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TO: 

FROMs 

October 51 1955 

D. s. Shetter, In Charge, Iimt Creek Fisheries Experiment Station 

A. s. Hazzard, Director, Institute for Fisheries Research 

SUBJBCTs+ Doctoral ibeaia, A. I. Adama 

I plan to bring with• Art Adams' thesis when I go to the Fish 
Division Staff Conference at the Rine, River, which as you may 
have heard wU1 run from October 10 to 12. You might have occasion 
to drop down during this period and join ua in some discussions as 
you did last tall. On the other hand you may be tied up at Gr~ling 
on the hooking, experiments.' In ·that case you can pick up the thesis 
the next ti-me you are at the Rifle. 

As you ma:, know, Art included ~ a part or bis voluminous data in 
the thesis. The balance is here in the fo~"'n: of first draft Institute 
reports, which beca.uae o-t his ,illnec:s he has never been able to re• 
vise. We are hoping ~entually he may- be able to condense these re
ports for use here at the Institute. 

ASHaj• 



91(0 

l)PJ 
<: ,YiJ."7~ 
~✓/' , • .' v:: Ji/ __ .. 



-- ., 

Report No. 1390 

November, 1953 

snME PHYSICO-CflElHCAL EFFECTS OF BEAVER DAMS TJPON 

MICHIGAN TROUT STREAi\rn IN THE WATERS.'.\fRET AREA 

By 

Arthur K. Adams 

ABSTF.ACT 

The occupancy of trout streams by beaver has long 

been a problem to Michigan fishery biologists, several of 

whom have regarded the physico-chemical effects as harmful 

to fish populations. My study of this subject centered in 

Gogebic and ~)ntonagon counties of the western part of Mioh

igan1s Upper Peninsula. The primary research areas were on 

four streams in the drainage of the Ontonagon River: Middle 

Branch of the Ontonagon; East Branch of Bluff Creek; '"1cGinty 

Creek; and Morrison Creek. 

Events on and about the study waters from 1948 

through 1951 showed beaver-trnut ecology to be strikingly 

fluid. Major observed changes could be classed as catas

trophic, long-term, or seasonal. The first often came with 

violent freshets, such as severe spring break-ups and flash

floods at other times, which washed the dams away, and led to 

their abandonment by the beaver colonies. However, the ani

mals were usually able to repair structural damage by otter 

in winter. Long•term evolution included not only the slow 
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return to normal stream conditions of the reaches formerly 

occupied by the beaver, but also engendered the deteriora

tion of the thermal, chemical, and other factors previously 

favorable to trout. Activities of the m~m...~al in maintaining 

the dams, cutting food, and movements fl'om one site to 

another were pred~minantly seasonal. 

Thermal and chemical changes of greatest concern to 

trout management in beaver ponds were diurnal, or of even 

shorter duration. Maximum-minimum thermometers provided a 

record of the temperature variatl~ns. Chemical determina

tions of dissolved oxygen, free carbon dioxide, pH, and 

methyl "'range e.lkalini ty indioa ted several significant dif

ferences from the associated, native flowing streams in 

summer! though not at other seasons cf the year. Analyses 

also included one 24-hour series, and several bioohemical

oxygen-demand tests. 

Surface water of impoundments becarne heated in vary

ing amounts, and this warm layer dominated the outlet tem

peratures for different distances below the dams, depending, 

for example, on shading, spring flow, and cool-water seepage 

thr,.,ugh t..rie bases of the structures. Ground-water affluents 

into the ponds themselves provided bror,k trout with localized 

cool retreats from intolerable heat, which often progressively 

increased downstream thr"'ugh either a long flowage or a 

series of small ponds. 

Dissolved oxygen content of the water regularly de

clined proceeding from the head to the foot of the area in 
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a beaver colony. Whereas the temperature usually did not 

improve for trout in going over the dams, oxygen content 

of the water usually rose. Local centers of decompoeition 

in the impoundments were countered by super-saturations of 

oxygen in aquatic plant beds, but these declined during 

hours of darkness, according to a 24-hour series of analy

ses. Biochemical-oxygen-demand tests indicated that the 

requirements for the substrate are high but those of the 

water, low. Carbon dioxide and pH analyses provided values 

following those of the oxygen detet"minations, but, along 

with methyl orange alkalinity tests, disclosed little of 

major significance in trout management. 

The chemical conditions in the impoundments un

satisfactory for brook trout seem to encourage competi

tive fishes such as creek chubs and white suckers to be

come dominant. Native brook trout proved surprisingly 

resistant to temperatures above 800'F. for short periods 

of time in field experiments with natural acclimatization. 

The heating of the tributaries was more consequential down

stream than in the ponds themselves, and often served to 

warm rather than cool the main streams, which themselves 

were not as strongly af'fected by beaver occupancy on the 

upper er ·rniddle reaches. 

In forming an overall management program, the bi

ological as well as the thermal and chemical relations 
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must be evaluated. However, discouragement or removal of 

beaver on marginal trout waters may be warranted when 

stream survey procedures include an appraisal of beaver

trout relationships. 

\ ( 
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Thie study of the effects 0£ beaver de.ms upon 

Mlebtge.n trout streams was supf}orted by the F1sh,D1V"i

e1on, tllchie,:an DeJ)art~nt of o~nsePVatit'\n, to provide 

the facts demanded tor better management nf beaver and 

bt!'o0ck trnut, each ~f wb.lch 1s an important wildlife re

ao,u-ce 1n the northel'n twt.t-thirds of the state. The as-

-Sista.nee wae a:rranged as a research fellowship at the 

tJniverstt-y ot r,Uohigan eponso:red b:y the Cl'.')neervation de

partment• a Institute for FlGheries Reeeareh, which pro-

111ded cft1ee sp-.ce and field hee.d.4ttartet-'s, necessary 

equipment and tr•nsportation, plus a full--time aide during 

two season• s W(!}rk in th$ O'Jpet- Pentnsula. 

The pl'ojeot we.a directed by Dr-. K.&l"l F. Lagler, 

eheh'man ot the Depe.x-tment of Fisheries in thEI u.nivers1-

ty• s Scho~l ot Natural Res':'.'ll.Nles, and Dr. Jt1stin w. f_.eonard, 

R@searoh Administrator, Michigan Department or Conserve.tion, 

WhtJ was in t.he Ann J.:rbor office r,:f the rnst'ltute for Fisher• 

lea Research before appointment to his present umsine posi

tion 1n 1951. Each ot these men has given more than gen

$~0\\ely of the value.bl• time, suggesti('ne., and enoou.ragement 

needed by a relatively untrained. 1nvestige,t<,r who undertalres 

aa ecological problem of many phases. Its oonclus1~n is due 

1n large part to their aas1.etance. 

11 



Among the ate.ft mem.ber3 t:'Jt the Ftsh Division• s 

technical section, advice is pa:rticulArly appreciated from 

Dr. A. a. Ha~~&rd, the 1nst1tute's d1recten:. on the overall 

plu.ning ot the bes.ver•tl1'()ttt ptt,.,ject; fr'()m Dr. F. F. fi,,op~r, 

who m.ade several wor'thwh1le su.gges t1 i"\ne on approaches to the 

littmolog1o&.1 1nvest1ga.t:1.~n; an! from ::rr. William Chrlstanelli, 

whoa• graph1.c preaentatir,ne and phtit1'graph:1e reproductions 

Ct,ntr1buted so much t~ the Tigures ot t.h.1s repf'lrt. 

VoJ:u,abla aid was pt"oV'ided. frl')rn time tr, time by ;>!r., 

Ted ~fr!•nt1 and the crew or the Watersmeet st.at~ Fish Eatch

~!7, Gogebic County, which served as field h~e.dquarters for 

th.Jl'$e seageitUlh, 11'he tW1' assist~ts, Hubert c. Loc.nst'oett and 

Howaro A. Ca).'lon, 1ner1 t epeols.1 thanks for bes.ring wlth me 

du;rins te.i:t9 wt!llather e.nd fou.l, and for putting 1n considerable 

amounts ot overtime tis demanded by the w~rk a. t hand. 

In NV:tew1ng va:r101'.ts aspects of beaver management 

and lite history, pe~sonnel of the Department r,f c,-,nserva

t1on• s Gam,e Division oontr-Um.ted signlficantl,- tri the pr~ 

jeet, pa,rt1.eularl:, Hr. r,avid rr. Jenkins, who is in charge of 

the W◊rk on f'U?>.,..bea.:rers tu1d. small mammals• 0"'.'lnisel"Va tlon ,..,f ... 

f'ioers, espee1.allJ' M-assra. I,e('fnal'd Bl~~mqu1st and Albert 

Livingston of Wate'r'smeet, and super,vtsi,ry nersl")nnel of the 

F1.eld Admlnist:rati(n'l 1'iv1s:t~n 1n 'Regtona I and II, plus 

Lansing start members of the fl'e~l"'g1oal Sil::rvey and. tiande 

dbtisiaone, werre of great help &'.'th in the field and 1n giv

ing advice nn teohn!cal utters. 

S:ti 



Around the University of ul1eh1gan campua, ·the valu..

aole counsel or Dr. Warren w. Chase, professor of w1ldl1.fe 

managEment, :ls part1culo.rly appree1ated. ?.1,ome joint work 

with Ttir. William no11 Lawrence, whose doot<,ral problem o:-Yn• 

corned tt .. e ecology i:,t bei:-ivel' C<""JTu"tlunitioa :tn this state, Ol"!tl

tributed s.igplficantly to the f:ir.'"'gresa and rmderstantitng of 

each of ue .. 

Federal ageno1e$ • too, pl"nV1ded ass is tanoe in this 

lnv0st:lgat1on. A <,HlOP&'M.lt:tve system. !"If stream gaging 

armind ('}ne aet of beaver ponds wa.s arranged wt th Dis triot 

Engineer Su.lo Wtita.la ,r,,f tJle u. s. Geolog1oal Surveyts 

limighton r.,ffioe. mr .. Cla:rence J~hnsnn, late ~ager of the 

Seney Me.tional W11ld11fe Fefuge, offered man1' worthwhile sug

gestions at t":1& stat't ot this bM1.ver•trnnt project, as did 

::,tr. J. Clark Salye~, II, m-1ia.f., Branch of Wildlife Befuges, 

Flab. and Wildlife Service. Assis tanoe fl"()n1 Fanger ,Joseph 

Blake and his staff ◊n the wa tsrsr11eet ,J1atr1c t (!if the 

,:"ittawa National Forest provided valuable 00:nti-lbntlons at 

:tnte!'Vals d11r1ng t.~ia study. 

Cf'1oparat1on or angler~, wo~s~en. and t:rapp,era of 

t'he Wa t:~rrsmeet area, partioularly 1fess r,s. He~an Tittptt and 

Paul ltp11miky, y!eldEtt;'i fffi:f)!'e or~e:l oensus data a:n(l bao.kgri"iu.nd 

1nfo:rmat1~n !6:r the p,-,nd:J under 1ntenatve inve21 tiga. ti~1'l. 

IVorthwh:tls g,1idanee aama fl!'r">'\!l ij'r. rrbc')t11E.S H. Fvana, 

:regional repr~sentative r;,f the 1tlildl1fe :tanage,-nent Inst1 ... 

tute at Saint Paul, \!innesota, who hs.d previf'.lusly w,~,rlu~d "n 

the beaver-tr11u.t rela ti.one cf the streans in tb.e Lake 



Supe::r1or Morth Shor-El watershed. Th$ ecinservaticn agencies 

at the two othc<,i- northern Oreat f.4kes states,. :Jinn<HJota 

and 'i11800ns1n, have exohangerl inf't"!Mtatlon genernusly w1 th 

the \tichigan Depart?.'!1~nt t,f C"'itH'HH"Vnt1.on d:urtng this pr"'jeet. 

Ideas &U:ggei,ted by M41)iaar1:1. Dr-inald P~ ttorm·,n of the W:lscf)nsin 

Ii1ish ;<tiv.nagem0nt D1vislon, {lcor~ 'K.nt1dsen nf the it1sc~nsin 

eame Man~gem$nt D1vis:1~n, and Oliv,e~ Jnrvenpa of the ~,11nn$ ... 

to ta Bureau r,f ?1$b.o?<1es, have a treng thened the :tnve m tiga ... 

tl,.,n eanstderabl:,., nr. F .. i:i•• .r. Fry of the ~tmx,io Fisher

ieD Research taborat,:,ry of the Department of !.Ands and 

Forest$ r~vle1ted p.b::;s1co--eheun1o$.l data. 

Ident1f'1cat1on of s~vet'al groupa of spee1mene wa.s 

made by qual1.fled scientists familiar vrt t.h the ma. ter1als in 

quea bio.n.., J)r. O • w. Prescott, Pepa:rtnent (jf. Botany ar ~~lah1-

gan Sta.ta Collage., named several algae; and the h1gher plants 

taken from bea,rer ponds, both ,aqt1s.ttcu and fi".',~;:tded te~res

t;rr1als, we~e 1dant1tiad at the nnivettsity or. Michigan with 

tfue ha:lp of :Ol't Roger ''~oVs:ugh1 D!',. Prtedar1ok Jr. Sperr1'W, Mr. 

:Ke 1th WagIJ on, and ,Mis a a rae s TI:'. Blanchard of the bo tan,- de

pa tttmen t. 

Finally! want to express m~ gratib~de to several 

friend,s, residents of Gamma Alpha h"'l11se, and rf!y i?m.1ed1ate 

family; partioularlJ my mother- and my relatives here in 

Ann At-bot", who have borne vd th "!le frl")m the start to f int sh 

of this difficult research project, and whr,se Wr"'i-rda \'if en

O(;\urapement wer$ vital asais ts• 
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A. Histt,rical Be.ckground 

Both bea-ver (Castor epo.) and tr".>u.t (Salvellnua 

and Sal1110 app.) aJte circumpolar 1n dis tr1bu tion and are 

lntert"elated ec~log1ca.lly throughout ·auch ~f' tr,ia range. 

Dam and lodge Cl"-nstructil"ln by beaver has been the 1n1b

je-0t r,f several aignif!oant studlea ,..,n this C1"1ntinent. 

F'x.empltn"Y are the Wt'!rkl ef 'ci orr;an ( 1868}, whose obsel'Va• 

tions were ude in "-~arquette Crnmty, ",11ch1gan, ?:t!art1n 

( 1892), Dugmore ( 1914), and warren ( 1927), n~t tt> ff'lrget 

the aecnunt r,t almr,et 60 pages 1.n Bet""n'a "Lives" (1929). 

Orange (1949) further appralaed envir"n'!lental requirements 

,..,r the mammal, atreastng b,ryth water and t.l:le preferred t"od, 

e.spen, which is a aueceestnn tree. 

The importance ~r th.e beaver 1n t~e early ~1r trade 

0f both Canad.a and the United Sta tea 18 well known. Gregg 

(H?48) described its decline and reati,ratinn, attrlbut1ng 

the apoo1es• abill ty t~ suntve and reo"'ver t,:-, "adapta t!nn 

t~ life in an aquatic env1:rrm:nemt, and partially O"DO""'l'llitant 

relative 1neffeot1veness ~f predators other than man" (p. 

74). The population ot tti1a an1'1lal in this country was p,~t::,o

ably at its lowest about 1900; lawa over the nat1nn pr"vlded 

l 
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total ox- stringent proteeti~n by World war I; and sueceed-

ing effol"ts. including Pi ttma.n-ncbertson fed.em! aid pro• 

jeats ln 27 states dUl"ing the first ten years C',f this wild

life restr'lrati.rin prograin {Putherford, 1949), have made the 

anims.ls abundant agaln 1n many areas where tbey had pravlr-iusly 

been persec11ted to ext1nct11"Jn. (The Game Divis!,,,.,n_, ~iehlp'.&n 

Department c,f Consa~va. t:ion., is tt'\ rea0ive a c~py of my 45-

pe,ge literature review• JE:xploita.~f.on 1 te.atoraticin and m~n.-

a .. ::eme.n .. t "f beaver 1l'l North America.} Q - 1 • _ 1 

At pres.e:nt tl'1e beaver ia the sece;nd most important 

fur•bearer of Oanada, ranking b&hi:nd the n:tl.skre. t (Butler, 

1950), a.a 1 t does in }nany states nf this o""untry. J.,hnsl"Jn 

(1919) told a fine story of r./Iichiga,n•s part in the fur 

trade,,. and a year later tre.poing us pr.-,hibi ted to protect 

the :remaining beavers• Hc.,vrnvar, in 1931 they were agaln 

numerous en,:,ugh fol' an open se,a,s,-.n, and 1n 20 trapping per

iods since then" the state has produced a harvest of 111.-869 

of in1:l.ese ani~ls fr~m both pe!'linsulaa ( Je:nldns, 1952) • 

Although all of the three stream tr~uts, bronk, 

brnwn, and ra1nb('\w• \""CQUJt thttr:--ughout the areas nf :Uohlge.n 

ceoupled by beaver. the b:r~nk species (Salvel1nus fr'1nt:tnal1s) 

predolninrut es in most pondn e.nd 11lmed ia tel J o~nnao ted waters. 

H\\bbs and Lagler (1947) dellnee.ted the geno!'al range nf this 

fish 1n :North Antsrtca.. a.nd fJeedham ( lH38) has given a good 

description c,.f 1 ts life history. Various a.spec ts of the 

latter are dlseuased at length in this rep("lrt; e.a they relate 
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tc, key 11mnnlog1oe.1 o~ndi t1('\ns w''rlieh are influenced by 

bes.var. Bepa:ra te papers will t~ee. t food and reeding babi ts, 

spawning and :m1grat.1"'.)n, and age and gr~wth. 

'11he intluences of beaver da.ins upon trou. t wa. tt.lrs in 

t,Uchigu we:r,e t:t.rst ment1nnoo by l~nwe (1926), and 1n IIJew 
4:r 

,.!ork State by Johnson {1922 and 1927). Se,renl stream QlJ.r-

veya in the Adirondaoks (Hastzaro, 1931; GNene, Hunter, and 

Senning, 1932 and 1934) f ~eu.ssed attention on the problem 

there, and Hubbs• Greeley, and Tar.awell ( 1932) ct,mi:nen ted on 

the g~od· and bad effects o.f the beaver on :;nehigan troi.1t 

atreams, in Wh.ioh thie anbml was re.et becoming a major 

oMse!"Wation problem. 

In Sep t~bet' of 1933 J' o Clax-k Salyer, II, was as ... 

sianed to 5.nvestie;a.te the beav.er-t:r('lut problem 1n ?Ucb1ganj 

and his :grreltm:htary rep~Pt {19358.) was a c~ntroversiel one, 

stressing as 1 t did seV'en d~triments tn trm1t fishing re. ther 

than six EUHlets, and without tbe data t~ support hie eon• 

male (1936b) led to an extensive program of beaver dta.m re

moval thrt'.'lughmtt the state, the biological effects c,f whicu 

were followed by J •. w. Leona'.rd., while the work itself was 

undett th.e d!rieetion ot o. iiw. Bradt. '!'he situation evidently 

got out ot hand, and the opera ti ens tapered off at tbe eQd 

of the decade along with other emergency conservation ef

forts. {A detailed 8?-page review, ~.e;v1ou$ 1nve~t~sat1on2t 

of be,aver-trou.t relations, inclUdes a critical examinatinn 
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of these events• and su,111mar1.e.es li tere ture to 1952 as a 

Department nf Cnnaervati"n reo,..,rt.) 

The prnblem came to the f.o-re 1n New Vt,rk State 

(O"f')k, 1940; Bu.mp, 1941), and st1rnuleted strea!tl improve

ment work along the N('IY.th Shore ,,r talce Sup~ri('or in '-A1n

nee,")ta (f:v«u1s, 1944). The dam re,noval program or the 

thirties still bad its repe:roussi~n.s in the Upper Peninsula 

of Michigan (Carbine, 1944), where further investigation 

was yet 1n i,rder. naa1m.un1JEm•s 1941 report on beaver-trout 

relations in the swift mountain streams of Utah where the 

animals were generall'S" beneficial, was 1:'Iardl7 aoplioable to 

<J()nd1t1ona in the northern Lake States. 

':tihe iU.chtgan DefH11.rtment of Cnnserva ti~n, recogniz

ing the need for a more intelligent policy of managing 

th.eee twc, valuable reei-,uroee, 1:n Septentber of lfi47 intens1 .. 

fled lts study of the effects of beaver dams upcn trout 

st:reams b7 engaging me i,n a research fellowship e.t the 

thl1vera1ty of :!L!.oh1gan. A review nf the problem (Adame, 

194.9) and two pi-ogress :report& ( Ibid., 1948 and 1951) pre

cede this su.mmary ot the l!mnologieal aspects: the material 

on the s tz-io tl7 bi~logical phases of the 1nves tiga ti()n is 

ready tor approval as lnsti.tute for Fisheries Research 

reports. 

Meanwhile flshery workers elsewhere were e,-,ncerned 

with these same matters: Patters~n (l950•a and 1951-a) in 

Wiseona1n, Evans (1948) and Hale and Jarvanpa (1950) in 



5 

~f1rmeaota, Fu.pp (1953) in Maine, Pe1d (1951 and 1952) in 

New Yo:rk, and n t.hera in western lfni ted states. Corre

apf"\ndenee and. interviews with these men have been mutually 

profitable in solving the prcblems of this eol"llogical :rela

tionship. 

a. The New Michigan PttoJect 

The aio of the present stud.y were twt,fnld: the 

first included a determinat1('n, directly and indlreotly, 

of the effects of beaver M waters shared by this fur ... bearer 

and trout; and the seocnd was to establish m,.u:uagement pro• 

oedurea fox- $U.Ch areas (;ln a s,..,u.nd, faotu..al basis. 

(1) Invast1gational Plan 

1~y plan of ettaek was to ~ake an intensive study of 

beaver ponds of knmitn age in "ne drainage over a three•year 

period and to follow this with an extensive survey ~f the 

state to test CMnelusions and fl"rm broad management reocrm

m.endatte.ns. The extensive aurvey lost effectiveness because 

tJf the !nterval wb!eh elapsed between the time when certain 

looaticns were called to my attentit'ln, and that of actual 

inspection. 

rrhe ideal pei-100 i¥J the field on this p:rojeo t would 

extend fl'om pr:toJJ to the opening of the trnu t fishing ses.s..,n 

in April through the ~nd ~f the fall spawning seeenn in 

November• w1 th a few v1s1. ts during the winter and the early 

at1ring trapping peri!'Xl (Figure 1). Academic Wl"')rk 1n 1948 



Ftps-e 1. Oalondar o~ eerta1tt lite h1stffy r•• 

la tions of beaver ( 1&1ntltt e1role) and· brock trou. t ( ou.tei

e1role), showing •Jot- intlue:neea ot 1mp~nu (middle 

o1nle), adapted from many setU'ces tor the trppeJ;' Pesd.n•ula 

at M!eh1gan. 



Fig. 1 

i ~ 
0,. .. 
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limited my s.ctivi ties to the thr<ile mr,ntha from mid•J'une 

to mid-September, and. the first eetuii,n was "'f necessity 

11u•gel7 an e.xplora tory one, T'ne following two yee.rS:J 'ffere 

devoted primarily to field work fX'C\:r.t late April unt11 the 

Before the oollect10ns of data and materials were 

s ts. t>ted, an <,pe re. ti ons p lsn was d rn vm up la te in the s ptting 

e>f 1948, and this was :revised eaeh year before leaving Ann 

Arbor f<,r the Uppe:r Peninsula. A te11tatin swnm•r aeasnn 

eb.ec,k ... 11st :inoli1ded six of the seven items which turned out 

to be pl"i.lfflirJ taotol"f! { the se'l!enth being the fall spawning 

act1vlties ~f br~cik trout). plus six of the ten asPsota 

which were judged tQbe of leaser aign1fioanoe at the end. 

of the pl'"oj$ot. A pond appraisal sheet l)rovided spaces fo:r 

r-ecoming ttlany not.able factors of import in €tV&luating the 

numerous bea.ve:r 1mpOUJ:ldmen ts vis1 ted during this s twly 

(page 8}. 

(2) Scope of !\llajor Investigations 

Feae-Q~Ch centeNd upon changes of the trnut stream 

habitat caused by beaver occupancy and included study r,f 

(a) te~per& ture J (b) water chemistry; ( e) fish food organ

isms and tMut feeding habits; (d) f1sl1 populat1(\ns and 

crimp.etitive relations; {e) etteots of the dams u.p(in spawn

ing activities; (f) age e.nd gr('\wth C'!f b:ro;,k trout; and (g) 

yield tr, the angler ( creel census)• The first two nf the 

above onnst1tute the -majf'IJt part of this report. 
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(a) Temperatu,.fil E.ffeots.--fAany investigators have 

regarded waNing of water during the heat of summer as the 

11mi ting eoologieal fao tor in a treama ,-,f niargL"lal ·1al-ue 

tor trout production, Actual figures on thermal ti,lerances 

of ,trout in nature were aseerta ~,ned along w1 th a:n appraisal 

of the related ehanges in hab1 tat br,:,ug,.11. t abou. t by slew 

flow, stagna.-t1(',n, and laok ,,r shade in the beaver pond en

vironment. 

(b) w:a tei- Ohern.is t:rz .... -The req,.,1,ire':tlen ts of tr()u t 

for 1':!Xygen a.re rather rigid J' and the am."'.'>ant cf this ele

ment prest!H'lt 111 wa tar is affeo ted by the photosynthesis 

of gl'.1"aen plants, decaying organic materials, and inany 

other .influences w,:doh are active in beaver ponds. Alo".'>• 

tmdo gases may arise .fr>f'm. dec,'.'.'lmposi tdon :1n tme bottom; 

however pH, curbo:n dioxide c:C"intent, and total alke.llni ty 

did not appear significant tn the waters studied. 

(c) Fish Food nrg~nisms and 'ltrcu.t;Feedine; Hab1ts.-

Unl1ke the two factors mentioned above, this one is some

times held to be beneficial to t:r-0cut in impoundm0nts. Th.e 

bottom fauna r:Jf a stream flowing rapidly over r>ocks and 

gravel is quite different fr0rn that rou.nd in the detritus 

and quiet water cf a beaver pond, and the diElt of the tr1'ut 

acoott'iingly changes. 'Hnnows and ter!t"estrie.l insects atte <'Jf 

diffet1ent import in these two environments, and the species 

whioh !!",ocu.r aren ' t ve ey 0.f tan the 3ame • 
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(d) Fisb Population~ ,and Cf'?!I}etitive Relati'"lns.--

The m.miberrs of fish present, both trnut and otheis species, 

were important to this overall nrobln,. where the habl tat 

is muoh ehangettl ft',,,m the usu.al stream or"')ndi tions. Sr-,me 

ld.nds were favored by the .new environment, but others were 

1,:a t a disadve.n ts.ge. The development ..,f a tec.hnicp1e for con

ducting .fiah population studies in beaver ponds posed a 

considerable problent in itself, and nne which is nat yet 

c~,pletel7 s,nlved. In au.oh waters the bri,ok tr,1ut ,are <H'.,m• 

petlng with coarse sp~oies suoh as the creek chub (Sfi>motilus 

a. at~omaculatus) and whi to sueke:r {Ca.tostom:us a. oommersoni); 
~ 1tor ._ - -- _Laail· :· 21· ··•· . . ~ 

an a. ttempt was •de t'O lea.rn the rm. t1o l"J!"' these three species, 

both bf m:unbers and. by we1e-)1t, ln this s~rt ('if an envirf'ln

m.ent, and to note the changes over EJ faw yea?'$. Anglers h.$.va 

ha.d a Ci"'l1'll'l'!Ol'l oxperienne i,f g~f'!d trnut fishing in a beaver 

pond for ~ne or t"We seasons, f '-'llowing 1Vhleh the ca teh fell 

oft !"apidly., a deeline whieh might well signify eluinges 1n 

the actual f1ah populat:t~n present. 

Effects or the Dams on .snawn 1., n. 5. A.c, ti vi. tl.e a • •-
, &e ,_,,. 1 -. ;i I ~ ii ~ £:, ~ £... - . 

Ne.tu.Ml reprr,<luetion is rec◊gn1.zed by m.en.y trout s tre$lm 

biologists &ii the ke7 to angling success over a perind. nf 

yes.re, pa.:rtieularly on remote waters which are infrequently 

stook;13d. The structures erected by the beaver are believed 

to be harmful to brook tr~ut as barriers to fish swlm;111.ng 

upstream to epawn, these individuals then being f..,Fced to 

build. their redds in ~ther trn,utaries, ors 1n a limited 
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amount of stU.table gravel at tha base or the dam. Nests 

built in a pond 1tee1£ may fail to proouoe fr,y beoauaa of 

a11 tation btiought nn b7 a lack i,f current, The magni t1.1de 

ef these effect& W&$ 11 ttle known tt, t!sheey biologista, 

$.nd provided an excellent talk:tne; point f~l' epoi-tsmen op

posed tc the ~ct1v1t1es ef the beaver on ~1oh1gart trout 

streams. 

(f) A5e,.~ !lito,,th, ~f l3FO<'Jk Tr.n~\.--Envi:ronmental 

changes :in 'beaver impoundments tend to wa~ the water, and 

1nerease the overall fo~d production. These in ttirn should 

effect em 1m.p:rovement in the gr()wth. or the trout., which 

might me.tu.re more rapidly, There hae b$en a. marked tendency 

in recent years tc ('()nlpe..re the sui tab111 ty cf waters :f'or a 

species of f:tsh by nnt1ng the growth rates in various lakes 

and streams wher$ 1t is found. I made sueh conipe.risona 

both (1) be.t'orG, during, and afte!i beaver ooeupaney of an 

area, and (2) betw0en b4'H1ve'.l"-pon" tish and those ta1<ren from 

,gooo trtt>ut waters nearby wh!eb. were not dammed by the fur

bea,;ier. 

(g) X1eld tt\ thl.il Ansler J Creel Census) ..... In angl1ng 

yield studies d1f'ferences were noted as mentioned at the end 

of the paragraph above. '!he ret1.ll'n to the fishe:rmax1 is par

amount in fishery managem•nt, and 1 ts 1.mprovement is the a.1.m 

of man:, expiarimEtnts and inves tiga ti.:ms supported by license 

fees paid by the sportsme11 ♦ 
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( 3) nther M's. terial C onsidored 

The ten following aspects of this problem were not 

1:d;res secl.. but sori1e da ,ta, were obtained relu t1 ve to each: 

(a.) Additional life history info:n,,atic>n on '~he two 

species prlrt1arily eonCH3ri1ed, 1.e,, l.1e~ver and b:rc,ok trnu t. 

(b) Effects of the beaver as a geologic a,een t. 

( e) Hydrology• flow data., and eft:oo ts c,t bea vcr 

work on the we. ter ·table. 

(d) Turbidity, ioe aotir-:-n, a.'1d other physical 

( e) :.Plant suocEH5sion ln and ar:n.tnd bea:".rer ponds. 

{f) Pt-oo,ation in and around beaver ponds. 

(g) Inoidence of parasites aw:1 disease in benve:r

pond tt'ou.t. 

(h) Import of bea\rer pond.s i'or othor far-bearoT's 

Blld wa te:rfO\Vl. 

( 1) Beava1·h .. fores try rela tlons. 

(j) aoi:nparison of beaver-.tr,,,ut eit.'U.ation in tich

igan with that in tho nocky Aiount;ains and elsewhere. 



II 

SE;LE.OTitrN AND rr:;;scrn:PTI:1NS OF T}IE STUDY PEGION 

AND THE SPECIFIC nwRaTIGATIGNAL AR€AS 

As indicated earlier, the spo:rtsrnen nf the Upper 

Peninsala had never accepted a large part of Sal.yer's 

findings (1935-a) as applicable to their part of the state 

baeause most of his field worlt had been dnne below the 

st:rai ts of r!aokinac. The opoos1 tii,n of the Northern :licb

igan Sportsmen's Association to the hanest1ng of the 

beaver crop was regamed b7 conse:rvation adm.inistrat,.,rs aa 

a problem. which oould be co"'ftP-ected l"lnce the faete were 

available., and that group in recent yea:ra had gnne on record 

as favoring the trapping of this fur-bearer. 

Thus I was encr,ure.ged to oonduot a large part of my 

1nv•et1gation in the iJpper Peninsula on a watershed whieh 

was fa.'l!ilial' to anglers, and which provided. good trout fish

ing both in beaver ponds and elsewhere. In the spring of 

1948 I made a scouting trip through this part of the state 

to select an area meeting these requ.1:rements; among the 

rivers considered were the Tahquamenon in Luce County, the 

Escanaba and Yellow Dog in tfarque tte County_. the Paint in 

!Pon County, and the '1iiddle Branch t:,f the "'ntonagon in 

Oogebie County. 

13 
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The final decision was to ct1noentre. te effort .in the 

drainage system of the l"ntone.gon Fiver with the nearby 

Paint River tributaries es alternate sltes in caee of calam

i tiee of var1ou.s eorts on the pi-inw.ry area. A large number 

ot anglers both tourists e.nd local residents, fished the 

ma.in s trea of the rUddle Branch of the on tonagon River, and 

various beaver ponds on its tributaries. Most 0£ the aur• 

rounding tinabered land was under the jurisd.ic t1on of the 

tederal government in. the t,ttawa Na ticnal For~at. Eaeb of 

these charaoter!stios were valuable to this inveatiga·tion. 

All the study areas chosen were in the on tone.gen 

1'11 ve:r drainage basin of 1,260 square miles J this is the 

most 1mpox-tant Michigan system ente~lng Lake Superior. They 

were w1thl11 a 12 .. m!le radius of the field headquarters at 

the watersmeet State Fish Re.teheey. The streams stwlied 

pr1mar117 at!d moet inten$1valy weN: {l) the :~1ddle Branch 

of the "'ntr,nag~n niv~r five miles west of Wate~smeet; {2) 

the Fast Branch of Bluff Creek a similar distance north of' 

the town and across the line in ontonagon CountyJ (3) !';fe• 

Ginty Creek five ~:i.les northeast of the Hatchery; and (4) 

Mor~ison Creek a mile or eo east ot the field headquarters. 

The following chart (Table l) gives an idea of key ecologi

cal characteristics of the beaver ponds and the str-eam11. 

Seeondtu•y stud:y areas were in th$ Paint River sys

tcttm of Iron County on Cook's "Run about 15 miles es.st of my 

headquarters, and on Stager CNek between Crystal Falla and 
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the lJ!liscons!n state line at the Brule R1 v1n•. ~• latter 

location tnvolved a run or more than 50 miles each way, 

and wss visited regularly only during the summe:r of' 1948, 

the first season ot field work. Both Mr. :r...awrenoe and I 

er>nsidered. the beave:r work on Cook•s ~un as erratic and/or 

sporadic• and it too v,as only under 1n•ens1ve i,bservati"n 

for one year. However, these two streams• along w1 th Bu.sh 

creek,- might have ser'V'ed the purposes of the beaver-trout 

project just as well as the ponds of the '.'ntonagon River 

drainage which wel:"e given priority. 

In these three western CoWlties, the majbrity of 

the pno1pitation eomea du.ring the growing tn,ss,•m, but 

theM is aleo "an exoeed1ngl7 high snowfall owing to the 

fact that the winds rising r~m Lake Superior laden hf!'avily 

with ms,1stu:re beeome chilled and precipitate snow, not nnly 

thr{')ughout the winter months, but often fr.,m ~e.rly in ne

tober to the beginning of May, si, that the ground !s fre

quently aove:Nd almost eontinuously for half the year" 

(Leverett, 1917: P• 25). 

Although glacial drift irregularly oovel"S the bed 

rock, the Pre-Cambrian Formations and their oV'erlay of 

Paleozoic limestone, aha.le, and sandstr,ne dominate the 

physiography. The diverse Pleistocene ma ter1a.ls are thick 

enough over three•:fou.rtha o.f the area to cover or disguise 

the 1rregular1tiea of the underlying strata. The origins 

of this material in the W1so~ns1n glacial stage have been 

des.er1bed by Leverett (1917 and 1929) •. 
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In the eastern part of Gogebic Oeu.nty the land 1s 

"eove:tted with a 1:and71 gravelly mora.1n1c drift, nooasi(lnal 

reek knob• being found 1n placestt (Darlington, 1921: P• 

147). sueh geologT ao¢ou.nts in part for the n'Wtlert?us lakes, 

St'Jlne of ths-m tn extensive ori..aina, whieh are a. predominant 

feature .af' the t.err,ain on each aide of'1,., th$ Wtseons1.n•Illeh1gan 

stat• line in the Lando• Iakea-we.ter1me~t d1str:tet, 

The moderate to heavy growth of timber includes 

sugar mapl&, bassw¢,ed, a.nd A:merioan elm on hig.."iar ground, 

plus yellow b1.rth .and. hemloek. 'Red and wh1tfl pine were 

logged b<tfore and a:rter th~ tiwn of the osn tI1.l:'7 • s inae which 

aapcn and white bi~eh have invaded thest; areas. Some balsam 

:ts mixed with both hemlock and biroh stand.a; black apl:'llce is 

mot"e common than the White, ~spcee1ally aroi:md tb.e frequent 

bogs. 

However. aome parts ot this region resemble the 

ja.ek pine plaina of the Lo<ffer Fen1nau.1a, hatring a light, 

dry soil ('}n whieh grow aspens, young pines {mostly ,.h:1 te 

end jack), piJ'lf chet'ry, White spruce, and balsam r:tr. The 

under$tOrr:, of sueh stand.a is la?'gely braokon :fern., plus 

the shad~.ish or jim•beriry (Amelanob,ie~ oa.nadonsia). 

The u. s. Forest Sarv1oe ree"."'gnizes seennd ... growth 

northem harowooo.s &$ the most predonttnant type. today 

(Chmningh.&111, 19151). The aspen, usually with northem hard

wood or balsam reproditot:ion below, ranks second. Th& 

tilllb$r economy or th1$ part of the state feeds various 
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prim&l''f forest industries but o.nly a small numbe:r of 

see"ndar7 t,;nes. However, the area has been for some time 

an important sunp11e:r t:'}f raw mate-rials tor \Vleeonsin and 

lower rlichigan eaw, vent&er, and pulp mills, plus other 

wooo.•u.s1ng plan ts• 

(l) The Strea.• 

!fhe haddle Bran ob of the ,~n tone.gen Fl ver has 1 ts 

origin in waters flowing eastwaro. and northward from L.1ke 

Damtm and Crooked :take respectively. The two 'h.eadwater:. 

bx-anche$ passed t~ough several ewam.p areas above their 

confluence :tn Seot1~n 21 of Township 46 North• Range 40 

west, a short dist6\.nce ab~ve the bridge of highway u.s.-2 

(FiguN a). Oont1nu.1ng in a nort'heas terly dl:reotion the 

river traversed a tract ~cently oecupied by beaver follow-

1ng its use as a landing during logging operati,,ns. Thia 

marshy section ended at a decaying man-made dam, constructed 

in tb.0 lumbering days• ab"lut fo:rt:r yards a.br.ive the present 

Wolf Lake 'Ttoa.d bridge. 

Downstream there was a stretch of rocks and rapids 

wh1eh, 1n approximately s. third of a. m11E1t, changed t<", a 

lowland tffliu.•sh. 'ftle p~i:mary study area on this stream was 

located here, less than half & mile above a bridge ◊f the 

Chicago and Not>thwestem Railway. J'ust below this overpass., 

the outlet from Wolf take entered the ma1n stream 1n 



1'1gu,e 2. lltd4le Braaeh• "8tonase tttver., ••st ot wateramet1tt-, 

Gogeb1e Comrt7,. to u.s.-2 b!t14p,., 
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Ci 
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another ma·Ntby at-ea, which in ~rn gave way to a stretch 

where the iseet')nd-growth t1naber extended p.rao t1cal1J to the 

1tate:r's edge. 1l'wn t:r1butar-1tis from the sottth, 21.g-Zas and 

Hende-rsr,n ON0;k1il joined the river to the west and east re• 

speot1vel7 of the line between Ranges 39 and 40 West (Syl

vania Road bridge) • 

The main stream e(}ntinu.ed with a bc1rderi of 'bl'Ush 

and timb$1' tb:t'ou.gh Section 19;; but with a mead~• assooia• 

tion bordering the banks 1n sec ti 4'"n 20. This p1eoe of m""M 

than tlfo miles was 1111.p:roved for tr-,u.t by the bU,cb1gan De• 

parmient of Conservation 1n ·tho suilffi'tel" of 1948 by the a.d

d:tt1on ot about 40 stt'l'ucturei:1. Tw0 thousand willows were 

planted alt)ng the wate:roourse 1n May of l.949, and an equal· 

number set ou.t 1n J\me; 1951. Mea:nwh1le the high water of 

the 1950 spring had iUsolosed eont$ inadeque.o1et 1n the 

height of th$ c.,riglnal work,. and 33 structures weN capped 

and/or refaced the.t summer. 

There were alternate areas of wet lowland marsh and 

swamp, e.nd high wooded banks, as the stream contirnted east ... 

we.rd to pass th~ugh the ner-them edge or the tf)wn of Waters

meet., Here Duck Creek, a sizable tr1bu.tary, entered :rr~m 

the sou.th just east of the village proper;~ ror creel etnsu.e 

analyses and other eonsidere tionn, this point was selected 

as the dlv1e1on betwatiJn {a) the headwaters which we:re d.nml

nated by brook trout, although s•·nn& brown and ra1nbnw were 

present, and (b) the l()wer reaches tn which th.e brown trout 

appeared to be the rne,st nu.mer,ous of tbe · three species. 
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Continuing dOWllstream pa.st the u. s. Forest Ser

vice, s nursery ~ di.s tr1ot :ranger station. the river "1&S 

about eight -yards wide at the Ontonagon Trout Rea.ring Sta• 

t1<m~ where Sargent•s Creek came in f11om the s01,1thi; About 

balf a milE> below this confluence, the t01iddle s-raneb re

ceived. waters fr,;~i :sass ts.ke via Brn:'!1:f'e.a Creek. The take 

ar1u~ion outlet was intermittent, and e. m1lo east of the State 

Fish aatoheey was the mouth of Mo:rriaQn Creek, an~ther pri

mary study at:reana tor the beawer-t:rou.t investigation. 
. -

The t-ook and gravel bottom p,:reaent in the Midd.le 

Branoh belo~ the l:-ea.:ring a ta tlon we.s auaoEH:,ded by one cf 

sm.nd, silt ,. and d.$ tri t1.1s by trne time the oonfl uenee o£ the 

TamaIPaek Ri'f'er was reaohed s:u: miles to the east. 'l1h1s was 

about a mile above BU.mt Dam ( Cantp Seven n~J, vd:.iere the 

M:1ddle Bre.neh plunged d<>wn 20 fet$t ove:r an old logg:wg dam 

and a. natu:rs.l :roek falls. Above this be.ttr1e:r, warm-water 

fishes were rare lndeed.1 but bel.0w it crappie~., bluegills, 

,.ellow pe:ro.h, and. otl'".te:r.s were taken alone; wi tJ:1 tbe three 

species of trout. 'l'he pan fishes probably ce.rne upstream 

fr()!ll Bond It"e.lls Resel?voill I a s to~t$ impO'undment ot the 

Ooppel:' District Power Co.~a11:r just north of the line in 

ontonagon County., 

(2) Bet1.ver ~cou.panoy Past of Wolf take Road 

The lowe:r reaches of the JUddle Branch of the 

ontonagon River- were so wtde e.nd had suoh a eu.:rrent that 

they e,pparently had never been dammed sucoessfu.lly by the 



beavel9• However, the'Nl were several bank oole)ni,as of this 

animal, and others were active along all the tt'1butar1es. 

The bea"lt8?' dam which I fl"}und fa1"thest d~wnstrea.,n was weat 

or ws,tel'sme~t in s0ct100 21 of Tcwnship 45 North, nange 39 

weet (Figure 3) • H.e:re the stream wss ab,,ut eight ye.~s 

wide, and in t)ctnber of 1949 the animals had imPO'J.nded a 

2.s ... foot head. of wate:r. '?he strueture Ti1as weeJ1, and had 

no auxili1u:•y dam below to brace 1 t. This Wtl-$ the first at• 

tempt by the heave?t so far do\ms treiam in 18 ycears, acoord.ing 

to (';tle .(If the local reaidents; and tJ.1a de.m washed out tn the 

severe mpring brea,k ... up of 19501 althnugh 1ome of the ind1-

v1duals may have been trapped ea:,:-11.er in the 7ea:r. 

The animals W$rtt e.otive :tn Section 20 when this 

stx-etch was being intprrrved by the Depa:rtment r;,f Ccr!zerva-

t10n in A1.:tgu.,at ot 1949. However, they were unsuccessful 

:tn damming the river, which here tno was abo1.1t 25 feet wide. 

Ntmterriu& bank dens were evident, but there was no sign !'.')f 

e.n:y old si:;dden dams; I eom~lu.ded. at this time that the 

beaver were unable to 1mpou.:..'¥ld water in these y•eaohea, al.

though they often tr1,e:d, In rdd-sp:ring l")f 1949 a stl"eam 

i:npro·1re:ment eNw of tha oonaervntion dt,patttment repcirted 

'beaver- da!ttage to some of thei~ str110tures 1n this seotion. 

To be su.re, b1Jth t},,e.se sntmals s.nd th,e d'?l'~r had found the 

willow shoots to the1:r 11k1ng.. Half'way tbrr,ugh the aeries 

or improvements tt small dam had been attempted, 1.1 ti11£1ng 

the twt, parts or a dol.tble-wlng detleeto:r a.s a base of 
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Plgu.N z. the .tar-theet douatl'eam beaver 4-

( aboft) and ledge (bel()W) M the Middle Snllch of tu 
ontonagon River, oetnber s,, 1949. 
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Fig. 3 
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opera tionf!! • over the l 1ne 1n Sec ti on 21 there 'iiae a broken 

struotu:re of the beave:r which had evidently held nt<,re than 

two feet of water, in the face nf a strr·ng cuttrent, for at 

J. es.at a sh or+t time • 

on. 1licay 5 1 1949, en a1:rplune cru.1.ee disol0sed !'lo 

ac t1 v• o~ tune t!onal dams ~n the Middle Br-anch n.f the 0n

trru1gon T-l11'er belnw the Gbieago and itcrthwe:ate-rn Tiailwe:y 

bridge :tn seetlt"lrl 2$ of T~wnshi p 45 U'."lrth• Bange 40 West. 

F:vidently there ws.s a sueees~ful effo:rt by the animals a 

sh{"t:Pt dis ta.nee downs t~etlm f1'1"1'B the bridge :tn the fall of 

1950, jlldgiag fr• _the wa te.~ baoked up in this v1c1ni t:r on 

Novembe• 22nd. the beaver food. sttpply en the stream mar

gins in the two miles below this area was sparse, e.xoept 

for a few places whette aspen s tand.s were el ose to the 

wate:r•• edge. In the oppos1 te d1reet10n towe.:rc.\!.t the study 

area the river•• 15 to 20 feet wide and ht.t.d a few deep 

holes., Sand and gravel made up most (')f the bottmn, with. 

frequent snags and rGeks. There w1-u1 s"'.\me pea. t, d,etri tu.IS, 

am mu.ck 1nsho:re J and several bede i,f fanu~cl!;t~.S. s·p. and 

!ea,rs,ni:P-!'1 SP• were p~es~nt in the str~am bed. h~e,ch side 

the M'iddle Branch was bordered by lowland tn:•ush, particu

larly tq_ alders, w1 th aspen and mixed hardwood on the up

land. 

h•t a'bi'Jfl thi:s halt-mile s tr0 tell was a s iea.ble 

beavep pond about 0,4 mile north of the highway. I first 

aaw this 1n late July of 1947, but 1t had probably been 
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tmp<nmded. the preceding a.utmTll'h Tb.& dam had a length of 

abeiut ?5 f~et, an6. v;as t1sht feet wide at the bese in the 

nld stream channel ( '?'igu.re 4). It rf'lse to a b.elg,ht of 

five :fefJt, end the pr>nd elavati~n above the stream level 

at th$ ~u.tlet was .fr,utt feet 113 late J'u.ne of 1948. The 

st'r"-.1eture then wan :ra th0r instable, and mud.ded only at 

tbe mouth et1d.J standing on it in spots ! 001lld d&p!"ess the 

level e.• much as eight 1noh&e. 

As an 1nd.1ee.t1on of beaver, oce.upanoy in previous 

~al"'"$, a meado1N abeut half a mlla long extended u.pst~ea.m 

f'rom the str-.J;eti..u-e 1n a northw~starly dire<,tion and oovered 

about 25 ncres t,,f' lowland ma.rah, stNain:sida tag alde:tts,. and 

la.:r-.ga, seatt<,red elm t'.1'£l<.les. 'Phe ~1. s. Forest Service•s 

194'1 tiriab-er su~vey map classified tl1e north baroer as dr")1n:t

nated by aspen and pape:1? b11'tch saplings of' low to nu,diura. 

densi.ty; e~ntinutng west,N.at'd and. lJ.pstrarun from the !'.nee.dow, 

this short was 0011erad with a r~p?#l1ee-.flr complex l,11w•s t,,oked 

in the ?ole stage. on the •1:'7-the:r side i:,f the :r-1',er,. the 

meadt'JW 1 and the M'.1ddle Branch itself f"'!r a quarter rd.le 

above this area, was bard.erad. by n,z.rthern hardwood S1apl1nge 

~r p~or density,. Fllrther to the s0uth. wer,e pole-s:tzed aspen 

and pe.pe!" blrch in medium t..-, gv")e,d stands. 

The flooded area 1n 1948 and 1949 rangeid between 18 

and 15 aettes, a f'igu.re which va:r1ect a.C()()rding to the beaver's 

e.et1vi tiee 1n maintaining the darn. Frtr the mtlst part the 

sh()ret11ne aorl'esµonded wlth the break fr~ lowland marsh to 



Fipre •• Ma.1n daa. Middle sramOh of the ontonagon Rive~ stud.7 a1-e,1 ♦ 

.Pall• oet.ober 4,, 1949 · \H.nte:r,• FehnaJT T• 1949 I 

Sprin•; May 3., ltfl ~!'!, Augual 20• 1948 
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upland aspen, b1reh, and -0l1$rry, except f<Yr the edge of 

the water at the bead end of the rmnd. The margin was al

most :regular, 'but fr,r extended be.ye at each end ~f the dam, 

ruld :f'F'lt' the few intermittent water e011rs$S whlch entorad. 

the pend. 

Th~ depth ,.,f the impounchn.ct11t ma.7 be o~·Loaldered 1n 

two eetegori.esi (a) the ~ld atr("e.m charme1, which mr.Hu1d.e'!'ed 

baek and ferth ·t±i..rough the me~d~w, with s~e st:reetehes n1ore 

than five feet deep, and (b} the flooded me.reh, wh1.ah ,Nas a 

mu1nnm of two reet d.tJep at the subtnerged edge of the river. 

The original creek bottom was largely sand, ~i th several 

gravel beds J $8.Ch of these t,yp-ee became buried under the 

typical b.,a'1'et- pond eedi:ment: a mixture of eil t, o::-ganic 

detl'1tu3, and fibrous pest ot varying thioknoss. The ·mal"sh 

was ;rowing almost entirely on e. bottom ct the last s~rt 

above, and typ1cal situ.ations cf both depth and s11bstrate 

x-esu.lted from 'V'arious beaver We.trld.nge1 ehrumels., canals, 

f'f'\od p11ea~ and exce.i.,ationa f,:,,r building material. 

A f'e.w oen1fere and elms were appsrently killed by 

th~ partial 1n.undat:ton, but mi,et ef the, latter oi,ntinued 

te, thrive 1n as much ee 21 inches o.f water; the same was 

triie fol' to1.e"1Jlt ehrt.tba such ae degw~oc'l and elderberry. 

However, the et:re-amsid.e tag alder was soon drowned f'IU.t; 

both it $.nd the willows 1n the in1ddle reaches were ut1-

11ted. by the beaver. The ma:reh g'.rl".'lwth .included several 

speo'.tes o.f So1rat:s e.nd 11\J.ncus, but for the m~st part oen

sisted of numer~us grasse5, s~m:e grcwing in tussocks. 



The ~1ddle Branch here we.s popular &1n◊ng stream 

fi1Jh6rmen until the advent f"if the recent beaver clam. Not 

Mly did they (!l:Jtprese et,ncern e,ver the changes 'brought by 

the animals• but hab1 htal bea11er-pond angle'f's to◊ were not 

sa. tis fled., 'Por the latter the s t:ream watt tco d~151P t;.., \!'lade, 

and the close edge of the marsh tt"'I the origlna.1 ehttnnel made 

boating impraet1eal, with the result that this s:rea was 

tished ft't\U'Jh l~ss than m:tght be antle1pa tad. 

As ment:loned above, the study area S(');me five mlles 

west of Wateriem:eet waa abt>ut as fa~ d"'>Vtnstream as the beaver 

eould eueoessft.tlly maintain a. dam. Currant valoel ty r6t:h'1-

1ngs taken w1 th a Bentzel veloei ty tube nn M,ay 26, 1949 • 

showed 7.10 e.r.a. at the head ~r the matn pond, and a flow 

of 7.41. e.r.s. below 1t. The -rtve'!l' wa.a not shal1.ea. hE:n•e, and 

e~n,~uitqu.enotHs of this, with such e larse volume of flow oo-m

pared to th.at of t.he trib1.1tariee, sho1.1ld have presented a 

regs.med as dif'te-x-ent f'rl"ml tb.o.se nn smalle~ oree·k9_. and with 

a ndniltttl'ltt of floi,ded timber the p:ff might vm11 be lef1s affected 

than in the usul f',.Uohigan beaver pond. 

the Ontonagon c..:,nt.ained all three spPeies nf trnut; there 

.were also creek chubs and whi t1' tJtlckers. m,wf'<1rer, '.:Z'J.Ore in-

formation on the eo'ttlpetitive rele.tinnm of tt'l')\lt ~•i th sueb 

An opportunity was available for comoaring tw,... dietlnet asso

e1at1ona or fishea and food o?tganisms, those of the ehannel 
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and those of the meadow. The dam itself was regarded as a 

barrier to upatream movement ot fish am seemed well eu.1ted 

fo,. special stud,- of this phase in the project. Among the 

thJ;tee criginal primal"Y area,, the one on the Middle Branch 

of the Ontonagon was the old.est from the s tandpo1n t r;>f 

beaver occupancy. P:r(Jm the abo'f'e, tho me.ny possible dif• 

ferences in beaver-trout relations as contrasted to those 

GtJ a small t•Ellder cree.k were paNtmount ln the choice of 

th1s ar-ea tor 1ntttna1ve 1nveat1gstion. However; the depth 

of w:a ter and d1.f'floul ty in maneuvering any sort of araf't 

ma.df'I s®te desir'able t1eld eperati~ns very d.if'f1cu.lt dill":lng 

the prc,je<,t,, 

(3) &>e.ver ocoo.pane7 West of Wolt take Road 

D'IU91ng an ai:rp-lane cru.1se et rtay 10, 1949, I saw no 

active beaver daiua between the PX'i!JUlry studJ a:rea and the 

u .s.-m b!'14ge, Ab~ve the luge lowland mes.dew was a roclcy' 

stretch ot rive•tt· about half a mile l.ong, towards the upper 

part of which was the Wolf Lake Road bridge (FiSUN 2). 

There was a etrta'ble drop in this section, the head of which 

was marked by u old lo,£t..e;ing dam., The river was mostly 

Ntpids• and there were few po~le of any size; 1t was well• 

shaded, and for fftcat of tbe way the forest canopy extended 

c.u.,mplete1'1 Mer the waters. 

In scouting the stream for prospective spawning 

areas of bl'eok tJl-ffllt the following September., a dam 
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tlooa.ing about five acres ot marsh was found close by the 

site of an old. logging landing at the end of an abandoned 

N.ilway epur. It was ab-()ut three feet high, with half this 

head of water, which was ea.sea.ding ttver an utt•mwided c,:,eet .. 
• •< 

There was a lodge half way up the pond on the southeast 

sho!'tt 1 and the beavtr food tJuppl'U appeaNd to be favorable. 

An abandonet!l dam an eighth ot a tR1le downstream was holding 

six inches of 11ater a f'oot below its c:rest, and a sho'f't ways 

below was the site of a muoh larger on• wbieh had been dyn• 

amited 1n the l930'e• 

Altho'1@n this p~nd was not ,.mder 1ntens1•e study, 

it was visited trom tim.e to ti~. 'l:he gap ~rem tl1e spring 

break•up of 19&0 was three yards wide, and at the end of 

flay the wa:tier level was two feet below the eNs t. 1'1Ieanwh11e 

the small aba:odoned dant r,ieterred. t~ above, which was, 30 

ye.l'ds upstream. from the logging on~, waa being rebuilt to 

hold 18 1nehes ot water. The animal a next shifted opera

tions to the blown•ffllt dam., which by May 29th had a 15-1nch 

head a toot below its cn-1g1nal height. 

Three •eeks la tflr this pond was full, with two feet 

of water. The· dam itself at the channel was well constructed 

of r1tieks ud grate• bu.t bad a minimum of mud. r,,a te in 

Ju.l7 there w,.us still no a!.gn of a lodge under constructi~n 

here, although. the wate~ level had been raised another u1:x 

inches, and tho beaver av:tdently weNt going to spend the-

wtn ter despite the poor food supplJ• The pond. was rather 

narrow, but could have flooded the extensive marsh upstreain; 
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1 t was the wiiu:•mlng under sueh circuma tances whioh. had ,,o ... 

cas1on&d the blasting '1f the previous beaver dam at this 

site. Unlike the pond on the ~ther side of the Wolf Lake 

Road bridge, this area continued to provide good angling 

for the t%l'out fishetimel'l. 

Below this main dam• and ten yard.a upstream from 

the old logging stt1ncture,. was an auxiliar-y one holding 

but a toot ~f water, which was pouring ovel' its *hole length. 

By late t'lovember, the main baekwatt,:rs extended past the old 

beaver lodge ln th& pond above, b\it no new house was vis

ible Wider the anow cover. The animals p:rnbably stayed 

t~ugb tbe wirrter, but there was no bea.v~:r w,ork at all in 

this area Uhen it was eru.iaed on July 28, 1951. All the 

dams had been bx-oken at the channel 1n the severe spring 

break•u:p;, which was even more violent than that of the pre

vious yea:P. 

Above the u .s.-:a highway bridge the rivet' divided 

'into three fo,rka, wh1oh tiAd the eharsoter of tr1.butary 

st~amns • and weN not considered in this s tud:y. There was 

beaver work on each of these creeks• ot which the largest 

was the Cr~oked Lake outlet. Five inactive dams a short die

t&l'loe sbl'.rve the highway were cruised 1n June of 194B, and on 

July 7th of that year a series equal 1n nu:mb<U' ups traam and 

south of the u. s. Forest Service's Watersmeet lo"1kout tr,wer 

was waNing the water to 71 ... 730p. However, tbi.s influence 

appeared to be eounte:raoted b7 the cooler water of other 
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strea• and e9r!ng seepages before this flow Naehed the 

actual oonflaenee at which the Middle Branch rit the ·On ton

agon River had its start. 

(1) The Stream 

The J:;ast Branch of Bluff C:rftek had 1 ts origin in 

spring seepages from eedal"' swM"tps in the noPtheJ:i'nrnost 

section t1e:r r,f O~geb1e co-..mty, wb.ence it flowed in a 

northwesterly direction (Figure 5}. ,t1dwa:, to its mouth, 

in Section 34, it !'eOeivlDd a small branch from the west or 
highway U .s.-45, and .same tlow still frt.,m a large beav(:11" 

pond 1n S&etion 2'1, e.n a?'ea which mostly red Mathesnn Creek 

to the ttol"th, The east and west branches. of Bluff Creek had 

their conflu~:nce in Section 28 e. short d1a tane& west of the 

highway to fox-m the main stream, which !"lowed towards the 

ru,rth t'h.r~ugh two lari.e ponds 1n Seet1on 21, and wae j~ined 

b7 Paulding (Spring) OPeek two miles downstream. Foselavm 

O:reek al,110 entered from the eae t, within a mile of the u. s • 

F,i,:reet SerY1eets Paulding lookout tower, and the Bluff it

self joined SUeker Creek two and a half miles further ein, 1t1 

mouth be1ng about half a mile west of Craigsmere. The Sucker 

in tu,m was a tributary or trut South Branch cf the f\ntonagon 

Rivei-. 

The stretch of the East Branch of Bluff Creek whioh 

I studied 1n d.eta.11 wae the upper three miles moat of which 
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Pigu.N s. Baat il'aneh• Blllff C11eek, Gttgebio an4 

ontonagon cu,ut1es. north of w-.t:e•ameet. 
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lay to the east of cr. s. h1gh,vay 45. No flow measurements 

were taken on the 01teek, the volume of which was not sub• 

jeot to an7 marked fluctuations• It had a moderate gradient, 

omira1ng as it did between two -ridges of' high land; and this 

steepness of fall accounted for several d1ffere:neee from the 

OVtll~e.11 conclusions baaed on findings r,om other study areas. 

In thie section, Bluff OrEtek was usually eetlorlese but be .... 

came slightly 'br"wn tnllow1ng heavy rainB • The stream wa.s 

th!'e& feet wide, and quite &hal law in th• upper twn forka. 

The bottom here wa1 ptted~m.inantly sand and gravel, w1 th a 

few short etNtchea ot raok. The first two ma te:r-ials also 

t'ornted the subat~te bf the h1ghWe.J bridge, where very few 

rocks wel'f.t p1resent; he:re the st~ was ab{"'iut eight feet 

wid$ a.mi averaged about two feet 1n depth. 

( e) Beave.r "'leeupancy 

The oha.:rao ter {"lf the Bluft had been mueh changed by 

frequent pett1oda of b~ave~ activity, which were generally 

regarded by the loeal residents as benef'1c1al to trout 

fishing. Angler• living nearby have fished the ponds f'or 

abollt a ·1s-7eatt period, ineludlng the times when their et

r~rts were spent on baekwa ters t>t e.ba:ndnned dams and the 

e t?"ea!!l channels propei, after the original s tttue tu.res had 

be~n dyne.mi ted. There baa been no etree.m impr-"1/ement work 

on this creek1 but such a project appear• desirable to 

speed the wa tere through some r.,f the old flowages, and to 

hasten reoovery from Maver occupancy. 
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Befort oons1d.er1ng the Eaa t Branch of the Bluff 

itself, some comments on its tr1buta:r1es appear in order. 

The lar~e beaver pond 1n Sec tir.,n 27 forI11e:rl7 dra.in0d en-

t1 rely er,u.thward to Bluff Creek,. 'bu.t recently the flows.go 

extended mu.oh further tn the north, and the mns t ot 1 ts ex

c~ss wate:r went to Mat11eson Creek instead,. 'rh1s flooded 

area. waa a swampy thicket of alders ,u1d Ct".mi.fers, in whloh 

the beave?' were active dl.ll'1ng the su.mme.~ r,f 1948. This was 

:r-eputedly not trout water, but 1 t apneared to 'b$ ideal 

black duek: habitat. 

Aleo entex-1ng the East Branch in seetirm 54 was an 

1nte:rm1ttemt water oourse 1n a deep ravine thri,ugh a jack 

pine plants.tiG:rl. Here, with s11m.e aspen r,n the slope and 

more of this preferred beaver f('.1-od, aceess1.ble upstream via 

a canal system., the animals built s. dam :tn ·the fall of 

194'7., blocking the gorge with a structure about nine feet 

high. The area showed signs of recent activity when visited 

on March 24t 1950_. but later that spring the dam was washed 

out with the severe bffak•llP• All that remained r,f the pond 

tbe tollo,d.ng aatu.itm was a small p('ol abnut two feet d.eep, 

and the wet wee. ther provided only a. feeble flo• early in 

November. 

The tributary :PUnning eastward a.cross S0etion 34 

had its origin in a marsh wast of the highway• at which 

beaver have frequently been a nuisance by dam11ing the 

eulvettt. 'Ifbe sou.roe nf this branch is a wal"!D-wa ter rather 
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than a ap~ing area, althi,ugh some flow r,f the latter sort 

did enter it ()n the east side ef the highway. Trout were 

present here onl7 in the lowe~ half n:f the rill where there 

•as n,:, beaver work ex~ept fflr the junet1~n with the Ea.et 

Branch of th& Bluff• which was flooded by the backwaters of 

a dam on the creek proper. 

The at~eam belGW the p~nd just 01 ted w.as bordered by 

lowland bNsh, partieultu.,o;l 'Y tag alder t with e fair stand of 

seocnd-growth he:rd,woods and white pine ~n the slopes., a top 

which the jae)k pine _plantations extended to either side on 

the upla.nd. The creek 1 ts.elf' waa very W$ll shaded and 
\ 

a.era ted in this a tretch of a mile o:r so east f!jf the highway, 

raotors in larg• responsible tor the reo~very <('}f the vm ter 

f'rrnn upstl"eam beaver-pond phys1eo-ebemieal conditi;,ns not 

re.vorable to bl"O'ok trout. 

The dam f'Jt the lowermost 1mPoundment 011 the study 

eection cf the Blurt we:• 40 ,ards long, w1tb many angles, 

fiUld th& be.eltwater 9Xtended a sim:tla:r distance upstream. It 

bad been built in 1942 o:r 1943, and was sodded with various 

herbs; some shrub• W'ere aleo growing on 1 ts are et 1n the 

summer or 1948. ThEllN was an eet:tve lodge abl')ut thl'."ee-quarters 

of the way up the pond and just weet ot the main channel. 

The pond elevation above the stream level at the riutlet was 

abou.t thNe feet, and the impoundment its elf was htuavily 

silted, The b$aver' s supply of aspen here was low indeed, 

and a fail" arn6unt of che:Mty was evidently being eut fr,.r foM 

as well as frit.- building ".llaterti,al. 
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on th& open1ng day of the 1949 t~out fishing sea.

son., tb.e water levGl ln the lower tmpoundn1ent nn the F.ast 

Braneh of Bluff Creelt waa down $, f'r,ot and. a halt f'Mm the 

dam crest, Closer inspeetion revealed that the de.'1:l had 

been undermined at th& old s~am channel, whe-r-e the-r~ was 

a hole six feet deep, over wh:toh th.e 'fN1.mework of the 

st,rueture 11as st!.11 intact. Nevertheless this a~a was 

still kept under obf}fervation to note 1 ts fate following 

a fairly long 11er1od ot beaver oecupaney. Above the lower 

main pond: there was a tran:i,pt.,rt t'.'ln.e. Its dam we.e a.bout 20 

'f$l'd.S 1 enger than that. down• tl'6Lni • al thoug·h 1 t held (inly a 

fr,ot of water. The two ettidently had been bu11 t at the 

san10 time and f'l~ded. a.b~ut three aoras of alder and marsh 

grass between them. F.aeh of these areas had provided good 

bro(')k trout fishing, part1eu.larly eal"ly ui the spring sea

,,,ns. After the beaver had left the pond&, experienced 

anglers still tock 11ml t ea tohea frr-im time to time, mt,stly 

from the reo~mtl.y•flood.ed bottoms of the tr1bute.r7 entering 

from the wee t (Figure 6) • 

The East Br-anch ab~v$ the ponds just described 

averaged $ix feet wide and tw~ teet d.eep. Upstream, the 

el"eek wae well-confined to 1 ta f~rmer channel and. r1~wed 

thrir,ugh a me:r-lea of beaver meadows between the ridges. 

HEtre several de.ma had been dynamited by the o. C, c • crews 

in the tb,1:rties, and aijein, more recEmtly (1944?), by a 

conservation officer, Some lowland brueh was growing along 

the banks, but tho c"ver, was m◊stly grasses, wbioh here 



Figure 6. tower ponds_, East B:ranch of Bluff' Creek• looking northward from 

point between main atream and tributa17 from. the nst, 

S-r, Aupst a. 1948 Winter~ M:aroh 24., 1950 

Abandoned.,. Dy 3., 1949 _ ••:s•tated, July 1,, 1949 

• 
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extended l"lJil to the su.rr(lunding upla.:nd w1 th 1 ts old burnt

ovar stumps of pine and frequent young cherry trees. Be

yond. a neighboring jaek pine plantntlrin, nr,r,the:rn hard

W""nds boroered the stream ctii1rse on the west, whereas the 

◊ther $ !de was timbered with young aspen• birch, and 

. aheri-,r, which adjoined a stand n:t black spruce. The creek 

through these trpp_er res.ehes was well-supf)l:ied w:1 th spring 

water., srmie ~t whieh seeped down :from the swamps to the 

east. 

Slightl7 mor$ than half a mile above the lower 

dams in the study section there was a. series <'f sl.x beaver 

ponds in various &tages of use e.nd deeay, from one to 

another cf whieh the animals shifted their maj (!Ir c onceffl. 

These too were f2,rst visited on July 27, 1948, and the next 

season became a pt-imary investigati{')nal area, replacing 

Stager creek in Il"on Oount7. li"ollowing one soasetn of field 

vmrk it became apparent that the s1 tu.ation here was much 

different from that prevailing on the three other streams 

undeit observation in the v1e1nity of waters~eet. However, 

beoauee ""f the portage of eq-u.ipm-ent for more than a mile, 

these p{"tnds were v1e1ted only nnce a week during the period. 

ot intens'lff reseaJtah. Seve1ral avenues of study here were 

not followed thPough as thoroughly as they w~uld have been 

had. the p~nds been more aeoessible. 

'fh.e first dam of' the upper seri-aa, a small s tl"Ucture 

facilitating the transport e,f .t"l".tod and building materials 

for beaver", was abr,ut eight feet long, and well-based 1n 



45 

the wtHtt s-treRJt bank. rt was sporadically extended into 

the alder swa-'1np to the east to 1.nterr11pt the ""var:flow tbere,. 

Tb.a p~nd was widest ftb<'"IU t ten yards uns tream from. a Sl"\dded, 

dynamited dam whleh dated back t~ the l930's• The ~rsb. was 

tending t~ward a ws.rm-wa ter asel"lcis. t1.cn, with sea ttered 

patches of cattail s.mnng the Pl'~d-..,m1.nant .srasses and b1.tl

ri1shes • 

Forty yards above the fr.,iregr;t.ng dsl'\'l,. w1 th the stream 

baek in i te ehrumel, was the eee,..)rui a tl'!letu.T'e of the seri~s, 

whteh had. flooded an acre or so of thick alder b:r-ush and 

soa ttel"ed co:ni.fey,s. This too was an aux1lh1.ry area and con

tained no lodge, altboug'h the dam was three feet high a.ml 

could. have provided eu.ff'ie1ent depth for underwater entrances. 

In late Augu.at -r,f 1948 the beave~ were e1.1tting aspen ,-,n the 

east shore; the llft:X.t year the drun ns again kept 1n go~ 

reps.it-, but 1n 1050 the water level was St,m@tlmee as mueh 

as a toot below its ereat. 

The third dam of the g-rou.p { 1nd.1ca. ted in Figu·Nt 5 

aa impounding the water) was srmie fl')U~ feet high and sol

id.ly er,net1r-1let..e~ ~r peeled aspen bnlts for the 1nost pn?'t• 

It was ta.poarently five or six yeara old by 1948, and. the 

.tloOd.ed ald~!' ane sea ttered conifers had. been dead fori 

s~e tim-a. Most ot these trees had toppled over to decay, 

but many balsam and. spruoe remained ei thr-r upright or 

tilted, at weird angles (r,igure ? ) • Abnut 20 yards in f-rom 

the north end or this '75-yard dam, and ten ya.l"d.s 1..1.pst!"ee.m, 

there was a s1.zable lodge 1n wh1.eh the b~aver C1'ntinued to 



Figure "I. Views looking northward .f'~m hill aouth of Dam IV, 

uppe:r ponds• Eaat Branch of Bhd'f ONek. 

Pend III• Spring,iia7 lfl, 1949 :Dall. IV• Spring, May 16, 1949 

Pond III., \fl.DteP• rta:reh 24., 1950 Datil IV. W1nte?t,. kNh e,. 1910 
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b.Qve an i:nterest throughout my st"'ildy. The c.spen tn the 

east Md been out back abr':lut 50 yi.11.'ds, but the anlma.ls 

o,...,ntinued to use 1 t. 

ju.st described, end 1 t was en older one e:t,out two .... thiroe 

as lnng as the next ~ne down.stream (Figure 7)., A decaying 

lodge on the east shore a short dis.tance upstream had long 

been abandcned by the beaver, but the s"'.niden dam itself was 

kept in good ahape f'o~ t~ansport and usu.ally held a 1.5 ... 

fc,ot Mad du.ring two yea'.rs of 1nspeet1ons. This pond with 

tew treee am~u.nted t(') 11 ttla more than an acre and was fed 

by several springs fro.'11 its western slope. 

The fifth ds"n, three or four years old in 1948• 

W&t! then in poor oond.1tion and holding but a foot of 11ater. 

The 1.s ... aere pl'lnd o .. ..,,ntalned many flooo.ed conifers and a fair 

numbe!" o"f drowned alders. A narrow pi~ce of spruce-fir 

timber extended dewn a. ravine to its edge :from the east to 

break the upland eovei- of aspen and paper birch. The nre-

eence of the latteP two tree species may have enc~uraged 

the beaver to spend the two winters of 1049.,.50., 1950-51 wt th 

this e.a the h~me pond• The d.am had a f011r .. f ~"") t bead during 

these per-5.ods or oooupancr, and the 0ld lodge about 15 yards 

ur,e,tpeam became a ve:ttitable eastle of peeled aspen. 

The beavel" had passed the cold weather of 1948-1949 

in a loclge on th$ west shore cf Pond VI; t.hls was for a long 

tim.a the uopemost 1.m.poundment {')f the series, ~., until a 
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eu1venth a~1l1a:r7 dam was built :in the fall of 1950 on the 

$ll.St fork. The :iJix.tb. one was new in 194'71 bu..t tell into 

d.is:repa.1r off and on during my study years. Even on August 

20, 1948 $ the te.p of the 3. 6-foot dam was nine inches above 

the water level of the pond, and its SO-odd ya:rd.s already 

sodding :tn w1 th jewel weed. Hers tco there was a good food 

supply of aspen on each slops, and in the "~,n between the 

two branches ef the atrearti. Almost the entire flooded 

s ~nd of alrle:r was already dead 1n the sunt."l1er of 1948. The 

dro,·med ooni:fex-s aleo died qu1ek1y, except fnr one magni;tt ... 

grt'1en 1m til the ne~:tt field season., The pond flua tu.a. ted in 

betwe,n1 one and two a.ares in stze, 1ncluo.1ng a la:rge flooded 

marsh unfit f(.)r br~ok trout. 

!t 1s perhaps · app:ropria te at tb.is s tnge to con.aider 

the s:tx upp¢ir ponds on the East Branch r,f Bluff Creek as a 

group, for they were the home of the same beavor colony and 

similar in marry respects. The whole flooded area was lees 

tt-dUl ten aores 1n maxim.um ex tent.. The ponds were 00nf ined 

within two ~idges rather than e:x:temling laterally ovett a wide 

expaiuu~. The sh.o:relines were regular, closely following the 

contnurs Qf the upland, with few real bays aside fr(ml those 

e!'ee.ted by the beaver 1n their for-aging aet1vltiea. 

The original bottom type e,f these r-ec~ohea r:1f tJ:1e 

st:r()am had been sand. and gravel, tr, which nr, pr·,cport:!r-na 
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oan be •~signed, On top of this 1.tas an ~vt,rla:y of silt, 

d<iJtl"it11a, floaonlent and pulpy peat; the deposit ~,aried in 

depth f'r0m nothi.tg 1n s90ts kept olea.r by the beaver to an 

·a:nappraised value in flooded seepage ,~.areas,. ~Qme of the 

P"'n,ls' e,tbstre.~o via.s elay simlltu• ti'} the surr,,..,unding npland, 

partioulal'ly where the slope was ~brupt. There were also a 

raw large l"ocks :in the impl".lu...t1ctmen ts. 

As u.su.al in bee.ve:r, :ponds, tJ1e d.aepcst spQ·ta we:re 

a1 ther j11:st ab~ve the da::ns themael1t¢s f ~r s.t the plUDte 

holes 'by the lodges. No systen1atio soundincs: were tak,:m. 

bu:t EH:Jt1mates of seven feet are reasonable for tbe viein1-

ti.es r,f L1'dg~o II1 and V when the hea.ds of these impou.nd

ment&t we:re highest. The vmi.ter upstream frr,.'n the darns aver

aged el(>se to five feet neal" the original channels by the 

five lattger st~:i.otures, ttecreas1ng to either side except 

whore a eS!nnl came 1t'l; eustomar:tly the beaver had dredg$d. 

these arese to get mud. for their 'bn1ld1ng aetiv1.tiee. 

The extent f"cf floQded timber ha.s already 'beon men

tioned for each pond. Few higher aquatic plants except duck

weed flourished. in the upper ft-11r sizable impou.ndJn&nts, 

whereae the lower two seemed to be &ppros.ohing waM-water 

marshes. The gr,,,.,wth ".'If algae durtng the tw~ su-l'lmers of in• 

tftns1ve obeex-va. ti~ne wtll be c.U.so,.issed. as 1 t effected chem• 

1oal changes, pat'tieularly the oxygen c""ntent of the water. 

The Bluff Creek study area., remdte ea it was. he .. d 

maintained a. repittatl0n for good r,.shing ,.,,v,er !l:1r,re tha.:n a 
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decade, Th& angling here tor the most part was strictly 

with worms and a small pole cut on the spot, altheugh Pond 

III and small porti~ns of others could have been fished 

with tl1es. This we.s definitely b1'1ook tr~ut water, e.nd 

there were evidently no creek ehu.bs present. Angling, hel"e, 

desp1 t-e the treacherous rooting, wa& improved over that: 

which would nave prevailed with overhanging tag alders from 

bank to bank,. but cooperative volunteer creel census did not 

materialise. 

Invertebrate food ff'!lr brook trr.,ut was abundant in 

the upper Bluff Creek ponds• bu.t the numeMus ttAinnows did 

not appes.~ to be utilized greatly. The six beaver 1m.p"und

ntents in a eloae series mu.st have been some hind.ranee to the 

spe:wnlng .of tro\lt in this st:ream. Fortunately tJ11S)re were 

suitable areas both above and bel(')w, but the barrier effects 

of the dams were not thoroughly unde:rstood. 

The physiao-ehemieal crnuponents of beaver p.i,nds ~ 

thE> Bluff were noteworthy because r,;f the spring wa tet- af

fluents, the stream gradient, e.lg,ae..growtb., and possible 

downstream :recovery t~om de trim.en tal thermal c ond i t1~ns 1n the 

impotmdments themselves. The expected increase in acidity 

following the flooding of conifers was not apparent behind 

these dams, perhaps because the timber had been drowned out 

some time pr:Lor to this study. The changes wtth t1:m.e in 

these aix beavep ponds uy well have been slow f'r,r the most 

part, but they further deraenstrs.ted the relative fluidity of' 

ecological hlstol"J 1n sueh habitats. 



52 

( l) The Stream. 

This run Md its hee.dwa ters in Plains take ( Town

ship 45 North• Range 38 West, Section 13) wl11ch was in a 

muskeg bog lying close to the Iron County line (FlgiJ.N 8)• 

It fli,wed northward through tw~ more bl"lggy areas wl1.1ch had 

been influenced by beaver occupancy- -river the yEHirs. The 

lowland st,:-eam margi~s here were timbered mostly with black 

spruce and white cedar. Swinging then in e. northwesterly 

d1:reet1on, the creek passed thr!")ugh a large alder swamp and 

entered a ?ruu•sh, at the f(')ot of whieb the beaver dam built 

late 1n 1947 f'"rmed one of the pr:tma:ry study e.r·eas. Sitn11.e.:r, 

erlver extending northwaM waa not permanently- flnooed. how .... 

ever. l~l{'.Jw th1a aei-ies of p◊nds was a m$ad01t from a large 

man-made ir.np~unthnent dating back tt, the hal'Vest of the pine, 

and downstream the ereek again fl"'wed through alder ... thlekete. 

with scattered graa.s ope111ngs • on ea.eh aide ,,f the u. s. 
Forest Service'$ qrrout Creek Truck Trail. Its direet1on re

mained the same crossing over into "'ntonagon County; 1 t 

veered first no~thwam. then westward, to enter the Middle 

Branon af the Ontonagon in Section 28 or Township 46 Worth, 

'Range 38 West. 

The creek just above 1ts o,cnfluence with the river 

was abnut six .feet wide., and had a 'J'f"')Ck and gravel bottom. 

Here the waters were in a deep valley and were well-shaded 

by alde:ra and willows. Having a gradJ.ent of ab~u.t 15 percent; 



1'1gure B. uoo1nt7 Creek, Begebio Qe,utr, 

eaet ot waterameett! 
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the stream evidently recovered oxygen in this regi~n, and 

1 te tempera tul'e was much improved over the beaver-pond 

e~1 t1ons of 1 ts middle reaches. A larese amount or dr1r, ... 

woffli provided good flab cover e.bt,ve the mt!:luth of the creek, 

near which thel'e were e. few old beav'!r-out stWrtps, but no 

sign of any recent ds:ma on August 231 1949. 

(2) !Gaver occupaaey 

In Section 3 th•:re was an active colony ot the 

e.ntmala visible f'rom. the air in May ot 1949. A year later 

this pond was HPo:rted to be providing go~ trout f1ah1ng, 

but t neve:r visited :tt. 

The stu.d.7 e.Na 1 tef)lf may be eonsldered aa the 

stretch ot MeGinty Creek extending upstream f:rom the Trout 

Creek Tx-uok Trail bridge in SeotiNl 2 to the end ot the marsh 

area practically on the sect1r-;n line to the east. In 

these ree.ches the creek was tlow1ng through a valley with 

little :f's.ll- and its volume above and below the beave?t pond 

series en r,tay 241 1949 am.ount&d to 2.ea e.ncl 2.29 ou.b1o feet 

per seennd respectivel7. This was the brt')wnas t water l"lf the 

f"'u.:r stNama under intensive 1nvest1gatl~n, a oonditicn 

Which stemmed :from the sevel'al bogs and eon1fer~us sw«i.·-ripa 

¥thich fed it. 

The creek below the ponds and near the middle of 

its course ranged .fr"'m tour t(' six feet ln width and had 

holes as much as two feet deep. The bottam here was pre

dnm1nantl7 aand and gravel, with nwuerous stretches of r~ck 
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or peat. Upstream from the bee.ver ool~ny 1t was -.ider but 

shallower on the average and floised tbr~ugh alde:r and 

o~niferous snmp. 

The dense ()over of alder below, and the ao:ft sand 

and peat bottom abr,ve the p~nde• made these areas ditf1eul t 

to fish except for hard.:, nplunkors» using worms nther th.an 

flies. on the otbe:r band the open beave:r flowages were suit• 

able for both atyles of a.ttgli.ng, provided tb.e fisherman kept 

his tooting along the old stream channel banks. &lost C\f the 

brn◊k trout taken below the pends •ere sublegal fish, and on 

a em.all teed$t" CNek au.oh as this there had been no improve

ment work ex<;ept tor the dam re"'nove.l ect1v1 ties of tb.e Civil

ian Ooneervatlon Corps in the 1930' s. The gnssy ma:rsh rutd 

alder swamp bottom of the creek gave way on either side to 

poo? stands of pole-elz«!!d aspen and paper birch on the sur

rnund1ng uplands• e,nd a spruce-fir sapling sssneiation in 

low al'®tUJ adjacent to tbe run. 

The m.ost dnwnetream beaver work in t'his attee. took 

place during the latter part cf th0 s tud7 wh~n a colony wae 

established less than e. huna:i-ed yards ab~ve the road 1n 

August of 1950; at sueh a late date it was not practical to 

e~ns1der this ocoupa:ncy in the 1nvestigat1n:n, but a bl!iet 

descripti~n follows. An auxiliar-7 dam with a 1.5-:toot head 

bad 1 ts backwe. ters Q('nflned to tbe original strea"ft channel; 

this was 30 ya?de upstream. from the bridge, and its effect& 

extended an equal distance beyond to the '1.?lain dam, around 

the south paJ"!t of which there v,.r.as a or,ns1derable overflow. 
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Thia etNcture 1-tself held three feet of water, and 

appeai-ed to have a g""r-d foundation despite 1 ts weak crest. 

It was solid onlr at the north end, where motui, rocks, and. 

sod from the edjacent bank were the principal ma ter:ials. 

This hMe dam was ab(';mt 40 yards lring with man,- bends, and 

en the north shore a quarter of the way up the pr,nd there 
··, 

was a lodge in which the an:i:rnals spent the winter of 1960•51. 

The lowe:r th.it'd ot the tmpou.ndment was prac t!ea.117 all tag 

alder thiok~t, which was varied upstream with nettles, 

seinu.,,lJ willow, and a meadow association about 15 yards 

wide. The upper third of the approximate acre whieh was 

flnoo.ed e~ns1sted enly of height.ened water in the origlrutl 

stream channel. 

About a quarte?-ndle above the Trout Creek Truck 

Tl'tail bridge {Figure 8) was the old logging pond dam built 

of l'e<>ke and timbers. Its uppe:r side had becnme well•sodden 

<lWer the years, and the erest hsd grown up with lowland 

brush e1m1lar to that down&tXteam. The ortt$k prcper flowed 

thr~ugb a break in this stru.eture about ten ,ams rr~m 1ts 

north end• when there waa a drop of three or four feet over 

the Pocks. This con.fined channel was a na tur-al place for 

the beaver to take advantage of the man--made improvements 

al:read:y e.t hand, which they did in July of 1949 to rofl.t".)od. 

the meadow $.:rea. upstraante Their work on the structure was 

er~atic, and no lodge waa bu.11t on this pi,nd, which served 

both ae a foraging spot for favryred marsh plants and for 

the transport of aspen lor-{;ged e\n the sou.th elope. 



58 

The history of the flondlng, aside from the beaver 

element, waa CJ()mplicated by its use d.ul"ing the logging 

days, and it was not as 1ntens1vely studied as was the bome 

pond upstl'eam. Howa,irer, it wae the site of several eol'.')log

ioal observati1,na And the souroe of some intereet:tng physico

chem1oal de.ta. The original stream bottom which was bare.d 

tb7cu.gh most or tb1a area.• waa sand; and the sharp banks 

were ma~shJ peat, much of Which had been deposi tad sinoe the 

tum of the c&ntul'7 • 

'!'WEU.'lty yards upstream from the b,ead of this six ... to 

eight-acre man~made meadow was an old sf)(;'f.ded beaver dam 

1!f1th a break in it ~n each side or a small island. which di

vided the old channel of the creek. Here tt,o the animals 

improved ,on the ti tua t1on by blneking both of these, and 

adding to the height or the old structure w1th small alder 

and willoVI s took topped b7 grass and mud (F1gu.~e 9 ) • Hi"IW

eve:r, the beave~ maintained a. 2.5-foi.-,t head of water thr"'1lgh 

the summer of 1·948 and into 1949, when they commenced rei

aetivat'ing the man-made block downstream. The small pond, 

wbieh was only ab,0-\lt halt .an a.ere, was an auxiliary one, 

serving for f'o«i tnnaport as w•ll as for bracing the main 

dam 40 yards upstrea??t. It was primarily a flooded meadow 

assoeiation, with s"me alders and willows at the head end 

and along the margins. The bot;tOffl we.s ailt and. detritus 

atop the rJr1g1nal sand, in which an excavation directl:y 

dehlnd the structure was five feet deep. 



Swmael', Jul.7 11,. 1941 
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At the head end ot the su.ppt.,:rt1ng P•ond was the 

home dam, which had been built in the fall of 1947. It 

stretched about 30 yards between two pieces ot stable 

highland, and was six to ~ight feet wide at the base. 

lJhen f11'st visited on June 261 1949, it was holding slightly 

more than two feet of water, but this head increased during 

the period of bea'fe!' oecupancy. The structure had a good 

fr.-,Ul'Jd&t1on, although the crest was flimsy at tL"ltH! \'fb.en the 

animals wepe ratting :tt by adding grass, mud, and/or small 

sticks. 

The pond itself wam divided into two eoologieal unite 

by an i,ld sodden dam a snort d1st8.llee above the current one. 

Thi& htad been d ylltlffli ted at ,. ts north end in 19341 al tht'USh 

the pond then wae Nportedl7 providing excellent fishing. 

It ruad grown up to nettles, vines, and shrubberr in the in

terim, but eventu.a.117 was overtopped by the eolony under 

study, wh1eh built a ta1r ... sit.ed lodge at the end of it on 

the edge of the strea:l'?t channel {Figure 10). 

The lower part of th.e pond was lees than an a.ore, 

the eurving shorelines ot which .followed the upland ec,n t~urs; 

the upper naohes totalled five ,..,r six acres. and extended 

southward in a large bay or me.rah and t"' the north alt'.'ng a 

t1"1buta:r:v stream. The original oottom ,.,f the recently 

flooded a.Na had been clay aml sand, which soon took on an 

overlay (')f detritus, si.lt, and pettt. The maximum water 

depth of about five teet waa immediately abo111e the datn, and 

at the holes by the lodge e.nd upstream 1n the fl')rm.er channel. 
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Figure 10. Beaver lrydge, ;:1o0inty creek study 

area, loAklng southward. 

Winter, February 181 1949 

Spring, May 121 1949 
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Fig. 10 
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Fig. 10 
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The su.'bstnte had probably been sand. and gravel a.t onG 

time• and there were ,till e:om ... 1Jxposed. areas of this 

so1-t whieh had been kept elear by the animals t aet1v1 ties. 

The marsh grasses were g:row1.ng on ~ieh peat, wh.ich was being 

added to the old stream bottom al1'ng with other tJp1eal 

beaveP•Ptlnd depesi ts, i:noludlng w1100 ¢' various sorts. 

The new dam flooded a thicket of alder and Soitta@a, 

plus a rew tua.raaks; but no timber ot an7 oonsHHJu.ence 

(Front1sp1eO$) • Aqua tic plants were el owly developing in 

the lower part of the flowage, particularly duckWeeds and 

amartweed. The upper reaches were 0ntirel7 a meadow asso

o1atir,n;, with willows and alder at the edg$S (F1gu.re 11). 

The marsh was d-,m1na tfid b7 bt1lJJ1.1.1:t:nes 8?.ld grasses: there 

were s~me goldenrod, mi.nt..s, and 0-tht<:1-:r annuals along the 

margins. The stream ohan:nel, especially just behind the 

blown-out dam, had qui ta a. growth 0£ amartweed, and pa to has 

of duc1..11eed& scattered throu.ghf'1nt., but not enough to hinder 

fishing. 

Thia 1.ipounchnent was subject to only slight angling 

pressure during the stud7. No really sizable brook trout 

were noted in f1ah.el'm.en' 11 otteels, but most of them took at 

least a few of the fav~red game spaeles. A me,j<,rity of the 

angl.,n favored the mead.ow area f,:-,r fishtn,g ovat- the alder 

reaches at the lower end and wette suocesatu.l beth with flies 

and. WOJ'lllS • 

There was a. substantial nopulation of minnows in 

this pond, including the ereek chub, but common white sucken 



Figure 11. Upper rue.hes of .ma!n pond. M'eGint7 Orieek study area, looking 

eastward f'rom .ae.uth end of' blown-out beaver dams .. 

Pall, September: 19,198 Spring,, April 29., l.949 

S1maei-,. July 26, 1948 »17 •. · ... ,. 11. 1950 

0) 
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were rare. The brook t:rout had plenty 0£ food, both minnows 

and insects, but the rn1mbers failed tn hold tbeir own. Suit

able spawning terr1 tory for tb.e tr,..,ut species immoo:ta tely 

above and below the ponds was limited, and the enmpc t1ng 

fishes seemed bettor able to withs tanel the unfav,..rable 

phys1co-ohemica.1.. eeind1t11"lnS of the sttmmer. As expected at 

the start of the study on ~eo1nt1 Creek, ox7gen depletions 

wette frequent. Risee in stree..f!l tempe:rature were nr:,t, how

evei-, as severe as anticipated b&c~uee flatnerou.s springs in 

the f.H'lnd., eountera.cted the wal'mlng ·or the aurf'aoe watet'. 

There was a deftn1te thermal st~atifieation in the tmpound• 

ment, and seepage thl!tough lowe:r :interstices of the dam par,;. 

ticu.larly during the first two summers,. eooled the outlet 

below the tempera tu.re r.,f' the flow over the tnp of the struc

ture. 

rn the past beavel' had been aet1ve in the uppei

reaohes of !lfcG1:nty Creek and had effected B(Hl'le changes in 

the bog areas along the stream in Seetionsl2 and 13. I 

visited these on August 1, 1949 1 when th.ere wa$ no ou.rrent 

activity, and the men who were giliding me cou.ld supply 

little paet hlstopy. By November 8th there were three 

small dams in the more northerly <'f these two a t~etehes, but 

this (")'.ocupaney wi:i.a not followed fu.r-ther beaause of the limi

ted f.,od euppl7. No ponds had been visible during an n:tr 

C~J.ise ()f' the extreme headws.te:rs the preceding Ms:y. How

ever, a u .. s. Jc,:rest Service employee had enjl"'lyed g,...,od. 
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fishing l'."D a beaver flowage in these parts ten years pre

vious17. 

(1) The Stream 

Thia creek had 1ts s~urce ln a large spring east 

of Marion Lake in the southwest quarter of Seotion 2B, 

Triwnahip 45 North, F&.nge 38 West (Fig-1.1.re 12) • The origin 

was surrounded by a pocrl ,r-s tooked s tand of as pen and. 

pa.per bi~c.li over a spruce-fir assoeia ti.rm, each fJf which 

we.s only sapling size. Along the stream's northward cnu:rse 

of e.5 miles to the Middle Branch r,f the ontonagon River, 

it reeei'ted water from several other such tlows, ineludlng 

those flooded bJ the prest'nt main u.pper pond, two of which 

were ru,teworth7 both for their size and aa trC\ut he.bi tat. 

The only t~ibutary of any eo:nsequenee was a b:rr.,ok running 

in a soutbwes terly direction aoroas Seotion 21. 

The su.pply of spring water il:l the Ml'.):rrison drainage 

was doubtless aftec ted by logging activities; 1-'i..ardwaoo e.nd 

spx-uce were both tak&n in the Wo:rld War I por:tod., the pine 

having been lumb'1)t'@d a few decades previously. Although 

lowland brush bordered. the stream pl"oper in its up:oer 

tteachi!?s, to the west there was ta sizable stand of hemlock 

aawtimbel"'; a c,edal"•&pru.ae swa-np aseoo1a. tion was more :prev

alent ~n the opoos1 te side than tho n~rthern harowr--r-ds or 

aspen--bircb. 1n the highlands. 



:F1gur• 12. r«o:rr1so~ Oreek, Qogoblo Ccu:nty, 

east ot wa terameet. 



72 

R. 38 W. 

::, \~.:, 
,q, 

28 

/JI 
67 

22 

27 

A 
~"'--..1------'~------~:·,l-----------------------.J 

t{·, 
J~ 

LEGEND 
GRAVEL ROAD ---- RAILROAD 

:::::,:-::;:::.,:.-: WOODS ROAD W1Iff@ID MARSH EDGE 

0 1/4 1/2 3/4 1 

SCALE OF MILE 

Fig,. 12 

. 
z 
,0 
~ 

..= 



'73 

Two•thi:rds of a mile frf"m 1 ts nr1g1n the stream 

entered a marsh area which showed the effects of beaver 

oecupanoy i,ver the past 30 yenl's or eo, This dense tangle 

or long-de!ld ann1tera and a t:rearnside alder, 1n whleh g:rass 

tussocks and -r,the~ wetland vegetation were flour:tsh:tng, 

c~ntlnued northwaro fr::,1• a mile and a half,. with a w1d th 

varying aceordi:ng to the sur!'ounding terrain. Fully three

quarters r,f this old marsh was the result of beaver activity 

at one 1'r the other of two narr('lW necks along the M~rrison 

in the nottthwesst qual"ter of section ~n. the history ot which 

will be traced 1$ ter .. 

To the east of the .foreg""ing s tre~--raside ecological 

e:ssoo1a t1on weTS pa tones of lowle.nd brush, black spruee,. 

etthe:r with white oede.r ~:r a.lone; a."ld ~nly in the moat up

stNam crwa.~tar m11e,,dtd the northern htn-d.wt,ode e'"'me dr,wn 

all the wa.y to the ma;?"gina.l marsh. The white eedar•blaek 

.spruce ~tande nf the western edge first gave way downstream 
- ~ ~-

i;o pole ... a1zed h$.rc.t;;:or,ds; then, beyond a em.all elearinr • to 

aspen and paper 'btroh over a spruee-f'i:r und.erstory. Sapling 

and pole stands of poplar weN bl"'t,ken b7 ple.ntat1,..ns nf red 

and jaclr pine along the downstxieam reaches tc the typical 

lowland bru.s.h of alders and. wtllows bcrdGr1ng the ltiddle 

BMmeh of the f'\ntonagon JHver at the oreek mouth in Section 

There were no falls along ~forrison Creek, and noth

ing that eould be called a atreteh of rapids; however, there 
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were & few rravel riffles in the lGwermost quartflir-mile, 

.,h1eh had remained tree of the beaver• s 1:nmedia te inf lu

Emoea. The we. ter <HH1rse ran through low terrain for its 

enti~e length, b:t-eak:1ng a narrcw valley e.e:ross the uplands 

just south ot the river; even he!'e however, th.ere was no 

prominent stream gradient. Tl'le vnlume of water was quite 

steady throughout the summer- months• but was aooentua ted 

during euch pel'i(ld.8 as the sp1-ing break-up• and the severe 

rains ot both this season and of the autumn. Bentzel 

•eli:,o:l ty tube measurements taken May 25, 1'£"~49 sh~d flows 

ot 2.1s, a.7'7 and 2 •. 78 cubic. feet per $ec~nd at three sta

ti~ns, each of wnich was located within three-quarters of 

a m.ile fp~m the cfreek 1n('lutl"i. Despite the headwater mwaJups, 

the a tr-eam was br-own1sh 1n color onl::, during the spells of 

heavy run""off as mentioned abt)••• 

The pol"'1nds of beaver oocupanoy have had pronounced 

effeets on thx-ee aspects of this streanq depth. width. and 

bi,ttom t,Pes. !he first we.a influenc.ed by dam-rem.oval ,-,pera• 

t1Ms, excavat1rins around them and at the lodges. siltation, 

and stt)dt •Pilings of fl'}od., Seor,nd, p~nding typically 

widened th<t lot1e area to give backwaters which extended per

pend1cule.s- to the stream channel just abt,ve soi:Ue dam: si tea. 

'l~hird• original atrea~ bottom types were variously buried 

under ailt, detritus, and peat depm11ts, nr ae,...ured out at 

the plunge baa ins r~:rmed by ove!rfl~ws twnbl ing l"lver the de111e. 

The und1aturbed headwaters were fi-,u.r to six feet 

Wide, and to two .feet in depth., and had a ae.nd bottom. 
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tnte:repersed with patches ~f small gravel. In 194~ the 

flooded meadows bomere.d. a creek as much as 12 feet wide 

and averaging a toot deep over e. bottom similaP to tba t 

upstream. There was little silt e.nd such remaining here 

f'l'•~m past beaver occupancy until the lower rea.ehea of th1e 

astociation, where these deposits were particularly not• 

able on the 1nwem side ro;.f bends away frf')m the ourNnt. 

The stream gradually narrowed to eight feet in its final 

m.i.le or so, wheN bottom deposits of gravel were most 

p,.-evalent in the valley betweea the ridges along the r,11d

dle Branch of th• ontonagon River, with a few rocks here 

and there. Undisturbed holes 1n this pr.,rt1t"!n. of t~orrison 

Oreek were a bit mt;,re tl'lan t.."11.ree feet deep. Howeve?!', even 

this area was much altered by the animal engineers during 

the pe:ri..-d of this s tu.dy. 

The headwater beavett ponds in the florrison system 

at their varinu.s periods of activity were favored by anglers 

of the vieln:1 ty., including S(')me from \\'isc('):n.sin, who did. very 

well in taking brook trout fr~m a varle ty ,,f eraf t with 

either wol'U or flies aooord1ng to the see.son. The lower 

fifth of' the creek never did :,,ate very higb. among f 1she:mnen, 

even when some f!"Jf it wa$ impounded. These reaches were 

marginal trout water in .many respects, with temperature as 

perhaps the deciding factor, particularly ln that so muoh 

streamside alder had been killed. by flooding. Alth~ugh the 

c. c. c. made a rnugh survey of t.6.orris'."ln Creek fnr the u. s. 
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Forest Se:r,rice in 1939, no improvement work has been done 

e1 ther by them or the f:.fichigan 1,epartment of' 0t")nserva tlon 

in the foll.owing years. 

{2) Beave,r Occupancy end Chronology, Lower Weaches 

Throqhout my work on Ml')rrison Creek, bank beaver 

were p~esent in the Middle .Braneh of the t-'\ntone.gt'tn 'River 

both ab,ove and below the mouth t}f this tributary. It we.a 

evidentl7 one .of theee individuals Which built a dam be

tween h•re and the road bridge in netober of 1950. rt 

backed water up to the recording thermegraph. station eight 

:,1.u"tht uPStream from the highway; the atrocture was only 30 

yards above the oreek mouth, and extended back into the 

brush a short distance each. side of the ehannel. Fashioned 

mostly of 1tillow and. alder, the dant held a foot or ao ot 

water, and PNbably did not survive the severe spring break

-q.p of 1951. The an1:male, bad made a start at building a lodge 

1:n the east bank, halfway u.p the pond, which •as pretty much 

confined to the ehannelJ neve:rtheless this colon,-• if there• 

wae moN> th&n one individual, bad e.ll the mal-:::ings ot a ..-,ne

year stand, and no more• 

At the start of m:y- resea~h pr~jeet 1n June of 

1948, the center of beaver aot1v1ty on Morrison creek was 

an active pond a short distance above the road bridge (Fig

ure 13) • However. a reoooupano,- of the upper dam site tn the 

fall or that year provided most f>f the 1nfnrrnat1on, and 



Figure 13. Pffld I, Morrison Creek., looking noiathward frOll ~p.land. to the west. 

Pall, oetnber 3, 1949 Winter,~ Pebnary 16, 1949 

S,,,tas. At>P11 as,. 19:49 S..-Jl". August 3• l.948 
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there wore ale<, wintering groups dewnstream from that locale 

over both the 1949-50 and 1950•51 seasone. iJpstrea.m .fl'Ont 

Pond I the:re wer• meN than a doze.t1 decaying beaver dams, 

wblch could provide mate:r>lal on the aftermaths of beaver 

eooupanoy in contrast to the active eo!ony under study. 

The meadow area just above tbe road had been dammed. 

enl7 slightl)' b7 the animals in the su.1'tlffler of 1947, but 

that fall they moved from. Pond !I, the fl coded ai-ea of' 

P"igu.re 12, downstream f!'\:r the winter. The new constNotion. 

work was l•as tllan 100 f'eet long, extended frt:m the eas tem 

upland by the original ohannel across the m,u .... sh, bu.t never 

quite reaehed the steep weste:r-n slope. 11'.be dam was as mueh 

aa oight feet wide at the base, and the maximum head of 

water•• about a.1 teet. It was well•bu.1lt for the most 

pal"t, except for the western end, which was without any 

aspen bolt$ anchored in the ms.rah to et~engthen this exten

s1~n, thPough and e.ttound which water flnwed almost oonstantly 

du.ring the summer of 1948. Thftre was a sizable beaver ledge 

on the east bank at the base of a lonG balaam about 40 feet 

above the dam •. 

Pond I (Figure 13) was half an acre, with an ir:reg• 

u.lar eaa tem sht,reline and an even on& by t.."le wee tem ridge., 

It narrowed to 40 feet at its head end where Dam rr, the 

home structure in the summer of 1947, had we.shed through 

at two form.er stream channels with an island between them. 

At the base of th1s. there was still some sand and gravel 
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bott0lll1 but moat of the original substrate ,1as covered with 

a mixture of silt, detritus, and peat, which 1n pl'otected 

areas was more than a root thick. Back frf"lnt the creek 

proper the muck and peat of the original marsh prevailed. 

The two ecological uni ts ot ohatmel and floooed 

meadow were not ae distinct in the previous Morrison Creek 

pond as elsewhere. In ple.eee the fot'!'ller was s.s mu.eh as s:tx 

feet deep, and the latter had f?tom two to three feet of 

water over 1 t at thtl edge of the original stream. The mar

ginal alde_r was soon killed, although the willow u.ntou.ohed 

by the bee.lf1er continued to flourish, as did the original 

lowland vegetation or grasses and reeds, much of whieh was 

used bJ the $.nlmala tor feod. or as building material. This 

particular area had not been attbjeet to frequent beaver cc• 

eupancy in rectnt yes.rs, and was known to contain several 

springs. Well-oxygenated but warm water from upstream was 

affected 11 ttle in its passage through the pr,nd. As :re

flected 'by the outlet temperaturee,the surface became heated 

euft1eiently to dominate the sources of cool g~ourtd water. 

As mentioned above, the lower reaches of Morrison 

Ore&k, although accessible to fishing, had never been a 

strong favorite ot the l!;leal anglers. Bef~re 1ta floeding, 

the stream through Pond I had provided some brook trout 

fishing in the summer of 1947, but a year later it had be

come d.ominated by creek chubs. The p:ttoblem r,f compet1 tion 

was not studied here the first field season, after which 
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moat ope:i-ations sb1fted. to the upstream beaver colony. Dif

ferences in fish food o:rgan1sms 'between the eb&nnel an<l the 

marsh did nc,t p~ove t~ be as striking s.s expaoted in this 

pond, and Dam :r d:td not last long enough to be 1nalut1.ed 1n 

an7 majoi- barrie:i-. e tudy r$la ted. to brook trout fJpe.wning 

mo•em:ents • 

The ·neaver oolonr of Pond I ineluded twl'l small and 

two large 1nd.1v1dual• as noted d:u.ruig evening obtH.l?'vations 

on Jw.7 JI, 1948• Ten days later the animals were cutting 

both apstream on the, w•st slope at the h•ad of' this pond 

aa,d on the east sho:re ju.st below the dam, whieh was holding 

about f'om? feet 0£ water, and had been extended westward. 

At the end of the month, the western. logging opention 1:n• 

volved skidding the popl&l"e down an so0 ... 1ncline from the 

extreme eNs t of the ridge r,f land to the s trea.-n 1 tselt. 

·OU August 3rd, a new lodge wae under oi,nstruot1on 

at the wo.ter•s edge 20 ,ards 'bel~w Dtmt II, which then was 

holding t,nly- a f'ew inehea of water. The level of the im• 

pou.ndment behind 1 t was two :teet or so below wha.t l t had 

been as the home ot the eolN1y the prev1ou.a swnm.er. Addi

tions o~ fresh mud to Dam I by the former s trea.m ohannel 

had strengthened 1 te c:res t,, but the we. ter was still going 

a:round the west end, where 1t was only half a foot deep, to 

put e.n inoh of overflow on the lowland by the road. By the 

· 13th of the month the backwaters had risen si, that the next 

structure u.patream wae 1 taelf holding cnly slightly mere 

than an inch. 
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B7 th& end ot Au.gust the beaver's logging efforts 

<.H1neentrated on the west slope two-thirds r,f the w3y u:p 

t:he pond oppos1 te a olea,.•out aree. on tl1e east side• The 

ani!'U-lfl had oemmeneed mudding their ru,11 west shoN ledge as 

early ae Augu.st 25th: the tempo of operations had ino.reased 

or1 the ea.et b9.nk, 9!1d included s~me alder f'or building pur-

poaet ~bt,atned f!tom below Dam II. on Septqbex- 1st the 

ho~e dam was a bit higher• with surface water running over 

it 1n sevex-e;l place& as the winterizing ef:f'r,rts increased. 

I did n¢t visit Morrison Creek ega.i.n until winter 

f'ield tx-1pt on Febru.ary 1e and 21, 1949. About 20 1nehes 

ot a:new lay oV"er the ponds, and the Ct".)ntplete toe ceiver 

varied tro-m tour to atx inches in thiekness • Al thou.sh there 

was l.'.lo vitif.bl.t, chimney e:f'feet on either loo.ge, the beave!" 

had been chewtng c,n a freshly .. felled aspen by th$ newer house. 

A thaw on the 18th bl'ought on mere aotivtty by both these 

e.nimale and by at lttast on$ ¢tter, whioh had evidently 

denned in the abandoned lodge cf the third p~nd in th1e 

series and may ?Jell have put a hole in Dam I bef'~re the 

spring break-up. 

In late Apr11 1 although the beaver had recently 

bei,n cutting several aspens up the htll to the west of 

th$ lodge on that aide of Pond I, the water level was dmm 

a foot Mlow the high of tbe pre'1ious year, and the ereek 

was flowing tlixaflu.gh the clam, -oart1oula:rly at the two ends• 

This drop was reflected. at the next etruoture upstream, 
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which was holding a toot ot we. tor 18 inches from its crest. 

There were fNah beaver cuttings and tracks 1n the ·ntt!d below 

the ledge where the animals b.nd 1pent the 'llinteJ:11, but no wo,.k 

bf the home dam was evident on f;fay 2nd. 

Iiee.vy rains during the tollowtng four days filled 

the pond to 1 te former level, and the 1,:,eek was pouring 

o'fe~ the ea11.tt end ot ne.m I, and also to the west f!>f the 

,:,ld stNam. channel. The :next st:rtictu.re upet?'S-.m e.lso had 

1 ts basin f'1lled., and the water was <ua.soad:tng t,Ver two 

b~a:ver erosa1ngs. Howe,rer, · on ~tay 9th the :impoundments •ere 

each age.in a toot below their ~espeet1ve eresta. Scattered 

signs ef th• beave~ br~ught hop•• that the colony wonld re• 

build the heme dam,. and plan•-table mapping of this s ttldy 

area continued. 

W1th two holes at the east end of Dam I the, water 

level continued ttli fall: 1.5 feet below the er$st on ?.ta7 

20th, down aru.,.th6r six inches by the 25th, and 2.5 feet be• 

low the peak head on June 14th, wh.en there was et:1111.,5 

feet Gt 1uattr 1mpoutlded. "Tramptt beavei- m.oYed through the 

&Na fJiom time t.,, tim.e, but ee.rly itl Jun• 1.t ua apparent 

that this alte had been a.bandoned. Late 1n the month the 

level rose to w1th1n six inehea of the erest of Dam I fnl• 

lowing heavy raina., onlN" to have it go dmm e.ga.1n; and 

· thl'ough the ttUn'.M.el' 1t remained 2.5 teet below the prevtn11s 

year. How•ve~ 1 a baclnta tt!lr of a foot nma 1:ned in this 

t~mtn," 1mpoundment. sand was exp~tutd at the lower beaver 
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lodge, atad 11ar1oua annuals and pe-renn1ala were fast invading 

the mud .flats on the margin of t..'1-ie stream eha.nnel (F1gu.:re 

14).. In mid-September beaver frr,m the Middle BNnoh of the 

f'lntoneg()D River wert t,u. tttng willow on the west shore ju.st 

abov. the road b:r1dge and tr,anspi,rting 1 t to their bank dens 

al~ng the larger s treai:n, Al th~gh the , water was flowing 

through the old p()lld; ioe covered 1 ts lowar quarter on 

November 22, 1949• in contrast to which a much largeP por

tion of the two active pollds upstreaffi wae al:vee.dy fr,,2.en 

over at thi.e early date. 

~ FebJtual:'y 14, 1950 the creek r>f:t the lower beaver 

l«tge of Pond I was under 20 inohes of' snow and three or 
slush ice, and was just at freezing temperatuN. The hie;h 

water of the aev~re spring break-up came within eight 

inches of the road b:rldge, and the entire l('!Wlud swae:np 

here was .florni~d (Figure 14 )11: Dam I remal.ned. in place, with 

but a three-inoh head gus.hing through at the old s tt-ea,u chan• 

nel on r,tay 6th; bank beave:r f:rfflit the rive.r wt.rre cutting 

asp•n on the east slope betw~en the str1.1etu.re and the road. 

Even Dam IT was holding eight .'!nohea of water. which was 

flooding the old pond area behind it. 

The high waters of 1950 subsided between Ilay 9th 

and 20th; they •~re b~own, bu.t not turbid. Ab~u.t a third 

of Pond l was a till flooded on May 24th• and twiee as 

tlruiCh of the ne.xt two area& upstream was still briefly im• 

p~unded. Thia gradually went d~wn, and heavy :rains in 1:tay 



Figure 14. Poncr I• Morriaott CNek, looking not-th• 

ward .rr"nt upland to the nat (eompa~• with PiguN 11). 
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and June all but washed cr-tt the lowermost d.am, the sticks 

of which he.d been displaced a yard downstream at tho chan

nel. The lower half of the pond still hnd 1 tm black bot

;om; bu.t a portion of the next one above now bad scattered 

patebes or light silt, both over and below the former 

black substrate. 'fhe strtuamts reeover7, from beaver oeou

f!Hmcy of ·these lowe:r,t reaches e;,.:wa:$ ,slow through t.4.e remain• 

der of 1950 ( Figure 14), and there• were no sig:o1f1oan.t 

eh.a.ngea apparent during brief spot-checks ot the orsek in . 

late JulJ of the next year. 

(3) Beaver nocu.pancy and Chronology, Middle Rtaene• 

While Pond II was the home of the <..Yorrison c~lony 

in 1947• the baekWaters overtopped a third dam 30 yards 

abo•• the ma1n str11cture. This, which was never active 

d~tng the pr~sent stmd7, was the second of eleven de

serted me a 1n three-qua liters of a mile fl'O'm the s tres.m' s 

mouth to the 'blown-out dam wnieh 1n turn was overtopped by 

the waters of th.e main uoper pond. No one of these works 

held. any head at all dux-ing the tield season of 1948, bu.t 

in the course ef the pr,ojeet two of ~-hct si-tee were reoeeu

pie4 by beaver for one-winter stands. Such ponds were not 

intensively studied, except for the 1950-51 1mpeu.ndment., 

which was an integral pa:rt of a special barrier-effect 1n

vest1gat1on. The dams themselves were mostly short struc-

tu?-es 20 to 40 yards long extending from one highland to 

the other; all had been broken through at one point at 
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least, and did not block the ps.sunige of !'!shes in et ther 

direction. 

The first of the two re-establ1shraents 01 ted above 

was about three-eights ct a mile above the creek mouth. 

The dam 1 teel.f was discovered early in the morning ot 

r)c,tr,bex- e, 1949. Th.ts we.a my first fall'f1eld seasen 1 and 

I h8d been in the habit of visiting both upper and lowett 

study sites regulaJ11l7 a.rid neglecting the st:ream between 

them, '\maWaN of the autumn beaver movements, during which 

dams tor the winter grow very rapidly. Such was the case 

here, where the older ~m vt was used as a f'euru1a.t1oa for 

the new 40•-y:aJN:l stNeture; its baae was six feet wide, and 

it held e.e teat of water 1n addition to the normal one

foot depth ot the creek. The 1mpoundment ex tended upstream 

three-ab:te-enths ot a mile to Dam IX at the toot of a 

111de meadow, which hs.d been dynamited by Fish D1via1(1;n 

personnel in 1935. The pond ts lt'YW&l" half was in Section 

16, and the upper 1.n Section 21; it was cont1ned betw41u•.m 

the two r!dges • and amounted to slightly m.ol'e than two 

acres, with a depth ranging to five teet. 

Mott ot the flooc.U.ng in the middle Naches or the 

Morrison was lo1Vland grasrJ, alders long ... dead frt"IM. previous 

ocoupanoy, and scattered logs. The east slope here was a 

jack pine plantation with 11 ttle beaver food at all., but 

an over1rtory of aspen above amalle?' cr,nifers (In the nther 

side provided fa1r fc,rage. The old lodge /"In the west shn:re 
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15 .,ams above the dami1te was reha.b111tated, and De.ms !V 

and v were rebuilt aa aux111a.r!os, each to h"ld abnut 1.e 

t&et ot wat.er.- The latter were of' 1oGse eonstructi◊n, and 

the hon1& dam. wn•n first seen had not been mudded for the 

winter. 

Tvlo seetions of rltort'ison creek were •lread:r u.nde:r 

stud.y when the pr<teeding new oolony was cheeked during the 

:fall of 1949 for 1nfo:rw1tion on the 'bar:r!er effects to 

brook ti-out apa11ning movements. :tt remained aot:tve dlt:r1ng 

the following wlnte~, but waeb.M out and was abandoned 

toll,ow!ng .tn. 1950 ep:ring break-up. The group at this 

alt• included. two medi'W!'l•aized beaver_ and at least one 

'J'&tit-ling, as counted over three cetober evening& in 194~3. 

1.Attt, 1n this month water wa.s still pouring over both 

auxiliary dams, end. a thin ice borttel"' had formed around 

tbe1:r edges, e:xtentU .. ng over half the area ot the ma.in 1m

poundment. The home dam. wall f':ree~lng pretty well by Novem

ber 2nd despite its lack ct a solid mud crest. 'that after

noon• al t...~ough tbct air temperature was 238 F. a. t 2: 00 p .nt♦ , 

the~e was no ioo at allJ moderate winds may have accounted 

for 1 ts absence. 

The heavy rains 1n mid-November of 1949 did no 

real dasge be~e, and a tew days l•teP the home pond w&s 

about half-co,rered with slush ice, to which an eight-inch 

snowfall ove,.. the night cf the 18th. had cl">ntributed. 

Three beaver trails between the hMe dam and the ledge, on 
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which acme fresh work had been done, indicated tbat the 

animal• hadn't yet settled down for the winter. By the 

22nd there was a f◊~t o.r snow on the g:round, al:ld all 

tnreet pond.a had e.n inch of tee nver them except f'~r the 

outlets 111ffllEYd1ately below the dams; the real freeze-up 

hao oc,me, and there were no longett any f1'6sh beaveJlJ· t'.l."acka 

1:n evidence. 

'l'b.e Cl"ll®,r appeared to be *'holed up" in nd.d .. February, 

1950_. and there weN no signs or recent activity. A.1.m.oet 

two feet r>f sn~w ove:rla,r 15 inches (';f ice ~n the home oond, 

the dam o.t which seem.eel to be hcl.ding well. ~Just before 

the bea:tf'e!' tre.P.Ping sea.snn began, en idaroh 22ud, thGre was 

open water at its east ;Elld ab~ut vfhioh the a:nilfflllS had 

b&en fr1raging 1 and the dam face itsGllt had hardly any ice 

on 1t. otter had be-tn over the stru.oture but there was 

no s 1gn ot Mf rle.sge; the ehirnney ef f eo t front the lodge 

indicated. that the ei,lo:ny was sate. A week lttter the 

beaver had been cutting aspen from the east shore again_ 

and the ioe Qove?t Pema1ned despite br.tef, but frequent, 

thaws. 

The h~e ds.m was ill g~od shape rin J!ay 1st just 

prior to the 1950 soring b~ak-up and was holding 2.5 

f't,et of water,; each au.x:ilitU'Y r,,ne he.d a ~ne-foot head. 

Numerous fresh stteks were soa tterecl alrmg the west flhore 

all the way from. the lodge to the remains of Dam III. on 

the teventh, when the ~un-off was at 1 ts maximum, these 
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e tructlll'es appeared to be w1 thstand1ng the flood desp:1 te 

their weak Grests. As the waters subsided the main dam 

held its 2.5 ... foot head, but the nea:rest e.itxiliery i,ne waa 

a toot belmr 1te cNst, and. the?'e was no fresh eign nf any 

beaver activity here f:'n the 15th. No animals were se~n 

du1ng evening fishing of tb$ largest J:m~Ul'ldment h.ere ten 

days later; however, there wetie a few n$wly felled aspens 

of fail' size half-way up the pond t'lrt the east shore. \1!ean

wh11e the level here was tour 1nches below the erest to 

provide a head of three feet, while each of the aux1.liar1es 

downstream held halt thts figttre. 

Into JUl'le • ther$ was no beaver aot1:v1ty, and pe~

iods et 11,tening ror kite w!thtn the lt."dtte went unrawamed. 

The dam still was impau:nding two f'e$t nf water on June la·t, 

b-r..,t this wae ten :tnch~a o-r so fx,om the top of the :s t~J.eture. 

in whioh the!'& was no visible large hole. The basin wa• 

again filled to 1 ts former level by the heavy rains the 

night of 'the etghth only to return to its two-foot status 

by the thirteenth, when I finally con~lu.ded that th1e had 

been a on«t•'J$al' ate,ru:t f<1tt the animals, 

At m1d•Ju:ne the awdllal"7 ponds of the colC'nJ weN 

each 1.s reet below their r~mer crest, and the waters be~ 

hind them covel'ed ~nl7 a third e-f thei,:, :f".'rmer areas, these 

b$1ng invei-ted T•:Jhap&s to tnelude the port161'lS ju.st be

hind the stNotu-res and up the C1"eek a short distance., At 

the end of June the home pond. was only 18 inches above 1 ts 
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outlet, and the secondary dams had heads of about five 

lnohEUh These conditions ctint!nued pretty much unchanged 

through the remainder of the su.i"tttter, and revegetation of 

mt.td flats was piiooeeding faster than the natural clearance 

,,f s1ll, and det:r-itua freni the stream channel of this old 

po?ld. 

Meanwhile a bea.v-er family, evidently fr6nl upstream, 

had reactivated Dam IX in July 01117 to move a little 

further downstream to their new auxiliary stru.oture and 

build it very rapidly during September. This loeatl"1'! ap

pee.ttsd ideal tor e. O(").ncontmted., all-out barrier study 

whieh included erecting a weir just below the neweat dam, 

where there was still rroir to six inches o:f' wat~r held 

back by the abandoned 1949 home d.am. To lower this and 

faeilitate or,nstru.ction at the trapping site. the one that 

had failed dU!t'ing the past sp~ing \'Hts !'E:Hnoved with a 14-

s tick bl4st of' d,nami te on th~ otherwise qu1'9t 8unday after

noon of Sept$:mber 'tent...h. Most of ·t.he water wh1eh rushed 

.frrnn the breaeh was slOW$d by tt~e dams downstres.m, and no 

one of tneee was significantly affected. The next mo?"n-

ing aeout1ng of the expcsed. mud !'lta ts for stranded fish 

showed cnl y twe smca11 rm.tcb--ninnows, a J"ehrmy dart@l", ai1d 

sev~re.1 tad.pf.llEus. The hole 1:n the dam itself was eight 

feet wide and about thre* feet lnto -~0 original substrate. 

'rhere were ne, dead fish el ther 1n this v1oin1 ty tir downstream, 

whence the water had already been d1salpa ted to tl.te l"l ver J 
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the creek through. th~ abandr.med flowages of these lower 

reaches was baek ~ithin its banks, although there ware 

successive high water marks down to De.m. !. The severe 

sprl:ng br-sak-up of 1951 did not we.sh awe:y much more of' 

the blasted l)nm. VI, bu.t the seasonal flc,od t"'Ul'lled out to 

be too much .for the oolo:ny which had. move(i in upstx-eam. 

'The site o:r the new c olonyt s first efforts was 

the mammoth Dam IX, whteh 1n tbe early 1930' s had. flooded 

all of the marsh t\'..l?ea una tream from :t ts first expana :t i'ID . . . ~ 

in the northwest eorner of Section 21. The ori.gine.l 

str1.1etu.re here, judging from the si tus.tien during my 

8.llthor' $ :.lntens1ve obse~vations, nm.st have held back c1t:tse 

to eight fe@t <,f water; a.ecording to reports, the pond 

above had provided excellent fishing over a thraee ... y~ar 

period. However.,. it -was dynamited 0ne evening in :'the 

eu.rmner of 1935, 1:u1d_ the resulting flood of water almost 

washed out the road g:rade of the then-highway · u .s.-2 
just above the month. of Morris~,n Creekl 

Reoceupancy of the s.rea must b.a.ve occurred. t=Hirl:y 

in July •Of 1950 J the dam 1.tself was d:1.so"ve,..ed and e;p .. 

praised on th$ tenth. The beaver had utilized crinsider

able material from the old sttnJtctu:re as a. besa for the:lr 

eurrent operations; alder $.nd g:re.ss were the prtidomins.nt 

new add1t1ons. At first the ree,,.,nstruction was only 25 

feet long 1n the blg gap ot tb.e antecedent work, but 1t 

finally was extended on 'both sides of the original stream 
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atop the 11nes of the form.er onth The flimsJ dM held 

but tw(") :reet of water at this time to flnod only a third 

of the marsh area here J the creek: was being impou.nd.ed 1n 

its channel up tn the ,,utlet from the main study area to 

'be described. later. 

This stru.oture too, with only a ta!r :food supply 

available and considering the le.ck of binding between the 

new and the old dame where the two types of material 

joined, suggested that thts was another one-year stand. 

As late in the study as this, it did not seem pra.et1eal 

to conduct any extena1ve field operations h.eN, but the 

area was visited from time to time t~~ghout the sum11et-. 

No lod..ge was being built or :reoecup1e4 by July 24th, when 

the dam 1 tself 'Wfl.S being mooned J hnwever, a mon'th la te:r 

the animals had been at least investigating the abandoned 

bo11se at th• head end ot the pond rm the west shon. 

tlee.nwhile there brul been much crossing ot the bome dam 

upatrea!R, which indieated that the new work was being 

done by the same col,~n:r rather than any recent arr! val a 

from elsewhere. 

Ea?'ly in September there was still no sign of any 

toed p1le around the old lodge nientil"'lned above, nor any-

1iher$ elee 1n this new middle pond• Its level was down 

half a foot on the sixth and only eight inches of wateit 

we:re trickling thr"ugh its whole length; 01eanwhile the 

r.utlet had :risen a bit rn.ore than a font, thanks to what 
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probably we.a to have been an auxiliary dam downstream 

about 40 ya:rds. 

This was s1 tuated tn a 25-yard gap th:r~u.gh which 

the stream paseed between two ridges, a site surveyed 

later :tn the fall tor a possible Pi ttman-Tlobertson floN!• 

ing project, at the head end of the 1949 one-year stand 

deactt1bed earlier. TWenty 7ards ab0ive the structure was 

an old beaver lodge '-'ll the west sh~re, and downstreal'fl a 

somewhat leeser distance. were th• washed-out remains of 

t>am VIII, of which little had r~sisted the passlng yea:rs. 

The new worck was holding neat-'17 two feet nf water, and 

nearby the animals bad been logging building materials of 

all sorts and sizes. Thei~ efforts were ('11 a Jg(')~ f'ounde.

tion, from which the structure r~se rapidl7 to impound 3.5 

feet of water by Bepte-mber 24th. 

Following the decisi,..,n late 1n August to make an 

intensive effort t{') learn more about boaveJ:f dams as bar

riers to brook trl'."lut spawning movements, this particular 

work seemed to btJ a good choice tor a see~oo l~oaticn ffl1 

Morrisf)fl Creek at which to (h"indu.et such a study. The main 

upoer dam did not a.ppear to be a block, whereas this new 

nne had. all the niakinge of such an obstacle, cr.,ns1de:r1ng 

its location and height, together with the speed in which 

it was built. 

When the dant was at 1 ts maximul!l crest and fully 

pnpared tor the winter, practically ft"lur-tifths of the 
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acres. 'there was no drowned timber at e.11 in this mefldow 

association. where an additional toot or so of water w~uld 

have made the area. more a.ttra.otlve to migrating waterrowl. 

The stream channel itself was ae much as six feet deep, and 

its bottom changed little with but ca year of oeeu.pe.:ney 

this time. The lower third of the 1mpounament was still 

confined between ridges; above this it widened :tn a 'big 

basin, then narrowed to the stream channel below the main 

upper pond. 

In mid-September t"Jf 1950 the beaver here shifted 

their eutttng aet1v1 ties to the eQst shore e. third nr the 

way u.p the 1.mpou.ndment near an old lodge wb!ch was re

built frt!' the winter and. adequately p:rov1s1on~ late in 

t,e tobel"' by a new food pile 1:n th-e original s treambed • 

Meanwhile the animals• 1n1t1al atte~t in this area, i.e.• --
on the site of Dam IX, had been overtnpped by .f~ur inches 

of the backwaters from. tbe newer stru.eture downstreo.,n. 

This eont1nued to nave a weak Cl'eat w1th no ~ at all 

to bincl the weiod and grass., and an ri11 tlet c}:u1J1nel from 

its west end entered the eNek prfip~r eight yams below .. 

tlowever, at t."'1e encl of October !t was holding fully four 

feet of we. te:rl The lod.ge and f!')rx\ pile each grew in to 

November• wh•n the pond itself was tlne.lly frnzen ...,ver c,n 

the 14th. At this time the dam too was iced in spots where 

the strea bad previously been gu.sh:tng; the winter cr,ver 
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thus created a tNe barrier if dir&et ascent he.d been the 

t:ttottt•a mode of paeaas•~ 

The oolnny evidently su.ravived. the wlnteri !'."inly tQ 

have five stl'Uetul"al failures at the original stream chan

nel drain the po:nd following the severe sp:ring break-up of 

1951. on Jul.7 28th there were stilt 1.tt feet of' water be• 

hind the :remains, but this was 2.5 feet below the erest, 

and the area wae defini tel7 deserted. The original at

tempt at blocking the ot'eek u:ps t:ream atop the old Dam rx 
was falling to Nin, yet holding eight 1noh13$ of water 1.n 

,ra,:.10111 ba7e of the old impoundmEmt. The :marsh 1 tselt had 

a !)e:riodic axlmum of tht-ee inches 'l.Ulderf'cot near the old 

channel due to heavy rains. 

( 4) Beaver oeeupancy eutd Chrnnology • Upper Reaches 

However, in ndd•su.mme:r nf 1951 the main upper pond 

still had its usual head of 2.5 feet, which had vat>1ad 

s1gn1t1cantly on. only a tew oceasl~ns s:i.nee 1 ts 88 tab11sh ... 

ment in late August of 1948 • Thie was a. t least the third 

flooding of the ar~a in 25 yea:Ps:; and earlier that summe:r

Mor:riao.n Creek had been flowing unimpeded through 1 ts 

upper J':ElS.ChEUI. 

1:rhia stretch waa first cruised extens1 vel7 on 

July 27, 1948. The graeaes of the beaver meadow were 

intex-aperaed with long-dead alders at $treamside, then 

dead conit•rs, live tl-eee of this sort 41 and finally the 

hardwood u.pland. At the head of this vegetative series, 
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there were $!'.')!'.fie young .green alders, a.~d mwerr,us springs 

feeding th<') creek both in and bel{')ll the rtl£~ed headT1ater 

awatttp of th:ts brush and varied e,..,ni:f'e?'s. Baok 1n 1939 

there had been a beaver colony at the }Jorrieon's source 

in the southwest oc-mev of Section 28., and an old dam in 

the ced.&r namp hare we.$ observed frl'1m. the air on 1ray 10. 

1949; howevett, nn .family wae known to be active 1n these 

~eaehes during my intensive study. In 1948 the upper 

st~a• o.ontained two feet of cold water (54°F. at 2:50 p .. m.) 

and W$.s six fetlt w1d•, but in the middle stre ton by the 

cabins et th~ end ,:,,f the woooa road to tbe west (Figure 12), 

it was about 12 teat across and only si:x inches deep over 

a sand. bottom (61°F. at 2:10 p.ni.,'71~. at :3:40 p.m.,) with 

no shadEI at !111 f'r◊m the hot m.ut. 

Earlier t'ecorm.aisaanoe had included the area. a'boff 

tht 1950 m1dd:le l)Ond. just described. Next u.pEJtrearn trtm1 

1te baokwate2'$ we:re the remains of an aged auxiliary 

stPneture in the e1'netr1.oti"n beyond the first expanse of 

11111:rsh, and 40 yards above this was a 11ne of tag alders 

mattking the eod.detl remains of the old Dam Xl, which may 

even hav• f'lood,ed this ar-ea before the giant n.inth on& 

blasted in 193th An equal d1stanee upstream was a deep 

hole in the last dam of the dol"ien 111hich. had been dynamited 

by a 01"1nse:rvat1on officer in the spring ~r 1945 .. This too 

wa1 •t a nanows between tb~ u.plands bordering the stream, 
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and wao aeleo ted as an al terns te s! te for the proposed 

P1ttman-Rob$rta~n flooding projeet on MoM!-iaon Creek,. 

ta te 1.n the su.,,nmer ,.,f 1949 t.11.e animals again 1't'loved 

into the artta, probably tn mid-August. Tb• work was dis

covered Sept~mber 3rd., when 1 t was holding l"llllJ 1.5 feet 

af watett. It was f)nly 25 feet s.orose then, but it was 

both lengthened and 't'aistitd bt¼fr,l"e winter set in ♦. At the 

f1:rst 1nspeet1on there was no sign of e1.ther a lodge !"Jl" a 

fMd pile, and the bee.ver were lo&Sing aspen aoattered 

among the eonifers {)f the west shore upetr-eam to the blown

out Dam xrr. 
The follow1nz winte?'" (Feb'r'lmry 16, 1949} tbe head 

ot water was est!.matt!d at two feet below th& snow and lee 

cover, which we.a a f!gu:re equal to that noted the next 

sprin,g {Apl'il 28th)• The f()od supply appeared to be low,. 

but the anim&.11 had sueoessfully passed the w:tnter 1n a 

new lodge ab""ut BO JS.MS above the dam on the e,u,t shore. 

An auxiliaxiy str.r1.1otuN downstream had c~m:e to hold 16 

inehea 1n 1 ts baokwat&rts of onl)' ten yard a to the base ef 

the ,:m,.\in one. Below this area the creek had been entlrely 

open t~ougb the big meadoW· abt)ve Dam :rx. 

The majQr 1mpau.ndment heN was juat ov'°'r a mile 

long, and 1 ta av-rage aotteage Mf!J somewhat greater than 

a forty. In euch a •:rsh as this, bo!'dered by swa!'!'.l.p• the 

exact delineations of' shoreli.ne were diffieult t() e.eoe!'• 

tain, even ua1:ng the oepe.rt-ment e,f Consel"va t1,..,n ta def in! tion 
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ot wate:r- as an1 place thnt a minnow could s•lm• The 

stream. oha.nne-1 m~and.ered from one side of the low area 

to the <,ther in maintaining 1 ts nol"thwa:rd d1Notil)-l'l. 

F'r"nt this the most important later-ad exu;nsions of the 

pond weN! two head-water spring holes to the east, the 

entrance of s. tx-ibutary from this, same d1reett.o-n, and 

e.nothe:r spring area ra:rthe:r north in Seetii,n ::n. where 

thel\e was also a tongue of marsh s~uthwestward.. from the 

abandoned ca.bins. Aside from these the shoreline itself 

was fa:t:rly i'&gular, with gentle undul~t1nns for most of 

its length on eitheT aide of the creek. 

As mentirynod 0nrlier, this stretch. before it was 

impounded had a bottom mostly of sand wltb $. few seat .... 

tePed patches ot gravel. The lower half of' the pond soon 

had a coating of s11t, detritus, and peat material "ver 

the or:tginal substrate, and at the end et the seo.l"lnd year 

thia extended almost to 1 ts head end. Z1teanwhile the gras.s 

a~eas either side of the old str~am bed had been flooded 

tet'I, and here the lowle.nd peat and muck produced some se

vere decomposition effects du'.ring the hottest part 0£ the 

~r. Below the dam dynam1 ted 1n 1945, narr~w margins 

of uols.nd clay were also fli'\ooed" The etream channel it• 

self, with the exception of tbe hole 1-n the old Darn KII 

and the flooded sp?!ings, ranged 1n de!)th f'I'nm three to 

six feet and had stee~ ori.g1nal banks• The marsh bordei--

1ng the creek was fl6Qded with as !fflloh as two feet of 

watei' off the cabins. 
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Mott ot the area had been impounded. at lee.st twice 

befol"'$ 1n tbe p:receding 25 years; only in the small, lower

most section between Dam$ 1G and Y..Il were there any treea 

killed this time. There were alders, for the willows and 

dogwood& persisted until taken by the beaver tor tood. 

The meadow complex seemed to be enti:rely ot' species tolerant 

to :flooding, which f'lourimhed with their bas0s eovered by 

the wa te:rs of' the flowage (F'igure 16). '.:i1eanwh1le great beds 

of rstan1.mou.lu1, f~tamogeton u:atans, .f.• folio,us, and Polz-

5p:q:um ~;&ht'biu.m developed in the channel e. t .favored locations, 

and other aqua.tics such as s,a.~1 tqa:r:ta ~• came i.nto the 

$dge between the two major assooia ·tit,,ns. Periodically 

d.ux-ing the summer months the spring holes and at,me ◊ther 

areas along the ehannel proper were ti..11.e scenes of algal 

blooms b,- au.oh genera aa NoGtQQ and Spirgg;x;ra. 

The vegetation, r:n,wever1 did :not hinder fishing 

1n this wa te~ a.?'ea. Ariglers needed a. boat or a canoe to 

reach the upp~r part of the pond, whe:JJe the brook trout 

were f'e.vo:ra.bl7 conQentra ted for them ari,u.nd spring !'lows 

e.nd/or so.ch g~od. cover as old log Jams, !!1il.1len trees, and 

former bridges, pe.rtieularly in the hottest weather. 1rhe 

bea't/er-impounded headwaters or this stream were in their 

third known period of good fishing while I was making my 

study or the stream, but it was uncertain how long the 

angling suooess would le.st. 



Figure 15. Upper pond, ·,1orr1st:m Creek. 

Li,~king upstream frnm blown-out dam., September 19, 1949 

F'reozi:ng in autumn above blown-out dam, November 
4, 1949 

'"'pen ln au nner a. t first spring hole, August 24, 1950 



Fig. 15 
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A ~ital factor 1n determin1ng how long good trout 

fishing rn!ght be enjoyed here was the phye1eo•ohemioal 

eond.1 t1n11~ ii,h1eh developed. There were extensive zones 

of both pbotoe}'tlthes1s &nd deocmposi tion to aff'eet the 

nxygen C('):Otent pattt1eu.larly~ although here ag•1n no 
ti 

flnoded st$nd ,.,f oonlfe:rs ,Nould £tlter the pH of the 'Mater 

aignif'ie~ntly. Wide unehade>d exJpanses nf the pond (Flga.re 

15) raised the tempera tuXte e.ppreoiabl'f • for some ~f wh!eh 

rise the ep:ri.:ng fl<ffl duly Bt"lmptn:,1.sated. rrhe distlnct eoo

l".'.l,g1cal area.a of the; t:m;pov.nd:ment did show differe:zat 

phyateo-chemical reltd.:iona, wh!.ch will be treated in de• 

tail ln the two eee t:f,<'.'):ns of expei-imen te.l material. 

changes of the fish popula tto:n 1 tself, which un:fortune. tely 

was not appniaed prie!t to the bea.ver'a ref'locupa.ney. 

Brook t);JOut ware known to ~ present before the re

imJH'1'lmd.ment and also the ef".impetit1ve creek ohuba 1 wh1eh 

might well gain tl1e uppex- hand in such a ai tua tion e.s 

evolved here. Th~ fish aommun1ty oculd perhaps be split 

into tw<' o:r n1~t"e sssi:·H>cia.t:!~ns, the ehannel inhabitants and 

th& maTsh tlTlellers. The original sendy stream bcttcm had 

appeaJ¥ed to be relatively unpr<,du.etive of teed organisms, 

a eonditinn which C"'uld get no Wf".l?"se. Beth minnow and. 

1ruu.H~t sourees r.f trou.t f('lrage t11hould increaae i and 

these too might well be @'.'.ftf'!11~ed inti"' ec~log1cal 1mi ts :t 

retleoting the bott~ t:'tf.>$ and rither fae t~rs. Tb.ere were 
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sit! table bl"t,t'>k trout spawning areas both above and below 

the 1mpound!lent, the dam of' which w.as not known to ma

terialize into the axoee ted be1"r1er t" the fall m,r,-i1er1en ta 

of" this e-am~ fish. 

Tb.e ab..,ve ant1o1patinns made this a pr-obable study 

s.,:,ea fol' the see~nd two field eeasf)na r;f 1949 and 1950, 

and th.in JM~s1b111 ty was we:tghed 011r~f1-1lly t'\ver the winter 

work en Me,rr1aon CTtaek 1n t ts upper reaohes orune l""trtoally 

when the lttWEltt pi,nd.s we:re $btu1d,...ned 1.n the s?ring of 1949. 

A.round the uvpermest area early in wlay, the bee.vex, 

were working and. cutting onl1 along the ltiwermost eighth of 

a mile above the dam itself, which was kept in gt,Ot!l repa1i

'b7 the addl tian r,f fresh-cut alder al:ready in leaf. 'Bach 

of the twt"J a:wdliary structux-es <lewnstrea:m was hc,lding a 

f()ot: ~ water by the middle eif the month, a cond 1 t:tr,n 

wh1oh prevailed to m1d-,:rune when the main d.an, eJ:rpeared to 

have be$n raised another s!.x 1noh.es tf\ what was t-o be :lts 

aveNge head or 2.5 feet (Figure 16). 

Rains late 1n June and ~n July 4th brf"tu,rht nn1ch 

bt-OW"ti water ovel" .all three dams for th.ei r enttl"e ltrne-ths, 

but did. no real de.mega. Alth('Ju.gh the two upp~?"meat "'nes 

we~e keot in gt'IM reoa:t:r by the addi. tion i:lf rreeh mud and 

alde3:-, the lowet'Dlost was not mainteJ.nGd; the c't'eek f'l~w~d 

th~~ugh the latter rather than ar,.,und or nver 1 t, and thus 

1 te water level was eight 1nohee below the f<"'lrmett oreet. 

In nt1d.•Jul,- the h~me atruotuN had beo"l-me well ent::,i1gh 



108 



1017 

•'• ............... - -• " •• {:._ -~ 'I, 

111!1!11"'!._!lllllli.:" .. -.~ ,..-., . -~ 
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eetablished frtr jewel-weed to gain a :foothold atop it. 

The proximate seoonclar1 dam alsc.-was neglected by the 

colony late in the month_, a oandition wb.ich was not recti

fied during th& fall. "fba levels behind these structures 

continued to drop• the other .,ne holding but four inches 
, i 

or water eattl7 in the autumn. 

Two med:1unt•s1r.:ed: beavei- had been visl ting an 

a'bandf"'lrted ledge a shoi-t dis tanee ut>s tream from blmm

out Dam XII 1.ntemittently du:ring the summer; they had 

left food remains there, inelw:U.ng fNHth•peeled aspen, 

stioka of aldtr, and ,1prooted aquatic vegetation. They 

had ma.1nta!ned the home dam full to its crest, al th~ll£-.h 

there was coneiderable overflow at-oUiid 1 ts inseeu.re east 

end late 1n Augutt. 

'fhe lodge in wh1.oh the an1mal:s had spent the p:re

•1ou w1nte~ we.a de.111aged by what apoea~ed to be a man-made 

hole lB mchea 1n diameter at ite peak, Md in mid.

September there was no t:reeh beaver woi-k evident, either 

on the dams or aahort,- ~a:rly the next month the home one 

was still full to its crest and wa.a holding three feet ot 

water withou.t the addition of fresh material. This c"nd1• 

tion existed notwi thsta.tldl:ng a break two feet wide and fm:ir 

inches deep at the weat side of the old stream channel, 

Plus a few smalle!' l"'O&s to the east,. and another- still 

la!'gtn."' one on the extenstri.n 1n this direction. m,wevet-, 

there were some fresh btu1ver-peeled sticks 1n the vm ter 
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oft the west .fJhore aome di.eta.nee upstt-eam where the a:n1• 

male had been logging during the su;'l'L'!ler. 

In Oo tober o:t 1949 much wood, mud, and a few 

aquatic plants were added to the home dam as a part of 

tht9 winterizing pr(Xless. Afeanwhile the q!mals were e,p .... 

pa1-ently oblivious to a hole in the proximate supporting 

dam which afforded passage to an otter and/0'1! the numerous 

muskl!ats wand:e:r1wg at thie time of year. OD· OOtober 86th 

water -was pouring over the ma.in structure, b"-th at the 

original stream channel and the overflow one to t;he east

wam. The ,:iat.e of flow at the 'ftforr!son•s headwaters c~n

t1nued to keep the sand bottom clear of silt throughout 

the fall, but ott the sseond spring hole some ot this 

ma t0r-ial t.\nd f'U>~\!>US peat had. ovex-laid the original sub-

s tra t$. ReN a "tramptt beaver had felled a birch tree 

d'tllt1:ng ~,et"1be:r, stopping to eat only little r,f the bark. 

Downstream the members of the :regular colony had put some 

fresh. sticks and other re--enft,roemente on the h"'!Ue da.-n., 

&nd seata behind all the st?moturee suggested that a thor

ough 1napec t1on had been ttlade eca:rly in Movember. 

A telllJ)ore.ry freeze-up the night of the third pro

vided e. co•er ot thrae-quartePs of an 1noh of slush ice 

f(:)u.r-.t1fthe of tbe way a.croes the stream channel by the 

deserted eabins, and the lower :reaehes were sim1lar,ly ioe

bo-und by a halt•1nch th1c1rneius. The heavy fall rains in 

fflid•Nf')Vember narrowed this cover to the p~nd edges. The 
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slush toe increased after the three days of heavy run-oft, 

and the permanent freeze-up came on November 22nd with 12 

inches of snow on the ground. At this time the creek was 

completely lee-covered off the deserted cabins; the only 

open water in the lower reaches of the pond was at four 

holes in the channel as large as three feet in diameter 

wheN beaver or otter had recently been active. The 

aux.111ary impoundments were clear of iee except 1. 5 feet 

fr()m their ma:rgins, and. downstream too the creek was still 

open. 

Du.ring a moderate snowfall on February 14, 19501 

a Game Di vis ion snowmobile .fac 111 ta ted a win tar visit to 

:this study area through 20 inches o:f snow• The stream 

channel itself was now under three inches of slush 1ee 

through the ma.in pond1 but half the width of the auxiliary 

impound:men ts ?las open• The water level behind the main dam 

seemed to be down eight inehes from the crest of the stNe

tu.re, and there was e. sizable flow around the ea.st end of 

the dam under the snow. Further inspection, despite the 

insecure ice underfoot., revealed an otter den or temporary 

shelter at a log in the bank here, and there had been a 

lot of their activfty in the vicinity, judging fr('lm seats,. 

tracks, and recently frozen holes 1n the ice. However, at 

this time the question of their responsibility for the 

drop in water level here remained unanswered. 
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A late~ inspection on March 22nd before the 

tra.pping season opened provided conclusive evidence on 

this point. The we.tel' level by the ca'b1nt appeand to be 

a toot and half below What it had been in the tall, and 

there were otter tracks extending both upstream and down

stream M the opposite shore. The ioe here amounted to 

only a.n inch, and towa.Ms the dam itself~ there weN tw~ 

otter holes as it increased in thickness., Ten yards r~om 

the east end of the structure and a foot .frtJm its tep the 

beaver's rt-:tval had pulled. and torn awe:1 tht!! vattious ma

terials of wh.1oh 1 t had been fash1(')ned and thus had low

ered the watel' level ten inches or so (Figure 17). Thl"ee 

distinct layers or ice were appa.rentt the or1g1nal one 

at the orest, .a ••c~rld th.ree !nones below this• and an 

inoh at the aetua.l wa:ber level. The:re was no beaver sign 

e.t all either are>und the dam ol' upstream, and these an1• 

me.ls oould. have been the ones which wintered in the new 

n1iddle pond a short dititanoe d~wnstrea11i. In this direc

tion the OPf'rt we.terr below the u.pp$:it s"tructure was eight 

feet wide, but the stream was py,etty well frozen over 

tht-ough the wide meadow expanse to the north. 

Anothe:r- visit to M~r:r1son Creek a. week later dur

ing a thaw fr,und tihe wat$1" level still about a foot beltnV 

its noPm&l height. The stream channel had an inch and a 

half of ice over it at blown-out :oam XII, and the porJd 

was Cm'!tple tel7 frozen over except foJ> the locale a of re

cent otter aetivity by the ancient a.ldered dam, and thtt 
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Figure l?. Winter otter activ1 ty, Morrison Oreeki 

"tter hole in ice {:foreg~ou.nd)., and that ()t beaver (right 

edge), Pond I1:I 1 February 2lt 1949 (upper); and ott~r holt 

at ma.in upper dam, 'tarch 22 1 1950 (1.-,wer). 



[115 

Fig. 1'7 



116 

hole in the main 1tru.oture. From here the creek was open 

dffifnetrea:m to the head end of tbe middle pond 30 rams be

low blown-out DtttG IX. However, the beaver had repaired the 

damage to the main upper stt'l1.etuN by the opeming of the 

t~ou.t fishing seaann, and th$ pond wae rv.11 to ite crest 

on May 1st. tn spite ot this the dam generally did. not 

seem in gnod ab&p$J notwithstanding thtl addition of 

fresh-peeled ~ ticks over the hole iude b7 the ottel" during 

the put w1ntex-, the water was ooaee.ding nver the ea.st 

end and at the former stream channel; and the aux111ar1es 

were each six 1nchea b$low their c:l'lests. There was still 

about half a foot of snow on the gr~und, with a thin ice 

cover over the flooded u:pper marsh, thl'!'.!,U.gh •hleh the 

creek flowed 1n an open o(";urae 15 feet wide. 

Du.:r1ng the break-up the following woek the swollen 

waters did not pr(W't tot, sevel9e f(:ijr this series of dau, 

alth1'.'fllgh the hnme one appeared to hold only 1,5 feet ot 

th& flood. on the tenth of tbe month the 1"1:ln-off was sub

siding, and thfl pond was again full to 1 ts crest; however, 

the proximate auxiliary one we.a a fot,t below tbe top of 

ite retainer five d&.78 later. Inspection of the ledge of 

th1s o"."llon7 revealed that the overhead hole noted in the 

tall had been crudely repaired; and the main dam itself 

was in f'e.1.:r condi t1r')n w1 th a 2,5-foot head while the two 

smaller ones below were holding virtually no water at all 

on fiay 25th. Theee were Nstored by the end ('if the month 
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when the beaver ware alsei feeding on aspen by their ledge 

and digging tor roots on the oppoei te shore. 

A heavy run brnught the stream propett up six 

inohes the night ~t June 8th, and when this subsided the 

ma.in str,.1Gt'\l.!'e had a th!'ee ... fetJ4' head., whieh. •as gi:)ing 

.a.'.f'ound each end, The nearer a:u:x1lia!"y suffered sotttewhat 

and fell to a foot below 1ta o:rest; the lower one was all 

b11t we.shed ou,t. on the thJ.l"teonth the upper ~nds ot eaeh 

nf tbes,er, had exposed gftV$l bottoms, but Mmai.ned oilted 

in their low-er halves. Otter were known to be still 

s.rm.:u:td. this pond, and e.ne was shot by an angler. tater in 

the month work by the rodent- NUddents out down the over

flow arol.U'ld the ends of the home dam but the auxiliaries 

rev1Jrted to holding no water e.t all; a.nd tt'1.e typical pond 

bottons type behind them was lind ted to the off-ehar.mel 

e.reaa, especially just abnve the st:ru.etu1'es themselv@s. 

'!'he el tta tlc:n here remained unchanged th:rough the 

month of July when these same animals were probably the 

ones hant at work a shm.•t diitanee tlownst?'eam. Farly in 

A1tgaat there wa.$ sporadic cutting along the west shore 

between the blt,,,m .... <,ut Dam XII and the abandoned cabins. 

Heavy rains at this time 'Weakened the crest "'t the home 

dam t('lt! lewer the water level about four :tnohes, and the 

~aver had bean crossing the s t:ru.etu.re regille.rly tt"I the 

es.st of the main channel. The ponding effect upstream 
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at the second spring hole wae limited to less tti_a:n r£1f' a 

foot of water over th$ <:rreek bank propel'. Howe11er, the 

head G.t the dam. itself reme.tned fairly stable at 2.6 feet. 

The t1rst week of Septeniber the animals were 

felling streamside tag ald,ers between the .:two auxiliary 
l 

struetures, but the sull n&w one they fashioned held no 

wate~ Qt all. The state of the main da.m 1 the l$vel of the 

hnpoundment being half a foot below its crest and the 

creek pou?-tne "'ver a well-w,r,rn beaver err:iasing, did. not 

g1 ve 1 t the ma11ke of a barrier to b:r-ook ti-out spawning 

movMents, a hyP~thea1s teated by eonstruct1ng a 'fleir here 

and oondu.oting subsequent population studies 1n the fall 

season. The trapping devlee was erected below the proxi

mate auxiliary structure. t.iean-wh1le the1~e weve oocs.sional 

signs ot the anLl\lale' activ:t ty al~ng mtotst of the length 

of the big t'1owage. 

The btU\Wl' made some Npai:rs at thei:i- portage over 

th$ main dam in mid-September only to have this part of' it 

w@akened f\J.rthe:r by repeated. passage r:if the barge used by 

the strea.11! .!..m.prov&ment cNtw at wnttk on the weir. In ad

dition to this, thertl was an()ther t,Verflow 12 yards to the 

east. The animals continued to v1a1.t the area, but ls.id in 

n~ e:tock-p1le of winte?" .food by the lodge; howeve~, they 

had :fashll')rted a block nf the east ehannel below the main 

dani- Thts had a ten-1neb head• from Wh.ieh the water ea

oap41d by flowing around either sid.e. The home structu.re 
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on october 9th was holding only two feet, the oreek being 

backed up pract1oally to its base from the ne,, middle im

poundment d~natream; thttough the m~nth the three overflows 

across tha fot'D'ler o~n tinu.ed, and it seemed to have reverted 

t;,, the seennda:tty category as far as the: odlony was con ... 

ee1med. 

The winter came on fast in November of 1950. 

There u.s hardly a.n7 ice around the upp or p,-,:nd. on the 

sixth; but tour days later the .forme:r a t:tteam channel had 

2.5 inehtts of fro.zen slu:,h; wh1eh tme thicker and more 

solid aroUl'td the margituh The (H,mplet&• solid 1oe oover 

htm come as ea?-ly es the l~th ot the month. 

A tollow-up v1s1 t to th$ area July 28,. 1951 f.,und 

the level in the main upper p~, stlll providing a 2.5-:foot 

head, 8l1d there were fresh-peeled stiokS by th$ east shore 

ledge to indicate that the beaver were still present in 

thia locale. The auxili.&ry impoundment downstream. was 

holding half a foot of the nutlet water, which was a good 

nine inche$ b•low the d.ant crest. An'5' damage to the w~rks 

during the sev~re sprillg b:reak ... up a few months before had 

been repaired. lfCl)wever, the an:i.nie.11 did abandon the area 

ovel:' the ensuing wtnter, when the stream was not closed tn 

bee.V0r trapping, for the creek here was back 1n 1'ts or-1.gi

nal charu1el when Ksrl 'F. r../agler inspected the site for nie 

1n Jw:ie of 1952. 
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E. Dzt!amf 9s ot: BeaveP Ponda 

The previous ohr~nologies for throe sections or 
Morrison Creek have illd1cated that bee.,rer impoundments are 

very fluid env:ll"onments rather than ones charaeterlzed by 

slow, re~ula:r evolution. During tb:t.s it111e•tigat1on the 

a.~1ma.ls were aetive in causing changes on all tributaries 

of the Middle Bt-anch of the 0ntf"lna.gon River drtliru1ge sys• 

terrt. ?&lny beaver ponda funct1nned over onl7 a single 

winter, t1ith eonsiderable spring !!lovement following the 

a.ra.lllt'lt:tc high water of the ?-forth Countey break-upe in 

both 1950 and 1951.. Mumeroue dams were abandrmed because 

of a truetural failure rather than heoause ot decrease :tn 

avai1abl$ food supplies on the e.dja.oent upland.a. The 

beaver, h.owevett, often repa1:tted lesser damage from holes 

1n thei:r struetuttes (H1uaed by aet1v1t:tea or otter during 

the winte~ seaaon.s, or b7 those ot anglers 1n the open

•ater pe"rioos • Th~re ·was also eonside:rable mr.,v$n:tent up 

and down both large and small streams during the late 

s.u.'1lttler and fall, presumably \'lhen the animals were search

ing for winter homes, Preparations for the oold weather 

inu1Uded changes of loea tions fox- au.x;1lia?7 da.mt and, 

som.0tL1'lles, fott the act·u.al heme pond of a series,. In short 

movements w1 thin the eolonies 1 the beaver took advantage 

of suoh man-made s tt11J.o tu:res a.a old logging works, s~e of 

w111oh the7 did not favor for more than one yea:r. 

All im,pQu.ndmente studied had f'luotuating levels de

pending on the !?18.intenanoe aetiv1t1tes of the resident 
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beaver~ In tbe f'allt preparing for the snow and 1ee or 
winter, they seemed to lay 1n the food nuppl1 cnneurrently 

with the work o:n the de:m.s themselves. Thtts t.c.,,,_e smaller 

branches and tops made up the eaohee by the l~gea. the 

largsr butt,ii p:rovidad bark to est at the tLme and skinned 

'bolts to pl.ace on the d&m$ and hntisea -.long with mr;ld tf:) 

seal the s t:M.tctures. Foraging e.o tbti ties du,tJing the 

winter were inf:requent Md were limited to oooe.alonal 

:;nild.-weathar perioos. 

When :spring flot,dS washed out 1,eaver works and. led 

to thei:r abandonment, pond s1tes were dese,late a:reas tn

deed, as tl1ey were durtng any :'.tae-tree d:rawdr,,wn$. Al thi,ugh 

vegetatim, soon took hold on the drying mn.d flats or the 

fl/'l<~l' t'lowagea, :recovery nnd reappearance f')f underlying 

bottom types in the or1g1na.l stream channels themselves ap

pea~ to be a ma-oh sloweri p1tocese. Unfe,rtu:na tely I was 

unable te measu,r$ eueh changes etreotively in my three

:,-eai- etud:y period. 

For closer examination r,f the plastic er fluid obar

aote-r of the banve'?' ponds 1.tnder investi.go.t1r,n, a. elasaif1-

cat1on f:'lf the eb.anges w~tild distinguish (a} catastrophic 

happen1ngs--tht'1se disaste!'s oceurrlng by cha.nee or ncct

dent; (b) long-term evolutJon---d.rowning ~f streams1de 

vegetation in the initial stages and meadow formation fol

lowing aband~ment of the sites; (e) setuionnl ehangea-

levels and. wa t~r-tight integrity, ice e~ver • and. irove-nen ts 
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of both beaver and trr,u.t; and (d) diurnal e.ff$ets--thermal 

and chem1oal f'eature1S, whioh const:ttut• the two major seo• 

t11'na or this report, and cthfl!'S to be treated eubse ... 

quently. 

(l) Oatastrophio Events 

The best exe.mple t,Jf a disaatel" on any f'!Jf the four 

study areas occurred on the Middle Branch ot the 1:n tonagon 

Rlv&l" in the spring of 1950 whan the ground was still 

snow-oovetted as late as May 2nd. Then there weN patches 

of 1oe and snow along the pond margins. btlt the channel 

was open throughgut. Tho beaver had been eutting aspen 

on the no:rth ab ore a short dis tanoe below their lodge, and 

to the south of the l'd.ddle aux111a:r7 dam, eaoh t1f which 

work may well have been that ot" wandering !ndividuala • A 

12•.foot b:reak in the main dam just sou.th of the old river 

channel had been oaueed. either by ice action or an angler 

who bad been stalwart enough to f1ah here over the previous 

weekend (Figure 18-a). However the water level was only 

su inohe1 below the c.,rest at this part of the structure, 

but was down an add.1 tio-nal t-w("I 1-oehea at b(;\tb ends, whieh 

still bad halt a foot of a.lush ice. The dam was holdine; 

a good 8.5-foot head despite the large b:reak in it, al

though one of the lodge entraneea was now above liJater. 

The retaining structure had. bee:n in gond repair until 

very recently, jUdg1ng from the a.pnea:ranoe nt the lower 

part of the pend. The damage was t1nall7 evalua. ted as 
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F1gu.re lS. Failure ot maia daffl., Middle BMnOh ot 

the ~ntonagon River. CompaN wlth FllJU'• 4, 
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Fig• 18 
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Figure 18 (continued). Fa.iluN of main dam,. 

\i!ddle Br&.noh ot the ~nt,,nagon River. 

d. Receded, May 26, 1950 

e. Vegetated, July 28, 1961 
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Fig. 18 
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due to an 1.ee Jam. whieb had shifted the dam at th& sr<uth 

aide of the original stream channel. 

As the thaw 1ricraased 1 the tl1ddle Branch rose 2.e 

test above no:rrnal to reach its highest level in more than 

n decade l The melting snow ti•om the aurrounc11ng upland 

rl:td not make the water turbid, but the ewa~p drainage added 

a distinct brown color.. on ~1ay 5th a,,me beaver, 1-ocnl oJ."i 

t~ainps, had been outti.ng aspen on th~ north a lope between 

the l~e and the dam, but had made no attempt to strengthen 

the \f$akened structure. Patohes ~r lee 01uft' about one-sixth 

of' the portd aMa wel'e now u.nd.e't'- i.t least ·two lnehe~ erf 

we.tel',_. The b~ak was Vi1ide.med and deepened by the flood, 

antl the 6.itferenoe in level above ru1d belc.w the a trttCt\tre 

was ('.)nly a foot and a half at the stream channel (Figure 

18-"b),. The wat-et- at the south end was eight inches below 

the oNst, Md it v,te..a fo'tll" inehes ove!' the dovms·t:ream 

leveJ.. as the whole lowland ald.eP sw·amp was flooded so 

deep that the depth il'ldicator at the outlet gage statlo:n 

was overtopped. by more than half' a f~t. 

The tlocd had passed by r,!e.7 8th when the pend water 

2:e'11el we.e way down, with the b?teak in the ma.in dam widened 

to t1,,e ~rd.s (Figi1re 18-e). The river was f'lnwing 

rapidly th!'ough the former pond, its level about 20 inches 

below the dam oreet. A a1x-1noh fall of water dropped 

t?tem the structure to the flooded ewamp be!.oW. There we.a 

il{') sign ot tu1y rebuilding ~n the pnrt of the beaver~ the 
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presenee of f'resh•peeled aspen st1ckS near the outlet gage 

station ~otwithstanding. 

ho days later the pond water level was down l'lto:re 

than a toot bel(!JW the gage readings of the previous year. 

The river still had a note.'ble ou:rrent, but the da~ break 

had lees "t a fall as the we. ter tumbled \o the flonded 

swamp dowru, treru,i. There were s ~ trash beaver track• 

arm.md one or the abandf)ned lodges in the fl')rmer pond, but 

any at1eka oi" seat& would have been cawied away by the 

high water. The hollse 1n which the c"lony bad spent thtt 

winter had all c,;t its entrances exposed, and b'f May 15th 

the d1ffe!'cuieo in wa tel" level above and below the broken 

da• was onl 1 two inches I 

SU.bseq,u.ent lack of bEUtver- ac ti vi ty au.ppo:rted the 

reluctant decte 1e:,n that the animals had left this area. 

Tb.ere had been no ev!denee rif an, trapping here in late 

A!')l"il,. but eueh tnees may well have been obscured~ The 

failure of the dam d't..ll'ing the severe spr1.rtg break-up wa.s 

P~obably the deciding factor in the aband,.,nment of this 

Middle B:re.nch pond by the oolm.1y. Afte:r the waters Std>• 

sided the cttest of the main· dam seemed close to tour 

teet ab(')ve the level or the Five:r, with the uppermost 

su.ppnrting structttt-e still holding e1ght inches of water. 

The sec~nd one had been washed away crnnpletely, and the 

neweat &nd most downsti-eam eff~t, although with a fo11r

inoh head, wae torn ou.t by bs.nd to facilitate evaluating 
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the stream flow data from au. s. Geological Survey gage 

station. 

AnotheJt set of c1reu.mstanees the same ,eae('},n re

sulted 11'1 repair rather than desertion ot a home dam ai te • 

Ttlffrd. the end nf March I snowshoed into ?.Je01nty Creek on 

the opening day of the 1950 beaver trappiag season. Ice 

th1ck1uuis was not measUNd, but was estimated as almost 

ten inchee; there ruid been eight sizable patches of t;pen 

water in tbs logg1n,g pond, and six in the main tlowage 

Whieh bad tr-omen oveP again the previous night (air tem• 

peratu.N ~10°1i'. at 6:30 a.m., r&trch 25th}. ~he stream 

was open at the base of eaeb. dam, although th.eN were no 

signs or an7 Jteoent beavexa activity ashore. Otter tracks 

1n the snow were fresh at only one or six spots. being 

t,bscu.red. elsewhere by.the morning thaw, whieh reached 

44Qp. at noon. The lack ot beavei- a1gn., combined with 

the pi,esenoe of otter, •U1Z.seated that the latter species 

n1ight have gotten the better ot: this colony during the 

1:..t~ winter. Su.bsequen.t events proved this to be the 

A thorough examination on iay 4th, when the 

ground was still snow-covered, revealed that the :rodents 

were cutting both aspen and cherry on the north shore 

downstream from Dam. I, and a.top the hill near the main 

stru.ctul'Je. However, the:re was a hole in the ,,14 logging 

dam, probabl7 dug by the otttr. This opening had lowered 
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the water level two feet. at the channel• and almost three 

feet at the ms.rgine.. Meanwhile the :i-odente had ~ebu.ilt 

the next dam upet:ream to hold a f4'ot of wate~ despite two 

sizable overflows (I+'igu.N 9). 

By the time of the break•up on tiay 9th the beaver 

had added frea.n material to all three structures from 

t.tb.oitt extensive l~gg1ng tt, the north cf the ponds. However, 

the run-ot.f was getting the best of them: the break in the 

logging dam was three 19,rds wide, and attempts to repair 1t 

with grass al'!d f:resh•peeled st1eks had failed. nie head of 

water was down to a'bout a tcot, and ·the clee.t9, b'!'own 

t.teOtnty we.a cascading ov~t> to place the p~nd level two 

feet from the crest. There wet'e rare patehes r,f ice inshore, 

and. still two tnchea r,f 1 t om most of the marsh. Iee was 

absent from the main pond, at the head or which the water 

was abf)u.t 1,6 feet above normal, and the g:rass was just 

stattting t"' green, The looge and home dam appeared to be 

1n good shape, the lattel" still holding $3.5 feet of water. 

Th• stream was pouring over the rebuilt auxiliary da.«.n, 

which now bad lesa than a for,t as 1 ta head. 

Thia secooo.a~y stru.ctu:re did not ehange in two 

days, following which the f'lt,111' thrr,ugh the logging dam 

was only six inches ab..,ve the level e,f the r,u.tlet down• 

stl'eam, Md th.at still 1,5 feet above not-mal, Tbe most 

er1 tical circumstance we.a at the home structure, where a 

regular tunnel appeared (Figure 19) ~ This had evidently 
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Fig-t:U"e 19. otter danw,ge to main dam, M0Gint7 

Creek study a.pea. tower photo of fJtont1sp1eoe showa re• 

sul ta of repair et th11 bMalc. 

Look1.ng upstream early in spring, fdaroh 161 1950 

(left); and looking d"wnatream later in ept-ing, MtAy 11, 

1950 (right). 
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Fig. 19 
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been excavated by the otter during the winter, then given 

makesl11ft repairs by the colony, which did not stand the 

strain of the heavy ru.n•off. As a result the water level 

waa d(')tlfn 2.5 feet from the crest and was only r1alf a f'oot 

above that. ot Pond 1. 1-loweve:r, there were fresh beaver 

tracks in the l1fW1 e.t two ple.oes along thl& 1:mpoundment•s 

margins. 

The animals had begun to.rebuild the logging dam 

by il!a7 23:rd • . when r:reah mud,. sticks, and gras a gave 1 t a 

head of 15 inohf>s~ The auxilie.17 one abcwe it was in 

poor eondition with onl,- b.e.lf a foot of water im.pounded; 

a short-term lodge on .the south shore was falling to 

pieces, and a system ot tunnels had undel'U11ned the whole 

aide or the bank here to a distance ot six feet trom the 

house proper. There was a large gravel bar in the chan

nel just downatr~am from the break in Dam I I, wh1eh had 

been exposed by high. water., Only an eighth of the main 

pond below the blown-&ut dam was still flooded; the peat 

and silt bott0tn, with ite numerous logs, we.s slowly dry

ing (Front1ep1eee) • The lodge 1 tself had thNe entrances 

exposed, and the stream bottt,m nearby was cleared to sand 

and gravel, on which there were numerous sticks from old 

tood piles. (Figure 10)" 

It we.an' t until June 15th th.at the beaver mad.a a 

start at repairing the main dam.~ snd on that date 1t was 
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holding only balf a foot of water. They had built a 

a-shaped c oft'erds.m armmd the :break in the logging one 

dmwnat-ream, to which fresh sticks and gnss were added 

from time to time. WillMI incorporated 1n this stwcture 

the p:reoeding year had sprouted and was flourishing 1n 

six olumpe. Within three d.a1& the head of D•ffl I! had 

be&n raised to a ro~t by s. fail" amount of fresh alder, 

and the beaver had been foraging as far as the e~t:r-em& 

head end of the wa.in pond for these trees. 

a,, June 19th the pond level here en the tlcOlnty 

• was even with the top o£ the old stream bank (Figure 11), 

and that at the wun itself was half its height a year ago, 

with a foot and a half ot the stru.etu.re yet exposed. .In 

four more days th& repair efrorts were almost complete, 

al thwgh no mud or grass hat! been used to bring the water 

within six or eight inches of the former ettest. This was 

going ovex- onl7 at tbe old stream channel and two beav~r 

eross:t.ngs, and very 11 ttle $eemed to be percolating 

throut.h the interstices,. iiteanwhile there he.d been no work 

on the le,gg1ng dart1. The an1ule had added some fresh 

grass and mud to Dam II at the encl of the month,. and the 

main stru.eture at le.at was age.in at its original crest on 

July 1st, with water g~ing over it at very few places. 

The beaver had also shown interest in their r~rmer lodge 

in this ,pond, where they bad fed on aspen cut up the slope 

to the north. 
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A scouting tr1p to th'& East Branch of Bluf'f creek 

July 29. 1951, found. the situation much changed :from the 

previous tall. &nd eome of the danls meamthile had tailed 

in an ap:ps:rently oa.tastrophlc manner. Tho second one of 

ttie series, in gnod cr,,,ndition with a twc.-f~t:1t heed, was 

sood1ng 1n rapidly without any fresh beaver w~rk; the 

tblrd, with. halt again ae much water behind it. was full 

tr"J itfJ ereat. The mevere bre•k-up. h~wtnrer, had tom a 

fi.ve•-p:rd. b."le -.t the southweat end 0£ Dam IV to leave 

this pt')l1d lev•l 1,.5 teet below normal, Yet, the soene of 

!."ee.1 desolation wag the next cne a~ove. which. had s. sim.1lar

sized. 1'1p in ite mi.d-eectir,n (Figure 20). This laf't many 

wat*->Nd. bays and channels# rather than a flow confined to 

the r.:,ztiginal stream course et the Bluff, which the beaver 

had made aL111ost five teat deep.. Although n6glaoted by the 

animals, Dam V! us but half a foot belO\f its orest and in 

fair eond1t1en with a 2.5-toot head ef water. 

{2) tong-Term Changes 

An eppoFtun1 ty to study some etfects of thia sort 

eame l'tn the Middle Branch ef the Ontonagon Rive:r in 1950. 

Rathei- than ael~mting anothet' et:ream on which to follow 

b0aveJt•t2.'out relations fer Qnly one season, m:y superiors 

and I elee ten to continue ebsena tions here t~ note the 

:Ptuiovery ct this area ho1J1 the d.__ge dOlle by the animal, s 

eoeup8.llcy (Figure 21 ). In m.id ... May of 1950~ aperadic signs 

at "tramp» beavezt along the stream were noted, but 
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Fig. 21 
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construction act1v1ty was 0f;'.ll1f1ned to the upner end ot 

the meado• fat' from the original dam e,1 te and did not 

oecur until late in the su.mmer. Towards tlte end ,.,..f the 

ffltc',nth the stream ehannal ab~ve the washed-out dam had 

only a few silt ba:re, a thin layer of this sort ovelt the 

sand bott0i-n, and no visible gravel at all. The sand sub

strate definitely predominated in this area, rnueh silt 

having been carried d('}wnst:reant by the flo.t/d waters.. Mean

while the two awd.li.arJ ponds wer~ eight and three inches 

:respectively abov• the level of their out:lete.t. 

OiJj JUl'le 12th the Middle Branch W$$ flow1:ng thrr.,ugh 

the bl"eak at least thre• fe~t below the fnttmer rna1n dsm 

crest. Sand and silt :t~ont the home pond had cr,,vered most 

of the bott<,m in the small su.?rn,rt1ng l')Df> 1mmed1a tely d.nwn

stream. Although the t19!eal beavexi area material had 

ntt'.:tstl::, been removed fiti,m the lower pa:rt ef their home pond, 

m, gttavel wu exposed by this date. The sand of an ex

tensive bar below the dam may well have ci,me :f'rnm the 

s~uoturo itself rather than the firm pond bQttom; the 

beaver had used much or this material in their building 

aetivities. Some gravel was exposed at the bends of the up

streant river ehannel, but the gradient here was much lower 

than that of the :rt,Cky po:tttion above these reaehea. 

BJ' the twenty•th1m a lot of very small gravel 

had been be.red in the fox-mer aux111aey prmds; yet the 

bottom here waa sand and silt f'o:r the most part. Into the 
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summer the slow change: 1n 'type of llll'bst-rate type eon• 

t1nutd, and on July 19th the aux1l1a:ry pond was appraised. 

as BO pel"cent small gravel, five pel'Cent le.rge gravel, 

t1ve per-cent peat, and the ,:tem.a1nder a combination or sand 

and e11-t. By this time the ma.in p~nd '\'Vas about ten per

cent amall gravel, with much more sand. than silt elsewhere 

in the forme~ly :1fflpo'IL"'lded area. 

In this stretch of th• river m(')re gravel was being 

expnsed all the ti-me, but silt and debris, plui, the orig!• 

nal sand, made up most r,t the bottoni. }3y early September 

there were still no l'OGtl holes e.xeept for those dug 'by the 

beaver, and tnefle we Pe inshore. Trout cover t1:long th$ 

channel edge was fe1r, oonsls ting of alder roots, old 

snags; tl~od debris_ ,and 1.mdeTteut btu:iks. The auxll1ary 

rlan.t just below the main st:ruotnre et1ll had an eight-to 

tan-1.noh head ct wa tel' deap1 te the ahannel Ott t t:.rtr,~ugh 1 t 

at the aouth $nd" and silt extended: to within a f('ot of 

its cr~at; th~n upstJ-ea.,i f:ttom a atretoh or shallow gravel 

wo:r~ s~me rook$ 3ust b•low 'the wiu1h .. out. 

(3) Seasonal Variat.\1ona 

'?he beaver colonies unde:i' intensive obsel"vation 

all showed geneMll y s 1m11at> seas~nal pat terns. The 

antmala r-emained in the s$.ltte home area.a for at least tvl·{') 

W:lnte:rs, although their auxiliary act1vit1es often changed 

a~ong the waters both up- and d~wnstream frem the main im

poundments. Cutting of food 1noreased shai-ply in the late 
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sumner and fall seasons to stockpile suppl1os for the com-

ing w1nteraa aea.nwhile both the dams and lodges were repaired 

tor the oold weathei-. 

The group on ?JeG1nty Creek remained over foui

winter• 111 the same home ¥:>Md, but their secondary efforts 

shifted 111 loeale. In early July ot 1949 the e.n1mals 

turned te the s1 te of' the logging dam dtnmstreant from 

their baae er operations and used the structure as a f~u.nda-

t1on tntt a new auxiliary of their own system. It roe$ to 

hold 2.5 .feet of water by July 11th, ns of loose cen-

struction 1ni t!allJ, but beeame m<,re solid Vii th time. 1:rhe 

head 1nc:rest1ed to feur feet during August and the back

water& 08.'m.$ to cover the crest tJf Dani I. Puring the late 

eummer th• home are.a was neglected until mid-September', 

but 1n the next m.cnth preparations for winter were well 

underway: cutting food, strengthening the two reta1n1ng 

structures., and mudding both or the t~:regolng and the 

lodge. The home dam held only twn feet of water when the 

ice enver 1:rtai-ted to form as early ae No:ve:inber 8th. 

Seasonal events during the late summer and fall of 

the :next year tollt>Wed those of 1949 in (t$neral, bu.t theN 

were some s1gn1.f1cant changes in beaver activities. The 

most notable or these was the virtual abandomuent or the 

former logging dam. until early in "'otobar.. Meanwhtle Dam r, 
the original auxiliary of thi.s colony, wae not well main .... 

tained. although it atill had a head of 15 inches in Sep

teMber. The main structure held 5.5 feet of water at th1a 
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tint& and roee anotb.er six inches 'by llovember to reach 1 ·ts 

hi.ghest ereat, as eho1m 1n th~ frontispiece. 'l'he old 

logging impoundinent had almost r.1:P:fel"ted to ni-ltd .flats when 

the baaver reb'-cillt the retaining siji.'t'..ictur-e, Their work 

prc1v:tded a l&-1nch head by th8 freeze ... up November 16th 

when the a,u;111ary darn upstrea'tl had 'been reonforoed to 

hold. three inoheo leaa. 

VlheNas tbe MoOinty Creek Colony had included Otil'J' 

three da1ts, the beaver or the Blu..f!" C:reek .,gttr)up shifted 

their a.otivi ties back a."ld forth between the six upper 

pl"Jnd.s, In August and oa.rly SepU)mbe:r of 1949 extens1~11e 

wo:r-k on Dam vr. indieated tl:.at the anime .. la intended to u.se 

th.at uppermost pond as their home for another winter., bu.t 

on October- 4th the retaining atru.ctu:re had G. minor break 

20 :yards rrri.m the eouth al:u,re I wt.d.ch lowered the we. ter a 

foot;,. Late the pro.,.ious month a lo<tga rose rapio.l1 :ln 

Pond v, and the fifth de.m itself had a good 2.5 ... foot head 

on oct("!ber l3th. Foraging and logging efforts ,vere con .. 

eentrated rm the south slope and produee au extensive 

food pile for the winter; ice formation commenced Novem.

be!W 3M• 

The structures o:f the previous et>lony survived 

the seV$:t'$ sp,:ting break•up of 1950 w1 th no noticeable 

daroage; b~th the dam.a and their pond levels were stable 

by the end ~f May. Ttll'~u.gh the su"!'mler Da!n V was tho best 

maintained or the six in the series as the animals were 
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eonoentret1ng their effort& on :the stl"\1ctures which wen 

neeessa.17 f'or the1t- current activities. Apparently the 

others were being allffl!Jed to deteriorate antil needed 

again by the animals. The lodge in Ptmd V waa g:tteatly en• 

larged and heightened 1n September (Figure 20-a), al'ld the 

sixth dam had been restt'}red through extensive repairs. The 

h~ atraeture was holding more than four feet of water by 

the freeie-up of mid-November, and the impoundment covered 

meet et tbe two s1eable f.ey,od piles on each side of the old 

stream 'Channtfl near the b1.g lodge. Cutting opetta tions bad 

included work in a stand or aspen at the head of Pond VI 

where a small auxiliary d.a-m aid.ad in transport. 

The happeninge on the Middle Branch of the ontona

gon ·panll$lled several of those on the two s tree.ms de ... 

sct>ibed, abeve. Here, as on the McG1nt:r, the beaver main

tained one home dam while the colony was aoti ve, and th$1~ 

auxiliary operat1ona changed from one site to another. 

The ahlft1ng .nature of act1vtty was partieu.larl,- evident 

in the late summer ot 1949 when the animals rebuilt one 

sec~nda1'7' stPUetu:re., then erected a new ene downstrean'4 

only to abandon it in mid-~tober and return to the first 

lc,oa.le. However,. the au.x111e.ri.es seemed to have been 

left in poor eondi ti.on fol' the approaching winter. Ma.1n

ta1nanoe effoPta were eonoentrat$d en the home st:ru.eture 

oonnurrently with wo:rk on the lodge 1 ta elf. Both of 

these were in go~ shape for- the complete freeze-up on 

November 22nd despite the highest water of the fall 

season a week earlier-. 



fi~o constant cht!\ttaCt«3~a or the b@fi.lv&r ponda whioh I 

etud1atl 1n ii1obigM are that in aumr0e¥- tht1J •med the etnu-. 

cmt$ ,and elmtlt!rlJ t.n:tlu&ne,ed v.u(tiytng l$ngtha of the stre6tns 

below the!r d••·• 1J.'lhe nt~~ttm.,ie ¢f' tbee$ etf~eu differed 

fr.a~ ont c~e~k to ~O'theJt,- depending ur<>n St1~h fmotors as ttul 

gro~-vrat~ll' supply, th~ &~int an<l d1atl'tibnt1on of shade 

both ln the tmpountl~ut !fWd downstream, the e,r;tent of tloodw 

1n,s;, and the voltunes of inflow end outt&l. 1,. At oth6r se•tisone 

tbm thGttmal ohtJWe.etortstten or the bE¼ave;ri- ponds unde!t tnten• 

eive o'bserva:tton did not dtti .. 0~ tl1g111t1carit1y fttom t!w:zit1 of 

the nstur~l.1 t'lowitt,;g por-tiol'.4£<1 r)t the titr~s:~. 'this inveat1 .... 

gat1.on te.tled to, locate Elin tnstm-:ice t}t nutumne.l super•¢01Jling, 

\"lhich S~l1e~ ( lGS5~) r-e~~rded f.U!f a oe.use o:f ftd.lUN (>1" .fEAll 

bt-o-olc t,rou:t. .&pavn1ng il1: 1ml)oundm~nt~ ot this St)rt.. Dutt1DG the 

eevtare cold p~:r1ods ot winter, op.en ~~:'te~ ~nd that under the 

",Ail>, .... . .... -1·1 ~... · · · "'" ....... ,'<f>ll':J,. ...,,,. p ',t(. 1 .. ,, ..,o .. ,,, 
kvo;; WO"'u €;.$111';1,l;'~ · ;J' Ml at ru~.rrow ~~""''(;;I'll> ,,,,;g, V#.,.t,.,)"il :r • 

Tempe;ritt'iJN ~ee:d1~• th:rougb most of th1e P?»{)ject we~e 

t111ken t1.t reg11lt1~ .1nte"als m,d e,t ~etS\.bliah~ fftnttons on the 

:Pl11r:~ry «Jtudy e:rons. Thuring the 1rumr,'lett of 1048 all recori-18 

w~~e ts'k•n with 'l'aylor etched trtem• 6-1/2.tnoh pook~t thr5mo

m$ters whiob hnd a ranuc oi' •40~ to +lt~Ot\>P. 1n two-nf:'lcr-oe 

dhr'! .. e1on..s. l'''or the following two $etas,:;,ns 1:c:tut!mum-m!ni.mum 
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for tcnnpe:ro.tu.re ranae over 11 p$r1od of tillu1 in addition to 

spot readingfl!,. 'l:hes'3 they,mometera ,vere Taylor., 10-inoh ,. •o

oe.lled six• s pattern, nnd also hB.d a ?tang.a or -40~ to 4l20"P. 

1n two-degree d:tvtsionth A recording then,og:raph was used 

1n a special test on Morrison creek. 

F1$bel'7 b1olog:t8ta b.ttve reco~nitted: for some t.:ime that 

high wate.r te)rope-ra.tu~eo 1n sui:mrer sre freqiHm tly the l1m1 ting 

factor of tttout p3;1oduetiv,i ty 1n margtnel !lt:rc&ms, a concept 

that will be $):Jtamlned thoroughly late~. In t..111s regard the 

ext!"'emes ove1'1' periods of 24 hours o~ a w~ek are mors signif1-

cf.mt, than mean. or median VtllU$.S, 'lt11oh vo uld not 1nd1eate 

eitha!f the highest temper!!!ture (bringing on poss1ble distress 

durtr1g the heat or the day) 11or the lowest figure C 1.u,mnl re

oovel'y over the co;)lh1g ni~ht} ~ Actu~l morte.11. ty of brook 

t1?out ccm1ae at some point abcive 60°!?., and the fish tire pro-. . 

bQbly. tmcomforte.bl9 Qt ?5~l,'., t1€lpencUn~ on tte.H;:li~tization 

r-ates as we,ll es the~l e,t:tremes. !J.'h.e latter figure lo do• 

signated ne ori tic.al t:n the tabular records from etudy streams 

tn f:'U.HlOrdS,nCe with :limbod7 ( 1922) • 

!nt$rpretat1o:n of' the vQr!oua readtngs over three 

field sea.sons,. 1048-1960,,, 1.a eomplicnt~d by th0 differences 

tn climate during these y~ara (Table B}. The waathett station 

OPt\ll"'Qted by the u .. s .. Fo~st Service at 'tf?atersrneat was euteb

U.ahed in 1i~9 and provided the ''normal" figurEts f'r.:rr tho total 

period of the reoo:rd, and met~orol.og1e$ll dnte. du:!tlng my e,tudy .. 



147 

f-1)1• 2. -..iut1oas ot ter11'1b. 11u,leoNlogical. oolldl tlone. 
Wa.tet-.»1-.t Al'ea, 1941-1950· .aeaao•••• 

•ft&Qfle h'Oll Olimatolog1¢a,l Data, u. s. Wu.lhel' Bu .. 

--

...,._ ........... 40 ( 

194' Meq 

1948 June 

1948 July 

1948 Jag., 

19~ Sept. 

194,3 Oot. 

1948 ..... 

(90)68. 6 (22):,a.s 50. 7 

(90)74.1 (a,)44.o 59.0 

(92)81.1 (;?9 )50. 6 6;. 9 

Depai"tu.r• Total :JJepal!'tur, 
from neeip1- tftM 

nol"m&l. ia,ton aotmal 
,. (1••11••> --

.. o. 9° o. 37 .4. 23• 

... 2. 2° 2. 45 ... 3 .. ;4• 

(96)79,8 (32)lltt.2 64.o +o.So 

2.42 

3.02 

0.12 («9)7;.9 (21)39 •. 9 57.9 +3.0° 

<75)57,l (15)31.3 44.2 +0.2° 1,07 

(68)39,3 (10)26.0 Ja.6 +2.9° ;.61 +1.35• --·..--------~----, ... -.·----------------19~9 Mq (S$)69-tlt (®))7.S 5Jot6 ♦2"a° 4, 71 +O .. lltt 

1949 me (91>79.7 (21)50.9 ,,., +4.l.0 ;.go 

1949 Jul.J (91)SQ.6 ()5)54.6 97.6 +2.J+O 5.17 

194' 4U«. (90)78 .. 0 . (t8)49.1 63, 6 -0.12~ 

1949 Sept. (76)6;.6 (18)4o.,1 5J,2 -2.2° 2.,S -1.o4• 

1949 Oct. (74)62.4 (2l))llot6 48~; +}.o0 2.99 .a. 9513 

1949 llov. (64);g.o ( 7)20 •. 4 29.2 -o.fi° a_gs +.;5w -""-~-------------------------------(S!j)b).2 (21)35.4 49.3 •l .. 5° 2.44 ... 1.4411 1950 May 

1950 Jue 

1950 ~,. 

1950. AU«. 

l,950 Sept. 

1950 Oot~ 

1950 llOY. 

(87)75l'l (?7)46 .. 3 

(84)74.l (35)47 .. 1 

(85)72.; .· (28)42~2 

(80)66.g (l.9)4o.B 

(go)59-',. (21 )35. 3 

(79)3;.2 ( ... 15)15. 3 

61.0 +o.5° 4. 73 

60. 6 -4., t' J. 58 

57 •. 2 '· -6. t1 J. 91 

53. g -1. 6° o. 81 

47. 4 +l. 9~ 1. 86 

24.2 .5.4° 3.sa 

-1.ll it 

+o. 71 It 

+0.37• 

-2.61" 

+l.44a 
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drier than the ov~rall recor(l, whe~eas that of 1950 was cooler 

and wettf!r. These d1tf'ereno$S tend{'.;d to obscure e:r:r:, evolut1on 

of 1nn:re1u.1ed warming at th0: ponds got older and more stream.

side shadt t:tt$eS snd b~llM were killed bf flooding, but the 

wemther oompl1oat1on we.a more $ertous 1n rele.tien to ohemtcel 

phenomena. affoet!ra,,g f1she$, pnrt1.ou.larly th~ oxye;e:n content of 

the wa.t~~ 1 trian on the temper~ t'1.lre p@JJ se. --

t1on about ~ix mlle~ (lovm.!ttrei;nn fisom ltl1 study SJJea.. H$:Pl't the 

ca-retmkGr took :t"$adJ.n1.s three times daily from e. semi-permanent 

1natolle.t1on at a Ehffl• , noon, ano. 5 11.ni,. 

Three ffil\X111lttm""'tn!n1mum stations w~re est&bliabed June 

13, 1949. around the beave•,tt pond towe.rd thfl hef1dwa.te?"s of the 

'Middle Branch of the Ont.cmagon ruver. The most upstPeam or 

theee, the eo-.ee:lled 1nlet et~tton, wai 1n e Wf.1'11-shaded 

0t~eteh just $ast of the Wolf take r,oad bl?tdge, whence the 

water f'lowed h~lf a mile through equal distances of ttmbered 

fa~t watur and the head ot the heeve:r pond under obstrvat1on. 
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self to ~eeord :r~om .a. depth of two feet, t1nd thus to esc.m.pe 

surr&ot?J effeet Silnd to p,:i,ov1de x-ead1nge pe-maps typical of t½e 

!'tmjor pa:rt of the p-onct·•s volume. About ~o yardn <lownatr-aam 

from th~ prim$:rir r,otaintns 1truot·ure, @tnd below $.ll of ttle 

~ux.1 l1a17 on~ s, an outlet thel'fflomtitex,r w&.$ rH1oured, to n lot 

which extended e.exioss the stream chnt"Lnel: this regiattvred the 

tempGrature ot the WG.ter i"low1ng f'r«:m1 the area of bee:ve:r oeeu

pancy. 41:te po:nd etat1on Wt.\B not n'Utinta1ned 1n 1950 following 

th~ ·washout of thl'.3 ~1n dat'!-, but the othere w,ere riead two oj;I' 

th!"e~ times a w-$ek IU! they h0od heein over the, pr-evtoue seasorh 

Pocket themometer :r~adlnge during the ro.ii:nmer of' 1948 • 

~er~ ta.ken uru,yett(!,ma tt o& 11-y at th!>{$ ir, ti tstl one~ ( 1 ) .a.bout one• 

third \t'P th,e pond, (2) by the dam oreat,, s,nd ( 3) at the foot 

of' tho dttm. Tbeie did not show nny signU'ie~nt overall change 

1 n t$fflP,(t%'f!lt\tl1e al'>ound the loW$l" end of' th$ !m)'.}Ovnd.men t, g:nd 

1nd,iosted that the e:t-rea.m .was cooled slightl:r duri1ng 1 ts 

ptissa.ge th.rough this shox-t stretch, part1oularly towards the 

drun, lm1.e:re cool wnter from the depths co1:tld o11"cu1ate wt th 

the wavroer strata rs~tir the eiur:faefJ,, In t~:n instenees durin.g 

both mo??ni~ flil'M:l afternoon the di.ffer~:n.eee ?"l!;l.n as follow8 1n 

degrees F., ( freque;ncy in pl;lr·erith~sae}, pond. surf'lilee !! . 1trenm 

bGlow dam; +Sl( l}, O{ 5),, -1( 1 h .,.g( l), Qnd -3( 2)., However, 

few of the ~ead1ngt were taken late 1n the afte:rnor)n nfter· the 

full effect ot rad1athm; thus they w~re more nef¾rly average 

values rather than those of e.xee,rrn wl!.rm.1ns_, i.,h ioh wnn rere 

here too ln th• tollowtng years. 
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During 14 weeks :ln tho summer of 10149, tamperatu:rcs 

of mo~e than ,;5np. cic.{.n1rr~d only th.r($e times, w1th a maximum 

of 7'1()•:v:. tor these reaches of th~ !!!idd le Ft:raneh ( 'l~ab le 3)"' 

.'i.i 

Thue 1n no 1netm1oe watB the 

tr-out popu1nt!on teverely jeopwd 1~er1 by undue Wf'lrming or bf 

ove~ly rap:td temparatl.Wt! oh~ng~;. 

For 1949 maxitffllm temp$ratu.!'es a:how an average overall 

:rise through the $tu<!?' e.Pae. of' sl1ght1y less than one degree. 

Thi~ elE,ve,tion eecur1-ed betwetSn the inlet and the pond stations 

(T~ble 3),. nurtns the mu.eh Qooler- su.mm6r t.~!lt followed, the 

~ff>eot was the Salt1e $Ven ti1oush tbe dsm was no longer an ob

st:ru.otton.. In h$l.f the ,.1~oklj readings of 1949 there :ls ftVi

denee of f~vot•able tampe:r,a.ture ~eca:n.rery dO'Wl1stream in the half• 

dozen m1.lem to th~ ontonegon '11:r-out Reartng st,t1tion. rrhe n:1.1mber 

1noreewed to nearly three-qumrters 1n the next JteBr { 1?1gure i12) .. 

Etther this dif'i'ei:r~nee progressing r¾lwnetr-eam was m1 a1~tii's.ct 

wh!ch stemmed from the titnin~ ot reat.Unss at tho la tte:r loea

tton, or th~ a.ctton of tv-ibntar!es an,d S'c,!'inga, plus ave.pora

tton, 1n actunll;r oeii,JJ~ the w:at~ mad€' it mo:re fevornhln for 

tttou.t pr-oduot1on. 

A oombtnat1on of seve.:rinl i'aoto~s pr,oba,bl7 oxpl~1ns 

the absenee of any severe wal"ming effect :r rem the lsrga beavol'l 

pond on the 'Middle Br~r:eh of the ontonag1m .River. The h.ftl.f• 

mils botween the 1n1et and ponc1 thermometor sts.t1.o:na included 

two distinct acologteal units which had crnr•cis:tte eft~cte on 



'.&.bl• 3- WHkl7 Water -~aperature ~• and Oha.rlpa between stat.1on.e 
0.11 the ~idcUe llruoh •t t)u) Ontonagon F.inr. 1949 -.nd l950-

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

LOtM.TIQJ AID '?1ili4PliAm'U ( 8 1. ) 

1949. w~ Ialet. Cbuge . ' Pont .• ·.~. .. CUil•\ . 01-otal.l 
begiru"J._. !ng ,ta.t1on i». m~1m• cta\lon f.n llaxima .111tatio• obange 

' ' . ' .. 

l95t), Week Inlet . ~ Otltlet 
beg!Jming at.tin · in. maxbla atratioa 

• > " ' • • • 

June·l2 69 -J7 +J* 72 - 58 -1 71 - 50 +2•~ Ju.e. ll- . 73 - 56 . -1 72- 56 
Ju.ft• 19. 70- 59 0 . 70 ;_ 6o 0 . 70- 52 · 0 J,m,.e lll ~-52 ♦l 1- .; 53 
Jwae a(;·. 73 ... 63 0 ·· 1,.~ 6.5 ♦l• .. 711- -64 . +l June a,, .·. ·- 52 0 74•- 52 

J,tly 3 n.•! 63 +l · 11.•- 63_ . 0 ,H·~ 63 +1· Jul7 2 . 67 ... 52 ... 1 66 ... 52 
Jul7lO 70 - Ga +3* 73,;. 62 -1 - 62 · +2•, hl.7 9 70-~ 56 0 · 70 - 55 
hl717 1~ - 6o 0 73 - 6; 0 ·· 13 .. 63 o· Jul.7 l6 69 - ,1 .o 69 -·55 
July-~ +2 6- 6l.. o• ij- 63 +~ . Jul.7.2). ·71 .. 53 0 71- 51 7 - 6o ti'• 59 hlT 31 66- 51 . ♦2 0 - 6o +2• July 30 72 - 53 0 12 - 5] 

ag.. 7 74 - 62 +2 76 ... 63 -2 74 - 63 o· Alig .. ' 6 69 .. 56 ♦2 . 71 - 55 
Ang.. 14 70 .. 57 +2 ·72 • 59 0 12 .... 59 . ~ Ang. 13 66- 55 ♦l 67 -~_52 
Aug. 21 69 ... ,1 -1 68' .... ·.53 ♦l• · 69- sa 0 Ang. 20 62- 50 ♦2 Git--~ 50 
Aag. 21 71- g. -1 70- 53 +l* 71 - 53 0 Aug. 21 61 - 53 +;• 64 .,. 52 

Sept. 4 64 - 50 0 64 - 51 ... 1 63 - 51 -l Sept, 3 61 • 50 +3· &~ - .lig 
Sept. 11 5s - 55 - 0 58- 55 0 58 - 55 0 Sept. 10 . 61 -· 52 ♦]• 64 - 50 

>f, 

Mean change. 
11.J. ve~ +0.9 -0.1 +o.s1 +0~9 

lfumbitr e:ritleal 
veeka l 2 2 _.J 0 0 

• Maxhmm weekly f 1gure. 
t Critical ti!!mperature• ( > 75°7. ) underlined •. 

r' 
01 ...... 



Flgure- 22.. WEteckly watc6l' temJ'liGl'&tllN flaJlS89, 1949 

and 1950, ti1ddle Bmnoh ontonagon Rliter, inlet, pond tmd 

outlet ( left to Y1ght vat1,eal ly tn ••.ch polygon}~ com~d 

w1 th Naring stattan•. 
..... 
ii 

J 
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the w&tett t.e~l.!)fl~ature: a well•shaded pie.H.1e which p:rob~.bly 

included Vf&rioua cwo ling factors, and than the open heed';i/&.tere 

of the tmp,oundm(lnt proper, in whieh :t t wa(§ w.n.rmed" Am we 

heve seen, the la.tte?t effe~ts prevailed by a nQrrow ~rgtn. 

The :ra~tlinu:$ :r~flect the d1fterene$ between those t\lllo inf'lt,l .... 

enees, but not tbeitt fi't.otual magnitudes .. 

fhe lack of $ti.d 1 tt~nal h1;J;e.ti.ng b$twe(';n the pond eta.-. 

tton and th~ outlet tntght signify tht:i.t the volume of surface 

water- was low, e.e the spot x-·•s.cH.ngs of 1948 led me to believe. 

Th:$ tempera.tu~@ d1 rr~reno.cs between the surface and tho thermo• 

mete~ QbOV$ th~ dam.,wh1Q'h me.7 not b,Qve, been en1i t.shly located., 

&.'if~ounted to as trmeh as four deg:ttE!em, but this stratiflcetion 

ponds 1n their V$rioua st&ges of act:tvt ty f:.:nd deoay 1n l94ti 

could have eonts,ined a <H>olir1g 111.fluenoe t>;hemselves from the 

chun to thG outlet the~mater,.. 1'et the f'sct atru1ds ~ut that 

the mean d1ffe,:,enee in maxim.um re(ld111gs frotn the rtrst to th:e 

thb"'t! station WQS tl:l,e tf¼me oi4eb 1.,s.r., with e.nd withe.mt the 

tmpoun&ru:mt.. 1he voluntS ot cool water flo11P!ng th~ough 1 t 

wt.ut p:r-obsbly ltlUch g:ret1t$!' then that stoJ'l'ed in the exposed 

marg1n$.l b$eltwateris, and thus th-e ws.mJ.ng was not :dgnificrmt 

either yee.r on such ll1 large st~eanh some ap:ring seepages aid 

ent.ar the pond; howev~r,,, no effo:rit was m.nda to loos.te them or 

to mt,1 .. u1u~e their con~1buttons,, 'I'be cluw-nel throuz3h the flow

age WE!t& not sbeded el tber s\umn,er, and the ovenl l tempera. tu.re 
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effect was the same tfiteh year; whett WM"m1ng there was seem$ 

to be 1nhex-ent in th!s pwt of the gt1~emt1 lfe.ther thtan hieing 

eat1e$d by the lateral sp:retld1r1g r1ere in 1949. Hence this 

particttlat- beirvex, dam did not., and perhaps could riot, warm 

the VJetel'$'. ot the Middle P-ranob of the Onton!\gon R1ve~ slgn1-

f'ie$%'!tly, end at no tii:.e du:t:>1.ng t1:weo e11nm1e~s of observat1on 

did tmm{peir~.t'Wr"'Et oon~1 tlons he:rta eons ti tute a serious hazard 

tor tht, :rssilj.ent b!"ook tz.011,t population. 

(2:) Ea.at Bra.nob of Bluff o~eek 

In. th$ evaluation of temperature data fr-om thls atrf,nm, 

the Stlvar-,al d1at1net tl(H>logioal u.nita of the 2jl.5•u1i.la study 

s.rea ~ust bt horn,.; in mind. Pr-ogressi:ng downett"ettm, thes.e 

1noluded ( 8,J tb.e cool h.eadwatere:, ( b) the tippe1~ beaver ponds, 

( c) a stJteteh of long .. abandoned beetV$?" 1it'Jo:t>k, wh lch hed a 

va?-ying on'ulunl of :SJ::uldce, (d} tbe pond~ which wer:e e.cttve only 

1n th$ f1ra.t yea,:, of thin study, and {-,) the well•shelt:ered 

reftobet down to the u.s.,..45 <rulvert. 

Thn>!ng 1049 the Dluff wan not 1nten$1 valy stutUfJd, 

but tbe following y~a.:tt 1t h~oo.me a pr1mmry at-ea O·f 1nvestf ..... 

gatlon which Wll$ .vi.sited weekly. Fou~ max:ir.urti .... m1:nirm.un 

th.s:rmoma·tettti1 provided tempe:ratl.1rie; t'tmdi.nga in 1049 1 tlt:H:.i thre.G 

1n 1950'" The!~ locntione1, f1 ve in -nu.mber, wore as :follows r 

(1) tha heQdw&tel' epr1ng run entering Pond VT of the upper 

8~?!1es (Stntton A, lti4\t m:u:l 1950}; {2) nn outlet str1t.fon below 

this bea,;:er tiolony (Station n, 1049 and lfu\;OO)J (3) tho troll 
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midway htltWl'&f!n the upJ"Je~ arH1 lower- ponds half a m11.e below 

the fo:rmeti ( station c, 194ij, but spot readings only 1n 1960); 

{ 4) the outlet !'r(,m the wo:rik of the downstrean1 colony 

{ S'ttlt:ton D, 1949); and (5} the u.,s .... 45 Ol)lvert ( $tat1on E;:; 
'~ 

1950). Water te~p$mtur~a 'ta.ken by the district fisherl ea 

htologist in t!'.16 last artla f'l"(:nn July ? to August 24, 1948, 

r-anged he tween 63~ ~na e:e~F~., while the air varietl f~.>m 60"' 

"to· "!:B~F. on these occasions { Anderson, 1~4i).. These vslues 

sn1& oloso,:, to thos,s f:rom the hoadwrttertJ thtm to thermometer 

:ree.d1ng$ t&kan Auguat 20th of the erune 1£rill' by m.s around the 

most downet:re,~m pond of the u:ppe.r s~rtes and by th e low(ir 

1.mpoundmrmta 1n tme first ot ttn1 temperature. se:r1es of' ·1.rnrious 

po!'tion,e of thhi ore~k m tech wex,,e te.lten d~ing the three .... yenr 

stud'f (Ta'bl$ 4).. F1ve of these 1.Vhiah 1m:,lud~d t1guraa for 

both Du 1 and 1)~ VI of the upper series show a rl se o'f from 

5 °to 9 °:F. 1n the pa,e~a or r1 , 1e '.t)Otid4, Md aihU tional w~rm:tns 

took plSicta in the s1xth ¢ne .. 

at de;,pths or two .f~et, and at the outlet of th<!\ ~1:x d&<ms us h16 

a J)oeket thon.n;mieter. 1°r•Jm. th:ree sig;nificant se:r-ies ( Figure 

l"eading$ on August 81 1950, 1ntU.ofl ted. thnt the dmnistree.un flow 

eame mostly from the upper :;Jtx,ata of the vnr1ous impoundments, 

the dams of which ware old rrnd. rug~;ed enough to permit ltttle 
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fsble 4. :fomperatu:roe Seri••• :ifasl :$ranch of Muff Ox-eek. 
(At each atatton. the -1,ues. are. gt.Yen, t» orier from le:f't to right: 

wrlac•• •l.lr4erged. two · · f'eet, and 'O'ltl et. 1a. degree~ '8.hr•n\l•l ll 
..... ~ ......... <ll!<o-...--~ II • 

·~ 

of al!' 
lJaal Lower II 

-------------------~-------------~ .. -----------------------------------------------------.... ------
194{ 

-,.• 2l>. a:00-5,00 »·•· . 69-7J 63 •• 6o 63 ••. 61 66 •• 65 10 ... •• 10 •••• · 6s •• •• . 69 •••• 

!i'!1 
Ju_e J. 11:2()..12: 35 p.-. 75-77 

. Ju.a• 9, 10,-00-11:40 &.lni 5lt-54 

U!L•· 
Jtll'le 15. 10:00 a.rll.-Noon 70,.74 
Ju• 20, l:lt,-3:15 p~m. 5$-6o 
Ju• 21. 9140-11&20 a.ia. 65-,66 
~1-1.y 11, 1;40,.li:OO p.m. 80-83 
A»i.,r. 8, 10&00 a.m ... -Noon 
. h00--5100 p.m. 71-76 
Aug. 14, 2:,0-3;50 p.11.. 63-65 
$$pt •.. 6, 2:4!;.4,45 p.11. 66...72 

!9.2. 
.Tttl7 29. 12::,0-3:00 p.m. 79-82 

59 ..... 
4~47 •• 

6}-56-6o 

58-55 •• 
50-ll.9 •• 

·Gh ... 61-63 
5lt-5} .;. 

63-59-63 . • • 61-&t 
. Go-6:o •• 

5g •• -~· 
75-68-74 

70-59 ... 69 · 7Q-62 ... 70 . 11-6€1-71 .. 
55-51+ • • . . · 61-60 •• 

62,.;,6 • • 64,..6,o •• 

65--63 •• 63-65 ••. · Gs • • • • .68 • • •• 
59-57 · • • · 59-57 • • 57 •• · 53 55 • • • • 

•••• 63 
61 •••• 
59 •••• 
76-10-16.· 

79-69-7' 
65-65 •• 
67-60 •• 

. .... . 67 

.7!-73-77 
66 •••• 

ii, .. ·.""" 67 63 •••• 
•••• 62 59 •••• .. .. ,,, 56 •••• 
..... 75 71 •••• 

7 ... 1~11 -71 •••• 
•• •• 64 6c)_ •• 4':·• 

..... 66- 61 •••• 

81-63-70 •• •• 70 ' ►,-6a,,•i•• . 1,,..0.,,..7i 75-69-72 
fbrok:en) · ·,.(b,...""~~~. 

7}-7'3-73 70 •••• 

~ 
tn 
-4 
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tH:;epsgi& of the m,01er bottom wator.e. strstifit:s.tton at ~am 

VT amount$d to as much at, ll~F. tbat year, m: ei'i'eot which 

end was not ev1c1ent t1.t a,ll 1:rr DtMn r. 4!1rtif phenomenon was 

less pP®ounc•d on Allgtuirt eo, 1948., end J1me 3, 1949, th.e.n 

The we.meet the hes.dwa:tGrs ever became r.lurin,S two 

stunme~ e:e~aons1 each 13 w$e'k$ long, wstl 62".F. , b~s~d on 

ftgure8 h'om max1mmi,...m1:n1mum theNometers,. The co-:>leat 

NacUngs we:t>~ ttlwa:ya: tn the 40• e (-Xabl0s 5 and 5). Cm1rid.ng 

downstp~am t.hJ';otish the hslf-d,o!i$en small b'3s'1ett p,m.ds, the 
I 

maldmtmt water tfJmperatu1-;s X-0$~ ta.a mu.ch as 23~F. ( August 14$ 

1950). The maa.n ~!$fl in this $'tr•toh wns 1.6.e~F. the first 

ye.ar> nn<l 1s.2ett:,". ove~ the £Hteond. irhe fo1"F1er figure ts 

c1oubtltit t1:o.rJutwbst low., conaid~ 1n6 ti:mt t,h e outl<:.1t tnstr•u ... 

msnt at S'ttition n waa broken 1n Au13ust of lS.4£1; following 

this llll!l!i'ba.p, only sr,ot readings were U$ed for oompe.P1 son the 

r-em~inele~ of that yenr.. The g~e~t@r WQM111ng th(;.¼ aeeond muw.meti 

may 1nd1emte tho.t the 1nC:'r$~m!l 1n this efti.ot r((lfleoted aging 

of the pond.at over just a year• s t1me, or the cooler weath@r 

OVE'frsl l in 1950 w1:&y h#lve aeoentuated the hot epel ls of the 

eeoontl f.fU~rGer. The wtatep at th$ inlet ( stot1on A) was coc,ler 

throughout thtl.t season. 

At lcuurt half the upv(fr poods on the Bluff were tl1em-



fable 5. Wa.tf!Jr Temperature ~e1' an&. Chtmge11 between St.,t!.0119 
Qn th• ••t lii-aneh ecf mu.t:f · Or$Q:k.. 1949. . . 

LOOA.!10'.I Alil> ~DIFDAWBI (01.) · 

Station . .A 
Date h.tpper. 

inlet)· 

June 15 · (~)•.· 
June 22· 56: - t..6. 
Juno 30 ... ... 

Jul7 7 
Jul1' 14 
Jul7· 22 
July 29 

6,A... };.g 

6o - 47 
5'- 4G 
58 - 46 

Aug. 5 56 - 46 
Aug. 11 59 - 49 
Aug. lS 5$ (54) 48 
Aug. 26 56 (56) 43 

Sept. l ;6 (4$) 42 
S.pt,.15 ~ (44) ~2 

Nean cb~t1. 
13 we&ke 

1,l'ml b~ eri tieal. 
weeks 0 

Clhan&• 
bl 

malaa 

+14 
+17 
•·-•-• 

+16 
♦ll 
+20 
+28 

+14 
♦20 
♦lS 
+lS 

+10 

... ' 
+15,8 

Station! .. Change 
(upper in 
ou.ttatJ 11Ua:ima if;$) .. ... 2 
- 6o· -3 n.- ·.·5' -2 

11- 6o -2. 
71 • 6o ... 1 
~6<). =~. 6o . -

·. 70 ..... 51 -2 
Ii- 64 :,* · (72) 

(74J. -itt 

(58) -2 
(53) -l 

-2.5 

6(+?) 

• Spoi reading with pose, the?Zometo:r. 
t Or1t1cal Mmpera.luNtS (> 75°F.) umiarlined.. 
t Me.xi.mul weekl.7 figue. 

· Sta.tl~ll C 
(hit-mile 
:dowattr. ) .· 

(66) 
72- ,s 
74-60 

Jg-.. 6o 
TO - ·58 
13-51 
s-·.·;6 

68 - ;6 · 
JJl-6o 

71· {65) 5$ 
10.<10) ··54 

71 (56) 49 
62 {52) 49 

3 

~ Station D· 
ln (lovei-

inaxtila .. ou.Uet) 

.~ (66) 

1- 54 
♦2 n.- 64 

+2 l! .. 00 
+2 72 .... 57 
+3 J!-1• ., 1.2. - 56 
♦2 70 • 54 
+4 soi- 5S 
+it· . ii- 51 
+3 r, - 50 

+14- ·· 11- 46 
0 (53,) 

•2~6 

7 . 

0.-.:rall 
cbaflce 

(mastma) 

+12 
.+20 ... 
+16 
+12 
+20 J f...l 
♦2lfi o; .... 
+14 
+21* 
+17 
+17 

+19 
+8 

. +16.4 



Table 6. ',!later Temperatars Ranges and Change.a between Stations 
on tb0 F&st .Bran.eh of muff Creek.. 1950 •. 

---
toOArr.:tow .um r»m?.mu.1.ttnut ( 0 1'. ) 

Staticm A Ohan.ge Statton B Change 
Date (upper tu (upper at times 

inlet) max1ma 011tlet} of rdg. 

June 15 ~3)• +14 (67) -4 
Jwie 20 5 - 43 +lS l§.*(62) S1t -3 
Ju.ne 27 5St- 44 1-20 l! (59) 55 -3 

J'uly 5 s>~ - 1.~6 +13 67 {63} 54 -2 
July 11 56 - 46 +19 i f75) ;s -4 
July 19 57 - 44 +19 Zs,.. (63) 57 -4 
July 25 56 - 44 +15 71 (62) 57 -3 

Aug. l 57 - l.f-8 ♦21 ]!1'(69) 6o -4 
Aug .. s 54 - 44 +21 1it(70) 55 -3 
Aug. 14 55 - l;3 +23t J! ( 61+ ) 57 -4 
Aug. 29 ~ - 42 +21 12. {60) 50 -4 

Sept. 6 52 - 41 +16 6!1 (66) 52 -5t 
Sept .. 12 53 - 44 +17 70 (56) 50 -3 
Mean cmmr:e, 

13 weeks +16.2 -3-5 
n,mber critical 

veeka 0 8 

• Spot reading vi th pocket thai·ru>me\er. 
t Cri tieal temperature-a ( > 75°r.) underlined. 
t Naxitnum weekl;y figure. 

. 5tat1on C Change 
(half-mile at tim♦S 
downatr.) of rdg. 

(63) -1 
(59) -3 
(56) 0 

(61) -5 
<n>t -st 
(59) -l 
(59) -1 

(65) -5 
(67) -5 
(6o) -5 
(56) .• -3 

(61) -1 
(53) -2 

-_3.5 

t 

Station E 
(Righwq 
u.s.-45) 

(62) 
66 (56) 49 
671'(56) 49 

6o {56) 51 
63 (63) 51 
61 (5G) 52 
61 (58) 52 

64 (6o) 56 
64 {62) 52 
65 (55) 50 
62 (53) 47 

57 (5lt) lJ6 
56 (51) 49 

0 

overall 
ehani~;e 

(maxima) 

+9 
+8 
+9 

+6 
+1 t,,.t 

+5 0) 
to 

+5 

+7 
+1ot 
+lOt 

+8 

+5 
+3 

+7.1 



to trout fott p&rts of st lesnt ai1t intervals 1n 1949, and tl.'le 

co~respond1ng number of bustaOOe$ 1n 1960 trJtalled eight ot 

the 13 ,oesl{s to"JJ tbe 8$.aSoth, Cons1der1ng~the b:re~kage mishap 

mentioned aho\1e, watGr temr,cr-Qtu:r·es warmer than '15°?. p:robe.bly 

ooou!Pred an equal number ot t1mt.lS in the first yea1,, men ma~1.

rm.1m ~aadtng8 for tht last ro~tnight of August, -,Jb1ch la often 

Q hot p$~iod, wttre une.vat lab1e • 

. ge11e:roU$ aupply o'£ sprins seepQ.i2,t8 to tltation c.. This com~ 

bS..11n·tton cooled. the watr:,r as mueh e.a 5~F\,, in l'G60, sr-,tl thl"'Eu, 

times 1n 1949 ·the r•ed:uet1.on ru11ounted to 4~Ji'., ma-ans f'or these 

two yea~s were 3.5 t!lnd 2.5°F., ~eepeetlvely"' Over the ea:rl!er 

season these 1"1$$1d ings we,:.e .from ma,timu.-n ... m1n1nmm thermomete~s, 

but spot tompel"'tltu~es o:nly war~ llVa-1 la'ble for comparison 

durtng thf:l. latte:t" one.. However, the 1~49 sll1mler conditions 

here w·are ~ot tavo:rahle ov<'3r portions of only three periods, 

a :figure which ns half that astabl1.$lhed fo:v the tempersturee 

at the next station l.1pstrewn (lU.:r•tng 1949. The co') ling 'ln this 

p1eee of Bluff Creek was thua decidedly beneflci&l to the 

l"t"Jsident 'brook trout r:repult?'4t1on. 



Figura 24. wateztc tempercatm.-e t."e•dingm, Bast Branch 

of Bluff' oreek., 1949 tmd 1950,. .~ max1mwn.-mtntmum ( ve!t"t1cal 

lines ln polygons) ~nd pock•t tbe ... te-a htl. (lij49, left 

to l"'lghbt si.t.tan A .. '<¾lppei- tmet. Statton B • upper outlet, 

Statton c • halt.mtle' down1Jrtr•••:.t and station n ·""' lowu out

letJ 1950.t l•ft. to rifllia stations A .. c as 1n 194.9,, and 

:Station .I• u.e. h16hwa, 45.) 
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The ~ffact 1n the fo~ego1ng t-eacb of stream was 

counteracted tn an equal lene;th of water below station C; 

th!e etretoh 1no1u.d&d some long-abandoned beavar ponds end 

two mar$ tmpoundmm1ts 'W'h1ch had been deserted a$ reoentl7 as 

th,e spring of 194@. In net the!" of th@st 9.ld tlouges was 

there streame1de eh.a.de or much. S'f!Ound-wnter arldi.tlon. OV<;!'t 

th~ s~~ of 1949 the t~mpore.ture in this zone roae as much 

as 6°1:;,'., 1n ~ome w11Hake, a..nd the mean tl'...c!'t.Uu.le or the 13 mAxt~ 

mum Na.d1ngs ~&$ 2.6C)P. i'b.1s is one-tenth r.nore than the 

corresponding figure for the reoovery in the next upl\t:r~am 

portion of this creek. Here sg&,in tl1.e h1ehest r~a,Ung was 

80('1,F.,, as 1..t ha.ti been at the. outlet or th~ upper ponds, 

$.l though these f!gUX'$S were. not rieg 1ste'rad on the es,me d&y. 

Cr1t1ce1 wam!l13 o-cmur•tted hex-a 0'1.re~ aev0r1 interval s of reoo:rd 

1n th• one ... y~iuar p~:rtod, once mo:re tbQt1 the kno'\m 1netan()es 

ot suon at the upper outlgt., 

The overall l"1fte ln mtud.mum t~mperatu~e from the head

w&tett spring to tht:1 fou?'tb station do\matream was as much as 

ehonge, based solel~· on tbe highest re(ad'inga fox> each inter

"'lnl, was 16.,,f'F .. (Table 5).. Th,e next ye,11.1~ an tnat1-.um~nt wns 

not in pos1t1on at the outlet of these lower ponds, but in.-

c:to-se1.ng whe?'e low spot r$adings had been l'ecorded in 1&48. 

This NloQat.1011 preee11te1· a dlff'e:rent p1ctm"e of the tempero

tu~@ eff'Got 1n the lower reaches of the study area ( Table 6). 



Iru,tead. of the wate~ h~1ng wa.rme,1, e.e 1 t had been ln 19·49 

through the lower at,a.ruioned beaver ponds below s·tat1on c., 
the t"'ise 1n this stretch was mo~e tha.."l balanced b7 tho 

eocling r.,rooesa fnrtb:e:r downstream .. The overall diff$r«1ee 

1.n spot readings from the ctilvert to the dext station above 

was as much as B"'F., wlth a. lX!~M decline of 3.54'tP. !n th~se 

f1.ijUNs d1.1:rtng the sum>~r, due to the gar1eroua she de snd 

good supply of adn1.t.tom1 cold gro,md watar. 

At th~ u.s_ ... 45 attat:ton, the h:lgh~st teinp~rriture ,-:Jf' 

lfi;50 w~• ie-ool'lled a,; 6'7~F., srH'l at no time WQ$ the wa ti.n'.'t 

thermall:, C.P1tion:l for brook trout 1n this portion of Ulttff 

Creak~ over lme whol~ two mtlea from t'Jtntlon A to the high• 

way { station xn th~ miud.m111:n r1 tHft 1.n ternper9;tt11"e was 10!"1,!P .. ; 

a value jn~t l$tUi than hnlf the increiase to the next tlpetree.m 

stntton the previous yea:r, which rue-0unted to as mu.ch as 2l~F .. 

over two 1ntf.7rvca.le.. The e.ver~e difference deol1ned a similar 

magrti tude, from a wa:rmJng of 16.•f'F.. in 1049 1n the eho~ter 
0 len.gth of oPeek unrler obaotavati on. to only 'i., 1 F. in 1950 

th~ough a longer study ~rea. 

Thi$ harmful tvJrrip$ttature effects or the water f1ow1~g 

~om the uppei" beaver p-0r:ids w.er(!! thus <H.>l"'.r'<H~tt,d upatroam from 

the erosaing of highway u .. 5.,...,45., VJhe lower• third of th1e un

impeded reach had the most e1gn1f1eant cooling, a Pttooess 

which oceur:r•ed to a 1"4etun-• inter.ud. ty .tn the u:µstPe-am th 1rd; 

however, 'between these two there was QJ1 area o.f ab&ndonecl 



water beaver ponds were well provldr,rl with cold water for 

the ~tu1id,!!1nt trout population there, •ltho-ugb the heating of 

the en.irirar.Hl ls.yers was the .factor wh1eh dominated their out

let tE>mp$ratu:res. 

Tem.pctttQtures we:r•e cr1t1cnl to this etrea,mt t1 trout 

produot1vtty as baaed on pock~t themomoter readings at 

v&r1ous locati,:,ns around the two pondt"l o'f the beaver colony 

1:n 1048. ilhe ov~:rall :r-1 se th%>ough the two impound.,'\'!ents in 

thia yeatr had a mean valt.H~ of only 1.2~:P. at staM.o-ns bnl!'

wey up the main pond and n,t it~ dttm, stratification in the 

top two feet or watarr dur1t1g August amounted to r,rn n1ueh aa 9° 

and 10°:fl"., 1JEH1p&ct1vely, d1iff'erences that reflected the 

num-el?ou.s sp)tings wh1ch entetied ttie 1mpou:ni!...me:ot over ite 'Wb.ole 

length.. Proe,Eted1:ng :from the upper meadow to the more pro ... 

teeted lower pa.rt of thin flowage . ., th(/1 s11r.faoe ternpel.'tatu!'e 

deol lned as much as 6~F- .. 1 but @n another ooeae1on 1 t tiose 

the coole:i:, spring wnter- supply gre.dual ly lo~t 1 ts effect 

tlwough th:ts pond, while the eorrcH1pond1ng surface temoer.u

ture diff$re.:nc$cS d.e;pended on varl. oue .factors that m1J.y have 



I:n prooe£Jd1ng over and through the dam~ ti:~e two sorts 

or wsttrr weve mhtcd, and it seem$ that the underlying layer 

we.:s wam«u1 re,ther thQn the top f'lovt• being cooled to any great 

t1xtent" For nine ooeasicrts the temperature decline f:rom the 
. ~. :~, 

la.tt~tt to the outlet avering6d o.41?., whetiea.s the rise above 

t.11.e .former, wh.1ch was ohE.HJk,e.d only thf'e~ inata.n.ees, had a mean 

e:ux111ar,r pond @.ppe&l"ecl to be nag11g1blis; and balow th1e the 

ore~k in turn ws.e warmed in 1ttt pe.sse.ge through. tbe old. logging 

pond 1 and then cooled flowing b$'tween o.lde:red etresm banke to 

the 'b:,idse-

In lihl9 tU1d 1eso., temperat~ree eri t1ee.1 for trout su:t" ... 

f~om the followin€; loeQt!oni: station A at the h(!sd o.f the 

hotne impoundment, stst1on Bin Pond II elght yards sbove the 

main d~Jni and atst1i::,n C below the #J.UXil1ary at:.ructur~s. 

nu:r,1ng Sfi11en fortn1,3h ts or the 1949 tJttr:<'ffi.-,<H", tbo mii;~i ... 

rottm t.empe1'-atures of the water entering the pond on the f,~crJinty 

were eri tioal fQ~ trout t).t least f'our times, and the hlGhest 

reatU.ng h~re w&e S<i':r;,., (Table ?),. Unfavorable conditions of 

the afflu@nt proper occ.1,..rre?i dur:f.ng only one week the next 

year when the mer,cucy reaehe~ ?6~P. la ta in June ,, In 1049 

the mean difference throttgb the 1mpou..Y\dment over 14 week5 was 

n red:\lotfon of 1.1~111., but th.a next seaaon th$ change averaged 



!able 1. 'iieekl:y Watfl" f•pel"attl.N B~•- j\lld mt~• between StatlQr&S 
~n McG1nty Creek, 1949 and 1950. 

=========:::::;:::::::::::::.:::::::=::::::::::::::::::::::::=::::::;:;::::::::::::::::::::::::::::;::::....-.-.-. ======------------------
tOOA.flOi Am). ~~ll . ( 0 :,. ) 

1949. W.-k Sta. A Oblutg+, . $'9.,. '.B 
'begin.ning (inlet) 11a 1J):3't, (Pond I!) 

............,_., 

Jue 12 ~--ll6 -10• 10- 54 
Jaae 19 ff ... ;a 0 72 - 55 
~ 26 72 ... 52 +2 71~ • 58 

July 3 1§.;... 57 · -3 73 • 59 
13 - 56 July 10 13 - ,, o 

July 17 74 - 6 . -2 
.Jul;y 24 l§.-.5~ 
July 31 12 - 4s 

A1lg.. 1 11..- 4s 
.lug. 14 72 .. 48 
Aug. 21 · 65 - 46 
Aug. 28 12 • ~2 

Sept .. 4 62 • 42 
Sent. 11 62 ... 42 

l-ee&:1 ehv.g&.-
14 weeks 

llm1iber eri ti.cal 
finks 4 

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

-5 
0 

+l 
-2 
-1 
+l ., 

0 

-1.1 

72 - 56 
13 - 62 
72 - ·;6 

]!.•- 57 
70,. '? . 
67 • 5 
73 - 52 

65 - 51 
62 - 50 

1 

- -~- ;,, "" - r ---------------·:t .,... 
C}hange · Sta. o f 1950, Week Sta. .. -'. Oba,nge . 5ta.. ». Ch~ .sta. C 
ta mu .. (outlet) · m,ci~iag (inlet) in max. (Poncl II) h max .. (ouUe-t) 

-+4 
0 

.. 2 

... 5 

... 3 

..4 
+5 
-2 

+2 
+6• 
+5 
+2 

♦2 
+l 

+2.2 

74 • 56 Jw.ie 11 
72 - 57 Jun• 18 
72 - 59 JtuJ.e 25 

68 - 6o Ju.17 2 
·70 • 598 hl7 9 
12. ... 61 · July 16 
1!. - ·.65 '~ .• ·.7 2. J. 70 ~ 6o Ju.17 ~ 

12 • 53 ... 
71- 47 . .., 
~- 48 . " 
65 - 50 
71- 53 
70 - 50 
6s - 51 
Gs - 50 

•• 
•·tt: +r 
+; 
+5 

70 ... 49 . +2 
67 - ~6 ♦l 
6>.+ - 44 -1 

· (7o)i 
{72) ...... 

-• ····• (64) 
~-54' 
11 - ;5 
73 - 54 

go•.. '9 Aug. 6 
![- 62 Aag. 13 
12-;7 ~. 20 
12. ~ 62 .Aug. 27 .64-46 o 

72 • 55 
6s - ;o 
63 - ·49 
Glk,..53 

67 - ;4 ·I· Sept. 3 
63 - 52 · Sept.lo 

5 

Mean clumge, 
9 \HMtk• 

♦ 

64 - 43 
~.- 47 

l 

-. i., .• t:o i:;.:, 
~ 0 ...... ,..,. 

o 641:.52· 

♦l.6 

l 

•• 75 • 54 .. -ie- ;o 
•• 11·- 53 

... 69,.·53 
•• 76 ..... 59 
... 5 13 - 55 
+3 ... 1;: -r.6 ("" ....... ~· 

+2 ll- 54 
+6 f*•S5 
+6 7 ... ijg 
+1 70 .. 50 
+5 6, - 52 

+9· 69 - 50 
+6 70 - 53 

+4.3 

6 

• i4;axlml.m weekly figure. · 
t Ori U.al tempemtur~• ( > 75°r, ) tmdtlrlirulld. 

+ Spot readinga in :parentbe1Mts. 
I Tharmomete:- moved. 

.... 
~ 
0 



1'71 
1"6~F. w~rmer" The larger .figtu'!-e reflected extreme surface 

,,tnrmtng 1n on'ft inst®cc during July, 1960; however, e,11 the 

rtn,t of the ponr1 ll'eadin.gs were dortd.nate.d bf the co,:,lef' tap:r~:tng 

water. ti'his particular wuiw.um Wt\$. tb e only cr·l t:i. esl one of 

the second yea;r., a.'flcl another 78"'.P. h8.:d he«l l:'eot>rd.{;ld the 

previ oua sunimer. 

Proceeding dovlnst~~am tt>om stat1 on B, the :rir;e h1 

tenipe:rrature w~e f~irly oons1etont, except for e. mo:n.th prior 

to ths reoemipsney ot the 1ogG1ng dtu1t, ,men tbe out l~t ma:xi

mt1m over four weeks averiilg,ed o.a~F. leas thgn 1:b.e eor:r•eepo:nding 

:figures in th4lt main beaver pond.. 'f}uring the remainder of 1~4f, 

the in.cY'~ttae th~ough the newly oct,u.J>it,d ares. $$ ~11 was 

limt ted to ef):F .. , ~ntt the next s~a:son the hlghest :f.'!.gure ,,a.a 

half ag$.S.n as l~rge.. i'fhe metw J:lliaes of the maximum tempe1•a, .. 

rn the $umme:r of 1949,. the c:r·eek h.alow the three beaver 

ponds v:as ~6 hot $e BiO@F., anxl nes.rly th, is wB-:rm on f ,;:)'tl~ 0th.er 

dtatas. '£he htghest rem11nJ the fol lowing sun:Imer ·was 7H0JP,. JI 

which was reraoh@d during th.:re.e weelnia; in addl tion, values of 

75 and 76cJi'l. were regist@red,. 1'\Yur of the half-dozen total 

ot e:tii tie&l periods eam6 eal"ly 1n the tHH;ui:Jn wben the me.ln dam 

was still washed out~ the other two ooQurred with it h: a g•:.>od 



Tbe OV$:rall WQmt1ng in 1950., exp?1et1aed s. s the mean 

Qf the differences between the maximum reacl1:ng~ at inlet and 

outlet stations., was 5.9('f1~'. when the main pond wa.s i\l,nctl:,n ... 

ing, end. only 3.s~:e. without tt. ?}he year before, w1 th tbe 

1osg1.ng $tl"t.lctul?e re'b1.1ilt, the rlse was 1'\,'7,.,:r., ~nd without 

1 t a decline of 3 .. 5~:F'. wss ev1d€nt as an f!Verage for, the 

earlt~et month of rt-'@eo:rd. The flow of spring water w1 thin 

the main pond may hatvtt been &nffio:tent !n th1m 1t1terval to 

previd.1 oveti' the w@.m mg o:f' the sur.f Qc e both here ru1d 1n the 

aux111ary pond, a el tt.:ttltion ~hioh wtaa 1".'eversed \~.hen the 

animall!l sb.lf~d the:i.?t aot1v1t1ea eome diatmnce downstream to 

flood a w-:td~ Md 1011s unshaded :bnpcrtmdmtmt.. In 1949 the 

gremtast :tru.i~r:u~me was 5~F .. ~nd in 1950 a(')p., 

Fllrthe:tt examination ol" the te1:1perature t1hen.:unena :f:rom 

was in this rebuilt pond r•s.t.½~r thim in the ma1.n one, which 

was 4\dequ.atel:y suppllef1 with spring wster.. Te!Jipere.tureu:t thus 

provided were genaPally tavoPabls for trm1t aurv1va.l through 

hGt weather :tn the letter area .. However,. 1948 spot o'bserva ... 

t1ons tu,.d othe~s 1:n 19tey, years 19howed that ttl e outlet tempe1:-e.

turiee from: this flowf!.\e;e t-gflaeted high surtaoe :read1ngs and 
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were net dc;,m1netQd by th@ tH)Gler t)t"Otmd wat~r.. such a condi ... 

tion wtu! tM.H::entuated by t.he reooc11pancy of' the loi,;t_;,,ing r.1ond, 

he low wh1cb thG creek was quite wam. Yet the tt~e mtagn! tu.de 

of the heating here was obEH'JU~t'H.1 by the lD.ck of ol1tlet mnd 

( 4) Morrtson Otteek 

In 1948, the first yea or thta study~ the headwater 

mandow of Morrison e~eek wae not impounded. b,- the beaver; e.e 

1 t had. b$ffl at least tw1os pr:ev1ouely 1n the past aco-re of 

ytJars .. The etveam was fl.owing steadily and fed by many springs 

but 1n th!e o~n, expo.std str6'teh 1 t was w-ar-n1ed above what 1 t 

ha.d bee,n ln the cool upst~etu"i'.t S'illrtunps.. on July 27th, ?.Jhen 

afte~oon air temperature$ were 1:n the high eot G ( ~~), the 

wa te:r at in:tervnls downstream to the uppermost. blown-out dam 

was t\PFl9a1sed Supttniber 3rd, shortly a.rte!- ita CH>m·plet1on11 

the st.l'Je.ru.tt here at 4 :oO Ihtn., Watli only 66(t while the air was 

Th8 Wt'lfac.e waters of the uppermoet impoundmGnt be

came hot in.deed ln 1949 and 1950. !!~his heating extended down ... 

wa"rd at leaat 1.5 f•et in the lowe:r end or 1h e pond, spot 

:readingt:t th.rough each aumn1er indieated ta.vorable tempe~atures 

for brook trout in the upper areas of' the pond; to "h1ch the 

f1sh ret:reated from the undue wa:rin:tng do'Wt.tstrea.m, anti where 



they were CH.'Jnemtrated for th~ arie;l~1~s, part1oule:7Plf dur1ng 

the heat or 1940.. on the other i).and, th~ rivn.11ahla he~bl. tat 

was mue'b s_raate:v the noxt ye~r \ltun1 tbo fieherr .. ,en,, EU1p~otally 

those who did not know the pond 1 ra_portedly had a rrio:re tU..ft1 ... 

cult time irs oet~hing trout. 

A iua~ies o'f 10 muir·:e;um ... m!nirm.im thermometer f1gU3'.tee 

up the ltWtgth or the mile-long flowagf¾ a:u.r-r1ng the sumn~r or 
1950 provided a (lttai led miHu.mre of th erma.l strati fiem tion 

{ Te.b1e 8). Thflse randtngt; W(tre ttiil{tm on th8 thtrd, d&y of a 

hot spell when thtS blue eky was nbove lazily dr1ft1 ng olouda 

borne b7 a sh1:ft1ng wind. 

D1fferf3nees between the surface and d ep ttls of th1..,ee 

and fou.t- :feet ranie<l from 5~ to as much aa ao..,:p., anti had 

~nd t?'ihub11,ries al1otH1d ve1•y t-itr•11'.d.ngly 1 but 1 ts effect was 

su.rr,r1s1ngl7 l¢-ca:l. Only ths momt dovt111&tream or the figures 

did not appea:r- to be a 1 !mi ting fa.ctor in this pond Vally often 

du~ing the cooler sumr~u.n· of' 1H50; exeeJ.:it for its most d.ovm ... 

et:r~am reaeh~uh !t is PecognJ .. sed., however, that g'.rf?oter e:x

t~emes m~y have c><HJU~1~ed. l@ tel" in tbe aft.erino:::,n. 

The probability that temperfature wa.a e limiting factor 

.f:or bt.-oo'k trout !n the lowe1-'fmost part of ti."1 e upper Mo-rri son 

1mpoundment watl evidenced by tho onl)" thermally ind.1.u,ad fish 



toeattoll 

Aldered -dam alM>ve aatn. 
Blown-out dam 
Off aband.on-4 lo4ge 
Nat .·b«rld. u:,stnam 
Swamp bole 'belcwblind 
Upstream by 4Uck blilld 
Ott 014 cabitAe 
1rt-1'butary ,.1"3. _., 
i.-_bend:·upatl"Mm 
Off l>oal laming 
Bal.f-vq. tie ft rat Jp!'1ng 
Otf .f1rst tpring·hole .· 

In f1rst&pl'1ng hole 
Upper end, fint oxbow 
flra, 11pawt11g :riedd 
Oft teeond. epring >hole· 
Cutei- second •.Fine. 
Inner- aecond apl'in& 

Mean 
Ran&•• 

t'a'ble 8 .. !he~ Profile of Upper Moi-rison Cl"•elt Pol'ld.• 
. Jult 21. 1950. . 

( tempera ~a a:re 1-t. degrees r.tu-enhe1 '• . and. the 
loc:at10111. pNgress upa\rea through ihe no-.~) 

'nm• 411" · Su.dace Dlffer- "-0 ·•P. •.ca t,~t -~-
2:20 p .. m. 70 7$ 2 1, ' 
2:30· p\l'm .. 70 18 11 71 
. 2:is p.m. 13 1, 11 69 
2; ·.O P••• 12 30 8 72 
2:4; p.n. 12. • ' 71 
2t50 P••• 73 71 1 71 
JtOOp.m. 18 80 ;~ 70 
J;lO p.». 72 78 ' 69 
3tl5·P••• 10 so·. ". 9 71-
)t25 p_.ll. 71· 7g 10 6s 
Jt30p.Dt •. · 76 IQ 12 6s 

·· 3(35· p.m. 69 76 10 66 

J;4o p.m .. 72 71 11 66 
J:45 p.m. 6tf 10 5 ~-l:s, ,.m. 72 10 6 

·. :00 p.m. 74 'Ji 5 68 
4:o; p.m. 71 4 70 
411.0 p..m .. 71 1s .··15 63 

D11t•-· 
ace 

5 
4 
1 
2 
l 
2. 
4 

11 
3 
1 
3 

' 
6 ,,ii. 

l 
+l -
' 2 

11.2 11.0 !.l 6£3 .. 9 . 3.4 
68 - 7g 63 - 76 l - 11 10 - ao 2 - 15 

.~-.-~, 

f~tal 
fcn\r 41Uer-

·reet eace 
~ 

71 l 
67 11 
6S 11 
70 10 
70 10 
69 
66 1? 
53 20 
68 12 
67 11 
(;5 15 
61 .15 

Three 
f•ot -

6o 17 
64 ' 6; 5 ... 5 
64 10 
61 17 
6;.; 11.s 

58· - 7l 5 - 20 

...... 
' · . ..:? 
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mortality which occurred during thte tttudy.w o-n the a:t-ter•n0,:)n 

r,f July 20, 1950, 30 les~l ... size b.Qtchery ~alnbow trout were 

stoektld a.bout one ... thlro th~ d1a tanoe up t.b1s flowngth A week 

midway between th~ m$'.1n dam 001d the ala blown-out ~truoture. 

The next e..ftemoan that-$ was a d.~s.d lm!n'how st the west eru.t 

29th, ~nd a rou~th on Au~ust let: they :ranged from 7.2 to e.9 
hicbes in l0ngth. fro external injury was ev1den t., but since, 

both minno"Ns and tt"out h~1 b,isen found11 r eonclud~d. that an 

eeolo51oe;l faotop., prQbtthly the:rmally regulated, ~s responst ... 

ble.. At l&a~t some of' the ra!.nbows could have mov$d into the 

t1p:ft~e•m resoh(}s which we:re to1ert1bl~1. nurtng 'the week b~tweer1. 

the stoeklng of thoa,e fish ~:nd th-0 obse:r•vfat1cm cf moi"tt"J,lity., 

temperatures b1 the lower par,t of the f'lo11&ge \iere ;am hl,;h as 

'78ll>F. 

Th.emal r$OO;rtds for the i\'>l?ego:tng 1mpoum:lmen t and the 

wate!'e downstream eame fxiom :f'olJ:l) max:tmum-min1mum thermometw $ 

in pos.1 tion along Morrison creek: durint; the field sefu1ons of 

1949 end l950t St&tion A, the n1atn pond 1.5 feat below the 

st1i•race at the edgs of the le.rge blown-out da;m 40 y&t'lls ebove 

1;he rl$ ... OCeup1ed !mpou't!ding ert:r-uet11tte; Station B, t te outlet 

six 1nohes below the sttrfa.c~; Station. c, opposite tod.ge III, 

the inlet ror the low(l!r s~t of recently ab~ndoned ponds; ano 

St•tton D, the outlet from th1s area. 
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Tem}.')0raturta tn the uppermost M-:,:r1 .. 1son pond wer& 

c:Pi ticetl for brook t2:~,~ut du:r!n~ 11 wtaeks of 1949, being !n 

the Bots t'.\ntting $ix or these, with n rnutmum of B3~F. 1~eg1s ... 

tiered twice ( Table 9). The ·r,e~t stul'llY.:G!' was not as severe, 

snd the highest rendiP .. g was t-wo de.greet! less (Table 10) ~ 

warming durini ei@ht of the 15 weeks of reeo~d created 

unf~VO!"'fible eond.1 t tone for thl;j faV.cired gnmfJ f 1sh., and in 

throe of the ae pert oils 1 t amount ed. to eo~F. or m-oll"e. 

In. PEUHP1ttg QVe'll' $.nd/or through 'fh. ~- m-ain dem to thft 

cutlet { 3tation rq the water cooled as nn.1cb. as z"·F. ln lf:4tl, 

when the 1'.lteM ohm::tge t"or the summer was fi d£iel 1ne of almost 

on~ degrse., The nie~t season :produced ~t1rtttally no euoh 

ehang,e,1 hcwevef!. Tb" numh6r of c:r1. t:toal wee.ka wns the n~ 

both j$11~t:i 1n outltllt and pond, b'-at tempa:ratures 1:n the 80' s 

oeeurr(!ld only he 1.t as o:ft~n th~ first wmmer. 

From station B downstream to C the creek flowed 

th.rough \ttleJhadGd ~b$Tl.doned poru1u. The uppermost of th1 s 

defunct serieet wa:s r@oocupi0d by be1ivo:r eo.rly in July of 

~t>ie seeond B1.lmmtillr• Until thim ~ebu!lding toolt place, the 

wa;ter bad warmed oo:n:d,atently 1n 1 ta pessai,.3a through th1s 

str&tcht but th<!reafter in 19501 the~e was a small effect of 

cooling.. ,Jv~ir the pr0cediru,3 year the ma.ximum temperstu.re had 

five times rieten two d~greas and once three degrees between 

these stations, fora wh1oh the memn 1nor,ea.se wa.s o.v1!>F. rn 

1950, however, th.a two oont:vastins influeucea almost balanced, 

but here age.1n e'lsht weeks '&i1ere ori t1cnl, three of ,,hlch wore 



?:able 9~ We,akly lia;te:r i'empen.tu.re ~•s and Changt11t betw•en Statton•• 
Mo:r-r:hwn1 Creek., 1949. 

,.......,___,...._._ , .. F"" _t_ •11: 

'.LOOifftON dll 'fDP&A'l'UD (0 '7.) --------------------------... ·-------------------·----..... --
Week Sta. A Chai,.ge Sta. ll 
begimiitt,; (upper ill (11.ppt,r 

pond) fflUima outlet) 
-

Jae ; 11-... 57 0 Ii- 53 · 
J'w'le 12 SO - •58 .. 1 ];l-6o. 
J\11\e 19 11-·63 0 1.1 .. 63 
June 26· !2 ... 65 -1 12.,.. (;5 

lul.7 3 r-61 0 *t_ 62 
.htl.7 10 - 94 -2 '-65 
J'ul7l7 00 - 0+ -1 ll • 6ll 
Ju.ly 29 •fit ... 64 -31' !30 - 65 . 
Jul7 )l li- 63 -- 0 li- 63 

Aug. 1 62 - 65 -2 ro - 68 
Allg. 14 'ii. ... 64 -1 ,-66 
Ang. 2l 72-·6lJ -1 1 - 0+ 
.iug. 28 711 - 56 +1 12- 51 

Sept. 4 66 -54 •-1 65 - 53 
Sept. 11 62 - 55 0 62 ... ·5g 

Mean chug•• 
14 weeks -0. I'S 

Wllmb&r o;r! tleal 
weeks ll 11 

• L'ritical temperatu.ree(> 75°?.) unorlln(ld. 
t Ha.xi.mum veekl.y figure. 

Chance . Sta.00 
in ·. (Lodge 

maxima· Ill) 

+3t I!·- 54 
...2 I;. ,o 
+l · ·.·. J! • 62 
-1 · l!.- 62 

... 1 Jtf•, 62 
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ll'a'ble 10. Weekly Water !'emper:at'!l-rel,;.ft~ea and 0~s between Stations, 
on. Mo:n-S.'$011 .•. S~k. ·1950. 

U>OA!tOW ·.&JW·. !Jif~ (OJ'. J 
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BO~F ... o.r eto,,e.. 'l~he stl'enrr, had risen to B2~r. three t:tn,ea 

in thl1 prjevioua s1.a1nmer, ¥.'hon 12 periods had. been un.1"avorable 

for troti.t:, tive of' wh1eh bnd produced tempt.n"'s.turias in the 

1:U.iSb.sst tetnpeiro.tu;r-,ee ""ere 0vident *in tba lowei?most 

reaches of hea·uer activity on the Morrison: from Lodge III to 

the lowe$t t'Jam of the serte-s. Ht:1re the rise waa as much as 

4"F. each summer to ree.eh highs of G4~P .. twice in 1B4G, nnd 

85°F. once th~ ne:tt year. '!'tVO•thirda of· the 12 weeks of 

temperatu!'ea unf&vorahla to trout in lfl49 were 80l'IIP. or wors-e, 

a oond:t t1on which o(H1lll:TtHi a1x out of ten times the tH)~t 

at:uu1oth The mean r1ses v,ere 2.3 and 1,.7.,.,F. respectlvell,' .. 

Th$ ove~11 oh~.nge through ttl e four maximu~1 ... mtni.roum 

stations waa one of teroperin,a :!n the at:ream's passage over 

the mn1n u.rpsr d~" succeeded by accentuat:t,.:na of the w&Um:h."'.g 

$S the ctteek eouraen th.rou6h. the lower a.be.11doned beaver p-ond~ 

0"1.gure 26) ,, 11:he grea teat r} et eh.nni:;;. e from the upper f lowage 

down to the county rood crossing -was ""1?. ln u;,;~i { tlma.n ~ 2 .. 4."'F.), 

e.nd 4°1,,,, the next yeru? {menn = 1 .. a~F .. )~ a rtcure \11:hlch had 

been ecr1.11:tlletl or exoaoded. f'our t!t11es durin;; lt.1. a previous 

aumrr,er. Yet 14 spot te:mrpa;r,nture checks ln H)48 $;1owed loce.l 

cooling from t1o.m II to lot~Gl" stations arouriO Dam I ond the 

:r-oad bttid.ge.. The mean of these was a loss of 2. l'GP., and the 

g:ti:eetest tempe:r1ng ettect was 14ef~., although there was a 

rise of ten. degr1Sas on nnother oeoaslon. 'F'tiom nr,;I' knowledge 

of' the 'Pond I stte 1n 1S4'7 • the au.n·uoor before th! s wos hn-



F1gure 26.. weekly ~ater 1e1~peratve HEmges~ 1ton1.son Creek~ 1949 and 1~50 .. 

Lett to :rtgbtt St.a.t1on A - uppe..-~ (b~ lln•J- $tatlon B·• uppe~ outlet {.enlt.d 

lln•l• station c ... ·tod.go III (b"ken 11tull),. ·tma. Statton D • 1__., ou:Ue\ t eJ..14 
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pounded,. th'i! creek he,re reoe1 ved several epr1nga. Corild it 

be that unde:r cs~ttt1n weather condl ti one this eoo1 we.te:t- h~d 

when it was aeW'atetl an<1 m.d la.ted in a na.tmr;al flowing stream? .• 
*·' such $ :ph$nomenon would also acc.oun.t for the er-e~k' s tempe~a-

tur,e as 1 t w1ui 1ntluer:1.oer1 upstreem both by· tile rurw middle 

pond 1n 1950, and b~;;r the msin upper pond when it was etrat.1 ... 

The predomintm. t thermtil chang a in the d r>vmatr(1tun 

re~ches of Mor~1son Ctteek which had °b,G<:n forme:rly oecupio.t 

by bef1v<Br w,us a wsu•ntLn:g one, tho sever·est ol all thos~ und,u .. 

intensive obs-ervati~:n. Thi$ Wfii.$ a.tn:iilnr to the e:l tuation 

?Huff OFeek, where too th.ere wa:.s M &betilute lsek of shade, 

and the affluenta v;ia~e soon. heated.. flowev.,r, 1:n the Bluff 

the Middle ri:raneh of tb.e ontona.gon Rtvor, ra.ther than co,)11ng 

it, a !J roost fee-:del's nre prestlmed to d,o,., 

'8. Fi~d~,ft;f$~ of (!tb&f ;pvest~.f~.~.to~~ 

B1ologiats eli($Where in the na.t,ion have noted. the 

wnmh1g effects of b6S\1 e~ ponds in ro1e1ng th{j tempera.tu.res 

of trout at-reams, wh1oh inay be e! ther banaftc1al or han11fu.l 

(Hubbe., r;reeley., and 'l'arirwell, 19S2J. Although the sum:c1er 

h~ating of the impoundments is i3enerally 1"8,t;tlrded as the 

moat serious thermal m.antf'EJst~tton of beaver oooupancy on 
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the favored. game fishes.; S~lyer ( 1935 ... a) held that e.u.tums.l 

eool1ng to ternpermtures 'below th@ spaw1ng thtteshold of brook 

trout often stv1rel7 1nterfet"ed w1tb the1!' natural repro-

duotion. Wint~r oond1 tions 1n Alta.ska ean be quite precarious 

for t1ah :t'f'es1de:nta of bea.ver 1tnpou.n.dment,t of' the Ftt1rhr.1nks 

a:ttea., where 30 1n-0he:$ of daptb 'lH$:t'G necessary to r.:1ravfm t 

fre~ee-cute (n~k&l.a, 1952) .. 

Si!Vet'al men have pointed out the dil"'ferenoes between 

t..~-e sumroer wEtrming 1n n~l"row tl;rtd eonf!ned., deep p,:m.ds ~s 

oppo,se,d. to that tn wide,, t1thallow :fl.owe.gee ( are one, Itun ter, 

.Md Benning, 19~2). '!'he :ft1?1tier occur particularly in mount8'1n 

:regions with steep st!"esra gl"s.d!en.ts,c which may have aocour:i.ted 

for the abaanee ot 111,gnific.u:1.:nt temperature varie.t1ons alh:>ve, 

w1 thin, and below a s~:Pies ot impou.ndm~n.t.s in !/\'est V1:rg1n1e. 

(Swasey,. 1948). lfueh the ru~me oonditioru11.9.tte present in 

western u-n,.t~d $totes, wa:Mrr!n~ la $0ldom t;ever·e enough to 

t.f':reot trout po:pul~t1ons a.d:v~~sely., 9nd ~at little does ocou:r 

is regarded ~e l:Hst:tef:la1a1. Rt.aamuaaen ( 1941) f'o,md no glftent; 

r1,see 1n tertperature on streams oee.up1ed by beaver in the 

Rookies of tltah 1 1where 'the ave~age si~e pond wns only o.s of 

sn. e.e~e, anfli str~am g:r~dient had a mean of 115 feet per mile. 

i'fJ101.1t stocking in Glacier ~fl),t1onal Park i~aa more eruece©::iful 

in waters which b.ad beon warmed somawhot 'by tbQ pt)nd3 of th~ se 

ru11mals than 1 t wtt.a 1n t.hoee ayst¢ris :from vih1ch beaver wer·e 

s.bsen t ( Haz$ard, 19~~, • 
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An \n1usual obae:rvatlon 1n northern W1scons1n <lemon ... 

strated that impoundments, by deepening the water., could aid 

fi eh SUl"VlV$l in rot.ik'Y' reaebes which watlld otherwise 1:up;e 

been ahtitllow and hot ( Couch, 1~36) ~ Salyer too ( 1935 ... e.} 

reoognized th.ta benefio1e.l ef'feot for M1ohigen etreams tr1hu• 

tary to fAik@ superiort and srueh condtt:tcrru., might also oe.c 11r 

in the Te.ma:rack Ri'V$t' headwaters east of Watersm-eet in G-o~ebio 

county. 

Whereas the western mountnin streams are genarnll:, 

1mproved for t:J7Qut by- beaver o<H.-:upano:y, i~he wnri!i1lng in the 

lass r-ugeed terrra1n of eae1tem United states 1s defin1tely 

ha?'mf'ul, ~aeordb.1g; to 1l'al•swell (ms .. ) sntl !teid ( 1951}. Th0 

he(ltir1g is due to s~ve:11al factors; which include the slow 

flow or the $tl'lee.m,. the •,d.de sprend of the "7ater, tlnd the 

det!truet1on of shade trees ( ratte:r•son, 1051 .... a}. $&lye,-, { 1934} 

ttEia11z~d the.t those vt1rious elements should be cons1d.e:red 1n 

en ove~a.11 evalu~t1on, but the numa?tous Gladwin refuge tem

peratmie fi3Uree of B.rndt (1~34} are difficult to appruise 

without e. good knowledge of hia &tu.dy nrea as tt was two 

,;iee.s.des ago• 

Howeve~, EVeJlS (ms.} demo:1streted. conolueive ws1•ming 

in the No:rth Shore atr<H1uns of MtnrnHi1ota \\l,·'h1ch flow into uake 

Superior.. some of these bec~e bo-tt~rr than 7tf'r., and others 

eurpf!l;saed th~ t<:tmperature of optimum br-ook t1•out e;rowth 

{ a.~~:F.). H'.ls late~ report ( 1948) on the seine work showed 

oons1stt;lnt :rh1es f1'0m the inlets to th$ outlets of several 
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ponds, 1n which theramBl stre.ti:flc.Hltion WflS as great •s Uf''F• 

in a~ven :reet of water. t1 ttle tiu:1e:rage through the i1~•ns 

f)Oottrred, and Patterson ( 1060-a) also totuld -that surface 

t41nnpertttures governed tho$e of the ontl.:eta from heaver im-
'·~. 

pcnmd'm&nt#J 1J1 northemstei-n 'w:!l~eonsin. Tbermom~t,ri-- readings 

dovmat~ewn frem some V,'yom!:ng ponde were approl¢ima tely equml 

to thoae one foot below the eurfaCHh $\Ccorfling ti-, Ballou 

hly~r (1935 ... a) held that the w~1ng of trout waters 

l:ly bes.VtXt was only af secondary import because o:f the usual 

cooling in reaoh~s 1.m.mod1tit~l1' do"WnErtri-eam .from thtl1I- colon1eiu 

In M1nntn1ota Rtilt e.nd Ja:rvim.pa { 1960) had .almf lar views, out 
Evans (ms .. ) eautirmed tbst pos,311,16 h~rm in such st~~tches 

should be weighed agtd,.nst the benefite of the e.ct1v1 ties of 

theee ari 1malth rrhe latter. invel!Jt1gator { 1948) eort-ela ted 

Pa ttf4raon { 1\7 50 ... 41,) oompa:red t('lJr.ipei•s tur$ e on a trsarri$ 

with and without beaveti dmnt and found tho.atJ or the f'ortaer 

to be eon1lderahly h1gher. AocoFding to him ( lSsJ51-e.}, tribu

taries of the latter sort sarverl to <!ool large!' wata~s f:ri::nn 

the wa:rm1~ effects of po:nd.e elsewhere 1n. the drainages. 

~the imiK)rt of cold feeders to a main 11;tream hs.d ear11er been 

~ecogn1sed by t.rarewell (ms.,) f'o:f' the ~laok Ritter 1n M1ch1ge.n' a 



:from a Penobscot Rivel" t:r!.hutaey 1n Maine { Rupp, 1953). !f'he 

pNvlous 1nc~ease bad. not bf.len thtrmsl ly harmful to a r~sident 

brook trout poP'{2l&t1on, thanks to th.e counteraet1on o.f numerous 

the temper&ture effects of n t"estored impoundment in Michii;rui 

( Sheti:ar.r tmd Whal ls, 195~).. The rebut ld1n,~ of an abandoned 

heave:r darn on Fullaf> cret!k, ~ontmo:rency county d1d warm tba 

stream, in the pe~1oo following the reconstruction, above the 

Tho:rm.a). 'l'ole1~~rHHH:1 iU'.ld i);:,t:lmuru !'empe:r>ntures of Brook T:r•out 
~ .•• ;,. l"lorc.i'I: '. • .s 

thelr ptuuua.ge through beaver ponds.. P.efore :rendering judgment 

on this clen,ittge to the hsb1 tat,. a revtew of the therms,1 toler¥ 

im<HHll of' bt'ook tNttt ts a:p-p:roprtate to estmb11sh v~lues f~r 

minimum, opt1fflllm1 ®~ maximum tem.peratural! of its e:nvironment. 

Embody et al --
P~tor t,o the wottk of Emo<)d:, { 1921) tbe highest 

fm.11orable temperstt1.res fo!' brook trout waters were regarded 

ao 68~ to ,o~p., hut he found that this species oou ld be pro

duced h1 1,onds much ws:rmer than p:rev1oualy supposed. small 

iz,,w Yo?-k a tree.ms t\,S high es '1"7 ... '7!:l''tr. produced good yt elde of 

brook trout, a:r1d the corresponding :f1G.ures for brown and 
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steelhead' tl:"'"out ?t,·ere 83° €i.<"1d 85°F. respectively. It haa 

long been reeogntzed that th~ b~ook t:Ftm.t is tha weakest of 

the three d!lpec1m.e ln 1 ts thermal tole~Qnee,1:l, f:)Jid the other 

two will not be eonside~ed in this a.pr.Jl'td.eal, ex.capt 

!nd l'!"ectl7. 

nur1ng one aumme~ Embody ( lfJ2l) held a group of brook 

trout 1n a 20 .... b7.,..4 ... .rocJt re.oeway sttpplittd ,,1th spring we.tor. 

'!'he fish were 1n d1e~es~ ~a eeased feeding at 83.-5"F., after 

wh1oh they liv:ed th?"®gb .sh days '11\t'.1 ieb :rsnged from ?B .. aci to 

80.,'i~F. Eowever, t! 20-p$reont mort~lity oeoUl":r>ed at 84.2~1;,;._, 

hut thef'le were no t.\(4!\ths the next day 11hen the msxim,,.un w~s 

02.,4/·"':r,. By the t1me the temperature reached 05.2~Ji''., th~ 

:f'ollow!nc& d~y, none of the b~ook tro-nt au1 ... vi-u-ed. He m:m

eluded .f.rom this cx.;per:bnm:rt that f:lahery biol.oe_iists had been 

too consGt"V!l.ti ve 1n thfJ 11'1' estimates of tertipereture eff8cts 

nlon$• 

In tuH:>ther raport, 1'WJttH)dy ( 1922) sugGested that th~ 

nathre b:rook wout might be gradually adftpt1ng itself to 

warmer' waters tbroU{th natn1'a1 seleet1.on, and 1teeornmffllded that 

'75~F. be regarded as th~ th~e5hold btJtween trou.t and non-tr-out 

watetJe. IU$ survey of Tornr·k1ne {J!)unty 1.n 1918 found thr,ee of 

these f:teh apparently 11.ot in d1strees at 8l~F. in upper van 

Pelt Bl"OOkt t:>tber tolGi--t1ted highs ranged from ?6~ to BO"P. 

when. a1r tomperaturaa 1n tb.$ open were Gs mueh as l00°F .. 
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In explo:r-ing th$ tb.errmal. tolertilnoe of brook t.~out, 

'R1;1eder ( 19~'7) <.H>ncluded ths t inc'.Pee.sed telmperm ture per ee 
~ ~ 

was not a 11mitin5 fector, but th~t its tri:19 ~ign1.f1cence 

wes tn lower!21g the o,;ygan l!&tur>a.tion polrtt. Ile deaor!bed 
;;., 

swift shallow stre(i.rna flowttig throu~ ramla.nd 1n Ashe 

County., ?forth OtU."olina. ln which bvook trout tolart:1ted 80,,F.

wQte:r-. Creaaer .and B~wn ( 192~; furttrnr sruJgest tr:uat the 

final action of temperature might not be direct 011 trrrut, 

or even 1:nclir~ct throuzh oxygen, but still more indire~t in 

favoring th.e au~viv&l of eompetin.g irp•oitui. 

Embody ( 1~26) determined e.xperiment&lly the rel£1tion• 

ships o$tween a:1.r a.nd watEJ:r temp'eratures which sho1;1ld llOt be 

feet, end the Ct.imb!.nation served as ~n 1ndex of fish hab1 tnt 

dut-lng late~ blologtcal surveys of the state of' Ne\v York 

c oru1erv11 t 1 on f'leps1 ... tm~11: t . 

c:retti111e:v ( 1930) set the maximum :ror self ... imstaintng 

brook trout watem-.a at 196 c. ( 66,\\F.). Tb.a tbemal differenee 

between fe.vo~hl~ and ttnfa110:rnhle strenma was considered to 

be very small. ~nd a rise 1n one :pa.rt frequently caused the 

t?iout to move elsewhere, ,a,ooordine; to b1m. Upstream moven1ent 

ture effect,. and point to 1 t a a a 11.mi ting tnc tor. F )!' trout 
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A favorable range for brook tlf"Out between 50(\ Gnd 

'7l~F. W'1fs' ~dv,aneed by r~1coonigle ( 1951} on tbe baai.s of 

eh~ngee 1n rste of bre~th1ng, wbioh 1neretHH,ld betw~-an tha$e 

two figures, but d.ecli:n$d on el ther ~1dti; of them. r~tar 

( 1~32) thifJ worke:v aub jaeted hrook tt'out fingerlings to a 

one-degree cin1ti;rf3\.de rt~e in t~mp$:r&toxse e'llery five rol11utes .• 

Nomal, haul thy flah commenced to die at 29~C. ( 84.2t,}F.) but 

some remained aliv~ unt11 ll degr$e higher ( S6"F.}: diseased., 

tmheQlth,- 1nd1vidu~ls, htiwev~1\, pe1;1lshed i.n the ~anq;e 22-2t/,c. 

( 71.6-84.st'r.).. Menonigle oommonte.t:1 .{ p .. 122}: 

ttxn11t thti cht·mli&ee of the troi,1tt ~ phys1olog1e~l 
p:roce$t1tais may be aiH~oc1ated with $ORI© di3ta)rhrmoe 
of the riervous s;tstem, at t.ha upper of the three 
l:"'Mgee, S$~·ms t,o b$ shown by several olHHJrvati.ona, 
of wh1oh the lo:Sn of' ba.la.-,ce-, the irregular, 
gaspln5 'b:reathing, th~ m:iciden da:t<ken1ng in color, 
the diatwesa, etc. observ@tl to be,oome 1nc:r€!aning;ly 
evHl~t with l'ise of t~mpo!'e.tt1re 1 o.r{l! some tJxsmplas .. « 

p~r0.tt1~es wce:s 0-pparent tr,, Hubbs, cireeley, a.Tld Tarzwell ( 1932} 

in their d1SClUHt1on of th@ GnVil"OMt&ntal needs of this t,;&me 

f1sh.. t~1he~$& eoltl sp~in.gtt .flowing at 43(') to 58/llF. were 

thought to be pnrtlcu,la.rly favor~ble for eps:wning, growth 

was fotrncl to 'be much bettair at ao~ ... '?'Ot)F. However, the bro:;k 
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-
were examined. 1The 19!'!0. ( 66~? .. ) 11m1 t of oreatte!' ( H,30) 

·would axoludt many of the best trout ... fishi~ ares.a 1:n 

Lotuations suitable for t:rout (mlture should ~an3e 

betwe(1n 40~ MJd 6B°F·. ever the y@m~, according to Lmbody 

( 1936)., optimum ttJmperta:ture r~ngef! f,o:r wtnte:r· and s-,.utt'.ner 

at ~uoh s.tat1tJns w~rt1 dei'1:n6d as 4,17.,..52,!'l and 55 .... eo"F. respeo-

ftgure was aupported bJ the subsequent field survey findings 

of Bs.11.ey ( 1958). 

tn Indiane. Mut>r$ty' ( 1U5B) :r~eogntzed tho therroal con

di tiona as the erttieal ori~:1Jiori of trout waters rather than 

ox,gen ot'" -ear'bon dlo:xid<h He- used the 75"'f'•- figure of Embody 

( 1922) as the deciding faetol'.' for id~nt1.fylng the ae.lmono1d 

habitats 1n ttni not'thern part of th$ state .. ?-Jeedhmn (1058'} 

among b~ook troti.t ,.,hen 15 of 00 l.5 ... inoh fish died on tra...,vu; ... 

ter f:rot:::t 52° ... to ?06 F',,,..ws.ter wo?>e 9;t;tr1butei:1 to hlgb teiupern.-

might he:,1e been due to eombinec-1 pbysico•ohemionl condl ti ans 

~ether than thermal ~ffeot,s alone, bu.t it def1:nltely pointed 
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The importance of ap:ring i,vater in good brook trout 

he.bits.ts ts brought .forth in a federal bulletin { r,/eech, 

lf)8:5: P• '7) tn these wordsl 

nThe 1.dea.l broolr-·ti,out stPti@ :reeelvee rn.1111.er
our spring-fed tributaries throughout its cours9l, 
so th~t its tem,Pel'e.ture does not e:xceliJd utf'F .. in 
summer and b:, the same means is ITWint~:tned at s. 
relatively high tempere. ture du:ring the wl:nt~r 
month•••• Any atroam b.nving summer t@m:perstu.re 
ti??e.ater. thn:n 65° cru1 h~dly be oonsid~·red suitable 
!'or broo1-r: tr-out 1mlE?S"$ i.t haa large spring tr1bu
ta:rlt,Ht Q(.lCtHtBi'ble to tho fisb. during the hes t~d 
pet'lod. Through the cutting a.way of the forests 
and the oultivst1on of the lmnd rusn:y stves.ms 1n 
the ttfilst._,:rn ps.:rt of the UnJ.ted Sttltea he.ve baeome 
unsuited to brook trout .. " 

Cooper ( lJ?40) in his disouss1on of trout environ~ 

mental :.'rEHlU1'.t''$:mf!ntei included w~t~n-• co:,lar than r;5t\, l'iut 

better b.alow '70~F. The lnttar figure he used as a. ms.x1nru.m 

t~.mpere.tu~e liwtt for b:ro•ok trcnit in aouthern Mriiir1e laltes 

:tormaP for northern waters in which suoh .fimhes wore absent., 

though he ooru;1der@d th1 s as marginal. 

(2) Trend towards lab,;)rato·ry experimt~ntiH Pry .!~ al 
rrbe ~ffec.t of acclim&t:ton on cri tleal tempe.ra.tureo 

( those at wh1eh fi1h hegari to d.ie} an.cl lethal ones ( those at 

wh1eh half the fleh were kllled 111 12 hourst time) was the 

subje~t of an early invaatigati<>n of the Qntarlo Pisherie s 

Resee.roh !.a.horatocy ( Brett, Hl4l).. rrh1a worker showed that 

er1 ti cal temperntu~ea were ndjuste<l upwarrl by a r 1 se 1n 

holding o~ ,acol1mst1on ternperatul'as ae f'olloVIHH 
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( 55.4 ~F.) 
( 60.B!)l•'•) 
( 6fJ.2~,,,.} 

T..Abo~e.tor:r experiments or King ( l,v43 J showed thtsit 

ternpere.tu:r,~s h1gher than 70~P. wer-G requl:re<l to kill :fin

gerling ht-colt trout.. Test.a or this nnd two other stream 

speciee h.cad them all showing distriass Qt 80i,F,., but only 

two ra1.nbows dtad helow 84~F.. n:ov,ever, a.11 fish were dead 

a.t 86mF. Prom these a.no hh1 ot..lj,er su~vi val tests, eome of 

which wi.11 be examtned in Chapt~r IV of thi1t1 paper, hEJ ocn

o luded ( p.. 632) , t.1Tempere.ture may be a 11 mi ting f'a.o tor 1n 

1 tself t1nd, in Qddi ti.on, inditteotly by virtue of its in flu ..... 

encft on J;tl'L, cal'.'bon r.H.oxid~ t~ntdon,. the satu:vntion point tot> 

oJt.y,s;eni and rood conaumpt1on." 

Another experirr£1nt .st Algonquin Park, cn-tar:l o ( Pratt,, 

1944} sat the ,:.rppe1~ lethal t~m,PE!l"a.tu:re fo1 ... brook tror,t a.a 

'19.0l')F .. ( 26 .. ll!)C. 1n Table l.l) or '?9-.S~!"• (21'.:h-6,nc .. 1n i'"15ure 

10),. ln their Minnesota atr1tio.m f3Urvey Sn'ii th mnd Moyle ( 1944} 

went a.long with the figures ot '?'5~r. as the uppor 11.ll'il't c;f 

brook trout tQla,~rmea c.m 65.,F. tam the optimum temperature 

in a.ooord w1 tb 1%tHlldham ( 1938). They 1teeo1Zni1rnd several rae .... 

tors, 1n~lud1ng hee,ver pon.da, as influencing th1$ el$ment of 

the fish habt to.t. Plsoussing the C!t!'f.' of f:1nge;r11ng trout, 

ns.v!s ( 1946) $d.v1sa.d that 65~:F'• wss the mflximum for rearing 

pools, and prf.lfer1ably lower, w1 th most l:'e.p1d c,;rowth 1n the 

85° ... to ... eO"F ..... rI1.ne;e .. 



of 1942. Y!un,tsman ( 1£145) <H>ne ludea that _"high temperatures 

(m1n1mo1 to "Iii, and: maximal to 88.5$F•} and low ac.climmtion 

to them WfU"~ :rturron~l- bl~ for, th.is rnorta.11 ty. Sup'port for 

th1.:s theo?7 tH'!ffl1i? from laboratory stud!es of PY1, Hart, and 

Walker ( 1946); who subjected :,aarillng batehe:ry 'brook trout 

to va:r,1 otlt te:mpartttura oo.nd 1 t! one, and ~ep-orted ( pp. 28 •!i?t.1) : 

''A sampl$ of five trout &ecl.1mated to BO~c. 
was e.xpo1Hsti to 27t) C. for th~se hours ( 60;'.c( inort 1 .... 
rtomtton) antl then 1-i~tt1rru;td to 20~c. for 22 hours .. 
The);! wa:re then subjeetfld to 2~1'0. _ tor r:tve houra., 
the exp~oted medi11n tno:r.-tali t:y time, with no des ths 
retmlt1ng. Th,, expeP!ment we.a then rUscontirn .. rnd. 
:f'o:r it wtts evident that a.ny residual ef.foot of thf!! 
exposure on the p~evious day ~&e not such as to 
rech.lcf! 'thll $UI'"vi ve.l time. Indeed since none of the 
t1mh h.ad died within the expected median, mortsli ty 
timt, the?'tl is $oma hlnt o:r ~- ~ain in soc l tme. t1on 
n.,i a riea.r1..ilt of the previous aubletb.Ql exposure. n 

'I'betr ul.tirrn~t~ upJHU"1 lethal temp0ratur$., 25.31:)c. 

{ '78~F.) • ts elo.se to the br,ot.)k trout max!rra. of' ?E/'F' .. de

rived by botl1 Embody ( 1G82) t1tnd Ricke~ ( 1934,...b}, which fish 

011ltu:rtata have geruil"al ly accepted. The fi~urea r:,rogreas1ng 

5~a .. 
11~c. 
20"0. 
22,;a. 
24 ♦.25"-o. 
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In agit'eemen.t with. the observations of .Elson (1942}, 

the apeokled trout of an Algonciutn Ps.:rlr Lske mc,nrt'tt:3 into deep 

wf!ltep a.rte~ mtd .. Jun~ whf!1n th~ ttpper strata ex<H~et'.!ed oo~F. 

Ng1on unti.1 late Auguet, and :returned to shoal wtit~r ae;Jin 

the next month. Th11.,e~ ternpe~atur-es tnclurle the lo~ to lf/'c. 

( 60.Ef$..68ttF.) ~nie 1n \l'eh1ch Ornh~ ( 1949) :fou..nd speckled 

t~out 11earl!.ngs to be ine$t e.otiv-a 1~ h,.s 1~horetor;r exper1-

im,nte .. 

Aa an 1tuU.cat1on of th 1s speei est l;lds.ptabi l! ty~ a 

l16W Hupsh.1!'& eux-vey crew took fiah in go.on condition i':rom 

an s?tttt1e1al pozi:d at dept..h.m of four to fiv~ teet in ??'"'-7s"'p,_ ... 

water the or.,gen cont~rnt ot whiob. rf'ln.ged from z..1 tc1 4.0 

p.p.m. (Siegl(;V; 1948). 1:l'ha.t stn.te•s contHn"vntion mgenoy 

h.,ad not re<H>rtiwer1.d(H~ tho etoold.11i;1 of br,,ok trou·t in ponds 

W$:l"!Jn~r t~n ?i,P,)F't I whet-$11.l!f tho policy tn Iowa wee to plant 

hatch(tey flsh Iltlly 1n atre4!1.me $Ultable throughont th~ f1sh-

1ng season wh1oh d:ld. not rise 0hove the g~nerally fmtal '75~r ... 

ma~k { R'I B .. Oooptill't.t UH50}. 

In til. labora·tory study of grc,wth mud :r~ed1.ng hab1 ts of 

tbie species, ~ldwin ( 1951) kept l,=,ts o:f' four f'tsh et tcm ... 

V1ded th~m with ~ 11brn:•al supply of ~1rmowe:. Both food 

conimmpt1oti end e;t-owth were h1ghiHrt et lS~C { i->5 .. 4,.P.), nr:d 

lowest at 21 °'0. { 6~ .e.,J'f·.,}.. ThEi f 1 ah of the lE\tte:r~ 12.;roup 
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lost eone1derable w&1f;ht the first week:., tm effect wh1eh 

lessened with t1me,. but th:roughout the experiment they bad 

cotu;lder3ble iUf.floulty egteh1ng the minnows .. 

Fry ( 1051} ~walt1ated both field pnd le.bor,atory 

flnd1:ngs on the temr,,ere.turt) tolertu1cee of speckled trout. 

1I1he fo:mne:r were summtlrtzed 1n sta temen te that these .f1 sh 

( 1) weN not found tn stl'!etama Qbove 20"0 .. ( 68°F.) for 

extended ;pertod:e~ (2) aurv!ved for e. ~hort time in water 

at 241,'lc. (?'5<lF, .. ) t:lnd 2 1t''c. (81.0 :P.): (3) did not die tn 

well•tHtii,atfid 1;0-nds ove?" 20(,C. ( 68°'F,.) w1 tbout competi t!on: 

a1'1d ( ~) eult:'vlved 1n watet•$ W\1\:M:110:l' then this whwn m~king 

ex ours tons from oo 1 d er ;,.res.s .. 

C;:,r1tl-olled, taste at the ontfirio Ftsh.ieries Re.search 

'f.£hort1.to17 htui the flsh seeking we:rmer w~tera when the:, hlld 

been aeel1rnt1.ted b@low 146 G. { 51i'p.,.), but. sta:fing put 'between. 

14~ and l9~c~ (5'?'-56~F,)., beyond which they sought cooler 

water-a. Re set the l"tbal tempers.tul'i'e for prolongoo exposure 

tit 25 _.3~c. ( 'l''7 .5°P.), ~ polnt shove wnioh th,uie fiab. had. 

oftta."l been otu:ie:rv~d. :tn natu:r,e. 1;,)7 potnted out again that 

the ef:t"eot ot ell lethal temx;,al"Eiture ex:pa~ience ia sunn.-ned 

u.ntll dee.th, and menttoned an instimce of brook trout la::rt

tng for about an htn:rr et 28.5~C" (8ffi.3~.F.l, then recovering 

,rt1mulus, trt.axi.mtltn crui sJ.ng SP<HJd and OX"Jgeri n ptake, t:H:1d 

optimum growth, ranged fl~m 10,o, to 20°c. ( 5011) -6Eln'f,'.} .. 
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!!e set t~e ~armstt of the~e f 1&;,11rss as the 11ml t o:r.t good 

trout Wta:tet1,, talthough both food &upply ruid availa.b111ty 

tnotatuased at h1$h&'l' temperat~em;. Fry regs1rded si~e and 

&ge differenees of the :rtsh tts 1intmportant .. 

Return:tng to f1e1c1 obse:rv1.1.tions, Patterson ( 1951-b, 

PP•· 17-16) presontet1 this E'nt1denoo ion both optimum and n1:ax1-

nro.m thern-ial co:ttdi tiona for b:rot.:rk trout t 

nrt 1, :tnteroat1ng to :note that the f1va 
streams of the 26 whieh had the ooldest wate:r 
tem~e:ratu:riee, tht:1t :ts from 54f) to 62° 1 elso had 
tbs most tl"out -per unit o:r ar-e~.. For m-ost of 
the at-ream.a vmrked upon., tba water ternpemture 
ra,nged between 64 ~ &nd ea~· • It shou. ld be m~r.
ti oned tlltl t aat eux:11;1:er 'W&a a pnrt!cularly cool 
t.Jtwm'.H$,r. Wb.en stre~m tempe~aturea rtm from "71° 
to 8fl~, trout we!le much iuore difficult to locate. 
At the.$$ i:'d.gh~r tempei,s.tU.t"·es even lnrge de&p 
pcol.s wa.r1,t . Uflu.&lly 1:la.rr~n of trout. Then trout 
ooulcl aoourtirr.es be found conoent-re~ted. at the 
n10-11th of cold fe't}d(!!l" streams. A notable excep
tion., thotigh, is the o.~pti11.~e or 10 legal brook 
trout in water oi"' BO!-'ll tempar!t,lture in the Tyl~:r 
Fo:rke: .River, Iron County. TheiiHt trout wer.; in 
excellent uondi tlon and shov;1ed no eign of dis
t!te$$• fl 

Fttom th(£, preee,Ung review it saEittla that 'brook trout 

do beat ,at tempera.ti,.rtrn or 666 OJ? 681'!F ~, but s.re not -we 11 

of!" at '76~I4'., iibove wh1ob total mortality oan be expected 

and f1eld .f1ndin6 E1 throughout th.a range of th 1 s f.1 sh may ind 1 ... 

eats the E.rxiateno-e of '\TQtrtot1s "rs.cesM with !lli'.f'erer,t t,:rv'.:ron-



mc.ntel tolc,raneee as suggested aome twenty years ago by tiubhs, 

Gl"eeley, and T~well ( 1Si32, P• 14) r 

~now warm a trout stre- can be(H'Jme, for eaoh 
trout species, bes btH1n mu.oh debated. There 1 s good 
:reason to tu,11&'1e the. t tb1$ e~:t thal point varies 
gre9,tl7, depending not only upon the species o.f 
txwout, hut also upon its xrsoe, e.nd upon the :bid1vi- · 
du~l fish, and ~lao, very decidedly, upon the purity 
or the water and upon its d!a$olvtHi. Olcy'gen content. 
Thla va.r1ab111ty :tn te1~poriature reErists,nee adds 
greatly to the complex! t7 of' trout stJte1.am. su1~ey 
work.. \Vhat.½er trout •n111 do well 1n stJ."a&m water 
,v~mtns to above. "701)F.. in peak torrrpe:r•attu'9es d,apenda 
not onl'Y on the faotors l1ated abo~1e, but also ;::,n. 
the degree ,of d1sease 1ntec t1o~ tmd of com.petition 
from chubs ,and sl:11.nt'rs, or fl"om sucb lake fish ~a 
pike, pe;rcn f'!nd bas th 

· ~The upper l:lmi t of' tempe~s. ture-tole:rs..nce by 
trotit tn n~t'tlre occi.trts the:re!'or..e in clean, ,,~11-
tterated atrestns not subject to ext:•6mos or ec,mpet1-
tton, predation or d1seaeu,,- \tfe bave .foiJnd brook 
t:rout 1n Mtoh1ge.n .fre·ely l'1s1ng to the fly 1n such 
a 1tream 11 when a:n.d,."~nere the pool ternparntu.:res 'WH:i1'e 
?'5 F. Pe11k te.m~ra tu.re re&d.i:ng I ot Bl" nnd mt->1;-,. 
were obt8'1ned 1n lQSl 1n c~x-ta1n l1ich11.::,~n streams 
1n w~ieh the trout w:r~. lommon an:1 'b~al~hJ1 V~tt1• 
fyln~ obs*rvfl.t~o:na bJ Embody 1:n Nilw rork* 

to me tha need to dtlterrn1:ne tolernncea or native inch1gHn :rtsh 

to tem:perra.ttu ... e, oxygen ~nd pH.. Re oon~idercd the d~monatr0ction 

angle ae importa:nt ns tha nctual e:x:perim1:rnt tn this oe.se, arid 
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A premt1c.a1 tEJst of this natu~e was oat"r1ed out fo:v 

t<!mp&rature in 1950 on 1io:rr1 son creek just above the bridge 

of old highwa7 u.s .... 2.. tack of a reeord 1t'lf3 thermog:rar.,h 

oocnstoned the delay 1n th 1s phase of tHI study until that 

Y'Oa~. rn.1.r,,ng the prevtoua .stmltners high wBter temperatures 

had been noted several tl:res, bttt their du:ratione ·were not 

lmown. Iri. tact, even gett1r1g the ma::dmurn :re.F.l.d1ng for the 

day wt th only a poqket thermometer would have 'bt1<.u1 diff'icul t. 

Hi.oker ( 1934 ... b) had found th~ Mad River in o:ntar.lo at 1 ts 

me.:x:ima. of both a.1:r end water at 5:00 p .. ru.. The d1ff1eulties 

stem.ey,tng fl'Om ,spot temperature re&dtngs as an index of the 

su1tab1lity o:f wat(ljrs for trout ~et-e th1ta outlined by Murr8J 

( 1939, PP• 89-\~0) t 

"F~ttom th(+ standpoint of trout <n..il tu:re :I. t i a of pr1m.e 
inrportenee to Ji::now the maximum temperature reached 
by ttua stPearn, even thougll th:1s tomr-01"otu.r•e oecurs 
only onoe in the :smnwcl'. rt 1s al ao important to 
lmo,w th$ <:h:1:ra.tlon 01"' tmnipe1~tLttu1~e.s approaching the 
maximum. T-::l get such dnti:ll 1 without stalf ... reeord1ng 
thermomet&:rs;-. on etr~ame in eight oou.:nti es is 110t 
an e:aay· 'taslr.. The work ia further cmnplieated by 
the fsot., th$t &$ noted e.bove.- s. Great rn&.ny fe.ctors 
inf'lum:1<HJ the heattnr; of e. part1crnls,r stream, so 
that 1 t is necessary to ex&m:lne an lncH vldnal stream 
e. t ttevel"e,l places. obvl.oualy, ou:r records ere thus 
only approxlrm tions of' 'the tr-ue w.aximur:;. tc•<,pcreture, 
Qlthou;;h tn some oa~os vecy close to lt." 
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Model 1100 of the ~te9 ·rnstri.1ment ntv1s1on, Bendix 

Aviation Corporat.ton~ :rt consisted of a thermocouple, 

cable, XJeoording pen, Md graph eal.1b?1ated in two-degree 

F.-d.1v1.s1ons. The pl:"'.t~ary element us ~'bmergecl in a toot 

of water on a mc1 b,'-)ttom along tho nuir~rtn of the stre'1lm two 

feet upstream from a orage; for holdb1g th@ expert ,.,enta.l 

trout. Pocket the!t"!nom<i;tera ha.d rev!H,n.ed no er,r1ns flow in 

the v!ci:ntty, & ch\lok whtch 1ta.a re.pet1tc1J from tfan~ to timei 

ax1d thert1 w-aa n mA:xi:::mm-rnin1murn instrument attached tr) a 

log on the opposite aho:re. 

DU:J:'inG the prev1mis f:tald seaeona, the water her-e 

had ,:,eache,1 no;tfp., ~:na P<md r hnd always been amply $Uppl1ed 

itiith oq,;gen ovl.1\Zo tho prect{Hne two smnmer·~• tJ.1hus tt1Jmperature 

seemed to b~ the only environmental fe.cto:r which would he!'e 

be harmful to b~ook trout.. Morrtoo.n Creek fluctuated 1n 

height s.nrJ flov;1 with heavy rn!.ns e..n,1 dry t"H!111ther, but at no 

th:;e was the f !$h cage strandi':1d O'.t" overt.op-pad~ 

A fish oolleot:ton the aft€ilmoon of July 3, 1950, 

ehowed the reach :from the 1't1dd16 'Branch or the on,t..onagon 

River te the old nnm T to bonte.1n typienl speci.es of mar ... 

ginal trout streams 111 this Qrea, of ,A.1.ioh the following 

W8t•e t~ken from the 5f:f'r:r .... water (Ail': 55~P.) vr1.th $ direct ... 

curreymt fish ,h.oeker: 



n:rook trout 
TJ;;b:t te eueke:r 
O~tek chub 
Pearl dao.e 
B1aolmose d.llct 
Mudm1nnow · 
Johnnw darte:r 
Northo2:1n muddlor 
Brook stleklabaek 

5 
25 
10 
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1.e, 1.s, 5.,5, s.2, e .. '7 tncbes 
l-1neh f?7/ 
i-5 1nche$ 
2 1nchea 
2 ... 3 l/8 :trtehes 
2-4 1nches 
2 l/2 inches 
3 1.nches 
l 1/2 inches 

~3tego?"y was the liu,.gest VKl 1ch would assu1~e na turel reproouc.-. 

ti.on. Aeco~d!ngly five: trout w@•e eol leoted. from the Middle 

E:re:noh ot th~ ontonag.,,n R:tver the afternoon of Ju.ly 6th, and 

tr'1.nafer-re,1 from th i a watel!I at e,f'p. to the.t of Morrl eon ore,ra.k, 

wh1cb was ten d~g:reea wn:Ml'l@J?. The sizes Qf thtuie !"1sh it~re: 

2-.8, 2.3, 5,1, 6.1, and 6.4 inchc$ and they all apr'-Gared 

normal QUd 1n good health on extemel t:utam!,ne.ti,,n .. 

'.i.th.e tI-ot1t we~-e placed in a wire csc;e ~1bich htid bet'11n 

were of quartti!r-1:neh mesh eicreen# the &!de$, b0ttom l.md -top 

of e1gbtb.•1nob. wire eheettng. 1:Phe wood@n ft•t-une w11ui suppo:vtcd 



Figu.~e 27• Mo2!'1'1aon Ol'-eek t,eat flab oe.ge, 

summcu• ot 1010-~ 
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Al.though chance drift organisrmti mi.,_;ht hn'Ve heen suf

t1o1ent nutl:'"lment,. th~ caged tl:'out were pr·:>vld.ed a al1ght 

amount of hateh.eey diet eve1 .. y other moming when they we:NJ 

hu1pe~ted. 5."wo p1e(H'!j9 of alder root st~pa sffomad them 

ocrver. irnd there were also three ro.:ike 1n ths bottom or the 

enclosure.. Du.ring th$ d.ai.ly 11-outina oheck the wire osge W's.a 

brushed f'x-~e of the t::lebr!s which hsd Qocumu1ated, Mi1 extra 

tPlpe for this J1lU'1Poee w~re made following severe rains until 

th& c,x11-er1t~tmt was te1"'m1nated September Slat. 

(3) Findings and :rnte:r-pretation 

Tho only· ti10:rtalt t!0s mnong the five brook tirout in 

the enoloi.m.re ea.ma within the f1ret fortni3ht of the ex:µGrin".ent. 

Following two days of water temperati.lt>es fila warrt1 es ":~o"' ai:.d 

80$P• t"e$pecttvely, one of the 5.1-inoh .fish succumbed cm 

July 12th, wben the lnrgaet of ths five was Q.lso in d1st~e.sa. 

The lntt0r did not survive until the n€'$xt day despite the 

lower max.bum of 'i'4~Fr and t\; slight :rainfall. ove~ July 

10th e.nd 11th the trout bad been in wnte1~ warmer than '75~F. 

for eight hours or more, and in the four pl:'"ec<HHng days 

they had h~d a char,..ce to become ~oel1ma.ted. 

:rr.1V6$tigattons at thE3: Ontall"to F1Hheries Research 

I.a.hot>rito?7 h£lve shown that etirv1. val th:rongh eucoasB1 ve hot 

p-e~1ods tends to stren&:~then l"ather than VHlnken a f!ah • a 

tolerance to e:2ttremes of tempo:r-e.tu:re. Acco:rd ing to the 

standards of Pry, He.rt, end Walker ( 1£t46), the loss of these 



two trout with1n the first six days of my oxpe?t1m.ent was not 

due to th• war,,ro1ng of their envit"onment. fJ:'he autopsi.ee of 

these 1mUv1duele d.1d not show t,b:e a:pEH:Ji fie enuse of dettth, 

for which the heat eff'eot e-videntlJ doeij not have clertni t1ve 
7? 

phy$iolog1enl msn1festattons. It could be that thtt change 

r~m ope:n river to the confined er:cl0ir1.u~-e brought about some• 

thing wh1eb might he called c«1ge f~1gbt in the two 1ntU.v1ir!ual$ 

which rUd not survive, end that tb.e-y exhausted themt11elvee 

11usieldng a mee,ns of em.urpe. 

Two suh:ser:iuent p~1od$ of exetn;eive tcmperctture did 

not bring d-aath to rurl,' of the thr@e rems,ining t:rout ( F!.g'UT'EJ 

28}. Th0se oee~sions brought the water to Cl" it:nd fll.fi"F. 

on two dt=ly$ late in July, iand as h18,h «1s H3~]i'. twi.eo within 

40 hour@ d:uriir~ $~rly .AUi:)U.st * l'£'em;pers;tures ove:tt eot1F,. pre

va1. larl at most .foll s.t:, h,::>urs of til. t1s.y, a cond:lt1on which was 

not lethal fo~ eueh fi short time. '11his survival e.g:reed w1 th 

the le.bol'Ettory- exr,,er1ment,s or Fry, Hart, and wslktU" when de ... 

x-!ving the pe~centf.\ge mo:rtality on th$ basis of the expe:r.tenee 

revealed in the actual themogPaph rscord for th6 worst da,7 

of the sumrre~ ( Ibid.; figs. 4 ancl 6) * 

Only thl:'ee period.a appeaz, cn.••1 t1cal for brook t!'out 

survival beeauae of unravorablt, the~l eow:H tione. ( F'it:;;u1'e 

28); whe:reas a fourth one which might havie been expected 

August l5th•l ?'th was nullitted hy heavy rat nfall ( F1 1::;ure 2i.1). 

Prec1pi tat1on ender? each ot the moat unfnvornble ~t tust 1,:ms 



Figu~e 28. ntstr1but1cm and extent of periods of 

untavon'ble teni;perattn,e,s tor brook trout !n 'Mon1aon creek 

test f1 sh expel."1men t, 1950. 
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F1gm,e 29. Mflteorolog1cal Gondtt!ona, loP:riaon 

creek teat flab. oxpel'1mtnt, 1950 (Wate?- tempel'aturee 

from :aeco~lU.~ tbemo;:raph, a1r temperature ~ prectpt

tation fr-om u. s .. PoNet ae.ntee) .. 
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which, if' p)'olon.gsd. rn1.ght he:ve bt-oug;ht ad.d:itiona1 mortal'.! ty. 

one brook t.~out e.ppee:red v1eak on August 8th, but did not 

sucoUlli'b. 

Prom th& above events when nst1 ve M1ch1g«n brook 

trout were ece11m~t~~ and then eubjeoteh. to natiiral axt:reme 

-aNl1'.l'ifh it appEtar.e: thf.l.t sueh f:teb are eble to w1 thatand teru ... 

pe:ttattlree g:reater than rro,;F• for ttr.5 hou~sj above 1?'5nF. tor 

10.a hou:r-,, and 'b$twe~n eo"· and 85n.lt\i fo!r s.5 hou:vs, provided 

th• wa.t~r at night cools to st 1-&ttlt 6?~p .. end the?1 $ 1e an 

ample aupply of oxye;eti. The lmport of a.eel1.tt"~.tion, the 

noet-arrml the:rmal o:htuige !n the oppoai te d.1:reotion, ~nd 

edeq1l-ate <>:&7t5en aaturet1o:n m'flet be borne in mtnd as factors 

pl"ohe.bl;t eri8'blttns $UCh sut>vi. val-. These we:r,e not sub jeot to 

eontrol 1n a ruatuNl envlwonment such es ?£or:r-1son c~eek, but 

could b* tal.tt1:red ln tb.e laboratl)ey,. 'I"h@ fteb were mpoon-fed 

and f~ee f.:rom con:rpeti t10th an e.dv&;nte.ge whleh would not be 

thei.re- in the u.slattl hsbi tat wherie other epecies n:ttgh.t well 

hav& aupe:r:to:rity over thei.m both in :t-ange or territory, and 

in foraging. 

Tb.n 't!Pout wbieh 111urv! ved thie txp,er1,>, oot grew from 

lengths of Jhl, t.3; ~nd 2-.. i .!nttn-ea to ?.-.l, s,.s, and z,.2 

inches r-eepeettvely, F'nu~ mudminnows hsd been encloaed wi. th 

them, two of ~h!oh died early 1:o August when no nttempt wa.e 

m~de to postulate the cause of their derd.se, and a third hod 

perished along ~r1th the two l1ro0k trout ln mtd ... J\tly. un fJ11.~ 
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ocoae1ona na.tivfi fish of th,; latter specl-1as apptH5t:Nl~ ru«Jnr ttie 

cage in th~ mom1ng, but probably Jl'etr-~a.ted to eooler wate:r 

1n ei thtt~ dl~etion during the hours of intense war-ming. Also 

acho·ol£J of bls:Ck'lloea dt\Oe took advantage of the oppol'tun1 ties 

to get frefl roeBls from the exeees he.teh~ feed aa it was 

brushed o!'f the scri:Hc¥t1lnr:; of the case .. 

The brook trout pw-obt\bly we!"e not ai; ra-tHm at the tein- · 

p.era1n.lroa ova~ '15ffF., which they tohi:rated und!J3r the au1:,va 

well under~tood, a point to ba ~mphl'.la1$eli 1n n la:tG~ repo'.r't .. 

This e:xpe:rime.nt t"l;U'1 t11r01.,1gb. only part of a :volritively cool 

smomef' and, ts well wo~th repe.atin.g on ot.;.~er etre~.rns which may 

be ma~g1na1 .at t1ct11es. I nm oonv1noed that wild ftmh nre more 

hnttd:r than h&t$h$l'.7 on.ea $.nd fee 1 that wh.1 le the '.Prtu~en t tl1e:tt

msl ori taris ot trout strea.-n mtin$gemen.t apply very well to 

may 'be bette:P able to withstand extrt:nnes of temperature than 

other ,1lld f!.sh or artiflc1ally reared ones. 

T:rion t st:-ea~ T:~nmeratures 

Among tb:e envirOVl'!WJntal ft't.cto:ra acting on t:ront 

at:r.enltt t~mi:>filrnt.ur,e.s, as liated by nalnwater ( 1GZ5'7), are 

m8rg1nal cover, tributaries, de:mu, insolatlon, and ra:tn.fa.11. 

He commanted thus on e.dd1tionnl items which should he con• 
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"Other raeto:r~s such as humld1 ty,- alt! tude., t-:n:,e 
of stroain botton'!t rate or evaporation, local 
·thundsti storms nrh'1 s«u1so-fla1 ,nu.·,'lation of the 
s1:4e of the str~am bed are undoubtodly of im♦-
portanee .emd. 1nvest1gat1ons are na.eded to as
oerte.1n their ef'feot upon. water temperature0 .. 
More me.:rigirial a:t?:etune might be brought into 
pI>oduetion if we bett,ar und<:fl?stood cond:1 tions 
wh.5.eh affect them. tt ~· 

temperattwe rala.tlon.e then because of o:-;5anie substances 1n. 

~o:tuti.on, ot: the l1ber~t1on of cs!Jbon dio.x.!cle f':t>om them 

( Cre~ser, 10:50). Fl"otn a study of the. CQrbondale ttt vol? 1:n 

Alberta, co:rmaok ( 1949) concluded that v!~gin t!mbE?~ pro• 

v1decf the best arrangement of vegabltion to &he.de trout 

streamth This 1neluil6d tall t~eesi, small ones, m1d shr,l'ba,. 

of wi:tlch th• la.at., plu$ w11low end &ltler, were held to be 

ntsJ.eh lee<a ~ffect 1 ve than a $Oat te1~1ng of tell spxiuees. tJn

di atuJ.'1'ba©: f'o:ra8st 1n July hort1$Nd w:ateti av~ag:tns 4/t'F.,, 

wh1lo 'baavel" r,qnds 1n this domlngntl:, coniferous oover 

o.veragerl 55nF .. 

Wti'l"'(w brought. nbout by a ¢(irnb1nat ton of. rao.torin stream~ wore 

spread o\tt ov~r a &hallow a;rea 1n 'Ah ich the- trees which 



215 

sho:rtly- befotie Slmset end the wtnimn early 1n the morning 

before th~ aun st~.ufk the aurf'aot of the pond.. 'I'b.e duration 

of thsst1 e:f'fet1ts depend6d 1.ipon var-1otts 1$$teoro1(;;:;1e.Ql factors 

( Figures 28 nnd 29), tl(l'f it does 1n a stream or any sort; and 

a.n impoundment e.t night i.s pt'oba.bly coo\od f:rom hotb top a:nd 

bottom .. 

'l:h$ ws.l'llling or wat~!' ohtu·1acte:ristlo of: beaver ponds 

was much ireater 1n w1de, shallow 011.es ( upt1€:r Mo1•1:1son Creek) 

tb.an in da-ep orH~e cont'in.efl between r1d6es { lowe~ Morrison 

creek ,and headw!lte.r$ of Bluf'r creek). i:he (Yv~,:;all e:ffect 

of a la:rge fl.owage ( uppe.r Morrteon creek) was comparable to. 

thot of several small dams ( beadwat~Ps of Bluff' creek), and 

in each ctttegoey th$ water became progl:tessively warmer as 1t 

approachEid th~ dnmtt. otrH;1r tac tors wh 1ch 11\..fluenoetl th:t s 

t...1'16Prr.al result wer·e the str,eam g1'a.d1ent, the volum(l or !'low~ 

imd the amolli"lt of SP:!?1n(1 water which ~ t$rad th~ pond Qnd 1 ts 

affluent. !:iemt1ng ot l'.u;1nve~ '.isnpoundments 1:n flat terre.1n 

( upper- MQl"t1i8ol1 O:t'let1k) was much mol:"e pXtOnt'.:nmeiad than 1n hilly 

al"eas (headwaters of Bluff o~eek) and iwu1 less on o. laFge 

stream (fi.U.ddl-e Ftt>an.eh of the Ontonagon !Uver} than on aui~ll 

feeda:rs ( Morrison anti Mc01nty cr~oke 1• 

Although the majott p&rt of a pond i~ay n1:it be .favor.

able i'or bJ=ook trout, they were found to be e.ttrae'ted to the 

artJtit of eprtng eoep$.(1tl wt th1n such bodies of watel" ( uppt:Jt

Men1aon creek) to whieh. thc;y re treated during the periods 
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of moat unt.avo~ahlta neat1ng. Thie aitu~ti.on is alrnilar to 

that 1n l&.rt1je n&tural lal<@a as described by Od~ll { 1Dl,2, 

P• l,32), u:rr.~ sballow lake.a wbeFe the water temparat.u:ees a.:ra~ 

high 1n genex-e,11 thES speekl~d trout are found et ther off 

the mouths of e<> ld brooks or in st-•~1:riE.; ti.oles. n 11:'he behavior

of tbe fish populntions in my Upper ren!tnsula study Q~ess 

will be di.sous.sod t:it length 1n another tteport. 

T}:1e:l'TJllal st:ratif1oat1on "tYecs de.fln1 tely established in 

sp!"1ng ... felf! beaver pond$ ( upper t'1iorr-taion C~eok nnd hea.dwater,s 

of Bluff Crtlek) ,itnd wee eomp!\rabl.e to that deact'ibed f·or 

ft ettle c~eek Reel'Ot'! tl on Psrk Dem and n&tural pools ta long 

that Pennsyl"'anla st~eam by watts, TX-tl1:1bley and Harvey ( 1942: 

Table "1 1 P• 23)., ~iamp~ratul'@ lt1yer!ng of water pe~m1.tted tb.e 

survival of brook t~out 1n. tb.e flo~~d ereek ohmtu.1$lS and was 

shr:11,u, to the cold-water density eu:rr$nt descPibed by Bo:rges 

( 1950) fol" tbs Miangua A~ of the take of the 02ariks, ~ne.~cmrt, 

whioh waa ~ttrtaet1ve to. wb.1 te bass during an inten$e sta~ns

tion pGr1od of July m1d August .. 

~l1he wsrnu:tl:'t la.~rer on top of' the b0$.ver ponds dom:tnsted 

the outltllt tt1nn~rlitn.1111e of older da.ma, ,11ihe:reae there -was cmn ... 

eide~ablo S$apage through both :newer structures and thot:te 

whoae hree,ke had aubsetjuentl7 bean p1Uf$g~d b,- th.e benve:r .. 

the cooling of sue~ aurf'ia.oe wate:ris 1n passing over (, dam ?.'lltit 

ev!dtmtl-:, nier~ nu;a:rked at night then dlll'1ng the hot dsJ7 8. 

To gt\in an ovlJrall :picture of &rl1' out.let t(aiJnr"3rature., 



thermomet~~ :PcadinGtt or tti 1a flow, the surface, and ths 

bottom ot the pct'Hl should be tf.l.ken along th'6 et:r,~1et"L1re a.t 

f'1ve-yard 1.nt$rvals1 n oons1del"'atlon which c~sne to rtly m:!nd, 

hut was not :followed through i:n the field. 

pending upon th~ tnnount of shade, volume of the ground-we.tar 

oont:rHn.rtion and. the •Stfl$J'.ID6!rn of stre-£1.m gre.cHent. :Phese 

oetn:rpanoy of the lo~er ~ea.oh@$., an <,ffect eilso :tncu:rred on 

s shottt st.a.•etoh of the other e~ek too, hut the:r>e it W8.S 

d~fin1t$ly overcome fu:rther dowtnttream rethe1~ than being 

e.ooentueted .. 

eff&cte in w~1t~m. t:tpper lU.ehigM., the bef.tvor population 

should b~ d!scourae;ed cm short teedor crt,)ek~ or low g:radlent., 

pttrtleularly thoae which hm.ve wide lowlands ru-1irl are not oon ..... 

.fin.ed bet-wt:Hm :ridges_. U' tb.ea-e waters a:re to be managed 

primarily for' trout. ~he artir:ala are not uncluly he1'1ttf'ttl 

on long tr:lbutartes of timde~ate gradient• p:r-ov1der1 that the 

downstNam shede: 1s not destroyed by the heaver thcamselves 

ol' by 1:nflturnoes or man euoh as logging or intensive ai;r!

eultu:ral efforts. rn the three eum1:,er ae,uH)ns thel"e waa :no 
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ev!d-,nce of the de.ms blocking paass.ge of any .fish m(,ving 

upstream tn s,uireh or cool water. 

:rt !s ,:mder-st~od that tbt!l tl'u)X"*al foatu1~es of G 

J/. 

PlN'>duot1on, e1thel4 1n the pond or in the ex,e(ik below, be ... 

cauie t'ieh U$USLlly nccl1mete 'to w1thettmd extttemes of h1gh 

the W$'.Pmer wate~s turthe~mo~e p:rov1d$ Ol"6ek chubs and othe~ 

eo~t1ng $p,e.ctas with an apparent itdVS1ntat1e ove:!' the brook 

trout. nax-~ly Q 11m1t(¾d thwmtal ri&e QCcasiot1ed by beaver 

ponds may improve thei environment fo:r triout by wanning, and 

$Uoh e.pp$a.Nd to hold for at least part· of' Bunt O~e.ek~ ~tont.

mor~no,r Oonnty, M1ah:1g~ .. 
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stNMl$, ther• ~• man.7 f!epecta of watet' chemistry which are 

influenced by the aet1v!tiei of this mammal. Of these, 

oxyg~ content alone sttems to be ~f:rect$d 1n a. way hamcfiil 

to t,_.out. Although acidity, fzeee ca~bon dioxide, and hard ... 

nest are also eh~ed1 tb~ir !mport~noe to anlm,:,nids is 
or 

e1 t..llar obsour<a/ of ltttle maf,§U 1 tudth 

S.,eveNt OJ!:.ygen depletion &1rtng tb.e sumn1er. months 

occu1'ired on two b·ee.Vti:!r ... pond. aer1ee, end two others also a• 

h1b1 t,ed an o'\ter$.ll dacllne pl"'ogret!lslng downatrerun. rn othett 

f'roo1 that of toe streams except for «111ght depression of' dis

solv@d o~gen un,de~ the iee. For the most pti:Ft the Peduoed 

eont~nt found dt.1:ring the ~Ul':ttmEl:i:t d1tl not t 1~1;lV&i l helo,v the 

druneJ ws,tel.'" pe.setng ove~ the structures snd ck.>wnst~r;uu be• 

Ana\7Se& iJt pn:, carbon dioxtde, end methyl orange 

alkalf:ni ty '!{ield@d data to wh 1oh little ot s1ig;n1f'1e~nce 1n 

the lives of' t:r1out ~ould he attaoh~d. :w;xcess s.c:ti:Hty re ... 

sul t1ng fttom the deoompos1 t1on or coniferous v·egetnti on did 

riot oecux- 1:n the r,ond$ tni.der study. nor WQ$ 1-t note,r1 during 

tb:e extem.siv~ survey phase of thls 7.nveatigation. VsJ,uea c,f 

carbon dioxide detEll'!nina't1ons inversely fol 1,ow.,d thooe rd' the 

219 
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o:~::,gen, tl:nd provided. some ev.tdenoe o:f the orgmiJ.c decay., Al

though the 6Xact rel~t!on of wethj'l orar~e £i1ka1.tn1ty to 1:'ith 

life is not knownj tests for th1s r1rovided e.n !nd1cat1on of 

the overmll productivity.. 1io &nalyaee were made of methane, 

other decomposttton. gtH:ilfH'.!11 or nutr1a:n.t materi81s, but some 

h1oehem1eal-.o,t_,ygen ... derrum.d teats iver-e ML•,·1. 

A.. Me ~h.~ s. ~d .swrpl 1,ng Schedu~e 

rn determ1ning the dissolved oxygen content, th6 

tmmettli.f1.ed Winklel' method wne suitable. All the figures for 

thi.e gas we!fa :reeor<led 1n psrte pe:r m:tll1on ( p.p.m .. J but werG 

later converted to percentMes of saturation;- ustng Re.wson*s 

nomog~am { 1&44),. Valtu,s obtained wer~ not eorreo1;.ad for 

either tliltttude (e.bo1;1t 1600 feet above sea level), or ·oru."o

m.etl"1c ~eseuve. 

In some es.see the Gxygm tro.J:ues reflected the abun

dance of algae at the sampling stations, su,,..a the effects of 

pb.otQ,eynthetlc aetivity became apparent 1n a 24-hour ser1es 

of' water analytJes wn on the large upper Mor1:"'ison C?>eek 

beaver pond. Photouynthea1• •Pveared. to be ttle predomtnan t 

source o:f 0X7gen. R.eplen1ahment by absorption from the pond 

su:rtace probably was v~ry at tght for sueb. a loc&.le as a 

hea.\rer flewage, where the w1nd sweep.a are short. The type 

o:r v~getatt on .tloeded had some e:f'faot on the oxygen loa a, 

but rain usually 1.ncref.l.sed a pond's content of th1e gas. 

•rhe lattE.tr w&a not tl'le csae fo:rt :MoG1nty Creek., which we.a 
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fed by the moat extensh~e heaaweter c~::miferoul!f swBmpa of' 

anr, study $t?tetun. !Jo attempt Wf1$ msde to determine tho 

~ole of s1.1hter:ranee.n water or bottom decompoai tion 1n 

oiaygen dep1et1ons. 

A Hcl11ge gltHrn-dtso eorrrpal"ometer was used fol" :pH., 

measu!'ements. n~terminffiti£1ns of CH11"bon dlo~1de with a 

!?~urnle-r tube e.ru:i N/44•sod1um hydr-ox1de solution p~esente<l 

some dJf.f:'hmlty. oradttal detev1o1Nltlon of th€! standtl\rd 

wl th time probably severely 4lffecter:l the v~lues ol;~lned 

during the $Um.mer of 1948. m::iwover. :tn th~ f,ollowing two 

y-eare bottles of s special t)•pe e;lass prevented any lo&~es 

of st.renitb tlu'.tYing the r$w,a1ndet- of the a·t;udJ., 0I'lly f'tl; few 

waiH'ftt s.ttmplea from th~ str,s2Hna sho·,ted a.ny ph~nolphth.alein 

nlkfllini ty, tn1t thnt IDeasured by methyl orange incU.cator 

was of 1.nt&P$st. 

In 1~4S the tnter-vnl betwe:on ans.lysea had heen f,ort

n1gbtly, exeept for WE'HJkly chemhml series 1n the month of 

Augtu1t wh•n deeomporr1 tton waa most se~..r~re. From mtd•Jtme 

thll>oo,gh terly septe~fber they were t!Ulde wiutkly on r.>r1me.l"y 

study st'reams fol' the last two f<un~s of the 1nvest:tgat1on .. 

oxygen det~mtn.atioruJ and pH rei;idJ.nge w$re -earried out st 

every etat1on., and the alkal1n1ty and osrbon dloxldo f1gu~es 

enme largely .fy,ozn the uppe~moat and dowrurtream locations or 

a ponded 1er1ea. AnalysEls du:t"mg other seasons were ma.de 

irregularly. T1tr-at1o:ns WE!'l"a performed 1n the flel<"t except 

for- those carr1ed out d.ur1ng the winter or after darlr. 
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Water 1u1mplee wer~ nolleo;t.f}d in m.. spec:1nl mod1f1.<ua

t1® o:f the Hele sample1;1 dev!tied b;t o:retmbank ( 1943). I.OW$?"• 

1nm to ti depth of two to three feet, 1.uiually m1dwa:y 'between 

the surface and bottom, pl"ov!ded a value for the oxygen 

figure aom&llhetiie between thee$ two exti,~me:s. At ·tituui a 

pair ot smr(oles was tt!ken to show these s1enlf1cent dtf .. 

:t"ereru:ielh but uenally only a single one: erune from any loea ... 

tton. tn estnbliehtng the tttat1ons fcl" chemical water 

e11alye'ls, r,,oss1ble mu1mum tnld. minimum ar~as of oxygen. eon• 

tent war$ taken 1nto acaount. The form.et' lncluded the head 

end.s of tbe wnlia and nquat1o plant bed.SJ the latter embodied 

the dt!ms tl:u.imselVe$., and locn11~etf zorH'lf3 of decompos! tion. 

As many as three areas we'.!'e selected in one pond.11 upper 

Morr<ison Creek, hut !n a series of small impoundments, such 

ae thot11c on :uluff eraisk, only one sample station was estr;ib ... 

liEsthed.. f1'1he diff''e:rencas in oh~mio.nl ohar~~te?-iatios within 

a short ebeteh of a l&rge beaver pond will be e:ppartint in 

the d etsJ.1ed rev1~w whtch fol lows" 

No dete%Jm1nattons wsre t!Httl~ for the am;Ollnts of sueh 

decomposition gaees 0s ammon1a, ittethane, e.nd hydl"O~en sulfide. 

In beave,:,i pcm.els the threo:t of the f1rEit of thesG products of 

deca,- to fish life is not as lH.l:rious s.s those of the ot.rier 

two, and the orlot-' t$st fer the last 1a the moat sensitive. 

However, thf'iH.ie features are wol?tb.y of further 1nvest_1 ;;;a t1. on 

in any oontluuat1on of the P!'trnent effort. The im}:'-ort of 

available nutrients 1n atremn water w~s likewise not taken 

into account dur1n.g this studJ·. 
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s. ~ln!&.rJ: of Cbem~cal Oharaeter1stlcs of §..t,u~z stre1nru1 

( 1) M1dd.1e ?.ranch of the ontor:,agon Rive,. 

ove~ thr:ee yea.rs O·i' field wr.>rk aevan sts.tions pro

vided water samples towards the headwatei+e ot th~ f;51ddle 

F~anoh weet of Watersu,ieet.. From tirre to time oxygen 

aruilyaee wer~ m~de in and belo\'f tht:J :rapid. stretch by tbe 

\'?olf teke Road b:f'idge ( F1gu:ra 2) to le am the content 

before the G't,rew-.ll rrrntcib.ed 'th~ impoundmen t. An importa11 t 

site throughout the 5..nvest1gat1on ,1ns located about a 

thirtl the t114!tanee up the pond from its d(!m (Station A),. 

Sanrpl,es here were from the ed11;te of the flowing ohannel 

elongslde a flooded meadow association where the substrate 

wru, deoaytn.g .. 

The ta.oe of the holdlng stJtt1.cture wos the lower ... 

most sniwpl1ng stte ( Station C) 1n th,a main pond dv..rtn1 1~46 .. 

tnter 1 t was sh1f.t~r' to the tt! te of' the maldtm.?m-m1rd.mum 

the~ometer mor.mted in the tlowltgt;1, '20 yarcls upetreenn { St8-

t1on B). This was s50.h'1 on the line between the old st:resm 

bed and the 1110.rg!nal vegetat 1on, which w:u1 t.mder aln,oat two 

feet of water when the dam waa beet wiaintained.. 1'he O'l1tlet 

ot thie home pond was neglected 1n 1048, but l t -vme m1elyzed 

i~ov- oxyu;en 1n 1~49 and 1950. 11:'he r:u;uttr,;,les raime from below 

the mat:n dam ( station D}, except .for e. tn.•ief' pe:ri od in 194& 

when the an.1:::;:als built ·Gn a,u,zi.11ary one some diste.nce down:

strerunr then the water wse taken from the overflow of th.ts 

lowermost structure. 
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1'~ 1948, eight analyses at the two statii::ms 1n the 

tl'!S:in pond showed a oriticffl amount or oxyger1 cm only one 

ocoa.aion, a.nrl th~~, not much. below th,e 5 p,.p,.m.-limi t set for 

1;,rook trout waters (tI'l1.hlo 11). The upper statlon. had a rarr.ge 

of 3.0 p.p.tti. and aa percent ss.tu:ra.tlon, a.nd at the dam 

(Station c) th~ cot:'rea_pond tng figu1~~HJ w-e:re fs.'7 P• p .m. w.d 

21 percent. nmt-WEH?n these two sites there was a c.onaifltt:mt 

<leollne in the oicy•gGn content o.f the wnter,11 

At t1m$a c.iu:r-1:ng 1~49 the '!i;tE1ter w1u1 llr:5_ht br-ovm in ti.le 

flood.elf? marsh V&get$t1on hu.t colorlesu 1.n th<) stre~...m profrer.., 

Aroma of deenying vaget:at:tc,n WQ.a strong tw1oe at station A, ; 

and once i:naho:re from the south end or the dram 1t.ael:f. i'J:hese 

odo~:s wtl'irie notecl in mid.•Aue;ust, wh !eh was often the hottest 

part ot th.i, tn.imme~. st,,illnr obaeT"vat1ons Qfnme 1n l\149 on 

one oecsa.1on 1n eeeb of thJ?t-)e months ( tJJay1 June, and July) 

a.t the f'ormt9lr lo-ot\tion11 No beds of .floattng or su.bme:rged 

higher &.q,u~tio vegetation tleve:loped in this ponfl, slth-ougb. 

ma 1;e of a lg-a$ t1ppeared r5po!'nd !esl ly near the dam 1n lei. te 

oxygen oondlt1one were more Berioua for tr,-:,ut l1e~e 

during 1~40 than at any other- tine,. although they wer-e :nu:;:is

factory durlng this year on ea.eh of' the tour checks upstrei...m 

at the Wolf tsl-r:e I{;.'.)fld bridge. fHthin the imp,:)tmdr.:·mnt the 

s1 tuation we quite niffe:N:nt t eif;ht analyses at Emch s 1 t.e 

revealed er! tiea.l vi\lues rnor e than half the t 1rr, e. At s ts ti on 

A, five of the resnltn 1nd1otttsd water not favorable for brook 



!able 11. Swnmer ·~ge• of niasolved O:s7gu. Middle :B1"1Ul.Ch 
cf the Ontonagott ltiver •. 

qq:; cq.·::Ue:::::e:::er:;;e.,;:t..:·J!! q ,:ec:fhr:,:;._ : ":tm:-n=z::::t:t er· ::::::.::=::;=-.!4:tl.~--,~,,·::'""~~, ;s; *t/ew;tn::·='-' . .1···0;:z-.::'· _,·1.;;:m,. e-te _:.:ru:·,......;~~~~ ... ~- 4#=M1Je;: 

Season MI~!MUM 'f.JW.Hi!S 
and 1-.te and time 'remperature(0 r.) p. i••• 

:Station Air Water 

1948. Jul7 12 through Sept. 41 

Wolf L. M. . ... •• •• 

StA. A .mg. 27, 3;00p.m. 76 70 4. 3 
{~ht anal711ee, one untawrable for t,:ou.t•) 

St~ c tmg. 27, 4r00j).m. ·. 76 JO l•.2 
( Eight anAl7see. one u.nfa.Torabl e for ti-cu. t) 

~. June 17 through Sept. l: 

Wolf , Aug. H:, 10ll5 a.m. 66 66 5.7 
L. Road 

Sta. A mg. 18, 1: 15p.m. 73 67 3. 5 
(Eight anal.Y'ses, ftv• ~a.vor~ble for trou.t) 

Sta. .B Ang. lZ, lt40p!'m. 73 69 J.l 
(light anal.7s.11:n,, seven unfavora.ble for trout) 

Sta. D Ang. 9. J:45p .. m. 86 7f, 5.2 
(Three analyses, 1101.te unfavorable for trout) · 

• Lese than 5 p. p.m. 

leans; 
p..p.m. • 
% sat. 

tiiAXlMUM VALUES 
'Ii 

Sat~ 
Date and time fempen.ture( 0 1.) p .. p.ll. f; 

•·• I -• ·• .i;, Ju,17 12,. tea 30a.m. 

4J. l 6;.1·.;...,6i,1· Aug .. 6, hl5~.1'4 
Au.&. 14. J: jOp.m. 

1~6- l,; .. 9 - 59 I mg. 1\. ~,20p.m. 

Ab•. Water . Sat. 

72 67 7.4 79 

70 ;6 8.2 7g 
78 63 s.2 i; 

73 59 6.9 67 

6o I 6. 8 - 71 I Seft.. 1.. J: 3op.m. 6o 55 8. 4 79 
( Four anru.7ses:. none Ulda:vora.ble fQr trout} 

37 5.0 • 53 Sept. 1, 3150p.m .• 62 55 1.a 67 

3ll 4.3 - 45 Sept- 1, 4::45p.m •. 59 55 6.2 57 

6115~7•63 Jul71, 11,:lOp.m,. 80 74 5.s '' Allg. 2, };lOp.m • 6; 64 6.1 63 

I 

w 
I 

tl.1 
(n 



ma1>ltt :u. Otla'timed.; ~er .P~~• of' meaolved O:q~n, 
. MldMG! fu'aneh Qf th$ \,l'lli.Q~on River. 

... - ;.·-~--i-· ... -,___ 
'"" s' r,, •-• 

,~ . ....._.~-... ~-~ 
--. ur· .. ,,,,...,. 

SMIHJll ~:tllMUM fl.WES 
and Date .,and ti.me lfempe.r•wre(OJa.) p.;p.m. 

Sta\10.1, ill" · '!tater · 

~tn 

f> .. ·I·· p..p .. m •• 
Sat. ► mt. 

)UZDMii f AJn.:1$ . 8 
»ate ad tbi• fempe;ra.ture,{ r. ) p.,p.·11 • ~ 

.Ur .iate.r sat. ------------------~-~·-N-•-•-·.,.;..·+·i~_....-;~-•j--,_·,...~·--~-· -·~-H_;(f ______________ _ 
!S!i, July 12 tbr:ough !iept .. l:f, .• conttwed: 

Ne~ 'Dain Ang:.. 18, ll: 50a. m. ' 6$ Gs 4,o >4lt· I •·•·• • -♦ .. ·• ... ,. . 
. ·-• ... -• .. •• 

fm.1:let Ang. 18-, 2: 20p.111. 7~ . 69 q_ 5 4915. 7 - 58 I Sept. 1. StOOp.m. 
(Three tUUil.7ses, one wd'avorable for t.r~u:t) 

59 56 7.2 68 

l92Q,. June 12 thma~th S0pt. 1: 

fio 56 13 
.?\'.) 

w Wolf ~- ), ll:30&-~ .. 
t. Rd. Ang.. 11. 10tl511.ln. 58 57 

1 .. s 
7.6 
7. 3 

1J 1.7 • 75 hl7 21. 9t20a.m.. 6, 6o g,l S-o m 
Ju.17 11. 101 ~5&.m. 7'· 65 15 ($ix M:lal;aos, a.11 .favorable fo~ troul) 

Pm1d NJ.I!,. 3. ll;lO.a...m. 
head 

6o 55 s.o 74 s~2- 78 ~«. 11, lO:l5a.m.. 56 ;s 3.5 
(fwo anat;-su. each favorable tor trout) 

Sa 

Sta.A June 12, 3;40p .. 1!1. 7g 66 
( •Seven a.Aalya:es. all fa.YOra.bl.e "for trout.} 

1.~ 7818.2 - 85 I July 21. llrOOa.m. "·· 71 64 8.8 91 

Sta. B J'una 12. 2140p.m. 7'6 66 7,. 6 go is.a .... 6lt I Aag. i5. 2&l5p.m. 6o 62 a.1 
( SeTen anal.pee, all f aYOn.ble £or trout) 

88 

st.a. :o ,~ug. ;, l: JOp.m. 62 59 7~8 7G1s.2 ... 821.~ 11, ll:l5a.a. 6o 59 8.5 
(four e.na.l;rses, all f'aYorable for trout) Ang~ 25, 21 lOp,.11,. 61 61 8.5 

8} 
86 


