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October 5, 1955

TO: De S. Shetter, In Charge, Hunt Creek Ficheries Experiment Station
FROM: A. S. Hazgzard, Director, Institute for Fisheries Research

SUBJECTs+ Doctoral Thesis, A, K. Adums

I plan to bring with me Art Adams' thesis when I go to the Fish
Division Staff Conference at the Rifle River, which as you may

have heard will run from October 19 to 12. You might have occasion
to drop down during this period and join us in some discussions as
you did last fall. On the other hand you may be tied up at Grayling
on the hooking experiments.’ In that case you can pick up the thesis
the next time you are at the Rifle. '

As you may know, Art included only a part of his voluminous data in
the thesis. The balance is here in the form of first draft Institute
reports, which because of his ilinecs he has never been able to ree
vise. We are hoping eventually he may be able to condense these re-
ports for use here at the Institute.

ASH 3 jmm
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Report No. 1390

November, 1953

SNilE PHYSICO=-CHEMICAL FFFECTS OF BEAVER DAMS TPON
MICHIGAN TROUT STREAMS IN THE WATERSYFET AREA

BY
Arthur K. Adams

ABSTRACT

The occupancy of trout streams by beaver has long
been a problem to Michligan fishery biologlsts, several of
whom have regarded the physico-chemical effects as harmful
to fish populationsf My study »f this subjsct centered in
Gogeblc and Ontonagon counties of the western part of Mich-
igan's Upper Peninsula. ‘The primary research areas were on
four streams in the drainage of the Ontonagon River: illddle
Branch of the Ontonagon; East Branch of Bluff Creek; “lcGinty
Creeks; and Morrison Creek.

Events on and about the study waters from 13948
through 195; spowed beaver-trout ecology to be strikingly
fluid. Major observed changes could bs classed as catas-
ffophic, long-term, or seasonal. The first often came with
violent freshets, such as severe spring break-ups and flash-
floods at other times, which washgd the dama away, and led to
their abandonment by the beaver colonies. However, the anl-
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 conditinns 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 mammal in maintaining
the dams, cutting food, and movements from one site to
another were predomlnantly seasonal.

Thermal and chemlical changes of greatest concern to
trout menagement in beaver ponds were diurnal, or of even
shorter duratison. Maximum-minimum thermometers provided a
record of the temperature variastions. Chemical determina-~
tions of dissnlved oxygen, free carbon dinxide, pH, and
methyl ~range alkalinity indicated several significant dif-
ferences from the associated, native flowing streams in
summer ., though not at other seasons of the year. Analyses
also included nne 24-hour series, and several biochemlcal-
oxygen-demand tests.

Surface water of impnundments became heated in vary-
ing amounts, and this warm layer dominated the outlet tem-
peratures for different distances belrw the dams, depending,
for example, on shading, spring flow, and cool=-weter seepage
thrrugh the basesof the structures., Ground-water affluents
into the pnonds themselves provided bronk trout with localized
cool retreats from intolerable heat, which often progressively
Increased downstream thrrugh either a long flowage or a
serles of small ponds.

Dissolved oxygen enntent ~f the water regularly de-

clined proceeding from the head to the fonot of the area in
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a beaver Qolony. Whereas the temperature usually did not
improve for trout in golng over the dams, oxygen content
of the water usually rose. Loczal centers of decompocition
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, Bilochemical-oxygen~-demand tests indicated that the
requirements for the substrate are high but those of the
wgtep, low. Carbon dio;ide and pH analysgs provided values
following those of the oxygen determinetions, but, along
with methyl orange alkalinity tests, disclosed little of
major signlficence in trout mansgsment.

The chemical conditions in the impoundments une
satisfactory for brook trout seem to encourage competi-
tive fishes such as creek chubs and white suckers to be-
come dominent. WNatlve brook trout proved surprisingly
resistant to temperatures sbove 80°F. for short perilods
of time in fleld experiments with natural acclimatizatiqn.
The heating of the tributaries was more consequential down-
stream than in the ponds themselves, and often served to
warm rgther than cool the main streams, which themselves
were not as strongly affected by beaver occupancy on the
upper or middle reaches.

In forming an overall nanagement progran, the bl-

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 relstlonships.
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INTRADICTICN

%

A. HEistorical Background

Bnath beaver (Castor spo.) and trrut (Salvelinus

and Salmo spp.) are circumpelsr in distribution and are
interrelated ecnlogically throughout wuch of tnis range.
Dam and lodge e~nstructi~n by beaver has been the sub-
ject ~f several significaent studles »n this crntinent.
Txemplery are the warks of ‘iorran (18638), whose observa-
tions were nade in ‘arquette County, diernigan, “artin
(1892), Dugmore (1914), and warren (1327), nnt to forget
the account nf almnst 60 pages in Seten's "Livea" (1929).
Grange (1354%) further anpraised envirmrnmental requirements
»f the mswmal, stressing both water and the preferred fnod,
espen, which 18 & successinn tree,

The importance »~f the bsaver In the early fur trade
nf both Caneda snd the nited States 18 well knnwn. Gregg
(1248 ) described 1ts decline and resteratirn, attributing
the apeclies' abllity tn survive and resc~ver tn "adaptation
t~ 11fe in an aquatic envirnnment, and pertially c-ncmitant
relative ineffectiveness »f predators other then man" (p.
74)e The population of thiis animal in this country was prob-
ably at its loweat about 19003 laws over the natinn provided

1
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total or stringent protescti~n by %orld ¥er 1; and succeed-

ing efforts, including Pittman-Rebertssn federal ald pro-
jects in 27 states during the first ten years ~f this wild-
life restaration progran (Putherford, 1249), have made the
’animals asbundant again in many areas vwhere they had previmusly
boen perseeunted to extinction. .(?he Game Divisi~n, Michigen
Department of Conservation, is te recolve a copy of my 45-

psge literature revlew, Exploitation, restoration and man-

ggﬁm&ht of beaver in North America.)

At present the beaver is the seec~nd aost important
fur-bearer of Caneda, ranking behind the nuskrat (Butler,
1950}, aa 1t does In many astates of this cruntey. Johnaon
(1219} told a fine gtoyry of iichigan's part in the fur
trade, and a year later trapving was prohiblted to protect
the vemaining besvers., However, in 1831 they were again
numernsus ennsugh for an open ssas~n, and in 20 trapping per-
leds since then, the state has produced a harvest of 111,369
mf‘thaaa animals from Doth peninanlas (Jenkins, 1952).

Although all of ihe three stream trouts, brook,
brswn, and rainbew, cccur througheat the areas »f Meohiran

ogcupled by beaver, the brank speclee (Salvelinus fontinailis)

predominates in mest pends end lwmedlately connected waters.
tabbs and Iapgler (1947) delineated the general vange nf this
fish in Horth America, end Heedham (1933) has given a good
descripticrn of 1ts 1life history. Varlous aspects of the

latter are discussed at length In this revsrt es they relate
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to key limnnleglcal cenditisons which are influenced by
beaver, Jeparate papers will treat fond end feedlng habltis,
apswning and migration, and age and growth.

The influences »f beaver dams upon trout waters in
siichigean were first mentl~ned by Lowe (1926), and in New
York State by Jobhmnaon (1922 and%i@27). Several stream sur-
veys in the Adirendschks (Hezzard, 1931; Greene, tunter, and
Senning, 1932 and 1934) focussed attention on the problem
there, and Hubbs, Greeley, and Tarzwell (1932) enmuented on
the gned and bad effects of the beaver on lehigan itrout
streams, in which thie animal wes Tast becoming s major
conservation problem.

In September of 1933 J. Clark Salysr, II, was as-
signed to investigate the beaver-trout problem in Fichigan,
and his preliminary report (1935a) was a cantroveraiel nne,
stressing e 1t 4id seven detriments tn trout fishing rather
than six assets, and without the deta to supoort hls con-
clusions., Salyer's recosmendatirng for eontrel of the ani-~
mals (1938b) led to on sxtensive program of beaver dam ro-
zmoval throughout the state, the blologleal effects of whlon
were followed by J. ¥e Leonard, while the work itself was
under the direction of C. ¥ Bradt. The situstlon evidently
got out of hand, and the o~perations tapered off at the gud
of the decade along with other emergency conservation ef-

frrts. (A detalled 87-page review, Previous investigatlons

of beaver-trout relations, includes a oritical exemination
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of these cvents, and suamarizes litersture to 1082 as &
Departnent of Censervation reosrt.)

The prnblem came to the fare in Vew Voark Jtate
{Crnk, 19407 Bump, 1541), and stinulated stream imprave-
ment work aleng the Noarth Shore nf Iske Superior in fin~-
nes~ta (Fvans, 1944). The dam rém&val orocrem of the
thirties still had its repercussi~ns in the Upper Peninsula
af #ichigen (Carbine, 1244), where further investigatinn
wag yet in order, Tasmassen's 1241 report on beaver-trout
relationg in the swift mountein streams of Utah where the
animals were generally beneficial, was hardly apnliecsble to
eonditiona in the northern Leke States,

The diehigan Department of Conservation, recognliz-
ing the need for s more intelligent poliey of managling
these twn valuable vesrurces, in September of 1947 intensi-
Tled 1tm study of the effectis of beaver dams upen trout
streams by engaging me »n & research fellowship at the
University of #ichigan. A review nf the problem (Adama,
1549) and tws progress reports (Ibld, 1948 end 1951) pre-
cede this summary of the limnolegical aspects; the material
on the strictly blologlecal phases of the investigation is
ready for approval es Institute for Wisheries Nesearch
reports.

Meanwhile fishery workers elsswhere were crncernsd
with these same matters: Patterson (1950-a and 1951~a) in

Wisconsin, Eveng (1948) and lHale and Jarvenpa (1950) in
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¥innesota, Pupn (1963) in Yalne, Peid (1951 and 1952) In
New York, and nthers in western ﬂhited States. Corre-
sn~ndence and intervisws with these men have been mutually
profitable in snlving the problems of this ecnlogleal rela-
tisnship.

B. The New 'ichizan Prnject

The aims of the present study wsre twnfold: the
first included e deteyminetinn, directly and indirectly,
of the effects of beaver on waters shared by this {ur-bearer
and treut; and the second was te establlsh menagement pro=

gedures far such areas on a sund, factusl basis.

(1) Investigatisnal Plan

gy plan of attack was to make an intensive study of
beaver ponds of known age In one dralnege over =z three-year
period and to follow this with an extensive survey of the
state to test ecrnclusicns and frrm broad mensgement recom=-
mendatiorng, The extensive survey lost effectlivenesa because
nf the interval which elapsed between the time when certain
lncetlons were called to my attention, and that of actusl
inspection.

The ideal perled ln the field on this praject would
extend from prior to the apening of the trrut flshing seas~n
in April through the end of the £zl) apawnlng season in
Hovember, with & few visits during the winter and the early

spring trapping perind (Figurs l). Acedenic werk in 1948



Figure 1. Calendar of certaln life histery re-
lations of beaver (inner circle) and brosk traut {ocuter
airele) » showing me jor influences of impoundment (middle
cirele), adapted from many sources for the Upper Peninsula
of Miehigan.
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limited my activitises ito the three menths frem mid-June
to mid-September, and the Tlrst seasnn was ~f necessity
largely an exploratory one., The fellowlng two yeers were
deveted primarily to fleld work from late April until the
end »f November. .

Refore the cellections of data snd meterials were
started, sn nperntions plan was drawn up late in the spring
of 1948, and this was revised each year before leaving Ann
Arboy for the Upper Peninsula, A tentative summer season
check-11st inolnded six of the seven items which turned out
to be primasry factors (the seventh belng the fall spmwning
setivities of breok tyout), plus six of the ten aspects
which were judzed to bhe »f lesser significance et the end
nf the projsct. A pond appraisal sheebt provided spaces fop
recording many notable fectors of import in evalusting the
numerous beaver Iimpoundments vislted during this study

(page 8).

(2} Scope of Major Investigatlions

Research centered upon changes nf the trrut streem
habitet caused by beaver occupancy and included study of
() temperature; (b) water chemistrys (¢) fish fond organ-
lams and trout feeding hablts; {d) fish populations and
eompetitive relatlions; (e) effects of the dams upcn spawn-
ing activities; (f) ege and growth of bronk trout; and (g)
yield to the angler (ereel census). The firast stwo nf the

ebove constlitute the majsr part of this report,
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(a) Temperature Rffe¢ts.--dany investigators have

regarded warming of water during the heat of summer as the
1imiting ecologleal factor in streams »f marginal value

£ar treut preduction, Aciual figures on thsrmal tolerances
of trout in aaiture were ascertained along with an appralssl
of the related changes in habitat brought about by siow
flow, stagnation, end lack of shade 1n the beaver pond en-
vironment.

{b) H¥ater Chemistry.--The requlrements of trout

for axygen are rather rigid, and the aazrunt of this sle-
ment prosent in water 1s alfected by the nhotoaynthesis
of green plants, decaying orijanic materlisls, and many
nther influsnces w:lch sre active iu beavsr ponda. Also,
toxle gases may arise from decomposition m the bottom;
however pH, carben diloxide content, and tobtel alkelinity
414 neot appear significant in the waters astudied.

(¢) Filsh Food Organisms and Troub Feeding febitg.--

Unlike the two factors mentloned above, this one 1s some-
times held to be beneficial to traut In Imnoundmentss The
bottem fauna of a stream flowing rapldly over rociks and
gravel 18 quite different fr~m that found in the detritus
end qulet water of a beaver pond, and the dlet ~f the trout
accordingly changes. Hinnows and terrestrial insects svre of
different import in these itwo environments, and the specles

wihieh sgcuy aren't very nften the same.
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(d) Pish Populstions snd Competitive Feleti-~ns.--

The numbers of fish present, both trout and other specles,
were Iimportent to this overall oroblen, where the hablitat

is muoch changed from the usual stream condliions, Snme
kinds were favored by the new enviromment, but others were
&t a disadvantage. The develapmént of a teehnigue for con-
duoting fish populatlon studies in beaver ponds poged @
censiderable problem in itself, and one which is nat yet
completely solved. In such waters the brosk trout are ocom-
peting with coarse specles such as the creek chub (3gmotilus

8. gtromaculatus) and white sucker (Catestomus c. commersoni);

an ettempt was made to learn the ratlo »f these three snecles,
both by numbers and by welight, In this sort of en envir-n-
ment, and tn note the changes over a8 faw years. Anglers havs
had a enmmon experience »f gnrd trrut fishing In & beaver
pond for one or iwn seasons, following whieh the cateh fell
off rapidly, a decline which might well signify chenges in

the sctual fish ponulation present.

(e) Effects of the Dams on Spswning fctivitles.--

Hatural reproduction ia recsgnlzed by meny trout stream
blolegista as the key to angling success over a poriod of
years, particularly on remote waters which ere infrequently
stockad. The structures erected by the beaver are helieved
to be harmful to brosk trrut as barriers to fish swimaing
upstrean to spawn, these individuals then being frrced to

uild their redds in other tributaries, or in & limited
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amount of suitable gravel at the base of the dam, Nests
built in & pond 1ltself may feil to produce fry because of
siltation brought on by & lack of current. The magnlitude
of these eoffects was 1little imown to fishery bloleglsts,
and provided an sxcellent talkingﬁpoint for apertsmen op-
éoaed to the activities of the besver on Wichigan trout
gtreams.

(£} Age and Orowbth of Brook Troub.--Fnvironmental

ghanges in beaver impoundments tend to warm the weter, and
increase the overall food proeductlsn. These in turm should
effect an improvement in the growth of the trout, which
might maturs more rapidly. There has been s marked tendency
in recent years to compere the sultability of waters for a
specles of fish by nntinthhe greowth rates in various lakes
and streems where 1t 1s found. I made such comparvisons

both (1) befers, during, and after beever oceupancy of an
area, and (2) between beaver-pond fisgh and thnse taken from
gord trout waters nearby which were not dammed by the fur=

bearer.

(g) Yleld to the Angler (Cresl Census).--In angling
yield studles differences were noted as menticned at the snd
of the parsgraph sbeve, The return teo the fisherman is pare
amount in fishery management, and its improvement 1z the alim
of meny experiments and lnvestigeti~ns supnported by license

fees pald by the snortsmen,
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(3) other daterial Conslidered

The ten following sspects of this problem wers not
streased, bul souw data were obtained relative to euch:

{&) Additlonal 1ife history Informatlon on the twno
specles primarily e-ncerned, l.se., bBeaver and brook trout.

(b) Erfects of the beaver as a seologlie agent.

{e) Hydrology, flow data, and effocis of beaver
work on the water table,

{(d) Turbildity, ice acii~n, and other physical
factors.

{8) Plant succession in and ar-und Leaver ponds.

(£} Predation in and around beaver ponds. |

(g} Incidence of parasites and disease in beaver-
pond ftrouat.

{h) Import of besver ponds for othor far-bearors
and waterfowl,

{1) Beaver=loreatry relatlons.

(}} Comparisen of bsaver-trout situation in lich-

igan with that in tho Nocky Spantaing end olsewhere.
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SELECTINN AWD DESCRIPTIONNS OF THE 2TUDY FUGION
AND THE SPECIFIC IBVESTICATIONAL AVEAS

As indlcated sarlier, the sportsmen of the Ypper
Peninsula had never accepted a lerge part of Salyer's
findings (193B~-a) as applicable to thelr part of the state
because mnst of his fleld work had been dene below the
Straits of Yackineec. The opnositimn of the Northerm Hich-
igan Sportsmen's Asgociatien ts the hervesting of the
beaver crop was regarded by conservation administrat~rs as
a problem whiech eould be corrected nnce the facts were
availeble, and that group 1n recent years had gone nn record
a8 favoring the trapping of thls fur-bsarer.

Thus T was encouraged to c¢cnnduct s large part of ay
investigation In the Ypper Peninsulae on a watershed which
was femilizy to anglers, and which provided good trout fish-
ing both in beaver ponds and elsewhere. In the spring of
1248 I made a scouting trip through this part »~f the state
to select an srea meeting these requirements; among the
rivers considered were the Tahquamenon in Luce County, the
Escanaba and Yellow Dog in arquette County, the Paint in
Iron Ceunty, and the ilddle Branch ~f the "ntonagon in
togeble County.

13
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The finel decislon was to concentrate effert in the
drainage system of the "ntonagen Fiver with the nearby
Paint River tyributaries as alternate sites in case of calam-
1ties of various aorts on the priamary area. A large number
of anglers both btourists and local residents, fished the
main stresm of the Middle Branch of the Ontonagon River, and
various beaver ponds on its tributaries. Hos: of the sur-
rounding timbered land was under the jurisdiction of the
federal gcverument’in the nttawa Nabional Forest. Fach of
these chaveoteristics were valueble to this investigation,

A1l the study arees chosen were in the Ontonagon
River drainsge basin of 1,260 square miles; thia 1s the |
nost importaht #iechigen system entering Lake Superior. They
wore within a 12-mile radius of the fleld headquarters at
the Vatersmeet Stete Pish IHateherye The streams studiled
primarily end most intensively were: (1) the iddle Branch
of the “ntrnsgren River five milss west of Watersmeet; (2)
the Fast Branch of Bluff Creek & similar dlstence north of
the town and across the llne in ﬂnﬁanagen County; (3) ue-
Ginty Cresk five miles northesst of the Hetchery; and (4)
Jorrison Ureek a mile or so east of the flald headquarters.
The following chart {Table 1) gives an idea of key eoologi-
¢al characteristics of the beaver ponds and the streams,.

Secondary study areas were in the Pmint Fiver sys-
tem of Iron County on Cook's Run about 15 miles esat of my

heasdquarters, and on Stager Creek between Crystal ¥ells and
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the Wiseonsin state line at the Hrule Hiver. The latter
location involved a run of more than 50 miles each way,
and was visited regularly only during the summer of 1948,
the first sssson of field work, Both ¥Mr,. Jawrence and I
considered the beaver work on Cook's Mun as erratic and/or
sporadic, and 1t too was only under Intensive obzervation
for one year., However, these two streams, along with Bush
Oreek, might have served the purpeses of the beaver-trout
project just as well as the ponds of the "mtanagon River
drainage which were glven prierity.

In these three western countles, the majsarity of
the precipitation comes during the srowlng sesson, but
there is also "an exceedingly high snowfall owing to the
fact that the winds rising from Take Superior laden heavily
with wm~lgturse beeome chllled and precipitate snow, nobt only
throughout the winter months, but onften from carly in 0g-
tober to the beginning of iay, so that the ground is fre-
quently covered almost eontihuously for helf the year"
{Teverety, 1917: p. 28).

Although glacial drift irregularly covers the bed
rock, the Pre-Cambrian Pormations and their overlay of
Paleozoie limestone, shale, and sendatone drminate the
physiographye. Thé diverse Plelstocene maeterials are thick
enough over three-fourths of the area to cover or disguise
the irregularities of the underliying strata. The origins
of this materisl in the Wisconsin glaclal stage have been
described by lLeverett {1917 and 1929).
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In the eastern part of Gogeblie County the land ls
feoversd with a eandy, gravelly morainic drift, cccaslonal
yock knobs heing feund in places® (Darlingten, 1521: p.
147). Such geology acsounta in part for the numerous lakes,
some of thenm in extensive chaina, which are a predoninant
fenture of the terrsin on essh side of’the wiacomgin-slehigan
State iine in the land o' lLakes-¥Fetersmest dlastriet. |

The moderate to hesvy growth of timber inecludes
sugar maple, basswood, end American elm an highsr greund,
plus yellew birth snd hemlock., Hed and white pine were
loggzed before and after the turn'cf the century, since which
aspen and whibke bilroh heve invade& thase areas. Some balaam
1s mized with Doth hemlock and birch sbtands; black spruce 1s
more common than the white, especlally around the frequent
bogs, ) | ﬂ

HoWwever, zome parts of this reglon resemble the
Jrok nine plaing of the Lawer Penlnsula, having & light,
dry soll on which grow asbens, young pines (mostly whilte
end jack), pimpy cherry, white spruce, and balsam fir. The
underatery of such atands is largely bracken fern, plus

the shadbush or juneberry‘(ﬁmﬁ;anéhiap ganadonsis).

The i, S« Forsst Service regrognizes second-growth
northern hardwoods as the mozt predominant type today
{Cunninghanm, 1981), The asapen, usually wlth northern hard-
Wwood or balsem reproduction below, ranks second. The

tlmber aconomy of this part of the atate feeds various
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primary forest industriss bubt only & small number of
gssenndary ones, However, the area has been for some tlme
an lmportant sunplier of raw materials for ¥isconsin andl
lower Michigan sew, venser, and pulp mills, plus other

wnod-using plants.

A. H#iddle Branch of the “ntonsgon River

{1) 'The Stresm

The :{iddle Branch of the "ntonagonm River has its
origin in watera flowing esstward and northward from Like
Damon and Crooked Lake respectively. The two headwater:
branches passed through seversl swamp areas above their
eonfluence in Seciion 21 of Township 45 Vorth, Range 40
West, & short distance aborve the bridge of highway U.S5.-2
(Pigure 2). Continuing Iin a northeasterly dlrection the
river traversed a tract recently accupled by besver follow-
ing its use g8 a landing during logging operati~ns., Thias
marshy section ended alt a decaying man-made dam, constructed
in the Jumbering days, abrut forty yards abeove the nresent
Wolf ILake FRoad bridge.

Downstream there was a astretoh of rocks and raplds
whileh, in approximately & third of & mile, changed to a
lowland marsh. The primary study ares en this strecam was
located here, less than half e mile above a brldcee ~f the
Chlcago and Northweatern Railwey. Just below thls overvass,

the outlet frem Welfl Iske entered the main stream 1in



Figure 2. uiddle Braneh, @nteﬁsgw River, west of Watersmeet,
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snother marshy area, which in tarn gave wey to a stretch
where the ceeond-growth timber extended practically to the
water's edge, Two tributaries from the south, Zig-Zak and
Henderssn creeks, jolned the river to the west and east re-
spectively of the iine betwsen Ranges 39 and 40 West (3yl-
venia Road brldge).

The main stream contlnued with a brrder of brush
and timbey through Secetion 19, but with a meadow assncise-
tion bordering the banks In Sectian 20. This plece of more
than two miles was improved for tvout by the iMichligan De-
partment of Conservation in the summer of 1948 by the ad-
dition of about 40 structures. Twa thousand willows were
plented slong the watercourse in Mey of 1949, and an equal
number set out in June,; 1951. Heanwhile the high water of
the 1980 spring had disclosed smme inaedeguacies in the
height of the osriglinal work, and 33 structures were capped
and/or refaced that summer,

There were alternate areas of wet lowland mersh and
swamp, and high weooded banks, &8 the stream continuesd east-
ward to pass through the northern edge of the trwn of Waters-
meot, Here Duck Creck, s slzable tributary, entersd from
the scuth juast east of the village proper; {or creel census
analyses and other conaiderations, this point was selected
as the division between (&) the headwaters whilch were drml-
nated by brook trout, although s-me brewn and rainbow were
present, and (b) the lower reaches Iin which the brown trout

appeared to be the mnst numerous of the three species,
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Gontinuing downstream past the U. B. Foreat Ser-
vice's nursery and distriel ranger station, the river was
gbect eignt wyards wide at the Ontonagen Trout Rearing Sta-
tion, where Sargent's Creek came in from the gouths Aboub
half & mile below this confluence, the “lddle Branch re=
ceived wabtors from Bags Take via Qanifaskcreak. The lake
darion outlet was intermitient, and e mile esst of the State
Pish Hatchery was the moubth of YMorrison Creek, enother prie-
mary study stresm for the beaver-irout investigatlon.

The rock and gravel bottom present in the llddle
Branch below the rearing stabtlon was succeeded by ene of
sand, silt, end delritus by the time the confluence of the
Tamarack Piver wag reachsed six miles to the esst., This was
aboub & mile sbove Burnt Dam (Camp Seven ham), where the
#lddle Braench plunged down 20 fest over an old legging dam
and a natursl rock falls. ALbove thls barrler, warm-water
fishes were rare Iindead, bub belew 1t crapplex, bluegills,
yellow perch, and athﬂrs wore taken along with the three
species of trout. 7The pan {lshes probably came upstream
from Bond Palls KReservolr, a storege impoundment of the
Copper Distriet Power Company just north of the line in

Mmtonagnan County.

(2) Beaver "ecupancy Fast of Wolf lLake Road
The lower reaches of the “iddle Branch of the
“ntonagen River were se wide end had such & current that

they apnarently had never heen dammed succesafully by the
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bsaver. Howzver, there were several bank coloniszs of this
enimal, and others were sctive along all the tributaries.
The beewver dgm which I found farthest downstream wes west
of waterameet In Section 21 of Towanship 45 Herth, Range 38
west (Pigure 3)s Hore the stream was sbout eight yards
wide, and in "ctober of 1349 the animéla had impounded a
2e5-font hend of water. The structure vwas wesak, and had
no auxilisry dam belew to brece it. This was the Tirst at-
tenpt by the beaver so far downstream in 18 years, according
to one of the local residents; snd the dam washed nut in the
severe apring break-up of 1980, althrugh seme of the indl-
viduals may heve been tranned esrller in the yeare.

The animals were active in Section 20 when this
gtrotoh wae being improved by the Department of Conserva-
tion in August of 19248, However, they were unsuccessiul
in damming the river, which here tro was about 25 feet wide,
amerous bank dens were evident, but there was no slgn of
eny old scdden damsi T concluded at thls time that the
beaver were unsble %in impound water In these reaches, ale
though they nften trisd, In mid-spring of 1949 e stream
impravement crew of the consarvation department repsrited
beavey damage to some of their structures in this secilon.
To be sure, hoth these animals and the deer had found the
willow shoots to their liking. Helfway through the neries
of improvements & small dam had been attempted, utilizing

the two parts of g double-wing deflectnr as s base of
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Pigure 3. The farthest downstresm beaver dam
(above) and lodge (below) on the #iddle Branch of the
ontonagon Rivey, ~ctnber 27, 1949.
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Fig. 3
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sperationa, Over the line in Segtion 21 there wmas & broken
strasture of the beaver which had evidently held more than
two Teeot of water, in the frmce ~f a styrrng current, lor at
least & short time.

m Yay §, 1949, en alrplane crulse disclosed no
active or functional dams on the ¥iddle Branch of the "n-
trnagon Tiver below the Chiesgo and ﬁcrtﬁ#eatern Tallwsy
bridee in Section 23 of Township 45 Usrth, Tange 40 West,
Byidently there was a successful effort by the animela a
shoprt distance downsgtream frem the bridrge in the fall of
1950, Judging from the water backed up inm this vicinity on
Novembay £2nd. The beaver food subply en the siream wmar-
gins in the twe miles below this srea was sperse, except
for a fow placez where aspen stends were close te the
water's edge, In the opposilite directlon towards the abtudy
aree the river was 156 to 20 feet wide znd had s few deep
holes. Sand and gravel made up most of the botbom, with
frequent snaps and rooks. There was seme pest, detritus,

and mmek inshers; and ssveral beds nf Panunculus sp. and

Eparganivm s8ps were present in the stream bed. Fsch slde

the Middle Branch was bordered by lewland brush, particu=
lavly tag alders, with sspen and mixed hardwood on the up=-
land.

Just above this half-mile stretech was & sigable
beaver pond abéut 0s4 mile north of the highway. I flrst
88%w this in lste July of 1247, but 1t had prabably been
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$mpounded the preceding sutumm,. The 2en had a length of
about 785 feet, and was eight feet wide at the bamse in the
pld streem channel (7igure 4). Tt rnse te a helght »f
Pive feet, snd the pond elevati~n sbove the sirsem lavsl
at the outlet wes feur fest in late June of 1948, The
structure thsn was rether insteble, and mudded only atb
the south end; standing on it in spots I e~uld depressg the
lavel a3 much a8 eight inchas.

As sn Indicetlen of boaver eceunancy in previous
yoars, & meadow sbout half a mile long extended upstream
- from the structure in a northweaterly direction and covered
about 285 acres of lowland marsh, streanside tag alders, and
large, soatitored alm tr@as. Tha 7, S. Forest Service's
1247 timber survey map classifled the north border as domie
nated by aspén and paper birch saplings of low to medlum
dengitys contlmiing westward and uvstream froen the mesdow,
- this shor$ wam covered with a spruce-fir complex low-atncked
in the pole stape., 0{m the ~ther slde »f the river, the
moadnw, and the “iddle Branch 1tself T»r & quarter nils
gbove this area, was bardersd by northern hardwond saplings
af poor density. Turther tn the eouth were pole-slzed aspen
and paper bireh in medium to good stands,.

The flocded ares in 1548 and 1949 ranged between 12
and 15 acres,a figure which varied ancording to the beavorts
ectivities in maintalning the dame. Por the mast part the

shareline corresponded with the break frem lowland marsh to



Figure 4. Main dam, ¥iddle Branoh of the ‘ntonagon River study ares.

Fall, tCctobher 4, 19046 Winter, February 7, 12490

Spring,; day 3, 1949 Sommer, August 20, 1048
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upland sspen, birch, and cherry, oxcept for the edge of
the water at the head end of the pond. The margin was al-
moat regular, but for extended hays at each end of the dan,
end far the few Iintermittent water courses which entered
the pond,.

”1‘ The depth »f the impoundmant may be censidered In
tém éaﬁagar&es:. (a} the ~ld stream channel, which meandered
back and farth‘threugh the meadow, with some ztretches more
than five feet deep, and (b) the flooded mersh, which vas a
maximim of twn feel dsep gt the submerged edpe of the river,
The ariginel creek botbtcm was larrely send, with several
gravel beds; each of thesne fg@es heceme hurled under the
typical beaver pond gsediment: a mixture of 311%, organie
detritua, and fibrous pest of varylng thickness. The marsh
was srowing aimost entlirely on e bottom of the lasst sert
pbove, and typleal sitvations of both depth and substrate
regulted from wvaricus beaver workings: channels, cansls,
fred plles, and excavations fnrr bullding materinl,

4 few cmnlfers end elms were appsrently killled by
the vartial inundetien, but mest of the lotter eontinued
te thrive in ss muach as 21 inches of water; the same was
trie for tolerant shrubs such as dngwred and emarberry.
However, the atresmside tag alder was soon drowned ~utg
beth 1% and the willows in the middle reechos were utl-
lized by the besver, The marsh growth Inciuded severel
speclies af’Scigggs and Juneus, but for the mmst part con-

sisted of numercus grasses, s~me growing In tussecks.
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The 4iddle Rranch here wag popular smong Siream
fishoymen until the asdvent »f the recent beaver Jdan. Mot
only d14 they axpress eoncern over the changes brought by
the animals, but habltual beaver-pond anglers tnon were not
satisTied, Tor the latter the stream was btoo desp tn wade,
and ths close edge of the marsh to.the original channel made
‘boating impractical, with the result that this ares was
.fiahed muoch lesgs then might be anticlpated.

As mentioned above, the ctudy area asme five mliles
wast of ﬁatersmeet wag sbout a8 far downstreanm as the beaver
conld successfully maintain 2 dam. Current vsleclty rcad-
ings taken with 2 Rentzel velocity tubs on May 26, 1949,
showed 7.10 ¢.f+8. at the hend ~f the maln pand, andl a fleow
nf Tedl 0.fe8s below 1t., The river was nobt shaded hore, end
esnzsquences »f this, wlth such a large volums of flow con=-
pared te that nf ths tribﬁtaries, ahemld have pregented a
contrasting situatlisn, The ~versll oxyeen effects wore also
regarded as different frem those ~n smaller corecks, and with
a minimom of Clanded timber the »¥F might well be less slfected
then in the usual “ienirsan beaver pond.

Onique ameng the sivudy streanms, the Widdle PBranch of
the "mtonagon ceonteined all three spercles of trout; there
were also oreek chubs end white suckera. Hewever, more in-
formation on the competitive relestiona of trrut with such
coarse sbaci@s ceme from Yorrisen Creek than frem thle strean.
An opportunity wes availeble for comoaring twe dlstincet asso-

clations of fishea and food orgenisms, those of the channel
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and those of the meadow, éhe dam 1tself was vegarded as a
barrier to upstresm movement of fish and sesmed well sulted
| for specisl study »f this phase in the preject. Among the
three originel primary aress, the one on the Yiddle Branch
of the ntonagon was the oldest from the standpoint ef
beaver asccupancy. Irom the above, the many posaible dif-
forences in beaver-trout relatlons as contraated to those
en & small feeder creok were parsmount in the cholce of
this area for intenalve investigation. Howaver, the depth
of weter and difficulty in maneuvering any sort of craft
mede aome desairable fleld eperations very difflcult during
the preject,

(3} Beaver Docupancy Pest of Wolf Lake Read 7

Daring an eirplene ecrulse of ey 10, 1949, I saw no
aoctive beaver dams between the primery study arsa and the
JeSe—23 bridge, Above the large lowland meadow wss a rocky
stretol: of river about halfl & wmile long, towards the upper
part of which was the Wolf Iake Road bridge (Filgure 2).
There was & aiz&b}s drop in this section, the head of which
was mavked by sn old logging dam. The river wes mostly
rapids, and there were few pools of any size; 1t was welle
shaded, and for moat of the way the ferest eenopy extended
completely ever the waters,

In seeuting the streem for prospective spawning

aereas of brook trout the following September, a dam
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flooding about five acres of marsh was found close by the
site of an old logging landing at the end of an abendoned
railway apur, It was about three fest high, with balf this
head of water, which was cascading over an un-madded crest.
There was & ledge half way up the pond on the seutheast
shore, and the heaver fand supply appeared to be faverable.
An abandoned dam an eighth of a mile downstream was holding
six incheas of water a foot velow 1is crest, and a short ways
below wng the site of 5 much larger one which had been dyn~
amited in the 1230's.

Although this pond was not under intensive astudy,
it was visited from time to time. The gap from the spring
brsak~-up of 1950 was three yards wide, and at the end of
day the water level was two feet below the creat. Heanwhile
the small asbandoned dam referred te sbeve, which wes 30
yards upatream from the legging one, was being rebullt to
hold 18 inches of water. The animals next shifted npera-
tions to the blowne-out dam, which by iay 29th had a 18-inch
head a foot below ites original height.

Three woeks later this pond was full, with twn feet
of wabters The dam itself at the channel was well constructed
of sticks and gress, but hed & minimum of wud. Iate in
July there was stlll no sign of & lodge under construction
here, although the water level had been ralsed another six
inches, and the heaver eovidently were geing to spend the
winter desplite the poor food supply. The pond wae rather

narrow, but could have flooded the extensive maersh upstream;
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it was the whrming under such clroumetances which had nc-
casioned the blasting of the previcus beaver dem at this
site, (nlike the pond en the ather side of the Welfl Iake
Road bridge, this area continued to provide good angling
for the trout flshermen, |

Below this main dem, and tenm yards upstream from
the old logging stmcture, was an auxilisry one helding
but a foolt of water, which was Douring over lta whcle length.
By late linvember, the main backwaisrs extended past the old
beaver lodge in the pond above; but no new house was vig-
ible undey the snow cover. The animals probably stayed
through the winter, but there was no beaver work at allvin
this area when it was srulsed on July 23, 1951. 4&ll the
dams had been broken at the chammel in the severe spring
break-up:;, which was even more vielent than that of the pre-
vious year.

Above the US.-2 highway bridge the river divided
‘inte three forks, which hed the character of trlbutary
streams, and were not‘eansidsreﬁ in this studys There was
beaver work on each of these oreeks, of which the largest
was the Crooked Lake outlet. Five inactive dems a short dis-
tance above the highway wers crulsed in June of 1948; and on
July 7th of that year e meries egqual in number upstream and
south of the U, Se Forest Service's ¥aterasmeet lonkout tnwer
was warming the water te 71-73°F. However, this influence

appearsd to be counteracted by the cooler water of other
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streams and soring seepages before this flow reached the
actual confluence at which the ¥iddle Branch of the ™minn-

spgon River hed 1ts staert.

Be East Branch nf Bluff Creek

(1) The Stream

The Tagt Branch of Bluff Creek hed itz origin in
spring seepages from cedar swamps in the northernsost
seation tier of Ongeble County, whence it fleowed in e
naorthwesterly direation (FPigure 5). Widway to 1ts meuth,
in Section 34, it received a small branch from the west of
highwey U.3.—£5, and some flow still from & large bheaver
pond in Ssotion 27, an area which mostly fed Mathesnn Creek
to the north., The east and west branches of Bluff Creek had
their eonfluence in Sectlion 28 s short distance west of the
highway to form the main strean, which flowed towards the
north through two large ponds in Section 21, and was jnined
by Pauldiﬁg {Spring) Creek two miles downstream. FKoselawn
Creek also entered from the eest, within a mile of the U. S
Forast Service's Peaulding lookout tewer, and the Jluff 1t
self joined Sucker Creek two and a half miles further on,its
mouth belng about balf a mile west of Cralgsmere. The Sucker
in tumm wees e tributary of the South Branch of the "ntonsgen
Flver.

The stretch of the Faat Braneh of Blufl Creek which

I studled in detail was the upper three miles moat of which
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Flgure 5. East Branch, Bluff Creek, Gogebic and

mtonagon counties, north of Watersmeet,
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lay to the east of U, S+ highway 45. KNo flow measurements
were taken on the oreek, the volume of which was not sub-
ject to any marked fluctuetionss It had a moderate gradlent,
coareing as 1t 414 between two ridges of high land; and this
steepness of fall accounted Tor several differences Trom the
overall conclusions based en findings from other study areas.
In this section, Bluff COreek was usually colorleas but be-
came alightly brown follewing heavy rains. The stream was
thres feat wide and gquite shallow in the upper ftwo forks.
The bottom here was predomlnantly szand and gravel, with a
few short stretches of rock. The first two materlals also
formed the subatrate by the highway bridge, where very fow
rocks were present) here the stresm was about eight feet

wide and averaged absut twe feet in depth.

{2) Beaver Nccupancy
The gharacter of the Bluff had been much ehanged by

frequent periods of beaver sectivity, which were generslly
rogarded ﬁy the locel residents as beneficisl to trout
fishing., anglers living nearby have fished the ponds for
about a l5-~year peried, including the times when thelir ef-
forts were spent on backwaters of abandrned dams and the
stream channels proper after the original siructures had
been dynamited. There has been no stream impravement work
on this creei, but such a project appears desirsbie %o
apeed the waters through some »f the old flowsges, and to

hasten recovery from Bsaver ncoupancy.
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Refore considering the East Branch of the Bluff
itzelf, some conmments on lts tributaries appear 1n‘mnder.
The large besver pond in Sectlon 27 farmerly drained en-
tirely smuthward to Bluff (reek, but recently the flewage
extended much further te the north, and the mnst of 1ts ex-
cona wotey went to #dathessn Creek Instesd. This flonded
ares was a swampy thicket of aldera and conlfers, in which
the beaver wmere active during the summer »f 1948, This was
reputedly not trout water, bui it apreared to be idesl
black duck habltat.

Also enteprlng the Fast Branch in Sectlrn 34 wes an
intermlttent water course in a deep revine thrrugh a jack
pine plantation., Hers, with a~me aspen ~n the slope and
more of this preferrsd beaver food accessible upstream via
a canal system, the animals built s dam in the fall of
1047, blocking the gorge with a strueture sbout nine feet
high. The area showed signs of recent activity when vislited
on Yarch 24, 1950, but later thet spring the dsm was washed
out with the severs break-up. All that remained nf the pond
the following autumn was a small pool about two feet deep,
and the wet weather provided nnly a feeble flow early in
Hovembor.

The tributary running eastward acroas Sectlon 34
had its origin in a marsh west of the highway, at which
beaver have frequently been & nuisance by damaing the

culvert. The source nf thile bLtranch is a warm-water rather
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than a spring srea, elthough srme flow nf the latier sort
d1d snter 1t on the east side of the highway. Trout were
present here only in the lower half of the rill where there
was nn beaver work except fer the Junctlion with the Fast
Branch of the Bluff, whieh was flonded Ly the backwaters of
2 dam on the creek propsr. ”

The stream below the prnd Jjust clted wes bordered by
lowland brush, particularly teg alder, with & falr stend of
gsecond~-growth herdwonds and white pine »n the slopes, atep
which the jack pine plantations extended to either side on
the upland, The creek itsslf was very well shaded and
serated in this atretch of a mile or zo east gf the highway,
factors in large responalble for the ragovery »f the water
frem upstresm beaver-pond phyalco-chemical conditions not
favnyable bto brask trout,

»The dam of the lowernost impoundment on the atudy
sectlon of the RBluff was 40 yards long, with many angles,
gnd the backwater sxtended & similar dlstance upatrean, 1Tt
had bsen built in 1942 or 1843, end was sodded with variocus
herbs; some shrubs were also crowing on 1ts creat in the
sumner of 1548, There was an ective ledge about three-quarters
of the way up the pond and just west of the main channel,
The pond elevation ahnﬁe the atream level at the ~utlet was
about three fset, and the Impoundment 1tself was heavily
silted., The beaver's supnly of aspen here was low indeed,
and & fair saount of cherry was evidently being cut f~r fond

23 well as for bullding material,



41

tm the opening day of the 1843 troubt flshing sea-
son, the water level in the leower impoundment on the Fast
Branch of Bluff Creek was down & Ffaot and a half from the
den crest. Closer inspection revealed that the dam hed
beoen undernined at the nld stream chsnnel, where there was
a hole six feet doep, over which the Framework of the
- structure was s8tlll intact., Nevertheless this ares was
8til]l kept under obzervation to note lts fate following
a fairly long period of beaver occupancy. Above the lower
nein pond there was a btrangport -ne, Its dem was abeut 20
yards longer than that downstream, although 1t held only a
Prot of waters The two svidently had been built at the
same time and flseded about three acres of alder and marsh
grass between them. Eﬁeh of these areas had provided good
brook trout fishing, particularly early in the spring sea=
sana; After the beasver had left the ponds, experienced
anglers still took 1limit catches fram time to time, mostly
from the recently-flooded bobttoms of the tributery entering
from the west (Pigure 6).

The Tast Branch above the ponds Just described
svevraged 2ix feet wide and twn feet deen. Tmstream the
cresk was welle-confined to its farmer channel and f£lowed
threugh a series of besaver meadows between the ridges.
Here several dems had been dynamited by the C. C., C. erews
in the thirties, and agein, move recently (1944%), by a
conservatlion officer. Some lowland brush was growing slong

the banka, but the c¢nver was mestly grasses, which here



Figure 6. Lover ponds, Faat Branch of Bluff Creek, looking nerthward from
point between maln stream and tributary from the west,

Summer, August 2, 1948 . R | ¥inter, darch 24, 1980

Abandoned, day 3, 1949 _Vegetated, July 14, 1549
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extended ~nto the surrounding upland with its o144 burmnt-
over stumpz of pine and frequent young cherry treea. BHe-
vond a nelgbboring jsck pine plantatlinn, nnrthern hard-
wrode bordered the stream e~urse »n the west, whereas the
nther slide was timbered with young sspen, bireh, and
sherry, which adfelned a stand of black spruce. The creek
through ﬁhese upper reaschss was well-guprlied with spring
weter, srme f which sseped down fraﬁ the awamps te the
oast, |

Slightly more than half s mile ebove the lower
dams in the study section there wes a series of six beaver
ponda in various stages of use and decay, from nne to
gnother of whilch the animals shifted their major concern,
These too woere fivat visited on July 27, 1948, and the next
geason became 8 primary Investigational area, replacing
Stager Creek in Iron Oaﬁnty' Fellowing one seasnn of fleld
work it became apparvent that the sltuation here was much
different from that prevalling om the thrse other streams
under observation in the vicinity of Watersmeet. However,
because nf the portape of equipment for more than é mile,
these ponds were vislted only rnce a week during the period
nf intensive researsh. Several avenues of study here were
net follewad through as thormaghly as they wruld have Desen
head the ponds bsen more accessible.

The first dam of the upper aeries, a small atructure
facilitating the transport of frnd and building materials

for beavers, was sbout eight feet long, and well-bssed in
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the west stream bank, Tt was sporadleally extended into
the alder swamp to the esst to Interrapt the overflow thore.
The nend was wildest sbaut ten yards unstream from & s~dded,
dymemited dam which dsted baek te the 1230's, The marsh was
tending toward a warm-water ass~clation, with scattered
patohea of cattall amonyg the pred-~minant grasses and bule
rushes,

Forty yarde above the foregoing den, with the stream
“beek in 1ts chamnel, was the sse~nd siructure of the series,
which hed flonded an secre or so of thick slder brush and
scattered comifers, This too was an suxilisry area end ean-‘
teined no lodge, altheugh the dem was three feet high and
enild have provided sufficlent depth for underweter entrances.
Tn late August of 1948 the beaver were cuttling gspen ~n the
east shore; the next yeer the dam wes asagaln kept in gond
repair, but in 1650 the water level was scmetimea as much
as a frot below its erest,

The third dam of the group (indlcated in Figure 5
a8 impounding the water) was some four feet high and sol-
idly conatrmietsd »f peeled asnen bnalts for the most peri.
It was apoarsntly flve or six years old by 1948, and the
flooded alder and scattered conifers hed been dead for
some time. Host of these trees had toppled over to decay,
but meny balsam and spruce remained elthcor upright or
tilted at welrd anglea (Pigure 7). Abeut 20 yards in from
the north end of this 75-yard dsm, and ten varda upstreanm,

thers was a slzable loige in which the beaver ecrntinued to



Figure 7. Views looking northward from hill aocuth of Dam IV,
upper pnnds, East Branch of Bluff Creek.

Pond III, Spring,day 18, 1949 . Dawm IV, Spring, lay 16, 1949

Pond III, Winter, Hereh 24, 1950  pDam IV, Winter, Uarch 24, 1950
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have an intevezt throughout my study. The scspen tn the
cast had been eubt back aborut 50 yards, but the animals
erntinaed to use 1t.

Tam IV was at the hesd of the two-acre flanding
just degoribed, and 1t wes an older one about two-thirds
a8 long as ths next one downstream (Figure 7)., A decayling
ladge on the emst shore & short distance upatream had long
haen abandened by the beaver, but the s~dden dam ltaself was
kept in good shape for transport and usually held & 1.5«
foot head during bwe years of inspections. This pond with
few trees ammunbted to 1ittle more than an acre and was fed
by ssveral springs from its wesiern slone.

Tha f£ifth dam, thrse or four years old in 19543,
was theﬁ in poor condition and holding but a foob of water.
The l,85-20cre pond c-ntalned many flonded conifers and & feir
namber of drowned slderas. A narrow nicce of apruce-~fir
timber extended down & ravine to its edpe froem the sast to
break the unland cover of aspen and paper birch. The 2r¢-
gsenceé of the latter two tree specles may have encoureged
the beaver to spend the two winters of 1940-80Q, 195051 wilth
 thls as the heme pond. The dam had a four-fnot heed during
these periods of occupaney, and the cld lodge zbout 15 yards
upatream hecame a verliable castle nf peeled aspen.

The beavey had psssed the cold westher of 164841949
in a lodge on the west shore of Pond VI this was for a long

time the uopermost impoundment o»f the series, 1.e., until a
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seventh auxiliary dam was bullt is the fell of 1580 on the
cast fork. The sixth one was new in 1547, but fell into
dlgrepalr off and on during my study years. Tven on August
20, 1848, the top of the 3.5-foot dam was nine inches above
the water level of the pond, and 1ts Sﬂ-adé yards already
sodding In with jJjewelweed. Here too thers was a good food
sunply of aspen on each slaps, and iﬁ the "v” betwsen the
two brancheeg of the stream. Almost the entire flooded
stand of alder was slrsady dead In the summer of 1848. The
drrwned conlfers slso dled qulekly, except for one magnifie
cent white pine asbout tem yards abeve the dsm which remained
green untll the next flald scason. The pond fluctuated in
arep more than the ~ithers downstrean, however, it was always
between one and two sores in size, Including & large flooded
marsh nnfit for brook drout.

It ig perhaps apprapriste at this stege to consider
the slx upper vonds on the Fast Branch of Biluff Creek a3 8
group, for they wers the home of the sawme beavor colony and
similer in many reapects. The whole flooded arsa was less
than ten acres In msximum extent. The ponds were confined
wlthin two ridges rather than extending leternlly over a wide
expanse. The ghorellnss were regular, closely follewing the
contours of the upland, wlth few real bays aside from those
ereated by the beaver in thelr Toveging sctivitles.

The originel boittom type of thess reeches ~Ff the

stream had been sand snd gravel, tc which no properti~ns
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can be asslgned. " top of this was an overlay of a8iit,
detritaa, {lnaculent and pulny yéat; the depralt varied in
Aepth from nothlig in spnis kept clesr by ths beaver to an
ananpraissed vaiue in floodsd seepage.areas. Some of the
prnda' subsirate was olay similar ts the 3urrnunding‘ngland,
nartienlarly where the alope was abrapt. There wers alsc a'
few large rooks in the Impoundments,

Ag usgual in beaver peands, GHthe doepest avobs weve
either }ust asbove the damz thomaslves, ~r at the plunge
haleag by the lodges, Yo sysiematlc soundinss were taken,
but estimetes of seven feet are ressgonadble Lor the viciﬁi-
ties of Indges 171 and V whon the hesds of these Impounde
mente were highest. The weter upsiream from the dams aver-
aged close to five feet near the originel channels by the
five lerger strmictures, decreasing to elther side oxcept
where a cansl came in; custemarily the heaver had dredged
these aress to get mud for their bullding activities.

The extent ~f flooded timber has already beon men-
tloned for cach pond. TFew higher squatic plents exsent duek-
weed flourished in the apper four sizebdle impoundmenta,
whereas the lower two ssemed to be aphroechling warn-wster
marehes, The growth ~f algme during the tws suamers of in-
tensive observations will be disocussed as 1t effected chem-
ical shanges, partleularly the oxygen content ~f the water,

The Bluff Greek study ares, remote es it was, hed

maintained a reputati-n for good fishing aver more than g
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dacﬁde. The angling here for the most part was strictly
with worms and a small pole cut on the spot, altheugh Pend
117 and small pertions_df others enuld have been fished
with flies., This was definitely brook treut water, and
there were evidently no cresk chubs present. Angling, here,
despite the trsacherous footing, was improved over that
which would have prevailed with overhanging tag slders from
bank to bank, bﬁt onoperative volunteer oresl ecensus did not
materialize.

Invertebrete food for bronk trout was abundant in
the upper Bluff Creek pomndis, but the numerous minnows 4id
not appesy to be utiliged greatly. The six heaver imporund-
ments in a close series must have been some hindrance te the
spawning of trout in this stream., Portunstely tﬁﬁra were
sultable areas both above and below, but the barrier effects
of the dems were not thoroughly understood.

The physico~chemical components af besver pends -n
the Bluff were noteworthy because of the spring water af-
fluents, the stream gradient, algae-growth, and possible
downstroam recovery from detrimental thermal conditinns in the
imponndments themselves. The expected increase in acidity
following the floodlng of conifers was not spparent behind
these dams, perhaps beceuse the timber had been drowned out
some time prior to this study. The changes with time in
these slx beaver ponds may well have been slow {nr the most
pert, but they further demonstrated the relative fluldity of
ecologlical history in such habltats,
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C. deGinty {(deGinnity) Creek

(1) The Stream

This run had itz hesdwaters in Pleins Lake (Town-
ship 45 Nerth, Range 32 West, Section 13) which was in a
muskeg bog lying close te the Iron County line (FPigure 8).
it flowed northward through twn more hngg& areas wihlech had
been influsneed by beaver oceupancy over the years. The
lowland stream margins here were tlmbered mostly with bleck
spruce and white cedar. Swinging then 1n & northwesterly
direction, the creek passed through a large alder swamp and
entered a marsh, at the fnot of which the beaver dam built
late in 1947 formed one of the primery sbtudy areas. Similar
cover extending northward was not permenently flnr~ded, howe
ever, BRelow this series of ponds was a meadow from a large
man-made Ilmprundment dating back te the harvesat of the nine,
and downstream the creek again firwed through slder-thickets,
with geattered gsrans spenings, on eaéh side ~f the T S,
Forest Service's Trout Creek Truck Treil. Its direction re-
mained the same erossing nver inte "ntonegnn County; 1t
#eurad first northward, then westward, to enter the Middle
Braneh »f the “ntonsgen in Sectlen 28 of Tovmship 46 Yorth,
Range 38 West.

The creek Jusat abeve 1ts confluence with the river
was aborut aix feet wide, and hsd a rack and gravel bottom.
Here the waters were In a deep valley and were well~shaded

by alders and willows. MNaving 2 gradlient of about 15 percent,



Figure B. MeGinty Oreelt, Gogebie County,

east of Vatersmesb.
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the ntream evidently recovered eoxygen in this region, and
1t8 temperature was much impreved over the besver-poend
condltions of 1ts middls reaches. A large emount of drifé-
wond provided goed fish cover abnve the meuth of the creek,
neay which there were a few nld beaver~-eut stumps, but ne

sign of any recent dems on August 23, 1949.

(2) Beaver Cccupancy

In Section 3 there was an active colony of the
animals visible from the alr in May of 194%. A year later
this pond was reported te be providing good itrout fishing,
but I never vislted it.

The study area itself may be eonsldered as the
streteh of Hetinty Creek sxtending upstream from the Trout
Creok Truck Trail bridge in Section 2 to the end »f the marsh

area practically on the sscti~n line tn the east. 1In

these reaches the oreek was flowing through a valley with
little fall, and its volume above and below the beaver pond
series en May 24, 1949 amounted teo 2,86 end 2.29 cuble feet
per secnnd respectively., This was the brownest water af the
frur streame under intensive investigstion, a condition
which stemned from the several bogs and ¢onlfernus swanps
which fed it.

The creek below the ponds and nesr the middle of
its ecurse ranged fr-m four in six feet in width and had
holes as mueh as two feet deep. The battom here was pre-

drminantly sand and grevel, with numerous stretches of rock
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or peat. Upstream from the beaver coleny 1t was wider but
ghallower on the average and flowed through alder and
eoniferous swamp.

The dense cover of alder below, and the aoft sand
and peat bottom abnve the p-~nds, made these areas difflcult
to fish exeept for hardy "plunkers® using woras rather than
flies., ™ the other hand the »pen beaver flowages were sulte-
able for both styles of angling, provided the fisnerman kept
nis footing aleong the old stream channel banks. Most of the
brosk trout btaken below the pPonds were sublegal.fish, and on
& small feeder creek such as this there had been no improve-
ment work except for the dam renoval setivities of the Civil-
ian Conservation Cerps in the 1930's. Ths grassy marsh and
alder swamp bottom of the oreelk gave way on either side to
pooy stands of pole-slized aspen and paper birch on the sur-
rounding uplands, and a spruce~-fiy sapling asseclation In
low arcas adjlacent to the run.

The most downstream beaver werik in thig area tonk
place during the latiter part of the study mhen & colony was
established less than m hundred yards ebove the road in
August of 19803 at such a late date it was not practieal to
e~nsider this occupaney in the investigati~n, but a brief
degoeription followa. An guxiliary dam with & l.5-foot head
hed 1ts backweters c¢onfined te the originel stream channelg
this was 30 yards upstream from the bridge, and its effects
extended an equal distance beyond to the main dam, around

the south part of which there was & crnsiderable overflow,
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This structure itself held three feet of water, and
_ appeared to have & grod foundation despite i1ts weak crest.
Tt was solid only at the north end, where wmnss, rocks, and
aod from the edjacent bank were the principal msterials.
This home dam was about 40 yards long with many bends, and
sn the north shore a quarter of the gay up the psnd there
was a icdge in which the animals spent the winter of 1950-51.
The lower third of the Aimpoundment was practically all teg
aldér thicket, which was varied upstream with nettles,
Spirsesn, willow, and a meadow associstion abrut 15 yerds
wide. The upner third of the approximate ascre which %as
finnded onnsisted only of heightened water in the original
stream channel.,

Abnut & quarter-mile abnve the Trout Creek Truck
Trail bridee (Pigure 8) was the old logging pond dam built
of rooks and timbers. TIts upper side hed beenme well=-zodden
over the years, and the orest hed grown up with lowland
brush similar to that downstream, The creek proper flowed
through & bresk in this structure about ten yards fr-m ita
north end, where there was a drop of three or four feet over
the rocks. This confined channel was & nabtural place for
the beaver to take mdvantage of the man~-made improvements
alreedy &t hand, which they did in July of 1949 to reflosd
the moadow area upatrsam. Their work sn the structure was
erratic, and no lodge was built on this prnd, which served
both as a foraging spot for favored marsh plants and for

the transport of aspen logged on the south slope.
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The higtery of the flosding, aside from the beaver
element, was complicated by 1iis use during the legging
days, and it was not as intensively studled as wes the home
pond upstream. However, 1t was the site of several ecolog-
ical observations and the source of zome interesting physico-
chemical data. The original stream bottom which weas bared
through most of this ares, wes sands and the sharp banks
were marghy peat, much of which hed been depnsited since the
turn of the century.

Twenty yards upstresm from the head of this silx-to
sight-acre man-made meadow was an old sn~dded beaver dam
with a break in it on each slde of a small 1sland which di~
vided the old channel of the ecreek. Here too the animals
improved on the situation by blacking both of thess, and
adding to the helght of the o0ld strueture with small alder
and willew stock topped by grass and mud (Pigure 9). How=
ever, the beaver mainteined a 2.5-font head of water through
the summsr'nf 1948 and into 1949, when they commenced re-
actlvating the man-made block downstream. The small pond,
which was only about half an eore, was an muxlliery one,
serving for food trensport as well as for bracing the main
dam 40 yards upstresm. It was primerily a flooded meadow
association, with ss~me alders and willows st the head end
end along the margings. The bottom wes 8llt and detritus
atep the orlginal sand, in whieh an exzcavatlsn directly

denind the structure was five foet deep.



Flgure 9,

&9

Auxiliary dam, HeOinty Creek study arvrea.

Spring, ¥ay 12, 1949

7

Summer, July 13, 1949

High water, ¥ay 4, 1980
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At the head end of the suprerting pond was the
home dem, which had been built in the fall of 1947. It
strotched sbout 30 yards between two pleces »f stable
highland, and was six to elght feet wide at the base,

When first vislited on June 28, 1@48,}1t waa holding slightly
more than two feet of water, but this head inecreased during
the perind of beaver occupancy. The structure had a gond
foundstion, elthough the crest wss flimsy at timeas when the
animals were vaising 1% by adding grasa, mud, and/or small
sticks.

The pond 1itself wes dlvided into two ecological units
by an ~ld sodden dam & short distance abeve)the current one.
This bad been dynamited st 1ts north end in 1934, although
the pond then was reportedly providing excellent fishing,

Tt had grown up to nettles, vines, end shrubbery in the ine
torim, but eventually wes overtopped by the c¢oleny under
study, which built a fair-sized lodge at the end of 1t on
the edge of the siream chammel {Pigure 10).

The lower part of the pond was less thsn an acre,
the curving shorelines nf which fellowed the upland eontoursg
the upper reaches $teitalled flve »r gix seres, and extended
southward in a large bay or marsh and te the north along a
tributary stream. The original bettem »f the recently
flonded area had been clay and sand, which soon tonk on an
overlay of detritus, silt, and pest. The maximunm water
depth of about five fegt wss immediately above the dam, and

at the holes by the lodge and upstream in the former channel,



Flgure 10. Beaver lodge, :eGinty Creek study

area, lenklng southward.

Fall, “ctrber 12, 1950

¥inter, February 18, 1649

Spring, “ay 12, 1949
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Pigure 10 (continued). Beaver lodge, HoGinty Creek
study area, looking asouthward.

l

Summer, July 13, 1949

Low water, May 11, 1850

High water, 4ay 4, 1980



Fig, 10
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The substrate had probsbly been sand and gravel at one
time, and there were still somyg uxposed arsas of this
sort whilch had been kept clesr by the animels' activities,
The marsh grasses wers growing on rich peet, which was being
added to the old stream bettom slong with other typleal
beaver-peond deposlits, includling wnod of various sorts.

The new dam flooded 2 thicket of alder and Spiraee,
plus & few tamaracks, but no timber of any conseaquence
(*rentispiece). Agquatle plants were slowly develening in
the lower part of the flowage, particularly duckweeas and
smaritweed. The upper reaches were entirely s meadow asao-
cilgtism, with willows and alder st the edges (Figure 1l).
The marsh was d-minated by bulrushes end grasses; there
wers somé goldenrod, mints, and other annuals along the
marging. The stream channel, especially just behind the
blown-~out dam, had quite a growth of smartweed, and patohes
of duckweeds scattered throughout, but not enough te hinder
fishing.

This impoundment was subjeet to only slight angling
presaure during the study. Yo really sigable brook treut
were noted in fishermen's creels, but most of them took at
lesst a few of the favored game specles. 4 majority of the
anglera favored the meedow area Inr fishing over the alder
reaches at the lower end and were successful beth with flies
and worus.

There was a substanitisl population of minnows in

this pond, including the creek chub, but cemmon white suckers



Figure 1i. Upper reaches of main pond, HoGinty Creek atudy erea, looking

eastward from s~uth end »f Bleown-out beaver dams.

¥all, September 19, 1049 ' 7 Spring, April 20, 1849

Summer, July 26, 1948 :  Dry, ¥ay 11, 1950

)
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were rare., The brook trout had plenty of food, both minnows
and insects, but the numbers failed te hold thelr own. Sulbe
able spewning territory for the treub species immedlately
above and below the ponds was llmited, and the compolbing
fishes seeme@ bebtisr able to withstand the unfavrrable
physico-chemlcal conditions of the summer. As expected at
the start of the study on Yelinty Creek, oxyren depletions
ware frequent. TWises in stream temperature were not, how-
ever, 68 severe ag anticipated bercguse numersus Bprings in
the pond, counteracted the warming of the surface water.
There was & definite thermsl stratificsatien in the impound-
ment, end seepage through lower interstices of the dam par-
ticularly during the firet two sunmers, cooled the outlet
below the tempersture »f the flow over the tnp of the struc-
ture.

Tn the past beaver had been active in the uoper
reaches of HoGinty Creek and had effected some changes in
the bog areas along the stream in SectionslZ and 13. I
visited these on August 1, 1249, when there was no current
activity, and the men who were gulding me could snupsly
little vagt histery. By Wovember 8th there were three
small dems in the more northerly of these two siretches, but
this ooccupancy was not fnllowed further because of the limi-
ted food supply. ¥Yo ponds had been visible during en air
eruise of the extreme headwaters the preceding tay. How-

ever, a U, 3. Forest Service emnloyee had enjryed grnd
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fishing on & beaver flowsge in these parta ten years pre~

viensly.

Ds  Horrizon Creoak

(1) The Stream

This ersek had its source 1in é large spring east
nf Marien lLake in the southwest quarter of Section 23,
Townshin 45 North, Tange 38 West (FPigure 12). The origin
was surrounded by & ponrly-stocked stand nf aspen and
paper blreh over a spruce~Liyr asscelietion, eaeh of which
was only sapling sisze, Along the stream's nerthward e¢ourse
of 2.5 miles to the Hiddle Branch of the ™mtonagon River,
1t received water from several other such flows, including
those flooded by the present main upper pond, twe of which
were noteworthy both foy their size end as trout habitst.
The only tributary of any eonsequence was g brook running
in a southwesterly direction across Section 21,

The supply of spring water in the Horrison drainsge
wee doubtless éffectad by logging motivities; hardwoed and
spruce were hoth taken in the World ¥ar I pariod, the pine
having been lumbered a few dscades previoualy. Although
lowland brush bordered the stream proper in its upner
reaches, to the west there was & sizable stand of hemleck
sawtimber; a cedar-spruce swamp asanciation was more prev-
alent ~n the opnosite side than the northern hardw~rds or

aspen-birch in the highlands,
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Figure 12, Morrison Creek, Gogeble County,

enst of Waterameet.
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Twnethirds of a nlls frem 1%3 ~rigln the stream
enterod 8 marsh area which showed the effects of beaver
pocupancy over the past 30 years or sn. This dense tangle
of long-desd annifers and strecamslde alder, in which grass
tussoels and other wetland vegetation were flourishing,
e~ntinued northward for a mile and a half, with & width
varying according to the surrcunding terrain. Fully three-
quarters of this o0ld marsh was the result sf beaver sctivity
at ~ne nr the othsr of two narrow necks slong the N~rrison
in the northweat quarter of Sectlien 21, the hiatery of which
will be traced lzter.

T the east of the fovegning streemside senlogleal
aasooi&tion wore patches of lowland brush, black spruce,
elther with white ceder or alone, snd enly in the moat up-
stream quarter mile«did the nerthern hardwaods crme dnwn
81l the way to the‘marginal marsh. The white cedar-black
spruce stands of the«western edge first gave way downstream
to pole~siged hardvonds; then, beyond a small clearin:, to
agpen and paper birch over & spruce~-fir understory. Sapling
and pole stands of poplar were broken by plantati-~na »~f red
and jack pine along the dswnstream reaches tn the typical
lowland brush of alders snd willows bordering the Middle
Eranch of the Mnitsnagon River at the cresek mouth in Section
16.

There were no falls slong Morrison Creek, snd noth-

Ing that eruld be called a sireteh of rapids; however, there
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were & few ;ravel riffles in the lowermost quarter-mile,
which had remained free of the beaverts immedlate infilu-
ences8.s The water course ran through low terraln for its
entire length, breaking a narrow valley scrnss the uplands
just south of the river; even here however, there was no
prominent stream gradient., The volume of water was qulte
ateady throughout the summer mnnths, but was accentuated
during such perinds as the spring break-up, and the severe
rains of both this seasrn and of the sautumm. Bentzel
veloclity tube measurements taken day 28, 1549 showed flows
of 2.18, 2,77 and 2.78 cuble feet per second at three sta-
tinng, each »f which was located within three-quarters of
g mile from the ereselk mouth, Despite the headwater swamps,
the atream was brownlsh in color only during the spells of
heavy run-off as mentinned abnve.

The periodzs of beaver occupasney heve had pronounced
effects on three aspects of this stream; depth, width, and
bottom types, The first was influenced by dam-removal npera=-
tions, excavati~ns around them and at the lmadges, siltatinn,
and stodt ~pllings of frod. Secomd, pondling typleally
widened the lotlec area to give backwaters which extended per-
pendicular %o the stream charnel just sbnve srme dam sltes.
Third, originel stream bottom types were variously buried
under allt, detritus, and peat depnsits, »r scrured out at
the plunge basing f~rmed by overfliows tumbling nver the dems,

The undisturbed headwaters were frur to six feet
wide, and to twn feet in depth, and had a sand bottom
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interspersed with patches of small gravel. In 1843 the
floonded meadows bordered a creek as much as 12 feet wide
and averaging & foot deep over a Lottem szimlilar to that
upgtbtream, There was little silt end such remalning here
from past beaver asccupancy untll the lower reasches of this
assocletion, where these depnsits were particularly not«
able on the inward side ~f bends away from the current.
The stream gradually narrowed to eight feet in its final
mile or so, where bnittem depeaits ~f gravel were most
prevalent Iin the velley between the ridges aleng the Hid-
dle Branech of the "“ntonagnn River, wlth a few rocks here
and there. ndisturbed holes in this pertioen of Yorrison
Creok were & blt more than three feet deep. Howsver, even
this area was much gltered by the animal engineers during
the perisd of this study.

The headwater beaver ponds ln the Morrison system
at thelr varinus periods of getivity were favored by anglers
of the vieinity, ineclwilng some from Wisconsin, who 4ld very
well in taking breck trout from & variety of craft with
elther worms or flies according to the sesson. The lower
£1fth of the creek never did rate very high smong fishermen,
even when some of 1t was impounded. These reacches were
marginal trout wabter in many respects, with temperature as
perhaps the declding factor, particularly in that so much
streamside alder had been killed by flooding. Althrugh the

Ce Co Co made a rough survey of Yorrison Cresk for the I, S,
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Forest Service in 1930, ne improvement work has been dnne
either by them or the Yichigzan Department of Conservatlon

in the followlng years.

(2) Beaver Occupancy and Chronology, Lower Reaches

Throughout my werk on ﬁarrisanﬁsreek, bank beaver
were preésent in the Milddle Braneh of the "mbtonagen Rilver
both above and below the mouth of this tribubtary. It was
evidently one of these individuals wnich built a dem be-
tween here and the rosd bridge in Netober eof 1950, It
backed water up to the recerding thermograph statlon eight
yarda upstream frem the highway; the structure was only 30
yards above the creek mouth, and extended back inte the
brush a short dlstance each side of the channel. Fashioned
mostly of willow and alder, the dam held a foobt or so of
water, and probably dild not survive the severe spring bresk-
Hp of 1951. The animels had made a start at building a lodge
in the east bank, halfway up the pend, which wae pretty much
confined te the channelj nevertheleass this coleony, if there
was more than one individual, had all the makings of a one-
year stand, and no more.

At the start of my research preject in June of
1548, the center of beaver activity on ¥orrison Creek was
an active pond e short distance sbove the road bridge (Fige
ure 13). However, a reccoupancy of the upper dam site in the

fall of that year prqvidad nost »f the information, and



Pigure 13. Pond I, Horrison Creek, locking nerthward from uplend to the west.

Pall, Ostober 3, 1940 Winter, February 16, 1949

Spring, April 23, 1949 Summer, Angust 3, 1948
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there were alsoe wintering groups dewnatream from that locale
over both the 1949-50 and 1950-51 sesasons. Upstream from
Pond I there were more then a dozen decaylng beaver dams,
which eould provide materiasl on the aftermaths of beaver
ecoupancy in centrast te the active coleny under study.

_ The meadow area just above the road hed been dammed
enly slightly by the animals in the summer of 1847, but
that fall they moved from Pond II, the flended area of
Figure 12, downstream f'nr the winter. The new comatruction
work waé leas than iﬂé Teet leng, extended fr-m the eastern
upland by the original channel acrnss the marsh, but never
guite reached the steepn western sleope., The dam was as much
ag eight feet wide at the base, and the maximum hesd of

waterws about 3.5 fest. It was well~bullt for the most
part, except for the western end, which was without any
aspen bolts anchored in the marsh to atrengthen this exten~
slon, through and around which water flowed almost constantly
during the summer of 1848. There was & sizable beavaer lodge
on the east bank at the base of a lone balsam about 40 feet
above the dem.

Pond I (Figure 13} wea half an acre, with an irreg-
uler eastern shoreline and en even cne by the western ridge.
It narrowed to 40 feet at its head end where Dam IT, the
home structure in the summer of 1947, had washed tbrough
at two former stream channels wlth an igland between them.

At the base of this, there was 3till some sand and gravel
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bobtom, but most of the originel substrate was covered with
a mixture of silt, detritus, end peat, which ln protecied
areas was more than a fonot thiek. Bsck from the creek
propey the muck and peat of the original marsh prevailed.

The two ecologlical units of chahnel and flonded
meadow were not es distinct in the previous Morrissn Creek
pend as elsewhere, In places the former wss &8s much as six
feet deep, and the latter had from two to three feet of
water over it at the edge of the original stream. The mar-
ginal alder was soon killed, although the willew untoueched
by the beaver continued to flourlsh, a&s did the originsl
lowland vegetation of grassez and reeds, much of which was
used by the animels for food or as bullding material. This
particular srea had not been subject to freguent beaver ne-
cupaney in recent years, and was known to contain several
springs. Well-oxygensted but werm water f{rom upstroam was
affected 1ittle in its passage through the prnd., As re-
flected by the outlet temperatures,the surface became heated
sufficiently tn deminate the sourees of cool ground water.

As mentloned above, the lower reaches of HMorrison
Creek, although secessible to fishing, bad never been a
strong favorite of the local anglers. Befnre 1tas flooding,
the stream through Pond I had provided some brosk trout
fishing in the summer of 1947, but a year later it had be-
come dominated by creak chubs. The problem of competltion
was not studied here the first field seasnn, after which
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most operetions shifted to the upstream beaver colony. Dif-
ferences in fish food organisms betwsen the channel and the
marah did not prove %o be as striking as expected in this
poend, and Dam T 41d nod last leng enough to be iIncluded in
any mejer barpier study related to breok trout spawning
movenents.,

‘The besaver calony of Pond I ineluded two small and
two large individuals as noted during evening observations
on July 12, 1948, Ten days later the anlmals were cutting
both apstream on the west slope at the heasd of bthils pond
and on the sast shore Just belew the dam, which was holding
about four feet of water, snd had been extended westward.
At the end of the month, the western logging operatien ine
volved skidding the peoplars down an 20°incline from the
extreme orest of the ridge of land to the stresm 1tself,

M Angust 3rd, a ney lodge was under constructlion
at the water's edge 20 yarde below Dem IT, which then was
holding only & few inchez of water. The level of the 1lme
poundment behind it was two feet or so below what it hed
been as the home of the colrny the previous summer. Addl-
tions of fresh mud to Dam I by the former stream channel
had strengthened lts crest, but the water was still golng
around the west end, where 1t was only half s faot deep, to
put an inch of sverflow on the lowland by the rnsd. By the
-13th of the month the backwaters had risen so that the next
structure upstrean was lteself holding only slightly wmore

than an inch.
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By the end of August the beaver's loggling efforts
ecncentrated on the west slope two~thirds of the way up
the pond opposits a cleav-cut arse on the eaét sides The
animals hed crommenced mudding thely new west shore lodpe as
early as August 28th; the tempo of eperétiana had inersased
on the east benk, and included s~me alder for building oure
posss obtained from bslow Dam II. On September 1lst the
heme dam was & bit higher, with surface water running over
it in several places as the winterizing efforta Increased.

I did not vislt ¥orrisen Creek sgein until wintey
field tyips on PFebrusry 1€ and 21, 1949, About 20 inches
of snew lay over the ponds, and the complete lce cover
varied from four to six inches in thiekness, Although there
was no visible chimney effect on either lodge, the beaver
had been chewing on a freshly-felled aspen by the newer house,.
A thaw on the 18%th brought on more sctivity by both these
animals and by et least one otter, which had evidently
denned in the abandoned ladpe »~f the third nond in this
series and mey well have put a hele in Dam I before the
spring break-up.

In late April, aslthough the beaver had recently
been ecutting several aspens up the hill to the west of
the ledge on that side of Pond I, the water level was down
a foot below the high of the pravious yesr, and the ecreek
was flowing thrrugh the dam, narticulerly at the two ends,

This drop was reflected at the next mtrusture upsbsrean,
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whieh was holding a foot of water 18 inches from its erest,
There were fresh beaver cuttinge and tracks in the mud below
the lodge where the animels had spent the winter, bul no work
by the home dam wss evident on ‘ay 2nd.

Heavy ralns during the following feur days fllled
the pond to its former level, and the greek was pouring
over the eant end of Dem I, and also te the west of the
old stream channel. The next structure upstream also had
its besin filled, and the water was cascaeding over twe
beaver orossings, However, on iay 9th the impoundments were
each again a foot below their vsspective cresta. Seattered
signg of the besaver breught hopes that the colony would re-
build the heme dawn, end plane-table mapping of this study
ares oontinued. |

#ith two holes ot the east end of Dam I the water
vlsvel continued to fall: 1.5 feet belew the erest on Hay
20th, down another siz Inches by the 86th, and 2,65 feet be-
low the peak head on Juns 1l4th, when there was stlll 1.5
feet of water impounded. "Tramp® beaver moved threugh the
area from time te time, but early in June it was apparent
that this slte had been sbandoned, Iste in the menth the
lavel rnase to within six inches of the crest of Dam I fnl=-
1@wing heavy rains, only to heve 1%t go down egeing and
through the summer it remoined 2.5 fest below the previnus
year. However, a backwatar of 8 foot remained 1In this

former impoundment. Rand was exposed at the lower beaver
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lndge, end wvarious annuals and persnnials were fast invading
the mud flats on the margin of the stream channel (Figure
14)s TIn mld-September bsaver from the ¥ilddle Branch of the
"ntonagon River were eutting willew nn the weat shore just
abnve the road bridge and transporting 1t to thelr bank dens
alnng the larger streem, Althmugh the water was flowing
through the old pond, ice coversd 1ts lower guarter on
Novembher 22, 1949, in contraat ts whiech a mueh larger por-
tion of the two active ponds upstream was alrsady fyenzen
aver at this early dats.

™ February 14, 18B0 the areek ~ff the lower beavsr
lodge of Pond I was undeyr 20 inches of snow and three of
slush lce, and was just at freezing temperatuvre, The high
water of the mevere spring breake-up eamé within elght
inches of the rnad bridpge, snd the entire lewland swamp
here was flonded (Figure 14). Dam I remained in place, with
but & three-inch head gushing through at the sld stream chan-
nsl on ﬁay'sth; bank beaver freom the river were cutting
aspen on the east slope between the structure and the road.
Even Dam 17 was haldiﬁg eight inches of water, which was
flooding the old pond area behind 1t.

The high waters of 1980 subaided between ifay Sth
and 20th; they were brown, but not turbid. Abnut & third
of Pond I was still flonded on ay 24th, and twice as
much of the next two areas upstream was still briefly ime

prunded. This greduelly went down, and heavy rains in 'ay



88

Flgure 14, Pond I, Horrison Creek, looking northe
vward from upland to the west {scompare with Pligure 13).

Revegetative stage, September 19, 1949

Spring flood, Hay 7, 1950

Autunn nermal, September 9, 1950
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and June all but washed eut the lewermost dam, the sticks
of which hed been dlsplaced a yard downstream at the chan-
nel, The lower half of the pond still had its black bot-
tom, tut a portion of the next one above now had soattered
patches éf light 8ilt, both over and below the former
black substrate. The stream's recovery from beaver occu~-
pancy of these lower reaches . was slow through the remain-
der of 1950 (Pigure 14), and there wers no significant
changes apparest during brief spot-checks of the creek in.

late July of the next year.

{3) Beaver Nccupancy and Chrenolegy, ¥iddle Reaches
¥hile Pond IT was the home of the “arrisoen celony

1”71947’ the baekwateré overtopped a third dam 30 yards
above the main structure. This, which was never active
during the present study, wus the second of eleven de-
serted ones in three-quarters of o mile from the stream's
moukh tp the blown-oul dam whieh in turn waz overtoppred by
the waters of the main upper pond. Yo one of these works
held any head at all during the fleld sesson of 1948, but
in the course of the project two of "k sites wers reeccu-
pled by beaver for one-winter stands. Such ponds were not
intensively studled, except for the 1950-51 impeoundment,
which was an integral part of a special barrier-effect in-
vestigation., The dams themselves were mostly short struc-
turea 20 to 40 yards long extending fram one highland to
the other; all had been broken through at eone noint at
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leaat, and 414 not blnek the passage of fishes in elither
direction.

The first of the two re-establishments clted abave
was about three-egights ~f & mile above the greek mouth.
The dam itself was discevered early in the morning of
netober 5, 1942, This was my first fall fleld sesscn, and
I had been in the heblt of vislting both upper and lower
gtudy sites regularly and neglecting the stream bhetween
then, unaware of the aufumn beaver movements, during which
dams for the winter grow very rapidly. Such was the case
here, where the nlder Dam VI was used ss & foundation for
the new 40-yard strﬁeture; ita base waa»aix feet wide,; and
it held 2.5 feot of water in additlon te the normsl one-
foot depth of the ocreek. The Impoundment extended upsitream
three~slxteonths of a mile to Dam IX at the foot of a
vide meadow, which had besen dynamited by Pilzh Divislimn
personnel 1in 1938, The pond's lower half was in Section
18, and the upper in Section 21; it was confined between
the twé ridges, and amnunted to siightly more than two
acres, with s depth ranging te five feet,

Most of the flooding in the middle reaches of the
Morrison was lowlend grass, alders long-deed from previous
asceupancy, and scattered logs., The east slope here was &
Jack pine plantation with little beaver food at all, but
an overstory of aspen abeove smaller conifers on the other

side provided falr forege. The old ledge ~n the west shore
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lsiyarﬁs above the damsite was rehabilitasted, and Dams IV
end V were rebuilt es auxilisries, oach to hold about 1.5
foet of water, The latter were of loose consiruction, and
the home dam when first seen had not been mudded for the
winter,

Two sectinns of Morrison Creek weére already under
study when the preceding new celony was checked during the
fall of 1949 for information on the bawrler effects to
broock trout spawning movements. It remained active during
the following winter, but weshed out snd was abandened
following the 1950 spring break-up., The group at this
glte ineclunded two medium-glzed beaver, and at lesst one
yearliing, as counted over three Noinber evenings in 1948,
Iate In thia‘month wator was still pouring over both
suxiliary dems, and & thin lce bordeyr had formed around
their edges, extending over balf the area of the main ime
poundment. The home dem was freezing pretty well by Novem-
ber 2nd despite its leck eof a s0lid mud crest. That aftere
noon, slthough the alr temperature was 23° P, at 2:00 petie »
there was no 1lce at 8lly moderate winds may have seccounted
for itsshsence.

The heavy rains 1in mid-November of 1949 41d no
real damsge here, end a few days later the home pond was
about half-covered with slush ice, to which an elight-inch
snowfall owver the night of the_l@th hed ceontributed,

Throe beaver tralls between the home dam and the lodge, on
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which asome fresh work had Dbeen done, indicsted that the
animals hadn't yet settled down for the winter. By the
o2nd there was & font of snow on the ground, and all.
three ponds hed sn inch »f ice nver them except for the
outlets immediately below the dams; the real frecze-up
had come, and there were no longer any fresh heaver tracks
In evidence,

The enlony appeared to be "holed up' in nid-February,
1960, and there were no signs of recont activity, Almost
two féat nf snow oveprlay 15 inches »f ice on the home vond,
the dam »f whilch seemed to be holding well, Juast before
the beaver trapping seassn began, on March 22nd, there waes
open water at its east end aboub which the enimals had
besn feraging, and the dam face itself had herdly any ice
en i1t. Obter had besn over the stracture but there was
no slgn of any demapge; the chimmey effect frem the lodge
indicated that the colony was safe. A wesk later the
beaver had besen ouibting sspen {rrn the east shore again,
and the lce sover remained despite brief, but freguent,
thaws,

The home dam was in good shape ~n May lst jJust
prisr to the 1950 spring break-up and wasg helding 2.5
feet of waters; each auxiliary ~ne hed a ~ne-fant head.
Bumerous fresh sticks were secatiered aleng the west shore
81l the way from the ledge %o the remains of Dam III. ™

the aeventh, when the run-off was at 1ts maximum, these
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structures appeared to be withatanding the flood desplite
thelr weak creats. As the wabters subslided the maln dam
held ite B.B-foobt hesd, but the nearest auxiliary -ne waa
a foot balow 1ta crest, and there was no fresh sign of any
beaver setivity here ~n the 156ths No animsls were seen
during evening fishing of the largest impoundment here ten
days later; however, there were a few newly felled aspens
of falr size half-way up the pond on the east shore. ‘lean-
while the level here was four inches below the ecrest to
provide a head of thres feet, while gach of the auxilieries
| downstream held half this figure,

Inte June, there was no beaver ectivity, and per-
iods of listening for kits within the lodge went unrewsrded.
The dem still was impounding two feet of water on June lat,
but this was ten inches or so from the top of the structure,
in which therse was no wisible large heole, The basin wes
geain £illed to 1its former level by the heavy rains the
night of the elghth only to return te its two-font status
by the thirteenth, when T finally eontluded that this had
been a one-year stand for the animala,

At mid-June the suxiliary ponds of the colony were
egch 1.8 feelt below their former crest, and the waters he-
hind them covered only a third of thelr f~rmer areas, thesev
being inverted T-shapes to include the portlons just be-
hind the structures eand up the ercek a short distance., At

the end nf June the home pond was only 18 inches sbave 1ts



g2

sutlet, and the sscondary dams had heads of about flve
inches. These cenditlona enntinued pretty much unchanged
thraugh the remaeinder of the sumner, and revegetatlion of
mud flats was proceeding faster than the natural clearance
»f 8llt and detritus frrm the stream channel of this old
pond.e

ffeanwhile & besver family, evidently from upstrean,
had reactivated Dam IX in July only to move a 1little
farther downstream te thelr new auxlllary structure and
build it very rapidly during Septembsr. Thiy location ape-
peared idezl for & crncentrated, all-out barrier sbtudy
which ineluded erecting & welr just below the uvewest dam,
where there was stilll four to six inches of water held
back by the sbandoned 1849 home dam., To lower this and
facilitate enpstrmiction at the trapping site, the nne that
had falled during the pest spring was removed with a lée-
atick blast of dynamite on the otherwise qulet Sundey after-
noon of September tenth. Host of the water whieh rushed
from the breash was slowed by the dams downgtresn, and no
one of these was significantly affscted. The next norn-
ing scouting of ths expssed mmad flats for stranded fish
showed only twe small mudminnows, a Jehnny darteyx, and
goversl tadpeles. The hole in the dam 1tself was elghb
feet wide and about three feet Into the original substrate.
There were no dead fish alither in this viclnlty »r dcwnstreanm,

whence the water had alrcedy bsen dlssipated bto the river;
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the cresk through the abandnned flowages of these lower
reaches was back within its basnks, although there were
guccegsive high water marks down to Dem I. The severe
spring break-up of 1351 did not wash awsy much more of
the blasted Tam VI, but the sesasonal flaod turned out to
be teo much for the oolony which had moved in upstream.

The site of the new eolony!s first efforts was
the memmoth Dam IX, whieh In the early 1030's had flooded
81l of the marsh area upstream from its first expansion
in the northwest corner of Ssctlon 21. The original
structure here, judging from the situation during my
anthort!'s intenaive observabtlions, must have held back close
to eight feet of water; aeccording to reports, the pond
above had provided excellent fishing over a three-year
pericd., However, 1t was dynamited ome evening in the
summner of 1835, and the resulting flood of water almost
waghed out the road grade of the then-highway U.S.~2
just sbove the m@nth»of Morrison Creskl

Reoccupancy of the area must have oeceurred esrly
In July of 19803 the dam 1tself was discrvered and ap-
braised on the tenth. The beaver had utilized ecnnsider-
able material from the old strueture as & bsge for their
eurrent operations; alder and grass were the predominant
new additions. At first the recrmstruction waes only 25
feet long In the big gap of the antecedent work, but it

finally was extended on both sides of the original stream
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atop the lines of the fnrmer one. The fllmsy dam held
but two feet of water at this time to flood only & third
of the marsh area here; the creek was being impounded in
its channsl up tn the nublet from‘the'&ain atudy area to
be deserlibed later,

This structure too, with only & falr food supply
aveilable and considering the lack of binding between the
new and the old dams where the two types of material
joined, suggested that thls waes another nne-year stand.
As late in the study as this, it did not seem practical
to conduct any extenaive fleld operations here, but the
sroa was visited from time to time throughout the sumner.
Ho lodge was being bullt or reccoupied by July 24th, when
the dam itself was being mudded; however, a month later
the animels had been at least ;nvastigating the sbandoned
house at the head end of the pond nn the weat shors.
Meanwhile there had been mueh crossing of the home dam
upstrean, which indicated that the new work was heing
dmne by the same col-ny rather than eny recent arrivals
from elsevhere,

Parly in September there was still no sign of any
food plle around the ~ld ledge mentioned above, nor anye-
where else in this new mlddle pond. Its level was down
helf a foot on the slxth and only eight inches of water
were triekling thrrugh its whole length; meanwhile the

sutlet had risen a bit more than a foot, thanks to what
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probably was to have been an auxiliary dam downstrean
about 40 yards. |

This was sitneted iIn a 28-~-yard gap thrrugh which
the stream passed betwesn two ridges, s slibe surveyed
later in the fall for a possible FPittman-Robertson {lood-
ing project, at the hesd end of the 1949 one-year stand
dssoribed earlier. Twenty yards above the structure was
an old beaver lodge on the west shove, and downstream a
somewhat legser dlztance. were the washed-ocut remsins of
Dam VIIT, of which 1little had resisted the passing years.
The new work was holding neerly two feat nf water, and
nearby the animals had been logging building materials of
811 sorts and sizes. Their efforts ﬁere o0 8 good founde-
tion, from whiech the structure vrnse rapldly to impound 3.5
feet of water by September 24th.

Following the decisinn late In August to meke an
intensive effort to leayn more about beaver dams &3 bare
riers to brook trout spewning movementa, this partieular
work sesmed te be & gond cholee for & see-nd location on
Morrison Creek at which to connduet suth & studys. The main
uppeyr dam did not appear to be a bloek, whereass this new
one had all the makings of such en obstacle, considering
its location and helght, together with the speed in which
it was built.

When the dam was at 1ts maximum crest end fully

orapared for the winter, rractically frur-fifths of the
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marsh upstream was fleoded, which emrunted to almost eix
acres. There was ne drowned timber et ell in this meadow
association, where an additional foot or so of_water would
have made the avea nore amitractive to migrating waterfowl,
The stream channel itself was as much as six feet desp, and
1ts bottom changed little with but a yeayr of cccupancy
thls time., The lower third of the lmpoundment was still
confined between ridges; above this 1t widened in a blg
basin, then narrewed to the stream channel below the maln
upper ponde.

In mid-Reptember of 1950 the beaver here ghifted
thelr cutting aetivities to the east shors & third »f the
way up the impoundment near an »ld lodge which was re-
built for the winter and adeguately provisieoned late in
- Netober by 8 new food pile In the original streambed.
Heanwhile the esnimals'! inltial atte=mpt in thls area, 1.e.,
on the site of Dam IX, had been overtopped by four inches
of the bamckwaters from the newer structure downstream.
This continued to have a weak erest with no mud at all
to bind the woand and grass, and an ~utlet channel from
its west end entered the creek propey elght yards below.
However, at the end of Octnber it wes holding fully four
feet of waterl The lodge and fond pile each grew inte
November, when the pond itself was finally frrzen ~ver on
the 14th. At this time the dam ton was fced in spots where

the stream had previously been pgushing; the winter e~ver
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thus ereated s trus barrier 1f direct sacent had been the
trout?!s mode »f pessage.

The calony evidently survived the winter only to
have five sirachtural failures alt the original stream chane
nel draln the pond following the severe spring breakeup of
1861l On July £28th there were still 1.8 feet of water be-~
hind the remains, but thils was 2.5 feet below the crest,
snd the area was definitely deserted. The original at-
tempt at bloeking the cresk upstream astoep the old Dam iIX
was falling to ruin, yet holding elght inches of water in
various bays of the old impoundments. The marsh itself had
g perindic meximum of thres inches underioot near the old

channel dne to heavy rains.

(4) Beaver nNceupancy and Chronology, Upper Reaches

However, in mid-sumuer »f 1951 the main upner pond
still had 1%s usnal head of 2.5 feet, which had varied
significently on only 8 few occaslrns since 1ts establishe
ment in late August of 1548, This wes at least the third
flooding of the area in 25 years, and earlisy that sumner
Herrigson Creek had been fleowing unimpeded through its
upper reaches,

This streteh was Iirst crulsed extensively on
July 27, 1948, The gresses of the beaver meadow wers
interspersed with long~dead alders at streamside, then
dead conifers, live trees of thils sort, and finally the
hardwood upland. At the head of this vegetative series,
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there wars s~me young green alders, and numersus springs
feeding the ereek both in and below the rugged headwater
avamp of this brush and varied c~nifers, Back In 1939
thers had been & beaver solony at the “orriasnts source
in the socuthwest cnrner of Ssction 28, and an old da=m in
the cedar swamp here wes observed from the air on ilay 10,
19493 however, no family was known to be active in these
reaches during my intensive study. TIn 1948 the upper
atresm contaelned two feet of cold water (54°F. at 2:50 p.m.)
snd was glx feet wlide, but in the middle streteh by the
eabins st the end of the wonds road to the west (Figure 12),
it was about 12 feot soross and only slx inches deep over
a sand bottom (61°F, at £:10 p.m.,71°F, at 3:40 p.m.) with
no shade at all from the hot sun,

Earller reconnalssance had included the area abovs
the 1880 middle pond Just deseribed. Next upetream from
ites backwalers were the rewaine of an aged puxiliary
gtruature in the covstrictinon beyond the first expanse of
marsh, and 40 yards above this was a line ~f tag alders
warking the sodded remains of the old Dam XI, whieh may
even have flooded this area before the glant ninth one
blagted in 1938, An equal distance upstream wes a deep
- hole in the last dem of the dozen which hed besn dynamited
by & onnservation officer in the spring ~f 1948, This btoo

wag at a narrows between the uplands bordering the strean,
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and was selscted as an alternate site for the propesed
Pltitman~Robertasn flonding project on Morrisen Creek.

Iate in the summer »~f 1948 the animals again meved
into the ares, prebably in mide-Angust. The work was dis-
covered Beptember 3vd, when 1t was holding only 1.5 feet
of water. Tt was only 25 feet mcrnss then, but 1t was
both lengthened and ralssd before winter set im. At the
first inspection there was no sign of either a lodgs or &
fond pille, and the beaver were logging aspen scattersd
smang the conifers of the west shore upstrsam ts the blowne
out Dam XIT. :

The follewing winter (Febwuary 16, 1949} the head
of water was eatimated at two feot below the snow and ice
eover, which wes a figare equal to that neted the next
spring (April 23th). The food supnly appesred to be low,
but the animels had suceessfully passed the winter in a
new lodge about 20 yards above the dam on the east shore.
An auxiliary stmeture downsiream had c¢rme te hold 18
ineches in 1ts baokwaters of only ten yards to the bese of
the main one. Below this area the ereek had been entirely
open thiough the blg meadow above Dam IY.

The major imposundment here was just over s mile

long, and 1t8 average acresge was somewhat grester than

e fortye In such & marsh as this, bordered by swamp, the
exact delinsations nf ghoreline wepre Aiffienlt to eascer-

tain, even using the Department »f Conservationt's definition
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of water as any nlsce that a minnow esuld swim. The
strean ¢hannel mcandered from one side of the low area
to the osther in maintalning 1ts northward direction.
Fr~m this the mosat Importsnt laterad extsanaions of the
pond were itwo hosd-waler spring holes to the east, the
entrance of g tributary frem this same direction, and
annther apring area farther north in Seetlon 21, where
therse wes also & tnngus of mersh ssuthweatward from the
abondoned cabins., Aside from these the shoreline itself
was Palrly regular, with gentle undulatimns for most of
1te length on elither side of the creeks _

Ag mentioned eaorlier, this streteh before it was
impounded hsd & bottom mostly of sand with e few acat-
tered patches of gravel. The lower half of the pond soon
had a coating of silt, debtritus, snd peat materisl over
the original substrate, and at the end ~f the secrnd year
this extended almost to i%s heed end. Meanwhile the grass
arcas elther silde «f the old stream bed had been flooded
tor, and here the lowland peat and mick produced some 6=
vere decomposition effects during the hottest part of the
gsummer. Below the dam djynamited 1In 1945, narrew margins
of unland clay wers also flonded. The stream chanmel 1t
gself, with the excentliaon »f the hole in the old Dam XIT
aha the flooded springs, ranged in denth from three to
slx feet and had steen original banks. The mersh horder-
ing the creek was flooded with as much as fwe feet of

water off the cabins.
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dost of the area had been impounded at least twice
befora in the preceding 25 years; only in the small, lower-
most sectlon between Dams XI and X1i were there any trees
killed this tims. There were alders, for the wlllows and
dogwonds persisted untlil taken by the beaver for food.
The meadow complex sesmed Lo e entirel} of specles tnlerant
to floosding, wiieh flourished with thelr bases covered by
the waters of the flowage {(Figure 15)., iesnwhile great beds
of FRanungulus, Potemogeton netans, P. follosus, and Poly-

gogun
and other aquatics such as Sagittarla spp. came iatn the

emphiblum developed in ths channel at favored locations,

edge between the two major assoclatisns. Perlodically
duriag the summer moenihs the spring holes and aome other
areas along the channel proper were the scenes of algal
blooms by such zenera sa HNostoc and Jpirogyra.

The vegebtatlon, however, did not hinder fisting
in this water area. Anglers nseded a boat or a canoe to
reach the appﬁr part »f the pond, where the bronk Lroub
were favorably concentrated for them areound spring {lows
and/or such gnod cover as old log Jams, fallen trees, end
former bridges, particularly in thevhoﬁteat weather., The
beaver-impounded headwaters of this stresm were in theip
third known period of good fishing while I was wmalking my
study »f the atream, but it waes uncertain how leng the

angling success would last,
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®Pigure 156. Upper prnd, dorrison (Cresk.

Lnoking upstream frem blowne-out dam, September 12, 12349

Freozing in antumn above blowne-out dam, November
4, 1949

~pen in sumer at first spring hole, August 24, 15850
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A vital lactor in debtermining how long good trout
fishing might be enjoyed here was the physlen-chemloal
condltiong which devaloped. There were extensive zones
of both photosynthesls and decnmposition to affset the
nxygen content partleularly, alithough here agaln no
flooded stend ﬁf'sanifers would albter the pa of the water
gignifieantly., Wide unshaded expanses of the pond (Flgure
18) ralsed the temperature appreciably, for some of which
rise the spring flow duly compenssted. The distinet eco-
laglcal areas of the imﬁounﬁment 4id show different
physico-chemical rélatiﬁna, which will be treated in de=
tell in the twe sectiona of experimential material,

The varlous conditlons would be manifested in
changes of the fish population 1tself, which unfeortunstely
waes not appraised prlior Lo the bemver's recccupancy.

Brook trout were known to be present before the ree~
lmpeoundmen® and also the crmpetitlive c¢reek chubs, which
might well galn the upper hend In such g situatlion as
evolved here, The fish community could perheps be splis
indo two or mare asaeei&tﬁans, the channel inhabltents and
the marsh dwellevs, The origlnel sendy stresm bottom had
appeared to be relatlvely unproductive of frod organisms,
2 conditi-n which e~uld get ne worse. Bath minnow and
insect sourcss of trout forage should incresse, and

these too might well he grouned inte serlogleanl units,

reflecting the bottom type and nther fectrrs., There were
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sultable brnek trout spawning areas beth absave and below
the Iimpoundment, the dam of which was not known to ma-
terialize into the sxvected barrler te the fall mavements
af this rame fish.

The above antirlpations made this s prehable shudy
ares for the sec~nd twn fleld Beasons of 1949 and 1950,
and thia peossidbllity was welghed carsfully aver the winter
following 1ts discnvery, The denlsion to eoncentrate the
wnrk on YUarrisen Croek in lts upper resches came loplceally
when the lower pnands were aband~nsd in the snring of 1949,

Around the uppermnst arsa early in #ay, the beaver
were working and ocutting only along the lowsrmost elighth of
a mile gbove the dam itsalf, which wes kept In good reoaily
by the addition of freshecut alder already in leaf. TFach
of the two auxiliary structures deownstream was holding a
frot of water by the middle of the meonth, & crndition
which prevailed to mid-June when the maln dasm eppeared to
have been raised snother six inches b~ what wns to be 1ts
average head of 2.5 fest (Figure 16).

Fains late in Junme snd ~n July 4th brourht meb
brown water over amll thres dams for their entire lengths,
but did no real demoge. Althragh the twe uppermast ~nes
were kent in good revalr by the additien of fresh md and
alder, the lowermost was not maintained; *the creek flewed
threugh the latter rather than ar~und or aver 1%, and thus
ite water level was elpght inches below the former erest,

In mid=July the home structure hed bec~me well enough
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Figure 16, Upper beaver dsm, Horrison Creek, |

Early fall, sapt@mber‘lg, iéés

Iate fall, November 22, 1949

¥id-winter, Febraary 16, 1949
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Figure 16 (centinued). Upper beaver dsm, derrison Creek,

Spring thaw, #ay 1, 1950

Eigh water, E&aﬁ 7 1950

Summer, July 28, 19581
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established for jJjewel-weed to zain & foothold atop 1it.
The proximate seecondery dam also was neglscted by the
colony late in thé month, a condition wiiieh was not recti-~
fied during thé fall. The lsvels behind these structures
continued to drop, the other ~ne holding but four inches
of water early in the sutumn.

Twe medium-siged beaver had been visiting an
ebandoned lodge a short distanee upstrean from dlown-
out Dem XIT intermittently during the summer; they had
left food remains there, including fresh-peeled aspen,
sticks of alder, and uprooted agquatiec vegetstions They
had maintained the home dam full to 1ts crest, although
there was considereble nverflow areund 1ts insecure east
end late in August,

The lodge Iln which the esnimals had spent the pre;
vious winteyr was dameged by what appeared to be s man-made
hole 18 inches in diameter at its pesk, and in mid-
September theve was no fresh baavér work evident, either
on the dams or ashore. Rarly the next month the home one
was still full to 1ts crest and was holding three feet of
water without the addition of fresh meterial. This condi-
tion existed notwithstanding e break two feet widavand four
inches deep at the west side of the old stream channel,
plus a few smsller ~nes to the east, end another still
larger ene on the extension in this directlion. However,

there were mome fresh beaver-pesled sticks 1n the wster
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off the west shore some distance upstream where the aenl-
mals had been logging during the summer.

In Totober of 1949 much wond, mud, and a few
aquatic planis were added to the home dam ag s pert of
the winteriging process. Memnwhile the animsls wevre ap-
parently oblivious to & hole in the proximate suvporting
dam which afforded passage to an otter and/or the numerous
muskrats wandering at this time of yeer. On October 26th
water was pouring over the maln structure, both at the
original stream chennel and the overflow one to the east-
ward., The rate of flow at the Horrison's heedwaters con-
tinued to keep the sand bottom clear of silt throughout
the fall, but off the second soring hole some of this
material and fibrous peat had overlaid the original sub-
strate. Here & “tramp” beaver hed felled s bireh btree
during Nctober, stoppling to eat only 1little of the bark.
Downstream the members of the regular coleny had put seome
frash sticks and other re-enfnrcements on the home dan,
and seats behind all the structures suggested that a thor~
ough inspection hed been mede early in Wovember.

A temporary freeze~-up the night of the third pro-
vided 2 cover of thrae-quarters of an inch of slush ice
four-fifths of the way scross the stream channel by the
deserted cabins, and the lower reaches were similarly ice-
bound by & half-inch thickness. The heavy fall rains in

mid-November narrowed this cover to the pond edges. The
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slush ice increassed after the three days of heavy run-off,
and the permanent freeze-up came on November 22Znd with 12
inches of snow on the ground. At this time the creek was
gompletely ice-covered off the deserted cabins; the only
onen water in the lower reachesa of the pond was &t four
holes in the channel as large aa three feet in digmeter
where beaver or otter hed recently been active. The
guxiliary impoundments were clear of ice except 1.5 foet
from thelr margins, and downstream too the creek was still
open.,

During & moderate snowfall on February 14, 1950,
a Game Division snowmobile faclilitated a winter vislt to
this study area through 20 inches of snow. The stream
channel itself was now under three inches of slush ice
through the main pond, but half the width of the auxiliary
impounduments was open. The water level behind the main dam
seamed to be down elght inches from the crest of the struc-
ture, end there was e sizable flow around the east end of
the dem 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 sctivity in the vieinity, judging from scats,
tracks, and recently frozen holes In the ice. However, at
this time the question of thelr responsibility for the

drop in water level here remained unanswered.
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A later inspection on “arch 22nd before the
trapplng season opened provided corclusive evidence on
this point. The water level by the cabins appeared to be
g fant and half below whet 1t had been in the fall, and
there were otter tracks extending both upstream and down-
stream on the ovposite shere. The ice hére amounted to
only an inch, and towards the dem itself, there wers two
otter holes as 1t inereased in thickness. Ten yards from
the emst end of the structure and a foot frem its tep the
beaver's rivel hed pulled and torn away the varisus ma-
terials of which it had been fashioned and thus had low-
ered the water level ten inches or seo {(Figure 17). Thrae
dlstinet layers of lee were epparent: the original one
at the crest, @ sescond three inches below this, and an
inch at the actual water level., There waz no heaver sign
et all either around the dem or upstrean, and these ani=
mals ¢ould have been the ones which wintered in the new
middle vend e short distance downsatresm. In this direc-
tion the open weter below the upver struchture was elght
feet wide, but the stream wes pretty well frozen over
through the wide meesdow expanze to the nerth.

Another wvislt te Hnarrison Creek a week later dur-
ing a thaw found the water level atill asbout & foot belew
its normal height. The stream channel had an inch end a
half of ice over 1t at blown-out Dam XIT, end the pond
wes completely frogen over except for the locales of re-

cent otiter activity by the anclent sldered dem, and the
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Flgure 17. Winter otter activity, Horrisen Oreek:
“tter hole in ice (foreground), and that of beaver (right
edge), Fond I7I, February 21, 1649 (upper); and ntter hole

at main upper dam, ¥arch 22, 1950 {lawer).



Pig. 17
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hole in the mein structure., From here the orselt was open
downstream to the head end »f the middle pond 30 yvards be-
low blown~-out Dem IX. However, the beaver had repalred the
damage to the main upper atructure by the opening of the
frout fishing season, end the pond wes full to ita crest
on “ay 1st., In splte of this the dam generally did not
seem in gond ghape; notwithstanding the sddition of
freﬂh-@eelaa stieks over the hele made by the otier during
the past winter, the water was casceding aver the east
end and at the former stream channel, and the auxiliaries
wore each six inches below their crests. There was still
gebout half a foot gf snew on the ground, with & thin lee
cover aver the flooded unper mersh, through which the
sreek flowed inm an open crurse 15 feet wide.

During the bresk-up the fellowing week the awollen
vaters did not prove too sewvere for this series »f dams,
although the home one appeared to hold only 1.6 feet of
the flocd. 0On the tenth ~f the month the ran-~off was sub~
siding, and the pond wes again full teo its erest; however,
the proximete auxiliary one was & foot below the tnp of
its retainer five days later. TInspection of the lodgs of
this on~lony revealed that the overhead hole noted in the
fall had been crudely repaired; and the main dam ltself
wes in falr conditli-n with 8 2.5-font hesd while the two
smaller ones belew were holding virtually no water st all

on ey 25the Theze were restored by the end nf the month
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when the beaver were alse feeding on sspen by thelr ledge
and digging for rocts on the spposite shors.

A heavy raln brought the stream proper up six
inches the night of June 8th, and when this subslded the
main structurs hed a three~fook head, which was zeling
around each end, The nearer suxilisry suffersd somewhat
and fell te g foot hbelow 1ts oresty the lower one was all
nt washed oub. n the thirteenth the upper eondas of eagh
of theses had exposed gravel bottems, but remained slilted
in their loewer halves. Nitter were known to be atill
around this pond, and one was shot by an angler. Later in
the =manth work by the redent vresidents out down the over-
flow areund the ends of thse home dam but the suxiliaries
reverted to holdlng no water &t all, and the typical.pond
bottom type behind them was 1imlted o the off-channel
areas, especlally 3uat gboave the stryactures themselves,

The situation here remeined unchenged through the
month of July when these same snimsls were probably the
ones herd at work 2 short distance downstream, TFarly in
Augast there was sporadie cutding eleng the west ghere
between the blown-out Dem XIT and the abandoned cabins.
Heavy rains at this time weakened the crest af the hame
dam te lower the water level gbont four inches, and the
baaver had besen crossing the strueture vegularly te the

east of the main channel. The ponding effect upstream
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at the second spring hole was limited to less than halfl &
foot of water over the crsek benk proper. However, the
head at the dam itself remeined falrly stable at 2.5 feet,

The first week of September the animsls were
felling stresmside tag alders betwoen the two auxiliary
structures, but the swmall new one they fashioned held no
water at all, The state of the melin dem, the levsel of the
imnoundment being hélf 2 foot below 1ts crest and the
sresk pouring over a well-wnrn beaver cranssing, 4id not
give it the marks of & barrier to brook trout spawning
movements, & hypothesls tested by eonstructing a welir here
and oenducting subsequent pepulatlon studies in the fall
sesgon, The trapning device was erected helow the proxl-
mate auxiliary structurs. Yeanwhile there were occasional
slgns of the animala' geotivity aleng most of the length
of the blg flnwage.

The beaver made some repairs at thelr portage over
the main dem in mid-Septembsr only to have this part of it
weakened further by repested passsge of the 6arge used by
the stresm improvement crew at work on the weir, In adw-
ditlon to this, thers was another overflew 12 yards to the
east, The animals continued to vislt the sares, but laid in
na stosk-pile of winter food by the lodge; however, they
had fashiened a block of the emst channel below the main
dam. This had & ten-ineh head, from which the water es-
¢aped by flaﬁing around elther side. The home structare
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on fetober 9th was holding only twe feet, the cresk being
vacked up practically to its base from the new middle im-
poundment downstresm; through the month the three overfliows
across the former eontinmed, and it seemed to have reverted
to the sec~ndary category as far ss the célony was con-
cernod. _

The winter came on fost In Hovember of 1950,

There wes hardly any ice around the uppor prnd on the
sixth, but four deys leter the former stream chennel had
246 inches of {rozen slush, which was thicker and more
solid eround the margins, The complete, solid 1ee geover
haed come es early es the 13th of the month.

A follow-up visit to the sree Muly 28, 1981 found
the level in the mmlp uppey pormd 2till providing a 2.5-foot
head, and there were fresh-peeled sticlks by the ezst shore
ledge to Indicate that the beaver were stlll present in
this lecale. The guxilisry Impoundment downstream was
holding helf a foot of the outlet water, which was a goed
nine inches below the dam crest. A4ny damege tc the works
during the severe spring break-up 2 few months before had
been repaired, However, the animsls dld edbandon the ares
over the ensulng winter, when the stream was not clesed to
beaver trapping, for the creek here was back in 1is origie
rnal channel when Ksrl ¥, Lagler lnspected the site for me

in June of 1958,
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Ee Dynamlics of Beaver Fonds

The previous chronolegies for three ssctinna of
“orrison Creek have indicated thet bemver impoundments are
very fluid environments rather than cnes charscterized by
slow, regular svolublon, During this investligation the
animals were gctlve ih cousing ehanges ~n all tributaries
of the #iddle Branch of the "ntonagon Fiver dralnage syse
tem. iany bsaver ponds functinned over enly & single
winter, with considerable spring movement following the
drametic high water of the Werth Country break-ups in
both 1980 and 1981. ¥Numerous dams were abandrned because
of structural failure rather than because of decrease in
available food supplles on the adjacent uplands. The
beaver, however, often repaired lesser damage from heles
in thelr structures caussd by activitles of otter during
the winter geagons, or by those of anglers in the copen-
water periods. There was also considereble movement up
and down both large and small atreams during the late'
summeyr and fall, presumebly when the animals were search-
ing for winter homesa. Preéparations for the cold weather
includad changes of locations foﬁ auxillary damet and,
sonotimes, for the actusl home pond of a seriesz. In short
movements wilthin the colonles, the beaver took advantare
of such man~made struchbures ss old logging works, some of
which they 4id not favor for more than one year.

All impoundments studled had fluctuating levels de=

pending on the maintenance activitles of the resident
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beaver. In the fall, prepering for the snow and ice of
winter, they seeémed tn lay in the food supply eoncurrently
with the work an the dams themselvss., Thus the smallew
branches snd teps made up the caches by the lodges, the
larger butts providad bark to eat at the Himo and skinned
holts tn place on the dams and houses slong with mud te
seal the struetures. Poraging astivitiea durlng the
winter wore infreguent and were limlbed to occaszlional
nild-weather periods,.

When spring flecds washad eut beaver woprks and led
to thelr shandonment, pand sltes were desnlate areas in-
dsed, 88 they were durlng any lce-free drawdewns. Although
vegetatlion soon tonok held mn the drying mud flats of the
farmeyr {lowages, recevery and reappesarance of underlying
botbom types in the original stream chamels themselves ape
peared to be a muoh slower process,. Unfertunately 7 was
unable to measurse such chenges effectively in my three-
vear study period.

’ For cloger exsnination of the plestlie or flnid chare-
acter of the bsaver ponds under investigetirn, 2 ¢lassifi-
cation of the changes wenld distinguish (a)} catzstrophic
happenings-~these disasters oceurring by chance or acel-
dent; (b) long-term evalutlen--drcening of streaumside
vegetation in the initial starss and mesdow formation folw
lowing sbendonment of the sites; (¢) sessonel chenges--

levels and water-tight integrity, lce enver, and movements
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of both beaver and trrat; and (d) diurnal effects--thernal
and chemissl features, which constlitute the two major sec-
tirna of thls repori, and others to be ireated subae-

quently.

(1) Catastrophic Fvents

The beamt example of a dlsaster on any »f the four
atudy areag ocourred on the iddle Branch of the "ntenagon
River in the apring of 1980 when the ground was still
snow-covered as late as day 2nd. Then there wsye patches
of ice and snow along the pond margins, butlthe ehannel
was open throughout. The beaver had been cutting sspen
en the north shore & short distance belew thelr lodge, and
to the south of the middle auxiliary dam, each of which
work may well have been that of wandering indlviduals. A
i2-foot break in the main dam just scuth of the old river
channel hed been vaused elther by ice sctisn or an angler
who had been stalwart enough te fish here over the previous
woekend (PFigure 1l3-a). However the water level was only
gix inches below the crest at this part of the structure,
but was dewn an sdditinnal two inches at both ends, whieh
8till had half a font of slush ice. 7The dam was holding
& good 2.5-foot head desplte the large break in it, al-
though one of the lodge entrances was now above water.
The retaining structure hed been in gond repeir until
very recently, Judging from the apnearance of the lower

part of the pond. The damape was finally evsluated as
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Pigars 13, Failure of main dsm, ¥iddle Branch of

the ‘ntonegon River, Compare with Flgure 4.

ae Normal, May I, 1949

b Weakened, lay 2, 1950

¢« Broken, Hay 8, 1980
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Pigure 18 (eontinued). Failure of main dam,
iiddle Branch of the ﬁnvtsnagan River.
d. FReceded, iay 26, 1950
e, Vegetated, July 28, 1851
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Fig. 18



137

dus to an ice janm, which had shifted the dam at the scuth
side of the orlginal stream channel.

 As the thaw increased, the Mtddle Branch rose 2.5
feat above nermal to reach 1%ts highest lewel in more than
g decadel The melting snow from the ﬂurréﬁnﬁing upland
did not make the water turbid, but the swamp dralnaze added
a dlstinet brown color. ﬁn'ﬁay Sth s-me beaver, local or
tramps, had besn cutbting aspen on the north alopg batwoen
the lodge and the dam, but had made no attempt te sirengthen
the weakened strucsture. Patches »f ice aver aboub sne-sixth
of the nond ares wers now under a2t lesat twe inches of
water., The break was wldened and é@e@enad‘by the flood,
and the difference in level abave and belaw the sirugture
was only & fnot and a half at the stream channel) (Plgure
18-b)e The water at the south end was elght inches helew
the corest, and it was four inches over the dcﬁnstreag
level as the whale lowland elder swenp was flooded aa
deep thet the depth Imdicatsr at the outlet gage station
was overtapped by more then half & fqaeb.

The flocd had passed by May 8th when the pond water
level wes way down, with the break in the malin dam widened
to five wmrds (Figure 15-0). T™he river wag {lowing
repildly through the farmer pond, its lovel ebout 20 inches
below the dam crest. A six-inch fall of water dropred
frem the struciture to the flooded ewamp below. There was

ho a8ign of any rebullding on the part of the beéver, the
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presence of freshe-pesled aspen sticks near the sutlet gage
station notwithatending.

Two days later the pond water level was down more
than & foot below the gage readings of the previous year.
The river still hed a notable curvent, but the dam bresk
had less of & fall as the water tumbled to the flonded
swamp dawnatream. There were seme fresh beaver tracks
around one of the aband~ned lodges in the {armer pond, but
any sticks or aeatg would have been carried sway by the
high water. The house in which the coleny had spent the
winter had &ll of its entrances exposed, and by %ay 15th
the difference in water level above and below the broken
dam waa only two inchesl

Subsegquent lack of beaver activity supported the
reluctent deeision that the enimaels had left this area.
There had been no evidence nf any trapping here in late
April, but sueh traces mey well have been obscured. The
fallure of the dem during the severe spring bresk-up was
probably the deelding factor in the sbandenment of this
Hiddle Brench pond by the colony. After theAwaters sube-
gided the orest of the main dam scemed close to four
feat above the lsvel of the river, with the unpermost
supporting structure still helding eight inches of water.
The second one had beén waahed away completely, and the
nevest and most dewnstream effort, although with a'faurw

ineh head, was tern out by hand to facilitate evaluating
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the stream flow data from & U. S. Geologiecal Survey gege
statlion.

Another set of cireuanstances the same season re-
sulted in repelr rather than deserticn of & home dam site.
Toward the snd of Yarch T snowsheoed into MeGinty Creek on
the opening day of the 1980 beaver treppimg seasson. Ice
thickneas was not measured, but was estimated as almost
ten inches; there had been eight sizable patches of open
water in the logging pond, and slz in the main flowage
which had fregzen over sgaln the previous night (saly tem=
perature L1l0°F, at 8:30 a.m.,lmarch 28th). The stream
waa open at the base of esach dem, although there were ne
signs of any rocent beaver activity ashore. Otter tracks
in the snow were fresh at only one of six aponts, being
obscured elsewhere by the merning thaw, which reached
44°F, at noon. The lack of beaver sign, combined with
the presence of ntter, suggested that the latter specles
night have gotten the better of this colony during the
lite winter. Subsequent eventa proved this to be the
case.

A thorough examination on #ay 4th, when the
ground was still esnow-covered, revealed thet the rodents
were cutting both aspen and cherry on the north shore
downatream from Dam I, gnd atop the hill near the msain
structure. However, there was e hole in the nld logging

dem, probably dug by the otter. This opening had lowered
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the water level two feet at the channel, and almoest three
feet at the marginas, Neanwhile the rodents had rebullt
the next dam upsitreasm to hold a frot of water despite two
sizable overflows (Pigure 9).

By the time of the breske-up on iday 9th the beaver
had added fresh material to all three structures from
thelr extensive logging te the north of the ponds. However,
the run-off was getting the best of them: the break in the
logging dam waes three yards wide, and attempts to repalr 1t
with grase and freshepesled stleks hed failed. The head of
water was down to aboud & faot, and the clear, brown
HeGinty was cascading over to place the pond level two
feet from the crest. There were rare paiches of lce inshore,
and still two inches »f it on most of the marsh, Ice was
abpsnt from the main pond, at the hesd of which the water
was about 1,5 feet above normal, and the grass was just
starting to green. The lodge and home dam appsared to be
in éoeﬂ ahape, the latter still holding 2.5 feet of water.
The stream was pouring over the rebuilt suxiliery dam,
which now had less than & font &8s itz head.

This secondary structure did not change in twe
days, following which the flow through the logging dam
was only 3l1x inches abnve the level »f the n~ubtlet downe
atream, and that still 1.5 feet above normsl. The most
eritical eircumstance was at the hiome structure, where @

reguler tunnel eppsarsd (Figure 19), This had evidently
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Flgure 18. Obtter demage to main dmm, ¥Yellnty
Creek study area. Lowsr phote of frontlapilece shows re~

sults of repeir of this break.

Normal epring condition, day 12, 1949

Looking upstream early Iin spring, Hsyoh 25, 19560
(left); and looking dewnstrsam later in spring, Yay 11,
1950 (right).
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Fig. 19
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besn excavated by the otter durling the wlnter, then given
nakeshift repairs by the celeny, which dld not atand the
strain of the heavy run-off. As & result the water level
vas down 2.5 feet from the crest end was only half e foot
above that of Pond I. However, there were fresh beaver
tracks in the mud at two places along thié impoundment's
marglins.

The enimals had begun to rebuild the logging dam
by day 23rd, when fresh mud, sticks, and grasa geve 1t &
head of 15 inches. The suxiliary one above 1t was In
poor condition with only half a foot of water lmpounded;
a short-=term lodge »n the south shore was falling to
pleces, and & system of tunnelis hed undermined the whole
slde of the bank here te a distance of six feet from the
heuse proper., There was &8 large gravel bar in the chan-
nel just downstresam from the bresk in Dem 1I, which had
been exposed by high water. Only en elghth of the main
pond below the blown-oubt dam was still flooded; the peat
end s8ilt bottom, with ite pumerous logs, was slowly dry-
ing (Frontlsplece). The lodge itself had three entrances
exposed, and the stream bottem nearby was clearsd to send
end gravel, on which there were numerous siicks from old
food plles (Pigure 10).

It wesn't untill June 13th that the beaver made a

sturt at repeiring the main dam, &nd on that date it was
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holding only half & font of water., They had bullt =
l-shaped cofferdsm around the break in the logging nne
downstream, to which fresh sticks and grass wers added
from time to time. Willow incorporated iIn this structure
the preceding year had sprouted and was flourishing in
siz clumpe. Within three days the head of Dem II had
been ralsed to a font by a fair amount of fresh alder,
and the beaver had been foraging as far as the extreme
head end of the main pond for theae trees.

By June 19th the pond level here on the Aolinty
. was even with the top of the old stream bank (Figure 11),
and that et the dam itself was half its height a year ago,
with a foot and a half of the structure yet expoged., In
four more days the repalr efforts were slmost complete,
although no mud or grass had been used to bring the water
within six or elght inches of the former crest., Thils was
gaing over only at the old stream ehannel and two beaver
eroasings, and very little scemed to be percolating
through the Iinterstices. Meanwhlle there hed been no work
ch the logging dem. The snimals had added some fresh
grass end mud to Dam II st the end of the meonth, and the
maln structure at last was agaln at its original crest on
July 1lst, with water golng over 1t at very few nlaces.
The beaver had also shown interest In thelr fermer lodge
in this pond, where they had fed on aspen out up the slope
to the north.
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A seoutlng trip to the Fast Branch of Bluff Creek
July 29, 1681, feund the situstion much changed Irem the
previous fall, and some of the dams wmeenwhile had failed
in sn apparently cstastrophlc manner. The sscond one of
the seriez, in gnnd condition with & two-font heed, was
sedding in rapidly without any fresh beaver work; the
third, with haelf sgain as much water behind 1it, was full
ts 1tg crest. The severe bresk-up, however, had torn a
five-yard hele at the southwest enmd of Dem IV te leave
thiz pond level 1.8 feet below normal, Wet, the scene of
real desclation was the next one sgbove, which had s similar-
sized #ip In 1%s mid-section (Flgure 20). This isft many
wateredvbaya and channels, rather than a flow conflned te
the ariginai stresm course of the Bluff, which the beaver
had made almest five feet deep. Although neglected by the
animels, Dam YT was but half a foot below its orest and in

faly condition with 8 2,5~faot head of water.

(2) Long=-Term Changes

An opportunity to study some effects of this sert
came on the iiddle Branch of the “ntonagen River in 1950.
Rathey than selecting another stream on which te follew
beaver-trout relations for only one seasen, my superiors
and I elected to continue eobservatlons here tm note the
recovery of this area from the dauege done by the animal's
occupaney (Figure 21). In mid-May of 1850, sporadic signs

of "tramp®™ beaver along the stream were noted, but
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Plgure 20. Pond V, upper serlies, Bast Braneh of Bluff Grqak;

Lodge when active, Ogtober 4, 1980

Lodge when sbandoned, July 29, 1951

Break in dem, July 20, 1961
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FPilgure 21, ('2in beaver pend, {1ddle Branch of

the "nt-nag~n Riwver.

Full, August 20, 1348

pried, “ctober 13, 1950
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ecngtruction setivity was eonfined to the uprer end of
the meadew far from the original dam site and did not
ocour until late in the summer. Towards the end ~f the
monith the stream chamnnel above the washed-out dam had
only & few silt bars, a thin layer of thig sort over the
sand bottom, and no visible gravel at all. The sand sub-
gtrate definitely predeminated in this area, much silt
having been ocarried downstream by the flood waters. Hean-
while the two auxiliary ponds were eight and three inches
rospectively above the level of thelr outleis.

o1 June 12th the Middle Branch was [lewlng through
the break et least three feet below the former maln dam
¢crest. Sand and silt from the home pond had covered mast
of the bhottrm In the small suoporting one immediately down-
stream. Although the typnical beaver arsa material hagd
mostly basﬁ removed from the lower part of thelr home nond,
no gravel was expossd by this date. The sand of gn exe-
tensive bar below the dam may well have come from the
structure ltself rather than the firm pond bottom; the
beaver had used much of this materiasl in thelr bullding
getivities. Some gravel was exposed st the bends of the up~-
stream river channel, bnt the gradient here was much lower
than that of thevraaky portion sbove these resches.

By the twenty-third & lot of very smell gravel
had been bared 1n the former auxiliery pondsj yet the -

bottem here was sand and silt for the most part. Into the
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summer the alow change in type of substrate type con-
tinusd, and on July 19th the asuxiliary pond wase sporaised
as 20 percent small gravel, five percent large gravel,
five percent peat, and the remainder a cembination of sand
and sillt, By this time the main pond was about ten per-
sent small gravel, with much more sand than silt slaewhere
in the formerly impounded area.

| Tn $hils streteh of the river msere gravsl was being
axposed all the %ime, but silt and debris, plup the onrigie
nal sand, made up most of the hottom. By early Septeuber
there were stlil no real holes except for those dug by the
beaver, and these wers inshore. Trout cover along the
channel edge was falr, sonslsting of alder ronts, old
anags, flood debris, and undercut banks. The suxlliary
dam just belsw the main gtructurs £till hed an eight-to
- ten-~inch hesd of water despite the chamnel eut through it
&t the south snd, and sillt extended to within & f£ont of
its erest; then upstream from & stretch of shallow gravel

werea amme rocks just below the washeout.

{3) Jeasonal Variations
The beaver colonles under intensive observation
all showed generally similar semsopnal patterns., The
animals remained in the same home aress for at least two
winters, although their auxiliery activities often changed
among the waters both up- and downstream from the main im-

pounidments. Cutting of food incressed sharply in the late
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sumner and fall seasens bto stockplle supplies far the com-
ing winters; meanwhlle both the dams snd lodges were repaired
for the cold weather.

The group on JeCinty Crsek remained over four
winters in the same hmome pond, but their secondary efforts
shifted in locale. In early July of 19&9.the eninals
turned to the slte of the legming dem dewnstroam from
their base of eperations and used tﬁe structure as a {ounda-~
tion Tfor & new auxilisry of thelr own system. It rose to
hold 2.5 feet of water by July llth, was of loose con-
struction initlislly, but became mare solid with time. The
head inereasad te four feet during August and the back-
waters came to cover the crest of Dam I. During the late
summey the heome area was noglected until mid-September,
but In the next menth preparations for winter were well
underwey: ocutting food, strengthening the two retaining
structures, and sudding both of the feregeing and the
lodge. The home dam held only twe feet of water when the
ice enver started to form as early as November 8th.

Seasanal events during the late summer and fall of
the next year followed those of 1949 in general, but thers
were some éignifiaant changes in beaver activibties. The
most natable bf thoese was the virtuel sbandonment of the
former logging dam until early in Nctobsyr. ieanwhile Dam I,
the original suxiliary of this colony, was not well maln-
talned, elthough it &till hed a bead of 15 inches in Sep-

tenbeyr., The main structure held 3.5 feet of wabter at this
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time and rose another six inches by Hovember to reaeh 1tis
highest crest, as shown in the frontispilece. The cld
logging impoundment had almost reverted to mud flats when
the beaver vebrallt the retaining gitracture. Theoly work
pravided a 1B-inch head by the fresze-up Hovember 16th
when the suxiliary dam upstrean had been %éanforeeﬁ to
hnld three lnches leas.

Vhersas the eGinty Creek Coleny had included only
three dams, the beaver of the Bluff Creek zroup shifted
their potivities basck and forth between the six uppsr
ponds. In August and csrly Septeuwber of lv49 extensive
work on Dam VI indlcated that the animels intended to use
that uppermost pond as thelr home {or another winter, but
on Metober 4th the retaining strueture haed a minoy bresk
20 yards from the south shore, which lowered the wmater a
foot. Late the previous month & ledge rose rapidly in
Pord ¥V, and the fifth dem iteelf hed e good E.5-foot head
on fetober 13ths Foreging eand logging efforts were ¢cne
centrated ~m the sruth slope and prndgaa an extenslive
ford plle for the winter; lce formatien commenced Novem-
ber 3rd.

The structures of the previocus colony survived
the severe ampring breakeup of 1850 with no noticeabls
dameges both the dams and their pond levels were stable
by the end of #ay. Thrsugh the sumer Dam V was the best

maintained of the s8ix in the series s the animals weres
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concentrating thelr efferts on the structures which were
necessary for thely current msctivitiea., Apparently the
ethers were beling asllowsd to deterlorate until neceded
again by the animalas, The ledge in Pond V was greatly en-
larged and helghtened in September (Figure E0-a), and the
sixth dam had been restored threugh extensive rapairs. The
home structure was holding more then four feet of water by
the freeze-up of wmid-November, end the impoundment covered
mest of the twe sigable fond plles on each side of the old
stream channel near the blg lodge. Cutting operations hed
included work in a stend of aspen at the hepd of Fond VI
where & small auxillapry dem alded in transpert.

The happenings on the ¥iddle Braneh of the mtona-
gon parallelled several of those on the two streams do-
soribed above, Here, as on the Yeclinty, the beaver maln-
talned one home dam while the c¢olony was active, and thelr
auxiliary operations changed frem one site te another.

The shifting nature of activity was particularly evident
in the late summer of 1046 when the enimals rebuilt one
secandary structure, then erected a new one downstream
only to abandon it in mld-fNctober and return te the first
locsle. Hewever, the suxilisvies seemsed to have besn
left in poor condition for the appreaching winter., Main-
talnance efforts were concentrated on the home structure
osncurrently with work on the lodge 1tself. Beth of
these were in goed shape for the complete freeze-up on
November 28nd desplte the higheat water of the fall

Season e week esarlier.
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TEFPERATURE EIVRCTS

fwo congtant eh&ra#tmrs of the beaver pdnﬁa which T
gtudied in HBichigen are that 1in summer they wormed the sfille
ente end similarly influsnced varyling lengths of the gstresms
below thelr &amsu’ The waznlituds of these effents dlffered
from ong oreek fo another, éé@anﬁiag upon such factors ag the
crovndewator suprly, the amount and dlgtribution of shade
both in the impoundment snd downsitream, the sxtent of fioode
Ing, end ithe volumesw of Iinflow and outfells At other sesgong
the tharmal charnoteristies of the hesver ponds under intene
give obeorvation 4id not 4iffey saligniflleantly from thong of
the neturals flowing pordiong of the stroamg. “his investle
gation falled to looate sn Ilnsbance of sutumnpl superecooling,
which Selyer (1905~n) vegerded as o cause of fellure of fell
brook troud spawnling in lmpoundmenta of thls sorte During the
sevaere cold pevliods of winter, opon wveter and that uvnder the
lee were goenerally in a nerrow range of H0=14°F,

Temperature reedings throvgh most of this projsct vwore
taken al regular intervals and st estadlished stetlions on the
rrimery atudy aresge. Toping the sumeyr of 1048 all reocords
wore taken with Taylor ebtohsed atem, B-1/2-inch pocket thormos
meters which had a renge of «40° to 412077, in twoeds ree
dlvigiona. ¥For the following two sensong raximneolinimm

145
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ingbruments supplemented the pocked type and provided regords
for toemperature vangs over & perled of time in additlion teo
spot readings. Thess thermometers were Taylor, li~inch. so-
celled six's patisrn, end slso hed e range of -40" to +12¢7P.
in two-dagree dlivisions., A rocording thermposraph was used
in 8 spsciel test onm Morrison Cresk.

Fishery blcloglista have rogognized for some time thatb
high woter temperabtures in sumier are fyeguently the limiting
factor of trout rroductivity in marginal streams, o8 concept
that will be azxamined thoroughly lsier. In this regard the
extremes over pariods of 24 hours o 8 wesk ere more gignifi.-
cant than mean or median waluss, wh lch wuld not indicate
either the highest tempersturs (bringing on rossible distress
during the heet of the day) ror the lowest flure {usual roe
covery over the coosling night). Actusl mortelity of brosk
trout comes at some point abovs 80%r,, and the fish are pro-
bably.uneamfartahi@ st 75°V., depending on scclimatization
rates as well ez thermel sxtremesn. The letter flgure is de-
signated sg aritleal in the tabuler records from situdy streans
in accordsncs with Dmbody (1822).

Intorpretation of the warlous readings over three
field ssaosons; 1642«1950, 1a complicated by the 4lfferences
in climate during these yesrs {Teble 2). The weather atation
operated by the U. 8. Poreat service at aterasmest was esteb-
lished in 1939 end vrovided the "normal® flgures for the total

rerliod of the recoprd, and meteorologieal date during my ebtudy.
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fable 2. zraiua&ibna of ae?tainAneteorolagical condltions,

. ¥abersmest Avea, 15UE.1950 seamsons.®

*Figares from Climatologicel Data, U,S5, Weather Baresn
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For the most part the summers of 1948 and 1840 wers warmer and
drier than the overall record, wvheresns that of 1880 was coocler
and wetter. Theze differencer tended ito obseure any evolutlion
of ineremeed warming as the ponds got older and more sitrsem-
aide shade trees snd brush were kllled by flooding, but the
waather complication was more serisug in relation to chemical
vhenomena affecting fisghes, verticulearly the oxygen econtent of

the water, then on the temporature per se.

(A) Suamery of Thermal Charscteristios of Study Stroams

{1) #iddle Branch of ntonmgon River

Poy comparison with wabay tsmperstures telen ahove,
in, and balow the beaver pond west of vatersmset, 7 tzd relfere
ennce to thermel date teken at the Intonsson Trout Rearing Sta-
tion about sixz miles downstpess from sy sbtudy area. Heve the
caretaker took resdings three times dslly from e seml«permanent
installation at B g.tsy Noon, and 5 pe.da.

Three raximumeninioum stations were eaboblighed June
13, 1949, around the beaver pond towerd the hesdwaters of the
¥1lddle Prench of thes Ontonagon River. The most upstream of
thaege,; the moecelled Inlet statlion, was In a well-shaded
streteh Just east of the Wolfl Take road bridge, whence the
water flowed half s mile through equal dlisbances of timbersd
fast watsy and the head of the beaver pond under observation.
The theymometer in the impoundment wes mounted on a siump at

the edze of the old stremm chencel 20 yards sbove the dam i
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g8l to record from a depth of two feat, and thus to eszcarpe
surfece effect and to provide readings perhaps typicel of the
major part of the pond's volume. About 80 yerds downstrsam
from the primary retaining structure, snd helow all of the
puxiliary ones, & outlet thermomgter w&ﬁksacure& to & ilog
which extended scross the stroam channely this reglistered the
temperaturs of the water Ilowing from the ares of bssver occue
pancy« The pond gbatlion was nobt maintalned in 18950 following
the washout of the melin dam, but the othere were reoad two or
three Bimes & wecek sa they had been over the previous sesson.

Poeket thermometer readings durping the sammer of 1848
eere btoken ungystematically et three statlons: (1) ebout one-
third up the pond, (2) hy the dam crest, ard (3) ab the fook
of %the dam. These A1d not ghow any significent overall change
in tempersture around the lower snd of ths impoundment, end
indiceted thet the gireanm was oooled slightly during its
passege through thils short stretch, partleularly towards the
dam, where cosl wateyr from the depths conld alreulste wliih
the warmer strais near the surface. In tan Instences dupling
both wmorning snd afternoon the differences ran as follows in
degrees F. {freguency in parsutheses), pond surface va. stream
bglow dmmy +2{1}, 0(8), «1(1), «=B(1l}., and ~3{B). ‘owever,
few of the reedinges were taken late In the afternocon after the
full effect of radiation; thus they wers rore nearly averags
valuey reather than those of excess warming, which was rare

here too in the following yesrs.



150
During 14 weeks in the summer of 1944, temperatures

af more than 7B°F. osccurred only three btimes, with & meximum
of T7°F. for these resches of the %¥iddle Franch (Table 3).
“hen the waln dem wea no longer functloning the next year,
the hiphest reading was 74°F. 'Thue iIn noginsﬁanae gapn the
trout population severely Jjeoperdizes by undue werming or by
overly rapid temparsture chenge.

For 1940 maximum temperatures show an average overall
rise through the sivdy area of slightly less then one degrse.
This elevetion cccurred bebtwesn the inlet and the pond stations
{Tebls 3}, During the much gocler sumrsr that followed, the
effesct wan the same even though the dem was no longer an obw
gtruction. In hall the weekly rendings of 1949 there i1s gvi-
dence of favarable tamperature resovery downgtream in the halfw
dogen miles Yo the Untonsgon Trout Hearing Statlon. The number
inersased to neerly three-quarters in the next yesr (Plgure 22).
Bilther thls difference progressing Jownatresn wes sn srtifact
which stemmed from the timing of readings at the latter loca-
tion, or the sotion of tributaries snd svrings, pPlus everorg-
tion, in sctuelly cooling the water mede 1t more favorahle for
tront rroduction.

A comblination of several factors probably expleine
the absence of any ssevers werming effect from the large beaver
pond on the Middle Brench of the Ontonagon River. The half-
nile betwaen the inlet and pond thermometer ststlons ineluded

two digtinet eccloglcal units whiech had orrosite effacts on



‘Bable 3. Weekly Sfater Tarperatire - E:anges and Ghan@es between Statione
on the ﬁiddle Eranch af the Osntanagon River. 19!'49 and 1950

" LOGATION AND TRMPERATORE (°F.)

194G, Week Inlst  Chamge ~ Pond - Change  Outlet Overall| 1950, Week Ialet Chamgs = Cutlat
beginning statlon 1n maxl.ma staticm in m&zims statian Ghange beginning statlon 1n maxima station

June 12 . 69 = 5‘{',’ B % o 72 -5 < N 50 R «?ﬂné 11 ‘{3 56 «1 72 =56 ;. )
June 19 70 - 59 0 70-8 0 70-% 0 | Junelf 73-52 41 ThaB3
June 26 73-63 - 0 . I3 65 os*. Pofh a1l | June 25 The- 52 0 - Ths. 5z -

July 3 . Ié"* 63 41 II.* [ %1 23' s ,Jﬁl_z% 2 6l=%2. -1 | 66 - 52

July 30 70 ~ 62 e T3e-62 0 A e | iy 9. 70-3 o J0-5
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Jaly 2% 60  s2  J6- 681 o* %‘_?-63 42 [ July 23 ‘71 -5 - 0 . 71-58
July 3 ;55-53 . ez B8 -39 0 -6 e2* | Jaly3 72-55 0 72-53.

mg. 7 Te-62 s2 - 76-63 -2 hma-63 0o | Ansg 6 63 56 #2 . Tl =5%
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o4 o
Sept. 4 64 « 50 0 th-m =1 :'563 -51 -i éap_é.;. 3 | 61 - 50 - +3% '.su 48
Sept. 11 58 - 55 .0 58 - 55 0 58 -5 0 Sept. 10 61 - 52 . a3* G450

Kean change, o - S L , L e :
14 weeks +0.9 : - =0,1 +0.8 I ' +0.9

¥umber critieal ' : L R R , D '
weoks 1 : 2 2 - o 0

* Haxisum weekly fignre.
T Critical temperatures (> 15°7. )uaderlinad

f‘mt



Figure 22. Weekly water temperature ranges, 1949
and 1950, Eiddle Prench Ontonegon River, Inlet, pond snd
outlet (left to right vertically 1p esch polygon}, compared

with vearing atastions.
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the water temperature: a well-shaded plece which probsbly
included various cooling factors,; and then the open headwabsers
of the impoundment proper, in which 1t was wermed. As we
have ssen, the latter sffects vrevalled by & narrow margin.
The readings reflset the 4lfTerence betwa;n these two Influ-
encag,; but not thelr asctual megnitudes.

The lagk of addlitional hﬂatimg bebtween the pond ate-
tion and the outlet might gignify that the wolume of surfece
water was low, as the spot readings of 1948 led me to bellieve.
The tempersture dlflfsrencesz heﬁwaeﬁ the surface and the tharsoe
meter above the dem,whiceh mey not have been sultebly located,
amounted to am much as four degrees, but thie stratification
may not have been pronounced at other times. The suprorting
ronds in thelr veriocus stages of scbivity and decay in 104b
eould have contained a cooling influence themaslves from the
dem to the ocutlet thermometer. Vel the fact stands out that
the ween difference in maximum readings from the Iirst to the
third gtetlon was the sems sach yser, with ond wlthout the
impoundment. The volume of gool water flowing through 1t
wag probobly much greater then that stored in the exposed
marginal backeabters, and thus the werming was not sligpificent
either year on puch a large stream. Some spring seepages did
enter the pond: howaver, no effort was made %o locate them or
to mesgure their contributions., The channel through the flows

age wes not shaded elthsr summer; and the overnll temperature
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giffect wam the same sach year; whet warsming there was seewms
to be inhsyront in this pert of the stream yather then belng
canaed by the lateral spresding here in 1640, Tence this
varticular besvey dom 4id not, and p@rﬁﬂgs could nob; warn
the weters of the Widdle Dranch of the Ontonegon Riveyr aligni-
fieantlys and at no tlre durling thraa snmers of obgervation
41id tempersature conditions hers conatitute a serious hagzard

Toyr the resident broock Urout populatlion.

{2} Beat Pranch of Bluff Oresk

In the evslustlon of temperature deta from Uh:ls pircom,
the several distinet ecological units of the 2,5-mile atudy
eres mugt be borne in minds Progressing downsbresm, these
incivded {4) the cool hesdwebers, (b} the uprer besver ponds,
{¢) & streteh of longe-abandoned bHeaver work; which had a
varying omount cof ghads, {d4) the ponds whieh were sctlive only
in the first year of this study, and {e) the wellesheltered
reschen down Yo the T.8.-45 culveri.

Tmiring 1948 the Tlaff wer not intensively studied,
hut the followling year 1t become a primery srea of invesii-
gatian'which,wua vi5ite§ weokly. Four mexisum-~minienum
thermomabers provided tempersature resdings in W49, and three
in 1980. Their lecations, five In rumber, were as follows:
{1} the hesdwater spring run entering Fond VYT of the upper
sarieg [Station £, 1849 snd 18580): (2) an outlet stmtion helow

this besver eolony (Station B, 1049 and 1UB0)s (3} the trall



156
midway hotween the upper snd lower nonds helf 2 mile below
the former {Btation ¢, 1849, but spobt readings only in 1560)¢
{4) the outlet from the work of the Adcwnatream colony
{station D, 1949); end {5) the T.8.=45 culvert {Station E,
1950}« Water tewmperatures teken by the district fisheries
hiologlst in the last ares from July 7 to August 24, 1948,
renged bebtween 53° and 68°F., while the alr vaeried from 60"
to Y8"F. on these occesions {Anderson, 1949). These values
arg cloger to thoss From the hesdwebters than to thermomster
repdinge takean August 20th of the pams year by me around the
most downstresw pond of the upper serles and by the lowar
impoundments In the first of ten tempereturs geriss of various
portions of this ereeck which were tsken during the threewyear
study (Tahble 4). Five of these whioh included figpures for
both Dam I and Dam YT of the upper series show & rles of from
5°to 9°F. iIn the passsgs of five ponds, and edditional werming
took plsece In the sixth one.

On several occaslons readings were token at the surfsce,
at ﬂeytﬁs of two fest, and at the ocutlet of the slx dams using
& pocket thermometer. PFrom three Significant saries (Figure
£3), other msnifestetlions besldes the rise In temperature per
8¢ are gvident. The close agreement of gurface and outlet
rasdings on Augugt 8, 1860, indlested thet the downsireem flow
ceme moatly from the upper strata of the variouws impoundments,

the damg of vhich were 0ld snd rugged enough to permit little



{4t sach etation, the vslues are given in order from left to right:
sarface, mbmerged twa feet, and outlet, in degrees Fahrenheit)

Table b, TFempersture Seriss, Hast Branch of Bluff Creek.

_ Gbrﬁkan)
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Flgure 28. UVater Temperaturse Serlas, Bast Drench of Bluff Creek
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neepage of the cooler bottom waters. S8bratificetion at Tam
¥T smounted to as much as 11°F. thati yemr, an offect which
was legs pronounced progreseing downstream slong this series,
and was not evident ot a8ll by Dam Y. Thig phenomeonon was
less pronounced on August 20, 1048, snd June 3, 1949, than
on August 8, 1850,

The warmeat the hesdweters sver beoame during two
summer geasons, each 13 weeks long, was 68°F., based on
fizures from maximmmeminipum thermometers. The coolest
rendings were always In the 40's {(Tables 5 and 8). Coursing
dcwnetream-thrau@h the half-dozen swall beaver ponds, the
maximum water texperature ross ma mueh sg 23°F. (August 14,
1650). The msan rise In this strotch was 15.58°F. the first
year, and 18,8°F. over the second. fThe former figure is
doubtless somewhst low, considaring thet the outlet instrue
ment at Station B was broken in August of 1849; following
thisg mishap, only spoit resdings were used for comparison thse
rewaindey of that vear. The greater warmlng the second summer
may Indieste that the Ineresse in this efrcot reflected pging
of thé pondes over Just a year's tlme, or the cosler weather
overall in 1850 még have accentusbted the hot gpelle of the
second gummer. }Th@ wmater at the inlet {Ztetion A) was cocler
throughout that season.

At least hell the uprer ponds on the Blufl were thoms

selves spring-fed, bubt the rise In temreraturs throuph then



Table 5. ¥Water Temperature Ranges and Ghrngen between Sta.tions
o _on’ the Faet Eramah of Eluff Oreck, 1949,

mc.amwx m» wmmm (“x }

Station &

étatiﬁm B

étatien n

- Oversll

* Spot reading with vocket thermometer,

t Oritieal temperstures (> 75°F,) underllm.

§ HMaxlmom weekly figure,

_(&mge $taﬁen ¢ Ghzmga
. Date {apper in (upper dn - (kalf-mile. ‘in -~ {lower change
inltey) agxin@a , muat} maxima  -downstr.) = maxima ~  ocutlet)  (maxima)
June 15 (S4)* a4 68) -2 - (66 o, (66) 412
Jone 22 58 - 46 #7 - 60 =3 72 - 58 Y- I 13-5&- 20
. J“ﬁ‘ 39 se LA Tesa : L." 58 7 ' "'2 7' 1‘*' Eg ) ’2 L 1-- @“ .-o->
o iy 7. set- B§ 416 [E-60 -2 606 s2 8- 60 a6
Coaly ld B0 M7 e L6 -1 m - 58 #2 T2 .57 #12
 duly 22 S6-U6 0 a2 6 - 60 -31 _ 73 =51 #3 16 ~ 54 20
(July 2y 5.6 w2t gk 60 M ek 56 43 [3-56  salde
Mg 5 S6-% #1470 - 58 -2 656 . a2 70 = 54 RS
g, 11 59 - 49 +20 I3 - 6 -.g -0 ol - 80¥- 58 +21%
Ang. 18 58 (54) bg 8 (72) B T 6% (és) 56 #7558 +17
sg, 26 56 (56) k3 18 (T - 10 (10) B 43 73 =50 7
Sept. 1 56 (h8) b2 10 (58) -2 L (56) k9 o I5-U6 el9
gept.15 5% (W) B2 &9 (53 =1 62 (52) 49 0 {53} ¢ B
ean change, . s L - -
13 wesks +15.8 - =2.5 +2,6 ROUR
Fumber eritiesl ' R : | o
weaks 0 Blat) 3 7
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Tabla 6,

Yater Temperatare Ranges and Gbanges bebween Stations
on the Bast Branch of Biuff Creek, 19%50.

LOCATION AND TEMPERASURE (°F.)

Station B

Overall

Station A Change  Station B Change Station ¢ Change :
Date {upper in {aoper at times (halfepile at times (Highway chan.:e
inlet) maxing cutlet) of rdg. downstr.) of rde. U, 8, =45) (maxima)

June 15 S;;) S (6D Ty (63) 1 (62) +9
June 20 +18 764(62) sh -3 (59) -3 66 {56) hg +8
Jnne 27 sst- #2018 (%9) 55 -3 (56) 0 67H(56) 49 *9
July 5 5% = b #13 67 (63) 54 -2 (61) -5 60 (56) 51 6
July 11 56 - 46 +19 12 {75) 58 - (1)t -8 53 (63) 51 +7 pt
Jaly 19 57 - 4 +#19 76 (63) 57 - o (59) -1 61 (58) 52 +5 8
July 25 56 = hb +15 71 (62) 57 -3 (59) -1 61 (58) s2 +5
mg. 1 57 - 48 +21  18h(E9) 60 4 (65) -5 &4 (60) 56 o7
mg, & 54 - ib 2 1;?((0) 55 -3 (sT) -5 Eh (62) 52 +107
Mg, 14 55 - b3 423t (64) 57 -4 (60) -5 65 (55) 50 5ks 4
mg. 29 54 < 42 +21 12 (60) 50 =k {56) . -3 62 (53) 47 +8
Sept. 6 52 - b1 #16 b8 (66) 52 -5¢ (61) -7 57 (54) b6 *5
Sept.12 53 - Uk #1770 (56) 50 3 (53) -2 56 (51) 49 +3
Mean change,

13 weeks +18,2 ~3.5 -3,5 *7.1
Hanber critieasl

weesn 1) g ? O

*  Spot resfiing wlth pocket tharmometer.

$  Critical temperatures (> 75°F,) underlined.
+ Haximum ueekly figore.
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indicates that the surface werming predominsted (Plgure 24).
The outlet from these hemver impoundments wes not levorshle

to trout for parts of at least siz Intervals In 1948, and the
corrvesponding nmumber of Instances In 1950 totalled eight of
the 13 wenks for the geason. Considering:the breskage mishap
mentioned sbove, wabter temrersturss warmer than 75°F. probebly
cecurred an equsl number of times 1n the Pirst year when maxie
mun regdings for the last foritnight of Auvsust, which g often
e kot period, were unavaliasbla.

The tewmperature of Blulf Cresk immedistely downgiresm
from the upper series of besver ponds was ¢riticsl for brook
trout at least once in more tharn balf of 26 weskly intervalsg
of the two summer szeesons. From such sevarg condlilong the
run coursed northwerd through moderate shade and galined a
generous supply of spring seespsge to Statlon €. This com-
bination escled the water az much as &5"F. in 1960, and three
bimes in 1949 the reduction emounted to 4°F., means for these
two years wers 3.5 and 2,5°F, veapeetlively. Over the esrlier
senson these readings were from maximam-minimum thermometers,
bhut spot teomperatures only were available for comparison
during the latter one. However, the 1849 sumner condliions
heve wove not favorsble over portions of only thres veriods,

8 Plgure which was helfl thei aegtsblished for the tempersturss
8t the next etetlon upstreswm during 194¢. The conling 1o this
pleca of Bluff Oreck was thus decldedly heneflelal o th

ragident brook trout population.



Pigure 24, Vabter Lempeorature resdings, Hest Brench
of Bluff Oreck, 1949 and 1980, from meximm-ninimum {vertical
linss in polygons) and pocket thermometers {x). {1949, left
te rights Statior &4 - upper inlet, Sistion B -« upper outlet;
Statlon € ~ half-mile downatrean, and Station D = lower oube
laty 1950, lsft to righbr Statlons & ~C ag In 1949, and
Stetlon B - U8B+ highuwny 45.)

452
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The effect Iin the foregoing reach of siveam wap
counteracted In an equal length of water below Station (3
this stretch included pome long-abasndoned besver ponds and
two mors impoundments which had been deserted ae recently as
the spring of 1049, In neither of these gld flowages weas
thevre streemelide shade or much ground-water addition. Overy
the swmer of 1240 the tempersture in this zone ross as much
s é°P. in gome weoka, and the mean increass of the 1% maxi-
mum readings was 2.6"F. This is one-tenth more than the
corresponding fligure for the recovery in the next upstraam
portlion of this oreek. Here asgein the highest reading was
B80°F., aa 1t had been st the outlst of the upper ponds,
although thesze figures were not rezisterad on the sams day.
Critiesl warming occcurred here over seven intervels of record
In the one-yesr perliod; onoe more then the known Instences
of such at the upper outlst.

The overall rlese Iin meximum temperature from the hesd-
water spring Ho the fourth astatlon downetream was as much as
21°7F. twlee Auring the season of 1949, and th e mesn neb
chenge, basad golely on the highest raadings for sech intere
val, wes 18.4°P. {Teble B)}. The next vear an instrument was
not in position at the cutlst of thess lover ponds, but 1n-
stead the station was shifted downstream to the U.5.-458
erogaing where low spot readings hsd besn recorded In 1948.
This relocatlion presente’ & different plcturs of the tempera-

ture effect In the lower raesches of the study erea (Table &}.
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Inptead of the water being warmed, sz it hed been in 1940
through the lower abandonad beaver ponds balow Station O.,
the vise in this streteh was wmore than balanced by the
gooling process farther downstresm. The overall d4ifference
in spot wasdings from the culvert to the mext statlon mbove
was 88 much as 8"P., with‘a mean decline of Z.5%F. in these
figures during the sumr-er, due to the gensrous shede snd
good surply of additiamal cold ground water.

At the U.8,-48 atation, the highest tsmperature of
14950 was recorde’ ag 67°F., and at no time wae the water
thermally eritical for byosk trout in this portlon of Bluff
Creek. Qver the whale two milez from Station & to the highe
woy (Station E) the maximum rise in tempsrature was 10°%.,

B velue jJust leas than helfl the lncrease to the next upstresnm
stetion the previousg year, wﬁieh‘am@uﬁtaé to as much sa 21°F,
over two intervals. The average difference declined g similar
magnitude, from s warming of 16.4"F. in 1649 in the shorter
length of orsel undsr cbservation to enly 7,1°F. in 1950
through & longer study srsa.

The harmful temperature effacts of the water flowing
from the upper besver pordls were thus corrected upstream from
the ecrogsing of highway U.5.-485. 7The lower third of thig une
lmpedsed reach had the moat glmificant coslingz, a process
whilch occurred to a lesasger intenslity In the upetresm third;
hewever, between these two there was arn sres of abandoned

ponds in which the cresk was warmed consliderably. The hesd-
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woter bheavey ponds were mell provided with cold water for
the resident trout pomulsiion there, although the heating of
the surface layera wés the factor which dominated thelr oub-
lot temperatures.
{2; WMefiinty Creek

Temperatures were eritical %o this gtream's trout
rroduetivity as based on pockst thermometesr readings ot
various loestlions around the two ponds of the beaver colony
in 1848, The overall rlse through thae twe lmpoundments in
this yvear had a mean value of only 1.2"F. at stations half-
way up the meln pond and &t ite dem, sbtratificstion in the
top two feet of water durlng sugust amounted te as muéh as 9°
end 10°%. respectively, differsnces that reflescted the
numerous springe shich entered the inpoundment over its vhole
length. Proceedling from the upper meadow to the more pro-
tectad lower perd of thisg flowsge, the surface temperature
deolined es much ae 6°F., but on snother occmelion 1t vose
57, oOver a dozen comparative sets of readings, thers was
virtunlly no mesn galn at 21l (0.1°F.); but eight differences
in gubmerged records were always on the positive sids to
everage an lnerease of 5.6%%, 5 the meximum being 7°%. Thus
the ecooler spring watsr gupply graduelly loat its effect
through thls pord, while the correspondlng surface tempera-
ture diffsrences depended on verious factors that mey have

rrevalled.
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In procesdling over and through the dam, the two soris
of watsr were mixed; mnd it seems thet the underlying lsyer
wee warmed rather than ths top flow belng eooled to any gresat
sxtent. For nline occcasios the tempersturs deeline from the
latter to the oubtlet averaged 0.4°F., vhareas the rise shove
the former, which was cheoked only thres Ilnstances, bad & mean
of 2.0°F.3 this evaluation means that the surfece watsy pre-
velled in the outlet flow. Temperaiure changes through the
suxiliary pond sppesred to be neglizinle; and below this the
ereclk In bturn wes warmed In 1ts passege through the old logzing
pond; ard then eonled flowing besiween aldared siresm banks to
the bridge.

Tn 1949 snd 1880, temperaturss gritical for trout sups
vivael were encounbered on several oscesicne. Records came
from the following loecatlions: Station A at the heasd of the
home Smpoundment, Station B in Pond IT elght yards asbove the
mein dam, and Stsfion € below the ausiliery structuraes.

During seven fortnizhte of the 1949 surmer, the mwex!«
wamn tﬁmperaﬁurea of the watsr entering the pond on ihe velinty
were critical for trout st least four times, and the highest
rending here was 80°F. (Teble 7). 'Unfaverable condltions of
the affluﬁnt}prapew ocevurrad during only one week the nsxi
yeay when the merecury resched 78°P. late in June. Tn 1849
the mean difference through the ilmpoundment over 14 weeka was

8 reduction of 1.1°F., but the next seasson the shenge averaged
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1.6°F. warmer., Ths larger flgure reflected extrsme surfsce
warming In one Instence durlng July, 15603 however, sll the
rest of the pond reedings were dominanted by the cooler spring
woater. This particuler mazimur wes the only critical one of
the second year, end ancther 78°F. had beeh reccrded bthe
previous summner.

Progeeding downetreem from Station B, the rise In
temparaturs was fairly‘egns&atanﬁ, except for a month prior
to ths reccoupaney of the logsing dawm, vhen the ot let maxi-
mum over four weeks averaged U.B"P. less than ithe corresponding
figures In the main besver ponds. TMuring the remainder of 1848
the incremse through the newly oceunled ares ss well was
limited to &°F., end the next sesson the highest flzure was
helf agein asg large. The mean rises of the maxlmum tespera-
tures each year from Stations 7 Ho € were 2.9 and £.277.
respsctivealy.

- In the gummer of 1949, the crsek halovw the three bHosuver
ponda was s hot as BO®F., snd nearly this warm on four other
dates. Whe highest resdlng the following sumuer was 78°7.,
wirtich wes remched Aurling three weskgy In additlon, valusse of
75 and 76°P. were reglsterad. Four of the half-dosen total
of ariticel periods cams early Iin the seasson when the maln dam
wes sbill weshed out: the other two occurred with 1t in 8 good

state of repalr.



172

The overall warming in 180, expresved as the mesn
of the differences between the maximur reedings at inlet and
outlet stabtlons, wes 5.5%F. when the maln pond was funciione
ing, erd only %.8%F, without 1%. The year before, with the
logging structure rebulli, the rles was 1.7°7., end without
it a dacline of 3.85°F. wes evident ms an aversge for the
gariiest month of precord. The flow of sprinzg water within
the maln pond may have been suffliclent In this Inderval to
preveil over the warming of the surfaece both here and in the
suxiliary pond, s sliuation vhich waa veversed vhen the
animela ghifted thely antivities 20me distance downgiresm Uo
flood & wide and long unshadsd impoundment. In 194% the
grestest inorease was S°F. and tn 1950 8°p.

Twrther sxamination of the temperature shenomena from
MeOinty Creek helps defins the ¢muses of thaelir fluctuations
{Pilgure 85). With the loguging rond sgaln flooded by o dam,
an overall rilase in temperature through the beaver~occupled
ares ocourred aevery wask of reeord ln both yeasrs except for
two In July of the esrllisr swser. Theo mejor warming effect
was in this rebulilt pond rather then in the main ons, which
was adgguately supplled with spring waker. Temparstures thus
provided were generally favorabls for trout survival through
hot weather in ths latter area. THowever, 1948 spot obaervas
tions énd othars in loter years sghowed that the outlet tempera-

tureg from thils flowage reflected high surface readings and
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werg not dominated by the cooler ground weler. Such & condl-
tion was sccentusntsd by the recccupsney of the log.ing rond,
helow which the creek was quite warm. YTet the true megnitude
of the hesting here was obsourasd by the lack of outlet and

&
aurface temperatures for the waln pond nretrsam.

{4} Weorrison Creek

In 1948, the first year of thls study, the hesdwater
wasdow of Yorrison Creek wag not lmpounded by the beaver asg
1% had bsen &t least twics previously Iin the past geore of
voers. The streaw wag [lowing stesdlily and fed by meny springs
but in this open, ezposad stretoh 1t was warmed sbove whaet 1%
had been Iin the eool upstream swemps. oOn July 298k, when
afternoon air temperaturss were in the hizh €0's ("R}, the
water at intervals downstream to the uppermost blown-cut dam
was B4%, 81%, 71%, and 68%F. When the new rebullt structure
was appraiszaed Sepbember 3pd, shortly after its completion,
the stpream here et 4130 pem. was only &6° while the air was
78 p.

The surface wabters of the uppermost impoundment be-
came hot indesd in 10490 and 1950. Thls heating extended downe
ward at least 1.8 feaet in the lower end of the pond. Spot
readings through sach summer indicaited favorable temreratures
for brook trout Iin the vpper arsas of the pond, to which the

fish retremted from the undue warming Jdownstresm, and where
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they were contentrated for the snglers, partloulerly during
the heat of 1649. On the other Land, the svailable habltab
was much grsater the rnoext yesr when the rishermen, espsclally
thoss who 4id nob know the pond; reportedly hed s mope 4iffie
oult tize in cetehing trout. w

4 garies of 18 maxi umeninirum thermometer fligures
up the 1ﬁngﬁh of the mile~long flowegs Juring thé summey of
1850 provided o detslled measurs of thermal stratification
{Table B). These readings were taken on the third day of a
hot gpell whern the hlue sky wes sbove lazlly driftling elouds
borne by a shlfting wind.

Differoncen betwesn the surface ond depths of three
end Tour feet ranged from 5% to as much as 20°F., and hed
8 mean of 11.8°P. ¥ost of these were sccointed for in the
upper two feet rather than further down. VYabter from eprings
and tributaries showed very strilkingly, but 1lts effect was
survrisingly locel. Only the most downstresm ol the figures
st two feeb wag unfevorahle for brook fHyout; and temporature
4id not appear to be a2 limiting fector in this ﬁona}vary often
during the coolar susmer of 1950, except for its most downs
streem reachas. Tt ig vecogniged, howevey, that grecter ex-
traemes mey have oceurred later In the afternoon.

The probabllity that temverabture was 2 limiting factor
for brook tyout in the lowermost vart of the upper ¥Worrison

tmpoundwent was evidernced by ths only thermally Ilnduced flsh
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mortallty whilch cceurred during thie study. On the afternoon
of July 20, 1960, 30 lsgal-slze heichery rainbow troul were
stocked about one~third the distance up this Tlowege. 2 week
later two dead creek ohubs, 3 and 7 inehgé long, were found
miéway between the main dem and the old giawgoaut structurs.
The next afﬁerﬁaan thers was & desd rainbow &t the west end
of the formery 1% gppﬁrﬁntly hed died a few days earller.
Two move of this specles were retrieved the morning of the
20th, and a fourth on August lsty they rangzed from 7.2 to 2,6
inches in length. %o extemal injury wes evidmti, but sinece
both minnows end trout hed been found, I concludsd that an
scologienl factor, probably thermelly regulated, wae responsl-

ble. &% least some of the reinbows could have moved into the

3

upstream reasches which were tolerable. During the wesk betwesn

G

135

the stocking of these flsh end the osbservaiion of moritslity,
temperstures in the lower part of the flowage were as hizh as
75%F,

Thermal records for the foregoling lmpoundwent and ths
watsrs ﬂawnatrﬁam came from four maximumeninimun thermomebers
in position along Morrison Creek during the field seasons of
1949 and 1850: Stetlon A, the maln gond 1.5 feet helow the
surface at the edge of the large blown-out dam 40 yards sbove
the re-oceuplied im@ouméing’atructurﬁ; 8tation B, its outlel
2ix inches below the surface; Station C, opposlbte Lodge ITI,
the inlet Fopr the lower set of recently ahandoned pondsj and

Station 7, the ouilst Trowm this ares.
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Temparetures In the uppeprmost Morrison pond were
eriticel for brook trout during 11 wesks of 1949, being in
the 80's duping plx of these, with a maximum of 83°F. regis-
tered twice (Table ©). The next sumror was not as severe,
gnd the highest resding was two degrees 1%5& {Table 10).
warming during elght of the 18 weeks of record ecresfed
unfavorahle sonditions for the favored game lsh, snd in
three of these periode 1t smourted to B0°F. or more.

In sessing over end/or through the mein dem to the
sutlet {Station B) the weier cooled as much as 3°F, In 1v4E,

when the mean change for the sumser wes & degline of almost

one dsgree. The next soason produced virtually no euch

change, howewer. The number of ordtical weeks wes the some
both yeara in outlet and pond, but tempsratures in the BO'a
occurraed only helf sa often the flrst sumper.

From Stabtion P downsiream to € the eresk flowad
through unshaded abandonad pondas. The uppermost of this
defunet series was reocccupied by beaver eprly in July of
the second summer. Unitll this rebullding took rlsce, the
water had warmed consiabently in 1te paessage through this
atreteh, hut thersafter iIn 1980, there was g emsll effect of
gonling. Over the preceding vear the meximum temperature had
five times risen two degreess ond once three degrees hotweon
these stations, for which the mean increese was 0.6"FP. 7Tn
1880, howsver, the two contrasting Influencea slmost balenced,

but hers agalin el ht wesks were critical, tires of whleh were
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a0"F. or sbove. The streas hed risen to B2°F. three Llmes
in the previouws gumrer, vhen 12 periods had been unfavorable
for trout, five of whileh had produced tenmperaturss in the
Bl

Highesat tomperatures wers evident dn the lowsrmosi
ropches of beaver activiiy on the Morrlson: from Lodyge I1L to
the lowest dam of the zaries. Here the rise was ap much as
4°%, ench aummer to reach highs of £4°F, twice in 1948, and
A%°P. onoe the next yesr. Two-thirds of the 12 weeks of
temperatures wnfevorable to trout in 1949 were 20"F. or worse,
8 condltion which securred six out of ten times the next
sepaon. The mean rises were 2.3 mnd 1.7°F. respectively.

The sverall change through the four maximum-minlsmm
stationg wag one of tempering in the stresm's passage over
the maln urper dsm, sucteeded by sccontugtions of the warming
a8 the ereek courged through the lower adbandoned bgaver ponds
{rigure 26). The gresteat ret ehange from the upper flowaze
down to the county read crossing wes 7°F. In 1949 {(mesn = 2.4"%.},
pné 4°F, the next year {mean = 1,8%F.), & figure which hed
been equellisd oy exceeded fouy timeg during the previous
gunmayr. Yot 14 spot teapsrature checks In 1948 showed locel
eooling from Dam IT to lower stations sround Dam I and the
road bridge. The wesn of these was & loss of 2.1°7,, snd the
greatest tempering effect was 14°F., although there was a
rise of ten degraeesz on anothar secoasgions From my knowledge

of the Pond T slte in 1847, the aummner before this wes im-



Figure £2G. Veckly ¥ster Tempersturs Hanges, Morrison Croek, 1449 and 1850.
Ieft to right: Station A - upper pond (broken line), Station B - upper outlet (solld
line), Station £ - Lodge IIY {(broken line), and Statlon D - lower outled {a20lld ~§
1line.}
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pounded, the oreek here recelved geveral springs., Could if
be that under certain westher conditions thias cool waber had
e more lasting effect on the bottom of a besver pond than
when it was serated and mdlated in a natural flowing stream?
guech & phenomensn woald slso secount far*%he creeizts temperas
ture as 1t was Influenced upstrean both by the new middle
pord in 1880, and by the msin upper pond when 1t was strati-
fled both summers.

The predominent thermal change {n the downsgtream
reaches of Morrleon Crsek which hed bgen formerly cecurleld
by beaver wes o werming one, Lhe severssi of all those under
intenalve obaervebtion. This wae aimilar to the sltustlion
through the sbandoned lower floweges on the bsat Veanch of
Hiuff Creek, wshere too there was an gbsolute lazek of shads,
annd the affluente woare moon heated. Nowever, in the Bluff
the temperafture recovered downstresm from the area of beaver
oooupaney. M¥orrigon Creek, however, warmed ite reelipient,
the ¥Widdls Branch of the Intonsgon River, rathey than coosling

i1t; an wmosgl feeders are presumed to do.

B. Findings of Other Investigators
Biologlets elsovwhers in the natlon heve noted the
warming sffscts of haaverv@mnda in raleing the temreratures
of trout streams; whlch may be slther vensflelal or harmful
{Bubbs, Greeley, and Tarzwell, 1632)s Although the sumuer
heating of the impoundments is generally rejarded ag the

mogt seriocus thermal menifestation of beaver occupsnecy on
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the favored game flshes, Selyer (18385-a)} held that sutumnal
coolling %o tem?era%uyea helow the spewning thresheld of brook
trout often severely interfersd with thelr natural repro-
duction. %inter condlblons in Alaska can be gqulte precarious
for fish pesidents of beaver impoundments of the Pairbanks
arsa, where 30 Inches of deprth were necessary to prevent
fresze-outs {Hakals, 1968).

Bevaral men have péintad out the differences between
the sumwmer wayming in narrow snd confined, degp ponds &s§
oprosed to thatl in wide, ghsllow llowages (Greene, Hunber,
and Senning, 1952), The former ocour particularly in mountsin
regions with stsey stream gradients, which may heve accounted
for the absence of significent tewpersture varistions shove,
within, znd below z ssries of Impoundments in.ﬁest Virginia
{ewagey; 1948). %uch the seme conditions are vresent in
wvestern Tnitsd Stetem: warming iz seldom severe encugh fo
effect trout populations sdversely, and what 1ittle does ocounp
is regarded mg henafisianl. EHRasmussen {1241) found no gresnt
riges in temperature on sbtreams occupled by hesver in the
Rogkles of Utah, where the average sige pond was only U.8 of
en aecye, and stream gradient had a mean of 115 feet per mile.
Trout stooking in Glacisr Mstlonel Park was more succeszful
in waters which had been warmed somewhat by the ponds of these
snimels then it wes In thoss systewss from which beaver were

sbeent {Baggard, 1938},
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An unugual obmervation in rorthern Wisconsin demon-
strated that ilwpoundments, by despening the weter, could aid
fish survival in rocky reachss which would otherwise have
beer shellow and hot (Couch, 1%36): 8elyer toc (1938-a)
recognized this beneflelal sffect for ¥ichlgzen streams tribue
tary to Lake Superior, snd such conditions might alsoe oeccur
irn the Tewarack River headwaters east of Vatersnest in Jogebilc
County.

Yhereas the western mountaln streams are generally
Amproved for trout by beaver occupancy, the werming in the
less rugged terrvaliv of emstern United States 1z delinitely
harmful, sccordling to Tarswell {ma.} and Reid (1651). The
heating is due to several fectors, which include the slow
flow of the stream, the wide gpread of the water, enmd the
dostruction of shade trees (Patbterson, 105l-a). BRalyer {1534}
realized thet these verious elements should be considered in
an overall evalupbtion, DHubt the mumerous &ladwin refupge tem-
perature figures of Bradt (1834) are difficult te aprralse
without 8 good lknowlsdge of his study area as 1t was two
decades sgo.

However, Hvens (ma.) demonstreted conclusive werming
in t&e Korth Shore sireams of Winresots whileh flow inte Lake
Superior. Some of these becsme hotter then 78°F., mud others
gurpegsed the tewperature of optimum brock trout zrowth
(a8”r.)s ¥im laster report {1048} on the same work showed

congliastent pises Trom the inlets to the outlets of seversl
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ponds, in wiiich thermal stratificetion wes as great as 18°F.
in ssven fest of water. Litile seerage Ehroush the dams
sacurred, and Fatierscn {(15B0-a) slso fouwnd that surfecs
temperatures governed those of the outlets from besver lie
poundmenta 1h novthesstern wisconsine ﬁgérmﬁm@ter readings
downatresm from some Tyoming ponde were approximalely egusl
to thoge one foot bhelow the surfece, according to Ballou
{1980C) . |

salyer (1085-a) held that the warming of trout waters
by besver wag only of secondary lumport becausc of the usual
cooling in peeches lmmedlately downstream from thelr colonies.
Tn Minnesobta Haole and Jervenpa (1960) had similar views, bub
Bvang {me.} cautioned thst possible harm in such stretches
shonld ve waizhed agaimat the benefits of the mctivities of
these anlmals. The latber investigabtor {(10840) corralsted
temparature changes along & gtrenm with the frequencieg of
shaded presas snd axposed impoundments, .s had Gresne, Hunter,
and Senning {1934).

atterson {14B0-a) compared btewmperatures on streans
with and without besver dams and found thoge of the former
to be conalderably higher. &aearding to him {(1951l-e), tribu-
taries of the latbter sort served to ¢ool lerger waters from
the warming effects of ponds elsawhere in the drainages.
The import of cold feeders to a maln strean had sarlier been
recognlized by Tarswell (ms.) for the Rlack River in ¥ichlgen's

Towar Peninsulsa.
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A decresss in sireaw temperatures followed dam removal
from a Penobaent River tribulsry in Maine (Hupp, 1253). 7The
preavious increass had not been thermally harmful to a resident
hrook trout population, thanks to the gounteraction of numerous
gprings. Such sourees of ground-water ssepage also lessened
the temperature effects of » restored Impoundment in Michiisn
{shetter ond ¥halle, 198&). The rebullding of an abandoned
heaver dam on PFullsy ﬁr@&k, ¥ontmoreney County 414 warwm tha
stream, in the period followlng the reconstruction, above the
temparatures of the previous ihree yenrs. Thisg study wag
baned on aversce dally fipurses rather then ths mazimaz tempera-

tures, whieh wight heve been harmful to brook trout in sumners

(¢) Thermel Tolerences and O:dlwum Temperatures of Erook Trout

It has been shown that trout stresms become wsym in
thelr passapge through besver ponds. Defore rendering judgment
on this dasmmge to the hebitaty & review of the thermsl toler-
ances of brook trout iz aprroprinte to establish valuesg Por

minfmum, optimum, and maximum Vemperstures of Its envirenment.

{1} Ewmphesls on Fisld Qbservatlions: Hmbody et al
Prior to the work of Embody {1921) the highest
favorsble temperatures for brook trout waters wera'regarded
as 687 o T0"F., but he found thet this speciles could he pro-
duced in ponds stich warmesr ithan previously supnosed. Smaell
Hew York strsgms as hilgh es 77-79"F, produced pood yields of

brock trout, and the corresponding flourss for brown and
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steelhead” trout were 875°and B85°F. resvectively. It hos
long been recogoized that the broock trout is the weslksst aof
the three gpeclies in its thermsl tolerances, end the other
two will not be congideped Iin this a@ﬁraﬁgal, excapt
Indlreatly.

maring one suwmer Ewbody (1981) held n group of brook
trout in a 20=by~4-faot reaceway eu?pli@d with srring water.
The figh wers in distress end ceased feeding at B3.3"F., after
vhich they lived through six days whleh ranged from 78.8% to
20.7°F, Fowevery & 20-percent morbtality ocourred ot 84.2"F.,
hut there were no deaths thg next dgy when the maxlimum was
82,47, By the time the btemperature reached P3.2°F. the
Iollowing days nons of the brook trout survived. Hs con-
vluded from this esxperiment thet Pishery blologistas had been
too conservative in thelr eatimatsg of tewmperature seffects
alones

Tn another report, Embody (1822) supgested thet the
native brook trout might be graduelly adepting itsslf to
warmey wabers through natural salection, and rscomrmended that
76°F. he raegarded as the threshold between trout and ron-trout
waters, Wls survey of Tomrkins County in 1218 found three of
thege fish epperently not in distress at 91°PF. in uprer Van
Palt Brooksy other toleretes highs ranged from 76" to 80w,

when elr tomperatures 1n the open were as much ss 10CG°F.
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In exploring the thermal tolerance of brook troutls
Rpeder (1927) concluded that increazed temperaturs per se
was ot a limiting fector, but that its tmie gipgniflcmes
was in lowering the oxygen ssbturation polnt. Te dasoribed
swift ghallow streams flowing dhrouph fammlend In Ashe
Sounty, Yorth Carolina, in which brook trout tolsrated RO°Fe
water., Oreszer and Broewn {1B27) further suggest that the
final motion of temperature might not be direset on trout;
or aven indirsct throush ozygen, but still more indlirect in
favoring the survivel of compseting species.

Embody (1888} determined experimentally the relatlions
ships bebween glir and water Ytemperatures which should not be
exceeded for e stream o be conglidered gultabhlie for brook
trouts Thege wors corrected for slevations ebove s thousand
feet, and the combination merved ss en index of filsh habitat
during later blolozleal osurveys of the State of Wew York
Conservation Tepariment.

Crosaoy {1830} set the maximum for self-gustalning
brook trout wabters at 19°C. {66°F.). The thermsl 4ifference
between feavorable and unfavorable sbtreams wes consgldered to
be very smell, snd a rise in one part freguently caused the
trout %o move slpevhere, according to him. Upstream movement
when water level ls doelinlng mey he & wanlfestabtion of tenrerse
ture aeffect, and polnt $o it g8 & Limliting faebor. 1oy troul
growth, however, high temperatures aye much better than low

O&8R«
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A favorable range fopr brook irout between 50° snd
71°F. was sdvanced by MeGonipgle {1981) on the basis of
chengea in rete of bresthing, which Incresszed betwean thesae
two Pilgures, but declined on either slde of them. Teter
{1822) this worker mub jected brook trout fiagerlings to a
sne=degree Centligrade risge in temperabure every five minutes,
Vormal, healthy fish commenced to die at 207¢. (94.2°F.) but
gome remsined slive until & degree hisher (08°F.)s diseased,
wshealthy individuals, howevey, perished in the yange 22-8U7c.
(71.6-04.2°F. }. Mefonigle commanbed {p. 1E8):

"fhat the changes of the troubts physiologleal

progcessss may e associsted with some disturbance

of the nervous system, at ths upper of the Lhrse

ranges; seans Lo he ghown by meveral obesrvations,

of which the lopp of balanve, the irregular,

gesping bresthing, the sudden darkening in colowr,

the digtrese, ebtc. observed to begoms increasingly

evidmt with rise of temperature, ore gsome sxomples.”

& need for wore informatlion on opitl-um frout tem-
peretures wag sprarent to Nubhs, Greeler,snd Tarswsll (14382)
in their Algougsglion of the snvironmenteal needs of this game
fish. vhereas cold springs flowing et 43" to 58°F. wers
thought to he paritlenlarly favorabhle for erawning, growih
wag found to be mugh betber at 60"-70°F, ilowever, the brook
trout in the eooler waters were clted as heing rolatlvely
frae from competition with warm-wabter specisa. 7Torking in
southern Ontaric, Ricker {163¢-b) selected 24°¢. {(76"¥.; as
the seperation point hetween trout snd non~trout watera.

Navertheless he exprossed concern that thle &1 ht prove too
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low when ithe northern hyywn—water stresms of the province
were exsmined., The 1@”&. (5677, ) 11mit of Cresner {1930}
would exelude many of the best trout-flshing areas in
gntario. “

Iocations sulitable for trout culbure should renge
betwesn 40° snd 69°FP. over the year, sccording to Lmbody
{1936} optimum bemperature vrenges {or winter and sumier
8% such statlons were deflned s 47-58° and 58-80°F,. r@ép@a~
tively, Hoover {1087) esiablished 7Q0"F. us the averase
sumrar maximum for Lrook trout In ¥Yew Rampzhire. Thisg
figure wag supported by the subssquent Fleld survey findings
of Palley (1838).

In Indlana ¥urrey (1933) recognimed the thermal con-
ditiona ag ths critical oriterion of trout waters rather than
oxygen or cerbon dioxide. He used the 78°Fe figure of Lmbody
{1922) as the deciding factor for identlifying the salmonoid
habitata In the northern pardt of the stete. Hesdham {1938}
atregsed the relatlion of Lempereture Holerance to various
snvirormental factors, and regarded &3P, ga the iﬁeél Far
brock btrout in gummer.

Purning egain to halcheries end stocking, losses
among brock trout when 15 of 60 l.b6-inech Tish dlsd on treng-
fer fyow 58°~ %o 70°F.-water were atiributed to high tempera-
ture {Hegen, 1030). This mortalliy wes not too greet, and
micht have been due to combines vhyslco-ohemlcal condltlions
rather than thermal effects slone, but it definllely pelinted

towarda tempering fish baefore planting them.
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The importance of apring water in good brook trout
hablitets 1a brought forth in a federal bulletin { Leach,
19232 p. 7) in thess words:

"The ldesl brook-trout siream recelves rumey-
our spring-Pfed trihuteries throughout its coursa,
so thet 1ts temperature does nobt exceed G5°F. In
sunmer snd by the some mesns iz nelntained st a8
relatively bigh temperaturs during the winter
nontlis. e, 4any gt?eam having summer temperature
graater than 65 can hardly be consgldsred sultable
for brook trout wnless 1t has large epring tribu-
tarlies accessible to the fish during the heated
period. Through the outtlng away of the forssts
ard the cultivation of the land many streams in
the eastern part of the nlted Stetes have become
wmauited to brook trout.®
cooper {1540} Iin his discusslon of trout environ-

mental requivements included water cooler than 5%, bhut
batter below 70"F. The latter figure he used as a meximunm
tamperature liwit for brook troud in southern ¥eine lakes
whers competing warm-water speclasg were present, and the
former for northern wabters in which such Plshes were abaent,

though be ocongldersed this as marzinal.

() “Trend Yowards leborstory experiments: ¥Fry ot al
The affect of acclimstlon on critical bemperaturss
{those et which flsh begen to die) and lothal ones (those at
which helf the fish were killed In 12 hours' tiwe) was the
subject of an early Investigation of the Ontaric Plgherles
Regearch Taborsbory {Freti, 1u4l). This worker showed that
eritical temperatures were adjusted upward by a rise In

holding or scollimetion temreraturass asg follows:
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Acclimation Tempgrature critisel Temperature
18°c.  (55.4"F.) 217, (GED7T.)
16°C. (60.87P, ] 2370, (T5.47F
197¢.  {66.277) 24°C.  (75.2°F.)

wboratory experimenis of ¥ing {1943 showed that
temperatures higher than 70°F, wers requlired %o kill fine
gerling brook trouvt. Tesbs of this and two other stresm
apeeles had them all showlng dlstress et 80°F., but only
two rainbows dlsd holow 84°F, Towever, all flsh were daed
at 86°F, From these and hle other survival Yests, some of
which will bs axemined Iin Chapbter IV of thilsg paper, he¢ con-
cindad {(p. 632), "Temperature mey be 8 1lisiting factor in
1%t3alf and, in addition, indirectly by virtue of ity influ-
ence on oY, carbon Aioxlde tenslion, the saturstlon voint for
onyzen, and food consumption.”

Another experiment at Algonguin Park, ‘ntarlic {Prebt,
1¢44) get the upper lethal tapperature lor brosk trout as
76.0°P, (28,1°0. in Table 11) or 79.8°F, (25.8%C. in Flgurs
10). In their Minnesota siream survey Smith and Yoyle (1%44;
want along with the figures of 76°F, sz the upper 1lmlt of
brogk trout tolorence end 66"F. s the ortimum temperature
in accord with Eé@dham (1838}, fThey recognized several face
tora, Ilneluding beaver ponds, as Iinflusncing this slement of
the figh haﬁitat. Nlacussing the cere of Tingerling trount,
navis {(1946) advised thet 65°F. was the mexlmupm for rearing
pools, and preferably lower, with most rapld zrowbth in the

56 «toub0 Py -range -



196

Clesr, hot weathey and low weter 1n reacheg ¢xXpoged

da

to the sur acgounted for a ﬁisaatay‘ﬁa gaveral species of
figher, includipg brook trout, in Few rrongwlick duplng June
of 1842, Funtswan (1948) concludesd that high temperatures
{minimel 5o 78% end maximal to £8.5%F.) end low scclimatlon
to them were responsible for this morbality. Support for
this theory came from lshoratory studies of Pry, Uerik, and
#alker (1648), who subjmated vearling hetchery brook trout
to various tempersture conditliong, snd rerorted (ppr. 28«80
YA sample of five trout scclimated Lo 2070
weg exposed so 27°0. for three hours {8 ﬂmrtin
flestion) and then psturned ta 20%c. for 22 hours.
They were then gubjected $5 27°0. for five hours,
the expected medien mortality time, with no desths
resulting. The azperiment was then dlscontinued
for 1t was evident thet any resldual effect of the
axposure on the previous day was not such ss to
raducs the survivel time. Indoed slince nons of the
figh hed dled within the expected medlan mortality
time, thers is sowme hintg of & galn in scellmation
g8 & result of the pravious subiataal expogure.”
Theilr ulblrets uppsr lathsal temperature, £25.37C.
{78°F.), 18 close to the brook trout mexima of 7&"F. de-
rived by both Ewbody (1888) and Ricker (1P24~b}, which fish
culturlists havs generally accepted. The flgures rrogressing

to thlg 1li=1%, &g given In Table 5, poge 19, were:

Agolimetion Tewparature fethal Teumperature
300, (87.477,) R5e4°C.  (74.1°%,)
11°¢, (51.877.) 24.57C. (76417 z.)
20%¢, (68.07F. ) 2B48%C. (77.57F.)
PE G‘v ('71 6 F"d) - -

24,257, {75.8%°7,) 25.3"¢C, (vv.a“y.)
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In agreement with the observatione of Elson (104%2),
the speekled krout of an Algonguin Pamlr lske moved into deep
weber after mid-June when the upper strata axceeded &23°F,
(Paldwin, 1948). They remained there in ihe 54° to €3"¥..
region until late Auguel, and returned to shoel water aggin
ths next month. These temperatures includs the 18” to 19"C.
(6G~85~$8aFf) range in which Graham (1446) found apeckled
trovt yearlings 8o be most actlve In his laboratory experi~
ments.

As an indication of thils speclest! adaptability, =
New Haspshirs survey corew tock fish In good condition from
an artificisl pond at depths of four to five feet in 77 -78"¥.-
water the oxypen contant of which renged from H.1 to 4.0
p.p.my (Slegler, 1048)., That sitste's consarvatlon sgency
had not recomwendec the stoclkling of broock trout in ponds
wermey then 782°%., wheresmp the polleoy fn Towa was to plant
hotehery fish only in sireams sgultable throughout the fish-
ing sesson which 414 not ries rhove the generally fatal "57F,-
meark (B, B. Cooper, 1980},

Irn & laboratory sbudy of growth and feeding hahlts of
thie species, Baldwin (1051} kept lots of four fish et ten-
peretures of ¢%, 13%, 17°, end 21%c. for e month snd pro-
videq them with & liberal surply of minnowe. noth food
congmumption and growth were highest at 12°0 (85.4%r.), ord

lowest at 21°C. (89,8%7F.). The fiah of the latter group
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logt conslderable welight the first week, an &ffect which

lessensd with time, but throughout the sexperlment they bed
congiderable difMeulty satehing the wminnows.

Pry {1951) evaluated hoth field gnd lesboratory
Pindings on the demversture tolerances of speckled trout.
The former were gsummarlized in statemeonts thet these flsh
{1} wers not found ip stresms shove 207¢. (88°F.) for
gxtended periods: (2] survived for e short time in water
at 24%0. (Vv8°F.) and 277, (817F.): (&) 4id not dle in
wallegaratad ponds over 2070. (80°F.) without ecompetition:
and {4} survived in waters wermer then this when meking
gxcurslions Irom ¢older areas.

gontrolled tests at the (nterlic Fisherlss Resesrch
Leboratory hed the fish seeking wermer waters when they had
been neclimated below 14°C. (8%°F.), but staying put betwsen
14" and 19%0. (57-86"F.), beyond which they sought cooler
waters. Te sat the lstbal temperature for mrolonged exposgure
at 25.3%0. (77.6"°F.), a polint sbove which these fish had
often been obgerved in nature. ¥Fry polinted out agein that
the effent of all lethal tempersture experience is summad
wuntil death, snd mentioned an ingbtance of broock trout lasit-
Ing for about an hour et £8.5°C, (B82.3°F.), then recovering
when the water st night was less then 28°0. (77"p.).

Temperature opting, based on reactlon to eleckric
ptimulusg, maximm crulsing speed and oxygen upbske, und

optimum growth, ranged from 10° to BG%C. (60" -68"F.).
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He sst the warmest of these fipgures ez the 1limlt on good
trout water, aslthough both food aup@ly end avallabillity
increased at hilghsy temperatures, Fry regsrde? gize and
sge differances of the fish as unimportemt.

feturning to field observatione, Patierson (1681leb,
Phe 17=18) praa@nta&nthiz evidenee on both optimum snd maxi-
mun thermal conditions Por brook brout: |

"Tt 1a Ilntsresting %o note that the five
streams of the £& whi eh had ﬁh@ goldget watey
temperaturse, that iz Trom 54° %o 62%, also had
the most trout per wnli of erea. For most of
the streams werke& ULO nhﬁ vnter tempersiure
ranged bebtween 64" end 68° It should be men-
tiored that last sumser was a portloulerly cqnl
sumEer . Yhen stream temperatures ran f{rom 71°
to 80°, trout weve much more 84fTlcult to locate.
At these hisher btemperatures even laerge desp
pools ware uau&lly harren of trouf. Then trout
could sometires be found concentrated at the
mouth of cold fecder streems. A notable excep~
tlon, tbaugh, i1 the cmpbture of 10 leagal brook
trout in weter of 80° tempersturs In the Tyler
Forks River, Tron County. These trout weres in
gxcellent condition end showed no elgn of dige~
trese.”

Be Horrison Oreek Tesk Fieh Experlment

(1) Packground
From the precedin: review 1t seems thaet brook trout
do ﬁast at tewperatures nf 68" or 68°7., but are not wall
of f at "B"F., shove which btotel mortality cen be sexrocted
et someg polnt belaw 85"r.  The great varistions in laboratory
and fleld findinge throughout the range of thie figh may Indle

cats the existence of various "races" with Adllferert arnvipon-
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mental tolerences ey suggested gome twenty years sgo by Hubbs,
Greeley, and Tarewell {1032, n. 14):

"How warm & trout streem cen hecome, for esch
trout specles, hes becn much dsbated. There is good
reagon to believe thet this critiesl roint varles
greatly, depending not only upon the specles of
trout, Mt elso upon its rece, end upon the indivi-
duel fisgh, end aleo, very decidsdly, upon the purity
of the water snd upon its dlssolved oxygen content.
This varisbllity in femperaturs resistance addsg
grestly to the complexity of trout stream survey
gork. vhather trovt will do well in atroaw water
warming to above 70°P. in pask temperatures depends
not only on the fattors listed above, bubt also on
the degres of dlgeasse Infscitlion msnd of competition
from chubg end shilners; or fvam such lake figh &g
pilke, perch und baasg.

"ithe upper lizit of tempersture-tolersnce by
trout in nsture occure thervefore in clean, wellm
aserated streams not subject to extremes of cowmpetl-
tion, pradation or éisea&a. e have found brook
hrmut in Hichigen fresly rlsing %o the fly in such

gtream. when and where thes pool t@mﬂera*vres JTere
« Paak temporasturs re&din&a of 81" and 82°p.

were obtalned In 1851 in certaln ¥ichimn stresms

in which the tront were common and healthg, vaple-

fying observations by Febody in Few York.

Befors T begen flala operationg, A. ¥. Dtobler, then
dirsctor of the ruslino Wildlife Experiment Station, reiterated
to me ths need to debarmlne %Lolerances of nabive Michigan figh
to tempersture, oxygen and rH. He conazlidered the deronsiration
angle az Imnordtant as the nctual sxperimsnt In this cssge, and
advisad that thisz rartieulsr project shiould sin to estebllish
minimum, opiimum, snd maxirum Tigures of thesge thres lmporiant

environmental influences.
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A prectical teat of this nature was carried out for
temparature In 1950 on VWorrigon Creek just above the bridgs
of old highway T.8.~2¢ Laek of & recording thermograrh
occasloned the delay in this phase of the study untll that
year. During the previous summers high water temperatures
had been noted seversl tlres, but thelr durstiong were nob
known. In foct, even getting the maximum reading for the
day with only & pocket thermometer would have been difficult.
Rieker (1534-b) had found the ¥ad Eiver in Ontarlc =t 1ts
wvermogl between 4130 and 6§00 pem. and goolest from 7:00
until 9:00 a.me; and Beinwater {1937), fyom hourly flgurss
on HMeose Brook in New Hamyshire's wWalds dountalns, had noted
maxima of both alr end water at 5:00 p.w. The A1fficultias
atemming from spot tempereature readings as an Index of the
guitability of watsra for trout were thus outlined by Murray
{1938, pp. 86-90}:

*Prom the standpolnt of trout eulbure 1t is of prime

impordence to know the maxisum temperature reachesd

by the sitream, even though this temperabture cecurs

only once in the summer. 7Tt 1e also lamportant %o

¥mow the durstlon of temperatures approaching the

maximaum. To geb such dats, without zelf«reecording

thermometers, on stresms in elght countlies Is not

an sasy tesk. The work la further cowmpllicated by

the faot, that as noted sbove, & great many factors

influence the heating of e particular streasm, 80

that 1t 13 necessery to examlne an indivlidual stream

at meveral plecss. Obviously, our records are thus

only epproxim tions of the true mazimusm tenperature,

althouzbh in some cfsmosn very close to it.”

{2) Frooedurs

The thermogravh used In sornnectlion with the stresm

taats of brook trout thermal tolerance war & clock-2riven
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Model 1100 of the Friez Tnatrument Divislon, Bendix
Aviation Corporation. It consisted of a thermocouple,
eahle, resording pen, and graph celibrated In two-degres
Te-dlvislona. The pricary element was sthmerged in a foot
of water on & mud bottom along the marglin of the atrsam two
feat upstream from e caze’ Tor holding the sxperi-ental
trout. VFockaet thermomgbers hed revesled no spring flow in
the vieinity, & cheel vhich was repveated frowm time to timey
and there was » maxisum-minimum ingtrument atiached tc g
lez on the opprosite ghore. |

During thes previous fleld sesmsgong, the water here
had reacha? 50%F.; end Pond T had alweys been emply supplied
#ith oxygen over the preceding twe sureusrs. Thus temperature
seemed to he the only envirormental foctor which would here
e harmiul to brock troub. Horrison Oreek fluctusted in
height an? flow with heavy raing and dry weather, but at no
tlwe was the I'lsh cage strandsd or overtopned.

& Pich colleotion the afternocn of July &, 1850,
ghowed the reach from the ¥iddle Prarch of the Ontonagon
River to the old MNam T to contain typileal species of maerw
ginel trout streame in thls arsm; of shich the following
were taken from ths 58 F.-water {alr: 56°F.) with a Alract-

current fleh shocker:
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Rome ey S8ize ronce
Rrook troub B 108; 1;9; 346, 6.2, 8.7 inches
White sucksr 25 l=ineh fry
Oreselit chub 1Q P«& inches
Paarl dace & 2 inchea
Nlacknose dece 21 2% 1/2 iriches
Podeinnow S ?mé inchag
Johnny darter 2 2 1/2 inches
Horthern muddler 1 & inches
Brook atieckleback 2 1 3/8 inches

Popy the exreriment I decided o use rmative brosk frout
of sub-legal end fingerling siges Vichigan's legal-length
haetohery flsh in 1880 were not merked st all, end the former
category waa the lergest whleh would mssure nsturel reproduc-
tlon. Accordingly five trout were ccllected from the Hiddle
Branch of the Ontonagon River the afternoon sf July 8th, and
tranaferred fprom this water at 64°F. to thet of Morrison Oreck,
which was ten degrses warmers The sizea of thesze flgh weres
848, 2435 Byls Bal, sand 844 lnches snd they all apreared
noremel and in good health on external axamination.

The trout were placed In a #»ire csge whilch hed bhaen
seb in & hole by the west shore of the ereek (FTlgure 27).

Here the depth ranged from 24 to 30U inches, end there was at
lonst & swsll current &t all tizes. The enclogure was 30
inches long, the seme in helight, end 18 inches wide; the ends
were of guarter~inch megh sereen, the sldes, bobtom and tep
of elghth-inch wire sheeting. The wooden frame was supported
by four scornsr posts of Z2-by«4'g, which weare driven into the

gandy gireem bottom, and the cage was kept lecked.
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'mgum 27+ Morrison CUreek teat fish cage,

summey of 1660,
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Fig. 27
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Although chance Arift orgenisms mizht have bDeen gufle
flelent nutrisment, ths caged trout vere ??Qvl@ﬁﬂ e siight
amount of halchery dlet every cther morning when they were
inspested, Two vieces of alder root stumps afforded them
eover; and there were also thres rocks in the botiom of the
enclogure. During the daily routine check the wire cege wes
brushed free of ths debris which had sccumalated, end extra
trips for this purpose ware mede following severe reing uniil

the exrerirent was termingted Beptember 2lat.

{3&) Findings an?d Tntervretetion

The ouly mortelitlies among the flve brook trout in
the enclosure cams wlthin the Pirst foritnizht of the experiment.
Following two days of water bempesratures aps warm es 78° ang
A0"F. vespsctively, one of the 5L.l-inch fish succurmbed on
suly 13%th, when the largest of ths five was &loo in distress.
The latter 41d not survive untll the next day desplie the
lower maxivum of 74"F. and & elight rainfell. over July
10th end 1lth the trout hed been in water warmer than 75°F,
for sight houre or more, snd in the four precelling days
they had hed a chance to bseome acclimated.

Investizetions at the Onterio Fisherles Research
Taboratory have shown vhat survival through sucesssive hot
periods tenda to gtrengthen rathey than wesken a lgh's
tolerance to éxtram&e of tempersturs. According to the

standards of Fry,; Hert, end ¥alker (1948), the loss of these
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two trout within the first six deye of my experiment was not
due to the warming of thelr environment. The autopsies of
these individuale 414 not show the specifle cnuase of desth,
for which the heat effect gvidently doeg not have definitive
thyslologlceal manifestetions. Tt could be that the change
from open river to the confined erclosure brought sbout some-
thing whieh might he called csge fright In the two indlividusls
which 414 not survive, snd that they exhouated themaselves
sgeking a means of ascape.

Two subgsequent periods of excsssive teumperature did
not bring death to any of the three remaining trout (Pigure
28). Theme occaslons brought the weter to 01° and 81.877P.
on twoe days lsbe in July, and es high es B5"F. twice wiihin
4% hours during early August. Temperatures over 00°F. pre-
vallsd at most for 5.5 hours of a day, & conditlon which was
not lethal for euch & short time. This survival agreed with
the leborstory sxperiments of Fry, Hart,and wWalker when de-
riving the percentage mortality on the basis of the experisnce
roveeled in the retual thermogrerh record for the worst day
of the sumrer {Ibidy flgs. 4 and 8).

only three perlods aprear oritical for brook trout
survival hecanse of unfavorable thermal gonditlons (Figure
28); whereas 6 fourth one whiech might heve besn expected
August 154h~17th weg nulllifled by heavy rainfall (Fluoure 8%).

Yreglipitation ended each of the most unfavorabla ﬂituationa'



Figure 20. Nigtridution and sxtent of periods of
uafsvorable temperaturss for brook trout in Horrison Crsek

$ent 'ish experiment, 1350.

808
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Pigurs 29. Meteorsloglesl condlilions, Morrison
Creck test flgh experiment, 150 (¥ater temperaiures
from regording thermograph, air temperaturs and precipls

tatlon from U. 3. Porest Rervics).
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which, if praiangeﬁ, mlight have brought additional mortelity.
tne brook trout appeared weak on August 8th, but 4id not
pucoumb .

From the sbove svents wheﬁ native Bichigan brock
trout were acclimated and then subgeeteé to natural szireme
warming,; 1t appears that such fish sre gble o withatand tem-
peratures greater than TO®F. for 17.5 houra, above 75"F. fow
108 hours, end betwsen H80” snd 85°PF. for 5.5 hours, crovided
the water nt night cools to st least 67°F. end thers is Bn
gmple supply of oxygen. The import of scelimptlion, the
noeturnal thermal change in the oproslite direction, and
edeguate oxyzen ssburetion migt be borne In wind as factors
probably ensbling such survival. These were not asubject to
contrsl in a naturel environment such ss Horrisoen Creek, but
oould be altersd in the laboratory. The figh were apoon-fed
and fres from competltlon, an advantege whilch would not be
thelrs in the usual habltat where other spesciles mnight wall
have superiority over them both In renge or territory, and
in foraging.

The trout whieh swreived this experisent grew from
lengthe of B.l,; 2.3, end 2.2 inches t0 T:1; 3.8, ond 2.2
inches respectively. Four sudminnows hed besn snolosed with
them, twe of which dled esrly in August when no attempl wes
made to postulate the cause of their denlee, and o third hed

perishesd alons; with the two brook frout in mid-July. on four
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occeaslons natlve fieh of the latter srecles appeared nesy the
cage in the momming, Mt probably rebtreocted o couvler watey
In eithay direction during the hours of intenas warming. Also
sehools of blathknoss dace took advenitage of the opportunitien
to get free meals from the excess hetchery Ifsed es 1t was
brushed off the screening of thse esge.

The brook trout probebly were nobt ab sase at the tem~
poratures over 75°F., whlch they tolersted under the above
sorditiong. Competlifive rolations of the brook troubt are not
wall understoond; & point o be emphaplszed in & later repord.
This experiment ren through only part of & relotively wenol
summar end 1s well worth reresting on other giresma which mﬁg
be marginel at times., I am convinced that wild fish are more
hardy then hatchery onea snd {eel that #=hlle the present ther-
mpl eriteria of trout streem managemant-a?ply very well to
the latter, varlous races snd sirsins of native brook trout
mey be bettsr able to withstend extremes of tempersture than

other wild fligh or artiflelally resrsd ones.

Bs Evalvation of Beaver Ponds es Influsnces upon

Trout Stremn Tenperaturaes

Among the environmenital factors acting on trout
stream temperatures, &svlista& by Halnwater (1837, are
marginal cover, iributaries, dems, inaclation, and reinfall.
e gomaonted thus on additlonal ltems which should he cone

siﬁe?aé (?s‘lﬁ7}:
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"other factors such ns humidity, eltitude, tyre

of stream bottom, rats of evaporation, local

thunday storms and sessonsl varliation of the

aize of the stream bed sre undoubbedly of ime

portance and lnvestigations are nsedel Lo agw

gertaln their effect upon water tempsratures.

Mors merzinal streswms might be browht into

gruduet%mn if we bet?er und@ratsad conditions

which affect them.®

Foreats generally have more influence on Tleh through
tempereture relations than because of orgenic substances in
solution, or the libersaition of cevrhon dicxlide from them
{Creageyr, 1030}, From a esbtudy of the Cerbondels River In
Alberta, Cormeck {(1949) concluded thet virgin tisber pro-
vided the best arrangement of vegebetlon to shade trount
gtreems. This included tell trees, small ones, snd shryba,
of whieh the last, plus wlllow end slder, wers held to be
much lees effective then s seattering of tall spruces. n-
dlzturbed Forset in July bordered water averaging 47"F.,
whlle beaver ponds in thile dominantly conifercus cover
averagzed 53"F.

The inereased water temperatures of the impoundments
wore brought sbout by a2 combination of factors: aireamz wore
spread out gver a shallow area in which the trees which
formerly shaded 1t had been kill@ﬂ, and the hlack organlc
bottom mnterinl may be presumed to mbsord more Lieat than
the original light-colored esand or gravel substrete. Tho
diurnel ¢ycle of rising and falllin; bemperatures was & pro-

nounced one, maxirum fliguras coming late in the alternoon
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shortly before suneet and the winime early In the morning
before the sun struek the surfeace of the ponds The duration
of these effects dependad upon various meteorologiesl factors
{FPigurss 20 and 28}, ae it does In & stream of any sory and
an impoundment 6l night is prohgbly eccled from both top and
botlom.

The wapuing of wabter charscterlistic of besver ponds
was much greater in wide, shellow ones {upper Yorrison Craeek)
than in deep osnes confined batwsen ridges {lower Morylaon
Creck and heedwaters of Bluff Creelk)., The cverall effect
of & large flowsze {upper Morrigon Creeck) was comparable Yo
that of severnl smsll dams (headweters of Plufl Creek}, and
in each eategory the waber becems rrogressively warmer as 1t
approachsd the dams. 0Other fastors whieh influenced this
tharmal regult were the giresm gradient,; the volume of flow,
ernd the amount of epring water which entered the pond and iis
affluent. Heating of beaver impoundmenis in flet terraln
{upper Morrison Creek) was much more proncunced then in hilly
sreaa (headwaters of Bluff COresk) and was lems on & larpe
atream (Middle Tranch of the Ontonagon River) than on sinall
fesedere {(Morrison and MeGinty cresks).

| Although the majoy ?‘&rt of & pond may nok he fovors
eble for brook troul, they were found to be attracted to the
arcas of spring seecpazs wilthin such bodles of water (upner

Horrlison Creek) to which they retrosied during the reriods
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of moal wnfavorable heating, This sltuation ie simllar ko
that in large nstursl liankes se described by Odell (10052,

» 308} PIn shallow laken wherse the water tempesraiurss are

z«{g

high in genersl, the specklesd tUrout sre found glther off

the mouthé of gold brooks oy In spring holes.® The behavior
of the lsh populatione in my Upper Tenlinsula study sareas
#1i1ll be discussed at length in another report.

Thernal stratiflcetion wes definlitely eatablished in
gsrring~fed heaver ponds (upper Worrison Creck end headwnters
of Bluff Creek) and wasg somnarable to that desceribed for
Fettle Orecld Reorestion Park Dam snd natural posls slong
that Pennaylvanie stresm by Watts, Trendbley and Harvey (1548«
Tatsle 7, ns 88)« Toamperabure layering of wabter permitted the
gurvival of brook trout in the flooded ceresk channels and was
gizllar to the cold-watop denglty current described by Borges
{1380) for the ¥iangua Arm of the ILake of the Gzarlks, ¥lesouri,
which wes atirective to whilte bass during en intense sitagnee
tion pariod of July snd August.

The warmer layer on top of the deaver ponds dominated
the outlat temperstvore of older dama, whereas there was cone~
siderable seepage through both newer agtructures end those
whoas hresks hed subsequently been plugged by the beaver.

The oonling of such surface waters in passing over o dam was
gvidently more merked at night ther durling the hot davse.

To galin an oversall pieturs of ary outlet temreraturs,
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tharmometey readlingas of this flow, the surface, and the
botton of the pond should be taken slong the structure at
five-yard Inbtervals, n consideration which came to ny mind,
ut wap not followed through In the field,

the neating effect of beaveyr ponds on thelr afflu~
ents may or may not be nullified or reducsd in importence
for trout downstresm (BFIuff Cresk vs. Morrison Creek), de~
pending upon the emount of shede, vnlumﬁ'@f the ground-watsy
eontribvution gnd the stosmese of streanm gradlisnt. Thege
were Tavorable in the former losgation, but rnot in the latier,
where damaze to the Plrst foctor wae due to intensive hesver
oecupency of the lower reasches, an effect alzo Ingurred on
& short stretoh of the other ereek too, but there 1t was
definltely oversoms further downstrenm rather than belng
sccentugted.

From the above conzideration regerding tenperesture
effects in weabters upper ¥ichizan, the beaver vopulstion
ghould ve dlscouraged on short feeder cresks of low gredient,
particularly bthose which heve wide lowlands and are not gon- .
finad between ridges, 1f these welters nre to be mansged
primerily for troute The anicels are nol unduly harmmful
on long trivutaries of moderate gradient, provide? that the
downstrean shede 1s not dsstroyed by the beaver themselves
or By influences of mwan such a8 logsing or Intensive agri-

cultural afforts. Tn the thres sumser seasons thers was no
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evidence of the dams blocking passsge of any fish moving
upstrean in search of cool water.

It 1s understood thet the thersal faatures of e
beaver impoundment mey rot be the limiting factor on troub
production, eithey in the pond or in the ereck below, be-
gause fish usgually meclimeie €o withaﬁan& extremes of high
water tempsrature. Poth In ponds and downstresm frowm them
the weyrmer walters furthormove provide oresgk chubs and other
gompating speclies with an aprerent edvantage over the hrook
trout. Rerely & limited thermal rise occasioned by bemver
ponds mey lmprove thes environment for trout by waming, end
gush sppeared %o hold for at least part of Hunt Creek, Nont-

moresncy County, Wichigm .
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WATER CUBHISTRY

Besldes ths thermal effects of basver work on frout
streams, there are many aspeets of watep chemnlstry which ars
influenced by the activitiss of this mammal. OFf thess,
oxygen content alone ssems to he affectsd in s way harmful
to trout. Although melidity, free carbon dioxide, end hard-
nasgs are alao'ahangmé, their imporitsnce %o salmonlds is
aither @bsauré7;f 1ittle magnitude.

Bavers oxygen depletlon during the sumuer months
oecurred on two beaver-pond seriess, end two others slso gx-
hibited an overall dscline progressing downsiream. n other
sosaong the impounded water showed 1little chemlical difference
from thet of ﬁh@ieﬁragma sxosrt for allight depression of dige
solved axygan under the lce. Por the most part the reduced
gontent found during the sumser 414 not rrevall helow the
demsy webey vessing over the structures and dowrnatrsam bew
cama sernted.

Analmes of p¥, ocmrbon dloxide, and methyl oranje
alkalinity 7ielde? date to whileh Little of eignificenecs in
the lives of tréut sould e attamched. Excess aoldity re-
sulting from the dscompositlon of conlferous vegetetion did
not acour in the ronds under study, noy was 1t noted durlng
the sxtensive survey vhase of thls invesbtigation. Values of

carbon dioxide determinations Inversely followed those of the

219
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oxysen, and provided some evidence of the organic decay. Al-
though the easct relatlon of methyl orange alkelinity to figh
life 1lg not known, tests for thils rrovided en indlcstion of
the oversll productivity. Vo snslysss were made of methane,
other desccmposiiion gasen, or muitrlent “'mat-erisals, but gome

blochemical-ozyzen~domand tests wers run.

As Hethods and Sempling Schedule

In determining the dlssolved oxymen content, the
umnedified ¥inkler method wes suliiable. 411 the 7igures for
this gas wers vecorded In perte per mllilion (p.p.m.) but were
later converted to percentages of saturation, using Rawson's
nomogran {19644). Values obteined were not correcied for
either altitude (ebout 1800 feel above ses level), or hero-
metric pressure.

In aome cases the oxygen velues reflected the abuns
dance of algee st the sampling stations, and the gffects of
prhotosynthetie potivity beceme apparent in s 24-hour geriss
of watsr snelyses run on the large uppsr Morrison Creek
beaver pond, Photogyntheals appesrad to be the predominant
sourese of oxygen. Replenlshment by absorptlion from the pond
surface probably was very alight for such & loeale ap &
beaver flowage, where the wind sweepa are short. The type
of vegestation flooded had some effect on the oxyzen loss,
but rein usually increased a pond's gcontent of this gas.

The latter was not the cese for ¥alinty Creek, which was
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fed by the most exterslve headwster conifercus gwamps of
any study stresam., Yo attempt was msde to determine the
role of subtarranean water or bottonm decompeoeition in
orygen depleations.

A Tglllize glass-dise eampar@maéer was used for pi,
mepsurements, DNeberminatlions of carbon dloxide with &
Hosoler tube end ¥/44-godivm hydroxide solutlon presented
gome 4ifflenliy. Oradual detevioliretion of the standard
with time probably severely affected the values obiained
during the suomer of 1448, However, in the following two
years btobtles of e gpeciasl type glass prevented sny logean
of strength during the rempinder of the study. unly & few
water samples from the streams showed any phenslphthalein
aliknlinity, but that measured by methyl orange indicator
was of interest.

Tn 1848 the intervsl betwesn anelyses had heen forte
nightly, except for weekly chemical series in the month of
Augzust when decomponition was most severe. Prom mid-June
through early Septaember %hay wvere made woskly on primanry
study stresws for the lpet two years of the investigatlon.
Oxymen determineticns end pH resdings were cerried out st
avery astation, and the alkalinity and csrbon dloxide flgumres
came largely from the uppermost and downgtrean loesilionsg of
& ponded series. Anelyses dupring other sessons were mpde
irregularly. Titrations were performed iIn the field aexcept

foy thoss ecarried out during the winter or after daric.
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Water samples weres collegted In & special modifloe~
tion of the Hgle sempler devised by Oreenbank {1643} Towerw
ing &0 & depth of two to three feel, ursmually midway between
the surfece and botiom, prrovided a velus for ths oxygzen
fizure somevwhere between these two extéém@aﬁ At tlues e
pair of semples wasz token to sghow these significent 4lf-
ferences, but usually only & aingie ong came Trom any lecas
tion. Tn establishing the statlions for chemical water
enalyses, possible meximum end minimum ereas of oxyzen oofie
tent wers taken into mcoount. The former Included the head
ends of the ponds end aguaeile plent bedmy ths latier embodied
the dems themselves, and loesllized zones of decomposition.

A meny as three arsas wers sslacted in one pond, upper
Morrison Oreek, but in & series of smell impoundments, such
as those on Dlufl frask, only oue sample station was estab-
lished. The differences in chemlical charasnterigtics wibthin
a short streteh of a lerge beaver pond will be épyarent in
the detalled review which follows,

Ho determinations were made for the amounts of such
deconmposition gesss ag amwonis, mwethane, snd hydrogen sulfide.
Tn beever ponds the threat of the first of these products of
decay to fish 1ife 1s not as serlous s those of the other
twe, and the odor test for the lest ig the most senaltive.
Howaver, thege fastures are worthy of furiher Iinvesti ation
in any continugtion of the present efforit. The import of
evelilable nubtrients in stream water was likewlisge not taken

Into account during this study.
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RBe Summery of Chemical Cherscterigtics of Study Streams

{1) widdle Prench of the ontoregon River

Over three years of field work seven stetions pro-
vided water samples towards the haaéw&%grs aof the Klddle
Franch west of Waterameet. TProm tive t§ time oxypen
snalyges were made in and below the rapid streteh by the
wolf Take Roasd bridge (Flgure 2) to learn the content
vefore the stresm reached the lmpoundment. An important
site throughout the Investigsetion wms located about a
third the dlstance up the pond from lts dam (Station 4).
Semples here werse from the edze of the flowing channel
glongside & flooded mendow sezocistion whers the substrate
was decaying.

The faee of the holding structure was the lowepr-
most sempling slte {Station ¢) in the mein pond during 1048,
Later 1t was ghifte? to the site of the maximunemirimum
thermomster mounted in the flowgze 20 yards upstresm (Ataw
tion B). This was ageln on the llre between the old stresm
bed and the merginel vesetetion, whieh wee under slmost two
Peat of water whan the doam was best melntalned. The outlet
of thie home pond was negzlected In 1948, but 1t was analyzed
for oxygen in 1%4% and 1550, The samples came frow Delow
the main dam (Stabtlion D) axcept for a brief perlod In 1540
wnen the anlsals buillt en auxrllliary one aome distance Agvn-
streamy then the weter wae taken Trom the overflow of this

lowermosgt structure.
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irn 16548, elght snelyses at the two stations In ths

main pond ghowel & oritiesl amount of oxyien on only one
ccoagion, and ther not much bHelow the 5 pep.m.~1limit set for
beook trout waters (Table 11). The upper statlion had a range
of 3.¢ Dapus ARG 3B percent aaﬁur&ﬁia&,%and &t the dem
{gtetion ¢) ths corresconding ligures were 2.7 pepeme and
21 percenit. Tetwesen these two gltes there was a conslstent
decline in the oxygen eontent of the waler.

A2t times during 1948 the water weas light brown in the
Ploode? mavsh vegetatlon but colorless in the atream proper.
aroma of desaying vegetabtlon wes strong twlee at Btation B,
and once inshore Trom the south end of the dem 1iself, These
odors were noted in wildefugust, whileh was often the hotiest
rart of the summer. &iciler obpervetions cowe In 1949 on
one oceasion in each of three months {¥ays, June, and July)
at the former locstiop. Ho beds of flosting or submerged
higher aquetic vegetalion developsd In this pond, although
nate of alges svrpenred sporadleslly near the dam In late
BUTMET

ozysen condlilong wers more serious for trout hers
during 1048 than at any other tire, although they were spilge
factory during thias year on e¢ach of the four checks upstroam
at the wolf Lmke Rosd bridge. ®Hithin the impoundwent the
situation was quite different: eoi:ht anelyses at eanch site
revealod critical values more then halfl the time. AL Station

Ay five of the results indicatad water not favorable for brook



m}.e 11. Sumnmer Banges of Diesolved ny,gan. H1ddle Branch

of the Gntanagan Bliver,

MISINON TALGES

TV AKINUN YALOES

~and Tamte and time Tomperatare{®? } p,om. % | p.pom.s| Date and time Tesperatare(®F. ) p.g.m. %

Station Alr ¥ater Zat . sat. Alr, Water Zat.

1048, July 12 through Sept. h*.. _

Wolf L. A, AR v eewe e | may iz, 10130, 72 67 7419

3ta, A Aug. 27, 3:00p.m. 76 0o W3 b7 [ 6.7 =68 Ang. &, 1:159.@. 1 56 - 8.2 78
(Fizht analyses, one unfevorable for tront*) E ' Mg, 14, 3:350p.m. 78 63 & 2 g5

Sta. C Anz. 27, %:00p.m. 76 10 B2 46 |5.9 - 59| me 1%, Mi20pm. 73 59 6.9 67
(Wight analynes, one unfavorable for trout) ‘ ‘- :

1949, Jume 17 through ‘sa‘gt.r 1: 7

Wolf |, Mag.1Z, 1015 a.m. 66 66 5.7 60 6,8 - T1| Sept. 1, 3:30p.im. 60 55 8. 79

L. Road _ 7 _ e Pour anslyses, none unfavorabls for trout)

Sta. & Mg, 15, 1l:15p.m. 73 67 3.5 37 |5.0 = 53| Sept. 1, 3:50p.m. &2 55 7.2 | 67
(Pight enalyses, five unfavorsble for troud) : ‘ :

Ste, 3 ing. 18, 1:4%0p.m. 73 &9 %1 {43 - U5 ] Sept, 1, B:iliSp.m. 59 55 6.2 57
(Bight analyses, seven unfavorasla for trout) E

Sta. D Mg 9, 3:45p.m. 86 16 5.2 61 [5.7 - 63| July 1,  4:10p.m, 80 T 5.8 66
(Three analyses, none unfevorable for trout) Amg. 2, 3$10p.m. &5 o4 6.1 53

* Less than 5 p.p.m:.

-

geg




Ta.hla il,Centirned., Sanner Panges of Dissclved Gzygerx,
z«siaﬁle Bramr'n of the ummzagan Blver,

<

P

MALIWUM VALURS

Ang. 25,

Ssason KINTHN vms Eeamt : _ o
and  Date and time Tenperaturs(®F, ) p.p.m. P Popeli. o | Date and time Tenparature( F. ) p.p.u, %
"%tatitm My - Hater ' Sat) ¥ sat. o Alr ﬁater Sat.
1349, July 12 through Sept. W, contimieds o
Tew Tutn .&nﬁ. lg ll:)ﬂ&ﬂo ' 65 63 h‘;‘:’ m*’ s . -o_-'o e . e s . e ..
Cautlet iug. 18, 2t 20p.m. T 89 B.5 | k!5, 7 - 58 | Sept. 1, 5:00p.m. 58 56 1.2 68
(Thrae amalysaa, one unfavom‘hle for trout) L : ' ;
§O. Juna 17 thmngfﬂ Sept. ‘(: :
Wolf * Mug., 3%, 11130a.m. 60 56 1.8 T3 :
- L.Rd. Mg, 11, 10515a.m, 58 57 1.6  73|7.7 = 15 | duly 21, S:1208.m:. &5 &0 g1 80
July 11, 10:85a.m. 76 &5 1.3 I8 (Six scalyses, all favorable for trout)
Pomd Ang. 3, 11:110a,m. 60 55 8.0 78|82 - 78 | g, 12, 10:1%.m. 56 58 8.5 82
head _ | {Two analyssas, sech favorable for trout)
Sts. 4 Juss 12, 3:1103:.59. ™. 66 .4 78|8.2 - 8 |July 21, 11:100a.m. v 71 & 8.8 91
{Ceven analyses, all favorable for trout) |
Sta. B Juma 12, Ezhﬁp.m. 18 66 1.6 80 8,2 ~ &4 | Ang. 25, 2:15p.m. 6O b2 8.7 &8
(Seven znslyses, all favorstle for trout) : - : : .
Sta. & Mg. 3, 1:30p.m. 62 59 7.8 75|8.2 = 82 | me. 11, 11:15a.m. 60 53 8,5 83
{Pour snalysses, all favorable for trout) 2:10p.n, 61 61 8.5 g6
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