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Abstrast

The effect of an impoundment on the water temperatures of
Fuller Creek, ons of the experimental waters of the Hunt Creek
Fisheries Experiment Station, in Montmorency County, Michigan, A
was investigated by comparing average daily midsummer (June, July,
August) and midwinter (Jamuary, February, March) air and water
texperatures far three years before, and three years after,
replacemont of the Fuller Creek beaver dam in May, 1949, Tempers~
ture data were obtained from a recording thermograph located about
one mile domnstream from the re-established pond and operated more
or less continuously for the period 1942-1952, |

Fuller Creck average daily water temperatures were found to
be consistently and significantly higher in midsusmer months in
the post~dsm period than in the pre-dam period, by 6.5 to 10.1
degrees F. These increases did not seem to be assoclated with
changes noted in the average daily air temperatures. MNidsummer
average discharge rates for Fuller Creck appear to have been the
same for June and July through the investigation, possibly slightly
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mmmmﬁas‘mmmmod. Midwinter
average daily water temperatures were from 0,82 to 2.75 degress
higher in the post-dam period, but the inersases noted ecoincided
with significant incresses in air temperature and significant
decreases in gtrean flow in the post~dam period.

The imereass in average daily midsummer water temperature
&id not change the angling quality for breck trout significantly
during ths period of investigation.
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Beaver dams have been traditionslly regarded as ideal trout
haditat by trout fishermen, primarily becavse a population of
trout oftan is concentrated in a comparatively small ares where
they may be fished over readily. Also many beaver ponds ylald
trout vhose average sise often is grester than for fish found
under normal stream conditions. Ko fisheries manager can object
to these two general characteristics of beaver-made impoundments,
bat he must weigh these favorable aspects against kmowm undesirable
effects of beaver dams on the atream drainage below, as well o
sbove, the site of beaver activity. Perbaps the most important
consideration 19 the effect of beaver impoundments on the stream
vater temperatures in areas further dewnstream. An excellent
opportunity to study the effeet of an impoundment on trout stream
tesperatures has existed cn the experimental waters of the Hunt
Creek Fisheries Experiment Station in scutiwestern Montmerency
County, Michigan, since the inception of the station in 1939.
This paper describes the cheervations made in connection with the
changes resulting from re-establishmant of an old beaver dam, on
the subsequent stream temperatures below the das,
Dessription of stress cenditioms

When the station was established in 1939, the Fuller Cresk
Poud (see map, Fig. 1) impounded about 12 acres of waster. The
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Figure 1. Map of Bunt and Fuller creeks in the vicinity of the Hunt Creek Fisheries
Experiment Station, Montmorency County, Michigan. Roads and stream courses were traced from
Conservation Department aerial photographs made in 1938.
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pond was very irregular in shape and flooded much standing cedar,
spruce and tamarack. The origin of the water impounded by the
beaver is primarily springs, which at their scurce have temperatures
ranging from 46 to 50 degrees F. Becawss the beawer dam spresd
these vaters over a conwidersbly greater area than the ariginmally
shaded stream chammel, the waters were expesed to the warming
offects of ths sun's reys. During periods of high sumer tempera~
tures the surface waters of the Fuller Cresk Fond at the dan were
noted to reach temperatures of 70«80 degrees ¥, when the air
Senperatures ware 80-90 degrees F. Although the date of establish~
ms-gtmmwmmawmumw.w
observations pius acoounts of losal fishermen suggest that the
beaver built it about 1935. |

About 200 yards below the Fuller Creek Pond, the vaters of
Fuller Creek are further sugmented by the outflow of Eest Fish
Ldm_ In periods of hot susmer weather this lake water is relatively
wﬂtmmm«m. The Esst Fish Lake cutlet
vater 1s tenpered alightly by limited spring-water ssspage between
the lakes and ite conflusnce with Fuller Creek.

Below the ecnflnence of Fuller Creek and East Figh Lalke ocutlet,
Fuller Cresk flows easterly for about 3/4 mile through a marrow,
steep-gided valley which is more or less completely occeupled with
a dense osdar-spruce-tamarsck swamp, Considerable spring water,
almost all of which is completely shaded, flows into Fuller Creek
from the sides of the swamp valley, and this flow nmoticeadbly
increases the volums of the stream, in the ares above the rosd
bridgs. From the bridge downstresn to the junction of Fuller and
Hunt creeks, the bankside vegetative cover of Fuller Creek is of



-3~

more open character, although the stream flows mainly through what
was originally a low, flat cedar swamp. The current of Fulley
Creek varies from moderste in the upper portica to rapid and
turbulent through the narrew valley, vhere it drops at least 25
feet in a balf mile, |

Faller Creek Pond provided semparatively good fishing in
1939 and 1940 under rather heavy angling pressure, However, by
1942, much of the beaver dan had rotted and a large portion of the
pend area had been lost. By 1943, the dam had lost its ability to
retain a head of water, and the stremm had returned to its
original relatively narrow channel,

In Jamuary, 1942, a recording thermogrsph was installed on
Fuller Cresk about one mile downstieanm and east of the Fuller
Creek Pond (at the point designated T on the map, Figure 1). At
this eite, any changes in water temperature induged by fastors
located upstrean would be recorded, Except for three periods W
& oontinueus record of the diurnal fluctuations of the air and
vater temperatures is avallable for analysis.

Because of the quality of the fishing which had besn enjoyed
on the former beaver pond during 1939 and 1940, the impoundment
was re~established during May of 1949 by a Michigan Departesnt of
Conservation Lake and Stresa Isprovement crew (under the supar~
vision of 0. H., Clark). An earth-fill dam was erested on the site
of the old beaver dam, and it was found that there was a matural
spill at the proper slevation on the south sids which permitted
the approximate original level to be maintained.

The pressnt pend differs from the originsl impoundment in that
the wvater current does not flow the full length of ths pond as it

\J/During the periods Mayil-October 11, 1943; September 3, 1948-
January 3, 1949; and October 31, 1949-May 1, 1950 the thermograph
was out of operation because of needed repairs.
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did in the original body of water, A minor amount of ssepage
water is returned to the original channel (shown by a dotted line
on the map, Fig. 1) because the dam is not sheetepilsd. The major
portion of the present cutflow now follows the outlet shown on
the south side of the pond. The lower ponded area receives
1ittle or no mixing effect that would be caused by a cantinuous
channel through the impoundment. The ares of the re~impounded
Murduuu.ssmn,mr&ngtolplwubhnp'mdou
September of 1950.

The re-establishment of Fuller Creek Pond provided an
opportunity to compare strean temperatures for a period of years,
when Fuller Creek had no impoundment in ita course, with a perioed
of years when an impoundment existed.

Method of study

Thermograph records for three years just prior to re=-
izpoundment (1946, 1947 and 1948--a period for which Fuller Creek
night be eonsidered as normal) have been compared with the records
for the three years (1949, 1950, and 1951) following re-impoundment.
Average daily alr and wvater tesperatures wers calculated for
critical periocds for which records are available. The eritical
temperature periods in a trout stream are generally during the
months when the highest air temperatures prevail--June, July and
August~-gnd to some extent during the caldest months of the yeare=
January, February and March.

The average dally temperatures were determined in a manner
similar to that used by the U. 3. G. S. in calculating average
daily water flow, ete. from their recording instruments. A glass
or plastic slide, on which a fine horismntal line is drawn, is
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placed on the daily temperature record for any given day (midnight
to midnight) with the ruled lins parallel to the horisontal tempera~
ture isobars of the thermograph record. The position of the
raled line is adjusted vertically until squal areas, estimated
visually, are produced above and below the ruled line and within
the bounds of the temperature curve. The average daily temperature
is read at that point where the ruled 1ine crosses the temperature
record to the nearest degree in Fahrenheit,

The average daily temperatures were then averaged to give
monthly means, and means for the three Junes, three Julys, etc.,
for the two three-year periods which are comparsd.

Results of the tabulations

Average dally air and water tempsratures for Fuller Cresk,
vhere the Junes, Julys, otc., before and after construction of the dan,
have been combined, are listed in Table 1 (June, July, August) and
Table 2 (January, February, and Mareh), Figure 2 shows a ecomparison
of before-and.after temperatures for June, July and Angust. The
average of water tempsraturea for June of 1949-195)1 excesded that
for July of 1946-1948 by 10.12 degress F.j for July the corresponding
difference was 8.8) degrees F.; and for August, 6,50 degrees F.
These differences wers of a magnitude important to the stream as &
trout habitat. Obviously the differences were mostly the result of
re-establishment of the impoundment; the differences can be
related only to a mmall extent to differences in air temperatures.
For June, the average of air temperatures in the post-dam period
was 2.49 degrees higher than for the pre-dam period, whiles for July
the post~dam figure was 0.63 degrees higher, but for August the
postedam figure was 2.3l degrees lower than the pre-dam figure.



‘ of average midsummer air and water

Table 1

Comparison tures
for Fuller Creak before and after re-installation of Fuller Creek Pond

NHumber Avarage .
Honth Item Pariod of daily Standard | Standaxd | S. E. of 1 P
cbservations temperature | devistion | errer difference

19461948 0 .85 8.069 0.855

Alr 1.162 21, | 96.8
oo 1949~1951 20 64.34 7.464 0.787
‘ 1946-~1948 89 - 50.28 2.340 0.248

Water 0,420 | 24.10 ] 99.9¢
1949-1951 90 60.40 3.2 0.339
1946~1948 92 66.00 5.386 0.562

Aly 0.867 0.73 | 53.4
1949-1951 82 66.63 5.985 0.68
1946~-1948 93 52.88 2.558 0.265

Water 0.422 20,92 | 99.9¢
1949=-1951 83 a.7 2.990 0.328
1946-1948 9 &.78 7.534 0.785

Alr 0.942 2.45 | 98.6
1949-1951 72 62.44 4.420 0.5

August

1946~1948 9 53.22 4.030 0.418

Water 0.528 12.31 | 99.9¢
1949-1951 T4 59.62 2.767 0.322

-eC-



Comparison of aversge mideinter alr and water &

Table II

tures

for Muller Creak bafore and after re~installation of Fuller Creek Dam

Namber Avarage
Fonth Item Period of dally Standard Standard S. E. of t P
cheervations | temperature | deviation error difference
1946-1948 90 18.08 10,599 1.117
Atr Ry - 1.812 2.68 { 99.3
, 194941951 13 22.93 9.454 1.425
Janary
1946-1948 20 34.32 1.729 0.182
Water _ 0.374 2.19 97.1
| 1949+1951 &4 35.14 2,173 0.327
1946~1948 8s 15.44 9.366 1.016 .
Alr 1.758 5.66 | 99.9+
1949+1952 56 25.38 10.735 1.435
Felruary .
1946-1948 85 34.65 1.848 0.200 '
jWater _ 0.466 5.90 99.9+
154941951 43 37.40 2.760 0.4
19461948 93 28,58 11,225 1.164
Alr 1.585 O.2a 9.5
194941951 62 28.92 B.ATL 1.076
¥avch
1946~1948 3 36.51 3.409 0.353
1949+1951 2 37.% 2,266 0.288

\ywmmmﬁmmmulm.
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Figure 2, Average daily air and water temperatures for Junes,

Julys and Augusts before re-installation (1946-1948) and after

re-installation (1949-1951) of Fuller Creek dam. Data taken from

Table 1.
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Analyses of midwinter temperatures (Jamuary, February and
March) also showsd that the stream was slizhtly warmer in the
period after re~installation of the dam (Table 2). Significantly
colder, average daily air temperatures were recordsd for the
Jamuaries and Februaries in the period 1946-1948 than for the
poriod 1649 + 1951, but average daily alr tempersturea for March
were approximately the sams in the two periods, Averages of
‘daily water temperatures for individual winter months in the poste~
dam period were 0,82 to 2,75 degrees warmer than in the pre~dam
period, and these differences were found to be statistically
significant.

A poasible factor which might bave influenced water tempera~
tures is variation in the flow of Fuller Creek during the peried
under consideration. Accurate data are not awailatle for Fuller
Creeck, bat stream flow records taken at the gaging station maine
tained by the U. S. G. 8. on Hunt Creek (G in Figure 1), approxim tely
1% niles downstream from the thermograph location, provide an
accurate picture of the variation of the flow of the malin stream
of Hant Creek. Insssuch as Fuller Creek supplies & major partion
of the Hunt Creek flow below its confluence with Fuller Creek, it
is reasoned that any great variation in discharges of Fuller Creek
wvould be reflected in the flow records of the main streanm.

From the diacharge records of Hunt Creek, averages were coe-
puted for the Junes, Julys, ele., both for the pre-dam and post-dmm
periods, Acoording to these records the Hunt Creek discharge did
not d&iffer in its June flow, or its July flow, betwesen the pre-~ and
post~dam periods, For August, the data suggest a slightly higher
flow in the post~dam periods. The flow records and resulte of
statistical analysis are given in Table 3.
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The discharge records for Jamuary, February and March show
that midwinter discharges averaged greater by 1.5 ¢.f.8.

(February compariscns) to 3.3 c.f.s. (March comparisons) in the
pre-dam period. The differences are statistically significant
(Table 3).

If it is granted that the data on disecharges of Hunt Creek
reflect the conditions in Fuller Creek, then the Fuller Creek
discharge during the period of investigation may be sunmarized as
followss During June and July the flow remsined approximately the
same in the pre~ and post-dam periodss in August there was &
slightly greater discharge after installation of the dem, During
the three midwinter months significantly greater amcunts of
water were discharged before the dam was installed.

"~ The effect an Fuller Creek water temperatures of establishment
of the Muller Creek Pond, along with the variations noted in air
temperature and postulated discharge variations, might be summarised
as follows: Midsummer water temperatures were found t¢ be algnifi-
cantly higher after replacement of the dam despits no apperent
differences in water discharge rate and under varying conditions
of air temperature., Although average dailly water temperatures for
the midwinter months showed a small but significant increase in
the post~dam period, it does not appear possible to asaign this
increase to changes brought about by re-~installation of the damj
it can be shown that the postedam period had significantly higher
average daily air temperatures along with significantly lower dis-
charge rates. These latter factors may have been responsible for
the rise in average dally midwinter water temperaturs in the post-
dam years.



Table III

: Comparison of midsummer and midwinter discharge rates
{in cubic fest per second) of Hunt Cresk before and after ve-installation of Fuller Creck Dam

: Nowmbes Average
Month | Period of Standard | Standerd | S. E. of t P
cbservations | (c.f.s.) | deviation | error difference

1946~1948 93 3.6 2.6 0.27

January 0,368 4.62 | 99.9+
1949-1651 93 a.9 2.45 0.25 ,
1946-1948 85 22.8 2.18 0.24

Fetruvary 0.347 4432 | 99.9¢
1949-1951 84 A,.3 2.17 0.24
19461948 93 26.6 5.16 0.54
1949-1951 | 93 23.3 4.56 0.47
1946-1948 90 23.6 3.36 0.35 :

June 0.610 0.49 | 37.6
1949-1951 90 23.3 4.7 0.50
19461948 93 2.5 6.08 0.63

Jaly 1.8 0.79 | 57.0
1949-1951 N 8.7 7.63 0.80
1946~1948 93 20.0 2,86 0.0 1

August 2.716 1.88 | 93.0°
1949-1951 93 2.3 6.24 0.65

-8/~



It is concluded that the re-establishment of the Fuller Creek
dan, with the resultant spreading of the water over several times
the norsal stresm channel area, raised midsummer water tempera-
tures from 6.5 to 10.1 degrees P, The effect of the dam on mid~
winter average daily water temperatures was obscured partially by
significantly higher average air temperatures in Jamaries and
Februaries of 1949 ¢ 1951 combined with what is inferred to have
been a significantly lower average discharge rate during this
post~dam period.

The increase in nidsuwmer water temperatures on Fuller Creek
apparently did not changs the quality of angling for byook trout
in this stresm; Judging from intensive creel census resords col-
lected eash year by the staff of the Hunt Cresk Fisheries Ixperi-
nent Station., The oatch per hour per angler for 1946~1948 was
0.166, and for 1949-1951 it was 0,1493 the difference (0.007) is
not statistically significsat (Table 4). The probabls reason that
the angling quality exhidited 1ittle change lies in the fact
that the stream temperature increase after replacement of the dam,
although of statistically significant Mm,mnnum
the limits of physiological tolerance ty Wrook trout. If, for
example, nidsummer water temperatures had averaged 6870 degrees
F. before the dam was oonstructed, and 1f the same increases in
water temperature had resulted from the impoundment, the stream
vary likely would have been reduced to the status of a marginal
trout water or would have been lost as trout water entirely,

INSTITUTE FOR FISHERIES RESEARCH
David 8. Shetter and Marvin J. Whalls
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Table IV

Total Total Total Cateh per | Cateh per | Standard | Standard | 5. E. of
Period manber of | heurs of | wild ook hoar hour per |deviation] error jdifference | ¢ P

w angling | troat {hhn‘[ aagler i B
19461948 m; 692,50 14 0.165 0.166 o470 | oca |

, 0,031 0.55 | 41"
1949-1951 | AN HN) N7 né 0.163 ' 0.1349 0.409 | 0.023
(22.08) ,

\ 4

Numbers and percentage of successful angler-days are given in parentheses.
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