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Abstrect

The changes in angling produced by current deflectors in a 1,605
foot section of a Michigan brook trout siream were studied over an
8eyear period, 3 years before and 5 years after placement of the devices.
Data on changes in the physical character of the strsam, the fish popue
lation, and the bottom food supply also are presented for 1 year before
and 3 years after deflector installation. The methods used %o measure
these wvarious changes are glven.

Installation of 2L pooleforming deflectors increased the number of
good pools from 9 to 2, increased the average pool depth by 6 inches,
and exposed additional gravel without significently changing the average
stream depth over the entire section. Preliminary and unpublished
bottom food studies indicate a decrease in total number and volume of
21l organisms but an inerease in forms found most frequently in trout
stomeehs. Fish population studies demonstrated slight inereases in

the number of smaller trout present after the addition of deflectors,
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attended by a slight &ecra&se in their avﬁraga size. Average creel
sensus figures for the 3 years prior to sitream improvement and the 5
years after show an increase afﬁsr inmprovement of 120 percent in the
total cateh and of Lb percent in pounds caught per hour coincident with
& &l percent inoremse in angling pressure. It was demonstrated that
migration into the section improved was noi responsible for the inereasges
noted, also that bordering sections failed to have fishing comparably
good to that produced in the improved seetion. It was concluded that

the improvement in trout fishing in the experimental section was the
result of an jinorease in number, size, and depth of pools oreated by

installation of ewrrent deflectors.

Introduetion

The purpose of this investigation was to determine as accurately
as possible the effeots of the addition of surrent deflectors upon the
number and depth of pools, the fish-food supply, the fish population,
and the yiald to the angler in a seoction of a small Michigan trout |
stream.

The use of defleotors and other so-~salled stream improvement
devices was advocated by Hubbs, Greeley, and Tarzwell (1932}, on the
theory that properly located structures would better the habitat for
trout and thersby increase ths fish yield, At the time their publi.
cation wag issued thers had been no experiments to measure the actual
results of such work although several hundred devices had been Installed
and were then under gbservation to learn the permanence and effectiveness

of the different types used., Tarzwell (1937) subsequently reported on



the physical and biological changes'follcwing‘imprGVamant in portions
of six Eichigan‘treut‘streams where numbered structures had been ine
sﬁalléd 5 years previously. Tarzwell (1938) compared faeé production,
fish yield, and growth rate in two Arizona streams which he considered
very similar in characters One was improved by the placement of & nume
ber of dams and the other was the contrel. Madsen (1938) made s rather
general survey of stream improvement structures installed in the inter.
mountein region but lacksd data for & critical sveluation of the work,
Hunter et al. (1940) described the effects over a 2el/R-year period of
placing & single dem in a Connesticut stream, using the area above the
influence of the structure far'cumparison.

Hunt Creek, where the present experiment was oonducted, is a tribu-
tary éf the Thunder Bay River in llontmorensy County, ¥ichigan., The
stream is approximately 12 miles inllength from source to mouth, I%
is relatively rapid in flow through much of its course., fThe surround.
ing eountry is hilly or swampy and the soil is generally of sand and
gravel or peat. Streamside vegetation varies with the soil type, but
aspen is probebly predominant with some mixture of pines and hardwoods
in the uplands and typical swamp conifers (white cedar, tamarsek,
balsam, and spruce) in the lowlands. Springs feed the stream at inter
vals from the source to near the mouth., 4 more detailed account of the
ecology of Hunt Creelk has been given by Shetter and Leonard (1943).

In 19%9, approximately 2 miles of stream near the headwaters were
selected (Hazzard, 1940) for intensive studies of the life history and

management of the brook trout (Salvelinus fontinelis Mitehill), This

portion of the stream has been kept under constant observation since

that time by a resident staff of fisheriee biologists. After preliminary



sxamination the stream was divided into sections based upon physical
characteristics, and signs were erected marking the bhowmdaries. The
entire stream in the experimental area was mapped to show the siream

channel, water depths, bottom types, and existing shelter for fish.

Deseription of the Experimental Seetion

One of the experimentel sections, 1,605 feet in length, end desige
neted as Section B, was selected for & study of the effects of poole
forming deflectors. In this part of its course Hunt Cresk flows through
g swamp and has & border of tamarack, balsam, spruce, and poplar, It
is moderately rapid in flow (about 1.5 feet per second in midechannel)
and before improvement was shallow with few pools. Undercut banks and
submerged logs (part of them old CUC stream improvement structures)
provided rather scant shelter for fish. The bottom is largely of moderate
to fine gravel snd send, with some muek in the guiet water along the
edge,

Sparse growthe of Chara and Veronica are found near the margins in

e fow places, The brook trout (Salvelinus fontinalis) and the muddler

(Cottus cognatus) are the prineipal spescies of fishs Other fish ooca«

sionally taken are the mudminnow (Umbre limi), the brook stickleback

{Eucalis incmstans), the bluntnosed mimnow (Hyborhynchus notatus) , the

fathead minnow {Eimephales P promelas), the northern redbelly dace

(Chrosomus eos), and the blackenosed shiner {Notropis h. heterolepis).

Hethods
Plans for the experiment were made by DUr, Justin W, Leonard (them
in charge of the Hunt Creek Fisheries Experiment Station), and the
authors. The senior author hes been in immediate charge of the ereel

census at Hunt Creek and beocame acting director of the Station in Febru.

ary, 1943,
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ﬁagging.-«?hree maps of the experimental area were made: one on
May 23%e2li, 1939 when remains of nine log wing deflectors installed by
Civilian Conservation Corps crews persisted; one in October, 1943 #ftar
2l wing defleetors were installed; and one in 1gll,, laps were con
structed at a scale of 20 feet to the inch with plane table and alidade
and all distances were chained or deternined by stadia resdings. Cross
gections of the stresm were made at regular intervals snd intermediste
soundings were teken where chenges in profile or anticipated future needs
made additional depth information desirable. Bottom scils, bars, lozs,
strean velocities, timber types, and log sizes were noted on maps, On
October %0, 1943, ten days gf%er the gecond mapping a stream gage was
installed ebout a mile below the test section and a resding of l.; feet
obbained, At 300-foot intervals along the test section permenent reference
stakes were seot.

Installation and costs of improvement siructurss.e-In September,

1941, twentyethree wing deflectors and in 1943, one deflector, were inw.
stalled in the test ssction, or one structure fai each 70 feet of stream.
They eonsisted of 22 single wing, 1 double wing, end 1 diversion deflector.
The typical structure was a recbtangular log orib 30 inches by 30 inches

by 25 feet and two or more lcgs high (Figure 1), The logs were wired |
and stapled to posts plaaed with a hydraulic jet. Log spreaders were
placed st intervals along the structurs. The interior space was filled
with gravel, sand, sods end sarth and the top well sodded to prevent
surface erosion and to improve the appearance. Wings were installed at

en angle of 35 to L5 degrees to the center thread of the stream with the

terminal end being downstream from the bLase,



wbu

Figure l.-«Two single-wing defleotors in Section B of Hunt Lreek.
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The total cost of the 2 deflectors togsether with maintananse‘ts
the end of 1946 amounted to %Sl?.lé. Of this aﬁcunt, %15@.00?a0nstitutad
the meintenance costa for the S.year period, leaving $382.16 as ﬁhe
original construction cost, or £15.50 as the everage cost per unit. The
average annual maintensnce cost feor each struatuée‘was $1.09, a figure we
believe will deoremse as the bars formed behind the wings bscome stﬁﬁ;
lized by vegetetions The highest watér for the period 1938 to 1946 oem
eurred on June 1, 19L)L, when & gege reading of 2.45 feet was recorded,
This flood caused danmags requiring moreithan average repair, in sone
cages necessitating the lifting of the sod to replace washed-out mateti#l.

Food and fish population studieg,»=The effect of the deflectors

upen the food supply of trout was measured by comparison of square~foot
samples of the botton fauns taken from September 17 to Ostober 15, 19kl,
prior to the improvement, with similar samples tsken at approximately

the same time of year in the three years after tha structures were placed,
Twenty sempling stations were selected in areas which presumably would be
affseted by the deflectors. The folding squars«foot deviee deseribed by
Surber (1937) wag used to secure the samples. Orgeanisms wers neasured
volumetrically by water displacement and identified to speecies in most
instances. Stomsoh examinetions and studies of the fauns in the other
parts of the stream contributsd to this investigation,

Semple counts of the fish population were rade in August of 1941,
1942, 1943, and 194, Theoretically, the 1941 count repressnts the fish
population for an unimproved stream sresa, and ths counts for succeeding
years represent flustuations in the population caused by the habitat

changes resulting from the installation of peoi-producing deflectors.,
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- Five different sitretches of Section B, varying ia length from
60 to 83 feet and in width from 13 to 2% feet, coneidered to be repre-
sontative of the stresm conditions originally found there, were sslectad
as smnpling areas for the long-term study and marked with sbakes. Each
year during late August these sections were blocked off by fine-meshed
seines (1/; - and 3/8-ineh bar measurement, L0 to 60 fest long and
6 feot deop) staked to the stream bottom. The fish populations of the
5lockad—@ff portions wers then removed and counted, weighed, and measured
by species. All brook trout esptured were messured individually and all
larger than L inches were weighed individuslly. The fingerling broock
trout were weighed in groups of 10 fish. Seale samples have been prea
sorved from all trout larger than seven inches, and from & good random
sories of those less than the legal length, All fish eapbured wers re-
turned alive to the stream exaept for a smell number killed in the
process of capiure or handling and retained for stomach analysis. It
is thersfore believed that the sampling has had 1ittle if any influenece
on the final results.

Two methods of obtaining the fish populations from the sample sec-
tions have been useds In 1941, the sample areas within Section B were
blocked off and the enclosed populations remcved by intensive seining
for 3 to 5 hours per section with cozmon-sense seines and B-foot by
befoot by 3/8.inch mesh seines, the method deseribed by Shetter and
Hazzard (193¢), In 1942, 1943 end 19Ll, the electric "shocker,” modified
somewhat from that described by Faskell (1940), wae used in the collece
tion of the fish from the blockedwoff ereas (Figures 2 and 3).

Shetter end Leonard (1943) demonstrated that by intensive seining

it is possible to capture only about 90 percent of the total number of



Figure 2.=wPortion of Section B prepared for population study by means
of elsctric shooker, Blocking seines are placed at either
end of sample area; shocker unit is et base of deflector in

middle background.
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Figure 3.e-Use of eleetric shoeker in trout siream population study,
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trout present, even under the best conditions. The remaining 10 percent
of the population consists mainly of fish belonging to the smalier size
groups. Consequently, the soctusl counte of smaller fish obtained for
1941 are probebly somewhat low and the observed results were corrected
eccordingly from data obteined by Shetter and Leonard (1943). However,
the sample counts for 1942, 1943 and 194k, when the "shoeker" was used,
sre probably very clese to the actual number of fish presemt. Thirteen
tests with from 12 to L0 marked fish intreoduced into the sample sections
after they were blocked off indicate that the "shoeker" has an efficiency
of 100 percent for brook trout 7 imches or larger, 9.l percent for brook
trout L to 7 inches long, and 96,2 percent for fingerling brock trout
under L inches in size, or an over-all average efficiency of 95.7 percent
for all trout present.

Since the five semple areas studied were the same esch year, the
changes in the actual populations of the sample areas may be taken to indi-
cate increases or deereases in the fish population of Seetion B. The
sctual numbers of fish given in the tables are the totals obtained from
%266 lineal feet of Section B. An ares of 7,360.8 square feet {0,169
acres) was sampled, or approximately one~fourth of the total area of
fection B,

Creel census.=-3tarting with the trout fishing season of 1939,

sonplete records of the catch were secured for the entire 2 miles of
streoam in the Hunt Creek experimental area, Creel census slerks omw
ployed and trained by the Institute interviewed fishermen and examined
the fish taken by them. Almost sll of the fish were measured and weighed
individually and the eatch and the time spent fishing in each section

were recorded. The date secured represent the yield of the stream for
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3 years prior to installation of the deflectors and for § years there.
after, Hence any major changes in the quality of fishing can be attri.
buted to the modifieation in the enviromment prodused by the deflectors,
The trout season has varied from 129 to 1%6 days in the period 193G
1946, since it opens the last Bsturday in April and extends through
Labor Day. There was no chenge during the periocd in the rsgulations

as to size, creel limit, or otherwise, The fishing éressure varied
somewhat because of war~time trevel restrictions and with the inersased
populerity of the improved section, but nqt anough to affect the experi-

ment &8 it has been conducted,

Results of Deflector Installation

Physiosl changes.--In 1939, soundings were taken at locations where
13 structures wers subseguently placed., The average maximum depth at
these locations in 1930 was 1.52 feet (Table 1}. The same locations in
1943 showed an average maximum depth of 2,07 feet, and in 194} of 2.08
feet, representing an average increase of 0.55 foot per pool by 1943
and no significant difference the following year. Tarswell (1937) found
the average increasse in pocl depth in five Mishigan streame resulbting
from deflector installation was 13.2 inches: In general, material was
swept from the pool floors by the deflectoreaccelerated ocurrent which
also tended to coneentrate the coarser gravel over the pool bed ares
below the structure.

Tarzwell (19%7) recorded an average arsa of gravel uncovered by
deflectors of 266 square feet on the Little idanistee River; 1L square
feet on the East Branch of the Black River; 122 square feet on Usmble

Creek; 542 square feet on the Figeon River; and 18 square feet on the



Table l.--Change in stream pool depths of Hunt Creek, Section B, 1939, 1943, 1ol);. Structures were installed
in the fall of 19L2.

Maximum Maximum Haximum .
depth in depth in | Change in depth depth in| Chenge in depth Pool ares
Pool end defw- feoet in Condition feet in in feet over feoet in in feet over in square fest,
leotor number | 1939 in 1939 1943 1939 1oLk 1939 194k
1 2.0 . 1.7 ‘0.,3 109 ‘Ql‘ 1 8@
2 No reaord Ho P0°1 205 ' P 2.11- sow 6
3 WO r‘ecord NO pool 2.5 e aah oe li 00
L 1.6 - 1.9 +043 2.0 +0.4 200
5 1.6 ase 1.5 (sl 2.7 +1.1 60
6 0.6 No pool 2.0 +1.y 2,1 +1.5 100
7 2.0 ses 3.3 “'1-3 %e%- +l.3 160
8 Ho record | No pool 2.0 voe 2.2 sen 200
9 o record | No pool 1.4 .ae 1.8 .re 160
10 2.0 P 2.1 +0.1 2.0 0 200
i1 No record o p001 2.0 ess lo:)-‘, cee 80
12 1.0 No pool 2.0 +1,0 1.5 +0.5 120
13 No record | No pool 343 s 3.0 ves 320
m Ho record Ko pOO'l 2.5 soe 2.1.}. xs 2‘45
15 2.0 (2 X ] 2-2 ‘*‘0‘2 2.2 +G.2 J—&L}g
16 IQB Y 1-9 "'Q.l 1.7 "0.1 12@
17 0.7 o POO]. 1.8 +1.1 1.6 *009 280
18 No record | No pool 2.4 oso 2.4 ses
19 Ho record Vo pOOl 3.0 e 28 evs 1,600
20 1.0 No poal 243 +1.3 2.3 +1.3
21 No record No pOOl 1.5 see 1:5 ava 200
22 2.0 ans 2.6 *‘006 2.2 +0.2 2)49
23 No record No pOOl 1;9 e 1. 6 cow 2)40
2!4 laé suwn 1.6 +0el 1.6 +0u 1 80
Teta.}. con .ne s “ns Rehd 7 e E’m
Amaga le oo 2107 vee 2408 see ﬁ
Averapge change over 19359, in sites
for which date are available for
the 5&3’%!‘ pariod e ‘Pﬁoﬁﬁ su e +0e 56 e
Minimum total inersass in pool areadl | ... ces con see L, 140

‘eyﬂnned on galine over areas listed in Column 3 as containing no poels prior to improvement.



=1l

West Branoh of the Sturgeon River, Little change is apparent in the
bottom soil types in Section B of Hunt Creek, emcept increased deposis
tion of silt behind the wing structures end send bar formation dawnstréam
from the terminal end of several wings. A%t the time of the originsl
survey there were nine pools that were judged to be capeble of harboring
legal trout:. Iwo of these were excallent, but the others were shallow
and of very limited extent. In 1944, there were 29 pools, all of cone
siderable size. Two of the originsl nine pools had besome reduced in
depth to a point where they are not now classed as peols, Hew defleetors
were inastalled at the sites of § of the old devices and 2 pools were un-
disturbed by new construction, leaving a totel of 19U pools that heve

been added to ths’experimental area. Five of the ariginal~ﬁine pools
have been expanded considerably by the wing deflectors. The total pool
ares as computed in 194l was 5,720 square feet, & ratio of pool area %o
total streem area of 1 to 5.2, Although the originsl pool erea was nob
determined, the two hest pools at the time of the 1939 survey, upon which
no subsequent improvement was placed, have not significantly inoreased in
area. <The five pools near which new structures weia installed have
materially inereased in both depth and srea. The average area per pool,
using the 1945} figures, was 238 squere feet,

Using all soundings, the average depth in the section was 1.29 feet
in 193G and 1,30 feet 1n‘19&h. This change was too small to be signifi.
cant assuming the water stage was approximetely the same at the time of
both surveys. HNeo water astage was recorded in 1939, but thers is con-
siderable evidence thet the water at that time was substantially at the
same stage as in 194k, The maximum depth of the pool below the dam at

the uppsr end of the section was 0.1 of a Pfoot deeper in 19LL then in 1939,
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This pool was unaffectsd by any of the imprcvﬁmenf structures nlaced
below. FSoveral ereas intermediate between structures retained approxie
mately their same depths for the two periods, indiecating but slight
change in water stage for the 1939 and 19l); survey periods.

Considarable movement of sand end silt hes ocourred near the siruce
ture sites. Most of the finer sediments have been deposited in the
beck~water aree behind the wings and smaller smounts at the angle where
the upstream edge of the wing deflsetor intersects the bank, Coarser
sodiments (largely send) have been deposited in bars perslleling the
surrent and extenéiﬁg from & point near the ocuter ond of the deflector
downstream for veriable distances depending on current velocity. Below
the double.wing deflector and the diversion structure sand and gravel
heve been deposited at right angles to the current where the water
veloeity is sufficiently lessened to prevent further transport., The
bar thus formed has emerged above normal water flow and on it some vegew
tation has bescome established. Removal of the finer sediments by cwrrent
sction has exposed additional gravel botbtom in the stream srea where more
rapid flow predominates.

The characster of the banks, the generally steble water level, and
good merginal cover have eliminated the necessity for bank protectors.
The sod placed on the deflectors hes became well rooted, providing &
stable cover for the deflectors and giving them a plemsing rnatursl ape
pearance. In s few cases undercutting and settling of the earth f£ill has
occurred, mostly following the 194l flood., Replacement of fill accounts
for the major portion of the maintenance costs. Subsequently it has been
found that sheet piling extonding back kL to & feet from the stream end of

each defleotor prevents undercutting end settling of the earth and sod.
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The total area of the experimenital section as measursd from the
meps by polar plenimeter underwent little sipnificent change. In 1035
the computed ares was 30,12L square feet, or 0.6C seres. In 1943 and
1cll, areas were 20,960 and 29,6L0 square feet, or 0.71 end 0.68 acres
respectively. The 19432 and 184}, measurements ineluded the ares of the
installed structures.

Judging by the average depth and area of the total section before
and after Iamprovement, cutting and deposition caused by the deflisctors
is local, ZExcavation to form pools has been equalized by deposition of
sediment in bars below pools or on the upstream or downstream shoreward
and of the deflectors. This process mey be considered as controlled
resedimentation, which direets the shifting bottom materials into aress
where they may eventually become stablized by the growth of marginal
vogetation.

Effects on aquatic ineeetq.-_zr. l.eonard's sonual surveys of bottom

feuns were interrupted by his entry upon military duty early in igh3,
From the South Pacific, Captain Leonard wrote in 19hL:
"For some time after improvement devices were installed,
a2 decrease in total number and volume of bottom organisms
wes noted., A decrease appeared logical in view of the considerw
able physical disturbence incident upon the work of construc-
tion. During the late fall and winter months of 1942-L3,
however, faunsl recovery wasg apparent. It.was gratifyling to
note thet s favorable changs in species oecurrence ratios was
taking place, Certain species of Trichoptera end Chironomidae,
and the scud, Hyalelle, apparently favored items of trout diet
in Aunt Creek as evidenced by stomach anslyses, were taken in
greater quantity than before improvement. HNymphs of the stone-

fly Isogenus, and larvae of the snipe-fly, Atherix, both pre-
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daseous forme seldom encountered in trout stomschs but locally
dominating the bottom fauna in Seotion B prior to improvement,
had shown but littls tendency to invads the area, Thus, st
the time the study was interrupted, while the total number and
bulk of bottom orgenisms were still slightly less than prior
to improvement, the number and bulk of organisms of proven value
in trout nutrition were greater than before, the overali loss
being largely at the expense of species of dubious value in the
trout food cycle. This situastion grestly encouraged me in wy
convietion thet, with farther knowledge of the trout food
eycle and of the ecologlcal reguiremenis of its essentisl ocomw
ponents, environmental control messures cen be perfescted to
restrict & strean's basic productive capecity in very large
measure to the support of organisms entering directly iante
the trout food cycle,”

The ecollection cof bottom faune sarples has been continued and the

anslyses will be made the subject of a separate publication.

Chenges in the fish population..-Results of sample populetion counts

taken the year prior to improvement and each year thereafter from the
same five aress are presented in Tablevé. Brook trout end muddlers were
the predominant forms encountered, Small numbers of ereek chubs, blunte
nosed minnows, black-nosed shiners, fezi-head minnows, redesided dace,
mud minmows, and sticklebacks were also present. Crayfish veried in
numbers, but have never been particularly abundant.

The total brook trout population of the sample areas has shown a
slight inerease since the installation of the pooleforming deflectors.

In 1941, the sample counts revesled 453 brook trout. In 1942, after the
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Table 2ee~Actual number of fish found in the five population study sreas of

" Seation B, Hunt Creek, in August of 1941, 1942, 19L3 and 1oLl

19kl 19l 19&.% | ighl,
, , Teight Welght ' ®ight 8ight
Them _Number | (pounds) | Fumber | (pounds) | Number {pounds) | Number |(pounds)
Brook trout « legal sae s see P 1 0.1 ,-t 0.59
(1) | (0.2h) (L) | (0.59)
sublegal g | 3.26 7| 3.02 9 | k56 | 133 | b.ob
(99) | (3.84) (75) | (3.19) | (105) | (h.8L) | (R3) | (5.24)
fingerling 369 3.34 L30 3.26 | L32 2.81 L21 2,69
(120) | (3.89) | (W7} | (3.39) | (9} | (2.92) | (L38) | (2.80)
Total trout k55 | 6.60 | sor | 628 | ss& | 751 | 558 | Bl2e
(529) | (7.73) | (522) | (6.58) | (555) | (7+90) ({583) {8.63)
Muddlers 17 | 0.05 9 | 0.09 19 | o2 | 33 | o7
Crayfish 29 | Po.78 L | 0.0 10 | 0.3 9 | 0.3
“fotals 509 | 7.50 | se8 65 | s7Th | 8.16 618 | 8.93

Q'/Laga‘l trout sre T.00 inches total length or longer, sublegal trout are those betwsen Li.00 and

y

doternined by epplying corrections as outlined in text.

\3/Waight of 2 crayfish not ineluded.

6499 inches, fingerling trout sre less than 3,99 inches. Figures in parentheses were
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doflectors had been in place for 10 months, 501 brook trout were counted.
In 1943 end 194l;, the numbers of brook trout listed from the sample
areas were 532 and 558 respectively. Except for a drop between 1541

and 1942, the total weight of the brook trout captured hes alsc shown

an increase, varying as followss 6.60 pounde in 19413 6.28 pounds in
1942; 7.51 pounds in 1943, and 8,22 pounds in 194k

Seventeen muddlers which weighed 0,05 pound were encountered in
1941, In 1942, nine muddlers weighing 0.08 pound were taken, while in
1943 and 19Ll;, the numbers taken were 19 and 33 with corresponding weight
inereases, Apparently ths changing bottom conditions after the instal.
lation of the deflectors in 1941 had some influence on thiam species also.
Only eight more minnows were taken in 19k, than in 1941. The total
number oaptured has varied between 10 {1941 ecount) snd 18 (194} count),
Their total weight has varied between 0.07 and 0.11 pound,

Crayfish appear to have been more abundant under siream conditions
prevalent in 1941, when 29 individusls weighing 0.78 pound wers captured,
In 1942, four individuals weighing 0,10 pound were noted, and in 1942 and
1943, ten weighing 0.32 pound and nine weighing 0.36 pound were taken,
respectively., After the bottom becomes more stabilized, however, the
original numbers and weight of erayfish may egain be reached,

In 1941 and 1942, no legal fish were captured in populetion studies
in the sample seections. The explanation for failure to teke any legal
trout in Section B in these years is believed to be that legal trout
were very scerce. However, in 1943 one legal fish (weight 0.1l pound)
was ceptured, end in 19Ll four legel fish (total weight 0.59 pound) were
taken aside from those removed by angling, Although the evidence as

regards legalesized brock trout in the semple areas under consideration
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is slight, it does indicate an inoresse in numbers of legal fish.
Bettor cvidence es to the inorease in numbaré of brook trout largsr
than 7 inches is aveileble from the creel census data,

In Table 2, in parentheses; will be found the numbers of brook
trout estimeted to have been present in the various years. The sctusl
nunbers counted have been corrected as follows: 1941 date obtained by
bloekband-seiné technique wers emended in scoordance with observed pers
centages of the total brook trout population obtained by Shetter and
Loonard (1943) by seining; 19h2, 1943, and 1Gh) deta were corrected by
peroentagés of efficiency observed during those yéars from 12 merking
and recovery tests of a limited neture (see p. 00). Yo data on the
efficiency of the shocking are available for muddlers, crayfish, and
other fish, and the information on thess forms has not been eerrected.
Exeept that the 1941 deta were obtainsd by block-and-seine technique,
end in subsequent years by use of the shocker, the samples are éamparabla.

With the exception of 1942, the sublegal brook trout (those from
l4 to 6,99 inches total length) increased in the years following the
placement of the deflectors, Ths numbers and weights of sublegal brook
trout were 99 fish (weight 3.64 pounﬁs?glin 1941, 75 fish (weight

\%7§he comparative figures given here are based on the data corrected as

explained in the preceding paragraph,

3.19 pounds) in 1942, 105 fish (weight L.8l pounds) in 1943, end 1
fish (5.2 pounds) in 194li, The fingerling brook trout (those less than
L inches total length) have fluetuated in the yearly samples., From

L30 fingerlings estimated in 1941, they have varied as followss: L47 in
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19h2; LLo in 19h3; 438 in 19lli. The average size of individuals of

each group has undergone sligﬁ’c ehanges (Tabls %) In 1941, fingerling
brook trout averaged 2.97 inghes in length and 0.1y ounces in weight.

By 1943, however, this size group of fish averaged caly 2,6l inshes in
length and 0,11 ounces in weight, 4 elight incresse to an average length
of 2,68 inches attended by & decreamse in average weight to 0,10 ounces
oceurred in 194k,

The sublegal brook trout in 1941 were of an average size of L9
inches and 0.62 ownces. In 1942 and 1943, for all practical purposss
t‘iwyvvera the same average size (1942 « L.99 mhes and 0«68 ounces; 1943 »
L497 inches and 0.7k cuncess A deorease in the maverage size of trout
belonging to this sisze group tock place in 1ghl,, when the average 1éz1g1:h
was only L.71 inches and the average weight 0,60 ounces. The legal |
trout captwed were too few to permit any comparison.

The reesons for the deocreases in the swversge size of treut in sone
size groups may be more readily wunderstood if the arbitrary size groups
into which the brook trout were separated are broken down still further,
as has been done in Table lj, where the number of trout in each ineh
grouping from 2 to 7 inches is given. It will be noted that there was
an increass in the numbers of fish in the 0.0 = l.wineh, 2,0 = 2,9-inch,
11,0 - ,h,g—-imﬁi, and 5.0 « 5.9~inch size groups and a deerease in the
3.0 = 3.9-im$h size group. ‘m—m 640 « 6,9«ineh size group has fluctuated
only aiightly._ These changes would tend to lowsr the average siges of
the arbitrary graupiﬁgm

The }mbizﬁat changes produced by the defleotors apparently have made
possible the survival of a larger number of brook trout between the

sizes of 2 and 6 inches as well as an increase in the number of brook

trout larger than 7 inches,



Table F.«=Average size of brook trout captured in the five sample areas

of Bection B for each year of the population studies. Lengths
recorded in inches, weights in ounces.
. , Yoaur
_Size group 1001 19043 155k
Fingerling brook trout
Amlgﬁl l‘ngth 2097 v 20?8 2.614 2068
Range in length 2.20-3.94 2.13+3.94 1497~3.686 1.81-3.94
Average weight 0.1h O.12 0.11 0.10
Sublegal brook trout 3
Average length Leoo k.99 Leo7 La71
Range in length 34986453 3498-6.81 3.98=6.89 3+98-6, 89
Average weight 0.62 0,68 0.Th 0,60
Legal brook trout
Average length e e 7.05 - Teld
Range in lﬂﬂg‘hh e e s 7136-7:143
’nw e 2022 aoﬁ?

Average weight
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Table lL,ewSize«frequensy distribution of brook trout captured in the population
study areas of Section B, Hmnt Oresk, 19i0-loll; malusiws\%’

Size renge | shmber in size grow

in year
Stze growp | (inemes) I TGV AGh2 03

2

8s0=149 : P PPN 1
Fingerlings 2.042,9 211 326 357
3e0uB49 | 158 102 Th

LaOulia9 58 38
Sublegals 50059 15 26
6.0+6,9 10 6

a8 2|3 % o f

B

iegale Ta0aTst - ——e ) 1

Totals | 411 sizes hse(1) LpB(3) 552 556(2}

1 .
\/m parenthesos are numbers of fingerliings which escaped zemsurement,
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Similar increases in & stresm fauns have been noted by obher re.
searchers but very little has been recorded in the literature concerning
the changes in the fish population of an improved area after insislla.
tion of improvement devices. Tarazwell (1937), in his original work on
¥ichigan trout streasms, considered the point, but was unable to conduct
enocugh counts in sample areas before and after the installation of his
experimental devices. He states {page 181): "It is signifieant, however,
that in all tests made more legel trout were taken and the average size
of the trout was greater after improvement,"

The somparative figures in Table 2, ebtained from five sample areas}
within Section B of Hunt Creek, provide svidenece that the fish peopulation
of Section B was inoreased by the addition of poocleforming deflectors.
Exoluding the legal trout, because none were capbured during the popula-
tion studies in 19hi.ar 1942, the various elements of the Sestion B
population study areas increased or decreased between 1941 and 19l as

follawlﬁ?/ Sublegal trout inoreased L2.li percent in number, 36.ly percent

\é/ln caleulating percentage inoreases or decremses, the carrected datas

of Table 2 were used.

in weight; fingerling trout inereased 1,9 percent in number but de-
oreased 28 pereent in'ﬁeight; all trout combined increamsed 28,3 pereent
in number, li percent in weight; muddlers incréase& glel percent in
number, 388 percent in weight; mimnows incremsed 80 percent in number,
but showed no change in weight; erayfish decreased &9 peroent in number,

5L.7 percent in weight.
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At the start of the intensive studies on Section B in the fall of
941, the possibility was not overlooked that the brook trout resideant
upstreem and downstrean might be attracted into the improved area. In
order that any suoh movement might be noted, numerous breook trout of sll
sizes wers marked by fin-clipping in Section A (immedistely downstresm)
and Seetion O {immediately upstream). The dorsal and right pectorel fins
were removed from 261 wild brook trout seined in Seetion A, and the
dorsel and left pectoral fins were clipped from 249 wild trout in Sec-
tion € (Table 5), Both lots of fish were retwrned to the stream areas
of Sectiens A and C from which they were originally seined.

These fish were marked in September, 19ll. The experimental stream
ares was seinsd esch month thereafter until November, 1942, except for
the months of March end August, 1942. In the course of the seining
opsrations records were kept of the number of seine hsuls {made with
an Befoot by 6-foot by 3/B-inch mesh seine) conduoted in esch siream
section (A, B, €, and B}, and of the number and size of the various
marked ané ummarked brook trout eaptured (Tables 6, 7, 8). From these
data it is possible to calculate the relative abundance of the two
types of fin~clipped fish on the basis of the comparative numbers of
differently marked fish caught per seine haul in the three strsam sec«
tions of interest to us.

The resulis from these periodie seinings indicate that there was
e small amount of movement into Section B from Sections A end C. Howe
ever, if the catch per seine haul is compared by sections and months,
it will be neted that for any month many more marke& fish were captured
per haul in the sections where they were marked than were taken in

Section B,
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Table 5eweSummary of marking date on wild brook trout seined and fineelipped sbove and below Seet_ion B

of Hunt Creek before deflsctors were installed, September, 194l.

Tumber and average total length in inches of brook &trput marked Total

Stream Fina Average S ‘ Average Average fish
section elipped Fingerlings length Sublegals length Legals length _marked
Section A | Dorsal and |

right : o

pectoral 17 3¢5 113 54l 1 8.2 261
Seetion ¢ | Dorsal and |

left : -

pectoral sl 33 9% 5.0 2 T«C 2l
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Table 6.~«Cateh per seine haul of fineclipped fish in Section A for the period
Oetober, 1941, to November, 1942, inelusive, Humbers end letters in
parentheses show numbers and section of origin of fish marked and ree
leased outsides of Seotion A3 all other recoveries were marked and rew

leagsed in Seetion A.

Humber
Date of ___larked fish caught . of Catoh per seins haul
seining | Legal Sabiegal ingerling hauls Legal ~ ublegal | Fingerling ~
1ol |
Oetober 6 13 : 2 a7 0 04448 0407
November 0 3 0 Ly 0 0.07 o
December o 5 i 1 Ls 0 .11 o
g2
January 0 1 0 20 0 0.05 | 0
February ° 0 0 30 0 0 o
April 0 ) 1 57 e o 0.03
April 0 2 0 2l ) 0.08 0
¥ay 0 11 2 Lo 0 0.27 0,05
(14€) |
June 1 L 0 38 0.03 0.11 0
July L 3 0 30 0.13 0.10 0
August 1 3 0 33 0.03 0+09 L0
September 2 6 0 28 0.07 0.21 )
Detober N 7 o 3l 0.12 0.21 0
(1C)
Rovembar 0 2 0 28 0 0,07 0
Total 12 60 - Llsa see sve T
(2-C)
-&an@ ses “en ‘en s e 0.05 0:13 0,01
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Table Tem=Catoh per seine'haal of fin#eiigped fish in Section B for the period October,
1641 to Hovember, 1942, inclusive, (Numbers and letters in parentheses show

nunbers and section of origin of fish marked and released outside of Seotion Bj;

81l other recoveries were marked and relemsed in Section B).

Tumber
Date of Herked fish caugl}*z R ' of Catoh per seine haul
seining | Legal Sublegal —?inggrlin hauls Logal _Sublegal Fingerling
gl
Ootober 0 1 0 25 0 . 0.0h 0
| | (1-4)
November ] 1 0 2y 0 0.04 0
(1)
December ¢} 0 s} 3% Q 0 0
gl2
January 0 0 0 el 0 0 0
February o 0 0 28 0 0 0
April 0 0 0 L3 1] 0 0
April 0 2 1 32 ] 0.06 . 0,03
(1=4,1C) {(1-C) -
May 0 2 1 26 0 0,08 0.04
June 0 3 0 21 o Q.10 0
(2«4,1C) ‘
July 0 1 0 35 0 0.03 o
Aﬂgus'k asse see “ee sae sen sae “ae
September 6] 4] 0 pin 0 0 0
October 0 3 0 ) ) 0407 0
(3-C)
November 4] 2 0 28 0 0.07 0
( 14. 1"‘6 )
Tot‘l 4] . 15 2 )40}4» s0e see sen
(6"539"3 ) (2"'3 )
Average sae Xy e see 0 0.04 \?/0000
e ' (1,02=4,0,02-C)

\}/Beflectm‘s being installed in August; no seining done.

-\a/avmga legs than 0.00.
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Table B.~-latoh per seine haul of fin.elipped fish in Section C for the periocd October,

1941, to November, 10L2, inclusive.

Nunbers and leibers in parentheses show

numbers and ssction of origin of fish merked and relessed outside of Section O3

&1l other recoveriss were merked and releaged in Section C.

Humber
Date of Hearked fish eaught of Catoh per seine haul _
seining | Legal | Sublegal | Fingerling | hesuls | Tegel |  Sublegal Fingerling

gkl
October 0 20 9 37 0 0.54 0.26
November 0 12 12 58 0 0.21 0.21
Degember ] 13 8 8l 0 0.15 0.10
1g9h2
January 0 i 5 sk 0 0.26 0,09
February 0 7 L 5L 0 0,13 0.07
April 1 8 3 78 0.01 0,10 0.03
April 2 26 7 59 0.03 Oulls 0,12
¥ay ) 19 1 52 0 0.37 0.02
June 1 11 0 L3 0,02 0.25 ]
July 0 k 0 57 ) 0.07 ]
August 0 L 0 L2 e} 0.10 0
September 0 7 0 Lo 0 0,18 0
October 0 L 0 5h c 0.07 0
November 0 5 0 30 0 0.16 0
Total k i5h Lo 742 oos cus

~ Average \’;609 0,21 0,07

1
\/Average less than 0.00.
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At no %ime in the course of the seinings were any marked fish of
legal size taken in Section B by seining, although marked legal fish
were captured by seining (and also by angling) in Sections 4 and €,
Sublegal fish were taken most frequently. Considering all the seining
date, the catceh per seine haul in Section C of sublegal fish marked in
B8ection C wes 0,21 fish, of the same marking recovered in Section B,
0,02 fish, or 10 times less. For sublegal fish marked in Section A,
about nine times fewer fish of that marking were recovered per seine
haul in Section B then were recovered in Section A (0.13 fish per seine
haul in Section A3 0.01l; fish per seine haul in Section B), WNo fish
marked as fingerlings in Section 4 were recovered in Section B, and enly
two fingerlinge marked in Seetion U were captured in Section B,

The fineclipped fish marked in Section C which were captured in
Sections B and A are regarded as passive migrants which were currente
borne te the lower hebitats. A small percentape of the Section B
brook trout population was derived im this manner before the installa-
tion of the devices sg well as afterward, as can be proven by the re-
sulte of the seining prior to 1941 for other lots of wild experimental
fish marked in Seotion C (unpublished data).

It is very likely that the migrants from Section A which were later
caught in Section B are probably fish which were marked near the Dece
tion A«Section B border and whose normal ranges extended upstream into
the lower course of Section B, The suthors belicve that the small
emount of passive movemsnt and sporadie wanderings by brook trout in
the neighbeoring stream sections have not materially increased the Ssection B
brook trout population since the deflectors were placed, and have influenced

the englers' cateh only slightly.
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Irout migration fram tributary streams.--Two tributary streams

enter Section B between its upper and lower limits. ZTributary 3, which -
mneets the main gtre&m just above the lower end of Section B, is about
2.1/2 miles long, drains one natural lake and ome artifieial trout pond,
and flows about L00-500 gallons a minute. ITributery L (Fuller Creek),
which enters Seotion B at its extreme upper end, draius East Fish Lake
{a trout lake) and is 2 miles in lengbth. It flows about 5,000 gallons
per ninute (approximately equal to Hunt Creek where the two join).
Both tributeries are trout streams but only Fuller Creek is fished.
fwo-way fish traps were operated on both Fuller Cresk end Tribue
tary 3 during the course of the experiment, The records of fish capture
have some bearing on the question of the source of the increased yield
of Section B and some pertinent data are given in Tables @ mand 10,

From records of daily inspection over a five year periocd (Zable 9)
it would eppear that population incresses in Section B might have been
the result of more downstream migration from Tributaries % and ki and
less movement out of B into those tributaries, if one assumes that all
fish moving downgtream out of those tributaries beocsme residents of
Section B. Untebulated data for 1945 and 1946 from weir records, tag
resoveries and oreel census indicated that no greater percentage of the
anglers' cateh in Seection B in those years was compesed of fish origie
nating in the tributaries than for the previous years.

The influence of trout moving from the tributaries toward Seetion B
can be estimeted from the numbers of itrout tagged in the period Jectober,
1940 « October, 10LL and the location of ultimate recovery (Table 10).

From 5L8 brook trout marked moving downstream through the Tribu=

tary 3 weir, 78 have been recovered, 15 of them in Section B, The
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Table 9.4%@@ numbers of brook troix‘fc"‘of' &1l slzes exchanged between Section B

and Tributaries 3 and L, as shown by trapping weirs at mouths of the

tributarias,. )

Tributary

 Totals

Time period

" Out of B

nto B

_Oat of

[ Into B

Aug. 15, 1959-0ct, 30, 1940
1941
1941«Sept. 30, 1942
19h2.Sept. 30, 1943
1gh3-8ept, 30, 19kl

Oct. 1, 1GLO~Sept. 30,
Oot, 1,
Oot. 1,

Qets 1;

{¥o weir)
219
303
193

¢

{¥o weir}’
n
270
601
293

28

- 23
o
198

, ‘:Eriw, an
Out of B g@?

1,099
Lo3
397
350

28
373

158

1,099

307

Potals

715

1,205

573

2,@86

1,288

3,491

s/
\/vmr on Tributary L not operated for the pericd Nov. 16, 194l-Aug, 10, 19k2.
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Table 10.e-Numbers of brook trout tagged moving toward Seetion B in Tributaries 3 and l, in various yesrs, end

B L
the number and loecality of recovery of the tagged fish in subseguent years.\/

Number of Number of tsggéd brook trout recovered

Tributary tagged trout 1941 T 1%2 1 ﬁ pLonn
where : moving toward | In S66=| D188« | 1N D80« |L186=| 1IN S60w| Ll86= | 10 580w=| Blse=
tageed Date of tagging Sestion B ":;mn B |where | tion B where tion B where tioaawB where

Oct. 1, 19hl-Sept 30 1gk2 138 0 0 8 16 1 | e o | 3
Tributary 3 Oct. 1, 15L2-Sept 30, 1943 277 0 o o 10| L4 |19 SRR I

Oot. 1, 19h3-Sept 30, 1okl 133 0 o 0 0 0 0 1 10

Oct. 1, 1940-Sept %0, 1igi 202 o | o 0 1 0 1 0 9

Oot. 1, 1941-Sept 30, 19h2 12 0 0 o 2 o | o 0 2
Tributary 4 v

Oct. 1, 19k2-Sept 30, 1943 209 0 0 0 3 1 3 1 8

Oct. 1, 1943-Sept 30, 1Skh 182 0 0 0 0 0 1 -4 17
1

Fish were recoverecd

by meens of sngling, seining, weir traps, or electrie shocker, and were of 2ll sigzes.
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largest nunber was recaptured from the 138 fish marked during the 1Gile
1942 szeason in Tributary 3, with 9 raswéries made in Section B snd 21
/alsbewhare. A smaller proportion of the fish tagged in 191;2-19&3 in
Tributary 3 was recovered in Seection B (5 out of 277 tagged were re-
covered in Section B, 33 out of 277 elsawhere), and a still smaller
;srapartion of the 19L,3-19Ll; marking wes taken in Bection B (1 of 133
marked was taken in Section B, 10 6f 133 were captured alsswheré). ,

Records for Tributary L show that none of the 21 brook trout
tagged in 194041941 and 1941-1642 were captured im Section B. From the
1942-19h3 tagging of 20y Pish in Tributary L, 2 were later recovered in
Section B, while 1l were recovered ¢lsewhers. The 1943-104ly markings
at Tributary l; included 182 fish, of which 2 have besn recovered in
Section B and 10 elsewhere.

&lthaugh Iributary 2 enters Hunt Crsek about 80 yards downstream
from the lower boundary of Section B, it also has hed a slight influence
on the population of the experimental section under consideration. From
289 brook trout of all sizes taggsd between October, 1941, and October,
igly, & total of 59 fish was recovered. Three of these recoveries had
moved ﬁpstrs&m into Section B end 56 were recaptured elsswhefs, chiefly
in Seetion A or further downstream,

The svidence just pressnted indicates that only a small part of the
increases in the Seetion B population have been the result of downstream
movement from the tributeries. No wvalid method of estimating the extent
of the incresses ffom the downstrsam nmigrations of any year in any tribu-
tary appears possible, since the recoveries listed in Table 10 were obe

tained by verious methods involving different units of fishing effort
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(i,8+, it would not be proper to compsre the number of recoveries made
by angling with those made by seining, shocking, or trap).

The date available from the fin-clipping and subsequent seinings
of native brook trout in stream seections immediately above and immediantely
below the improved water, plue the weirrrecards from Tributaries 2, 3,
and L, with the tag recoveries from fish merked st those weirs, suggest
that s smsll but unknown percentage of the population inerease of
Section B noted in the population studies was due to migratioms into
Section B from neighvoring waters {Sections A, C, Tributaries % and L),

Although it would be desirable to evaluate accurately the contri-
bution of the three tributaries and the neighboring stream areas to the
population increases noted from 1941 through 194k, a lack of kmowledge
concerning the number of brook trout moving out of the tributaries and
neighboring sections, and their subsequent residencs Prévieua to ﬁha
inprovement of Section B, makes it inpossible to compare the known data
{which pertein chiefly to the period after improvement) with previous
conditions. However, if Seotion B has been improved so that its carrying
capacity for brook trout has increased as our studies indicate, is the
source of the inereass of particular importance? It may be logically
ressoned that if 10 trout leave Ssotion A to reside in Section B, they
have made space and food available for 10 other trout to survive in
Section A, Similarly if one assumes that before improvement of Seetion B,
90 figh out of every 100 moving downstream out of Iributary 3 ocontinued
on downstream in Hunt Creek, and after the deflectors were placed only
80 out of 100 migrated out of Seection B, then more space and food would

be available for the fish populations of the lower waters. Although the
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total inoremse of the Seotion B population did not origimate entirely
from within the improved section, it is evident that stream eénditions
there after improvement are now eapable of supporting more trout. Thie
fact appears to be demonstrated by the general increase in the number
and poundage of the differeﬁt size groups of brook trout taken in the
population counts, and also by the increassed numbers of legel trout in
the anglers' catehes,

Natural spewning was obeerved to ccour sach fall in Section B
throughout the beyeer pericd of the study, Sinee there were no counts
of nests prior to the installation of the stream improvement devices,
no comperisen with the 32 redds observed in the fall of 19L); can be
made, In 1OLL, aevefal redds were noted along the gravelly upsatream
faces of deflectors, or at their terminel ends where suiteble bottom
had been exposed by placement of the devices. All available data indie
ea%eskthét natural spawning has continued te be sguccessful. The ine
ereases noted in the broock trout population probably result from better
survival éf young brook trout, a circumstance attributed to the habitat
changes made by the deflectors.

Changes in engling.--A comparison of the returns to the angler from
a water area before and after environmental improvement is the best
measure of its value, Tarzwell (1937) reported angling results on an
area of the Emgt Braneh of the 31&62 River in iiohigan before and
after improvement. Although the number of seasons of fishing before
and after improvement is not stated, Tarzwell's data indicated &

L48 percent increase in angling quality, as measured by the number of

trout caught per hour, following improvement.
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The same author (Tarzwell, 1935) chose & different method to demone
strate the sngling benefits to be derived from stream improvement in
experimental work in the Southwest. Two Arizan@ streams of similar
length and physical characteristics were placed under intensive creeil
census, Horton Creek was improved thrgughbut its length, while Tonto
Creek was left wmimproved. The creel censuses conducted on these two
streams during the 1936 and 1937 trout seasons show that the legal trout
eatch per mere on the Horton Creek improved water cxcecded the per acre
removal from the wnimproved stream by 15 and L8 percent respectively.

Certain features of the Arizoma experiment might be questionsed,
such as the fact that no ereel census data are presented for either
Tonto Creaek or Horton Creek before Horton Creek was improved., It is
alsc unfortunate that hatehsry trout were introduced into these ex-
perimental stresms during the course of the last season of cresl census,
Over one«third more legal and near-legal trout were placed in the ime
proved stream than were relemsed in the unimproved water. Although
thess trout were fineclipped, Terzwell states that the merk regenerated
towards the end of the 19357 season, so that their influence on the 1937
sateh could not be svaluated with accuracy. It is not impossible, in
view of resovery results noted for plantings of legal-sised hatehery
fish (Gee, 1942) in southwestern streams, that ome-third to one<half of
the 1,250 hatchery-reared fish released in Horton Creek in 1937 might
have entered the 1937 anglers! cateh for that stream.

In the course of the experimental work om the effect of stream
improvement devices on angling quality in Ssetion B of Hunt Creek, an
attempt has been made to eliminate experimental pracﬁioes whieh might

confuse the interpretation of results or break down the validity of the
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data, The creel census data for Section B of Hunt Creek are presented
in Table 11,

All but two legal brook trout listed in the catches eare probably
naturally-spawned fish. Plantings of hatchery-reared brook trout fingerw
lings were made in other areas of Hunt Creek in 1939 and 1940, but in
those years all fish released were marked by c¢lipping different combina.
tions of two fins., With the exception of a few experimental plantings
of marked legal trout, no fish have been stocked in the Hunt Creek
system sinoce 1940. The only possible unmarked legal hatohery fish which
might have entered the catches listed for Seetion B would have originated
from fingerling plamﬁiugs of 1938 or earlier, and probebly would have
been recorded in the 1929 or 1940 eatch records (before improvement)., In
the light of what has been learned concerning the survival of fingerling
plantings in this stream {unpublished data), it sppears doubtful if any
but wild breok trout were encountered in those years, but the possibility
is not entirely excluded. Two marked legal«sized brook trout of hatchery
origin, one of which escaped from sn experimental raceway about 400 yards
upstream from Section B, and another which migrated upsireem about 1/2
mile from & small experimental planting of legal fish, were taken in the
1942 satoh. FExcept for these two fish all others captured by anglers
ginee the installation of the defleetors have been wild brook trout,

The changes in the cetech and the angling quality may therefors be re-
garded as refleeting changes in the natural population of legal brook
trout of Section B brought about by the stream improvement.

Creel census data for the 3 years preceding improvement indicate

that there was an average angling pressure of 6,91 hours per season
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Table ll.--Summary of intensive ecreel cemsus for Section B of Hunt Creek for 1939, 1940, and 1941, preceding improve-

ment end 1942, 193, 1ohh, 1945, and 19LH following improvement.

legal brook trout caught and returned to the stream.

Figurss in parentheses show the number of

A\

Number of Pounds of Avorage size
Year Hours of legal brook Catoh per legal fish Pounds per Length Welght Percent of unsuccess.
angling | trout teken hour removed _hour {inches) | {(owunces) ful engling days

1939 53.50 15(6) 0.45 1,11 0.033 N 2.47 70

19h0 86450 a 0.l7 6.69 0,077 8.0 2.8, 62

9L TheT5 32 C.L3 5.23 0,069 Te7 2.68 6l
Averages | 6l.91 29.3(2) 0.45 L3k 0.067 7.8 2.7h4 él

19k2 | 126.50 é5 0.51 11,04 0.087 7.8 2.85 sk

1943 73.25 67(1) 0.91 10.96 0.149 7.6 2,70 38

19hly | 123.50 77(k) 0.62 11,81 0,096 7.6 2,57 L3

1945 77.75 36 0.6 7.09 0.091 8.0+ 3.00 sk

s | 132.25 78 0.59 11.51 0.087 Te5= 2,36 61
Averago. 1%.65 614-6(1) 0.61 130}-]3 3-093 7.7 2.65 51
Percen-
tage
Gmga in ’»:
averages | +6l;,3 +120.4; +35.5 +141.5 b2 «le2 -Zoly «20.3
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on Section B (range 33%.50 to 86,50 hours), After improvement, sngling
pressure increased to an everage of 106,65 hours {range 73.25 te

132,25 hours), or a percentage increase of é4.3 (Table 11)., Legal trout
caught in the 1939~1941 periocd varied between 15 and 32, with an aversge
of 29,3 legal fish per year. After improvement the legal catech ranged
between 65 and 78 brook trout (aversge 6L.6 fish), or a percentage
inorease of 120.lL after improvement,

The weight of logal fish removed by angling in the semsons prior
to placement of deflectors waried between 1.11 and 6,69 pounds, with an
average of L.34 pounds., After the devices were installed, anglers re-
moved frem 7.09 %o 11.81 pounds of legal brook trout each season, or
an average of 10.48 pounds. The average percentage of inerease was 1L1.5,

It will Ve noted that, despite the inoreese in asngling pressure on
Section B, the quality of the fishing, us measured either by the sateh
per hour of legal brook trout or more aaeuratély {Shetter, 1944) by the
pounds of legel brook trout removed per hour of angling, has improved.
The average catoh per hour for the five seasons following improvement
was 35.5 psreent greater than for the three seasons preceding improves
ment (0,61 legal fish per hour as compersd with Q.45 legal fish per
hour)., Before improvement the average number of pounds of legal trout
removed per hour of angling was 0.067. After improvement this figure
was increased L6.2 percent, to 0.098 pounds per hour.

There ocscurred a very slight decrease in the aversge length and
average weight of the legal brook trout taken by angling in the two
periods. Before placement of the deflectors, the average size of the
legal fish was 7.8 inches end 2.7L4 ounces. 1In the-ﬁwyaar period after

installation the average size has been 7.7 inches and 2.65 ounces, &
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decrease in average length and average weight of 1.2 and 3.l percent
reepectively.

There has been an sncoursging decrease in the nunber of unsuccess-
ful angling days (mngling deys in which no legal fish were teken) spent
on Section B. Im 1939, 1940, end 10Ll, from 62 to 7O percent (average
6l; percent) of the angling days were unsuccessful. In 1942, 19i3, 19hl,
1945, and 1946, from 38 to 61 percent of the angling days were non-
productive of legal trout (everage 51 percent). In other words, the
nunber of unsuccessful angling days has desreased an average of 20.3 pere
cent since the deflectors have been in pimce.

The question properly may be raised as to the source of the increase
in the yield following installation of deflectors. From brook trout
fineclipped in Seetions A and ¢, two legal fish wers recovered in 1942
in Section B by sngling, while 12 were captured by fishermen in other
soctions. The three recaptures since that season have been made in
stream aress othor than Section B (fqbls 12).

Of the tagged fish recaptured in Section B which originated in the
tributaries (Table 13), one logal fish of the Section ¥ cateh in both
1942 and 1943 came from Tributery 3 or Tributary L, while in 10LL, two
legel fish came from Tributary L. No brook trout tmgged moving down
stream in Iributary 2 have as yet been recovered by Section B anglers.
Iwenty-six recoveries have been made in other stream areas from the
tagging in the tributaries since 1941. Since October, 1941, almost all
legalesized brook trout moving down the tributaries have been tagged,
and because about 68 percent of all sublegal fish have also been tagged,

the unmarked legal trout in the Section B cateh mey be regarded &s
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Table 12.«~ifumbers of fin-clipped brook trout recovered as legal trout
" by angling, with the year and locality of reaovery, from the

September, 1941, markings in Sections 4 and C of Hunt Creek,

7 Brook trout fineelipped in Brook trout fiaeclipped in Zotal ree
Section Section A recovered as legal Section ¢ recovered as legsl coveries
of fish in: » , fish ins _ _ for each
Regovery 1oLe | 193 1 Ighh 1042 | 1945 | 164, seotion
B 6 1 o o 0 0 0 o
¢ 1 4 ¢ 6 0 1 &
B 1 0 L) 1 0 -0 2
A 3 1 1 G 4] 0 5
Below A ¢ ¢] o 2 0 -0 e
Total :
for year 5 1 1 , 9 0 1 17
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Table ‘13.‘-Hmnber of tagged brook trout, recovered as legal fish by engling, which originated in Tributaries 3 or L.

Figures in parenthesos show number of recoveriss made in Tributary L (Fuller Cresk).

_ : Total recoveries
Total brook , Year and section of recovery _ for all years
trout tagged 1048 19L3 19% R by section
Stresm where Time of | moving Below ' Tow elow Below
tagged . tagging downstrean C| B |a A | C|B A A C /BlA A ¢ B A A
Oct. 1941-Sept. 1942 138 0l1j2| 2 oll |0 0 ojof1] 1 02 3% 3
Tributery 3 | Oot. 19l2-Sept. 1943 277 ololo| o [ololh| 3 |olo|l2| o 0 05 3
Oct. 1943-Sept. 19hL 133 plojo]| © 0|0 |0 0 ofolL| o 0 0oLk o
Oct. 1940-Sept. 1941 202 olo| © 0 0 ¢ |ofjojo| o o 00 O
Oct. 1941-Sept. 1942 12 ol olo] o o |o 0 ololo| o 000 ©
Tributary b | (1) (1)
Oct, 19,2-Sept. 1943 209 olojo| o 0| o |1 0 .a) 1je] o© 211 0O
| (1) (1)
Oct. 19L3-Sept. 194k 182 ol o|lo| o 0| 0 (O 0 010 1 0 1 0 1
; 1(2) | (2)
Totals esv 1,153 S fel 12| 2 ol1]5 3 2|l 6| 2 2 L 13
| ! (b} , (h)




eriginating for the wost part from some portion of the main stream.
Since there has apparently been only & small amount of trout movement
intoc Section ¥ from Sections A and C it seems logical to assume thet
the increases noted in the Section £ cateh ars the result of a greater
gurvival Yo legel size of youag trout reared in this part of the stream.
A general anslysis of the probable origins of the companents of the
angleors! cateh in Section B in the warious years since improvement india
cates that approximately 96 percent of the anglers! cateh originates
from within Section B, while Section A, Iributaries 3 and L, and Sec-
tion C ¢ontribute about I percent, (Table lit).

A comperison of the trends in the angling quality in Sections &
and O, as well es in Section B, is slso of some igterest. The average
pumber of legel trout taken in Section A hes deoreased 1L.2 percent
gsince the improvement of Section B, and 28.9 percent in Section C
(Table 15). The catoh por hour in Section 4 ineremsed Ll.l percent but -
degreased li.% percent in Section C, Prior to improvement the quality
of fishing in Section B was considerably poorer than in Section A and
about the same as in Ssction ¢, Follewing improvement the catch per
hour in Section B averaged much higher than in Seection C but was still
less than in Seetion A, Iﬁ other words, fishing gob better in Seetion 4
and poorer in Section C in spite of no envirommental improvement until
fall of 1945 when 16 deflectors were installed in Section A,

The effect of the war on [ishing pressure is evident in the total
angling hours recorded for each sesetion. It will be noted, however,
thet while the average load deersssed 39,5 percent in A and 17.5 percent

in C, in the 5 years following improvement it increased 6i1.3 percent in B,
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Table li,«eilarked {ish recovered by anglers in Section B, 1942.139L6, inclusive.

Perceatages of marked fish in total cateh are given in parentheses.

Total
Section of origin of marked fish caught in Presumably | catch of
_ Section B - _ . | Eatchery from Sestion
Year_ “Bection LY Tributarg % "?Fiﬁntagg;ﬁ. Seetion C | fish Section B B
gh2 1 1 0 1 2 6.0 | 65
(1a§) (155) <1~5) (509) (92-5} -
1943 0 1 0 0o 0 66 67
1gkh 0 0 2 0 0 75 77
1945 o 0 1 ) o 35 36
(2.8) (97.2
{2.6) (1.3) (96.1)
Totals | 3 3 3 1 2 311 323
{0.9) (0.9) (0.9} 0.3) (046) {96.44)
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Table 15.--meber hours fiahsd. number of trout eaught end catch per hour in Sections 4, B, and C of ﬁunt Creek

bafare and after installation of deflectors in Seetion B.

L Seation A Section B - Section ©
Total angle | Total trout| Catoh per | Total angi-| Totel &trout| Catoh per | 7Total angl- | Total trout » e
Yoar’ ing hours caught hour ing houra | eaught hour ing hours eaught Cateh per hour
1939 199.00 143 0.72 33.50 15 0.Li5 262.75 112 03
15ko 296425 152 0.51 86,50 L 047 | 259.50 113 ol
1941 315,75 126 040 7ha75 32 03 | Lli3.00 180 0.l
1942 169,75 136 072 | 126,50 65 0451 391,50 137 0430
1943 162,50 136 0.8k 73425 67 0.91 135.00 90 0.66
194k 151450 154 1.02 123,50 77 0.62 163,75 62 0.38
945 | 12L.50 60 0.48 .75 36 0.5 226,25 102 0.4
_39l6 203,00 16 0.57 152,25 78 0,59 _lai.es 109 0.27
Average | 166,25 1204 | o.72 106.65 6l 0.61 265.55 0.0 i
Percentage
change in
averages —390 5 —'1)4.0‘2 +L&1 o1 "‘6!1.0 } . "‘120"4- "'35 S 5 ~1? ™ 5 28, 9 ‘1‘-‘.«3
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In the absence of information concerning the relationship between angling
guality and angling pressure, the only explanation that can be offered
for the persentage inereases in average number of legal trout caught and
average cateh per hour following improvement for Section B is an in-
orease in the stock of legal trout available in Seetion B, If the
legal brook trout population had not incremsed in Section B after im-
provement, the percentage increase in Ssction B angling pressure noted
would have resulted in a decline in average angling guality.

Although it might appear that the increases noted for Section B
in Table 1, were drawn from Section C, the marking dats previsusly &is«

eussed indicates that this influence wus smsll.

Economic Considerations

Assuning thet the sverage differénee in the yield to the angler can
be attributed to the addition of pocleforming strustures one can caleu.
late the cost of adding one trout teo the cateh. Installetion and maine
tenanoe for the Seyser period has eost to date $512,16. The averasge
difference in the number of itrout eaught and kept by anglers in the period
before as compared with the period after improvement was 36.3, or & total
of 181.5 for the 5 years.i Hence there was an actual cost of §2.82 for
each additional trout entering the eatch during the entirs period after
improvement,

Properly meintained, the deflectors should function for at least
20 years. iisintenance costes have decreased as the structures have be-
come stablized by the compaecting of fill meterials and by deposition of
sediments behind the strueture, Assuming, hawe#er, that the annusl cost

of meintenance will remain at $26 for the 20-year period and that the
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average annual contribution to the cateh of trout will remsin at 36,3,
the estimated cost per sdditional trout produced during the 20year
pericd would be $1.24.

In the light of our present knowledge of conditions on Seotion B
it Seems possible thet & similar inerease in yield might have been st
tained by using fewer structures more skillfully pleced. As will be
roted from Figure 1, some deflectors produced larger and deeper pools
than others., Although individusl records were not képt for saech pool

it wns noted that some yieided more legsl trout than others, and popula-

tion studies bave shown that some pools containsd larger numbers of

legal trout than did others.

Whether the cast figures for Hunt Creek would be directly applicable
to other waters of the state is questionable, but they constitube the
first relisble estimate of the expense involved in preoducing additianal
trout for the angler by stream improvement. Admittedly it is expenw
sive, but perhaps not more so than planting légal-aized fish if all
proper charges and the actusl returns to the angler are considered;
furthernmore the results are not open to the ssme serious objections which
apply to planting. Additional experiments are under way in other sec-
tions of Hunt Creek end similar investigations are contemplated for
gtreams elsewhere in the state on which accurate yield deta can be ob-

tained,
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Summary and Conclusions

Data obtained by mapping, population and food studies, and by an
intensive creel census for a 3.year period before and a S5-year peried
after the installation of 2l pool-forming deflectors in a 1,605-foot
section of Hunt Creeck, ¥ontmerensy County, Michigan, may be summarized
as followss

{1) The numnber of pools judged %o be capable of supporting legal-
sized trout rose from 9 to 29, |

{2) The average pool depth was inereased by approximately 6 inches.

{3) Additional gravel was exposed by local current aseeler#tian, and
shifting szand and silt were stablized mdjacent to the structures.

(L) ¥o significant ehangQ\in total stresm area or in average depth
in the entire stream section was apparent. Bottom scouring and deposie
tion are therefore considered to be looal and compensatory.

(5) Preliminary studies of the bottom food supply indicated a
decrease in the total number and volume of all organisms but en increase
in the forms found most freguently iw stomachs of irout from the stream.

(6) Pish population studies made by the blockesnd-seine method and
by the use of the electric shocker in five sample aress demonstrated a
slight inerease in the number of brock trout of all size groups, a small
deorease in the average size of fingerling and sublegal brook trout, an
increase of muddiers ahd minnows, and a‘deelina in the ;umber:af Crey-

fish,
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{7) Averaging the creel census figures for the 3F.year period bafore
and the S5.-year period asfter improvement showod incresses in the anglers?
eatch after improvement of 120 percent in total number and 141 éercent
in total pounds of legal trout, and 35 percent in number and L6 percent
in pounds per fishermen~hour, in spite of s 6l percent incremse in fishe
ing pressure, Average size of the trout csught decreased 1.2 percent in
length and 3.4 percent in weight. 'The percentage of unsuccessful anglers
decreased 20,3 percent.

(8) The increase in trout population and yield (as shown by census
of the anglers' catch) was due mainly to & greeter survival of young
trout produced in Section B, and not to migration to this section from
tributary streams or from the stream above or below the experimental
area, wag demonstrated by the recovery in Section B, by seianing or by
crasl census, of few fish which hed been marked desecending through weire
on the tributaries or in the sections on either side,

(9) Comparisen of crecl census figures for the sections of strean
izmediately above and below the experiﬁantnl area failed to show im-
provement in quality of fishing and size of yleld similar to that of
Section B during the period after installation of the deflectors,

(10) The improvement in trout fishing in Section B of Hunt Creek
is due to beneficial chenges in the physical and biologicel envirorment

wrought by current deflectors,
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