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Abstract

Investigations on this problem were sonducted during 1950, 1951,
and 1952 at the Hunt Ureek Fisheries Experiment Station, Monimorency
County, Michigan, both in screened natural raceways and in the open
stream, to deternmine if earlier cheservations (Westerman, 1932) on
comparative mmum from the two methods of fishing, made in
hatchery ponds, were applicable to natum waters, and to obtain
additional information on hooking mortality.

The experiments of 1950 were a failure because of loas of numerous
experimental fish to disease, predators, and poaching.

In 21951, taui' series of experiments, conducted cvar 1,600 hatchery-
reared trook trout (range in total length, 4.8+9,5 inches) held in
screensd natural raceways, wers carried ocut. Two experiments cospared



angling mortality resulting from the use of No. 12 artificial fly with
mortality from the use of No. 8 long=shank hooks baited with worms; the
other two experiments compared mortalities resultiing from hooking with

No. 12 flies against hooking mortalities from capture with No. 4 and No, 2 -
long-shank hooks baited with warms, It was found that the No. 12 arti~
ficial fly killed 1.70 percent of the 484 fly-hooked fish, while the

No. 2, No. 4, and No. B long-shank hooks baited with worms killed 37.5
percent of 550 bait~hooked fish on which complete information was
obtained. For all major comparisons the cbserved differences in
nortalities between fly-fishing and wormefishing are significant at the

99 percent lewvel or above, according to adjusted Chi-square tests, It
wvas demenstrated that the minor percentage ofmarimtaltishlestﬁo
predaters snd/cr other causes could not have influenced the final

results. Of the long-shank bait hooks, the smaller sises (No.. 4 and No. 8)
killed significantly more fish than did the No. 2's.

In 1952, three sdditional series of hooking experiments,; using
eitber one-half hatchery fish and one~half wild fish or all wild fish,
yielded data which confirmed resulis of 1951. Of 82 brook trout hooked
with No. 12 fly, 2 (2.44 percent) died; while from 79 brook trout cap~
tured by MNo. 6 and No, 8 Jong~shank hooks and worms, 33 (41.77 percent)
died. The difference again is statistically significant.

In both 1951 and 1952, all mortalities observed were preserved
for postmortem examination. Also, after the initial experiment in
1951, points of hoeking for wormecaught fish wers recorded for compari-
son with locations of lethal wounds among the presarved mortalities,

In both years it was found that worm-caught fish hooked in the throat
or gill arches were the most likely to die. The cl?gsk, tongue, roof
of the mouth, and eye or orkit occasionally were lethal hooking sites.

ii



No fish hooked in the jaw wers found dead. Mortalities assigned to
throat hookings died as ine result of injuries to internsl organs,
mainly the heart, arteries and liver. A limited smount of furunculosis,
determined to be present hy kidney examinations of a randem sample of
the preserved mortalities in both years, did not appear to have
Mmeudthomclw@.

Cembining the 1951 and 1952 results with data obtained earlier,
it wvas coenoluded that fly hooking with No. 10 and No, 12 flies resulted
in a mortality of 2,20 percent, as sgainst a mortality of 26,65 percent
for brook trout hooked on No. 2, No. 4 No. 6, and No. 8 baited hocks.

Implications of the experiments as they relate to problems of
brook trout managemsnt sre discussed briefly.
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COMPARATIVE MORTALITY BEIWEEN FLY-HOOKED AND
WORM~-HOOKED BROOK TROUT

For several decades fisheriss administrators as wali as trout
fishermen have debated vigorously the uﬂ:ts of legislation limiting
the taking of trout with various kinds of lures. The chief srgument
has been between the fly fishermen and the bait fishermen. The users
of files have long contended that the artifieial fly in its variocus
forms is an effective and sporting method for taking adult trout, and
is less injurious than baited hooks to fish smaller than the legal
minimm sise. On the other hand, bait fishermen argue that natursl
baits are consistently better lures during more varied water conditions
and that they take more and larger fish. Also, many of them claim that
& properly fished bait hook is no more injuricus to immature fish than |
is the artificial fly.

In the past, attempts to limit the taking of trout to the use of
artificial fly have besn called "class legislation." However, it
seems high time to permanently lay this ghost to rest; the majority of
trout stream anglers observed on Hunt Creek and other nearby streans
during the past 10 years used same form of fly-rod and ite accompanying
equipment, regardless of the lure. The thought that restrictions
against worms and talling for the use of artificial flies will deprive
some burefoot, teen-age youth of his customary rights because of
eoconomic considerations involved in the necessary tackle is to a
large extent fallacious.

What neither school .of thought appears te have considered is the
ultimate effect of the fishing method on the fish population over which
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the angling is conducteds when all the facts are gathered, the angling
method which inflicts considerably less damage to the stock of trout
over the long run will be accepted by the intelligent sportsmen.

In 1930 and 1932, two sets of experiments on hooking loss were
conducted at the State Fish Hatchery at Harrietta, Michigan, under
the direction of F, A, Westerman (1932). These tests involved the
hooking of 400 brook trout with No. 10 and No. 12 barbed artificial
flies, 400 with barbed hooks (No. 6 and No. 8) with baeit, and 500 with
barbless hooks with bait. The fish were captured by hooking in one
hatchery pool, then transferred to, and held for 30 to 43 days in,
separate pools according to the lure used. The losses from hooking
weres with artificlal flies, 2,75 percent; with barbless hook and
bait, 5.60 percent; with barbed hook and bait, 8.75 percent.

It was desired %o leam if these results ebtaimdbyﬂutm‘
in ponded hatchery eonditions were applicable to nommal trout streams,
and to obtain sdditional information on hooking mertality. Acecordingly,
the staff of the Hunt Creek Fisheries Experiment Station began explora-
tory studies in the summer of 1950 to determine comparative losses from
hatchery-reared breok trout hooked with No. 12 fly and with varicus
sises of longeshank hooks baited with worms. |

The 1950 experiments were a fallure because of eonaidarahle. loas
of experimentel fish to disease, predaters, and poaching. Andlysis of
the effect of hooking with either fly or werm was almost impossible,
The experience gained did aid in ths conduect of the 1951 and 1952
experiments,

In 1951 the experimental technique was as follows: 100 hatchery-
reared brook trout were planted in Diversion IIA and fished over with
No. 12 barbed flies (either wet or dry). At the same time, 100
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hatchery-reared brook trout were released in Diversion IIIA and

fished over with different sizes of hooks baited with worms. These
diversions are a part of the former natural str@ channel, and were
screened off with No. 4-mesh hardware cloth screens, Various staff
members of the Institute for Fisheries Research attempted to make 100
hookings in each diversion. Hooked fish were marked by fin-clippinge=
adipose fin for first hooking, right pelvic fin for second, right
pectoral fin for third hooking, ete, At the end of about a week, after
noting any mortalities which occurred, the diversions were drawn down;
all survivors were removed with the AC shocker, measured, and checked
for marks. Mertalities ocourring during the course of the experiment,
both hooked and non<hooked, were preserved for later examination as to
cause of death. The a:permnt was then repeated, using 100 new fish
in each diversion; the location of the fly fishing and the bait fishing
was reversed so as to eliminate the possible cffect of differences of
habitat between the two diversions.

This general experimental pattern was used to test No. 8 long-
shank bait hooks (two separate runs), No. 4 long~shank bait hooks, and
No. 2 longeshank balt hooks, each against No. 12 flies. Long-shank
hooks were chosen i‘er experimental use because they allow the greater
shank length to grasp when extricating hooks from a fish's mouth.

The dimensiens of the balt hooks used were as follows: No, 8
long~shank, 6.5 mm. gape by 30 mm. lengthj No. 4 long-shank, 9 mm,
gape by 33 mm. lengths and No. 2 longeshank hook, 11 mm. gape hy 40 mm,
length; these hooks were mainly of the iberdeen type. The No. 12 flies
had 2 gape of 5 mm., and the length varied depending on the pattern.
Most flles were tied on either the Mustad or Allcock regular shank hocks.
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In the course of tie 1951 experiments 1,600 hatchery-reared brook
trout were utiliszed, ranging in total length from 4.8 to 9.5 inches.
Of the £00 fish available to the fly-fishing portion of the experiment,
512 fish were hooked; while 585 fish were hooked from a similar mumber
of fish angled over with worms. The data concerning the four double
runs operated in 1951 are summariszed in Table 1. To determine if the
various mortality ratios of fly-hooked fish differed significantly
from the moritality ratios of bait-hooked fish, adjusted Chi-square
tests were applied, following the procedure as outlined in Section 9.6,
page 197, of Snedecor (1948), Except for testing the mortalities among
the "lost, not hooked, not found" group, the figures used are found by
the proper summations. The computed Chi-square values are listed in
Table 2,

The 1951 Results

Considering first the total results from all fish hooked in
1951, and on which we had complete cbservations, Table 1 demonstrates
that from 48B4 (476 + 8) hatchery-reared brock trout hooked with No.
12 flles, & fly-~hookad fish died; while at the same time from 550
brook trout of similar origin hooked by the use of various long-shank
hooks and worms, 206 fish later died. This difference in mortality
ratios of hooked fish, between those hooked by fly and those hooked by
beit, is highly significant (Chi-square = 198.87, P = 99.94%). From
the above figures it is computed that bait-fishing in this wxperiment
was 22.1 times more lethal than angling with the No. 12 flies
(mortality ratio for various long-shank hooks and worms, 37.5 deathg
per 100 fish hookeds for No. 12 fly, 1.7 deaths per 100 fish hooksd).



Table l.=-0Obgerved hooking losses and survivals among hatchery-reared brook trout and numbers of experimental
fish lest, in the 1951 hooking experiments.

Trout Lost, not Hooked
Item present found, Balanee (observed living--cbserved dead) (once-twice)
at not but not
start hooked 0 1 2 3 1-3 found
No. 12 fly 200 0 198 37-2 | 120-0 39-0 0«0 | 159-0 2-0
¥o, 8 1S (1) 200 3 192 - 261 58-82 814 | 30 | 69-96 4~1
No. 12 fly 200 2 193 78-1 92 15«0 | =0 | 112-2 5-0
No. 8 1S (2) 200 5 189 90 | T | 29 | 2-0 | 106-34 5wl
¥o. 12 fly 20 4 188 100~4 76~5 3-0 0-0 795 8-0
No, 4 I3 200 17 163 55-0 55=45 - 53 -0 60-48 17-3
No. 12 fly 200 7 180 53=0 { 108-1 18-0 00 | 126-1 12-1
No. 2 1S 200 10 186 48-1 92-27 i7=1 0-0 | 109-28 3-1
Totals _
No. 12 f1y 800 13 759 268-7 | 4018 75~0 0-0 | 476-8 21
Totals
IS hook 800 3B 730 178-2 | 282-179 | 57-27 | 5=0 | 344~206 29-6




Table 2,~~Chi~pquare values resulting from comparisons of the living/dead

ratios and the hooked~redove

balt replications of experimental fish (data are taken from Table 1).

Underlined values are significant at the 95 percent level or sbove, and
in faver of flies except for the comparison marked %,

Lost, ¥ Mumber of times MMWWW

Toam BapRookato |2 | 2 |3 |1 Jf:::“
No. 12 fy
o A o 1.43 0.1 |99.9 {28.7 }... DN28.68 | 0,5
N By P 19,97 | 3.00 }ooo | 24,4 | 0.07
¥o. 8 1S (2) '
Sl 921 jo.88 |31.85 | 0,24 |,va! 33,24 | 1.7
No. 4 1S
No. 12 Ny
Yo. 2 18 0.26 0,00+ | 22.07 | 0,00 {...]| 24,05 | 407
el P um os hz_,_g 26,62 }.., 98,87 | 0.0
Total 13 hooks |

%

 These values based on the "lost, not hooked, not found® category
compared with the average mumber of unhooked fish present. The latter
figure vas regarded as the sum of the trout present at the start plus
those last, not hooked, not found plus the observed survivals and
mortalities not hooked, this sum divided by 2.

‘t"m-wqmu values hare computed from ratios of fish hooked and
not found to the total fish hooked and found (both living and dead),
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At the same time the hrook trout not hooked in the experiment
which were acoounted for at the end of each "run" were as follows:
brook trout in the fly water, 268 not hooked and living, 7 not hooked
and dying; in bait water, 178 not hooked and living, 2 not hooked and
dying., A Chi-square test of the difference between the ratios of
living/dead non~hooked fish accounted for ylelds a value of 0.53
(P = 51%); the difference is nen-gignificant. This evidence suggests
that, aside from the mode of hooking, factors causing mortality were
approximately equal in the two types of water. HReference to Table 1
shows further that the ratioc of hooked fish unaccounted-for to total
figh hooked, among fly-hooked fish, was 28/512; among balt hooked fish
it was 35/585. The difference between these raties also is non-signi-
ficant (Chi-square = 0,05, P = 10f). The similarity in rate of loss
of hooked fish (unacecunted-for) between fly water and balt water,
occurred in three of the four tests, but not in the other ome (No, 12
fly vs. No. 2 leng shank hook snd worm), as inspection of Tables 1 and
2 will show. In this latter test, where 13 fly-hooked fish were not
found as compared to only 4 wormebocked fish not found, the observed
Chiegquare value for hooking mertality would not be changed significantly
by inclusion of recerds on hooked fish which were not accounted-for,
even if gll miseing fly-hooked fish were regarded as observed nortalities
and all missing bait~hooked fish were assumed to have been recovered
alive, It therefore seems certain that the loss of information,
becsuss of predation, possible posshing, or inefficient final collection,
has not influsnced the conclusions to be made from this study.

For some reason, unexplicable at present, mare non-hooked fish
were lost (unaccountede-for) in the bait waters than in the fly waters
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(Table 1). This result is at odds with the conclusion reached after
analyeis of the "hooked but not found" category. However, nothing is
known of the fate of the "lost, not-hooked" fish after they were
released, except that they disappeared. Many may have been removed hy
predators as healthy fish during the experimental work. Visual records
and tracks of raccoon, mink, kingfishers, and blue herons provide
evidence that predators were present in the vicinity of the diversions
during the hooking tests.

It was thought possible tc correet the mortality figures for
hooked fish by the rates of mortality and loss for non-hooked fish,
and arrive at a figure representing true hooking mortality. The
resulting calenlations ylelded corrected moxtality rates for fly and
worre fishing much lower than those observed and later verified by
autopsies. This confusing situation results apparently from the inclu-
sion of the "non-hooked, lost" fish in the carrection calculations--the
group about which we have no definite knowledge as to possible causes
of death and/er disappsarance.

Finally, if one sssumes ths most adverse distritution of the lost
fish as regards their sffect on the conclusions concerning fly fishing
(a1 lost fish in fly water hooked and observed to die, all lost fish
in bait water hooked and obaerved to live, and these fish added to the
ocbserved survivers and mortalities), the ratio of survivers to mortalities
for all experiments then would be: |

Re. 12 fly . . + « « o 476 living, 49 dead

Al balt hooks . . . . 414 living, 206 dead
A Chi-square test of these ratios still indicates extreme significance
in favor of fly fishing (Chi-aquare = 93.26, P = 99.94%), even though



the unascounted-fer fish (both hooked and not~hooked) were asslgned in
& pamner most likely to change the cbserved results.

It has been shown that inclulsion of the unaccounted-for loss of
mmummmeapmtsemldmtmtheuﬁmu
conclusions, even when the most extreme assumptions are made on the
gide of safety. Generally, it is concluded that the lost fish mgy be
disrogarded, and that the dosd fish among the chserved categories may
be regarded as mortalities caused by hooking. That almost all deaths
among the observed mortalities definitely are attributable to the
method of hooking also is substantiated by sutopsies (see below).

In theory, the ratios of 1iving/dsad among hooked fish in the £1y
portions of the experiment should be about the same, since fly size was
held constant throughout all tests., Chi-square tests of the living/
dead ratios of fly-hooked fish from the four runs indicate one mignifi~
cant difference. Larger mumbers of fly-hooked fish died during the
“run® involving Ne. 12 fly ve. No. 8 long-shank hook (Table 3). A1l
other comparisons of living/dead ratios were non-significant. This
general unifermity in mortality of fly~hocked fish is alse sham by
Table 4, where the percentages of hooked fish dying are listed. In the
four experiments, the rates were 0.0, 1.8, 6.0 and 0.8 percent respec~
tively, for the experiments on No. 8 (1st), No. 8 (2nd), No. 4 and
No. 2 bait hooks,

On the other hand, the ratics of living/dead smong balt-hooked fish
show considerable variation. Percentage mortality figures sre 58.2
and 24.3 for two tests with No. 8 long-shank hooks, 44.0 for one test
with No. 4, and 20.4 for ome test with No. 2 (Table 4). If the data
from the two tests on the No. & hook are combined, the sverage 1s not
significantly different from the figure for the No. 4 long-ghank hook
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Table 3.~~Chi-square values for campariscn of mortality ratios ameng

four lots of fish caught by No. 12 £ly, and similar comparisons of

mortality ratios among four lots of fish caught by vericus siszes of

bait hooks (based on date in Table 1). Underlined values are signifi-
cant at the 95 percent level or above,

Lot number
No. 2 No. 3 No. 4

Lot mumber

Byﬁmizm | 0.90 6g 0.01
Qe . » o\

Lot mmbey,

balt hook fo. 2; No. 8 No. 33 How 4 No. 43 No. 2
Tt | s

ks ’ . id e .4

Ne. 2’ No. 8 e ﬁ

Ro. 3] No. ‘ e .




Table 4.~~The percentage of hatchery-reared drook trout dying after
hooking O~3 times by Ne. 12 fly and various siges of bait hooks (data
taken frem Teble 1),

'metumnahmhw"

Item . .

0 1 [r 2 3 13
¥o. 12 Oy S:4 0.9 0.0 vos 0.0
Ho. 12 ﬂ-’ 143 - 2.0 0.0 Yy R 1.8
No. 8 1S (2) 0.0 24,8 25.0 0.0 24.3
Fe. 12 fiy 3.8 6.2 0.0 vav. 6.0
Ho, 4 18 0.0 - 45,0 37.5 . e &b D
Ho. 12 w 0.0 ng : 0.0 - Ty ‘ 0.8
No. 2 18 2.0 2.7 5.6 ces. 2.4
Total No. 12 fly 2.6 2.0 0.0 e 1.7
Tetal LS hooks 1.1 38.8 320 0.0 37.5
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(Chi~square = 0.05, P = 10¢f). However, the average fisure for the No.
8 is significantly higher than the figure for No. 2 (Chi-square = 19.30,
P » g9.9%), and the figure for No. 4 is significantly higher than that
for No. 2.

Thers are several possible reasons for the variation in percentages
of hooked fish dying in the gubdivisions of the bait portion of the
experiment, One explanation might be that the fish tend to tales worms
mare avidly earlier in the seasomj this might account for the variation
in results noted in the two runs with No. & long~shank hooks. Another
probably factor eperating here is the difference in hook gape width at
least between No. 8 and No. 2 long-shank hooks (5.5 mm.). Still another
possible explanation lies in possible diffarences in average eise of
the fish hooked.

To examine the question of the effect of gige, Table 5 has been
prepared, which gives the sise~frequency distribution of the fish avail -
able, of the hooked survivors and the hooked mortalities observed for
the three subdivigions of the experiments (the tests involving the
No. 8 long-shank bait hook are combined)., The average sizes of the
various categories within each subdivigion are given aho. It will be
noted that there is little difference between the fish available to
elther fly or bait fishing in esch subdivision (0.0L to 0.05 inches),
ut that the differences in average sises of the fish available to
No. 8, Ro. 4, and No. 2 hooks ranged between 0.4/ and 1.38 inches.

The effect of variation in aversge size can be eliminated by
applying Chi~square tests to the observed results for the 6.0~6,9 and
7.0=7.9 inch groups, which are present in all subdivisions of the

experiment.



Table 5.~-The length-frequency distribution of experimental fish at start, of the hooked survivors (H.3,), and

Type and Length frequency classes in inches Average Number of
size of T 4049 5.05.9 | 6.0-6.9 | 7.0-7.9 | 8.08.9 | 9.09.9 | “inamens | T

At start 1l 46 202 134 17 vose 6.75 400

No. 12 f1y H.S, ooe 19 126 n3 13 css 6.86 2n
H.M. e aee 1 1 eee Y 60% 2

At gtaord 1 55 200 130 14 coe 6.70 400

No. 8 1S H.S. 1 25 89 54 ) ess 6.64 175
H.M. ose - 10. 57 57 6 ooe 7.17 130

At start see 73 98 ” see cee 6025 200

Ho- 12 m Hosu one 25 “ 10 vas PP 6.26 79
H‘HO vee 1 4 oae L XX J aes 6)44 5

At start oee & 101 30 see ses 6.26 200

n@. ‘ 18 HQS. Xy 20 35 5 s one 6018 &
H.M. aoe 6 29 13 eve ese 6.52 48

At start ose ooe 22 123 51 A 7.63 200

Ne. 12 n’ HoSv ees con 13 ] 3‘ (X X 7056 126
R'H. LR X 4 e L2 % 4 LE X ] >e0 7‘59 1

At start ces 2 23 116 55 4 7.64 200

B@Q 2 Is HOSQ see eaeo 10 75 22 2 79& lw
HOH. .o e 2 11 u 1 ch. g

# The results of the two separate teats involving comparison of the Ko. 12 fly with the No. 8 longeshank

hook bait with worm have bgen combined here.

~£1T-
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‘When the results from bait fishing with hooks of various sises are
exgrined, it is demonstrable for fish in the 6,0-6.9 inch size group
that the size of the hook was not a factor in the ratio of living/dead
among the fish hooked. The calculated Chi-square values all were non-
significant, ranging from 0.49 (No. 8 vs. Ho. 4) to 2.34 (No. 4 va. No. 2).
However, when similar tests are applied to the fish of the 7.0-7.9 inch
sise group, it can be shown that No. 8 and No. 4 hooks caused a signifi-
cantly higher proportion of deaths among fish hooked than did the No. 2
hook (Chi~square Ne. 8 vs. No. 2 = 30,213 No. 4 vs. No. 2 = 26.40).
There appears to be no significant difference between the Ho, 8 and
No. 4 hooks in their lethality among 7.0+7.9 inch fish (Chi-squars =
1.94).

In the only other compariscns possible (Ne. & ve. No. 4 in the
5.0-5.9 inch sise group, No. 8 vs. No. 2 in the 8.0-8.9 inch gigse group),
the Chiwsquare tests resulted in the non-significant values of 0.04 and
0.11, respectively. If now the data are divided between sublegal (up
to 6.9 inches) and legal trout (Michigan legal minimum length = 7,0
inches), it can be shown that for the combined data there was little
difference between legal and sublegal fish in their mortality after
bait hooking (Chi-square = 0.11). Subdividing the information by the
three different hook sises, it was found that No, 8 and No. 4 hooks
killed more legal fish than sublegal fish (Chi-scquare = 5.47, P = 98.2%
in both tests), The Ho. 2 hook did net appear to kill a significantly
larger number of either group (Chi=-square = 0.001).

When eize of fish is not considered, it has been shown that
significantly fewer hooked fish were killed when using Ho. 2 baited
hooks than when using Ho. 4 or No. 8. There appears to be no signifi-
cant difference in hooking mortality between No, 8 and No. 4 hooks.
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Martality from all bait hooking wes shown to be about the same for

figh smaller than 6.9 inches as for fish larger than this sise, although
it can also be shoun that No. 4 and Ho. 8 hooks killed significantly
more hooked fish larger than 7 inches than did the Ne. 2's,

1952 Experimenta

After reviewing the results of the 1951 experiments the authors
were questioned about the posaibility of bilas in the results originating
from the fact that equal mwmbers of hookings by fly and worm were not
made by the same individuals. Also, since the 1951 work was performed
entirely on hatchery-reared fish, there was some question as to whether
the results obtained would be applicable to wild brook trout. Accardingly
we redesigned the operating technique slighily and experimented over wild
brook trout both in screensd diversions and in the natural stream at
Hunt Creek. The one completed "run® in the enclosed diversions during
1952 was over 200 wild and 200 hatchery fish, and all anglers hooked
approximately equal mumbers of fish by fly and by warm. Although this
work casparing mortalities resulting from hooking with Neo. 12 fly
against No. 8 long~shank and bait was done carly in the season (between
May 11-24) when the fish nermally would take either bait or fly readily,
relatively few experimental fish were hooked. Possibly the influencing
factors were that half of the fish were of wild stock collected by
electro-fishing and/or that also both wild and hatchery fish were of
gmaller average size than were those used the previous year.

Despite the changes in technique and the relatively small mumbers
of figh hooked, the trend of the results was the same ag in the previcus
year (Table 6). Disregarding for the moment the origin of the fish,
thers iz very litile doubt that the No. & hook with werm killed &



Mgsmwmmmmmm»mmmmmvummmw

classes, 1952 hooking expariments.

H.S. = hooked survivers

H.M. » hooksd mortalities

Location Typs and length frequency classes in inches Aversge | Bmbar of
and kind sise of Itam . T T total pecimans
cf M m 300‘3.9 400.409 5‘0’5¢9 6;0'6¢9' 7.0‘7t9 8&0"9.9 (m
At start see 5 5 { 10 » 5 A 6.3 200
Scresned | No. 12 fiy| H.S. 1 7 19 9 | e - 6.38 36%
ﬂmﬁm, ] : E.H- : ses 0 - & 0 . 0 I see . . anse. 0
half wild |
and half &t start eve one 45 105 46 & . 6.49 aaqv/
h‘m Ro. 8 18 ‘ H.S. ass ese 2 17 4 . 3. ems . 6057 n
m BQSQ s sre 9 ‘ 5 6 .}, eee 6«95 11
hm Ho. 12 m ) H.S. ) } 4 u 3 Yy . eee . 5.” 22
stroan : HHE, (4] 0 1 o one -—ne ) ‘.SQ 1
with live , o .
m’h, all f Ko, 8 1S H.S. 1l 7 3 0 sns see ‘085 1)
‘_lild M 3.!. 0 6 5 ’ 2 .. oio . ees 50% 13
No. 12 N1y H.S, con 9 5 5 2 i 5.66 7
. HJN, PPN (4] 4 0 o o 5.60 1
No. 618 | H.S. 4 6 1 1 | e 5,39 12
H.H. con 3 3 3 . 0 . ees . 5.54 9

®In sddition to the listed totals, 2 other fly-hooked fish were not found.
\'ymawmzomnsmm,AaﬂmmmmmMm:m

9T
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significantly greater mmber of brook trout than did the No. 12 fly
(Chi~square = 11.50, P = 99.9+%); Again the No, 8 long-shank hook
killed a higher percentage of fish in the 7.0-7.9 inch size class tham
i.nthevjé.e-éﬁm'nnéelin; | _ S o

A second experiment, using only wild fish, was :Wdint.ha
screened diversions, but ntrm dit!iculty was encountered in per
susding them to take the lures frequently enough to obtain a reascnable
nusber of hookings. We then followed the suggestion of Dr. Edwin L.
Cooper of hooking equal mumbers of wild fish from the natural stream
with flies and varicus sises of bait hoeks and confining them in a live
erate overnight. Fly-canght fish were given one mark (fineclip), worme
caught fish a differemt cne. A1l fish were measured, checked for marks,
and mortalities recerded and preserved on the morning following fishing.
The live-crate series of experiments was performed using No. 8 long=
shank and No, 6 long-shank hocks (Table 6), comparing each with results
from fishing No. 12 flieas. This procedure simplified record tamlation
and eliminated midwamun&ing‘efthaexpﬂmm fish, Although
it was not possible to observe mortalities from hooking which might
occur later than 2 hours, this objection applied equally to fiy-hooked
or balt-hocked fish. | |

Although the muber of hookings recordsd was ssaller than in the
1951 work in the screened diversions, the results from the live-crate
experiments wers very similar to the earlier work, Significantly larger
mmbers of fish died after hooking with the leng-shank hooks and worme
than with the fly. The No. & hook iilled 13 of 24 fish captured, while
only one of 23 fish caught on the No. 12 fly dled (Chi~square = 11.65,
P = 99,9¢8), In the test of the No. 6 heok, 9 of 21 wild brook trout
eaught with the No. 6 long-shank hook and worm were killed, but omly one
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of 23 fish taken by No. 12 fly was mertally woundsd by hooking (Chi-
square = 7,22, P = 99.3%). A

Post Mortem Examinatien of Mortalities from the Experiments

Pathologleal exaninations were made on all but ane or two badly
docmosqd nortalities found. Un aiscovery, dead fish were measured,
labelled and preserved in 10f formalin, Random samples were taken frem
anmong observed mortalities to d«terminn the presence or absence of
furuntulosis by sectioning and staining portions of kidney tissue, The
mortalities from hooking were listed as dead because of injuries to
various organs where evidence indicated hooking was the most likely
canse of death. After the inltial run with Ho. 8 long-shank hooks,
records were kept as to the site of hooking among worm-caught fish for
later comparison with the recerds of the lceation of lethal wounds.,
Pnlarged photographs of experimental fish showing lethal and non-lethal
wounds are to be found in Figures 1 and 2.

fo record was kept during the first 1951 test of the No. 8 long
shank ve. No. 12A£1y as to hooking sites. Examination of mortalities
in this test revealed the following: For mertalities ameng fish of the
fly pertion of the experiment, 2 non-hooked fish, cause of death was
not determined with certsinty. For 96 bait-hocked mortalities, damsge
to heart csused 53 deaths; bhody cavity and arterial damage, 133 liver,
11; gills, 6; stomach, 1; undetermined, 7. For one non-hooked mortality
from bait water; eause was undetermined, Portions of kidney frem 11
specimens were sectioned and studied for the presence on furunenlosis,
All were negative.

Tahle 7 glvees the records for bait~hooked fish comparing the hooke-
ing sites and the location of lethsl wounds (except for the previcusgliy-
menticned initial run involving No. B long-shank hooks).The classificaticn
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Figure l.~-Lethal hooking of & legal-sized trout with No., 8 long-shanked
hook balted with worm, HNote paint of hook penetrated lobe of hears
which has besn slightly cut away to show hook point. May, 1951,









Mgure 2.~~Non-lethal heocking ef s sublegal breok trout with Ne, 8
long«shanked hook balted with worm. Heok lodged in orbdt befors leader
parted. Fish alive at end of experimental xun. Mgy, 1951.






Table 7.--fecords of sites of hwﬁngvempmd with mumbers of fish dying from wounds at variovs sites, 1951
experiments, baitehooksd brock trout.

Sige of Site of hooking and site of leihal wound
bait hook Item Total
: Cheek and Houth Eye or
Jaws Gills Throat A roof bt Foul ?
No. 2 I3 Heoking site 58 39 12 20 14 1 5 2 18
| Lethal site 0 8 12 1 0 1 1 5 28
No. 4 18 Hooking site 28 p i § 39 7 9 15 . 16 135
Lethal site ¢ 3 30 e l 3 . 1 48
No. 8 18 (2) Heokding site 47 8 53 5 20 5 e .s 138
Lethal site 0 6 b1 s 0 0 .e 1 34
A1l hooks Hooking site 133 68 104 32 43 3l 5 18 434
Lothal smite o 17 ] 1l 1l & 1 17 110

6/:[31953., mmerous experimental fish were hooked two times. One fish may appesr in the hooking site
records more than once. Thus the comparisoen between hooking site and lethal aite is not on & figh-for~fish basis.

-"z-
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of hooking sites is somewbat broad. Obvicusly when a trout is listed
as hooked in the throat, the voint of the hook actually may have pilerced
tha leart, liver, kidney, stomach, or main artery. Any such injuries
causing death were assigned to throat hookings. Foul hookings were
listed as such vhen s fish was hocked on the exterlor surface of the
heed or bedy. Tha "i® classifiéatim was necessary because with No. 4
18 and No. 2 1S hooks many fish wriggled off on the bank before the
hooking site could be determined. Probably most of such fish were
1ightly hooked in the Jaws.

In 1951, points of hocking fell intoc .the sight groupings of jaws,
gllls and gill arahea; throat, cheek and tongue, roof of mouth, aye or
arbits fovl hook (kody or head exterior), and ", Hookings in any of
the three tests wers never found in fewer than six of the groups.

From the dats in Table 7, it can be shown that the two moat lethal
points of hooking were the gllls (and gill arches) and the throst.

From 104 throat hookings, 69 dead figh wers notedy from 68 gill or gill
arch heokings, 17 cbserved mortalities were found, Relatively few
fish died from hooking wounds in the cheek and tongue, roof of nouth,
eye, or foul hooking. No deaths were observed among Jaw~hooked, bait~
caught flash.

Among the eight fly-hooked fish found dead, injury to gill arches
coused the death of two fish; one each was killed by wounds in the
orbit and roof of the mouth, snd the cause of death was not determinable
for four specimens.

Altbough the hatchery-rearsd brook trout secured for the expsriments
from the Oden Hatchery were demonsirated to be free of furunculosis in
the first test by culturg and kidney section examination, the disease
was apparently present to a slight degree in later experiments. In
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the fly vortions, kidney sections of 4 mortalities revealed one infected
fish, and in the balt water of 17 dead fish, two were found with furun-
culosig-infected kidneys, The presence of furunculosis in s minor
degree does not appear to have influsnced the experimental results in
1951.

In 1952 there were no duplicate or triplicate hockings made. There-
for the comparison between hcoking sitee and lethal wounds is on a
basis of number of fish hooked to mwber of fish dying. In the live
crate experiments, although the fish wers hooked only once, the previous
hooking histoary is unknown becaunse they had been subject to public
angling. The results of the 1952 autopsies sare listed in Table 8, wilch
also compares the lethal wounds with observed points of hooking.

The sutopsy data of 1952 substantiate the earlier observations,
for, of all fish inspected among bait-hooked mortelities, the great
najority of deaths were the result of throat or gill and/or gill arch
wounds.

Sems furunculosis was present among the experimental fish in 1952.
One nom-hooked hatchery fish from the fly water in the diversion
experimont was found to have the disease among seven mortalities chosen
at random from the 1952 mortalities preserved.

Same Implications of the Findings
The dats presented here have & practical conside&ation in establish-
nent of tackle and minimum sise restrictions. For instance, where it
is desirable to have the maximum number of brook troui available with
the least mertality to small brook trout hooked and released, restric~
tions eliminating worm fishing will reduce one csuse of mortality. Also,
vhere an increase in minimum legal length is contemplated, the pessibility



Table 8.--Recerds of mumbers of fish hooked once at vericus sites corpared with numbers of fish dying from wounds

at various sitea, 1952 experiments.

Iype and Site of hooking snd site of lethal wound Total
sige of Item Theck and | Mouth | hye or
hook dJaws | Gills §{ Throst tongue roof orbit Foul | 1t
No, 12 fly Fish hooked 2 .e .e 4 .o . .o .5 SSW
Lethal site Q ' .e . (3} .e .e .o 0 0
No. 8 18 Fish hooked 7 4 17 5 1 3 .e 1 38”/
Lethal site O 1 9 0 4] 0 .e 2 1
HO. 12 m Fitlh hocked 16 e e 5 2 e e - B
uth‘l Si“ 0 > [ 2 1 o L X ] E ¥ ] [ 2 1
Yo. 8 IS Figh hooked 6 4 10 3 0 l .o .o 24
Lethal site 0 1 8 1 1 0 .o 2 13
No. 12 m Fiagh mk‘d 18 1 *s 2 1 .w 1 o 23
Lethal site s 0 oe Q 4] *e 0 1 1
Ho. 8 LS Figh hooked 3 3 8 5 2 .o .e 0 a
Lethal site (4] 2 3 Q 7] . .o 4 9
Totals
Ho. 12 f1y Fiah hooked 63 1 .o 1 3 .o 1 5 84
w'ahal Bi‘bﬂ Q o L ¥ 2 1 & L ¥ 4 D 1 z
Totals
Nos, 8 and 6 I Fish hocked 16 1 35 13 3 4 .e 1 83
Lathal site 0 A 20 1 b} 14} .e 7 33

¥ 2 flgehooked fish not found.
‘v'l. bait-hooked fish not found,



of increasing hooklng loss must be considered, because an additionel
pumber of fish in the size range between the old and the new minimum
legal lengths now become mubject to hooking mertslity. Eliwinatien of
worn fishing would reduce these additional potential losses.

Although specific infarmation of a eontrolled nature is not
imnediatsly available concerning the ultimate effect of hooking mortality
on brook trout populations, some inferences may be drawn from population
and creel census data found in the files of the Hunt Creek Fisheries
Experiment Statien. In Seotion C, for the years 1946, 1947, and 1948,
the September population of brock treut messuring less than 7 inches in
length is known from studies made by electric shocker (AC). Also,
during the same fishing seasoms, anglers were questioned as to the
mmbers of hooked fish returned which were less than legal length. If
the heoking mortality noted in the various hooking experiments for fly
and balt hooks are applied to the mewdcdmboru of worm~caught and
fly~-caught fish; it becomes possible to estimate how many more fish
might have remained alive as part of ihe posteseason populatien.

The mortality rate for fly-hooked fish is calculated to be 2,20
percent and the mortality rate for wormehooked fish (includes all hook
sises) is caloulated as 26.65 percent. These figures are welghted

Wm-mumoummmmo:mmwmumww.
mmber of exparimental fish involved divided Ly the total {ish in all

experinents.

averages from data recorded in F, A. Westerman's earlier work plus the
1951 and 1952 Bunt Creek Experiments camparing barbed flies and barbed
bait hooks of all sises from No. 2 to No. 8, and include observed
results on 966 fly heokings and 1,029 balt hookings.
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The estimated effect of hooking sublegal brook trout with both fly
and bait in Section € in 1946, 1947 and 1948, based on the mortality
rates cutlined abeve, is presented in Table 9. During the three years
in question; worm fishermen are estimated to have killed 9.54, 16.14,
and 8.53 percent respectively of the estimated potential mid=September
sublegal brook trout populations in 1946, 1947, and 1948. Fly fisher-
men are estimated to have killed 0.04 and 0.08 percent in 1946 and
1948, none in 1947.

These estimates are belisved to be conservative. In Section €
during these years the minimum legal length was 6.0 inches., Had 7.0
inches been the minimum sise limit, an additional 188 (1946), 125
(1947), and 102 (1948) fish would have been included among the sublegsal
trout hocked and released, as the numbers indieated were in the 6.0-6.9
inch category. Since most were caught by worm, an additional 27 to 50
nortalities might be inferred under the situation postulated. Also,
the population estimates include fish of all sizmes from 1.5 to 6.9
inches, whereas the hooking experiment data concerned fish mainly
larger than 4 inches. Were it possible to estimate with accuracy the
Bection C brook trout populations in the size range of 4.0 to 6.9 inches,
the mumbers vulneradble to hooking would be lower, and the resulting
hooking mortality on the pepulation would be proportionately higher.
Furthermore, if a high proportion of the worm fishermen used the
smaller sizes of bait hooks, the mortality rate on fish hooked and
returned could well have been higher,

The forezoing cbservations suggest that it is possible to reduce
one cause of mortality in brook trout streams by eliminating the use of
worms as bait, In the face of ever~incressing angling pressure on

brook trout waters, all possible steps such as this should be taken to



Table 9,~~The estimated effect of werm fishing and fly fishing on the September populaticn of ook trout less

than 7 inchex long, Section C, Hunt Creek, in three different years.

Brook trout Estimated nunbers® Population Percentage loss
less than 7 inches killed by hooking estimate, by hooking

Year hooked and released brook trout

Worn Fiy Worn Ry less than 7 Vorn Fly

anglers anglers anglers anglers inches anglers anglers
1946 890 33 237 1 2,246 954, 0.04
1947 82s 14 220 0 1,143 16.14 0.00
1948 462 38 123 1 1,319 8.53 0.08

W

Mortality from worm fishiag 26.65 percent.

Mortalily froms fly fishing 2.20 pexrcent.
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keop the supply of fish, elther wild or newly planted,; at the maximum
maber. By this suggestion it is not meant that all brook trout waters
should be elosed to worm fishing, but rather only thoss stream areas
where it is possible to take fish Mgh most of the season with
artificiasl flies. The headwater portions and small tributaries which
are usually brushy and not fishable with a fly could be left open to
worm fishing, alsoc the lower courses of the larger rivers tributary to
the Great Lakes frequented by migratory rainbows. 4 good knowledge of
loeal fishing conditions and angler use of the area in question would
be demanded in establishing the boundaries of waters restricted to fly
fishing.

In conclusion, we ghould peint out that the results described here
apply specifically to brook trout, and specifically to camparisons
between the No. 12 fly and the several simes of balt hooks used. It
is suspected thet the mortality rates for rainbow trout and bram trout,
hooked with either worm of ny, mlght differ because of variation in
size and shape of thé mouth in those specles. | The mortality rates
degeribed for warm fishing very probably cannot be applied to minnow
fishing for brook trout because of the dfference in manner of taking
the two baits. To properly determine the mortslity rate for minmow
fishing, another series of experimemts similar to these should be
opmted. It is tentatively plammed to test the camparative mortality
rates for fly and worr fishing on brown and rainbow trout during the
caming trout sesson.
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