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Bottom Trawl Explorations in Lake Superior,
1963-65

By
NORMAN J, REIGLE, JR,, Fishery Biologist

Bureau of Commercial Fisheries
Exploratory Fishing and Gear Research Base
Ann Arbor, Mich. 48103

ABSTRACT

Six exploratory fishing cruises, totaling 122 operating days, were made by the
research vessel Kaho from November 1963 toOctober 1965, Most of the exploratory
operations were in the central and eastern portions of the lake; however, limited
surveys were made in the western area during 1965, This study is the first attempt
to assess the potential for commercial bottom trawling in L.ake Superior,

Suitable bottom for trawling was found along about 65 percent of the south shore,
Over 74 percent of the total catch by the Kaho were chubs (Leucichthys spp.) fol-
lowed by American smelt {Osmerus mordax), 10 percent; suckers (Catostomus spp.),
6.5 percent; and lake trout {Salvelinus namaycush), 3 percent, Commercially signif-
icant catches, 250 pounds per one-half hour, of chubs were taken on every cruise and
these figh, even if used mainly for animal focd products, could apparently support a
limited trawl fishery, Smelt, suckers, and common whitefish (Coregonus clupea-
formis) were caught occasionally in commenrcially significant quantities and could
greatly supplement production efforts, Most lake trout were caught in specific
geographic areas and appeared to be segregated by size in specific depth zones,
Abundant concentrations of small trout could easily be avoided after being located by
fishing certain depths, With proper care, most trout were returned to the water
alive, The alewife (Alosa pseudoharengus), whichis nowthe basis of a growing trawl
figshery in Lake Michigan, and lake herring {Leucichthys artedi} were not taken in
gignificant amounts during the study.

INTRODUCTION tion), A basic study phase of the project was

in effect from April 1964 to September 1965,

The commercial fishery of Lake Superior
has been declining since the mid-1950's, The
decline is attributed primarily to the sea
lamprey, which almost destroyed the popula-
tions of lake trout and whitefish,

Fishing gear and methods that were satis-
factory for catching large and valuable figh
are not satisfactory for taking the small and
low.valued fish that are available today, Some
species, such as American smelt, cannot be
profitably taken by traditional methods (pound
nets} except during their spawning season,
Other abundant gpecies, such as bloater chubs
{Leucichthys hoyi), which are now used for
animal food, cannotbe caught efficiently enough
by traditional methods {gill nets) for profitable
operations,

To investigate curreat problems and provide
advisory services to the cormmmercial fishery
sector of the Lake Superior economy, a
technical assistance project was established
under the Area Redevelopment Administration
(now the Economic Development Administra-

One part of this study was to determine the
gseagonal abundance and distribution patterns
of important species as related to their
availability to effective and economical fishing
methods, This report summarizes four ex-
ploratory cruises that were made under this
project and two additional cruises that were
made in support of the investigation,

Bottom trawling was chosen as the primary
fishing method because of ifts proven ability
in the Great Lakes and elsewhere to sample
figsh that spend all or most of their time in
bottom waters, Trawling has long been acom-
mon method for surveying fishery resources
and for catching a wide variety of species,

The Bureau of Commercial Fisheries re.
search wvessel Kaho operated 122 days on
Lake Superior during six cruises, Bottom
trawl explorations began in the Whitefish Bay
area during November 1963, In 1964 three
additional cruises were made: (1) in late
May through early June, {2) August, and (3)
November through early December, During



these cruises, fishing was extended westward
to the Keweenaw Peninsula, In 1965two cruises
were made: (l) from mid-May through mid-
June and (2) from early September through
early October, In 1965 operations were ex-
tended westward to Duluth,

VESSEL, GEAR, AND METHODS

The R/V Kaho (fig, 1}, of West Coastpurse
seiner design, was builtin 1961 and is of welded
steel and riveted aluminum construction, The
overall lenght is 64,75 feet; beam, 17,75 feet;
and loaded draft, 8,0 feet. Propulsion is bytwo
150-horgepower diesel engines that provide a
cruising speed of 9,3 knots, It has accommoda-
tions for sixmen, Storage space for fuel, water,
and galley supplies enables the vessel to
operate continuously for about 14 days,

The fishing equipment is typical of a small
stern trawler, Deck gear, besides the usual
boom-mast arragement, includes a hydraulic
net reel and two hydraulic winches each with
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a capacity for 2,500 feet of 3/8-inch diameter
cable, A metdl roller, 18 inches in diameter
and 8,25 feet long, is installed in the stern
bulwark to facilitate net handling and retrieval,
As on most vessels of this design, trawl nets
are set and towed from the stern, The net and
catch are retrieved directly over the stern
roller {fig, 2), Electronic equipment includes
radar, high-resolution echo sounder withfigh.
discriminating features (fig. 3), radio-tele.
phone, intercommunications system, and auto-
matic magnetic-electronic pilot and helm unit,

Three types of trawls were used, All but 14
of the 340 trawl drags were made with a 52.
foot (headrope) Gulf of Mexico type fish trawl
{Gordon and Brouillard, 1960); 2 drags were
made with a 40-foot midwater trawl; and the
remaining 12, with a 72-foot (headrope} two-
seam wing trawl, All nets had a 1-inch mesh
(stretch measure) cotton liner in the cod end
to catch young fish and small species,

Most drags were one -half hour long, although
eight were extended to 1 hour to determine the
size of catches under possible commercial
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Figure 1,.-The research vessel Kaho of the Bureau of Commercial Fisheries Branchof Exploratory Fishing and Gear
Research,
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Figure 3,~~Echogram made off Ontonagon on June 3, 1965, showing good bottom concentration of chubs, A 1/2-hour
trawl drag over this area caught 450 pounds of chubs,

trawling, During cruise 18, 20 of the drags
were 15 minutes long to delineate unknown
trawling grounds, On other occasions, 48 drags
were ended early to prevent fouling fishing
gear get by commercial fishermen, i,e,, gill

nets, or to reduce the number of trout caught
in areas known to have large concentrations,
or because snags were encountered, The
gear was severely damaged on 17 drags and
had minor tears on 39 drags.




When possible, drags were made along depth
contours at S5-fathom interwvals, i.e., 5, 10,
15, .. .,and 50 fathoms, and at the 60~ and 70~
fathorn contours, Bottorm irregularities and
water currents often caused the actual fishing

Depth Designated
range depth
Fathoms

3-7 = 5

8-12 = 10
13-17 = 15
18-22 = 20
23-27 = 25
28-32 = 30

‘In this study, evaluations of fishing results
are based on two methods of calculations:
{1) catch rate, which is pounds per unit effort
for all drags in a particular evaluation, and
(2) average catch for effective fishing effort,
which is pounds per unit effort for only those
drags that contained the particular species
being evaluated, Hile {1962) has discussed
effective fishing effort, All analyses of catch
rate and average catch for effective fishing
effort are based on 1/2-hour fishing time,
Total fishing time was divided into 1/2-hour
periods, thus drags that snagged are included
in the evaluations, Analysis on a 1/2-hour
basis is judged to be realistic for it appears
that most commercial trawl drags in Lake
Superior would be limited to about one-half
to ] hour because of bottom conditions and the
need to save incidentally caught lake trout,

A catch is considered here to be commera
cially significant when its ex-vessel value is
$7.50 per 1/2-hour drag, For the four species
that are considered to be available for com-
mercial bottom trawling the individual com-
mercially significant 1/2-hour catches would
be as follows: chubs - 250 pounds, smelt- 150

depths to sometimes vary by several fathoms,
To simplify discussion, I have rounded off the
fishing depths to the nearest 5. or 10-fathom
midpoint ag follows:

Depth Designated
range depth
Fathoms
33.37 = 35
38-42 = 40
43-47 = 45
48-55 = 50
5665 = 60
66-75 = 70
pounds, suckers - 200 pounds, and common

whitefish - 15 pounds,

FISHING EFFORT

During the study period, the R/V Kaho
completed six exploratory cruises in Lake
Superior (table 1), Smith, Buettner, and Hile
(1961) have defined fishery statistical districts,
which are used to report annual commercial
production for the Great Lakes, The informa-
tion compiled during this study is described
and analyzed in reference to these districts,
Only the south shore was explored, and trawls
were dragged in seven statistical districts.
To simplify discussions the seven districts
are renumbered consecutively from east to
west, The district boundaries are outlined in
figure 4 and defined simply below:

District I - (MS-6)~Michigan waters from
Sault Ste, Marie to the
Crisp Point Light,

District II - (MS-5) Michigan waters from

Crisp Point Light to the
outlet of Beaver lLake,

IDesignations in parentheses are those used by Smith
et al, (1961),

Table 1.--R/V Kaho fishing effort in Lake Superior by cruise, 1963-65

Trawl damage . :
. Time | 1/2-hr.
1
Cruise DlS'_t.ricts Dates Days ™~ Drags fished | periods
No. fished Minor | Major
Number Number Number Number Minutes Number
14 I, I Nov. 16-20, 1963 5 15 o] 0 414 13.8
18 IIT, IV May 26-June 8, 1964 14 42 4 3 815 27.2
20 i, I1, 111, IV Aug. 7-22, 1964 16 54 3 4 1,552 51.%
23 I, 11, 111, IV Nov, 8-Dec. 8, 1964 31 61 10 2 1,725 57.5
25 Iir, 1v, v, Vi, VII May 15-June 11, 1965 28 79 2 3 2,398 79.9
29 i, 11, 111, IV, V, Sept. 9-0c¢t. 6, 1965 28 89 20 5 2,500 83.3
VI, VII
Total 122 340 39 17 9,404 313.4

1 Travel and storm-bound days excluded.
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District IIT - (MS-4) Michigan waters from
outlet of Beaver Lake
to Salmon-Trout Point,
Michigan waters from
Salmon.Trout Point to
the Elm River,
Michigan waters from
the Elm River to the
Montreal River,
Wisconsin waters,
Minnesota waters from
Duluth to the Encamp-
ment River,

District IV - {MS.3)

District V - (MS-2)

District VI . {Wise,)
District VII -~ (M-1)

Trawlable grounds were located in all seven
districts (fig, 4), All districts were notvisited
during each cruise (table 1), nor was any
district completely covered during the investi-
gation, Thus, it is possible that additional
trawlable grounds will be located inthe future,

Exploratory fishing cruises are numbered
consecutively regardless of area of operation,
Thus, in this paper ontrawling in L.ake Superior
cruise numbers are not consecutive,

Cruises were planned to explore progres-
sively westward along the south shore, The
firgt cruise (cruise 14) was a brief trip to the
extreme eastern portion of the lake in the fall

of 1963 to obtain preliminary data regarding
fish distribution and bottom conditions needed
for survey planning purposes, Cruise 18 was
devoted to initial explorations along the central
portion of the south shore and Keweenaw Bay,
On cruises 20 and 23, seasonal assessments
were made in areas previously visited, Cruise
25 was concerned primarily with the seasonal
assessments from Munising to Manitou island
and the potential of fish production in District
IV, but was extended to include initial explora-
tions west of the Keweenaw Peninsula to Duluth,
During cruise 29, seasonal explorations were
made along the entire south shore in all
seven districts,

Three hundred and forty exploratory trawl
drags, which amounted to 157 hours of fishing
time, were made in Lake Superior during this
study. The effort by district was unequal owing
to extent of trawlable grounds, more favorable
locationfor production studies, and sequence of
initial explorations, The effort (number of drags
in each district) was distributed as follows:

Digtrict I- 39 drags District V.-27 drags
District I1- 14 drags District VI- 34 drags
Digtrict ITI - 49 drags District VII- 10 drags
District IV - 167 drags

LEGEND

CHUBS
OTHER SPECIES

FISHING EFFORT
5-HCOUR CATCH RATE

TIME FISHED {HOURS)

13000

14000

2300

17,000

11800

Tegno

TOTAL POUNDS LANDED

5 10 15 20 25 30

35 40 45 50 60 70
DEPTH (FATH.)

Figure 5,--Fishing effort, total pounds landed, and catch rate by depth for 340 trawl drags in Lake Superior, Note that
fishing effort was fairly well distributed by depth; however, catch rate and total pounds landed were higher inwater
deeper than 30 fathoms and reached a peak at 45 fathoms because chubs were concentrated at these depths, On this
figure the 1/2-hour catch rate has been multiplied by 10 to comply with the scale,
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SPECIES COMPOSITION OF THE
TRAWL CATCH

Species composition and catch rate varied
with fishing depth primarily because of the
increasing abundance of chubs at depths greater
than 30 fathoms, Of the 157 hours of total
fishing time, 86 hours (55 percent) were spent
in 30 fathoms or less, These drags, however,
produced only 25 percent of the total catch

(fig. 5).

Figure 6 shows the total species composition
as well as the species composition for drags
at two depth ranges--up to 30 fathoms and 35 to
70 fathoms. Shallow water drags caught a
variety of species with one-third of the catch
composed of smelt; whereas, chubs accounted
for 25 percent; suckers, 22 percent; and lake
trout, 8 percent. In deeper water, the catch was
nearly homogeneous, with 90 percent chubs and
only 2-1/2 percent smelt, 2 percent suckers,
and 1-1/2 percent lake trout. The total species

TOTAL-ALL DEPTHS
(55,977 n)

0-32 FATH.
{13,890 Ib)

33-75 FATH.
(42,087 Ib)

SPECIES LEGEND

CHUBS

LAKE TROUT

Figure 6,~--Species composition of catch taken by Kaho trawl drags in Lake Superior, Topcircle

SMELT [_—_::! ALEWIFE
Hﬂm WHITEFISH

LAKE HERRING

B o

SUCKERS

is total catch for all drags, Lower circles represent species composition of catch taken inthe
0- to 30-fathom and 35=- to 75-fathom depths.
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: Table 2.--Species composition of 340 trawl chtehes by R/V Keho in Lake Superdor, 1963-65
pecies ol caten | O°GuTTEncee n | BT oo sbreotive
effort "1/2-hr. effort
Pounds Percent® Number Percent® Founds® Pounds
Chubs (leucichthys &ppe)e..--- emsretneeenrenaanes cever 41,534 4.2 17 51 132.5 240
Amerdcan smelt (Osmerus mordax)..... etirsseccrsannnns 5,608 10.0 189 56 17.9 32
longnose sucker (Catostomus catostomus Yeeanrana verssses  L,899 3.4 21 6 6.1 92
lake trout (Salvelinus CUSh} e seeanses crsrsesannses 1,735 3.1 200 59 5.5 ]
White sucker (Catostomus commersoni)..... esesrrsesarans 1,676 3.0 42 12 5.3 40
Common whitefish (Coregomus clupeafomis)ees... veerneses 1,080 1.9 Al 12 3.4 28
ATéwife {(Alosa pScUGOhATENZUS) sesevissorsrssssanssanrns 736 1.3 62 18 2.3 12
Burbot (Lota lota)iessrrsseces baemsssasassasesnaareans .9 70 21 1.6 8
lake herring (Leucichthys srtedilesseccssccacss PR 446 .8 79 23 1.4 [
‘Soulpins (Cottidae)s.... Cerrvreeeananens o 47 14 7 5
Minespine stiekleback (Pungitius pungitiug)eseecerass . 149 «3 56 16 ] 3
Menominee whitefish (Prosopium cylindraceum)...ceesvess 134 .2 34 10 .5 5
Frout-perch (Percopsis omiscomaycus)...... teerrerersans az .2 21 6 .3 5
Pigmy whitefish (Prosopium coulterij...... theeaerasaans .1 36 11 .2 2
Yellow perch {Perca flAVESCENS).:seeesvoens resrasnrnaes T 9 3 .1 3
Spottail shiner (Notropis hudsonlus)....eecvesncevaonns T 7 2 .1 3
Rainbow trout (Salmo gairdmeri}........ bessraasseaunane T 5 1 T 3
Yellow pike or Walleye -( Stizostedion vitreum yitreum).. T 2 T T 7
Lake sturgeon (Acipenser fulvescens)........ thrrasaenns T 1 T T 7
Brown trout (Salmo 1rutta).«seeseeers Cereerrenarireraes T 2 T T 3
Redhorse (Moxostoma SPPe)essesssorcneres evaterrannnans T 2 T T 3
99.8 . 178.4

TOTAL 55,977

1 §=Trace, less than 0.5 or €.05

composition is summarizedintable 2. The most
abundant fish taken were chubs, followed by
smelt, suckers, lake trout, common whitefish,
alewife, burbot (Lota lota), and lake herringin
that order. Other species accounted for less
than one-half percent each.

DISCUSSION BY DISTRICT

The following discussion describes the bot-
tom trawling areas and fishing results in each
of the seven fishing statistical districts along
the south shore, Districts are discussed con-
secutively from east to west,

District I - Michigan Waters from Sault
Ste. Marie to Crisp Point Light

In general, much of the Whitefish Bay area
and the deeper waters north of Whitefish Point
are favorable for trawling., No major snags
were encountered or nets damaged during the
four cruises in the district,

Fishing in shoal water was very poor during
each cruise--the catch rate was only 7 pounds

of fish per one-half hour (24 1/2-hour periods)
for all drags at depths of 30 fathoms or less,

In deeper water (35 to 50 fathomas}, the catch
rate was 180 pounds per one-halfhour of which
136 pounds were chubs, The only area con-
sistently good for chubs was the 35-fathom
station, 6 miles north of Whitefish Point, The
largest chub catches in District I were taken
from this station on every c¢ruise on which the
station was sampled, The best catch was 770
pounds during cruise 23,

Catches of other species were light in Dis-

. trict I, Over half the drags had smelt, but the

catch rate was only 10 pounds per drag. The
best smelt landing was 200 pounds takenduring
cruise 23 at 40 fathoms in the southernportion
of Whitefish Bay, Over half of the total pound-
age of alewives landed by the Kaho was taken
in District I, although only 11 percent of the
total fishing effort was devoted tothis district,
The largest catch (200 pounds) of alewives
landed in Lake Superior was taken early inthe
survey at 35 fathoms in the southern portion
of the bay during cruise 14, The percentage
of trout inthe trawldrags (2 percent of the total




poundage) was less than the lakewide average,
Only small amounts of lake herring, whitefish,
and suckers were taken,

District II - Michigan Waters from Crisp Point
Light to the Outlet of Beaver Lake

Few drags were attempted in this district
because of poor harbor facilities, unfavorable
weather during the visits, and extensive
stretches of irregular bottom. Fourteen drags
in District II caught a total of only 52 pounds
of fish, and none of the drags was of com-
mercial significance,

District Il - Michigan Waters from the Qutlet
of Beaver-Lake to Salmon - Trout Point

A large number of snags were encountered
in this district, and bottom trawling is feasible
only in rather restricted areas in the deeper
water., From Marquette Bay to Granite Island,
50 percent of the drags hit snags,

Catches of chubs were generally fair in this
district, Fifteen drags with the 52-foottrawl in
35 fathoms and deeper produced a catch rate
of 207 pounds of chubs per 1/2-hour drag, The
best catches, both taken off Shelter Bay, were
580 pounds at 50 fathoms during cruise 23
and 950 pounds at 40 fathoms during cruise 29,

Trout were taken in only 18 of the 49 drags,
making up 1,7 percent of the total catch by
weight and yielding 1-1/2 pounds per 1/2-hour
drag,

Excellent catches of common whitefishwere
taken in Munising Bay, Six drags here caught
three-quarters of all whitefish taken in Lake
Superior by the 'Kaho, The best individual
catch in Munising Bay was 235 pounds, andthe
average catch for effective effort was 135
pounds, Whitefish were alsotakenin Marquette
Bay, but the best catch was only 41 pounds,

Catches of other species were small, The
best smelt catch {110 pounds) was taken in
50 fathoms off Shelter Bay during cruise 23,
The best alewife catches (30 and 60 pounds)
were taken west of Granite Islandin Marquette
Bay, L.ake herring and suckers were taken
occasionally only in small amounts,

District IV - Michigan Waters from Salmon-
Trout Point to the Elm River

Explorations were made only from Salmon-
Trout Point to Manitou Island, thus waters of
this district adjacent to the west side of the
peningula were not trawled, A large amount of
localized trawling grounds is available in the
area explored, and few snags (mostly sub-
merged logs) were encountered on these
grounds.

The most successful and consistent pro-
duction rates for chubs in Lake Superior have
been obtained in this district especially along
the east shore of the Keweenaw Peninsula

and in Keweenaw Bay., Consistently good
catches of chubs were takenin35t050 fathoms
in the following areas: off Portage Entry,
along the east shore and south central portion
of Keweenaw Bay, and along the east shore of
the Keweenaw Peninsula from Grand Traverse

‘Bay to Bete Grise Bay {fig. 7). The best chub

catch rates in District IV were obtained at 45
fathoms on all but the last cruise. The 1/2-hour
catch rates at 45 fathoms for cruises 18
through 25 were as follows: 440,425,520, and
650 pounds, On cruise 29 the best catch rate
{250 pounds} was obtained at the 40.fathom
depth, At the above depths where chub pro-
duction was the best, very few lake trout were
taken in the trawl as indicated by catch rates
by cruise of only 2, 0, 1, 7, and 2 pounds,
respectively. The best individual 1/2-hour chub
cafches in this district for each of the five
cruises (18 to 29) were 840, 1,210, 620, 1,650
and 430 pounds, Figure 8 illustrates the catch
rates of chubs and trout by depth in this
district for each cruise,

A potential harvest for smelt and suckers
also appears to exist in this district, The best
individual catches of smelt taken inDistrict IV
on each cruise (18 to 29) were 320, 240, 150,
25, and 1,200 pounds, All of the above landings
were in- Huron Bay or the southern half of
Keweenaw Bay, Good catches (140 to 255
pounds) of suckers were taken during cruises
20, 23, and 29 in 10 to 15 fathoms in Huron
Bay and at the mouth of Huron Bay., Lesser
amounts of suckers {up to 120 pounds) were
caught in Keweenaw Bay, Alewives were taken
sporadically, and the best catch was 75 pounds
in 30 fathoms in Keweenaw Bay during cruise
23, Catches of both common and round white-
fish were small--the best catch was less than
50 pounds,

Distriet V - Michigan Waters from the Elm
River to the Montreal River

Good trawling bottom was found continuously
from Fourteen Mile Point, east of Ontonagon,
to the Montreal River, Depths from 5 to 75
fathoms were trawlable, and the only smnags
encountered were submerged logs,

Most drags in District V during cruise 25
were aimed at taking chubs; therefore, most
effort was made at 35 fathoms where the largest
chub concentrations inthe district were located
at that time, At the 35.fathom depth range on
cruise 25, the catch rate was 204 pounds, and
the best catch of 450 pounds was taken off
Ontonagon, During cruise 29, significant
catches of chubs--250 and 350 pounds--were
taken at 30 and 40 fathoms, respectively,

Species other than chubs totaled 48 percent
of the district landings, Suckers were the most

abundant of the other species followed by smelt .

and lake trout, Sucker concentrations were not
found on cruise 25; however, during cruise
29, suckers were taken in 11 of the 15 drags
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and were the most abundant species landed in
the district during the cruise. The largest
sucker catches of 900 and 320 pounds were
taken off the Porcupine Mountains in 30 and 40
fathoms, respectively. Smelt occurred in 40
percent of all the district drags, and the best
catch of 75 pounds was taken off Little Girls
Point on cruise 29. Lake trout were taken in
15 of the 27 drags in the district and made up
3 percent of the total catch. The catch rate of
lake trout was 5 pounds per drag.
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District VI - Wisconsin Waters

In the eastern portion of the district, trawl-
able grounds were found from the Montreal
River to Madeline Island, Inthe Apostle Islands
area, much of the bottom is unsuitable and
trawling grounds are limited. Trawling by the
Kaho 'has been limited thus far to the following
Apogtle Iglands locations: In BigBay of Made-
line Island, the south channel off Madeline

Island, between Stockton and IronwoodlIslands,
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Figure 8.--Bathymetric distribution of chubs and lake trout in District IV by cruise, Distribution is based on catch rate
per 1/2-hour effort at each depth range, Fishing at 35 fathoms (dotted line) or deeper would produce the highest catch

rate of chubs and take few trout.

and between Qak Island and the mainland, Very
favorable trawling bottom was found from north
of SandIsland continuouslyto Superior at depths
of 4 to 50 fathoms. Snags were encountered
only at 25 fathoms off the Brule River and in
shallow water off Superior where clay banks
make trawling difficuit.

Chubs were 87 percent of the total cafch in
District VI and were takeninallbut{ive drags,
The most productive grounds were located
along the 35-fathom contour running from
directly north of Sand Island to 3 miles past
the Eagle Island shoals. Four drags here had
catch rates of 656 pounds of chubs and 17 pounds
of lake trout. In the same area, but along the
30-fathom contour, four drags had catch rates
of only 278 pounds of chubs and 40 pounds of
lake trout. The best individual catches in the
above area by cruise were 1,500 pounds during
cruise 25 and 525 pounds during cruise 29,
During c¢ruise 29, smaller but aignificant chub
catches were taken along the 30. and 35 -fathom
contours at stations from Eagle Island to
Duluth and from the Montreal River to Made-
line Island, All drags deeper than 33
fathoms hada catch rate of 263 pounds
of chubs,

Liake trout were caught in 23 of the 34 drags
in this district and composed 4 percent of the
total catch, Heavy concentrations, however,
were located only in 28 to 33 fathoms from
Sand Island to Eagle Island shoals and in 22
fathoms south of Madeline Island, Five drags
in these two areas and at the depths indicated
took 75 percent of the lake trout catch in the
district, West of Cornucopia, only 9 pounds of
lake trout were caught in 13 drags.

During cruise 29, in the Apostle Islands
area one 15-minute drag took 50 pounds of
smelt, and another similar drag caught 175
pounds of suckers,

11

District VII -~ Minnesota Waters from
Duluth to the Encampment River

This district is trawlable from 2 fathoms off
Duluth eastward to 40 fathoms, Towards the
north shore, however, the bottom becomes
rougher and suitable trawling grounds are
gcarce,

Although only 10 drags were made in the
district, maximum catches of chubs, smelt,
and suckers were 350, 225, and 124 pounds,
respectively, A total of 10 pounds of lake
trout were taken in three drags, On cruise
29, over 200 young-of-the-year yellow pike
or walleye (Stizostedion vitreum vitreum)
were caught in 4 fathoms off Duluth,

DISCUSSION BY SPECIES

The following discussion describes fishing
results, by species, for each of the important
commercial species taken during this study.
The discussion order is based ontotallandings
for the six curises. Two species of suckers
[longnose (Catostomus catostomus) and white
(C. commersoni)] are discussed together as
are two species of whitefish [common (Core-

gonus clupeaformis) and menominee {Proso-

pium cylindraceum)], Burbot is consgidered as
a miscellaneous species even though it ex-
ceeded lake herring (497 pounds to 446 pounds)
in total landings, In Lake Superior burbot has
never been an important commercial species
whereas lake herring has long dominated the
commercial landings.

Chubs

Chubs were caught most frequently in com-
mercially significant quantities during the




fishing explorations, and their abundance and
availability are apparently sufficient fo support
limited trawling on Lake Superior, Chubs
appear to average larger inLake Superiorthan
on the other Great Lakes, and about 10 percent
of the trawl-caught chubs were of acceptable
size for human food as a smoked or fresh
product, The catch records of chubs by cruise
is summarized in table 3, and the best 1/2-hour
chub catches during each cruise are sum-
marized in table 4, Of the 174 exploratory
drags catching chubs, 39 were of commercial
significance (a c¢atch rate of 250 pounds ox
more per one-half hour of trawling), The
average catch for effective effort was 240
pounds,

Gommercially significant catches of chubs
were taken in all but one district and at more
than one location on every cruise, Commer-
cially significant concentrations of chubs were
found all along the south shore but in specific
geographic locations (fig, 7). Few significant
chub catches have been made in waters shal-
lower than 35 fathoms, and none deeper than
55 fathoms, Three-quaters of allthe significant
catches were made in the 35- to 45-fathom
range,

Almost half of the total fishing effort was
expended in District IV where consistently

Table 3.--Summary of catch records of chubs in
Lake Superior by cruise, 1963-65

Cateh Average
Cruise| Total Sis:ini‘i- Total | rate per gﬁ;go?gr
No. 4rags | ,oiope. | o8teh lﬁ?;};ﬁr otfoctive
effort
Bumbex Number Pounds Pounds Pounds
14 15 1 403 29 a1
18 42 5 1,580 58 141
20 54 6 5,393 104 220
23 6l 12 6,591 115 246
25 79 23 20,103 252 391
29 89 iz 75464 90 141

Teble 4.~-Summary of largest chub cateh for each cruise

Chubs per

CrNuise IN::ag Depth Location 1/2-hour
e} 0. drag

Fathoms - Pounds
14 3 35 Noxrth of Whitefish Point 305
18 37 38 Off Grand Traverse Bay 880
20 98 40 Keweenaw Bay 1,210
23 169 35 Rorth of Whitefish Peint e
25 222 43 Off Bete Grise Bay 1,650
29 279 40 Qff Shelter Bay 950
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good chub catches were found, An analysis
of the depth distribution of chubs during each
of the five cruises in this district is shown
in figure 8, Only small amounts were caught
shallower than 30 fathoms during cruises 18,
20, and 29, and none was taken shallower than
this depth during cruises 23 and 25, The best
catch rates throughout the area were obtained
at the 45-fathom depth during all but the last
cruise when the highest catch rate was at the
40.fathom interval, The best individual catches
were also made at the 45-fathom interval on
¢ruises 23 and 25; however, on cruises 18,
20, and 29, the best individual catches were
made at the 40-fathom interval,

A gtudy of commercial production potential
was made between Grand Traverse Bay and
Bete Grise Bay on cruise 25 (fig, 9). Twelve
drags to test production potential, totaling
8-2/3 hours of fishing effort, caught 12,230
pounds of chubs, 40 pounds of smelt, 129
pounds of lake trout, 96 pounds of lake herring,
and 25 pounds of miscellaneous species, These
drags averaged 1,475 pounds of fish per hour
of which 1,410 pounds were chubs, Ninety-
four percent of the chubs measured in these
catches were over 9 inches long and averaged
3.8 fish in the round to the pound, Nearly
all the lake trout caught in this study were
returned to the water alive and successafully
re-entered subsurface levels,

During the production trials, six drags with
a T72-foot headrope, two.seam wing trawl
were compared with six drags made with the
52-foot standard assessment trawl, The highest
individual cateh rate was obtained eventually
with the bigger trawl (2,200 pounds in 40
minutes), but the 52-foot trawl outfished the
larger one by an average hourly rate of 1,575
pounds to 1,270 pounds,Ibelieve that increased
experience with the larger net would lead to
an improverment in its effectiveness,

Smelt

In total poundage caught, smelt was the
second most abundant species taken during
the fishing explorations, Smelt were in over
half of all drags and composed 10 percent of
the total catch, but only 18 drags netted over
100 pounds per 1/2-hour drag, andthe average
catch for effective effort for all cruises was
only 32 pounds, The overall catch rate was
only 17 pounds per 1/Z.hour eifort, Smelt
were found most consistently in Huron and
Keweenaw Bays and off Duluth.

Commercially significant catches of smelt
were taken on four cruises; however, very
poor catches were made on cruises 14 and 25,
During cruise 14 in Whitefish Bay, not more
than 15 pounds per drag were taken, OnCruise
18 in the central portion of the lake, good
catches of 300 and 320 pounds were taken in
Huron Bay at 25 and 30 fathoms, whereas in
Keweenaw and Grand Traverse Bays, the smelt
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Figure 9.-.Trawl catch taken off Grand Traverse Bay during cruise 25, Drag lasted 1 hour, and the catch was 2,600°
pounds of chubs, 20 pounds of lake trout, and 10 pounds of smelt,

were more scattered and the best catches of
100, 110, and 180 pounds were taken at 10 and
15 fathoms, During cruise 20, smelt were also
scattered; however, good catches of 100 to 240
Pounds were taken at 10 to 15 fathoms in Huron
and Keweenaw Bays, On cruise 23, fair
concentrations of smelt were in deeper water
{30 to 50 fathoms), and catches were taken as
followa: 200 pounds at 40 fathorns in Whitefish
Bay, 110 pounds at 50 fathoms off Shelter Bay,
and 100 to 150 pounds at 30 to 40 fathoms in
Keweenaw Bay, During cruise 25, smelt were
extremely dispersed and were taken at all
depths from 5 to 52 fathoms, and the best
catch was only 45 pounds taken off Duluth in
12 fathoms. On cruise 29, smelt were con-
centrated mostly in 15 and 20 fathoms, where
the catch rate was 100 pounds per drag. The
largest catch of swelt taken during the study
was 1,200 pounds in Huron Bay during the
last cruise, Other significant cateches during
cruise 29 were made in Keweenaw Bay and
off Duluth,

Suckers
The trawl catches contained longnose and

white suckers, The composite total of both
species made suckers the thitd most abundant

13

fish taken during the study, composing 6,5
percent of the total catch, White suckers were
taken more frequently east of the Keweenaw
Peninsula whereas longnose suckers were
more common west of the peninsula, West of
Keweenaw Peninsula, where only 20 percent
of the total fishing effort was devoted, over
75 percent of the total poundage of suckers
was taken, Over 80 percent of the total pound-
age of suckers during the study was caught on
cruise 29,

The two most outstanding catches of 900 and
320 pounds were taken off the Porcupine
Mountaing at 30 and 40 fathoms, Other areas
west of the Keweenaw Peninsula that produced
catches over 100 pounds include Ontonagon,
Apostle Islands area, and Duluth, East of the
Keweenaw Peninsula, only Keweenaw and Huron
Bays, particularly the latter, produced catches
of over 100 pounds, The best catch east of the
Keweenaw Peninsula was 225 pounds during
cruise 23,

Lake Trout

Results of the Kaho's explorations helped
substantiate the success of lake trout rehabili.
tation in Lake Superior, Lake trout were in
59 percent of the Kaho's 340 drags, The




catches of lake trout were usually small, and,
of the total drags, trout were caught ata catch
rate of only 5-1/2 pounds per 1/2-hour drag
for all depths. Lake trout are an ecological
associate of chubs, and of the 251 drags that
contained either chubs or trout, one-half con-
tained a combination of both species, one-third
contained only trout, and one-sixth contained
only chubs. Because adultlake trout, except for
spawning, do nct gather in large schools, they
would not be a primary target species for
trawling, Moreover, during trawling, most
immature lake trout can be effectivelyavoided
by fishing at selective depths.

Catch rates, number of trout per drag, and
average ., weight of trawl-.caught lake trout
varied with depth, An analysis of three depth
zones showed the following:

4 to 12 fathoms--In this zone the catch rate
and number of trout taken were very small
(2.2 pounds of lake trout and 1.7 trout per
1/2-hour drag)., The average weight of trout
was 1.3 pounds,

13 to 27 fathoms--In this zone the catchrate
and number of trout increased to 5,7 pounds
and 7.3 trout per l/2-hour drag, whereas the
average weight of trout decreased to 0.78
pounds, Within the zone, the catch rate was
highest at 20 fathoms,

28  fathoms and deeper.-.This zone took
primarily very small trout with an average
weight of 0,41 pounds per trout, The catch rate
and number of trout taken were very high at
30 fathoms (16,4 pounds and 38.3 trout per
1/2-hour drag) and decreased sharply with
depth. At 50 fathoms, the catch rate was 1.5
pounds and 2,9 trout per drag, No trout was
taken deeper than 55 fathoms,

Figure 10 shows the average individual weights,
number of trout per drag, and catch rates by
5_fathom depth intervals for all lake trout
captured during the study,

Maximum concentration of small trout
varied several fathoms from cruise to cruise
and in different geographical areas; however,
few concentrations (15 pounds or more per
drag) were taken deeper than 35 fathoms,
Once a concentration was located, an adjust-
ment of fishing depth of several fathoms
effectively avoided the concentration, This
avoidance was demonstrated north of Cornu-
copia when the Kaho made a comparison drag
side by side with the experimental commercial
trawler Nichevo using the same size net,
vesgel speed, towing direction, and dragdura-
tion, The Nichevo fishing in 33 fathoms caught
only 12 trout, and the Kaho fishing in 28 fathoms
caught 150 trout, Both vessels caught com-
mercially significant amounts of chubs in 20
minutes, but the Nichevo's catchwas 34 percent
greater, ‘

Concentrations of trout {catch rates over 15
pounds per one-half hour} were located only
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Figure 10,--Distribution of trawl-caught lake trout by
depth in Lake Superior. A, Average individual weight
of lake trout by depth, B, Number oflake trout captured
per l/2-hour drag at each depth interval, C, Catch
rates of lake trout (pounds per 1/2-hour drag) at each
depth interval, The data above are for all drags during
the study.

in the following areas: southern Keweenaw
Bay, the east shore of Keweenaw Bay off Pt.
Abbaye, Keweenaw Bay off Portage Entry,
several localitites between Grand Traverse
Bay and Bete Grise Bay, off Ontonagon, off
the Porcupine Mountains, in the south channel
off Madeline Island, and north of Gernucopia.
Thirty-six drags in these areas took nearly
60 percent of the total pounds of trout caught
by the Kaho in Lake Superior. Itis noteworthy,
that of the 36 drags, 21 were in 28 to 37
fathoms, T in 20 to 22 fathoms, only 3 deeper
than 38 fathoms, and 5 at other depths,

The total catch of lake t rout was insigni-
ficant, During the study, the Kaho made ex-
ploratory drags at preselected areas and

depths and used a smaller size mesh (l-inch
stretched measure} in the cod end than would
be used by a commercial trawler, Although



little effort was made to avoid catching trout,
only 3,1 percent of the total catch by weight
were lake trout, A commercial operationcould
expect to catch fewer trout, Forty.-four drags
of the Kaho made in 35 fathoms or deeper had
cormnmercially significant quantities of chubs,
The total catch of these 44 drags was 29,187
pounds, of which only 323 pounds or 1,1 percent
were lake trout.

Lake trout taken by a trawl can usually be
returned alive tothe water, Successful survival
depends upon the following factors: (1) amount
of crowding in the code end, (2) availability
of recoverytank with running water, (3} suitable
water temperatures on the lake surface and in
the recovery tank, {4) deflation of the swim
bladder if necessary, (5) sufficient time in the
recovery tank, and (6) protection from preda-
tion by sea gulls, Survival rates can be in-
creased in proportion to application of the
above factors,

I doubt that trawling would conflict with
commercial and sport fishing for trout. In
addition to selective depth fishing, the trawler
can reduce the catches of small trout by
increasing the cod end mesh size and by avoid-
ing areas where trout are concentrated,

A practical method to conserve srall,
planted lake trout and at the same time effec-
tively harvest chubs and smelt would be to
regulate trawling in depths from 28 to 37
fathoms, Commercial trawl drags in these
depths should be preceded by short (10- to 15-
minute) exploratory drags to determine if
small trout are present, Commercial quantities
of smelt were found most frequently at depths
shallower than 28 fathoms, and commercially
significant amounts of chubs were located most
frequently in waters deeper than 37 fathoms,

Whitefish

Common whitefish were caught consistently
in commercially significant amounts (15 pounds
per one-half hour) only in Munising Bay,
Here catches of 60, 140, 150, 180, and 230
pounds were taken, but most of the fish were
small, Edsall (1960) reported that the whitefish
Population in Munising Bay is unharvested and
slow growing, Only five other drags took 25 to
50 pounds,

Catches of menominee whitefishwere small;
the largest catch was 16 pounds, and the
average catch for effective effort was 5 pounds,

Alewife

Alewives were not found in commercially
significant amounts in Liake Superior, The best
catches of 110 and 200 pounds were landed
in Whitefish Bay during the firstcruise, These
catches accounted for 42 percent of the total
alewife catch., The only other catches over 35
pounds were 60 pounds taken in 5 fathoms in
Marquette Bay during cruise 20 and 75 pounds
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Table 5.--Largest alewife catches taken by
otter trawl in Lake Superior by district
and year

bistriet
Year

I I | TII v )| v VI VII

crrsssrnrersr e POUNAS s iuensecanas vease
1963 2060 O - - - - -
1964 mw 1 60 75 - - -

1965 g 1 0 2 4 1 2

taken f{rom 30 fathoms in Keweenaw Bay on
cruise 23, The largest alewife catches taken
in each district by year are given intable 5,

Lake Herring

Thus far, efforts to catch lake herring by
the Kaho with a bottomn trawl in Lake Superior
have been unsuccessful, A heavy bottom con.
cenfration of this species has not been found,
Echo tracings indicated that lake herring may
comprise some midwater schools of fish not
taken by bottom trawls (fig, 11},

Lake herring appeared in one-quater of the
trawl catches, but the average catch for ef-
fective effort was only 6 pounds and less than
1 percent of the total catch was composed of
this species, The best catch was only 45 pounds;
however, a 7-minute drag caught 22 pounds.-a
catch rate of 94 pounds per one-half hour,
Both catches were in late spring,

Miscellaneous Species

The trawl took small amounts of twelve
other species [burbot, sculpin{Cottidae), stick-
leback (Pungitius pungitius), trout-perch(Per-

copsis omiscomaycus), pigmy whitefish {Pro-

sopium coulteri), yellow perch {(Perca
flavescens), spottail shiner {Notropis hud-

sonius), rainbow trout (Salme¢ gairdneri), yel-
low pike or walleye (Stizostedion vitreum

vitreum), lake sturgeon {Acipenser fulvescens),
brown trout (Salmo trutta), and redhorse Mox-
ostoma spp.).] None were caught frequently
enough or in sufficient quantities to be com-
mercially significant. The total poundage of the
12 species was only 2.0 percent of the total
catch, and none was more than 0,9 percent in-
dividually (see table 2). Of the miscellaneocus
species, burbot was caught most frequently--70
times at an average catch for effective effort
of 8 pounds. Burbot was taken in greater
quantities west of the Keweenaw Peninsula.
Although only 21 percent of the fishing effort
was expended west of the Keweenaw Peninsula,
75 percent of the burbot catch was takenthere.
During cruise 29 at 35 fathoms, trawls took
only two adult sea lampries (Petromyzon
marinus)--one in Whitefish Bay and the other
off Eagle Island,
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Figure 11,--Example of echogram from a high-resolution echo sounder showing midwater concentrations of fish be-
lieved to be lake herring, Echogram was made in Huron Bay on June 6, 1964, Distance traveled is 2 miles,

CONCLUSIONS

The researchvessel Kahomade a six-cruise,
sxploratory trawling survey of the southshore
of Lake Superior, The aim of the study was
to obtain the basic biological information
necessary to establish more effective and
efficient fishing methods to harvest the existing
fish resources,

The explorations successfully delineated
fishing grounds along about 65 percent of the
south shore and demonstrated that limited
trawl fishing is practical for harvesting stocks
of commercial fish that are now wvirtually
ignored by the industry. Commercially signifi.
cant catches of chubs were taken on every
cruise, Good catches of smelt were made
during those seasons when fresh smelt arenot
normally available, Qccasionally, sizeable
quantities of suckers and common whitefish
were taken incertainareas, The most strategic
locations for trawlers would be: (1} Houghton
or Hancock, Mich,, to fish the east shore of
the Keweenaw Peninsula to Huron Bay; (2)
Ontonagon, Mich,, (3) Apostle Islands area
(between Bayfield, Wis., and Port Wing. Wis.);
and (4) Duluth, Minn,, 6r Superior, Wis,
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APPENDIX

The following seven tables summarize the
fishing logs for 340 exploratory trawl drags
in Lake Superior by the R/V Kaho between
November 1963 and October 1965, Each table
represents a summary of trawl drags in each
of the seven statistacal districts defined along
the south shore by Smith et al, (1961), Table
entries are primarily arranged by descending
depth stations and chronologically by cruise,
All but 14 drags were made with a 52:foot
(headrope) Gulf of Mexico type fish trawl,
Two drags made with a 40-foot midwater
trawl (table 3) are footnoted, as are the 12
drags made with a 72.foot (headrope) two-
seam wing trawl {table 4],
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Appendix toble 1,-=R/V Kaho Fishing Log - Lake Superior trawl stations in District | (MS-6)
{Michigan wafers from Sault Ste. Merie to Crisp Point Light}
Position Time Catch
Crutse Depth  Date Drag lat, Leng. Course of  Fished Limiting Lake Wnite=  Afe= | Leke
No. No. MN. W, day facter I/ Chubs  Smelt Suckes?/ tout  fish3/  wife herring  Others 4/ Total
Fath, ™ 1963 Min, setenrerrinnensanasnesnees BOUNES Lo i iisataternanrortear neastenes
14 8 1N-1é 1 46°%47' 85002 E. 1210 30 5 - - - - - - - - -
10 11-§9 10 46938' §4959" N. 1020 4 1 - - - - - - - - -
12 11-20 15 46%27' 84°47 W, 0930 20 ¥ - - - - - - - - -
13 11-19 12 46934' 84°52' SE. 1230 30 0 - - - - - - - - -
15 11-19 n 46°39" 84058" S. 1030 30 0 - 1 - - - - - 1 2
18 1-19 M 46930 84938 Nw. 1540 30 0 ¥ t5 - 1 - 10 - 7 k2
20 H-2¢ i6 45928 84948’ £, 1010 30 o - 1 - 5 -] - 1 - 13
22 H-14 2 46%47° 85°02 SE. 1320 30 5 - i - - 1 - - 2 4
33 11-20 17 4681 8449 S. 120 3o 9 1 1 - 1 5 1o 1 1 120
35 11-1% 3 46°52' 85°01° $. 1550 30 5 305 10 - - - 11 1 3 330
35 11-19 13 46°24' 24%50 Nw. 1340 30 ] 80 10 - & - 200 4 - 280
33 11-19 ¢ 45044 84955 N. 0830 7 30 2 35 10 - - - 12 4 2 o4
-
’ 1964
26 10 TEE0 105 46047 85°02' W, 1220 30 0 - - - - - - - 1 1
15 8-22 113 46°39' 84958 5. 0850 30 0 - 17 - - 2 - - 2 21
16 8=21 11 46°35' 84953 5, 100 30 7 - - - - - - - - -
: Fit] 8-22 115 45828 84048 NE. 1138 5 0 - 1 - 2 5 - - - 8
! 23 8-20 106 44°48' 85003 N. 1400 30 [} - - - 5 - - - - 5
: 32 §-21 HI0- 45934" 84°50" Nw. 1010 30 ] - 1 - 1 - - - - 2
33 8-22 114 46931" 84949" S. 1030 30 4] 20 i0 - 8 - 5 4 - 47
35 8-22 112 46943' 84°56" 5. 0740 30 0 1 2 - 2 - 10 1 - 1%
35 8-20 107 44952' 85°01" 5. 1450 30 [ 120 - - - - - 10 “ 130
1964 1
23 10 T2 171 46%70 85%02'  SE. 1540 30 0 - - - ] - - - i ]
15 12- 7 176 46037 84958 Nw. 1400 30 0] 1 - - - 1 - - - 2 i
15 12- 7 174 46933 84°53' N, 1150 30 0 - - - - - - - - - E
20 12- 7 172 46°78' 84°48" E. 0920 30 3 - - - - - - - 2 2 i
25 12- 4 170 46949 85902’ SE. 1500 20 3 - - - - 1 - b4 - 3 E
35 12- & 169 46952' 85°01" S, 1400 30 [} 770 18 - 1 - 1 10 - 800 i
38 12- 7 173 46°930" 84°%49° N. 1040 30 G 150 16 - 4 - 10 - - 180 ;
40 12- 7 175 44°35' 94952 SE. 1240 30 G 100 200 - 2 - ] - 2 319 {E
1965 §
29 7 THeT4 267 460470 85°00'  N. OP00 30 2 3 1 - - - - - - 4 i
e 2-13 281 46°38' 85900 5. 0940 30 0 - 1 2 - “ i - - 4
15 913 260 44939 84959" 5. og4e 30 0 - 40 - 1 - -3 - 3 52 i
15 ?-13 262 46934" 84952 5. 1040 30 0 - 2 - - “ - - 3 5 H
20 9=15 269 46%48' 85°01'  Nw. 0730 1% 8 - - - - - - - 2 2 |
< 2-13 265 46°29' 8494¢9" E. 1350 30 0 - 4 - - - - - 1 5
30 9=13 264 46"3_1‘ 84%4¢* S. 12350 30 [ 35 - - 10 - - 12 2 59
35 #-13 259 46P43' g4°56" S. 0740 30 [+ 5 2 - 5 - - 3 - 15
40 =13 263 46°34' 84°50'  Nw. 1140 30 [} 12 0 - 4 - 3 - 3 34
50 9-13 266 45°37' 84°51'  NW. 1600 30 ¢ 17 1 - - - - - 13 X3
1/ 0-clear drag, 1 - snag encountered {no gear damege}, 2 - geor malfunction, 3~ minor gear damage, 4 - mojer geer demage «

(including loss of net), 5 = wind over 20 m.p.h., 6 - strong corcent, 7 - adverse weother conditions (including high seas, fog,
and ice}, 8 = rough bettom, 9 - set fishing gear in orea,

2/ Include longnose and white suckers,
3/ Include common and menominee whitefish,

4/ Include burbot, sculpin, stickleback, trout-perch, pigmy whitefish, yellow parch, spottail shiner, rainbow trout, walleye,
lake sturgeon, Brown trout, and redhorse.
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Appendix table 2,-=R/V Kaho Fishing Log - Lake Superior trawl stations in District H {M5=5)
(Michigan waters from Crisp Point Light to Beaver Lake outlet)

Position Time Catch -
Cruise Depth  Date Drag Llat. Long. Course of Fished Limitini; Lake White=  Ale= Lake C
No. Noe. N. W, dey factor _/ Chubs _ Smelt  SuckersZ trout fish & wife  herring Othersd stal IS
Fath. 1963 Min. weretreenrrerrarrtrratare PRUNES v ovanentranracrrnnrrrarsasrsnarrononnasassn -
4 10 n-17 4 46°45' 85°75' €. 1020 30 o - - - - - - - - -
25 11-17 5 46°47 85°20" W. 1140 30 0 - 1 - - 1 - - - 2
<306 11=17 6 46°50' 85917 Sw. 1250 30 ¢ - 1 - - - - 1 3 3
‘ 1964
N 20 17 B-20 102 46P45" 85025 NE. 0840 30 0 - - - - - - - ¥ 1
' 25 8-20 103 46947 85922 E. 0930 25 3 - - - - - - - - -
30 8=20 104 44°50' 8519 NE. 1020 30 0 - - - - - - - - -
1964
23 18 12- 6 166 46°45' g5%24' w. 0950 30 0 - - - - 2 - 1 - 3
28 12- 6 167 46°47' 85920 w. 1040 30 3 - - - 1 - - 1 - 2
30 = 12- 6 168 45950' 85019 N. 1200 30 0 1 - - 1 - H 3 2 8
1965
29 ¥l 916 275 46°39" 86°16* NE. 1310 30 4 - - - - 5 - - 5 10
12 9-14 274 48243 85950'  E. e 30 0 - - - - - - - 10 10
15 ?-15 270 46945 85023 W. 0350 30 2 - - - - - - - 3 3
20 915 272 46952 85°15' K. 1050 30 4 - 5 - - 1 1 - - 7
25 9-15 271 46°48' 85°22" E. 0940 30 0 - 2 - - - - - 1 3
1/ See footnote |, app. table 1.
2/ See footnote 2, opp. table 1.
3/ See foctrote 3, app, teble 1,
4/  See footnote 4, app. table 1.
I/
2/
¥
4/
5/
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Appandix table 3.~-R/V Koho Fishing Log - Lake Superior frawl stations in District 11 (MS-4)
{Michigan waters from Beaver Lake outlet to Salmon=Trout Foint}
- Fosition Time Catch
Cruise Depth  Date Drog Lat, Lleng. Course of  Fished Limilin? Loke ~ White=  Ale= Loke
Ne. Ne. M. W. day foctor I/ Chubs _ Smelt  Suckers?/ tout _ fish 3/ wife herring  Others® Total
Falh. 1964 Har. eierresrereasennscesrness POURGE tunsnanvsrseecnrneenes Cevveteenresarenene
8 5 5-26 20 46°30' 818" E. 1550 30 5 - 1 1 - 41 - - 7 50
10 48 59 46°28' 86°50' ME. 1330 30 o - 10 - - 1 1 - - 12
10 5-27 21 46030 87°18'  E, 0650 30 3 - 1 - - 1 1 - 2 5
19 5-27 2 46°32' 7°11'  NE. 0830 30 8 - 4 - 1 1 - - 2 8
20 5-24 18 46°38' 86°48' SE. 0850 30 4 - - - 1 - - - 1 2
20 5-26 19 46°34' 8°57  NE. 1250 22 0 - - - - - - - - -
24 5-27 23 46°33 §7°11' NE. 0930 24 4 - 1 - - - 1 - 4 6 ;
24 &5 45 46045 §°30°  SE. 0950 30 ¢ - 1 - - - 30 - 1 32 ;
30 5-27 24 46°33 8°15*  E 1210 30 3 - 4 - 3 - 1 - - 8
30 65 46 46°45' 87°30' NE, 1040 7 4 - - - 1 - - 22 - 23 i
42 65 44 46°47' 87°24°  Nw, 0800 10 8 15 - - - - 1 1 2 19 i
™ |
1964 i
20 5 &7 63 46730 87°13'  Nw. 1340 30 7 - 1 - - 1 40 - 3 45 !
10 8 7 61 45°26' B&P50' N, 1020 30 ] - 1 - - - - - - 1 i
10 8- 7 & 48°30' 815 NW. 1420 30 0 - - - - - 2 - - 2 ;
15 8- 7 40 44°25' B8P3 N, 0720 30 0 - 23 - 7 140 - - - 170 :
20 8- 7 62 48°34' 86°57'  E, 1140 30 7 - - - - - - - - -
20 8 ¢ 65 46°32' 8712 ME, 0700 30 4 - - - 2 - - - - 2
20 8 9 &8 46°45° 87°30'  SE, 1320 7 2 - - - - - - - - -
40 8 9 66 46°47' 87°25' NE, 0950 30 4 15 - - - - - - - 15
70 8 9 67 46954 87°21°  SE, N0 3D o 28 - - - - - - 1 29
1964
23 5 T8 119 4°30 #°T4 w. 1300 30 0 “ - - - - - - - -
8 -8 117 46°26' 86°50' N, 0940 30 0 - - - - 1 - - - 1
10 n- g 120 46°30r 8716 € 1340 18 0 - - - - - - - - -
12 t1- 8 116 46°25' 86°39' NE. 0730 30 8 - - - - 39 - - I 40
20 11- 8 118 44°34' 86%570 W, nso 30 0 - - - - - - - - -
20 -9 121 46%45' 87°30'  SE. 1000 7 3 - - - - - - - - -
46 11-22 161 46°35' 87°15'  sw. 0840 30 0 210 8 - 1 - 5 - I 230
48 11-22 162 46%°34' 87°16' NE. 0932 30 0 150 8 - 1 - 1 - - 160
50 1122 163 46%32' 84°5F NW, 1230 30 5 580 110 - - - 25 10 5 730
: 70 19 122 46°44 87°18'  NW. 1150 30 0 70 - - - - - - 15 85
: 38 11-22 164 5/46°28" 8°37  sw. 1840 20 0 3 1 - 1 10 - - 2 17
38 11-22 1655/ 46°26' 8£°38' NE. 1940 20 0 2 1 - 1 5 - - - 9
1965 .
25 5 S 185 46%29' 8713  w. 1310 30 0 - - - - - - - 2 2
10 5-15 180 44%25' 86%39" SE. 0610 30 0 - 2 - 5 153 - - 1 181
10 5-15 182 48026 86°50' N, 0920 30 0 - - - - - - - - -
10 5-15 186 45°30° 87°15*  E, 1350 30 0 - - - - - - - 2 2
20 5~15 184 46034 8&°57'  Nw, 1140 17 4 - - - - - - - - -
35 5-15 181 46°27' B&CF'  SE, 0710 30 0 19 3 - 3 235 - - - 260
45 5-16 187 46°50' 87°29'  E, 1040 30 0 300 - - 2 - - 8 - 310
50 5-15 183 46°32' 8&°52'  NW. 1040 30 0 180 - - 10 - - - - 190
1945
29 §  TOA77 280 46729 87013 w 1420 8 1 - 3 - - 1 - - - 4
10 9-17 281 46930 875" E, 1450 30 3 - 3 - - - - - - 3
10 9-17 277 46°25' 83 N, 0820 30 0 - 30 - 6 60 - - 10 166
15 9-17 278 46°26' 86°50' NW. 1030 30 0 - - 4 3 1 - - - 8
35 9-18 276 46926 8650 w. 1410 30 8 70 5 - 15 180 - - - 270
40 $-17 279 44932 86°53' Nw. 1210 30 0 950 20 - 14 - - - - 984
45 $=19 284 48952t g%z g, 0910 30 7 120 1 - - - - - 2 123
60 =18 282  45°%45' 87°17*  SE. 1420 30 0 &5 - - - - - 5 20 90
70 9-18 283 46%54' 87°21'  SE. 1430 30 0 30 - - - - - 2 32
l/ Sea footrote 1, app. table 1,
2/ See footrote 2, app. table 1.,
3/ See footmote 3, app. table 1,
L]
4/ See footnote 4, app, table 1. ;
§/ Drag made with 40-ft, midwater trawl,
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Appendix table 4,==R/V Koho Fishing Log = Lake Suparfor traw! stations in Distrler 1V (M$5=3)
*{Michigan waters from Salmon—Trout Point to Elm River)

Position Time Catch
Cruise Depth  Dote Drag Lat, Long, Course of Fished Limiting Lake White-  Ale- Loke
Ne. No. N, W, doy factor I/ Chubs _ Smelt  SuckersZ/ trout  fish3/  wife  herring _ Others4/ Total
Fath. 1964 Min, ibvrerrrsetracnane vesees PouUnds sis.a. Setesrirerrurenseasentsnsnnsan P
8 5 5=30 29 47023 8757 E. 1050 4 1 - - - - - - - - -
& 6= 1 3% 46°54' gtz N- 0950 15 o - 1 - 4 = - - 2 7
7 6= 1 42 48052 gy’ N. 1330 30 0 - 55 2 20 b4 7 2 5 100
-] 6= 1 3 452 gee2r N. 0919 15 0 - 0 - 1 5 - - 4 110
8 6= 1 43 46952 gl N, 142¢ 15 1] - 2 - 7 1 - - - 10
10 &= 1 40 46°54' g0 s. 1030 15 ¢ - 2 - 2 - - - - 4
10 5-30 30 4792 B7%58' E, 1150 15 i - 1 - - 3 - - 1 5
12 &= 5 48 44°56' Bse01’ NE. 1020 13 3 - 1 - - - - - - 1
12 &= & 49 44052' B8O 14 NE, 1150 15 0 - 32 1 1 8 35 1 2 80
13 & 6 51 46°56' 83029 NE. 1840 15 ¢ - 2 - 3 H - - - &
14 & 1 £l 45053' BE°28' N, T 15 5 - 47 - 1 1 - - 1 50
4 5-3¢ k1] 47022' 87952 W. 1240 - 15 0 - 55 - 4 - - - 1 40
20 & 5 47 48055' B7P4T W. 1230 5 3 - - - - 1 - - - 1
20 & & 52 44549 88°24' ME. 1800 15 0 5 10 - 15 - - 1 1 32
20 6 7 55  48°58' 3810 NE. 0950 15 0 - 2 - 2 - 1 0 1 é
23 6 7 57 44955 8809 E. 1200 30 0 2 300 - 2 15 20 - 1 340
23 5-29 Z7 47002 8R°20' S, 1650 30 8 4 25 - 1 - - - - 30
24 & 7 58 44957 87952 N. 1520 15 0 - - - - - 2 - - 2
28 L] 50  44°56' 88°08" SW. 1300 30 0 6 320 - 3 é 13 - 2 350
29 5-29 28 47°00' 88°22 Sw. 1920 30 0 23 42 - 8 - 4 - 3 80
a5 5=29 25 44057 ggRa N. 1610 30 -] 42 45 - 12 - 2 2 2 125
a5 6~ 7 53 44954 seeot W, 0720 15 1] 130 1 - 15 - - 2 2 5@
7 5-29 25 44957 g2 NE, 1410 30 -} 42 21 - 2 - 3 2 5 75
8 530 R 477 8R4 W, 1620 15 0 45 - - 1 1 - 2 5 53
38 5-31 I 4711 808 E. 1550 15 0 420 - - 19 - 1 8 2 450
41 &7 54 44953 age2)’ NE. 0800 15 0 1ns - - 2 - - 3 - 120
45 5-31 35 47O 8PPS5O W. nao 15 0 220 - - 1 - - 8 1 230
50 5-31 34 47014 87052 W, 1000 15 0 175 - - - - - - 5 180
50 & 7 55  46°54" ggP21” ME. 0840 10 0 40 - - 1 - - - 1 42
54 5-3 36 47012 8803 E. 1410 15 0 165 - - 4 - - - n 180
40 53 33 4713 BOs5 W. 0840 15 0 110 - - - - - 1 3 150
1964
20 5 T4 87 46053 8g°z8' 5. 0700 30 0 - - - - - - - - -
8 814 88  46°52' 88027 N. 0740 30 0 - 240 - - - - - 10 250
10 811 71 47023' 87953 W. 0920 3 0 - - - - - - - - -
10 8-14 B9  446°53 88°27 S. 0820 30 0 - 100 - 5 - - - 5 110
10 8-14 92 46°45' 88P29' N. 1220 30 3 1 4 2 5 - - - - 12
12 8-13 82 4756 88°00 w. 1900 30 0 - 7 140 - 3 - - ~ 130
15 3-13 85 46052 88°14 N. 1340 30 1} 230 180 - 10 5 - 35 - 440
15 8-13 83  46755' 88°05' w., 1100 30 3 - - - 2 - - - - 2
13 8-16 0] 46%56' 87°54! Sw. 1240 10 4 - - - - 1 - - - 1
15 8-14 90 46052 88026 N. 0910 30 1] - 4 - 7 3 - - - 14
15 8-1 72 47922 87955 E. 1010 30 0 - - - - - - - - -
20 813 81  44°58' 87°52'  w. 0840 30 [} - - - 1 - - - - )
20 . 8-13 85 44°58' 88%10' w. 1530 30 ] - 1 26 13 - - -~ - 49
20 8-12 84 44°54' BEODS' W, 1230 10 9 - - - 2 - - - - 2
23 8-16 99 ALR4Y 8824 N. 0830 30 0 - 4 - k' 48 1 1 - 20
25 8-15 94  47°00' 86721 N. 1030 30 0 - 45 - 13 - - - - &0
30 8-15 93 44058 88022 NE, 0920 30 o} 210 30 - 20 - 5 5 - 270
35 8-15 95 46957 88°22 N. 1250 30 0 240 20 - 23 - 5 2 - 290
35 816 100 45953 88°22' NE, 0940 15 0 160 ¢ - 20 - 1 - - 190
35 8-10 70 47910" B5°09" NE, 1630 30 0 230 - - 1 - - - 9 240
40 8-15 95 46%49° 8802y S, 1150 30 0 100 4 - 7 - - - 4 120
40 811 73 47018 87050 Nw, 1130 30 0 50 - - - - - - - 50
40 811 74 47014 87049 SE. 1240 30 5 510 - - - - - - - 510
40 8-12 B0 47°18" 7750 SE. 1100 50 7 880 - - - - - - - 830
40 8-10 69 47°08" 88°05° SE. 1500 30 ¢ 120 - - -] - ~ - 4 130
40 815 98 44053 8gez NE. 1510 30 4] 1,210 - - 15 - - - 5 1,230
45 g-11 75 47915* 87050 Sw. 1340 30 7 520 - - - - - - - 520
45 8-11 77 47°1Q' g8op9 SE. 1440 30 7 330 - - - - - ~ - 330
50 8~15 97 44955' ggo 19 Sw. 1410 30 ¢ 140 - - 1 - 8 - 1 150
50 81 76 A79T4' grosy Sw. 1430 30 7 18 - - - - - - - 18
50 8-12 79 47913' 87054 ME. 0930 30 7 140 - - - - - - - 140
55 8-14 21 46°50" 88°28* M. 1030 30 0 &0 - - 5 - - - -7 65
55 8-12 78 47012 ggep2t NE. 0810 30 7 &0 - - - - - - 5 65
See Pootnotes ot end of table.
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Appendix table 4 {continued).-~R/Y Kgho Fishing Log ~ Loke Superior traw] stations in District 1V (M$~3)
(Michigan waters frem Salmon-Trout Point to Elm River)

Pesition . Time Catch
Crujee Depth  Date Drag  let.” Eong, Course of  Fished Limiting Loke White-  Ale-  Lake
Na. Mo, N W, dey factor 1/ Chubs  Smelt  Suckers2/ trowt  fihd  wife herting . Others 4/ Total
Fath, 1967 Min, esstvareresiaresacssasnar POUNS cuvannsasescnronnarcennssarsosrersrrrareeens
23 5 11-11 130 46052' BEO28' N. 130 25 3 - 2 I 2 - 10 - - 20
10 =17 155 46%56' 88%05' NE. 0940 30 4 - - - - - - - - -
10 11-17 156 44%2' 88°14'  NE. 1410 30 ] - 2 255 - 38 - 5 10 310
0 1=t 13 46%4 88y s, 1400 30 0 - - - 8 2% 1 - - 35 1
10 11-12 138 46%4' 88°20' NE, 1210 30 3 - - - 2 - - - 1 3 i
12 115 e 4% 8% B 1230 15 3 - - - 1 - - - - 1 i
12 11-11 126 44%46' 88%29'  NE. 0920 30 0 - - 4 13 1 - 1 1 20 !
14 11310 124 46%2 88®15*  NE 1400 3p 0 - 5 200 g 14 - - 43 270 !
4 N~ 147 47723 87°56' NE. 1320 15 ] - 1 - 1 - - - - 2 !
15 N-11 182 46%2' 827 N, . 1450 30 0 - 1 - 7 - 1 - 1 10 ;
15 11=16 154 46%¢ 8813 NE 1520 30 4 - - - - - “ - - - f
20 11-10 125 46°55' gs%0¢  E 1510 30 0 - 4 45 5 5 - 3 8 70
20~ -1 127 46%9" 88%24' NE. 1090 30 0 - 2 4 12 & - 1 5 30 :
20 7 1i-1 133 46%54r 88°%28' 5. 1540 30 0 - 1 - 15 - 1 1 - 18 1
20 13-12 137 46%5' 88%200  sw. 1130 20 [} - 1 - 5 - 1 - - 7 !
20 =12 139 46%8 88%12* NE 1330 30 [} - - - 2 - - - - 2 i
20 11-12 143 46%9 et N, 1216 30 [} - - - - - - - 3 3 i
25 =12 123 44788 87°54 136 30 0 - - - - 5 - 1 1 7 !
30 11-13 141 48958 8823 s, 1010 30 8 - 20 - 12 - 3 - - 35
36 M-tz 138 4654 8821 NE 1040 30 0 - 100 - 35 - 75 - - 210
3 N-12 40 46%59' 88%12°  sw, 1420 30 8 - 2 - 8 - P 1 - 12
35 1-13 42 46951 88”23 N. 1HO 30 8 240 50 - 35 - 3 - 2 330 .
38 11=16 W9 471" 87°50'  SE, 0830 30 0 120 10 - 3 - - - 7 140 N
40 11-16 150 47%25' 87°50'  w. 0930 30 5 320 10 - 5 - - - 5 340
40 -1 129 46%52 sy s, 1210 30 0 300 150 2 15 - - 1 2 470
40 112 135 46%55 88%21'  sw. 0950 30 ¢ 110 15 20 5 - - - “ 150
42 N-13 M4 7% 88t Nw, 1420 30 3 30 15 - 4 - - - 1 330
45 N-19 15 48955 g®21* SE. 1452 30 0 620 ? 75 3 - - - 3 710
45 MN-13 145 47%e 8807 SE. 1510 ap 8 410 10 - - - - - - 420
48 N-1F 128 46%50 88%28 N, 1100 30 0 00 1 17 3 - 1 1 17 340
30 T-12 13 46%4" 88°21'  NE. 0F00 30 0 600 - 17 - - - - 3 620
50 =16 151 47%4 8% w1030 20 5 390 - - - - - 4 & 400
55 131-16 152 47%13 87%54' w. 130 30 7 260 - - - - 4 6 270
85 11-16 153 47%12' 800 w1240 30 -7 150 - - - - - - 40 190
70 115 48 47%2 87%38 N, 530 15 0 50 - - - - - ] 4 55
40 N-19 157 5/46%55 88210 SE LIS 30 0 23 1 - - - - 1 - 25
40 1-19 158 5/46%55' 88°21'  SE. 1320 30 0 41 1 2 - - - - 2 4%
40 11-19 160 3/46°55' 88%21°  SE. 1620 30 0 310 10 5 2 - ] 2 - 330
1945
25 5 318 192 46°54 ggP28' s, 0550 30 0 - 1 - - ~ “ - - 1
8 5-18 198 46%4¢' 8829 NE 1420 30 0 - - - 15 1z - 1 - 28
1] 5-25 226 46%57 8f28' N, 1330 30 5 - 2 - i - - - 1 4
10 5-25 227 46754 gg%28 s, 2040 30 0 - 10 1 12 18 - - - 41
10 5-18 193 4952 8Py N 0730 30 o - - - 8 10 - - - 18
12 5-19 204 48%53 8200 NE, 1320 30 [} - 2 - 3 - - - - 5
12 5-19 201 46%52' 38%14*  NW, 0910 30 0 - " - 4 20 - 45 - 80
15 5-18 1% 46°54' B8%26° s, 0820 30 0 - 1 - 35 - - - - 3%
15 5-18 200 46°51* 88%24'  sw, 1560 30 5 - 5 - 1 - - - - )
20 5-19 202 46%59 8”100 w. 100 30 0 - 5 - - - - - - 5
20 5-19 205 46755 8818 Sw, 110 30 0 - 20 - 12 - - - - 32
20 5-18 195 46°52' 88P26' N, 0810 30 0 - - - 29 - - - - 29
20 5-18 199 449 af2s N, 1510 30 0 - - - 40 - - - - 40
20 5-25 228 4°52 g8%26¢ N, 2130 5 4 - 5 - - - - 1 2 8
20 5-25 24 48%52 aP28' N, 1200 30 [} - - - 15 - - - 1 16
25 $-17 188 4857 &7%5r  Nw. 1210 13 8 - - - - 1 - - - 1
30 5-19 208 46%59' 88127 N, 1140 30 0 - - - 10 - - - - 10
30 5-19 206 46%53 88%21°  NE 1450 30 0 - 4 - as - - - - 3¢
30 5-25 225 46°%54 g2s' s, 1240 30 0 - 10 - 81 - - - - 71
33 5-17 190 47%00* 88”20  SwW, 1550 30 0 80 5 - 25 - - - - 110
7 5-17 191 4fsp s B, 1840 7 9 20 5 - - - - - - 25
40 5-18  19s 46%52 P26 5. 1150 30 ] 80 10 - 5 - - - - 95
40 5-19 207 48755 821 w1540 20 0 230 2 - 8 - - - - 240
43 521 21 47715 87%450  sw. 130 30 7 450 - - 2 - - - 1 453
43 5-21 22 4714 P45 NE 1350 60 7 750 - - 1 - - - ] 752
44 524 28 4P 805 sw. 0830 30 0 850 - - 14 - 1 10 - 875
45 523 216 412 e sw o0 30 o 1,100 20 - 18 - 2 - - LMo
45 5-23 217 4712 804 NE 1330 60 0 2,600 10 - 20 - - - - 2,630
46 5-24 219 4710 8804 NE 0920 30 0 550 - - 10 - - 0 - 570 i
47 520 210 47705 88”08 SE 10 30 0 130 7 - 10 - - 3 - 150 ;

See footnotas of end of table.
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Appendix fable 4 {ontinved),~«R/V Kaho Fishing Log ~ Lake Superior trawl stations in District IV (M$=3)
{Mickigan waters from Salmon=Trout Point to Elm River)

H i Tosition Time Cetch

| Cruise Cepth  Dote Drag  Let,  Long GCourse  of  Fished Limiting Toke  White=  Ale- Loke

: Ne. No, N, W. dery foctor]/ Chubs  Smalt  Suckers 2/ trout fish ¥ wife herring  Others?/ Total

Fath, 1965 "Min. eeveraveestarranasrronss POUNGE 1oieesennansssnnrenesnssossernrsesronsoesony

25 50 5-18 197 44952 88°26'  S. 1300 30 0 15 4 - 2 - - - 5 25
50 5-19 208 44953 88°21' NE. 1520 20 0 50 - - - - - - - 50
52 520 209 46052 88°5' 5, 0710 30 0 260 4 - - - - - I 270
52 5-17 189 47901 §7°57' SE. 1310 30 0 180 5 - 5 - - - - 190
20 5-25 229 5/ 44°54' 88C28' 5, 2200 30 1 1025 - 4 - - 2 - 32
43 5-24 222 5/47°18 8752  Sw. 1320 40 0 2,200 - - 25 - - - - 2,23
43 5-25 223 5/46%51' 8826 N, 0520 30 3 20 13 - 1 - - - 1 225
43 521 2135 47°16' 87742 sw. 1540 &0 7 800 - - 10 - 1 - 1 812
45 5-22 2454770 &4 Nw. 0740 60 0 1,000 - - 5 - - 30 1 1,0%
45 5-22  215°5/47°1¢" 87%42°  Sw. 1050 60 0 750 - - 8 - - 20 2. 780
46 524 2203/47°11° 88”05 sw. 1050 30 0 750 - - 1 - - 20 - 781
4% 5«24 271 5/ 47°10 B8"04*  ME. 1120 30 0 430 10 - 3 - - 7 - 450
48 5B 2 3/ 46%0" 88°26' 5. 2300 30 o 75 - - 1 - - - 15 92
1945
29 10 THE2 299 46954 88927 . 0910 30 4 - 5 - 3 - - - 8

12 $-23 308 46%45' §8°29' NE. 1040 15 3 - &0 2 - - - - - 82
15 924 305  46951' 88°25' S, 0800 30 4 - ® 2 6 - - - 3 41
15 9-24 306 46%4% g4 N, 1010 30 3 - 5 4 - - - - - §
15 922 298 44°52 88°26' O N. 0810 24 2 - 5 - 1 - - - 4 i0
15 9-19 287  48°52 88°15'  MNE. 1500 30 0 15 1,200 230 7 1 - 4 1 1,463
15 921 294 46%58 88°10'  sw. 110 30 o - 2 - - - - - - 2
16 -21 29 48%53 8819 NE. 1430 30 ¢ - 10 2 5 - - - - 17
20 920 297 46°54' 88°19'  sw, 1520 30 o - 130 120 50 - - - - 300
20 922 300 4% 826 N, 1010 25 4 - - - - - - - - -
25 9-19 285 4657 87952 w1210 10 1 - 7 - 2 - - - - 4
25 922 301  46%84' 8821 ME. Y130 30 4 - 3 2 8 - - - - 40
0 =21 295  46%7 88%12*  NE. 1280 30 0 - 5 10 15 - - 18 - 48
30 9-23 302 46°54' 88°21' NE, 0810 30 3 5 210 50 20 2 - 10 5 302
35 920 292 477100 88%% NE. 180 30 0 245 2 - 4 - - - - 251
40 9-20 29 4712 88%05'  sw, 1540 30 0 430 - - 2 - - - - 432
40 9-20 288 47715’ &/°47  Nw. 1040 30 0 70 - - 2 - - - 2 74
45 9-21 293 47°%s5' 807 E, 0820 30 3 130 - - - - - - 1 131 ,
50 9-20 289 47°14' 87°%4¢' NE, 1200 20 9 120 - - 2 - - 2 3 127 :
50 $-19 286 47°00° 87054 Nw, 1250 28 8 65 - - - - - - 2 &7
52 20 290 A7C13 8704w, 1400 30 0 150 - - - - - - 10 160 :
52 9-23 304 48°51)7 98%26' S, 150 15 0 90 5 - - - - - 15 10

1/ See footrote b, app, table 1.
2/ - See footnote 2, opp. table 1.
3/ See footnote 3, app. table 1,
4/ See footnote 4, opp. toble |,

5/ Drog mode with 72 ft, (heodrope)} twe seam wing trawl.
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Appendix fable 5,==R/V Kaho Fishing Log - Leke Superior irawl stations in District 'V (Ms-2)
{Michigan woters from Elm River to the Montreal River}

Position Tima Catch
Crvise Depth  Date Drag Lof.  Long. Cousse of Fished Limiting Lake White Ale=  Lake
Mo, Ne. MN. W, day factor I/ Chubs  Smelt __ Suckers®’ wout  fishd  wife herring  Others3/ Total
Fata, 1965 Min, sersenisneanaasssrtrreans POUNGS coussesrronntrasassnancasrorronerencereansns
25 5 6= 4 23 47000 BP0 W, 4810 30 o - - 15 - 1 - - - 14
8 & 4 238 44955 g1 SW. 1540 12 1 - 3 12 - - - - 1 14
15 64 2% 46957" 89015 w, 1440 30 0 - 8 - - - 1 1 8 18
25 6 4 235 48%4' 89903 SW. 0930 3¢ <] 1 1 - 8 - - 1 - 1
35 & 3 23 47°04' 8905 NE, 0910 30 7 100 - - 4 - - - - 104
35 6 3 232 46958' §9020" NE, 1250 30 0 450 - - 17 - 1 2 2 472
35 & 3 233 A5%54' 89034 E, 1450 30 [} 270 - - 15 - - - - 285
35 &= 5 240 46°50' 8R47" E, 00 30 0 120 - - - - - - 2 122
35 &5 244 46°%44" 858" W, 100 30 0 170 - - 3 - - - - 173
35 & 5 242 46541 0PI H Sw. 1230 30 0 115 - - 1 - - - - 114
40 & 5 239 46%50" 890450 w. 0800 30 [ 1 - - - - - - - 1
75 6 4 236 47°908' 89°20° NE. 1220 30 2 - - - - - - 10 10 !
3 1965 |
29 7 THI6 37 47000 BO0E W, 1100 30 7 - 10 40 - 1 - - 12 63
10 9-26 33 45954 o2 E. 1730 30 i - 5 5 - - - - 20 30
15 9=26 312 46°56" 89°20" W. 1540 30 3 - 2 3 i - - - 16 22
20 9-26 311 46°55" 89e21" W. 1550 30 7 - 15 3 2 - - - b 29
22 o= 1 326 46°38 AP W, 0930 30 7 i 75 4 1 - - “ 7 8
25 =26 310 44°56 89R21* W. 40 30 7 - 15 25 - - - - - 40
0 927 30 A4 BPST  w. 1410 30 0 250 B w00 5 - 4 10 0 1,25
30 926 309 46°54' BYOR4! E. 1340 30 7 120 - 190 2 - - - - 32
35 9-28 308 46957" §9922" W. 1240 30 7 80 - 4 n - - - ? 104
35 w27 319 46951 845t W, 1230 30 3 3 20 10 8 - - - 12 55
40 9-27 314 46958' 89923  w. 0550 30 3 100 - = 1 - - - - [}
40 927 318 48°51" 8sP45 W. Nz 30 3 BO - 320 - - - 5 10 485
45 9-27 NS 459587 gy°23 W. 0740 30 ¢ 20 - - 1 - - - 4 27
50 9=27 316 46°59" 89°24' W, 0840 30 Q 24 - - - - - - 3 27
60 9-27 317 47°00' 8°25' W, 0240 30 0 40 - - - - - - 40 80
1/ See footnote 1, app. table 1,
2/ See foolmote 2, app. table 1,
i 3/ See footnate 3, opp. table 1,
i 4/ See footnote 4, epp. table 1.
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Appendix table 6,-~R/V Kaho Flshing Log = Loke Superlor trowl statlons in District VI {Wisc.)

(Wisconsin woters)
Fosition Time {.otch
Cruise Depth  Pate Drag Lat, Lleng. Couns of Flthed Limiting Lloke  White-  Ale-  Loke
No. . No. N. W, doy foctorl/ Chubs  Smelt  Suckers?/ trout  fsh 3/ wife therring  Others#/ Total
Fafh, 1568 MIn, seserassnuncassrannssrann POUMDE ausssnnnsusssssassnrrannassssaserssssannsrs
25 12 & 8 249 45°41" 91958 Nw. 1410 19 4 - - 30 - 3. - - 4 7
12 &= & 244 45049 (P40 S 1150 10 ] - - - 7 - - - - 7
28 &11 257 46957' 91903 s, 1100 20 ¢ 320 10 - 50 - - - 10 390
32 510 255 47°02' $P57 SW. 1340 30 Q 330 5 - 50 - - - - 385
32 411 255  46°58' 91005 SE. 0?10 30 L] 180 - - 24 - - - ¢ 214
3 33 &11 258  47°02' 9(P57' Sw. 1320 30 )] 1,500 - - 45 - - - - 1,545
] 35 & 7 245 45958' 91902 M. 1000 15 1] 300 5 - 15 ] 1 - 3 R85
35 & 7 245 46952' 91°05' E. 130 30 ] 75 2 - 3 - - 2 - 382
35 &= 7 247 45049 S1037 E. 1430 30 ] 400 - - 1 - - - - 4N
35 o ¢ 250 46°49' 21°35' W, 1060 60 L] 200 - - 2 - - - - 202
a5 4=10 253 46951 $1924! E. 000 30 o 190 - - - - - - - 190
35 4&10 254 44°57' 91904 SW. 1150 30 o 300 2 - 7 “ - - 1 310
a5 &= 5 243 AQP45' 9P25'  NE. 1420 30 1 “ - - 4 - - - - 4
b
T1985

2% ¢ 928 321 46°48' w(P4p ME, 1320 30 3 - - - - 3 - - - 3
20 10- 2 332 46945 P4y N. 0740 15 & - 50 - 5 10 - - 2 &7

20 10- 2 333 46057 SP47 SE. 0920 15 3 50 40 75 2 - - - 11 78 :
22 9-28 322 46P48' 90P4I W, 1430 30 ¢ 300 25 - 40 - - - 2 387
25 10- & 347 48°48' $1938 E. 1000 ? 3 H 1 14] - - - - 7 19
30 9-2¢ 324 46°59' 91902 s. 1240 15 7 50 i - 3 - - - 44 78
30 10- 4 339 46%48' 91°34'  SW., 1420 30 o 280 3 0 - - - - 20 33
30 10- 1 327 4&°43 9P23 E. 1040 30 7 125 25 - n - - - 1 172
32 10- 2 3 46059" 9P35! SW., 1120 30 ¢ 120 1 -] 1 1 1 - 7 136
35 10--1 328 46%44" P2 W. 1130 30 7 150 [14] - 8 - - 10 5 183
35 10- 4 338 46°49" 91934 SwW., 1330 30 0 225 - 5 1 - - - 1% 247

35 9-29 325 46959" 91903 S, 1310 30 7 525 5 - 1 - - - 12 543 i

35 0= 4 33 45953 919147 SW., 1000 28 8 13 - 10 1 - - - 20 144
35 0~ 4 33 44510 91e22 SW, 1o 30 0 250 i 15 - - - - 21 287
40 B0- 4 337 46°50" 91934 sw, 1240 30 0 180 ~ 1 - - - - 16 197
40 0= 1 329 46%48" 90°211 W, 1240 30 7 25 - - ¢ - - 10 - W
45 10- 1 330 46%6' 923 E, 1340 30 3 175 - - - - - 5 - 180
45. 10- 4 348 4951 91934 W, 1100 30 0 15 - - - - - - 4 19
48 9-2% 323 47°00" 91°02" W, 1130 30 7 40 - “ - - - - 2 42
50 10- 6 349 45952' 91934 E. 1200 30 1] 30 - - - - - - 12 42
50 10- 1 331 48047 90P21' W, 1430 30 o] iy - - 1 - - - - 14]]

1/ See footrote 1, app, toble 1.
2/ See footnote 2, app. toble 1,
3/ See footnote 3, app. table 1

4/ See footrote 4, app. table 1.
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Appendix table 7,--R/V Keho Fishing Log ~ Lake Supstlor trawl stations in District Vil (M=1)
(Minnesota waters from Duluth to Encompment River)
Posiflon Time Caicls
Cruise Depth  Date brag Lat, Long, Course of  Fished L‘lmliin?- Lake “White- Ale= Loke
No. No. N. W, daty factor I/ Chubs  Smelt  Suckers2/ tout  fish¥  wife herring  Othersd/ Total
Fath., 1983 Min, vetonensacanaerattirrerstr POUNGS coouunnansonnansttattarvanrasresssrsnnoorss
25 12 - 9 251 460%45' 92001'  Nw. 1250 30 ) - 45 90 - - - - - 135
13 & 8 248 45%45' 2% Nw. . 1120 0 [ - 35 {+1] - - - - - 135
28 &10 252 46%7 %1%y E. o720 30 o 180 - - 3 - - - - 183
1945 k
2% 4 TS Mo 4% @%5  SE. 0830 30 0 - 0z - - 1 1 18 294 ]
10 10- 5 301 48%8 9% Nw., 0920 27 3 - %105 - 1 - 2 57 150 i
15 10-5 342 4% 91%56' 5. 1030 30 0 1 40 25 3 - 2 1 7 79 :
20 105 343 46%8 91%¢ Nw. 1150 30 0 90 225 40 4 - - - - 359 ;
25 10 5 344 48%0 91%5 sk, 1240 30 0 250 10 40 - - - - 5 303
3z 10- 5 M5 4651 9% SE. 1350 30 0 350 25 - - - - - 10 385
4Q 10- 5 345 46%1 91%35 NE. 1500 30 0 100 3 - - - - - 5 1o
1/ See footrote §, opp. toble |,
2/ See footnote 2, opp. toble 1,
3/ See footnote 3, app. teble 1,
4/ Sae footnote 4, app, teble 1,
i
MS, #1767
25
GPQ 9 44.9 95
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