FISH POPULATION CHARACTERISTICS

OF NORTHERN PIKE IN A
MANAGEMENT LAKE SUPERIOR ESTUARY

REPORT 115

March 1983

By Stephen T. Schram, Brule

Bureau of Fish Management ®Wisconsin Department of Natural Rescurces, Madison, Wisconsin

ABSTRACT

Morthern ptke (Esox luclus) wers studied In the St. Louls River estuary to document spawning areas,
determine movement patferns, and obtaln data on age, growth and mortality. Allouez Bay and Grassy Polnt
were the malor spawnling areas In the lower estuary. The sex ratio during the spawning season was one to
one. Females had a silght growth advantage during the first year of 1lfe but growth was similar to males
during the second year. Affer age |Il, females grew faster then males. Most northern plke were harvested
within 5 km of thelr spawnlng areass Total annual mortallty was 45% and is low compared to Intand studless
The low annual mortallty rate was probably a result of reduced angling mortality due to the dispersal of
flsh throughout the estuary and Lake Superior. Habitat preservatlon is the most Important management goal .
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INTRODUCT {ON

Northern plke {(Esox lucius) provide a major recreationa! flshery In the St. Louls River estuary. During the
past century, devalopment of the ports of Duluth, Minnesota and Superior, Wisconsin has ellminated much of
the spawning habitat needed to perpefuate this fisherys The shallow water habitat that remalns is
threatened by indusirial waterfront development. In addition, water quality problems, caused primarily by
paper mit| effluents over the past 50 years, glve the fish a poor flavor and dlscourage harvest by anglers.
Howevar, recent water quality improvements have triggered an lIncrease in flshing pressure.

Due to the lack of fisheries data needed to adequately manage the estuary, the present study wes conducted
with the objectives of documenting spawnlng areas, determining movement patterns, and obtaining data on age,
growth and mortal Ity of the $t. Louls River northern pikee

STUDY AREA

The S$te Louls River Is the largest United States tribufary enfering Lake Superior« The rlver originates n
northern Minnesota; however, the lower 40 km {4,452 ha) forms an estuary and s the state boundary between

Wisconsin and Minnesota (Fig. 1),

The majority of the estuary Is less than 3 m deep, except for a 7~ to 9-m dredged navigational channel. A
power dam near the V1ilage of Fond du Lac prevents further upstream migration of flshe From the dam
downstream to Fond du Lac (3 km) a serles of raplids Iimits small boat navigation. From Fond du Lac to the
Arrowhead Bridge the river takes on the character of an estuary with numercus bays, small isiands, emergent
vegetation and shallow water. Downstream from the Arrowhead Bridge the river Is characterlzed by shipping
channels and waterfront development In the form of docks, piers and bridges. The only areas left

undisturbed in the lower estuary are Wisconsin's Grassy Point, a portion of Minnesota Point, and Allouez Bay.

The estuary supports a large and dlversified fish populatlon Including walleye (Stizostedlion vitreum
vitreum), yellow perch (Perca flavescens), rainbow trout (Salmo galrdneri), brown frouf (Salmo Trutfa)l,
SRk salmon {Oncorhynchus tshawyfscha), burbot (Lota [oFar, emerald shiner (Notropls atherinoidesT,
spottall shiner THofropls hudsonrlus’, white sucker (Catostomus commersoni), longnose sucker (Latostomus
catostomus), shorfhaad redhorse (Moxostoma macrolepidofum) and sTTver redhorse (Moxostoma aniSurum)« Wany
of These specles are seasonally gbundant, uslng The estuary to spawn but spending the majority of the year
In Lake Superior. .

METHODS

During 1978 and 1979, 2,088 northern pike were captured In the St. Louls River estuary using l«2-m fyke nets
made of 2%.4- and 10-mm stretch mesh and 22.8-m leads. MNets were set Immedlately after lce-out and were
I1fted dally from 19-29 Aprii 1978 and 24 Aprii to 3 May 1979.

Al northern plke captured were measured to the nearest 2.54 mm (total length). Helghts were recorded to
the nearest 45.4 grams. The majority of female weights were from rlpe or green flsh. Sex was determined by
external exaninatlon. In 1978, flsh more than 500 mm In jength were tagged with & yeliow Floy FD 688 anchor
tag printed with a number for each individual fish and inscribed with "Mall to DNR, Brule, Wis.". In 1979,
fish more than 380 mm in length were marked with the same type of anchor tag. Tags were Inseried Into the
muscle at the midpoint of the dorsal fin base and locked betwesn the interneural spines. Flish that were not
tagged were measured and releaseds. Tags were voluntarily refurned by anglerse

Age and growth data were obtalned only from northern pike sempled in 1979. Several scales from each flsh
were impressed on acetate slides and magnlfied 42.6 tlImes with a microprojectore Anterlor scale radlus and
radius to each annulus were measured. The outside margin was conslidered an annulus slnce scale samples vere
collected in earty spring prior Yo the summer growth pericd.

An ostimate of total annual mortality was made using a catch curve (Rlcker 1975). The estimate of angling
mortal Ity was based solely on tag refurns.

RESULTS AND DiSCUSSION

Reproduction

Al touez Bay and Grassy Point were identified as The two primary spawning areas (Flg. 1)+ Spawning areas
wore Identified by netting In habitats known Yo be used by northern pike for spawning (Scott and Crossman
{973, Priegel and Krohn 1975} and by the number of spawning-conditlon flish ceptured in those areas (Tabie 1),
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TABLE |+ HNumber of northern pike captured and tagged at
spawning areas In the St. Louis River estuary, 1978-1979,

Number Number Effort

Location Year Cap tured Tagged {net/days)
Al lousz Bay 1978 808 554 15

1979 571 568 i4
Grassy Polnt 1978 76 50 4

1979 45| 420 10
Hog lIsland 1978 73 50 6

1979 39 39 6
Barkers lsiand 1978 58 17 2
Clough Island j979 6 6 i
Total 2,088 l,704 58

Allouez Bay |s a large bay (538 ha) located at the eastern end of the estuary, but the actual spawning area
is IImited to the exireme eastern end of the bay (25 ha)e Grassy Point Is a smaller bay (14 ha) near the
Arrowhead Brldge. Both areas are undeveloped, contaln shallow water and emergent vegetatlion, and represent
less than 1§ of the estuary's total area.

Other minor spawning areas include Hog Isiand, Barkers island and Clough Isiand. Northern pike spawning
habl+afd!s abundant in the estuary upstream from Clough Island; however, this area was not sampied during
the study.

Water temperatures during the sampling period ranged from 4-10 C. Peak spawning activity was observed
betwean 5.5-7.0 C.

Sex Ratio

The overal| sex ratio during spring sampling in 1978 and 1979 was one to one (male to female). Male
northern pike generaily moved Into spawning areas earller than females. For example, on the first sampliing
day In 1979, 89% of the catch conslsted of males. By the middle of the run 49 were males, and at the end
of the spawning season 36% were males.

Welght-Length Relationship

Welght-length equatlions were obtalned using fish captured during 1979, The weight-length relationship of
male northern pike was expressed by the regression equation (r = 0.97):

loggw = ~12.1595 + 3.,0295 (logg !}
and for female northern plke (r = 0.98):
logew = =12:5979 + 3+1125 (logyl)

whore w = welght Tn grams and ! = fotal length in mlillmeterss There was a signlficant difference between
soxes at the p "0.05 level.

A third equation expressed by the regression (r = 0.98):
- loggw= ~13.0065 + 341704 {log,!)

was obtained by cambining sexes and may be more practical In flsherles management 1f sex cannot be determined.




Age and Growth

Females were siightly longer than males after the first year but were simltar in length to males at the end
of the second year (Table 2). After age |11, females grew faster than males. Males had a slight length
advantage after age Vil, but the caicuiations were based on a single |4-ysar-old flishs -

Other researchers have reported that females generaily grow faster than males after age Il (Clark and
Stelnbach 1959, Snow and Beard 1972, Scott and Crossman 1973, Prlegel and Krohn i975). On the other hand,
Wolfert and Miiler (1978) found similar growth Increments for males and females beyond age Il} In Lake
Ontario.

A comparison of growth rates with other Great Lakes studles was made by averaging the calculated lengths of
males and females for each age group (Table 3}s+ St. Louls River northern plke grew slower than those
reported from Lake Ontario and Georgian Bay but generally grew faster than those from Lake Erie after

age Y. Despite slower growth, S5t. Louls River northern pike have a tonger |life span (14 years) than other
reported Groat Lakes populationse Mlller and Kennedy (1948) reported a 24-year-old pike in Lake Athabaska,
Canada and surmised that the long |ife span was a result of slow growth.

TABLE 2. Calculated total lengths (mm) at the end of each year of Iife for male and female northern pike
from the St Louls River, 1979

Number Year of Life
of .
Age Group Sex Fish | _ 2 3 4 5 6 7 a8 9 14 bl 12 13 14
i Male 3 259
I Male 20 276 412
Female 3 263 407
R} Male 73 279 424 494
' Female 23 284 431 53
v Maile 25 291 422 5H09 563
femaie 18 312 424 528 584
v Male 6 235 396 550 625 664
Femaie 6 249 416 557 628 675
Vi Male 3 26t 447 539 619 665 694
Femaie 7 280 448 570 645 706 755
Vi Mate 2 276 401 533 601 677 734 766
Femate 2 247 430 613 6983 788 825 851
Vil Female 5 280 376 526 645 725 715 833 86|
X Female 2 249 370 463 546 656 743 775 857 909 947
Xl Femals I 231 378 500 602 676 762 805 856 909 937 965
X Fomale | 208 330 4i1 508 630 686 744 800 B6l 919 947 970
Xy Male | 224 386 508 630 691 734 Bi5 876 930 958 988 (,006 1,026 1,049
Weighted Male 278 420 503 58I 669 714 782 876 930 958 988 1,006 {,026 {,049
Maan female 283 420 542 610 700 764 815 853 B97 938 956 970 .
Increment Male 278 142 83 786 88 45 68 94 54 28 30 I8 20 23
of Mean Female 283 137 122 68 90 64 51 38 44 4] g8 14
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TABLE 3. Moan total {ength {mm) of northern pike from Great Lakes studles.

Yoar of Life

Study | 2 3 4 5 6 7 8 2 10 I 12 I3 14

Lake Ontarlo
(Wolfert and Miller 1978} 243 506 652 718 754 777 788 807

Lake Eris

(Clark and Steinbach 1959} 280 447 539 600 648 671 727 765 792 833
Georglan Bay, Ontario 245~ 305- 457~ 483- 521- 648- 698~ 749- 990-
(Wainlo 1966) 546 749 787 890 94E 1,041 1,041 4,044 1,080

$t. Louls River,

Lake Superior
(present study) 281 420 523 59 685 133 799 865 914 948 972 988 1,026 1,049

Movement

Movement of northern pike within the estuary was defermined from angler tag returns. After 4 years, 75% of
the angler tags refurned came from within a 5-km radius of the spawning locatlons. The other 25% of tagged
northern plke were caught fthroughout the estuary, with the exception of four northern plke which migrated to
the mouth of the Awnicon River (10 km east of the Superior entry}«

Other northern plke tagging studies have also shown that the dlstance betwsen tagging and recapture
locatlons 1s generaily less than 10 km (Carbine and Applegate 1948, Finke 1966, Diana et al. 1977, Gengerke
1977)« But Carbine and Applegate (194B) also reported a maximum norfhern plke movement of 79 km from the
tagging location 1n the Muskegon River, Michigan. And Moen and Henegar (1971} found one nerthern plke that
moved 322 km from the tagging location In Lake Oahe on the Missouri River. In the present study, the

max imum distance between the tagging and recovery sites was 28 km.

Twonty—two northern pike (i2 females, 10 males) tagged at Al louez Bay In 1978 returned +o the same area to
spawn In 1979 One female spawning in Allouez Bay In 1978 spawned at Grassy Polnt In 1979

Mortal 1ty

Total annual mortal ity was estimated to be 45% for both sexes of northern pike age |1t and older. This Is
simitar to findings by Wolfert and Miller (1978) that eastern Lake Ontarlio northern pike had a 44% total
annual mortality rate when caught in gill nets and 38% when caught In trap nets (Table 4). Using data
rep$gfed by Clark and Steinbach (1959), | calculated a 40% total annual mortallty rate for Lake Erle
northern pike.

Totai annual mortality rates for northern plke from the St. Louis River and other Great Lakes studies were
tower than annual mortality rates reported for Wisconsin inland waters (Snow and Board 1972, Snow 1978,
Kempinger and Carbine [978); howaver, northern pike InhabitIng estuaries and bays of the Great Lakes are
dispersed over a much larger area and are probably less vuinerable to angling mortal (ty.

Angl ing mortality was determined by angler returns of tags during the first year after tagging. The average
angling mortallty for the two-year study was approximately 8f (Table 4). Of 761 fish tagged in 1978, {0l
(15.1%) have been returned to date and 92 (8.9%) of 1,033 fish tagged in 1979 have been returned {(i1.3%
return for the first two years combined, Table 5). These figures must be consldersd a minimum estimate of
angl Ing mortality since some fish may have lost their tags and some anglers do not return tags.

Northern pike exploitation was greatest from May through August with fthe peak occurring In July during
1978~79 and occurring In May during 1980-8l« Similar resuits were aiso reported for other Wisconsin
waters ~- the Black River (Finke 1966}, Lake Poygan and Blg Lake Butte des Morts {(Priege! 1968}, and Blg
Cedar and Glibert lakes (Priegel and Krohn 1975},

Anglers caught twice as many females as males durlng the 1979 spawning season despite a one-to-one sex
ratic. This phenomenon was also observed in Blg Cedar and Gilbert lakes, Wisconsin (Priege! and Krohn [(975).

Natural mortallty was caiculated as the difference between total and angling mortality estimates; in this
case, |t was 374+ Although this estimate |s similar to other Inland studies, |t must be conslidered a
maximum rate since the angling mortality rate s a minimum estimate.
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TABLE 4. Northern plke mortality rates from varlous waters {(no slze |imlts).

Percent Percent Percent Length
Angling Natural Total Of Study
Study Mortallty Mortallity Mortality (years)
Bucks Lake, Wisconsin
{Snow and Beard 1972} 21* 36 57 |
Murphy Flowage, Wisconsin
{Snow 1978) 26% 40 66 5
Escanaba l.ake, Wisconsin .
(Kempinger and Cartline 1978} 46* 14 BO*¥ 6
Lake Ontario 44 {gill nets)
(Holfert and Milier 1978) ‘ 38 (trap nets)
Lake Erte
(calculated from Clark and
Steinbach 1959} 40 3
Ste Louls Rliver, Lake Superior I
(present study) 8 37 45 2

*Angl Ing mortality based on creel data and population estimate.
**Calculated as the slope of age versus log, of number of fish In each age.
IBased on voluntary tag returns, 1978-79.

TABLE 5+ Number of northern plke tags returned by anglers.

Number of Tags Returned

Year Number

Tagged  Tagged 1978 1979 1980 98 1982 Total
1978 671 76 (11.3% 12 (148) 9 (1.3) 4 (0.6) 101 (1541)
1979 1,033 58 (5,6) 24 (243) 9 (049) | (0u1} 92 (Bu9)
Total 1,704 | 193 (11.3)

*Parcentage of tags-returned In parentheses.

MANAGEMENT RECOMVENDAT IONS

Desplte eliminatlon of valuable spawning habltat In the S$t. Louis River estuary and an Increase in fishing
prossure since water quallty problems were Improved, the northern pike population remalns a viable
recreational fishery and does not require fishing regulation changes at this times f fishing pressure
contlnues to increase, mortallty rates should be periodically monitored to determine If the population is
being adversely affected. Presently, natural mortality accounts for most of the totat annual mortality, but
the relatively short study period may not reflect trends In exploitation rates.

Habitat preservation is the most important goal for northern pike in the $t. Louis River estuary. Loss of
habitat for waterfront development will continue to threaten the lower estuary. Movement of northern pike
away from the two major spawnlng areas has documented the Importance of these areas to the recreational
fishery. Loss of elther spawning area will reduce the fishing opportunities In the lower estuary. The
Impact of northern plike spawning In the estuary upstream from Clough |sland was not studied, but | suspect
this area contributes to the overal| fisherys. Preservation of this area and other suspected spawning areas
should also be encouraged. :
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