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INTRODUCTION

The question covered in this paper is, "Do the recreational or other uges of
the inland surfece freshwaters significantly affect the northern pike fishery."
And if they do, "What measures have prospect of alleviating the conflict." To answer
these questions it is necessary to fully appreciate the characteristics of the

physical resource and the demands of this fish species, and then to have knowledge
of the effects of man's use of water and shore.

Much background on the physical resources in Wisconsin is available from an
extensive inventory of the surface water resources of the whole state, and from
more detailed information which became avallable through a water use planning
project and some specific research. Completed surface waters inventories now
cover most of the countles in the state. The lake use planning activity was pri-
marily concentrated on the lakes in a single watershed in the southeastern part of
the state where levels of use are the highest. Many of the thoughts which are
advanced here are the result of those studies, for through them we have gained =
substantial insight on the resource basse and the relationghip of users to it.

For knowledge of the hebits of the various species of fish we are dependent
upon the numerous gtudies of various aspects of 1life history in the literature.. In
many cases thege studies are incomplete; consequently the impact of man's activities
may not be fully sppreciated. Also there are many unknowns in the relationship of
a lower organism to a higher organism in the ecosystem, and the lower organism may
be the one affected by recreation activities.

RELATIONSHIP OF HABITAT TO NORTHERN PIKE LIFE HISTORY STAGES

Stages to be considered are the spawning habitat, egg incubation, fry and
fingerling stages, yearling stages, and adult stage. At each stage there are
certain specific requirements, which i1f not met would cause either the death of the
fish or a reduced competitive position with other species.

Spewning habitat is basically flooded emergent vegetation. The vegetation sub-
strate is one of seversl stimuli necessary to induce spawning (Fabricius, 1950).
According to Franklin and Smith (1963) they don't use cattails but do use all other
types. Johnson and Moyle (1969) reported northern pike spawning on wild rice straw,

Only in Lake Windemere (England) have they been reported using submergent aquatics
as spawning substrate (Frost and Kibling, 1967). Adults normally seek out warmer

influent waters in the early spring and once having reached these waters want the

specific releaser of the flooded vegetation, (Svardson, 1948).

The situations in which they spawn are pictured in figures 1 and 2. Egg disposi-
tion occurs in very shallow water, 4 to 18 inches deep. In this shallow zone the
eggs adhering to vegetation are particularly vulnerable to fluctueting water levels.
Research has shown consistent relationships between strong year classes and prolonged
high waters, at spawning time (Johnson, 1957) and Williams (1952) calls specifically
for stable water levels for one month after spawning.
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After hatching the sac fry attach themselves to vegetstion by means of a sucker
on their head, (Frost and Kipbling, 1967) at which stage.they are also highly vulnerable
to water level fluctustions. With atsorption of the yolk sac the alevin survival
becomes much dependent upon the availability of plankton food. The marsh habitat
in early spring with its warmer snallower water was reported +o nave 11-17 fold greater
numbers of zooplankton then the equivalent colder lake waters (Xleiners, 1965).

A Jjustifiable question which might be raised at this point is the space factor.
Evidently this highly predatious fish from very young ages on has more food and space
aveilable to it in the flooded marsh and is less subject to either interspecific
competition or intrasgpecific competition. Frost and Kibling (1967) noted that northern
pike 2.3-10 cm. in aquarium tended to live a discrete distance from others and suggested
that each fish needs a space around itself. As an example of interspecific competition
Hunt end Carbine (1951) reported substantial perch predation on northern pike finger-
ling in the ditch systems, adjoining Houghton Lake. Also Franklin end Smith (1963)
reported dtluegill predation of northern pike fingerling in & slough outlet.

At the fingerling stage northern pike are normally seen near the surface
throughout the shallowes swimming about slowly contemplating the next meal of plankton
organismz. When disturbed they dart for cover and cover is probably essentiel to their
welfare. According to Franklin and Smith (1963), the alevins floet out of the marsh
on bright sunny days. It iz very obvious at this noint that they are highly vulnersovle
to predation and that if they have both space and cover and freedom from predation,
thelr welfare would be enhanced accordingly. It appears that the flooded marsh vege-
tation offers just exactly this need. At this age they feed upon zooplankton organisms,
particularly copepods (RKleinert, 1964). The copepods require a stable water supply to
develop a strong pulse.

A2 advanced fingerlinge, they will have migrated from the shallowest waters
and now frequent the weed beds to seize invertebrates and small fish for prey.
Fingerlings appear to leave the marsh spawning areas in greatest numbers when about
two inches long. Obviously the accessible weed bed is an important feature in tneir
welfare, for without it this small sliver of a fish, from l% inches to a foot long,
would be very vulnerasble to predation. It is of interest to note that waters which
have extensive marshlands and weed beds associated with them are the consistent
producers of strong northern pike crops. Environments which give good protection
to fingerlings as well as provide the spawning habitat seem to be most prolific.

It appears that northern pike control their own density to a substantiesl degree.
Controlled spawning marshes do not produce proportional to stocking rates; but
rather seem to have a ceiling on production. Those reports with density data (Table 1)

noted maximum densities of less than 10,000 per acre from managed spawning marshes.
Minnesota management messures rely upon a production of 3,000 per acre from managed
spawning marshes. Thus, the relevant conclusion would be that the more habitat of
desired types that can be provided, the stronger will be the northern pike population.
Circumstantial evidence in support of this statement is strong.

Adults are almost entirely fish eaters and they feed by sight during daylight
hours. Observations indicate northemrn pike usually locate in some type of concealment
from which they dash out after unsuspecting prey. No doubt they also make feeding
forays, slowly moving about looking for unsuspecting schools of fish when they are
hungry. Such behavior is not specifically detailed in available literature, but has
been inferred from extensive angling observations and skin diving sightings. BRBeds of
vegetation are considered vital to northern pike survival, and it is a matter of record
that few lakes in Wisconsin have large northernm pike populations that are lacking in
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vegetation. Northern pike are especially adapted to Judge distance and depth with
veritable sighting grooves on their snouts in front of their eyes (lagler, Bardack,
and Miller, 1962). It would be difficult to effectively utilize such adaptations
in turbid waters.

Northern pike are inhabitants of cool waters and shallow waters with vegetation
(Greene, 1936), and they are not often common or abundant in very small lakes (less
than 20 acres). They appear to reach their greatest sbundance in lakes with inlets.
This former contention will be borme out by the natural geographic distribution of
northern pike with a southern limit in northern Indiana and & northern limit in Alaska.
In mid-summer in southern Wisconsin, northern pike are known to frequent areas having
ground water inflow for cooler water in preference to other parts of a lake with other-
wise gimilar conditions. In shallow waters with large populations summer mortalities
have been known to occur. Ridenhour (1957) reported a summer mortality in an Iowa
marsh ag probably being due to temperatures. Temperatures of 89-96 degrees F. were
noted in marsh waters.
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Fig. 1. Northern pike normelly spawn
emergent vegetation of the lee shores
Lake Mendota are noted with arrows to
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of lakes. KXnown spawning sites on §,730-acre
indicate locations. An aerial view of one of
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shore improvements on lowland habitat.



A typical spawning marsh for northern pike adjoining Leke Como, Walworth County.

Fig. 2.
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It is sppropriate to inquire about the significance of various types of aquatic
vegetation in meintaining temperature. The thick weed bed prohibits vertical
mixing, absorbs heat and provides cooler water. Certainly the clone of water lilies
with leaves on the surface must have some effect on both heat absorption and water
mixing locally.

Vegetation makes indirect contributions to the welfare of northern pike by

acting as a substrate for strong invertebrate populations and nursery grounds for
forage fish. Invertebrate populations are most abundant on plants with highly dis-
sected surface area (Andrews and Hesler, 1942). Important food organisms like the
amphipods Gammarus and Hyalella thrive amid vegetation and appear to be relatively
rare in nonvegetated areas. In Frankliin and Smith's (1963) work Hyalella replaced
Cyclops as the dominant food when northern pike fingerlings reached L5 mm. The
question that looms is this: Would northern pike have as good food resources without
vegetation in the littoral?

MAN'S EFFECTS

Pregservation of a northern pike fishery must, of course glve adequate consid-
eration to environment and habitat. The environment of northern pike has temperature
aspects, oxygen requirements and water clarity requirements.

It cen stand moderate fertility, low but not depleted oxygen; it should have
some cool water and it needs moderately clear water,.

As for habitat, the needs appear to be an adequate but not excessive crop of
vegetation 1in the littorsl, an aebundance of flooded flats furnishing spawning hsbitat,
food resources and protection for young fish. In what way, then, are man's activities
interfering with northern plke welfare?

In our current intensive quest for aquatic recreation and use of water and land,
we are, without question, interfering. Waters are being made more fertile and more
turbid with northern pike less able to get their food needs or to survive either
seasonal or diurnal oxygen fluctuations 1n their environment. It is also true that
more fertility has prospect of imcressing food resources in infertile waters--
possibly a benefit 1f not carried to excess. Means of making them more fertile and
turbid ariee from the open, bare, erodable lands of farm or subdivisions, the
location of housing on shorelends and increments of sewage from individual houses

and communities. More detail on man's interference follows.

Pollution

Pollution is defined specifically for purposes of this discussion as depletion
of oxygen as a result of wastes contributed to the lake or stream and poisons which
adversely affect fish 11fe or fish food resources. Pollution as a result of oxygen
depletion occurs where there are excessive organic loadings of the naturasl waters.
This can occur below major cities, below paper mills and in conjunction with food
processing plants. Major cities, those over 50,000 have an impact on the rivers
that flow through them for some distance downstream except in the largest rivers
(i.e., Mississippi) although almost all cities have at least secondary waste treatment.
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Perhaps more important is the fertilization they contribute, a subject diascussed
under a separate heading. We can say that northern pike populations are adversely
affected by pollution in river systems for several miles below major cities.

Food processing vlants typically have high BOD wastes. The wastes in
Wisconsin are in all cases either consigned to the c¢city sewerage treatment
systems or confined to oxidation ponds. Outaide of occasional accidents, food
processing plants are not a significant threat to fish pooulations of any kind.
Paper mills are another matter. They have wastes with oxygen demands equivalent
to a very large city (i.e., over 100,000); thus, they affect river and impoundment
systems for many miles downstream--as many as 100 miles downatream in the Wisconsin
River. Northern pike are normally abundant in waters affected by paper mills wastes,
but their abundance probably stems in part from their mobility and tolerance of
low oxygen levels. Possibly 50,000 acres of the inland surface water (5 percent
of the total excepting the Great Lakes) is affected by paper mill wastes. One in-
gredient in paper mill wastes, the wood sugars could be particularly devastating
to any type of fish eggs as pointed out by Colby and Smith (1967) for the sugars
foster growth of the fungus Spheerotilus, which smothers eggs. In their case it
was walleye eggs.

Out of the many heavy metal polsons, alkalies or acids, none is known to
cause any significant or lasting effects on fish populations in Wisconsin.
However, accidents from the many industriel plants may occur. Pesticldes must
be suspect, however. Analyses of the flesh of northern pike for DDT and analogues
from many Wisconsin lakes indicates they contain substantiel amounts, commonly
in the range of 15-30 ppm on a fat basis and 0.1-0.2 on & whole fish basis
(Kleinert, 1967). However, the impact of pesticides is insidious and seldom
directly cbserved. A number of fish kills have been reported from thiodan, a
chlorinated sulphonated hydrocarbon, and the fish population in the Milwaukee River
became depsuperate in an area subjected to gentle release of dieldrin, a chlorinated
hydrocarbon in conjunction with 2 wool treating operation. Insecticides appear to
affect all species and they can be both chronic and short term accldental. Kleinert
et al (1968) reported 400,000 acres of Wisconsin lands are subjected to total agricultural
insect pest control, so the extent of use is great.

Pollution can geriously affect welfare of the fingerlings in their shallow
vater marsn habitat. These waters inherently have high oxygen demands which
cannot bYe accentuated by pollutants of any kind if fish are to survive. Franklin and
Smith (1963) noted toxic concentrations of iron and excessively rapid temperature
changes were correlated with fingerling mortalities. McCarraher (1962) noted that
northern pike did not survive where the total alkalinity exceeded 1,200 ppm. He

noted 95 percent of Nebraska's lakes supporting northemn pike have less than 600 ppm

bicarbonate.

Turbidity should be lumped with pollution because it 1s a deleterious
substance in water. Turbidity levels so far as is known are never enough to
kill northern pike, in Wisconsin waters, but they are great enough to substantially
decrease light penetration and sight distance in the water. For a species of
fish dependent upon sight for feeding the effects can be unfortunate. Distribution
and acundance data indicate northern pike are a common fish in the relatively turvid
Mississippi River. With its extensive marshes one would expect greater abundance.
By way of contrast relatively clear northern Wisconsin streams have large northern
pike populatioens. Miseiseippi River waters commonly have sustained perioeds when the
turbidity exceeds 100 units. Activity of carp contributes to sustained turpidity
and in silty carp infested lakes secchi disk readings of as little es 15 inches are
common (Threinen and Helm, 1954). Turbidity is a negative factor for all species or
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fish because it limits light penetration and affects production. Many fold differences
in production have been reported in the literature between turbid and unturbid waters.
Silt erosion, would therefore be listed as amother act of men affecting northern

pike abundance.

Turbidity is accentuated by turbulence. Natural turbulence from weve action has
to be accepted and cannot be of concern. But turbidity created by man is another

matter. With large numbers of motorboats numbering more than one for every 10 scres
of water on the inland lakes of goutheastern Wisconsin on a peak activity day, there
is unquestionably greater levels of turbidity. Observers report that the waters of
marly lakes are turbid on weekends and tend to be much clearer during the week.
Motorboats in a displacement travel status are capable of generating weke waves
equivaelent to those generated by strong winds, namely a height of 8 inches.

Motorboats can be sources of pollution. Surber et al (1962), in a field trial
reported the talnting of fish flesh by outboard motor exhaust. Although northern
pike were not included it is assumed they would be effected. Tainting occurred with
as little as 2.6 gallons of fuel per acre foot of water. The amount of oil wasted in
surface waters must be nothing short of prodigious because there is estimated gasoline
consumption by boats amounting to 44 million gallons per year in the entire state of
Wisconsin.l Just exactly what impact these potential pollutants have has never been
accurately measured.

Quite epart from the known direct effects on the fish itself are the effects
of wastes on the eating qualities of fish including northern pike. DBaldwin and Strong
(1961) in scoring cooked northern pike through a taste test panel found them to have
off flavors and aromas in three of four seasons when taken from waters affected by
paper mil]l wastes.

Fertility

Consequences of high and excessive fertilization must be considered also. High
nutrient loadings push fish production in the direction of the rough fish specles to
the detriment of angling. As Moyle (1956) noted, the low fertility lakes tend to be
trout lakes, while high fertility lakes tend to be rough fish lakes. Frost and Kibling
(1967) reported that Lake Windemere (England) experienced increases of pike and perch
at the expense of trout with an lncrease in productivity. If the entire littoral
becomes a tangle of aquatic plants and filamentous algese, anglers have difficulty.
Thus, in considering a development policy, factors affecting a lake basin's fertility
must be glven consideration.

In Wisconsin, one of the more flagrant abuses of lentic systems is to dump
sewage effluents into streams entering lakes. Even small communities seriously and
significantly affect lakes. Use of herbicldes or algicides normmlly follows with
uncertain and temporary benefits., A list of Wisconsin natural lakes known to be
affected by sewage effluent is provided to illustrate the impact of communities, (Table 2).

1
1969 estimate developed from data of the Outboard Boating Club.
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It is well to remember that present methods of sewage treatment reduce the BOD
and solids to very low levels, but they do little with dissolved solids. Seventy-five
percent of the nutrients flow right through under normal operations. The nutrient
contributions of 1 person are considerable and over a year period amount to 1.1
ovounds (525 grams) of phosphate. This amount is enough phosphate to feed a nuisance
bloom of algese at as low a level as .10 ppm in 21.7 acre feet of water. According to
Lackey and Sawyer (1949), nuisance blooms of algee will develop with as little as .0l ppm.

Specifically we should point to the impact of fertility on specific aspectg of the
northern pike's welfare. Northern pike are gight feeders. Therefore, waters cannot
be excessively turbid from either algase or sediment if the northern pike is to feed
effectively. ILux and Smith (1960) noted when turbidity from algae blooms in late
sumrer was highest, angling success for northern pike was poor. Northern pike are
quite tolerant of low oxygen conditions and will withstand levels as low as 0.3 and
0.4 ppm in winter (Cooper and Washburn, 1949). But they do succumb to winterkill when
the oxygen is depleted (Hanson, 1958). Excessively fertile environments that cause
winterkill are therefore not in the best interest of survival of northerm pike.

Ball (1950) ertificially fertilized a Michigan lake inhabited by northern pike and
thereby caused a winterkill. He specifically warned ageinst high production of
filamentous algase. Northern plke have also been lmown to succumbd to summerkill

and perhaps algae-produced toxins. Mackenthune et al (1943) noted a mmss fish
mortality which included northern pike on the Yahara River (south central Wisconsin)
as a result of the decomposition of algae in early fall.
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Organically enriched water such as deriving from sewage disposal plants and from
ground disposal units has a very low pH. Unless sufficiently buffered, it will
readily dissolve minerals, and should they be heavy metals, mortalities can result.
Qutright mortalities of muskellunge fry in a hatchery have been associated with low
oxygen and high zinc concentrations (Johnson, 1966). Organic wastes are, therefore,
considerably more of a threat in the welfare of fish species than their oxygen
demands alone would suggest.

Space Competition From Cultural Develooments on Shorelands

The shore activities of man may compete directly with northern pike when the
marsh is used for a dumping ground and when the marsh edge is filled in or cut off
in land reclamation. The user of shorelands usually leaves a disciplined; antiseptic
site which allows little littoral vegetation and no emergent vegetation. With these
demands spawning and nursery areas may be in Jeopardy. The size of s northern pike
crop is directly proportional to the amount of spawning grounds and nursery grounds
available to it. Lakes with a high fraction of open water tend to be poor lakes.
Carvine and Applegate (1948) lamented the ditching of extensive marshland adjoining
Houghton Lake, Michigan.

Some idea of the extent of shoreland changes may be seen from statistics on
permits issued by the Departmemt of Natural Resources. A review of the permits
provided for shore improvements indicates the Department granted 1,250 permits for
sand blaniets, 213 dredging permits, 213 lagoon permits in recent years. Most of
these were granted for southeastern Wisconsin lakes.

The examination of lakeshorea today on private land areas would show most 1f not
all frontage being converted to housing, marinas or other intensive use of shoreland.
As an example of the intensity of cultural developments we can point to the amount
of housing loccated on the 47 significant lakes in three soutneastern counties. There
were 5,914 houses located on 209 miles of shoreline. With only 186 feet per unit
there is little space left on the shore for anything else (Threinen and Poff, 1964).
Boats in themselves are highly consumptive of space when parked on the shore. In
the three county corner of southeastern Wisconsin with a large boat population the
13,654 registered boats would use 5.6 percent of the shore if moored beam to beam.
Only where there are publlc lands is the plcture different. Lake shores are being
converted to urban areas and the fish species perhaps most affected by these trends
is the northern pike. A Minnesota forecast stated, "Trends indicate that all
north-central Minnesota lakeshore will be fully developed by the mid-1970's"
(Skrypek, 1968).

An appreciation of the impact of these trends may be gained by noting the number

of species of amphibians and reptiles in a suburban area which was developed. Since
. many of these species are ampnibians, such developments would be expected to
influence fish species through loss of potential food resources. Before development,
there were 2 species of salamanders, 6 anurans, 6 turtles and 7 species of snakes,
most of which were terrestrial and semi-aquatic of broad ecological tolerance.
After development, only 2 species of anursng, 1 species of turtle and 4 species of
snakes were recorded and there was no evidence of amphibian breeding. We can also
deplete the desirable invertebrate aquatic organisms by a systeuatic attack on
their habitat and degradation of their environment. As an example Bratley (1969)
reported the swimming beach of Ottawa L[ake had a much lower density of meyfly
larvee than other sampling locations where swimming did not teke place.
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Dams

There is evidence that northern pike willl wander extensively end they fre-
quently show up below barriers such as dams (Priegel, 1968, Snow, 1965, Carbine
and Applegate, 1948). Priegel reported 2.4 and 2.8 percent of the recoveries from
965 and 1,689 tagged stocked northern pike showed up below the Neenah-Menasha dam,
22 to 35 miles distant from the planting site and below huge Lake Winnebago. Snow
estimated as much as 25-30 percent of the 8,534 northern pike stocked in Murphy Flowage,
a 155 acre impoundment, ended up below the dam. The large exodus apparently
occurred during a high weter period and could have occurred in response to rapid
by-passing of high waters. Northern pike are known to respond to currents.
Impassable dams apparently do not act as a barrier to downstream movement but
they do act as barriers to upstream movement. What we do not know is how much of
this movement or exodus is a density adjustment to an overpopulation. Favorite
fishing grounds for upstream migrants seeking spawning grounds in the spring are
often the waters below dam sites. Carbine and Applegate (1948) reported 5 out of
230 recovered northern pike were caught below the dam at Houghton Lake.

Dems tend to be one way--allowing downstream movement but blocking upstream
movement if they are high enough. The rather considerable movement reported in
studies suggests thet northern pike populations will be advantaged by having
opportunities to move both ways in a stream system. In this way, predator
populations tend to balance out.

In Wisconsin during the early years of dam building, state law: and policy
required the construction of fishways in conjunction with new dams. Such &
policy is no longer enforced. Since almost every stream in the state has one or
more dams on it, the significance of dama to the distribution of northern pike can
be realized.

Quite apart from the negetive effects of dams, is the positive aspects.
Northern pike habitet is created where it did not exist before when the small
stream 1s converted to a lake. Since impoundments always have extensive shallows
and marshy spawning habitat, they are invariably good northern pike habitat.
Certainly this space created in impoundments vestly outweighs the negative losses
over dams.

Ditching and Dredging

These two actions have the potential for taking spawning grounds and nursery
grounds. The manner in which this occurs in the case of ditching is to remove
the meander in & stream and eliminate back water ponds and marshes that were an
outgrowth of the meandering stream. If the ditch system remains sluggish, it
could still contribute to northern pike welfare but a fast stream will likely rule
out successful effective safe spawning and nursery grounds. A levee system
which cuts off former mersh lands would be Just as detrimental.

Dredging would deepen shallows and create filled land out of former marsh
edge. This act would cut off spawning grounds and if dug deeply, would also
reduce nursery grounds. Plke fry and fingerlings would be highly subject to
predation if this occurred.

1

Section 31.02 (L4) of the Wisconsin Statutes stetes, "The Department may order
and require any dam heretofore and hereafter conatructed to be equipped and
operated. . . with good and sufficient fishway or fishweys. . ."
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Ditching, of course, is widely prevalent in agricultural areas. Given a
choice, a farmer normally will ditch a stream running through his lands to avoid
flooding of croplands. This move reduces length by # to % on a meandered stream
and increases the gradient an equivelent amount. Under the circumstances, a less
stable environment would be provided. Iowe experience with modern ditching has
been to provide straight, wide and shallow streams coupled with control of shore
vegetation, The straightened streams have neither depth nor cover %o support
game fish. A waters inventory for Jefferson County, a southeastern Wisconsin county,
reported 47.7 miles of stream (50 percent of the total mileage) had been ditched.
Much less ditching has occurred in forested areas of northern Wisconsin. Ditching
and tiling have resulted in losses of wetlands amounting to 9,000 acres (1l.7 percent
of the total) in this farm county in a 15-year span. Loss of wetlands to this
extent is certain to have considerable effect on northerm pike when it is known that
fingerling production is proportional to the weter area available. 1In the state as
a whole there were approximately 5,000,000 acres of wetlands and in the 1955 inventory
it was estimated that half of this total had been lost (USFWS, 1959).

Much worse than the farm ditching, where at least a stream channel remains,
is the channeling of water courses in metropolitan areas. The sole objective is
to get rid of water as fast as possible, thus creating the most unstable conditions.
Quotes from a resolution of the Milwaukee Metropolitan Sewage Digtrict sound like
a death warrant to any fish species. "Wheress., . .Commission. . .is presently
engaged in f£lood control by deepening, widening and improving main wvater courses. .
and whereas. . . flooding of property along the Menomonie River Basin. . .caused
extensive damage. . .with resultant hazards to health, comfort and welfare.
And whereas the. . .Commission has undertaken the work of widening and deepening
of the channel. . .with constructing a sheet piling wall. . . And whereas the
propoged improvement of Honey Creek will increase the volume of storm waters
discharging into the Menomonie Rver. . . Now therefore, be it resolved. . .to
make an engineering investigation of the flood carrying capacity to provide additional
capacity for increased flows,"

It is obvious the engineers with their straight cemented channels are not
thinking of the fish resource. This same river estuary, now part of the harbor
of the City of Mllwaukee, when first settled supported a fine northern pike fishery
and spearing of northern pike was common (Gregory, 1931). Obviously the northern
pike lost all their spawning grounds to urban expansion end any remaining died off
in the subsequent pollution. A comparstive picture of a partially improved stream
as the engineer views it is provided (Fig. 3).

Since lands surrounding most of our lakes, particularly in the southeastern
part of the state, are becoming urban, habitat here is in serious jeopardy. Loss

of spawning grounds on lakeshores was detailed by Brymildson (1958), The tendancy

in all our water management programs to get rid of water rather than hold it is
a serious deterrent to northern pike prosperity.

Water Level Controls

As we have noted in the habitat requirements, northernm pike have a very
specific spawning habitat requirement--flooded emergent vegetation. If this
form of habitat can be furnished, there is apparently no problem with survival
of egg and fry. Water level fluctustions can, however, seriously affect this zone
where there is use of water for other purposes or if the needs of fish species
are not considered in the water level manipulations.

1l
Personal communication with Harry Harrison, State Conservation Comm. of Iowa.
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On the one hand we regularly note the correlation of strong year classes
with high water (Johnson, 1957) and, on the other hand, we note the work of
Sychena (1965) who reported decreasing pike catches in the face of water level
fluctuations in an impoundment. It is easy to see how northern pike eggs could
become stranded in the shallows with short term water level fluctuations.
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Fig. 3. The fate of urban streams spells complete ruination of a stream and asgsoclated

marshes for fish spawning. These pictures of 'mproved" urban streams were taken
in Milwaukee County, a completely urbanized area. )
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The handling of flood control releases could be Jjust as devastating. Flooded lands
at spawning could be quickly dried out with massive releases immediately thereafter.
Schmitz (1953) in his description of spawning grounds in Lake Mendota offered

caution against dewatering for he observed a 13 cm (5.1 in.) drop in water levels
during the spawning period. Lake Mendota is a 9,730 acre lake with 250-square-mile
drainage area. Gate capacity at the outlet is such that the lake can be dropped
quickly following a storm event. When northern pike as reported by Kleinert (1965)
have a 177.6 degree day hatching period (approx. 10-20 days when 40-50°) the drawdown
can significantly affect the plke eggs or sac fry not yet independent.

While in some cases, handling high waters can be a detriment, it could also
be a decided advantage. If reservoirs or lake basins controlled by a dam are allowed
to hold water for a period during spawning and early development of fry, northern
pike could be advantaged. Studies of marshes and management of northern pike
rearing ponds (Franklin and Smith, 1965) indicate migration of northern pike
fingerlings takes place when fingerlings average 20 mm (1.79 inches) long,
a size attained in 18 to 24 days in Minnesota. Thus, to benefit northern pike
optimally the water levels in marshes should be stable until this time.

An evaluation of water level effects calls for a full appreciation of the
kinds of water level fluctuations occurring. These have been summarized for Wisconsin
in Table 3. Flooding and water level fluctuations are not all bad. The regimen
that allows water level increases and holds them reasonably steady during key
reproduction periods is performing a service to northern pike. The success of these
water level management programs is best illustrated by the consistent crops of
Esocids produced by water storage reservoirs and by game impoundments which have
summer drawdowns. Meloney and Johnson (1957) called Winnibigosh, a 48,000 acre lake
with a 4 foot annual fluctuation a "good" northern pike lake.

Teggrature

While not a cold water species, northern pike do like cool water. Fish distri-
bution texts make note of the northern pike's occurrence in cool to moderately warm
waters such as occurs in northern U.S. (Hubbs and Lagler, 1947). Privolney (1963)
reported the northern pike had a much increased oxygen threshold in warm weters--
1.t mg/1 at 84.20 F. How do man's activities affect them?

Heated water discharges which warm the waters over temperatures preferred then
probably drive northern pike out of warmed waters. If summer surface water tempera-
tures reach into the seventies, an additional 10~ could be critical. The lethal
temperature of northern pike probably approximates that of other cool water fish,
namely about 80°F. Nome of the warm water game fish apparently survive at water
temperatures exceeding 100°F as reported in the Wurtz and Renn (1965) review. Thus,
powver plants with large condenser cooling water discharges no doubt locally influence
distribution because they may raise temperatures as much as 25°F. (Trembley, 1960).
It might also be argued that they benefit northern pike by warming cold waters in
winter. This act might very well be advantageous on Lake Michigan because it
could convert some parts of the basin to better habitat for northern pike. In
studies of condenser cooling water discharges the common conclusion is that
temperature changes are local and that they are dissipated rapidly, water temperatures
coming into balance with the atmosphere. One of the known large concentrations
of spawning northern pike occurs in Peshtigo Harbor off Green Bay, a marshy estuary
area partially warmed by waste discharges.
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We have many times seen the effects of temperature change wvhen a spring pond
has been deammed up ostensibly to bemefit trout and the warmer water thus created
results in & good crop of northern pike. Actual mortalities of northern pike have
been reported in the summer in Wisconsin, one in a shallow lake in the southeast
and one in a shallow flowage in northwestern Wisconsin (Snow, 1965). The latter
mortality occurred in June and most fish picked up had a Myxobolus infection.
Conceivably the warm waters accentuate the prospect of disease. Lavwler (1965)
found growth of northern pike in a shallow Manitoba lake was less in years with
WAITl SUMmEers.
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QUANTTTATIVE ASPECTS

What appears most important of the many acts of man which affect habitat? The
ditching and blocking of marshlands far exceeds in quantity any of the other acts. It
has occurred on large numbers of lakes particularly in the southeastern part of the
state where all lakeshores have veen subjected to intensive development and it is
spreading in the norta. In my opinion, the second level of significance is the dis-
turpances of shallows. When weedy shallows are converted to eithner antiseptic sandy
beaches or open waters, by aquatic plant control of one kind or another, many hundreds
of acres of nursery grounds are lost. Pollution problems follow for they have most
certainly ruled off any significant fish production in some waters. In certain other
waters known for northern pike populations, affected by paper mill wastes, the flavor
of fish flesh has been tainted to the point where they are disregarded as eating fish
by anglers.

Action Program

The only answer to successful preservation of habitat is some means of
reservation of critical habitat. Critical habitat I regard to be the estuaries and
wet marshes plus an adequate undisturbed littoral zome. An officiel recommendation
of the Wisconsin Department of Netural Resources 1s that 25 percent of the shore
remain wild. I would feel more comfortable if 50 percent remained wild.

Habitat preservation measures include use of the land and water zoning tool
and acquisition to reserve flood plains and wetlands. Since zoning is always con-
tinuously subject to molding and modification by economic activity, the only certain
means of habitat protection is public land acquisition. At this point in time it is
economic to improve loweland shorelines for human occupancy. Fish get little consider-
ation in the face of economic pressures. The state with a strong shoreland acquisi-
tion program has prospects of maintaining abundant northern pike.

The most significant thrust of an action program will be to preserve habitat.
Habitat consists of both the spawning wmarsh and nursery areas. For large lakes
preservation of marshy estuary aress is essential; for smaller lakes preservation of
the marshy western sides of basins is desirsble. The habltet preservation package
which has been prescrived by the Wisconsin Department of Natural Resources is to pre-
serve 25 percent of the shore in a wild state. A strong land acquisition program
coupled with zoning are essential action tools. The State of Wisconsin enacted a
shoreland zoning law in 1965 (Water Use and Planning Committee, 1969) and State of
Minnesota enacted a similar law in 1969. These laws have the potential to reduce
the rate of loss of spawning grounds by protecting wetlands.

States have water regulatory agencies that control what is done with their
navigable waters. If water regulatory measures can be exercised with the welfare
of northern pike in mind a much better northern pike crop may be realized. Regulatory
decisions in recent years in Wisconsin have tended to give consideration to habitat
needs but have not been refined enough to provide the best water level controls. Part
of the difficulty is lack of knowledge of the effects of the water regimen.

Water level manipulation appears to have potentially ricn rewards. Wherever
possible, recognition of the northern pikes' needs for flooded vegetation and pro-
tected fingerling nursery grounds is needed. These circumstances create the large
year classes. Sumuertime water levels may be much lower. We have seen how game
menagement impoundments seem to have consistently high production of northern pike.



As with most fisherles, avoldance of pollution is necessary. However, since
northern plke are a hardy fish, they are not so seriously affected as other
species and in some cases may be benefited by differential survival. More important

is the excessive fertility which apparently tends to favor other species over northern
pike.

Since the northern pike is a prolific fish and & reasonably tolerant fish,
its future will be well assured if it can be provided with ample spawning and
nursery grounds with good water quality.

1a
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