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Northern Pike, Esox lucius, in Alkaline Lakes of Nebraska
D. B. McCARRAHER



Northern Pike, Esox lucius, in

Alkaline Lakes of Nebraska'

Pike (Esox lucius) were studied in alkaline
sandhill lakes from 1956 through 1961. Fry
and fingerlings were released in atkaline euvi-
ronments as part of a continuing ecological
study of survival and growth of northern pike
in Nebraska waters. Suvvival and growth
were determined by inlensive nettings al
release sites. Chemical, biological, and phiysi-

LA contribution of Federal Aid to Fisheries Res-
toration Project F-4-R (Nebraska).
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Tavre L—Survival of pike introductions in Nebraska habitats of varying alkalinities
Juake Concentrations in p.p.m.2
or - - pil Area Survival
Pond COz HCOa SO Cl Na Total solids ! (:;crrtcs) v
Smithys 769 2,035 120 325 1,80¢ 9.
Hudson 2490 1,282 30 50 590 3..% 1%(1) Rrom s
Bise Alkali 110 693 9 17 240 9.3 842 ¢
l::ll} 222 325 L7 75 267 9.5 120 S 11
Smithy #1 25 633 600 234 4,200 10.5 0.5 36~ lmurs‘-
Smithy #2 9(‘() 2,980 860 300 3,200 10.8 0.3 U n\u(-('f sul
Brunner 103 595 12 400 347 9.0 38 >
Little Alkali 1,139 3,369 344 350 1,184 10.3 38
Skull &3 845 80 25 — 9.5 [§10]
By-Way 59 1,795 — 200 — 9.8 56
Enders 31 315 15 87 — 9.0 367
Alkali 103 889 —_ 75 —_ 9.1 375

t Chemical data reflect average maximnom e ulm;,s during fall manths.

2 Fry releases only,

cal characteristics of eacii lake were investi-
gated (Table 1).

The majority of the nearly 2,000 Nebraska
sandhill lakes may be classified as alkaline
eutrophic of the bicarbonate-sulfate group
(McCarraher®). Salts other than chlorides
predominate in these natural lakes supporting
a biota somewhat different from inland
chloride or saline waters. The sandhill lakes
differ chemically from inland mineral areas
in other regions (Rawson and Moore, 1944;
Huntsman, 1922; Moyle, 1956; Young, 1924).

The terms saline and alkaline have been
used interchangeably by some investigators in
the past when referring to inland mineral
waters. Water quality is continually ghang-
ing thus invelving not only chemieal concen-
iralions but the physical and biological envi-
ronment as well. The Nebraska, Minnesota,
Saskatehewan, and North Dakota mines ral
may he classified as alkaline whereas
the salterus and inland brine lakes of Uiah,
Nevada, and

The  chemical-biological envitonment  of
Devils Lake. North Dakota, was discussed by
Young (1921,
ported abuudant pike populations in associa-
tion with the ninespine stickleback (Pungitius
pungitius) and fathead minnow (Pimephales
Devils
Lake as salinity increased {rom less than 0.3

waters

California are saline types.

Belore 1089 this lake sup-

promelus).  Pike disappeared from

[ST0}

percent in 1859 to 1.5 percent in 1923 with
proportionally inercased sodium, bicarbonate,
and sulfole values. The lass of pike probably
resulled primarily from inereased salinity and
secondarily from the loss of suitable spawu-
ing habitat. More recent introductions of pike

2 MeCarraher, Do B, (1961) Sandhill Lakes Sur-
vey., Job Completion Report, F-4-R, 1951-61: 1-83,

Potassinm i3 included with sodivin,

in Devils Lake in salinities of 0.3 to 0.9 per-
cent bicarbonate values Dbetween 600-705
p.pm. and sulfate from 3,000-4,000 p.p.ra.
have evidently failed. The pH ar a high of
8.7 was well below threshold limits.

Big Stone Lake is described as one of ihe
more alkaline waters in Minnesota with a
good northern pike population.® Bicarbonaics
here are from 112 to 167 p.p.m. and mono-
carbonate between 0 and 12 p.p.m. "The pll
values usually range from 8.0-9.0. Sulfates at
317 p.p.m. exceed normal readings for Ne-
braska pike lakes. All of the high carbonate
and sulfate lakes in Minunesota physicslly
suited for {ish are capable of raising northern
pike. Thus, high salinities and toial alkaliniiy
are not a limiting chemnical condition in these
walers,

In Saskatchewan,
peared

pike apparently disap-
from waler having more than 6,031
ppane salinity (Rawson and Moore, 19013,
Bicarbonate alkalinity (Table 2) se dom influ-
enced  pike survival in the  Saskatchewan
Jaakes, and all the pll values were below sur-
The
pl range for six pike lakes having high con-
centratinus of suifates was 8.3 to 8.9 with an
average of 8.5, These Iikes might be described
as sulfate mineral waters with some interme-
diate mixtures belween sulfate and chloride
Lypes.

Huntsman (1922} found pike in the =
waters of the Quill Lakes in Saskatchewan.
The water chemistry structure of the Quill
Lakes and Devils Lake
her of pliveical differences exist.

vival threshelds recorded in Nebraska.

aline

but a nmmn-
Pike were
common in Big Quill Lake between 1910 and
1913 when the salinity ranged from 1.6 per-

is similar,

3 Personal communication from John B. Moyle.
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Tavek 2.—Compurative percent compuosition of total
solids for allaline pile habituts in Suskatchewan,
Minnesota, North Dukota, and Nebraska

Devils
Big Quill lLake Big Stone

Saskat- Saskat- North Lake  Ncehraska

chewan chewan Dakota Minne- Lakes

Lakest 1922 1911 sota 1954622
COs 1.4 14.2 0.0 1.9 18.6
HCOn 11.6 0. “5 9.0 26.1 G7.3
Sth 57.3 50.6 54.1 4.6 i.
Cl 3.3 1.7 10.5 1.9 1.4
Na 11.6 13.3 25.9 5.7 3.5
My . 10.6 7.1 4.5 6.9 6.7
Saliuity .28 1.6 84 _— 1l

(pereent)
! Lakes are Lenore, Fishing, Wakow, Last Mountain,

leyl(' and Echo (Rawson and Moore. 1944

% Lakes are Hudson, Big Alkali, Alkali, Ell, Brunner, and
Enders.

cent to 1.9 percent. Aside from pike, nine-
spine stickleback and the white sucker (Cata-
stomus commersoni) were the only species
recorded.

DISCUSSION

In Nebraska, successful introductions of
pike have been made in alkaline sites where
the mean annual total alkalinity values do not
exceed 1,000 p.p.m. Monocarbonate and bi-
carbonate ions are high, but other salts are
proportionally low. About 95 percent of
North American waters supporting {ish life
have a pH less than 8.6, The majority of
saudbill. lakes in Nebraska confaining pike
have pl values between 8.5 and 9.5, Car-
bonates, in themselves, are not especially det-
rimental to {ish life. However, their buffering
action upon pll may cause a hizgh pH toxicity
vajue over a prolonged perind,

High alkalinities have an important effect
the temperature of  maximum
resulling in vernal the

Dissolved oxygen content ve-

in dowering
density, cireulation
around.
wains adequate for pike survival in alkaline
Inkes haviog an average depth of four {ect.
Mkaline lakes sustain only trace amounts of
in part Lo

)’1‘:”‘

This is due
of bicarbonale at o greater
vate than  monorarbonates are precipitated

lree carbon dioxide.
the withdrawal
and to pilabove 5.6,

Fish growth-rute variation in alkaline watey
is thousht to be a function of physical and
environment  rather  than  water
chemistry,  Northern pike from Big Alkali
amsd fludsen Lakes have recently exhibited a
Beunnett Pedley
thal certain species

hiolnsical

and

fish

bleached  coloration.
(1930) indicated

found in Biy Alkali Lake, Ncbraska, were
bleached by the alkaline water.

In carbonate alkalinities of about 800
p-p-m., some fish species became covered with
a thick coat of slime with inflannmation of
skin and with noticeable loss of color near the
fins (Young, 1922).

The physiological elfect of increasing alka-
linity on the reproductive potential of pike
was observed in Big Alkali Lake duving
195658 where alkahinity increased 10 per
cent during a 10-mouth period, Netting in
the spring of 1959 failed to take ripe lish, and
potential spawners placed in hatchery fresh-
water ponds failed to reproduce. Subsequent
spawning run collections conflirmed the lack
of a 1959 year-class in Big Alkali Lake.

Physiological elfects of various salt combi-
nations on pike reproduction and consequent
species survival have been recorded from
Devils Lake, North Dakota (Young, 1921).
Northern pike began disappearing from the
lake after 1689 when the water level was
decreasing and total alkalinity increased above
800 p.p.m. The total salt content had risen
from 8.471 p.pan. in 1889 to a high of 15,210
p-p.m. by 1923,

Aruatic vegetation in Nebraska lakes s
primarily sago pondweed (Potamogeton pec-
tinwinsy, muskgrass (Chara sp.}. and hard-
stem bulrush (Seirpus acutus). These plants
are associaled with pike spawning sites in
Jakes with closed drainage basins. Sago pond-
weed is present in nearly 80 percent of the
alkaline lakes, and is important in providing
adequate spawning habitat, Hnatsman (1022
reported P. pectinatus as the only submergent
aguatic plant found in the Quill
katcliewaun.

Introductions of fathead minnow in three
Jakes sirvived only in Hudson Lake (Finure
1). the fathead minnow appears to withstand

Lakes of Das-

total alkalinity approaching 1,400 p.p.m. and
This species is an important
'Hm fathead min-

yoadl the sabine

a pil near 9.6
forape fish for young pike.

HOW Wil also widespread A
Jakes of Saskatehewan having \.mmlw btow
20,000 ppan. Moore, 1911y,
Axalolls, common in Nebraska alkaline lakes,

provide abundant Torage for aduli pike.

{Rawson anl

Numerous prairie pools contain phyllupod
shivimp during the spring months, Both gno-
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Ficure 1.—Total alkalinity recorded in four sea-
sons.

stracan and notostracan shrimps are scason-
ally abundant in these drainage pools and are
forage items for fingerling pike (McCarraher,
1959). The salinity of many pools (0.5-3.5
percent) exceeds that of the lake basin. For
the most part these shrimp tend to drain into
the lake, On occasion pike have entered these
alkaline pools to feed on shrinp.

CONCLUSIUNS

The northern pike is moderately eurvionic
and has survived in Nebraska waters having
average pll values of 9.5, A permissible
range of 9.5-9.8 has been recorded for piviods
up to four months. Pricr acchumadization
appears to increase euryionic tolerance levels,
In Nebraska, 13 percent of the pike habitat
exceeds the 9.0 pll level. The tolerance of
pike to variations of water alkalinity 33 not
uniform. Salinity, an expression ol all ionic
constituents presenl, may not delimit pike
survival hecause the actions of the hirarbonate
and monocarbonate ions hecome tovie hefore
salinily reaches lethal leveis.

Of Nebraska’s alkaline lokes that support
pike, 15 pereent have less than 250 ppome of
hicarbonate, 00 percent bave less than {00
p.pog and 95 percent have less than 009
p-pane Bicarbonates  comprizse 80,0 pereent
monccarhonates 152 percent of total
alkalinity values for pike habital. In those

and

mincral waters which do not support fizh lile,
about 75 percent of the alkalinity is hirar-
bonate whereas 25 percent is monecarlonate.
The ratio of bicarbunate to monocarbonate
does not drastically change {rom the nnder-
ately alkaline to the highly alkaline lakes.
Pike did not survive over a 12-month period
in waters having total alkalinities in exeess of
1,200 p.p.m. Bicarbonate levels in Nebraska
lakes were 00.5 percent greater than recovded
for pike habitat in Saskatchowan, Norh o
kota, and Minnesota, However, sullate San
levels are considerably lower. Seasonad Loviae
tions in the bicarbonate amd wonocarionae
ions are characteristic for most alladine fakes
and become pronounced in those lakes having
total alkalinity values above 100 ppa

Growth of pike populations residing in min-
eral walers with total alkalinity fimits near
1,000 p.p.m. appears to be shichtly less than
the calculated average in less alkaline waters,
It has not been determined whether a wradnal
increase of alkalinily content will cause the
suppression of annual growth increment il
other environmental conditions remain equal.

Fry appear to be more sensitive Lo exiremes
of pH, bicarbonate, and moncearbonate than
adults. This lack of tolerance undoubstedly
accounts for failures of fry introduced into
several lakes (Table 1).
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