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Abstract:

A study on the life history and taxonomy of the sauger (Stizostedion canadense) in Garrison Reservoir,
its tributaries, and the tailrace was initiated during June, 1959 and continued to July, 1960. A total of
1,558 sauger was used in the study. These ranged in total length from 4.0 to 26.5 inches. Scales were
read with aid of micro-projector, and a direct proportion of scale length to body length was used in
calculating the length of fish at each year of life. Average calculated total lengths for sauger from
Garrison Reservoir at annuli I-VI were 4.9, 8.8, 12.3, 15.5, 18.4, and 23.1 inches respectively while
those from the tail-race at annuli I - VIII were 4.8, 9.3, 11.3, 13.8, 16.2, 18.7, 20.8, and 25.6 inches
respectively. The number of eggs estimated for 50 sauger ranged from 10,488 to 117,058. Of the 1,466
sauger used in sex determinations 71 percent were females and 29 percent were males. The smallest
mature male was 10.6 inches in total length and the female was 12.9 inches. Only 21 percent of the
males and 19 percent of the females mature when 3 years old. All males and 63 percent of the females
were mature at 4 years. The height of the spawning season was from May 8 to May 28, 1960. A total of
564 sauger, 90 walleye, and 5 hybrids was studied for taxonomic differences.
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Abstract

A study on the life history and taxonomy of the sauger (Stlzostedlon
canadense) in Garrison Reservoir, its.Tributaries, and the tailraceé was
initiated durlng June, 1959 and continued to July, 1960.’ A total of
1,558 sauger was used in the study. These ranged in total length from
4,0 to 26.5 inches. Scales wete read with aid of micro-projector, and a
direct proportion of scale length to body length was used in calculating
the length of fish at each year of life. Average calculated total
lengths for sauger from Garrison Reservoir at annuli I - VI were 4.9, 8.8,
12.3, 15.5, 18.4, and 23.1 inches respectively while those from the tail- -
race at annull I - VIII were 4.8, 9.3, 11.3, 13.8, 16.2, 18.7, 20.8, and
25.6 inches respectively. The number of eggs estimated for 50 sauger
ranged from 10,488 to 117,058, Of thé 1,466 sauger used in sex de~"
terminations 71 percent were females and 29 percent were males. The
émallest mature male was 10.6 inches in total length and the female was
12.9 inches. Only 21 percent of the males and 19 percent of the females
mature when 3 years old. All males and 63 percent of the females were
mature at 4 years.™ The height of the spawning season was from May 8 to
May 28, 1960. A total of 564 sauger, 90 walleye, and 5 hybrids was
studied for taxonomic differences.
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Iﬁirbduéfion '

fhé sauger (?tiééétédidn qagadeﬁéé)\i§ indigenous to6 the-Miésdufi-_
River in North bakoké,‘-Ihe eérliest record waé that of Girard (1858) who
Teported this species from a collection taken b? Dr, Frederick Hayden
near Fort Unions SinCe then sauger have been ¢oilec£ed seve#al times,
Persénius and Eddy (1955) reported it for the Little Missouri River and
the Noith'Dakota Gamg and Fish Department hés taken thié spécies on a
number of ¢ccasions in their test-netting surveys of Garfrison Reservoir.

Sauger was once reported to be of little importance as a game fish
in the Missouri River Basin (Evermann and Cox, 1894), but at the present
time it is one of the important game fish in North Dakota. Lérge numbers
of sauger are caught by anglers each year, from May to Octobér; in both
the Gérrisﬁn Reservoir and the tailwaters of the dams

Aside from fhe limited fisheries surveys tonducted -on the Missouri
River drainage the sauger has not been investigated in North Dakotas -A
study on the life history of the sauger in GarriFs‘;'m‘RéserVOi:9 its tri-
butaries,and the tailrace was initiatéd during June, 1959 and continued to
July, 1960. Observations were also madé on the taxonomy of this species

in comparison with the walleye (Stizosﬁedion-yi-treum)e
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Description of Area
The 210 foot high dam impounding Garrison Reservoir was completed in
1954 by the Us S. Army, Corps of Engineers, The spillway (elevation 1825
feet m.s.l.) is at the east end of the dam and fhe tailrace (elevation
1640 feet-m.s:l.) is at the west end. The latter covers approximately
40 surface acres and has a maximum depth of 35 feet (Fig. 1).
Garrison Reservoir is a multiple~purpose impoundment on the main-

stem of the Missoburi River in McLean and Mercer Counties. I? has a length
of approximately 200 miles and varies in width from 0.75 milé to 14 miles
with an average of 3 miles (Fig. 2). At the maximum operating pool- (ele=
vation 1850 feet m.s.l,) the shoreline is approximately 1600 miles long,
the surface area about 390,000 acres and the storage capacity 23,000,000
acre feet. In an average year the reservoir level is lowered about 16

feet during the winter to accommodate spring flood waters. The minimum

level is attained usually in February and the maximum in late June or




Figure 1. Garrison Dam, spillway, tailrace, and Missouri River below dam
showing test netting stations.
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Figure 2,

showing stations.

Garrison Reservoir, its tributaries, and tailrace, North Dakota -
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early Julys

The principal source of reservoir water is from the Misspuri Riyer?
but there are five main tributaries which enter.the impoundment, Little
Missouri River, Shell Creek, White Earth River, Tobacco Garden Creek, and
Little Muddy River.

The maximum recoérded -water surface témperature for the reservoir
during the study periqd was 77° F. while that of the tailrace was 65°.F°
Ice usuall? occurs during late November or early December and disappears
in late April ¢r early May and may reach a thickness of 3 to 4 feet: The
tailrace did not completely freeze over.

Certain chemical and physical analyses were made at 16 sfatigns in
the reservoir during the summer of 1959 énd these were repeated for 8
stations in the spring of 1960. Determinations were made of total ais—
solved solids, total alkalinity, total hardnéss, conductivity, pH, tur-
bidity, and temperature (Table 1).

A total of 45‘species of fish was foﬁnd in association with sauger in
Garrison Resérvcir and its tributaries (Table 2). Most of these are |
native to the drainages; but brown trout, rainbow trout, carp, and large-
mouth bass are known to have been introduced and several other.épecies
may have been. The goldeye was thé most abundant species in the reservoir

and the white sucker in the tributary streams as judged from net catches.,

Methods
Sauger used in this investigation weie collected with theé follewing

equipments experimental gill pets (1.25 to 3 inch mesh)s fyke nets (rec-
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Table 1. Ranges of chemical and physicdl data for Garrison Reservoir and

tailracey 1959 and 1960 (Dates in parentheses).

Analysis

Reservoir ]
1959 .. - 1960 . 1959

Tailrace

1960

Total dissolved solids 295.0 - 422.0 326.5 - 492.3 395.0

Pepome
Total alkalinity
PePello

Total hardness
pop&mo

Conductivity
pH

Turbidity
pupomé

Temperature
" OF,

(9/11) (9/9) (6/22) (5/23) (8/4)

122,0 - 166,0 130,0 - 185.0 106.0
(8/12) (9/9) (6/22) (5/23) (8/4)

144,0 = 232,0 140,0 = 210.0 212,0
(8/12) (9/9) (6/22) (5/23) (8/4)

1730 =~ 2475 1625 - 2450 1845
(9/9)  (9/11) (5/23) (6/22) (8/4)

7.0 - 7.7 7.5 - 8.6 5.7
(9/11) (7/23) (6/22) (4/30) (8/4)

0.5 - 3.5 0.2 = 18,5 0.7
(7/9) (7/14) (6/13) (6/22) (8/4)

- 77 - 74

33 33 65
(1/1) (7/30) (1/1) (7/12) ‘(3/4)_

477.6 — 484.8
(6/25) (5/9)

175.0 - 180.0

‘(5/9> (5/23)

205,0 -~ 210.0
(5/23) (5/9)

1650 - 1675
(5/9) . (6/25)
7.3 = 8.7
(5/23) (5/9)
1.2 - 6,0
(6/25) (5/9)

33 - 41
(1/1) (6/25)

tangular opening

\

with 100 foot lead fastened to the center of the‘frame)g

pocket nets (two typical fyke nets with a single lead fastened to the

opening of each net)s

seines (common sense and 100 foot bag). Some

specimens were also secured by the use of toxicants and from sport

fishermen.

Measurements were made on 1,558 sauger ranging in total lengths from

4.0 to 26.5 inches, In order to compare measurements made in the present

study with those of other workers, standard, fork, and total lengths were

taken to the nearest 0.l inch.

The relationships between these lengths

were nearly rectilinear and single conversion factors could be used for




Table 2,
species).

Fishes associated with sauger in Garrlson Reserv01r and tributary streams (*abundant

Pallld sturgeon
Shovelnose sturgeon

Paddlefish
Shortnose gar

Rainbow trout
Brown trout

*Gbldeye
Northern pike

Northern redbelly dace €
*Carp '
Brassy minnow
Silvery minnow
*Flathead chub
Lake chub
Golden shiner
*Bmerald shiner
Sand shiner
*Fathead minnow
*¥Longnose dace
Creek chub
Pearl dace

¥River carpsucker
Longnose sucker
*¥White sucker

rhxnchus albus
Sq;ﬁhlrhvnchus glatorxgchus

Polvdon spathula

Lepiso;teus platostomus

Salmo gairdneri
Salmo truttd =

Hiodon alosoides

Esox lucius

Chréosomus eos

Cyprinus caxpie
Hyboghathus harnkinsoni
Hgbognathu nuchalls -
Hybopsis qra01lls
Hybopsis plumbea
Notemidonus crysoleucas
Notropis atherinoides "~
Notropis stramineus
Pimephdles promelas
Rhinichthys cdtaractae
Senmotilus atromaculatus
Semotilus margarita”

Carpoides carpio
Catostomus catostomus

:Catﬁétémﬁé conmersoni

Blue sucker
Smallmouth buffalo
¥Bigmouth buffalo
Black buffalo
*Northern redhorse

*Black bullhead
Channel catfish

*Stonecat
Flathead Catflsh

*Bprbot
Brook stickleback

Pumpkinseed
Orangespotted sunfish
Largemouth bass
*White crappie
#*Black crappie

Towa darter
Johnny darter
*¥Yellow perch
Walleye

_Freshwatgr drum

~ Cycleptus iongatd ‘

Ictiobus bubalus

Ictlobus ygrlnellus
Ictiobus niger- :

Moxostoma macrolepidotum

Ictalurus melas

Ictalurus gunctatus
Noturug flavus

Pylodictis olivaris
Lota lota

Eucal;g,inconstans

Legomls glbbosus
Legomls humllls

Mlcrogteru "salmbides
Pomoxis annularis -

Pdmox1s 1gromaculatus

Etheostoma exile
Etheostoma nigrum

‘Perca flavescens

Stizostedion vitreum

Aplodinotus grunniens

~01~
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all sizes of sauger. Weights were taken on all fish to'the nearest 0.02
pound.

Sex was determined by examining the gonads: The right and left
gonads in the female are blunt or rounded anteriorly, and those ¢f the
male are sharply tapered or pointed (Eschmeyer, 1950). The gonads in
both sexes are joined postériorly immediately anterior to the gential
aperture. The union is Y-shaped in the female and V-shaped in the malé.

In the spring of 1960, ovaries were collected for determining the
number of eggs. In addition, reproductive tracts were also removed and
preserved in Bouin'slfluid, A F A solution, and 10 percent formalin for
histological study of gonad development.

Scale samples were collected for age and growth analysis. These were
taken from the left side of each fish belbﬁ the lateral line posterior and
adjacent to the pectoral fina Plastic impressions were made ¢f-scales
(Smith, 1954) and annuli were determined with the aid of a mipro—projéct6r4
Scale measureméents were-defermined from the center of the focus along the
mediap anterior radius. A comstant ratio of scale radius to body length
was assumed and the length of fish at each.year of life -was determined by
use of a nomographs Coefficients of condition (C) were calculated for

each fish,

Age and Growth
A total of 529 sauger was used for age and growth determinationsg
318 of these were from Garrison Reservoir and 211 from the tailrace.

Average total lengths of male and female sauger were calculated for each
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year of life and a comparison was made between the sexes for each lo-
cality.

Male and female sauger from both Garrison Reservoir and the tailrace
showed approximately equal gréwth in age classes I and IT, but females
wefe larger than males in age class III and older (Tables 3 and,4)d“ In
Minnesota (Carlander; 1942) male and female sauger showed growth rates
which were approximately the same for the first three years; but élQWer
than those of Garrison Reservoir and tailrace. In Tehnessee (Hassier;
1957) the greatest growth rate of male and female sauger was attainedtin\
age class Is This rate was faster than that recorded ffom Garrison Re§er—
voir and tailrace for the same age classes. |

The range of calculatéd total lengths for male sauger in Garrisph
Réservoir was 4.8 -to 16.9 inches (age classes I - V) and those of the;
tailrace 4.6 to 18.0 inches (age classes I - VI)o' The range of calculated
total lengths for female sauger in Garrison Reservoir was 5.1 to 23514
inches (age classes I - VI) and those of the tailrace 4.9 to 25.6 inches
(age classes I - VIII).

In order to compare sauger from Garrison Reservoir and tailrace with
those of other waters the calculated total lengths of both séxes weré com~-
bined for each age class (Fig° 3)s The sauger from Garrison Reseérvoir
grew at & faster rate than those from the tailrace. The opposite of this

V4

was reported for sauger from Fort Randall Reservoir, South Dakota™ where

i/ Shields, James T. 1955. Report of fisheries investigations during the
second year of impoundment of Fort Randall Reservoir, South Dakota,
1954. Dingell-Johnson Project F-l-R-4y; 100 pp. mimeo.
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Table 3. Average calculated total length in inches of male and female
sauger from Garrison Reservoir, 1959 and 1960.

Number Averége calculated total length in incheé‘
Age class Sex of fish at _each annulus .
. R 3. 4 5 6
1 Male 96 4,9
Female 222 4.8
"I1 Male 9l 4,7 8.9
Female 215 4,8 8.9
IT1 Male 65 4,6 8.8 11.8
.Femalé 201 457 848 12.5
v Male 39 4.9 9.1 11.8 14.1
Female 156 448 9.1  11.7 15.:5
v Male 3 4,9 8.1 11.7 14.8 16.9
Female 64 542 8.8 12,9 16,2 18.8
VI Male _
Female 6 6.5 10.9 14.6 18.1 21.0 23.l
Grand Male 4,8 8.7 1ll.8 14.4 16.9
average Female 51 9.3 12.9 l6.6 19.9 23.1
Average Male 4.8 3.9 3.1 2.6 2.5
annual Female 5.1 4.2 3.6 3.7 3.3 3.2

increment
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fable‘4a Average calculated total length in inches of male and female
sauger from tallrace9 1960a
Number . Average calculated total length in 1nches S
Age class 8Sex of fish .. .. -at each annulus .- L C
R ' o1 2 - 3. 4 5. 6 . T :;.s.f;;
I Male 81 4457
Female 130 448
IT Male 81 4:7 844
Female 130 4.8 8.4
III - Male 69 4.7 8,3 1l:l
Female 122 4.8 8.3 13.1
1v Male 45 4.5 8.2 1lls2 13.4
Female 103 4,9 8s4 13:6 14,0
v Male 10 4,5 8.1 11.2 18.4 151
Female 79 5q0 865 1305 1495 16 6
VI Male 2 4,6 8,2 11.2 14.3 16,6 18.0
Femalé 42 4.8 8,3 117 14.2 16.6 18,8
CYII Male ‘ :
Female 20 4:9 8.2 115 14,0 16.2 18:6 20.7
VIII  Male B _ -
Female 2 5:3 85 11.5 14:4 17.5 20.5 23.0 25.6
Grand Male 4,6 8:2 1l:.2 13:7 15:8 18.0
average Female 4,9 844 12.5 142 16.7 19.3 218 25:6
Average '
annual  Male © 436 336 3.0 25 2.1 2,2 ‘
increment Female 4,9 345 4s1 1.7 15 2.6 2.5 348

(inches)
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Figure 3. Average calculated total lenth of sauger from Garrison Reservoir
and tailrace at each year of life.
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growth rates in the reservoir were slower than those from the tailrace:
Growth rates and longevity (IX) were also greater for sauger from South
'Dakotag/ &/ than those from North Dakota.

Growth rates of sauger from Garrison Reservoir and the tailrace were
approximately the same as those of Fort Peck Reservoir, Montanaé/ for the
first four years of life, but North Dakota growth rates were more rapid in
age classes V to VIIIs Sauger from Fort Peck Reservoir attained a maximum
age of 8 years which is the same as that of Garrison Resérvoir and tail-
race.

Sauger from the T.V.A. Reservoirs (Eschmeyer and Jones, 19413 Strpud,
19493 Hassler, 1957) grew at a faster rate (age classes I - VII) than those
from Garrison Reservoir and the tailrace. Annual growth ihcrements for
the T.V.A, Reservoirs (agé classes I - III) exceeded thdse of Garrison
Reservoir and the tailrace except that those from Norris Reservoir
(Hassler, 1957) were less after age class III. ' The maximum age class
attained by sauger from T.V:A. Reservoirs (age VII) was greatér than that

of Garrison Reservoir but less than that of the tailrace,

2/ Shields, James T. 1956, Report of fisheries investigations during the
third year of impoundment of Fort Randall Reservoir, South Dakota, 195%
Dingell-Johnson Project F=1-R-5, 91 pp. mimeo.

é/ Shields, James T. 1957. Report of fisheries investigations during the
fourth year of impoundment of Fort Randall Reservoir, South Dakota,
1956, Dingell-Johnson Project F-1-R-6, 60 pp. mimeo.

ﬂ/ Alvord, William. 1957. Fort Peck Reserwvoir inveétigations° Northeast
Montana Fishery Study. Montana State Dept. of Fish and Game. Dingell=-
Johnson Project F-11-R-4, 4 pp. mimeo.
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Tﬁe growth rates of sauger froﬁ both Garrison Reservoir and the tail—
race were gréater thag those reported for waters other than reservoirsé

Ontario (Hart, 1928), Manitoba (Bajkov; 19303 Kennedy, 1949), Ohio
(Deasogg 19335 Roach; "1949), and Minnesota - except for age class I (Car-

lande?, 1959). 'The maximum age of sauger from Garrison Reservoir and the

_ féilrace was iess than that reported by Hart (1928), Bajkov (1930),
'Kennédf (1949), and Carlander (1950), but greater than those from Chio
(Deasony 19333 Roach, 1949).

The smallest sauger takén from Garrison Reservoir was 4.0 inches in
total length (0,02 pounds) and that from the tailrace 8.4 inches (0.16
poiirids)° The largest individual taken from Garrison Reservoir was 26,5 -
inches in total.length (607 pounds) and that from the tailrace 26.4 inches
(4.5 pounds). . .

Méie sauger from Garrison éeservoir ranged in weight from 0508 to
2,20 pounds (average 0.66) and those from the'taiirace 0.16 to 1.90
(average 0.64)., 'Eemale sauger from Garrison Reservoir had a weight_range'
of 0:16 to 6°7O pounds (average 1.43) and thgsé from the tailrace 0,15 to
4,50 (average 1.44)s .

The youngest sauger.appeared in the sport fishery of Garrison Reser-
voir and the tailrace when 2 years of age while the oldest was B years
old. The smalleét sauger taken in the sport fishery was 7}0 inches in

total length (0.12 pounds) while the largest sauger was 26.5 inches (6.7
pounds ). The largest sauger ever .recorded from this area was-éODO inches

in total length and weighed 8:2 pounds.
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Ihé 249 sauger examined in a partial creel census for.l959 and-l9§0
had an averége length of 15.6 inches and weight of 1,12 pounds. \PfeVidhs'
creel repor%s (4,637 séuger) showed similar average total lengths and

weights,

Condition
A total of 552 sauger was used for coefficient of condition (C) de-
terminations; 332 of these were from Garrison Reservoir and 220 from the
tailrace. The coefficient of condition (C) was approximately fhe'same
for both male and female sauger for both lécalities (Table 5). The C
factor for male sauger from Garrison Reservoir averaged 28.7 (rangg 17.0 -
30.0) and the female 30.3 (range 21.3 - 48:0). The C factor for male
sauger from the tailrace aQeraged 28.4 (rangé 15.0 - 43.8) and the female

30.0 (range 11.5 - 46.7).

Fecundity
The. number of eggs was estimated for 12 sauger from Garrison Reser-
voir and 38 from the tailrace by counting fhe‘eggs from known portions
(5 percent) of each ovary and calculating the total basea on the weight of
ovaries. This method was checked by making tota} counts on 6 fish previ-
ously studied as described above. The estimated number of eggs based on
partial counts ranged from 1.5 to 6.0 percent less than total counts. ’
Good estimates could be made when samples were taken from the central part
§/ Carufel, L. Ho (1954-1958) Creel Census Analysis - Tailrace fishing
area of Garrison Dam. Northwest Fisheries District. North Dakota Game

and Fish Dept. Dingell-Johnson Projects F-3-R-2 to F-3-R-6, 1 to 11 |
pp. mimeo. .
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Table 5. Average coefficient of condition (C) for male and female sauger
from Garrison Reservoir and thé tailrace, 1959 and 1960 (number

of fish in parentheses).

Location .. Sex - .- - Age Class -

1 Ir III- Iv .V VI  VyIT VIII.. '’
Garrison ‘
Reservoir

Male  28.0 28.0 28.0 28,0 30.0
(101) (98) (77) (44) (4)

Female 28.8 28,9 28.8 28.8 30.8 33.0
(231) (230) (214)-(209) (74) (6)

Tailrace
Ma;e 28,0 28.0 28.0 28.5 30.1 30.4
(82) (82) (71) (48) (13) (3)

Female 29.7 29.5 30.0 30.4 30.8 32,5 32.0 27.4
- (138) (134) (123) (108) (84) (42) (18) (2)

_of the ovary away from the extremitiess There was no important difference
between the average nhumber of eggs from each locality. Female éaugeI used
for egg.coﬁnts ranged in total length from 12.9 té 24.6 inChes'and weighed
between 0960 and 4.62 pounds.

The average number of eggs per pound of fish was calcﬁlated, then
averaged for all fiéh in each length group (Table 6). The humber of eggs
ranged from 10,488 (12.9 inch sauger) to 117,058 (24.6 inch sauger). Car-
lander (1942) reported a higher average number of eggs for Miﬁnesota
sauger (14.0 - 14.2 inches in total length) than was found for fish ﬁf
similar length in Garrison Reservoir and tailrace.

The average number of eggs for North Dakota sauger was greater than

those reported by Hassler (1958) for Tennessee, but was approximately the
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Table 6. Estimated number of eggs for sauger from Garrison Reservoir and

tailracé; 1960«

Average Averagé'

Number 1 weight number of
of Total length -~ inches Number ©f eggs of fish -eggs per
females Range Average Minimum Maximum Average (pounds) pouind of
: : fish ..
2 12,0 - 12.9 12.9 10,448 10,925 10,685 0,60 15,130
3 13.0 - 13,9  13.5 15,888 25,437 20,662 0.71 26,654
13 14,0 - 14,9 144 14,092 25,893 20,774 0.88 23,282
4 16.0 - 15.9 15,3 21,194 34,847 28,966 1:13 25,316
7 160 -~ 1649 16.6 24,510 47,035 34,672 1.34 25,887
4 17.0 = 17.9 17.5 30,117 54,778 41,969 1.64 25,517
3 18,0 - 18.9 18.3 42,861 57,415 49,854 2.09 24,108
9 19.0 - 19.9 19.4 484634 116,641 78,759 2:32  .34,441
1 20,0 -20.9 20,1 64,400 64,400 64,400 2,66 24,210
1 21,0 = 2139 21.5 152,110 152,110 152,110 3.92 385803
2 22.0 - 22.9 22,2 864395 92,520 89,457 4,16 21,688
0 23.0 - 23.9
1 24.0 -~ 24,9 2446 117,058 117,058 117,058 4,54 25,784
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same as those given by Smith (1941) for the same area. Simon (1946) fé;
ported 505000‘eggs for a 3 pouﬁd sauger from Wyoming which is less than
that found in fish of similar we%ght from Garrison Reservoir and tailrace.
The number of eggs produced by North Dékota sauger for the following age
classes was: age III -~ 13,1683 IV - 25,9323 V - 4533305 VI - 8544653 VII~-
101,115, The weigﬁt of ovaries increased in proportion to the total
length and weight of female sauger from Garrison Reservoir and tailrace.
The number of eggs (total diameters) per lineal inch ranged,f?om 15 to 21.

‘Individual egg diameters ranged from 1.0 to 1.8 millimetérs (0.04 - O°b7

inches).

Sex Batids

A total of 1,466 sauger was used for sex determinationsj 721 of
thesé were from Garrison Reservoir and 745 from the tailraees éex was not
determined for an additienal 92 immature sauger. There were 1,047 (71
percent) females and 419 (29 percent) males. The sex ratio of malé to
female (age classes I - ITII) in Garrison Reservoir ﬁas 1g1.2 and.the tail=
race 132.3. The male to female sex ratio of sauger from both localities
(age classes IV =~ VI) ranged frem 134.0 to 1:22.0. Female sauger were
more abundant than males in the older age clésses;

In order to determine size distribution of male and female éauger,
lengths were arranged in 1 inch intervals (Table 7). Malé saugef from
Garrison Reservoir had a rahge in total length of 6.7 to 18.6 inches and
those from the tailrace 8.4 to 18.4 inches. Female sauger from Garrison

Reservoir had a range in total length of 5.0 to 26.5 inches and those from
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Taple 7. Size frequency of male and female sauger (1 466) from Garrlson

Reserveoir: and tailracé,. 1959 and- 1960.

Totai iength o Garrison Réservoir o Tallrace "" 3:“”5
in dnches: * . - Male..r - Female . Male . '~ - Female
5,0 =-5,9 3 S '
6.0 - 649 2 1

7.0 = Tod 1 1

8.0 - 849 6 6 1 1
9.0 - 9.9 3 6 8 2
1050 ~ 1049 10 6 16 25
11,0 = 11:9 24 16 35 47
12,0 -~ 1249 . 45 43 47 62
13.0 - 13,9 71 65 27 83
140 = 14.9 37 83 34 113
15.0 = 15.9 20 67 7 100
16,0 = 16.9 7 52 7 52
17.0 = 17.9 4 39 26
1850 = 1849 6 29 1 16
19,0 = 19:9 28 15
20,0 - 20,9 25 8
2150 = 21.9 8 6
22,0 - 22,9 i 2
23,0 = 23.9 2
24,0 - 2449 5

25,0 - 2549 1
26,0~ 26,9 .. . i . L
236 485 183 562

Tatal o
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the tailrace 8.9 to 26.4 inches. No male sauger:exceeded the 18 inch
group and thére were only 13 female sauger in the 22 inch group and
larger.

The male sauger from Garrison Reservoir were most numerous in the
13.0 inch group while those from the tailrace were most numerodus in the
12,0 inch group, The female .sauger were most frequent in the 14,0 inch

group in both Garrison Reservoir and tailrace.

Maturity

Maturity of sauger was determined by unaided visual examination of
the gonads and in a few instances by histological study. Theé degree of
maturity based upon gross examination was designated as follows: im-
mature - gonads small and undeveloped, no eggs or sperm apparents green -
gonads well developed, eggs or sberm apparent, not lpose in the gonadss
ripe - gonads large, egg or sperm apparent, loose in gonads; spent -
gonads flaccid with most eggs or sperm released. |

A histological examination of the goriads from 13 sauger (5 males, 8
females) was made to ascertain their development. “Immature” males (2)
had testes which were small with thé lobules only partly filled with
sperm. "Immature” females (4) all had developing ova -in the pvaries. A
""green” male had swollen testes and most of the lobules contained sperm
while a "green" female had ovariés with eggs of nearly maximum diameters
(1.0 - 1.3 millimeters). A "ripe" male had testes packed with sperm and
the vessels in the dorsal grgove were enlarged. A wrip_e" female contained

ovaries with eggs of maximum size (1.8 millimeters) and dialated trans-
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verse blood vessels. Gonads of a "spent”™ male were recessed and had
broken blood vessels as well as clumps of sperm. PSpen£W females (2) had
recessed ovaries with largé amounts of vascuiar tissue and empty egg
follicles. |

During the spawning season (1960) the smallest mature male sauger
(green and ripe) from Garrison Reser&oir was 12.5 inches in total léngth
while that from the tailrace was 10+6 inches: Ihe smallest mature female
from Garrisoh Reservoir was 14.0 inches ih total length and that from the
tailrace was 12:9 inches. Deason (1933) and Roach (1949) reported on Ohiop
sauger a@d found the smallest mature males were 9.0 inches and females

11.5 inchess Hart (1928) gave 14:0 inches as the smallest females for
Manitoba sauger. ‘ | )
Agés were determined for sauger from Garrison Reservoir and the tail-
races; Only 21 percent of the 3-year-6ld males and all older individuals
were mature. Nineteen percent of the 3-year-old females, 63 percent of
the 4-year-olds, and all older than 4 years were matures Kennedy (1949)
reported that fhe largest number of mat&re male sauger from Marnitoba were
4 years old and the largest number of females were 5 yearss Hassler
(1958) found that most matufe male-and female sauger from Tennessee were

3 years old. Garlander (1950) reported that some mature female sauger
from Minpnesota were 4 years old.
The spawning season for sauger in Garrison Reservoir and the tailrace

probably extends from late April to the end 6f June: In 1960, the first

ripe male was observed May 2 and the last June 25. The first ripe female
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was found May 15 and the last‘On June 1l1. The height of the spawning
season was from May 3 to May 28. During the spawning éeasdn water
temperatures ranged from 39° to 53° F.

Eschmeyer and Smith (1943) rgported-that sauger did not spawn when
water temperatures were below 500 F. They‘also reported that eggs in
ovaries were deformed when cold water temperatures maintained. This con-
dition was riot observed for sauger from Garrison Reservoif and the tail-

race.

Taxonomic Considerations

Duiing this iHVesfigation difficulty was encountered in separating
spme of the sauger’'and walleye. An effort was made to establish criteria
- for separating sauger and walleye and hybrids of these. A total bf 564
sauger, 90 walleye, and 5 hybrids was studied for taxonomic differences
and the following chardcteristics were observed: spotting on spinous
dorsal finj black blotch at base of last two dorsal fin spiness number of
soft rays in second dorsal fins spet at base of pectoral finj white spot
on lower part of caudal finj area of cheek cdvered by scales} number of
lateral line scalesj; number of pyloric caecas number of dark saddles on
back. The taxonomic characteristics used with some exceptions were those.
described by Bailey (1956).

The sauger characteristics of hybrids weres spot at base of pectoral
finy number of pyloric caecaj number of dark saddles on back. The walleye
- characteristics of hybrids were: spotting on spinous dorsal finj black-

blotch at base of last dorsal fin spines white spot on lower part of
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caudal fin (Table 8), Other characters were not diagnostic for hybrids,

Strbdd (1948) reported that hybrids from Tennessee generally appear to

have walleye-like heads and sauger-like bodiess

Hybrids from Garrison Reservpir and thé tailrace grew at approxi-

mately the same rate as the sauger from the same area: Stroud (1948)\re+

ported the growth rate of hybrids to be intermediate between that of the

parent species in Tennessee.

s

Summary
A study on the life history and taxonomy of sauger in Garrisop Reser-

voir, its tributaries, and the tailrace‘was initiated during Juney

1959 and continued to July, 1960.

Garrison Reserveoir is a multiple~purpose impOUndmen£ @h the mainstem
of the Missouri River in North Dakeota whichy at maximum ppgl, has a
length of apprpximately 200 miles; a shoreline of 13600 miles; an area
of 390,000 surface acres, and a storage capacity of 23;000,000 acre
feet.

A tdtal of 1,558 sauger was used in the study. These ranged in total
length from 4.0 to 26.5 inChesq

Age and growth determinations were made on 529 sauger.

Male gnd~feméle sauger from Garrison Reserveoir and the fail:ace showed
approximately equal growth at age classes I and II, but females were
larger than males in age classe; ITI and older,

The average calculated total length for sauger from Garrison Reservoir

at apnuli I - VI.was 4.9, 8.8, 12.3, 15.55 18.4, and 23.1 inchés re-




(ol fon

Table 8., Taxonomic characteristics of 564 sauger, 90 walieye; and 5
sauger and walleye hybrids from Garrison Reservoir and tailrace,
1959 and 1960.
‘Diagnostic o o " Sauger and’
characteristics Sauger Walleye . walleye hybrids. -

Spotting on spinous
dorsal fin

Biack blotch at base of
last two dorsal fin
spines

Number of soft rays in
second dorsal fin

Spot at base of
pectoral fin

White spot on lower
part of caudal fin

Area of cheek covered
by scales

Number of lateral
line scales

Number of pyloric -
caeca

Number of dark saddles
on back -

2 or 3 rows éf
black spots

Absent

15 - 22

Dark spot
present

Absent -

Naked to fully
scaled

79 - 91

4 - 6 unequal
length-

a

Some pignenta-
tion on spines

Present

19 - 22

Light spot
present
Present

Naked to 75
percent scaled
80 - 89

3 equal

length

g

:Same'as walieye

Black blotch at
base of last dor-
sal finm spine
19 - 20

Dark spot present
Present

10 percent scaled
83 - 92 .

4 - 5 unequal

length

4
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spectively, while those from the tailrace at annuli I ~ VIII were 4.8,
943; 11.3, 13.8; 16.2, 18575 20.8; and 25.6 inches respettively.
There was littlé difference in the coefficignt 6f gondition (G) be-
tween male and female sauger in both Garrison Reservoir and the tail-
races
The number o0f egygs estimated for 30 individuals ranged from 10,488 to
117;058.
Sex determingtions made on 1,466 sauger showed that 71 percent were
females and 29 percent males;
iny_2l percenf of the males and 19 percent of the femalgs‘weré mature
at 3 years while all males and 63 percent of the females weré mature
at 4 yearss
The spawning season extended from May 8 to May 28 in 1960.
A total of 564 sauger, 90 w&lleyé, and 5 hybrids was studied for

taxonomic differences.
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