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Abstract

Smallmouth bass ( Micropterns dolomieni) grew very rapidly in Lake Sammamish, with mean
averages of 10.1 ¢m (l-year), 18.5 cm (2-vear), 26.0 em {3-year), 314 cm (4-year), 35.7 cm
(3-year), 38.3 cm (Gyear) and 41.4 cm 7-year). Most of the fish were 2. and 3-year-old bass,
representing 39 and 24 percent of the total population respectively. Incremental growth was
greatest berween the ages of 1 and 3 and progressively decreased between the ages of 4 and 7.
The growth rare exceeds that observed in most other North American waters. While crayfish (Pasi-
fastarns leninsculus) and sculpins (Costas sp.) made up 2 major part of the diet in most months,
migratory salmon (Oncorbynckas sp.) were the most importznt prey item in the month of May,
at the peak of the salmonid ourmigration. Evidence is presented to support the theory that small-
mouth bass do not selectively feed on salmon bur are random feeders, eating whatever prey item
is available. A regression line plot of prey length versus smallmouth bass size showed a positive
correlation between prey size and predator size. The preferred habitar of the smallmouth bass was
characterized by a hard substrate combined with a dropoff from an overbank and the absence of
aquatic vegeration.

Intreduction

Because of the growing interest in smallmouth bass (Micropterus dolomient) by anglers
in the state of Washington, a study was undertaken to learn more about the life history
of this fish in a natural lake in Washingron. Research concerning this impottant game
fish in the Northwest has been confined to the Columbia and Snake Rivers and their
associated tributaries { Henderson and Foster 1956, Keating 1970, Munther 1970, Mont-
gomery et al, 1980).

Lake Sammamish has a thriving stock of smallmouth bass, as evidenced by the grow-
ing number of anglers each year on the lake, which is situated in an urban serting 16 km
cast of Seartle. Significant game fish populations of other species exist in the lake;
these include resident trout (Safmo sp.) and anadromous salmon (Owncorbynchus sp.),
most of which originate in the Issaquah Creek Salmon Hatchery at the South end of the
lake. The lake is used as a transportation route for the massive outmigration of smoles
from the hatchery cach spring and the subsequent return of adult salmon to the hatchery

1Present Address: R. W. Beck & Associates, Tower Building Seventh and Olive Way, Seattle,
Washington 98101.

*The Unit is jointly supported by the Washington State Department of Game, the Washington
State Department of Fisheries, the University of Washington, and the U.5. Fish and Wildlife
Service.

3Contribution Number 653, School of Fisheries, University of Washington, Seattle, Washington.

118 Northwest Science, Vol. 58, No. 2, 1984




each fall (Pflug 1981). Since one of the major concerns in transplanting smallmouth
bass into new waters is their potential impact on any resident trout or anadromous salmon
populations, Lake Sammamish offers a unique setzing for the study of smallmouth bass
biology. The objectives of this study wete to provide data on the following life history
parameters: age and growth; spawning and nesting areas;, habitar preference; food and
feeding; and impact on existing salmon and trout populations in the lake, This paper
describes these various aspects of the life history of smallmouth bass in Lake Samma-
mish, Washington.

Materials and Methods

For this study, Lake Sammamish was subdivided into 23 littoral sections of various sizes
(Fig. 1). Sectional boundaries were established where visual changes cccurred in the
littoral habitat type, such as a depth profile transition, presence or absence of aquatic
vegetation, and littoral substrate changes.

Shoreline habitat assessments, based on identifiable physical elements, were conducted
on each section of the lake. Three distinct elements were used to make these sectional
assessments: (1) littoral substrate type, (2) littoral depth profile, and (3} aquatic
vegetation type and density. Four distinct substrates were ideatified: (1) sile, (2) sand,
(3) gravel (6 to 40-mm diameter), and (4) cobble (40 to 250-mm diameter). Four
littoral depth profile types were: (1) shallow flats—small depch change with increasing
distance from shoreline; (2) gradual slope—moderate depth change with increasing
distance from shoreline; (2) drop-off from overbank—moderate slope yielding o a
steep drop-off; and (4) drop-off—steep drop starting directly from the shoreline,
Aquatic vegetation densities were classified visually as dense, moderare, spotty, or absent
{Goodpasture 1979).

Electrofishing and angling were the two methods used for collection of smallmouth
bass in Lake Sammamish since these sampling techniques have been shown to be the
most effective for securing large numbers of live bass {Bennetr 1970). Electroshocking
was conducted nocturnally and angling occurred diurnally between March and Septem-
ber of both 1979 and 1980. Additional samples of smallmouth bass were obtained
from otganized bass tournaments that were conducted during both sampling seasons.

During the 1979 and 1980 sampling seasons the following information and samples
were optained from each of 734 smallmouth bass: (1) total length in centimeters,
{2) weight in grams, (3) a scale sample taken near the base of the pectoral fin, and
{4} the stomach contents extracted for identification. Corollary information raken
from 695 fish (Table 3) included sections of capture and release, marturity, date, and
method of capture.

Scales were soaked and cleaned in a water solution and non-regenerative scales were
selected and mounted on strips of clear cellulose acetate with a heated vertical hydraulic
press (Campbell and Witt 1953). The plastic slide impressions of the scales wete
viewed with a microfiche reader ar 48X magnification. Age determinations were made
by interpreting and counting the growth zones {annuli) that appeated on each non-
regenerative scale. To determine the length of smallmouth bass at younger ages, the
scale radius was measured between the mid-point of the focus and the ourer margin,
along the primary radii. A back calculation technique was used (June 1979}, measuring
the distance from the focus to each annulus on the sacle to estimate the corresponding
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Figure 1. Map of Lake Sammamish (King County, Washington) showing the 23 lake scetions
used during the study with the location and distribution of the three different shoreline
habitar types. (See Table 1 for an explanation of the three habizats.)
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body length for that scale measurement. The body-scale relationship in smallmouth
bass was linear.

The food and feeding preferences of smallmouth bass were determined through a
numerical analysis in which the number of each prey type in each stomach was counted
(Windell 1971). These were summed to yield a total for each food type in the entire
sample, and a grand total for all items. The totals gave the representative percentage,
by number, of each prey type consumed. This method also furnished data that were
used to determine the seasonal variation in food types and associated feeding rares. Prey
leagths (cm) were used to evaluate food size specificity for smallmouth bass age
groups. As an alternative to killing smallmouth bass, a pulsed gastric lavage technique
described by Foster (1977) was modefied to remove all stomach contents {Pflug 1981).

Spawning surveys were conducted along the lake shoreline periodically between
April and July in 1979 and 1980. Bass nest sites were counted by lake section and
water depth, substrate type, and cover type were recorded for each nest. Smallmouth
bass nests were distinguished visually by idencifying the adult species in atcendance.

Results
Age and Growth

The majority of the smallmouth bass population was composed of 2- and 3- year-old fish,
representing 39 and 24 percent of the toral sample, respeccively (Fig. 2). Smaller
percentages of the population were composed of 1-year-olds (14 percent), 4-year-olds
(12 percent) and S-year-olds (6 percent), while 6- and 7-year-olds combined represented
5 percent.

Total length ranged from 7 cm to 48 cm. The 2-year-olds, 18 to 23 cm long, clearly
represented the major year class in 1979, which predictabily became a major year class
in 1980 as 3-year-old fish. A small year class was represented by the 3-year-old fish in
1979 and 4-year-old fish in 1980. The prominent 4-year-olds of 1979 still composed
the largest group older than 3 in 1980.

The back-calculation procedures conducted on all year classes to determine lengths
at various ages showed that mean total lengths increased rapidly from the 10.1-cm
average for l-year-olds to average 18.5, 26.0, 314, 35.7 38.3, and 41.4-cm for each suc-
cessive year class (Fig. 3). The annual growth curve for Lake Sammamish smallmouth
bass in 1979-1980 combined reaveals the exceptionally good growth of these fish com-
pared to smallmouth bass in other waters of North America (Fig. 3). The length-weight
relationship mode W = alP? with b= 3.0, demonstrates thar young smallmouth bass
gain additional weight buc length progression is depressed (Fig. 4).

Food and Feeding Habits

Sculpins {Cottus sp.) were the major prey item for age one bass, although juvenile
salmon and crayfish (Pasifastacus leniusculns) were eaten also (Table 1}. Surprisingly,
10 aquatic insects were observed in the stomachs of yearling bass. Smallmouch bass be-
tween ages 2 and 3 fed most on sculpins, while 4- and 5-year-olds most frequently ate
crayfish and juvenile salmon. Aquatic insects were most abundant in age 2 fish. Inci-
dental prey items included zooplankton, smallmouth bass fry, sqawfish (Prychocheilns
oregonensis), peamouth { Mylocheilus canrinus), and brook lamprey ( Lampetra ¥ichaid-
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Figure 2. Age group for smallmouth bass captured during the 1979 and 1980 sampling periods.

soniy. Partly digested unidentifiable fish made up a large percentage of the prey items
in all age groups of smallmouth bass.

Monthly changes in the diet of smallmouth bass for April-July showed a marked
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Figure 3. A comparison of growth rates from seven different populations of smallmouth bass in

North America.

TABTLFE 1. Total prey items taken from the stomachs of each smallmounth bass age group during

March- August, 1979-80.

Age
t'rey ltem I 11 TI1 V1 Y
Salmonid 5 42 12 20 10
Sculpin 11 67 50 15 3
Crayfish 2 44 3 24 14
Aquatic insects 0 54 2 1
T nidemified fish 3 17 3 16 &
Total No. stomachs examined 30 286 L2 72 a%
[rercent empty stomachs 33 [ 61 % 8477 nne,
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TABLE 2. Total number of prey items counted in smallmouth bass stomachs for each menth, April-
July, 1979-850.

Month
Prey items April May June July
Salmonid 7 76 23 8
Sculpin 2 30 24 93
Craylish 15 36 27 47
Agquatic insects 14 3b 38 2
Unidentified fish ki 52 D4 26
Tetal prey items 44 2293 168 176
Total number stomachs examined 93 217 205 170
Percent empty stomochs 37, 59 57% 726,

importance of salmon in May (Table 2). This prominence was a result of the outmigra-
tion of young salmon from the Issaquah hatchery at the south end of the lake. Crayfish
and sculpins made up the majority of food items observed in July. There was a dramatic
increase in feeding that occurred between April and May and continued at a high level
through July (Table 2).

Prey size preference was determined by measuring cthe total length of the recovered
prey items to the nearest centimeter. Smallmouth bass selected prey items in relation to
their size, with a preference toward progressively larger prey items of all types (Fig. 5).
A positive, linear relarionship existed between the prey size consumed and the size
of the smallmouth bass, which was best described by the linear regression function:

Y =259 4 0.793X
where, Y —size of the prey item
X —age group of the smallmouth bass
The correlation coefficient of 0.374 was significant (P <C0.05).

Habitat Preference

Three clearly definable shoreline habitat types exist in Lake Sammamish (Fig. 1 and
Table 3). Type 1 habitat made up approximately 65 percent of the shoreline, which
was characterized by a hard substrate, combined with a drop-off from an overbank,
and the absence of aquatic vegetation. Approximately 25 percent of the littoral area
available in the lake was classed as Type II habitat, characrerized by sand or gravel sub-
strate, Jight to dense growths of aquatic vegetation, with a gradual or moderate depth
profile that terminated with steep drop-offs. Type III habitar, which made up approxi-
mately 10 percent of the litcoral area, possessed moderate to dense aquatic vegetation in
shallow water over silt and sand substrate, and was located exclusively ar the northern
and southern ends of the lake.

Smallmouth bass display a definite predilection for shoreline areas devoid of vegeta-
tion and composed of gravel and cobble that had a gradual slope with a drop-off (Table
3). The 12 areas classed as Type I produced 599 of our smallmouth bass; the 7 Type
I areas yielded 85 smallmouth bass; and the 4 Type III areas produced only 11 small-
mourth bass {Table 3).

Typical smallmouth bass spawning areas also were categorized as Type 1 habitat
{Table 3). The preferred spawning substrate consisted of gravel and cobble devoid of
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Figure 5. Relationship between the size of various prey items eaten and the size of smallmouth
hass. Data points are group means of different food items observed in each age group of
smallmouth bass in either 1979 or 1980.

aquatic vegeration. However, nest sites were typically associated with a benchic structure
such as an isolated boulder, log, or dockpiling. Nest depths ranged from 1 to 4 meters,
but most were in 1.5 to 2.5 meters of water. Councs of nest sites showed that spawning
began in early May, peaked late May, and ended in mid-June. May and June surface
warter temperatures ranged berween 13°C and 17°C. The major spawning areas of
smalimouth bass were along the eastern shore of the lake from Section 3E northward
1o Section 9E (Fig. 1), where 125 nest sites were counted during spawning in 1979 and
1080. The western shore from Section 9W northward to Section 14%W was a less
important spawning area and contained 45 smallmouth bass nests during rthe two-year
study period. Type I habitat accounted for 85 percent of the nests observed (Table 3).

Discussion

Growth rates of smallmouth bass in Lake Sammamish were exceprionally rapid when
compared with growth rates reported for this species in other regions of North America
(Fig. 3). Faster growth has been observed only by Stroud (1948). The rapid growth
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TABLE 3. Habitat and spawning areas of smallmouth bass in Take Sammamish during 1979 and 1980.

Number of Number of Depth Aqualtic
fish nests Substrate profile vegetation Hahitat
Section sampled counted type typet density types
1 20 7 sand :gravei 2 moderate 11
2E 2 0 gravel :cobble 2z moderate 111
IE 65 14 gravel :cobble 3 absent I
1K 80 7 gravel 3 absent 1
SE 47 1% gravel :cobble 3 absent T
B 290 13 gravel:cobble 3 absent 1
TE 138 24 gravel (cobble 3 absent I
SH 60 28 gravel :cobble 3 absent T
LEEH 88 21 gravel :cobble 3 absent I
10E 0 0 sili 1 dense 111
2w 20 o sand 3 light I
Iw 9 0 silt 3 dense IIT
4w 3 4 sand :gravel 1 moderate 1I
5W 0 [ silt 3 denge ITI
6w & 3 gravel 3 light 1
W 7 0 sand :gravel 2 moderate I
§W 12 4 gravel a mederate i
9w 18 7 gravel ;cobhle light 1T
10W 2 8 gravel :cobble 3 ahsent 1
11w 1 ] gravel :cobble jid absent I
12w is 5 gravel :cobhle 4 absent T
13w 4 T gravel :cobble 4 absent I
14W 5 9 sand ;gravel 2 moderate IT
1Depth I'rofile Types: (1) Shallow fats
(2) Gradual siope
{3} Drop-oif irom eoverbank
(4) Drop-off from shoreline
*Habhitat Types : (1) Hard substrate, drop-off, lack aquatic vegetation.
(IT) Sand or gravel, gradual depih profile leading to a drop-off, varying aguatic

vegetation.
(TII) 8ilt or sand, shallow depth, dense aquatic vegetation.

in Lake Sammamish is probably attributable to an excellent food supply, abundant suit-
able habitat, favorable water temperatures, and a presumed lack of competitive and
predatory fish species (Pflug 1981). The two most important influences on growth are
probably temperature and abundant food (Coble 1975). Lake Sammamish appears to
have both at optimal levels.

Studies conducted on the Columbia River have shown that within this geographical
area smallmouth bass sometimes attain an age of 12 years (Henderson and Foster
1956). The oldest smallmouch bass caprured in Lake Sammamish had just begun its
eighth growing season. The exact introduction date of smallmouth bass into the lake
is unknown, but smallmouth bass did not begin to appear in angler catches until the
carly 1970s (Pflug 1981). Johnson and Hale (1977) observed that smallmouth bass
do not reach maximum abundance until 9-15 years after introduction into new lakes.
Therefore, Lake Sammamish may be 2-5 years away from its maximum potential as a
producer of smallmouth bass.

Littoral water temperatures in Lake Sammamish ranged from 13°C to 25°C during
the smallmouth growing season (Pflug 1981}, indicaring that growth occurs over a
broad range of temperatures, as observed by other investigators (Coble 1967, Wrenn
1980). Although total annual growth and water temperature are probably relared, it

Biology of Smallmouth Bass 127




appears that factors other than remperature are important in influencing growth in
smallmouth bass, especially in older fish (Coble 1967).

In Lake Sammamish, the major prey of smallmouth bass were juvenile salmon, cray-
fish, and sculpins, with young smallmouth bass feeding primarily on smaller versions
of the same prey types that the adults fed on, rather than different food types. Prey size
and smallmouth bass size were positively correlared in Lake Sammamish. In other
waters, the dier of smallmouth bass changes from small to large items, but often
involves a distinct shift of food type as the fish grow larger. Often there is a progression
from zooplankton to insects to small fish, finally culminating in crayfish and Jarger fish
{Coble 1975). Guillory (1979) claimed that this shift in type of prey is due to the size
of the prey selection rather than any other factors. However, this does not appear to be
the case with smallmouth bass in Lake Sammamish, which showed a size preference in
the prey selected at all ages with a distince prey type preference noted only during the
month of May, when migratory juvenile salmon were abundant.

Salmon are not abundant in April and July, because release from the Issaquah
hatchery has not taken place yet in April, while in July outmigration from Lake Sam-
mamish is completed. As would be expecred, the number of salmon in the stomachs of
smallmouth bass was lowest in April and July, and highest in May and June.

Resident trout did not appear in any of the smallmouth bass stomachs (Pflug 1981),
Bass in other waters do not appear to selectively feed on trout or salmon (Lachner 1950,
Stocek and McCrimmon 1965, Warner ef &/, 1968). However, it has been shown that
an influx of young salmen or trout into a body of water will yield a higher than normal
predation rate by smallmouth bass (Warner 1972), largemouth bass (Microprerus sal-
moides) (Stocek and McCrimmon 1965, Warner 1972), spotted bass (Micropteras
punctilatus) (Axon 1971), and scriped bass (Morone saxatilis) (Deppert 1979). Sim-
ilarly, the influx of a large number of vulnerable salmon smolts into a system like Lake
Sammamish should aid in accelerating predation by smallmouth bass and may be a
major reason for the excellent growth of Lake Sammamish smallmouth bass.

Smallmourh bass in Lake Sammamish are apparenty feeding “generalists” that
follow the "numbers maximizet” feeding strategy, which assumes that the predator eats
prey items as they are encountered, so that the most numerous prey in the environment
should be the most numerous in the stomach {Gfriffiths 1975). This theory assumes
that prey size and abundance are the only factors of importance to predators.

Smallmouth bass were observed spawning during the months of May and June in
hoth 1979 and 1980, when water temperatures ranged from 13°C wo 18°C in Lake
Sammamish {Pflug 1981). Similar spawning remperatures were reported by Stone
¢t al. (1954) from Lake Ontario. Although an occasional smaflmouth bass was raken
from heavily vegetated Type 111 habirat, smallmouth spawning nests were never observed
in that type of habitar. Lake Sammamish bass utilized gravel and cobble shoreline areas
devoid of aquatic vegeration for nest building sites, which usually were situated next
to some isolated object such as a rock, piling, or log. This is the same situarion that Vogele
(19807 observed with smallmouth bass in Bull Shoals Reservoir. Smallmouth bass
spawning nests generally appear to be made in water less that 2 m deep (Wartson 1965,
Schneberger 1977, bur deeper nests have been noted {(Forney 1972, Vogele 1980),
which are considere atypical for this species-and artcribured to heavy wave action occur-
ring during spawning combined with extreme water clarity. Lake Sammamish smali-
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mouth bass probably spawn at 2 t0 4 m depths because of the extremely clear water and
severe wave action created by heavy boat traffic on the lake during May and June,
Smallmouch bass in Lake Sammamish exhibited uamistakable habitar preferences
for gravel and cobble substrate with access to drop-offs. Habitar of chis type appears
to be preferred by smallmouth bass in many areas of the United States ( Munther 1970,
Schneberger 1977, George and Hadley 1979, Hubert and Lackey 1980). This preference
for rocky habitat is possibly thought to be due to the preference smallmouth bass have
for crayfish in some areas (Munther 1970, Johnson and Hale 1977). We did not
detect a distincr preference for crayfish by smallmouth bass in Lake Sammamish. Juve-
nile salmon frequented the littoral area of the entire lake (Pflug 1981), and sculpins
were found on all substrate types without preference for gravel or rock (Richard 1980}.
Since salmoids, sculpins, and crayfish make up most of the diet of smallmouth bass, it
appears that food items are not the major reason for the distince smellmouth bass pret-
erence of gravel and rock in Lake Sammamish. Watson (1965) noted a strong need
by smallmouch bass for gravel to spawn, and this may be the determining facror for
habitat preference in Lake Sammamish since an abundant food supply exists in the rocky
areas also. Smallmouth bass show an extremely strong home area tendency in Lake
Sammamish (Pflug and Pauley 1983), and this may be related o the availability of
adequace spawning habitar combined with an abundant and accessible food supply.
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