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Abstract

Smallmouth.bass \Ilicroptel^ loloniexi) grew ver], rapidly in Lake Sammamish, with mean
i :enser. of-l! I cm _r I year ). 18.5 cm (21ear), 26.b d (j,r;), t i . i  , i  tt y"i, l , jsj - i i

l-r-_]-Tr-,,: 
," 

".^.. 
(6 year) and 4t.4 cr 7-ycar). Mo6t of the fish were 2_ ancl l_year_old bass,

i .p l ! : :n, j "s 
' ' ,  ar( t  14 per._(nr  o{_the roLrt  popular ioo respect i rety.  Incremcn(at  srowrh wdsgrrdfect berwccn rhe ags ul I anJ J and progressirelt d.. reased berween rhe ages o1 I and

1n( Aro$tir rarc excceds rhar okcrted in most orho North Ametican waters. Vhile craylish (pasi-ta r ,  r '  h n i t t  ,  * l t t . , .  rnd rculp ins tCo x.  sp. t .  made up a maiur  part  nf  rhe dier  in mlsr  monrhs,
T' : i l t i ' ] , : "T","  

t ( )n(ath)a.h ' ,  sp.J were thc most imFxanr prey i r rm in (hr  monrh of  t \ lay,
: j  1 i - l  q. j .  ot  r t ,c  <dtrnon,d,ourmia,ar ion_ Er ideo(e is  presented io supp<,rr  rhe rheory thar .mrt i_
j l ,_, : l l , i$ l  , ro nor \e,e. ' | \e i ) '  refd on v lmon bur.r re random feeders.  car ing rhaterer  prey i rem
l l , l l i l l ! i1 . ,  

A ,e8re\s,un. t rnc plor  or  p,e '  tengrh ,enus smrl tmuurh bass, ize showed i  posir i re
corrcLar.n herween. pfey srze ao,l pred_ator size. The preferred habitar of the sma mouth bass wascnaracre.zed by i hard \ubsrfatc combincd s'ith a dropoff from an overbank and the al,sence ofaquatic vegctar;on.

In l roducl ion

Because of the growing interest in smallmouth bass (Micropteru tlolonieti) by anglers
in the state of Washington, a study was undertakeo to learn more abour the lite hiJrory
of this fish in a natural lake in \fashington. Research coocerning this rmporrant game
fish in rhe Nordrlvest has bcen confined to rhe Columbia and Snake Rivers and rheir
associated rributaries ( Henderson and Foster 1956, Keating 1970, Munther 1970, Mont-
goneri ' e/ dl. 1980 ) .

Lake Sammamish has a thriving stock of smallmouth l.rass, as evidenced by the srow_
ing number of anglers each year on rhe lake, r,hich is situated in an urban ,"ici.r,r ft k.n
east of Seattle. Significaot game fish populations of other species exist in Je lake;
thesc include resident trout (Sah a sp) and anadromous salmon (Oncorhynchat sp.),
most of which originate in the Issaquah Creek Salmol Hatchery at the South encl of the
lake. The lake is used as a rranspotation route for the massive outmigration of smolc
frorn the hatchety each spring and the subsequenc returo of adulc salmofl ro the hatcherv
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each fall ( Pflug 1981). Since ooe of the major concerns in transplanting smallmouth
bass into new waters is their potential imlmct on any resident ffour ol anadromous salmon
populations, Lalce Sammamish offers a urique seniog for the srudy of smallmouth bass
biology. The objectives of this study were to provide data on the following life history

Paramete$: age ancl growth; spawning afld nestiog areas; habitat preference; food and
feeding; and impact on existing salrnon and trour populatiofls in the lake. This paper
describes these valious aq>ects of the life history of smallmourh bass in La.ke Samma-
mish, Nfashiogton.

Materials and Methods

For this study, Lake Sammamish was subdivided irto 23 IlttoraI secions of various sizes
(Fig. 1). Sectional boundaries were established q/here visual changes occurred in the
littoral habitat type, such as a depth profile tramition, presence o! absence of aquatic
vegetation, and littoral subsffate changes.

Shoreline habitat assessments, based on identifiable physical elements, were conducted
on each section of the lale. Three distinct elemenrs were used to make rhese secrional
assessmeors: (l)litoral substrate type, (2) littoral depth profile, and (3) aquaric
vegetation type and density. Four distinct substrates were idenrified: ( 1) silt, ( 2 ) sand,
(3) gravel (6 to 40-mm diameter), and (4) cobble (40 to 250-mm diameter). Four
littoral depth profile types were: ( 1) shalloor flats-small depth 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 to a
steep drop-off; and (4) drop-off steep drop srarting directly from the shoreline.
Aquatic vegetation deosities were classified visually as dense, moderate, spotty, or absent
(Goodpasture 1979).

Electrofishing aod aogliog 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 (Bennett 1970). Electroshocking
was conducted n<xturnally ard aflgling occurred diurrrally benveen March aod Septem-
ber of both 1979 and 1980. Additional samples of smallmouth bass were obtained
fron-r organized bass tournaments that v/ere conducted during both sampling seasoos.

During the 1979 and 1980 sampling seasons the following information and samples
were optained from e.ach of 734 smallmouth bass: (1) total length in centimeters,
(2) weight in grams, (3) a scale sample taken flear the base of the pectoral fio, and
(4) the stomach conteots exrlrrcrcd for ideotification. Corollary information taken
from 695 fish (Table 3) included sectioos of capture aod release. maturity. date, and
n'tethod of captr:re.

Scales were soaked and cleaned in a water solution and flon-regeoerati\rc scales were
seleced and mounted on strips of clear cellulose acetate with a hc.ated verlical hydraulic
press (Campbell and N(itt 1951). The plastic slide impressions of the scales $'ere
viewed rvith a microfiche rsader a! 48X magnification. Age determinarions *,ere ma.le
by interpreting and countiog 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 betrveen the mid-point of the focus and the ourer marsin,
alonq the primary radii. A back calc-ulation technique n'as used (Juoe 1979), measutinli
the clistance from the f<.rcus to each annulus on the sacle to estimate the cottesponding

Biology of Smallmourh Bass 1 1 9



S o m m o m  i s h  S  l o u g h

1

727

N
nm

1. N{ap of  Lakc Sammamish (King County,  Vashingron) showing the 2l  lake scctrrns
used c lur ing thc study wi th the locat ion and disrr ibut ion of  the three, l i { fcrent  shorel inc
habira{  types.  (Sce Table 1 for  an explanat ion of  the threc habi tats. l

l y p e  I

t yp€ tr

ly pe [L
l s s o q u o  h  C r e e k

Pflug and Pauiey



body length for that scale measurement. The body-rale relationship in smallmouth

bass was linear.
The food and feeding preferences of smallmouth bass vrele determined through a

numerical analysis in *'hich the oumber of each prey type in each stomach was counted

(Vindell 1971). These were summed .o yield a total for each frpd type io the entire

sample, and a grand total for all items. The totals gave the representarive PercentaSe,
by number, of each prey tyPe coosumed. This merhod also furnished data that were

used to determine the ssasonal variation in food types arrd associated feecling rates. Prey

leogths (cm) were used to evaluate food size specificity for smallmouth bass age

gror-rps. As an alternative to killing smallmouth bass, a pulsed gastric lavage technique

described by Foster ( 1977 ) was modefied to remorre all stomach contents ( Pflug 1981) .

Spawning surveys were conducted along the lake shoreline periodically ben'een

April and July in 1979 artd 1980. Bass nest sites were counted by iake section aod

water depth, substrate type, and cove! t)?e s/ere recorded for each [est- Smallmouth

bass nests wele distinguished visually by identifying the adult species in atteodance

Results

Age and Growth

The majority of the smallmouth bass populatioo was composed of 2- aod 3- year-old fish,

representing 39 and 24 perceot of the total samPle, respectively (Fig 2). Smailer

perceotages of the population were comPosd of 1-year-olds (14 percent), 4-year-olds

(12 percent) and 5-year-olds (6 percent), while 6- and 7'year-olds combined represenred

5 percent.

Total length ranged from 7 cm to 48 cm. The 2-year-olds, 1,3 to 2J cm long, clearly

lepresented the major year class in 1979, which predictabily became a maior year class

in 1980 as 3-year-old fish. A small year class was rePreseoted by the 3-year-old fish in

1979 atd 4-year-old, fish in 1980. The promioent 4-year-olds of 197c) sriiL conposed

rhe largest group older than 3 in 1980.

The back-calculation Procdules cooducted on all year classes to determioe lengths

ar various ages showed that mea[ total leoglhs increased rapidly from the 10'1-cm

averalie for l-year-olds to average 18.5, 26.0, 3\.4, )5.7 38 3, and 41 4':m for each suc'

cessive year class (Fig. J). The aonual growth curve for Lake Sammamish smallmouth

bass in 1979-1980 combioed reaveals the excePtio[ally good gro*th of these fish com-

parecl to smallmouth bass in other waters of North America ( Fig 3 ) . The length-*'eight

relatiooship mode Itr:alr', with b- 1.0, demonsttates that young smallmouth bass

gain additional weight but length progression is depressed (Fig. 4).

Food and Feeding Habits

Sculpins (Corlzr sp.) were the maior prey item for age one bass. aithough juvenile

salmon and ctayfish (.Patifattacus leniuc us) wele ezrteo also (Table 1). Surprisiogly,

no'Jquatic iosects were observed in the stomachs of yearling bass. Smallmouth bass be-

$!een aqes 2 and 3 fed most on sculpins, *'hile 1t- and 5-year'olds most ftequentiv ate

crayfish and juvenile salmon- Aquatic insects wete most abundant in age 2 fish lnct-

dental prey items included zooplankton, smallmouth bass fry, sqa*'fish (Pt1'c1to'1'o t't

orcgonelu;.t ), peamouth ( Mylocheilat caarinu), and brook lampte.t ' l l ' ' t tttTtrt ' t t i t/u'd'
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Figure 2. Age group for smallmouth bass captured duriog the 1979 and 1980 sampling periods.

soni). Partly digested unidentifiable fish made up a Iarge percenrage of the prey items
in all age groups of smallmourh bass.

Monthly chaoges in the diet of smallmouth bass for April-July shovred a marked
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TABLE 2. Tolal number of Drey items counted in snrallmoutb bass stomachs ior each monlh. ADr _
Ju lv .  ]  9 -E0.

Sculpin

thideniiiied lish

8
c 3

2
2 6

2 i

2 i
3 8
5 4

7 6
3 0
3 6

5 2

7
2

7

1 6 8 l ? 6

TotaL numlrer stomachs examined 9 3 2t7 1 7 0

l - t ren t  -hp t r  s lumuchs 6s Vo 7 2.i

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

Prey size preference was determined by measuriog the total lengrh of the recovered
prey items to the nearesr ceotimeter. Smallmouth bass selected prey items in relation to
thejr size, with a preference toward progressively larger prey items of all types (Fig. 5).
A positive, linear relationship existed berween the prey size consumed and the size
of the smallmouth bass, which was besr described by the linear regression function:

Y -2.596 I o.791X
g'here, Y: size of the prey item

X - age group of the smallmouth bass
The correlation coefficient of O.374 was sigoificant (P <0.01).

Habitat Prelerence
'Ihree 

clearly definable shoreline habitat types exist in Lake Sammamish (Fig. 1 and
Table 3). Type I habitat made up approximately 65 percent of rhe shoreline, which
was characterized by a hard substrate, combined with a drop-off from an overbank,
ancl the absence of aquatic vegetarion. Approximately 25 percent of the lirtoral area
available in the lake was classed as Type II habitat, characterized by sand or gravel sub-
strate, iight to dense growths of aquatic vegetation, with a gradual or moderate depth
profile that terminated wirh steep drop-offs. Type III habitar, which made up approxi-
mately 10 percent of the lirtoral area, possessed moderate to dense aquaric vegetation Jn
shallow *'ater over silt and sand substrate. and was located exclusivelv at the northern
and southern ends of the lake.

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

Typical smallmouth bass spawning areas alrc rvete categorized as Type I habirar
(Table 3). The preferred spawning subsrrate consisted of gravel and cobble devoid of

2 0 5
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smallmoutb- bass io either 1979 or 1980'

aquatic vegetatioo Ho$/ever, nest sites were typically associated with a benthic structure

,.,.h u, uriiol"."d boulder, log, or dockpiling Nest depths ranged from 1 to 4 meters'

but most were io 1.5 to 2.5 metels of water. Counts of nest sites showed that spawning

began in eady May, peaked late May, and ended io mid-June tr{ay and June surtace

*oi., t".p"-,.,r., range.l benveen 1l"C and 17'C The major spawniog areas o{

smallmouth bass were alolg the eastern shore of the lake from Section 3E northward

ro Section 9E (Fig. 1), where 125 nest sites were counted duriog spawning in 1979 and

1 9 l l 0 . T h e o ' " s t e - r r r r h o r " f r o m s e c t i o n g W n o r t h w a r d t o S e c t i o n l 4 r v $ ' ' a s a l e s s
important spawoing area aod contained 45 smallmouth bass nests cluring the tvo-year

*,,dy p"rio<i. Typ" I t.tubit"t accounted for 85 percent of the oests observed (Table l)

Di6cussion

(iro\vth tates of smallmor.rth bass in Lake Sammamish *'ere exceptionally rapid rvhen

comparecl rvith growth rates reported for this species in other regions of North America

tFig. 3). Fascer growth has been obscrved only by Stroud (1948) The rapid growth
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TABLE 3. Habiiat and spamins areas or smalrmouih bass in r,alre sarnrramish iturins 19?9 and 1980.

Number ol Number oi
tish nests

smpted counled

Depih

x
T I I

I
I
T
I
I
T
T

I I I
I ]

I I I
I I

I I I
I

I I
i I
I I

I
I
I
I

I T

1 2t)
2 F j 2
3 M 5
4It 80
5 E  4 7
6E |]o
7E 138
8E 60
9 E  E E

1 0 E  0
z\tt 20
3 W 9
4 W 3
5 W 0
6 W 8
? w i
8W 72
9 W  1 S

10w 2
11W 1
1 2 W  1 6
13W 4
14w 5

7

t 4
7

1 t
1 3
2 1
: 3
21,
0

0
4
0
z

4

E
9
5

3

L
3

l

1
3
3

?)
+
4
2

sili

sill

lisht

lishi

light

lDepth  l , ro l i le  Trpesr  (1 )  Sba ow t ta ls
(2) cradual srope
(3) Drop-oii i.om overbaht
(1) Drop-ofi trom shoreline

:Hab i la i  T !D.s :  (1 )  Hard  subs l ra te ,  d rop-o t f ,  lack  aquat ic  lese ta t ion .
(IT) Sanal or gravet, sradua.l depih Drotile leaalins 1() a d.oD_.ri. ra.yj.s aqoarj.

,.r t, L',iii'i'J,,u, shar br. rreprh. .ense aqudic lege,arioD.

in Lake Sammamish is probably attributable to an excellent food supply, abundant suit_
able. habitag favorable water remperatures, and a presumed lack oi competitive and
predatory fish species ( Pflug 1981). The two most important influences on growrh are
probably temperature and abundant food (Coble 197j). Lake Sammamrsh appears ro
have both at optimal levels.

Studies conducecl on the Columbia River have shown that q,ithin this geographical
area smallmouth bass sometimes attain an age of 12 years ( Henderson and Fosrer
1956). The oldest smallmouth bass caprured io Lake Sammamish had iust besuo its
eighth growing season. The exa* introductioo date of sma mouth bass inco riie lake
is unknown, but smallmouth bass did not begin to appear in angler catches until the
early 1970s (Pflug 1!81). Johnson and Ha.Ie (1977 ) observed ihat smallmouth bass
do oot reach maximum abundance until 9-15 years after inuocluction rnto new lakes.
Therefore, Lake Samman-rish may be 2-5 yeafs as.ay from its maximum porenlral as a
producer of smallmourh bass.

Littoral water temperarures in Lake Sammamish rangecl from l3.C to 25.-C during
the smallmouth growing seasoo ( Pflug 19g1), indicating that growth (xcurs over a
btcmd tange of temFratures, as observed by other investigators (Crble 1967, Vrrenn
1980). Aithough total annual growrh and warer temperaturc are probably related, it

Bioiogy of Smallmouth Bass



appears rhat factors other than temperature are importalrt in influencinl; 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, mther thao different foo<l rypes. Prey size
and smallmourh bass size were positively correlated in Lake Sammamish. In other
rvaters, rhe diec of smallmourh bass changes from small to large items, but ofteo
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 culmioating in crayfish and larger fish
( Coble 1975). Guil lory (1979) claimed that this shift in type of prey is due to the size
of the prey selection rarher than any other factors. However, this does not appear to be
the case s'ith smallmouth bass io Lake Sammamish, which showed a size preference in
the prey selected at all ages with a distinct prey type prefereoce notd only during the
monrh of May, when migratory juvenile salmoo were abundant.

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

Resident trour did not appear in any of the smallmouth bass stomachs (Pflug 1981).
Bass in other warefs do not appear to selectively feed on uout or salmon (Lachner 1950.
Stocek and McCrimmoo 1965, I7arner et al, 1)68). However, it has been shown that
an influx of young salmoo or rrour into a body of water will yield a higher than normal
predation rate by smallmouth bass (N7arner 1972), largemouth bass (Micropterur vl'
ttzoid,et ) (Stocek and McCrimmoo 1965, 'Waroer 1972), spotted b^ss ( Mictopler/rt
pl./ ltct ldt r) (Axon 1!71), and suiped bass (Motone :axati l i t) (Deppert 1979). Sim-
ilarly. the ioflux of a large nurnber of vuherable salmon smolts into a system like Lake
Sammamish should aid in accelerating predatioo by smallmouth bass and may be a
major reasoo for rhe excellent growth of Lake Sammamish smallmouth bass.

Smallmouth bass io I-ake Sa.mmamish are apparently feeding "generalists" that
folloq' rhe 'numbers ma-rimizer" feediog strategy, s'hich assumes that the predator eats
prey items as they are eflcountefed! so that the most oumerous prey in the eovironment
should be rhe most numerous in the stomach (Gfriffiths 1975). This theory assumes
thar prey size and abundance are the ooly factors of importance to predators.

Smallmouth bass *'ere observed spawning during the months of May aod Junc in

both 1979 and 191J0, rvhen watet remperatures ranged from il 'C to 18'C in Lake
Srmmamish (Pflug 1981). Similar sparvning rempetatures were reported by Stone
ct al. (79541 from Lake Ootario. Although an txcasional smallmouth bass was mken
from heavily vegetated Type III habitat. smallmouth spawning nests were never observed
in that type of habitat. Lake Sammamish bass utilized gravel and cobble shoreline areas
devoid of aquatic vegaation for nest buiiding sites, rvhich usually were situated next

ro some isolated object such as a rock, piling, or log. This is the same situation that Vogele
(19ll0t observed q'ith smallmourh bass in Bull Shoals Reservoir. Smallmouth bass
spawning nests generally appear to be made io *'atcr less that 2 m deep ( \]i/atson 1965,
Schneberger 1977), but deeper nests have been noted (Forney 1972, Vogele 1980),
rvhich are considere atypical for this species and artributed to hcavy u'are alti(Jo uccur-
ring dLrriog spa*'ning combined wirh extreme *'ater clarity. Lake Sammamish small-
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mouth bass probably spawn at 2 to 4 m depths because of the extremely clear water aod
severe wave action created by heavy boat traffic on the lake during May and June.

Smallmourh bass in Lake Sammamish exhibited unmistakable habitat preferences
for gravel and cobble substrate with access to drop-offs. Habiat of this type appears
to be prefered by smallmouth bass in many areas of the United Smtes (Munther 1970.
Schneberger 1977, Ceorge and Hadley 1979, Hubert and Lackey 1980). This preference
for rcrcky habitat is possibly thought to be due to the preference smallmouth bass have
for crayfish in some areas (Munther 1970, Johoson and Hale 797j). \)fe clid not
detecr a distinct preference for crayfish by smallmouth bass in Lake Sammamish. Juve_
nile salmon frequented the liroral area of the entire lake ( pflug 19g1), and rulpios
were fouod on all substrate types without preference for gravel or rock (Richard l!g0).
Since salmoids, sculpins, and crayfish make up most of the diet of smallmouth bass. it
appears that food items are not rhe major reason for the distincr smallmouth bass pref_
erence of gravel and rock in Lake Sammamish. Watson (1965) noted a strong need
by smallmourh bass for gravel ro spawn, and this may be the determining fuco, for
habitat preference in Iake Sammamish since an abundant fo<xl supply exists in the rocky
areas alm. Smallmouth bass sho*' an extremely stroog home area tendency in Lake
Sammamish (Pflug and Pauley 1983), and this may be related to the availabiliry of
adequate spawning habitat combined with an abundant and accessible food supplv.
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