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Fishes of Oxbow Lakes of Washington

Abslract

Fish faunas of oxborv lakes in rhe Chehalis, Snoqualmie, and Olanogao drainages of !flashington
were sampl€d whh a minnow scinc. lor comparlson, colle€tions werJmade jn iarent srreams.-\fe
.o l l<( te l  fe$rr  f ish.pe(res t rom oxbow lakes rhan t rom adiacenr srream rea,hei .  Most  oxbow takc
rlh(hyotaunas aere domjoared by non-native fishes, while native fishes domioated streams. Num-
bers of nativ€ species and non-native species were not signi{icantly correlated in oxbow lakes
(r=0,01), .but . io Chehaus drainage col lect ions rhc Otyml ic mudminnow lNoaanbra h*bbsi)
wr\  col lecred only uhere we did nor col lect  non-nar i rc f ishes.

In l roducl ion

Oxbow lakes occur along low gradient, meaodering streams. They are formed when a
meandef is isolared from the pareor stream (Reid 1961, Beecher e, at, I97j). Typi-
cally, a number of oxbovr lakes occur at irregular intervals aloog such streams. Differeot
oxbow lakes have been isolated from rhe patent sream for differenr lengtbs of time.
AJong a parent steam, oxbow lakes vary in age, successional stage, and area or lerrgth.
Oxbow lake width is approximately equal to parenr sueam width and does not vary
greatly among oxbow lakes along a reach of the parent stlearn. Consequently, area is
PtoPortional to length.

The strictly aquatic fauna of ao oxbow lake is derived from the aquatic fauoa of
the palent stream (Beecher et al, 7977). The fauna of the parent s eam is a pool of
potential colonizers of the oxbow lake when it is formed. The aquatic fauna of the
oxbow lake is a selective sample of the aquatic fauna of the parent stream, since iso-
lation of the e(bow lake is a gradual process.

Comparison of a Florida oxbow lake to its pareot srream, the Escambia River,
showed that the oxbow lake had fewer species of fishes than the parent stream. Reduced
habitat diversity was proposed as an explanadoo for the oxbow lake's lower fish species
richoess (Beecher et al. 1977), In the preseot study we compared fish species richness
io 16 lTashington oxboq lakes ro rhat io parenr streams.

Magnuson (1976) likened lakes to islands ard suggested that they might conform
to island biogeography theory. He suggested thar iotroduction of non-oative fishes
might be expected to cause local extinctions of some other species. If this were true,
the number of inroduced species should be negatively correlated with the number of
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Figure 1. Locations of study sites. Ilset shows locations of rivet systems in the state of lgashingtoo.
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native species. \fe examined rhe relationship between number of oative fish species
and number of introduced fishes in oxbow lakes.

Methods and Materials
SCe sampled 16 oxbow lakes and five sires on three parelt sueams. Study areas were
the Chehalis, Snolqualmie (Snohomish), and Similkameen ( Okanogan-Co|.rmbia )
drainages in \fashiogton state (Fig. 1). Using minnow seioes of 5.7 x 1.3 m and
4.J x 1.9 m, wirh strerch rneshes of 5 and 8 mm, respectively, u,e seined until all accessible
habitats were represented in our sampling at each site and uotil addirional seiqe hauls
yielded no additional fish species. T7e ideotified, counted, and released salmonids, but
other species wele pfesetved in 10 percent formalin for identification and enumerarion
in the laboratory. Iach seine haul was treared as a discrete subsample: the nurober of
species and individuals in individual seine hauls was recorded, with all fish from one
seine haul pteserved together in a container, but no other specimens vrent into that
contailrer.

Use of small seines reduced our effectiveoess in sampling large individuals, but
smaller specimens were easily captured. Since most species are represeoted by more
small tharr large individuals, seine size should not have biased our counts of sDecies
geatly. \tre were unable to sample deep ( ) 1.5 m) areas effectively.

Results

In all cases we found more fish species in palenr streams than irr oxbow lakes (Table
1; t-4.26, df - 19, P .i 0.01). The oumber of fish species in parent stream collec-
tions ranged from 6 to 10. The number of fish species in oxbow lakes ranged from
1 to 8. Oxbow lakes with inlet streams generally had more species than did isolated
oxbow lakes (Table 2; t-2.14, df:14, P:0.05). The number of species per seine
haul followed the same pattern as the number of species per collection, with more species
in parent streams than in oxbow lakes (Table 3; t-2.02, df :8j, p < O.Oj).

Amoog eight species collected only in oxbow lakes, seven $/ere qon-nalive species.
The most common no[-narive fish of oxbow lakes was the largemouth bass (Micropterus
vlmoid,et), although this was also the only non-native fish we collected in a parent
stream; all of the other seven oon-native fishes were collected only in oxbow lakes.
The prickly sculpin (Cottttt drper) w^s the only oative fish that we collected only
from an oxbow lake. Some oxbow lakes contained only native fishes.

In Itrashingrco oxbow lakes, oumbers of iotroduced and native speries were Dot
correlated (t:0.01, o: i6, P >> 0.0j). Ooly native fishes were collected with
the Olympic mudminnow (Nooumbra br.bbsi) (Table 4). At each site where we
found mudminnoq's we also collected threespioe sticklebacks (Gd$ercJteal actuLeat/tJ ).
The Olympic mudminnovr was absent from four Chehalis drainage collectioos in which
non-native fishes were present. The largemouch bass lMicropte tt salmoidet) svas
either collected, observed, or reported from the four Chehalis basin sircs where the
Olympic mudminnow wils rrot collected. Segregation of the Oympic mudminnow from
oon-native fishes appears to be significant (Xr-8.0, df:i, P<0.01).

Io conffasr to oxbow lakes, in which non-native fishes were a major component
of the ichrhyofauna, parenr stleams were dominated by oative fishes. Ts,o salmonids, the
mounrain vghite{ish (Prcsopium ttilliam:oni), and rainbow trott (Sdlmo gaitdneri),
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were collected frequently and exclusively in parent streams (Table 1). Several o'ther
fishes were collected infrequeotly but exclusively in pareot streams. Among the Iatter
was the redside shrner (Richa,tdrcniut babeatut), includiog one specimeo from Palrner
Creek (Similkameen drainage) having a tri-lobed caudal fio.

Discussion

A similarly lower species richness
stream sias found by Beecher et al.

of a Florida oxbow lake compared to its parent
( 1977 ), who suggested that lower species richness

TAaLE 2. Nunibers oi iishes in oxhow lakes with and {iihoui inlci sbeams-

Oxbo\l' lakcs with inlet stteams

s l ange

Isol:lted oxbolr' lar<es

3 . 0
Chehalis drninace

Snoquahie drainase

Similkameel drain:Lge

3.0

2.0

1 . 3 2 - 5

1 - 3

1 - 4

1. r l

TABLE :1. Number oi lishes Der s.ine haul in oxt'ow lakes and pareni sireams.

1 9 1 . 5 0 . 7 1 - 3

1 - 6

1- .1

2.2

0 . 8

1 - 7

1 - 5

Chelalis alrainase

Snoquahie drainase

Similkameen draina€e

t .0z3

TABT,D L Fish sDecies in Chehalis basin seine .ollections ltith and titllrul NoYnDl'ra hnl,bsi. Let-

re .  i .d ica tes  na i i ve  sDec i ls  and numbcr  'n i l i ca ies  non na l i ve  sDec ies :  A  l ln tosDl r r r )ns  h i .
dent0.tus, B-OrcorlynchrB kbulcl, C PlycDocheilus oregor€nsls, D-Il,IiniclJlhys ftii.
ara{jtlc, E B. oscnlus, F-Ilifhardsonius D,rlt€ltus, G Caloslonnts ntarrocheihs, H
Ool lus  i r iDer ,  I -C .  gudosus '  J  (1 .  r l to l leus ,  K- ( las t . ros iens  a(n le { ius ,  1  CI I r i l ,us
csrpio. 2 lctl|llrus ret,trlosui. ll -{trttoplil{s ruteilris! ,1 Lctonns giDttosrs, ; L,

macrochlrus, 6-uleroplerrf, ialDoliles, ?-Pomoxis nigromnculahs.

Fishes collecteit vilh N, hrDbEi
oxbow lnlre 0.8 km N of

Chehaiis R. nr South Elma K -

oxbow lake 0.1 km N oi
Chehalis R. nr Souih Elma K -

oxbow lake nr mouib Sa-isop It. I,K
sloush ai mouih ot SntsoD R. (],D,E.F,I,K

Fishes collecied where \. htrDbsl was not collecied
oxbow lalre &i Malone A,B,E,G, I ,J
oxbow Ur.ke ai Ford s prairie K
oxbow lalre N end golf course, Ceniralia H
oxbow lake S end soll course, Cenirali& C

2 , 3 , 5 , 6
2 , 5 , 6 , 7

1, (6-reporteil by lisherman)
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was a result of lower habitat diversity io the oxbow lake. Curent velocity alone has
a much grearcr raoge irr streams thao in oxbow iakes and could account fo! the differ-
eoce io species richness- The range of cruleflt velocities also leads to a broader range
o{ substrates io a stream than in an oxbow lake. The greater number of species in oxbow
lakes s'irh inlet streams than in isolared oxbows supports the idea that habitat diversity
affects species richness in oxbow lakes.

Lack of significant tregarive correlariol between numbers of native and rion-oative
fishes in Washington oxbow iakes suggests rhat these lakes had not reached a natural,
or pre-inuoduction, equilibrium number of fish species, contrary to Magouson's
( 1976) suggestion.

The noo-native fishes which successfully invade $(ashington oxbow lakes are
adapted to water with little or oo culrent. Most of these {ishes ale la[ive to eastern
North America, where steep gradients are encountered less frequently than in westem
North America. In $(ashington state, few species are adapted to water with little or
no curreoa, and, consequently, there has been little displacement. One Washington
exception to invasioo or introductioo without loca.l extincdon might be the Olympic
mudminnow, an endemic fish of the Chehalis basin and adjacent drainage.

Do oxbow lakes, then, present examples of the {iliing of "vacant niches?" Hutchin-
son ( 1957 ) stated that "rapid spread of introduced species ofter gives evideoce of empry
niches, but such rapid spread in maoy iostances has taken place in disturbed areas."
Indeed, a rorally undisturbed oxbow lake in \Washiogton worild be difficult to find.
I7e did not sample aoy oxbow lakes not surrouoded by farm, pasture, or golf course.
The vacant niche concept is controversial (e.g., Mayr 1963: 87' I/hittaker et al,, I97):
333; Pianka 1978 285), aod these data do not resolve it.

The Olympic mudminnorv is one of rhe few native fishes adapted to sluggish
waters such as those in oxbow lakes. Our data suggest that mudmionows might be
excluded from Chehalis drainage oxbos' lakes by non-native fishes. Further studies,
possibly includiog experimental introduction of non-oative fishes into an oxbovr laLe
containing mudminnows, or rhe reverse, are qeded to test this hypothesis. Habitat
disturbance appears inadequate to explaio the abseoce of mudmionows flom some
oxbow lakes, since similar degrees of agricrltural disturbaoce occurled at oxbow
lakes *'ith and without mudminnows.

Because o{ its restricted range and taxonomic uniqueness (Miller 1964), the Olympic
mudminnow is considered a species of special coocern by the Indangered Species
Committee of the American Fisheries Society (Deacon et al. 1979), the Washington
Department of Game, and the l7ashirgron Natural Heritage Program of The Nature
Conservancy. It was iisted in Threatened l(rildtife of the U.S. (U.S. Office of Endangered
Species and Internatiooal Activities, 7973), ar uoofficial listiog which predated the
Endangered Species Act. Introduction of non-native fishes was listed as one of the
threats to 24 of 34 fishes listed as eodangered or threatefled in the United States (Vil-
liams and Finnley 1977). A category which included introductioo of non-native fishes
was listed as a threat to 37 percent of 251 fish taxa listed as endangered, threatened, o!
of special coocern in Canada, the United States, and northern Mexico, but only habitat
loss was listed as a rhrear to the Olympic mudminoovr ( Deacon el al. 7979). Hou,ever,
Moyle (1976) stated that there is ooly limited evidence showing the direct effect of
introductions on California native fishes because of the ptwalence of environmeotal
disturbances.
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