Craig A. Barfoot,” Dena M. Gadomski,? and James H. Petersen, U.S. Geological Survay, Western Fisherles Research
Center, Columbia River Research Laboratory, 5501A Cook-Underwood Road, Cook, Washington 98605
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Abstract

During May-Scplember 1995, we replicated an carlicr (1984-83) study of fishes in shorcline habitats of the John Day Reservoir.
Columbia River, to investigate fish assemblage struclure at several spatial and temporal scales. A total of 37,400 resident [ishes
representing 24 taxa was collected in 359 beach seine hauls. Fish catch composition during 1984 and 1983 was very similar, but
was greatly different from catch in 1995, During 1984-1985. four native taxa (chiselmouth, northern pikeminnow, suckers, and
sand rollers) constituted more than 90% of the combined main-channel catch, with introduced taxa comprising only 1.3% of the
main-channel catch. [n contrast, during 1993 only 37.7% of the main-channel cateh comprised chiselmouth, northern pikeminnow,
suckers, and sand rollers. while 33.9% were introduced taxa. primarily sunlishes and yellow perch. This shilt in catch composi-
tion was greatest in the lower reservoir where the 1995 catch was 619 introduced Laxa. Although changes in species caomposition
of near-shore reservoir fish assemblages over the 10-yr period appeared to be substantial, we are unsure of annual variability since
we have only one season of sampling for comparison with the earlier study. The differences we observed could be a long-term
TESPONSE 16 reserveir aging. a short-term reaction 1o annual differences in hydrologic and thermal regimes, or simply the naturally

varying reproductive success of some specics.

Introduction

Fish assemblages in the Columbia River Basin
were historically dominated by salmonids and
cottids, which were 39-50% and 20-30% of the
fishes collected in Oregon streams and rivers from
1900 to the mid-1940s (Li et al. 1987). In the
past century, however, aquatic environments have
been greatly altered by land-use practices such
as farming. timber harvesting, and hydroelectric
development (Lichatowich 1999}, In the United
States portion of the Columbia River Basin for
example, 11 large hydroelectric dams were con-
structed between 1933 and 1968 (Ebel et al. 1989),
creating reserveirs where the average water ve-
locity is lower, water temperature increases ear-
lier in the season and remains high longer into
the fall (Quinn and Adams 1996), and fine sedi-
ments have accumulated behind dams, thus chang-
ing substrate composition. Concurrent with these
changes in aquatic habitats, introduced non-na-
tive warmwater and coolwater fishes, such as
centrarchids and percids, have proliferated (Li et
al. 1987, Poe et al. 1994),
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Despite these large-scale changes in basin
aquatic habitats and biotic assemblages, few multi-
taxa accounts of resident fishes (non-anadromous)
in main-stem impoundments exist, Liet al. (1987)
and Poe et al. (1994) provide descriptive accounts
of historic and recent fish assemblages, with some
data on temperature preferences and trophic re-
lationships. Gray and Dauble (1977) estimated
the relative abundance of fishes in the unimpounded
Hanford Reach of the Columbia River. Species
lists with abundance data are available for some
reservoirs in agency reports (Nigro 1988). Re-
search in the basin has primarily focused on salmo-
nids and white sturgeon (Acipenser trans-
montanus), with some studies on predators of
juvenile salmonids such as northern pikeminnow
(Prychocheilus oregonensis) and smallmouth bass
(Microprerus dolomieu).

Identifying the composition and dynamics of
reservoir fish assemblages is important to fish-
ery managers whe must develop strategies for
recovering endangered species, but still allow for
sport, tribal, and commercial fisheries along with
other competing uses of waterways in the basin,
Management agencies within the Pacific North-
west are currently considering several changes
to the hydrosystem and its operation (¢.g., dam
breaching, reservoir drawdowns, seasonal water
budgeting) and to fishery management strategies
(e.g., liberalized harvest of introduced taxa) in
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an atlempt to recover severely depressed salmo-
nid populations. These proposed management
actions could greatly alter the habitat and fish
species composition of impounded reaches.

The objective of this study was to examine the
temporal and spatial composition of shoreline fish
assemblages in John Day Reservoir, the largest
impoundment {123 km in length) on the lower
Columbia River (Figure 1). Shorelines are im-
portant habitats for all life stages of resident fishes,
often providing shelter and abundant food re-
sources. However, shallow shoreline habitats may
be particularly vulnerable to hydrosystem opera-
tions, and changes in water levels and flows that
result in altered environmental conditions may
subsequently cause changes in tish assemblages.
We determined if changes in fish assemblage struc-
ture have occurred in John Day Reservoir, which
was impounded in 1968. by examining fish com-
position in four main-channel locations and two
backwater areas at three temporal scales: within-
year (spring compared to summer), annual (1984
compared to 1985), and over a long time interval
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(1984-1983 compared to 1995}). Changes in fish
assemblages over time were additionally deter-
mined at two spatial scales. We examined the six
John Day Reservoir locations individually, and
also pooled sites by either main-channel or back-
water area.

Methods

Study Area and Field Methods

During 1995 we replicated an earlier (1984-1985)
study (Gray et al. 1984, Palmer et al. 1986) of
resident fish assemblages in shoreline arcas of
the John Day Reservoir. The upper third of the
reservoir contains extensive shallow-watcr habi-
tat in main-channel and backwater areas. Farther
downriver, banks become steep-sided with lim-
ited shallow-littoral habitat. Substrate is mud, sand,
gravel, and cobble (Parsley et al. 1993). Domi-
nant substrates at the sample sites ranged from
fine sediment to cobble. Growths of aquatic mac-
rophytes, primarily water miltoil (Myriophylium
spp.), are seasonally abundant in littoral areas.
particularly in shallow embayments and backwater
habirats.

We sampled fishes with a beach seine at four
shoreline sites at each of four main-channel lo-
cations: the tailrace, forebay, and the upper and
lower pool (poel is defined as the area of the res-
crvoir excluding the tailrace and forebay); and in
two backwaters: Plymouth and Paterson sloughs
(Figure 1). This typically resulted in 24 beach seine
hauls per sampling period, with the four sites at
each location considered a sample. In 1984 and
1985, fish samples were collected on a monthly
hasis from April through August {except July) at
each of the six study locations. In 1995 we sampled
on a biweekly schedule from May through Au-
gust. During late June through August of 1995,
we were unable to sample at any site in the Parter-
son Slough backwater location because of water
milfoil abundance.

Fish samples were collected at night using 30.5
x 2.4 m beach seines with a 2.4 m? central bag
and 6.4-mm knotless nylon mesh. Leads (15.2
m} and weighted brails were attached to both ends
of the seine. To conduct a seine haul, one end of
the seine was anchored to the shoreline by at-
taching the lead to streamside vegetation or to a
metal stake driven into the ground, and the oppo-
site lead was attached to a cleat on the bow of a




boat. The seine was deploved by backing the boat
in a semicircle until water depth was insufficient
for boat operation; the seine was then manually
pulled to shore using the lead ropes. This method
of sampling is not without biases, i.e.. capture
efficiency can be influenced by the habitat types
being sampled, and by size- and species-specific
behavioral differences. We attempted to minimize
or maintain the consistency of these problems by
sampling only at night, by restricting the size of
the fish included in the analyses, and by sampling
at the same sites across years with generally equal
effort among localions within a year,

For comparison with the 1984-85 data sets
{Gray et al. 1984, Palmer ct al. 1986), only fish
250 mmeor less in fork length were retained. These
were measured to the nearest mm and identified
to the lowest possible taxon. Most fishes were
released after sampling, however, large catches
of small fish were preserved in 10% formalin and
returned to the laboratory for processing. Some
suckers (Catostomuy spp.), bullheads (Ameiurus
spp.}. sculpins (Cotius spp.), and sunfishes
(Lepomis spp. and Pomoxis spp.) were inconsis-
tently identificd to species between the two study
periods. Because of this, these fishes were grouped
into their respective genera for analysis {Table 1).

To describe environmental conditions during
each season, wc obtained daily discharge and tem-
perature information from StrearnNet (2001).

Cata Analysis

We examined the similarity of resident fish as-
semblages at vartous temporal scales by calcu-
lating Spearman’s rank correlation coefficients (r)
on the ordered abundances of the most commonly
collected fish taxa. The anadromous fishes Ameri-
can shad (Alosa sapidissima) and juvenile salmo-
nids (Oncorhynchus spp.) were not included in
these analyses because of large temporal varia-
tions in abundance. Rank correlation analyses are
commonly used to assess temporal concordance
of fish assemblages (Ross et al. 1985, Bass 1990).
However, the use of such analyses has been ques-
tioned becausc the strength of the association and
the significance of the test can be influenced by
including large numbers of rare species. Since
all species are equally important in the analysis,
small changes in the rank orders of uncommon
species could outweigh relatively large changes
in the ranks of more abundant species (Grossman

et al. 1982). Thus, we restricted our analyscs to
the 10 overall most abundant taxa for the sample
periods being compared. Since this restriction
always retained an average abundance of at least
90% of the fishcs collected. the analyses still in-
cluded those taxa that were the most importani
in the assemblage structure (Matthews et al. 1988).

We examined seasonal, annual, and long-term
continuity of assemblage structure. Seasonal con-
tinuity was assessed by comparing spring (April-
May in 1984 and 1985; May in 1995) with sum-
mer (June and August in 1984 and 1985,
June-August in 1993) catches to determine it tem-
poral changes in fish habitat use or an increased
abundance of young-of-the-year fishes in the sum-
mer caused large shifts in the rank orders of the
mest common taxa. Annual assemblage continu-
ity was examined by comparing 1984 taxa ranks
to 1985 ranks, and long-term continuity was as-
sessed by comparing the ranks of the pooled 1984-
85 catches to the 1995 taxa ranks. Seasonal and
annual assemblage changes were compared at each
of the six sample locations of the reservoir, while
long-term changes were only examined at main-
channel locations because of some backwater
sample site differences in 1995, Changes in as-
semblage structure were also examined at lurger
spatial scales by comparing catches poeled across
all main-channel locations of the reservoir and
by comparing catches pooled across both back-
water locations.

We also examincd assemblage similarities us-
ing Schoener’s (1968) proportional similarity in-
dex (PSI) (Metfe and Sheldon 1990). The index
varies from zero to one, with a value of zero indi-
caling no similarity. Indices are not statistical tests,
but they do provide a relative assessment of as-
semblage similarity (Matthews et al. 1988, Meffe
and Sheldon 199(0). In addition, PSI values, un-
like rank order analyses, may not be as sensitive
to the inclusion of rare taxa in the calculations,
Thus, we computed PSI values on the entire taxa
list for each of the periods being compared.

We used principal components analysis (PCA)
to identify fish taxa associations and to assess
assemblage composition in time and space (Rose
and Echelle 1981, Moyle et al. 1986, Finger and
Stewart 1987, Ross et al. 1987, Meng et al, 1994,
Mahon et al. 1998, Hoff and Bronte 1999). The
PCA was conducted on a correlation matrix of
the 10 overall most abundant taxa; these made
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up an average of =97% of the reservoir-wide an-
nual catch and excluded those taxa that generally
made up < 1% of the total annual catch. We first
averaged the individual seine haul data by month
for cach of the six locations. Input data were the
arcsine-square root transformed proportions of each
taxon for each year-month-location combination
(3 yr x 4 mo x 6 locations). Samples were not
available for the forebay and lower pool locations
during April 1984, or for the Patersen Slough lo-
cation during July and August 1995; thus, the PCA
was conducted on 68 monthly samples. Fish taxa
associations were identified by plotting taxa load-
ings on the firsi and second principal components
(PC) (Carpenter et al. 1981). We then graphically
examined temporal and spatial relations of catches
at the sample locations by plotting the scores of
cach year-month-location combination on the first
two principal components (Finger and Stewart
1987, Ross et al, 1987).

Results

Cverview of Resident Fish Catch

During the 3 yrs of sampling {1984, 1985, 1995),
37,400 resident tishes representing 9 families and
24 taxa were collected in 359 seine hauls. Although
young age classes were important in the catch,
length frequency information for the 10 overall
(pooled across years and locations) most abun-
dant taxa indicated that most species were repre-
sented by 1wo or more year classes. The excep-
tion to this was smallmouth bass, which were
almost ali age-0 individuals (Figure 2). Of the 24
resident fish taxa collected. 13 species were in-
troduced (Table 1). The same taxa were collected
in all years, except goldfish (Carassius auranis)
was absent in 1985, and speckled dace (Rhinfchthys
osculus), anuncommon species in 1984-1985, was
not collected in 1995,

Native fishes dominated the combined main-
channel catches in all 3 yrs, but to a much lesser
extent in 1995 (Table 2). In the earlier sampling
period (1984-1983) four native taxa (chiselmouth,
noerthern pikeminnow, suckers, and sand rollers)
constituted more than 90% of the combined main-
channel catch. with introduced taxa comprising
only 1.3% of the catch. In contrast, during 1995
only 37.7% of the main-channel catch comprised
chiselmouth, northern pikeminnow, suckers, and
sand rollers, while introduced taxa made up 33.9%
of the catch. The greater percentage of introduced
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TABLE 1. Scientific and common names of resident fishes
collected by beach seining in the John Day Res-
ervoir. Columbia River. during 1984, 1985, and
1995. 2= Introduced species.

Scientific name Common name

Cyprinidae
Acrocheilus alutaceus

Carps and minnews
Chiselmouth

Carassius quratus Goldlish®

Cyprinus coarpio Common carp®

Mylacheilus caurinis Peamouth

Prychocheilus oregonensis Northern pikeminnow

Rhinichtfiey osculis Speckled dace

Richardsonius baltearus Redside shiner
Catostomidae Suckers

Catostomas columbianus

Catostomus macrocheilus
Teraluridae

Ameturus natalis

Amrelurus Aebulnsus

Bridgelip sucker
Largescale sucker
Bullhead catlishes
Yellow bullhead®
Brown bullhead®
letalurus punctatis Channel catfish®
Salmonidae Trouts

Prosopiunt williamsoni Mountain whitefish

Percopsidae Trout-perches

Percopsis transmontana Sand roller
Gasterosteidae Sticklebacks

Gasterostens aculeaius Threespine stickleback
Cottidae Sculpins

Cottus spp. Sculpin spp.
Centrarchidae Sunfishes

Lepomis gibbosus Pumpkinseed”

Lepomis macrochirus Bluegill®

Micropterus dolomieu
Microprerus salmaoides
Pomoxis annularis

Smallmouth bass*
Largemouth bass®
White crappie*

Pomaxis nigromaculatis Black crappie®
Percidae Perches

Perca fluvescens Yellow perch*

Stizostedion vitrewm vitreum Walleve®

fish in the 1995 catch was primarily due to an
increase in the relative abundance of sunfishes
and yellow perch. In pooled backwater catches.
the percentage of introduced fishes remained simi-
lar between the earlier sampling period (28.4%)
and 1995 (33.6%). The dominant introduced taxa,
however, differed between periods, with crappics
dominating backwater catches in the carlier pe-
riod, and yellow perch dominating in 1995,

General patterns of assemblage composition
also varied among individual sample locations.
In all years, {ish abundance and species richness
were highest at Plymouth Slough, and lowest at
the forebay location, which was characterized by
catches of only a few numerically dominant (axa.
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TABLE 2. Percent (%) composition of the 10 overall most
abundant taxa collected by beach seining in the
John Day Reservoir. Celumbia River, during
May-September 1984-1985 and 1995 in main-
channel (MC} and backwater (BW) locations.
Numbers of fish are sums of the 10 most abun-
dunt taxa only. CPUE=catch per unit cilorl. * =
[ntroduced species.

TABLE 3. Seasonal comparisons (spring and summer} ol fish
assemblages in the John Day Reservoir, Colum-
hia River, in 1984, 1985, and 1995. Agreement
between seasonal assemblages was calculated
with Spearman’s rank correlation ceefficient (r}
on the rank ordered abundances ol the 10 overall
most abundant taxa for each comparisen. Propor-
tional similarity indices (PS]) were calculated on
the catch of all taxa. * = P < (.03.

1984-1985 1495
MC BW MC BW Year and location r, PSi

Overview 1984

Number of hauls: 22 64 136 37 Forebay 0.86% (.83

Number of fish: 14,102 12743 5701 3,739 Lower pool 0.25 0.45

CPUE: 116 169 42 101 Upper pool 0.82* 0.77
Tailrace 0.80* 0.62

% Composition Paterson Slough (.22 0.29

Chisclmouth 15.3 1.7 24 33 Plymouth Slough 0.33 0.76

Peamouth 2.3 11.8 8.1 12.5 Pooled data

Northern pikeminnow 13.3 18.6 6.7 29.9 All main-channel locations 0.97* 0.82

Suckers 368 37.0) 12.1 8.5 All backwaler locations 0.37 0.71

Sand rollers 283 3.3 17.5 9.0

Sculpins 3.0 1.2 20.8 3.8 1983

Pumpkinsced, bluegills (.2 3.0 7.3 4.4 Forchay 0.80* 0.95

Smallmouth bass? 0.4 1.9 22 6.2 Lower pool 0.71% 0.73

Crappies* 02 170 0.4 0.1 Upper pool 0.87* 0.68

Yellow perch 0.2 2.3 224 23 Tailrace 0.81* (.36
Paterson Slough -0.18 (.22
Plymouth Slough -0.07 0.28

Although patterns of refative abundance varied Pooled data _ .

somewhat between locations, during 1984 and 1985 All main-channel locations 0.85% 0.6(:

a core group of native taxa (cyprinids, suckers, All backwater locations -0.21 022

and sand rollers) dominated the catch at all indi- 1995

_viduu] Iocation:i except Paterson Slough, where Forehay 054 0.70

introduced sunfishes and yellow perch made up Lower pool 09 0.76

a large percentage of the catch. Conversely, at Upper pool 0.92% 0.56

nearly all main-channel sample locations during Tailrace 0.77% 0.6%

1993, a larger percentage of the catch comprised Paterson Slough 0,78% 0.77

introduced taxa. particularly yellow perch, than Plymouth Slough 0.72% 0.71

in the earlier sample. This shift in catch compo- Pooled data _ ‘

sition was greatest at the lower pool location where All main-channel locations mﬁf 0.73
All backwater locations 0.73* 0.79

introduced taxa constituted 61% of the 1995 catch.
Assemblage Structure

Within-Year Comparisons

Based on rank correlation coefficients, catch com-
position did not vary greatly between seasons in
main-channel habitats. Agreement between spring
and summer resident fish taxa ranks of main-chan-
nel catches (pooled across locations) was strong
(r, =0.76-0.97) and significant (P < 0.05) during
all 3 yrs of the study (Table 3). Likcwise, taxa
ranks were concordant among seasonal catches
at individual main-channel locations except at the
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lower pool in 1984 and the forebay in 1995. In
contrast to the general pattern at main-channel
locations, correlations between seasonal taxa ranks
in backwaters (catches pooled across both back-
water locations) were low and not significant ex-
ceptduring 1995 (Table 3). Similarly, agreement
between assemblages was low and not significant
(r, tange = -0.18 - 0.33) at individual backwater
locations between spring and summer in both 1984
and 1985, but scasonal assemblages were similar
in 1995 (Table 3). In backwaters during 1984 and
1985, ranked abundances of some native taxa




(peamouth [Mylocheilus caurinus], northern
pikeminnow, suckers, and sand rollers) consis-
tently declined from spring to summer, and ranked
abundances of introduced sunfishes increased.

Proportional similarity indices (PSI) exhibited
moderate agreement with rank correlation mea-
sures of assemblage similarity at the scasonal level
of comparison (Table 3). Only six of 16 signifi-
cant rank correlations had PSI values of < (.70,
with only two of these < 0.62, indicating at least
moderate similarity for nearly all seasonal com-
parisons. An additional three comparisons lacked
significant concordance among ranks, but had
relatively high (> 0.70) PSI values.

Annual Comparisons

Annual comparisons of main-channel fish faunal
composition revealed few differences between
1984 and 1985. The correlation between rank
orders (catches pooled across all main-channel
locations) was significant (P < (.03}, indicating
strong concordance between years (Table 4).
Annual comparisons of assemblage structure at

TABLE 4, Annnal (1984 compared o 1985) and long-term
{pooled 1984-1985 compared to 1995) compari-
sons of fish assemblages in the John Day Reser-
voir, Columbia River. Agreement between assem-
blages was caleulaled with Spearman’s rank
correlation analysis (1 ). Analyscs were conducted
on the rank ordered abundances of the 10 overall
most abundant taxa for each comparison. Propor-
tional similarity indices (PSH were calculated on
the catch of all taxa. * = P < 0.05.

Time period and location T, PS1
Annual

Forebay 0.74% 0.70
Lower pool 0.83% 0.86
Cpper pool (.89* 0.86
Tailrace 0.84% 0.65
Paterson Slough 0.38 0.74
Plymouth Slough 0.43 0.61
Pooled data

All main-channel lecations 0.85% 0.73
All backwater locations 0.56* 0.63
Long term

Forebay 0.29 0.21
Lower pool -0.44 0.30
Upper pool 0.24 0.57
Tailrace 0.47 0.30
Pooled data

All main-channel locations 0.07 0.44

individual main-channel locations also demon-
strated strong agreement between 1984 and 1983,
Backwater faunal composition, in contrast, was
dissimilar between the 2 yrs at individual loca-
tions (Table 4}. The rank correlation of annual
catches pooled across all backwaters was low but
significant {P < 0.05). In both years, suckers domi-
nated backwater catches. Differences in catch
composition {catches pooled across both backwa-
ters) were largely due to changes in the rank abun-
dances of introduced sunfishes and yellow perch.

Long-Term Comparisons

Long-term comparisons of fish taxa ranks indi-
cated that main-channel shoreline fish faunal struc-
ture changed greatly betwecn the earlier period
(pooled 1984-85 catch) and 1995. Large changes
in catch composition were indicated by low (r <
0.47) and nonsignificant correlations at all main-
channel locations (Table 4). Major shifts in fau-
nal composition between the two periods (catches
pooled across all main-channel locations) resulted
from declines in the rank abundance of native
suckers and cyprinids (chiselmouth and nerthern
pikemninnow) and increases in ranks of sculpins,
and introduced sunfishes and yellow perch. Similar
long-term changes in taxon conitributions to as-
semblage structure occurred at individual main-
channel locations.

Annual and long-term PSI values were con-
sistent with rank concordance measures of assem-
blage similarity (Table 4). Annual comparisons
of assemblage structure with significant
Spearman’s rank correlations always had PSI
values of 2 0.65, whercas most long-term com-
parisons of main-channel assemblage structure
(all correlations were nonsignificant) had PSI
values € 0.5, Proportional similarity index val-
ues, however, indicated higher similarities at in-
dividual backwater locations between 1984 and
1985 than did rank concordance measures of an-
nual similarity.

Ordinations of Taxon Associations and
Sample Location Relationships

A plot of fish taxa loadings on the first two prin-
cipal component (PC) axes revealed three rela-
tively well-defined, ecologically interpretable fish
taxa associations (Figure 3). The first component
explained 30% of the variance in the relative
abundance data and separated native (negative or
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Figure 3. Taxa loadings cn the first two axes of a principal
components (PC) analysis of fish relative abun-
dance, Fishes were collected by beach seining dur-
ing May-September 1984, 1985, and 1995,

low positive loadings on PC 1) from introduced
taxa {loadings 2 0.60 on PC 1). The second com-
ponent accounted for 21% of the variation in the
data set and separated taxa (high positive load-
ings on PC 2) that were generally associated with
hard substrate (gravel-cobble) habitats from taxa
associated with soft (fines-sand) sediments. The
three major groups of taxa were a native associa-
tion of chiselmouth, suckers, and sculpins, a na-
tive association of peamouth, northerm pikeminmow,
and sand rollers. and a third group of introduced
fishes: pumpkinseed (Lepomis gibbosus), blue-
gill (L. macrochirus), smallmouth bass, white
crappie (Pomoxis annularis), black crappie (P
nigromaculatusy, und yellow perch.

An ordination of menthly (by year) location
scores on the first two principal components ex-
hibited both spatial and temporal (seasonal and
annual) trends in clusters of sampling units. Tem-
poral patterns in groupings of monthly samples
concurred closely with the seasonal, annual, and
long-term measures of concordance (Figure 4).
There wus generally litile separation of monthly
location scores [rom within a year at individual
main-channel locations. Monthly scores at indi-
vidual main-channel locations also did not differ
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greatly between 1984 and 1985, however, 1984
and 1985 location scores typically differed sub-
stantially from 1995 scores. Monthly buckwater
scores showed an overall greater amount of vari-
ability than main-channe! scores. both within a
year and between years, which is consistent
with the rank measures of assemblage similarity
(Table 4).

The fish assemblages present at a location in-
fluenced the groupings of location scores (Fig-
ures 3, 4). For example, introduced taxa had com-
paratively high positive loadings on PC 1; thus,
monthly samples with high relative abundances
of introduced taxa have higher scores on PC 1.
Samples from Paterson Slough generally had the
highest positive scores on the first component,
particularly during August 1984 and 1985, and
May and June 1995 (we were unable to sample
in this area after June 1995). indicating the im-
portance of this habitat to introduced taxa (e.g.,
sunfishes and yellow perch). In Plymouth Slough,
high relative abundances of young-age classes of
peamouth and northern pikeminnow contributed
to relatively large negative monthly scores on PC
2, regardless of year (Figure 4). An increased rela-
tive abundance of introduced taxa in Plymouth
Slough during August 1985, and during July and
August 1995, shifted location scores to the right
of the ordination. Positive location scores on PC
I in 1995 indicate the increasing importance of
introduced taxa to assemblage structure at nearly
all main-channel locations. The main-channel arca
with the highest average monthly PC 1 scores in
1995 was the lower pool location. where more
than half of all fishes collected were introduced.
The main-channel area with the lowest average
scorcs on PC 1in 1995 was the tailrace location,
an area that harbored a mostly native fish species
assemblage. Monthly tailrace location ordination
scores also exhibited the least amount of separa-
tion from 1984-1983 ordination scores; this area
additionally had the highest, but still low and
nonsignificant, measure of concordance over the
long-term sampling period (Table 4).

Water Temperature and Discharge
Fatterns

Temperature and discharge conditions in 1995 werg
generally intermediate between 1984 and 1985
(Figure 5). Discharge was lowest in 1985, and
highest in 1984, with peaks in the hydrograph
occurring in all years during late May or early
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June. Annual water temperature and discharge
patterns werc inversely related. Temperatures were
highest in 1985 and lowest in 1984, Water tem-
peratures carly in 1995 were slightly higher (typi-
cally < 1.5° C) than temperatures in 1985 until
early June. and then were intermediate. Within a
year, main-channel temperatures were highest in
late July or early August. with peaks ranging from
21.71023.3°C,

Discussion

We detected both seasonal and long-term varia-
tions in the makeup of shallow water fish assem-
blages within the John Day Reservoir. Season-

ally, the proportion of introduced sunfishes in
backwaters increased from spring to summer
during 1984 and 1985. This increase is likely re-
lated to environmental conditions in these areas.
Both slough locations are shallow, well vegetated,
and have low water exchange rates resulting in
summer waler temperatures often several degrees
higher than ncarby main-channel habitats with
greater water exchange (Gadomski and Barfoot
1998). These higher temperatures are nearer to
optimal for some introduced species such as blue-
gill and smallmouth bass (Horning and Pearson
1973, Lemke 1977). Temperature is associated
with seasonal movements and distributions of fishes

Columbia River Fish Assemblages 111




Temperature (°C)

5 ¥ 1995

Discharge (1000 m"/s)

May June July  August
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in lentic habitats {(Hall and Werner 1977, Hubert
and Lackey 1980. Tufescu 1994, Garret and
Bennett 1995). Thus, higher late summer tem-
peratures may have caused native taxa to shift
habitat usc oul of backwaters, while introduced
warmwater taxa may have moved into or remained
in these areas.

We also observed substantial long-term changes
in shallow-water fish assemblages of the John Day
Reservoir. At our scale of examination, fish catch
composition between 1984 and 1985 was sini-
lar, but was different from 1995 catches. Two native
taxa assemblages dominated the catch in the ear-
licr 1984-1985 sampling period and appeared to
be generally separated along a habitat gradient
of hard (gravel and cobble) versus soft (silt and
sand) substrate types. The hard substrate assem-
blage comprised chiselmouth, suckers, and
sculpins. The chiselmouth is a native herbivorous
cyprinid that is strongly associated with hard sub-
strates from which it scrapes plant material (Moodie
and Lindsey 1972), and sculpins as a group are
gencrally lithophilic. Chiselmouth and sculpins
were typically most abundant in low-velocity
cobble habitats of the forebay sample location.

The second native species association domi-
nant in 1984-19835 was most abundant over soft
substrates and contained two cyprinids (peamouth
and northern pikeminnow) and sand rollers.
Younger age classes of peamouth and nerthern
pikeminnow rear in sandy low-gradient habitats
{Beamesderfer 1992, Gadomski et al. 2001), while
sand rollers are particularly abundant over sandy
bottoms at nighttime (Gray and Dauble 1976).
The highest abundances of these three species were
at Plymouth Slough sites and some upper pool
sample locations with soft substrates.

The third species assemblage we identified was
generally not abundant in 1984-1985, except in
the Paterson Slough, but in 1995 became increas-
ingly more important to fish asscmblage compo-
sition at nearly all main-channel locations. This
assemblage comprised bluegill, pumpkinseed,
smallmouth bass, white and black crappies, and
yellow perch. All of these taxa are introduced and
typical of lake-like habitats, with the exception
of smallmouth bass, which occurs in both still
and moving waters (Edwards et al. 1983).

The long-term differences in fish assemblages
we observed may be due to simple year-to-year
variation, decadal environmental differences. or

to persistent habitat changes related to reservoir
aging. The three years of sampling did not allow
us 10 assess year-to-year variation in any detail,
however. Similar studies in the basin are unavail-
able for comparison with ours, and information
is minimal on the temporal variability and strue-
ture of shallow-water fish assemblages in impound-
ments (Hubert and O"Shea 1991).

General environmental conditions in the John
Day Reservoir differed between the early 198075
and 1990°s, which could be responsible for ob-
served changes in {ish fauna. Discharge regimes
in the Columbia River associated with the two
sample periods were dissimilar (Figure 6). Dis-
charge has been shown to covary with spring and
summer waler lemperatures (Quinn and Adams
1996), turbidities, and reservoir water-retention
rates, Conditions leading up to and encompass-
ing the earlier 1984-1985 sampling period were
primariiy characterized by above average annual
discharge, while average annual discharge for the
later period was generally below the long-term
average (Figure 6). Additionally, in 1983 a water
budget was adopted by the Columbia Basin
hydrosystern. The goal has been to augment river
flows during spring 1o increase down-river mi-
gration rates of juvenile salmonids, but this also
has resulted in lower than average summer flows
(Berggren and Filardo 1993).

Discharge and temperature regimes, in particu-
lar, can influence annual variations in reservoir
fish assemblages by differentially influencing yeas-
class strengths of individual species or groups of
species with similar life histeries. For example,
Kallemeyn (1987) found a positive relatienship
between percid year-class strengths and thermal
regimes, with the strongest year classes being
produced in vears with comparatively high, stable
waler temperatures. Elevated turbiditics (Milzner
1991) and high reservoir flushing rates (Walburg
1971, Beam 1983, Maceina and Stimpert 1998),
both correlates of high reservoir inflows, can be
negatively related to crappie recruitment success.
Thus, the high discharge regime during the early
1980’s may have favored the reproductive suc-
cess of native taxa in the John Day Reservoir,
while scveral successive years of low precipita-
tion and runottf in the early 1990°s might have
favored introduced taxa.

Alternatively, the long-term changes that we ob-
served in fish assemblages may be more persistent
and less related to short-term, climatically
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influenced variations in distribution and repro-
ductive success. The trends we observed in 1995
(i.e., an increasing relative abundance of intro-
duced species more typically associated with lake-
like habitats) are consistent with long-term, post-
impoundment patterns of assemblage change
described by Li et al. (1987) for the Snake and
Columbia rivers, suggesting that such changes can
be expected in John Day Reservoir near-shore fish
assemblages. Similar large-scale persistent shifts
in post-impoundment fish assemblage composi-
tion have also been described elsewhere. For ex-
ample, in a Colorado Reservoir, species compo-
sttion changed substantially over a 6-yr period
from an assemblage dominated by native river-
ine species to one primarily of introduced taxa
adapted to lentic conditions (Martinez et al. 1994).

The abundance of aquatic macrophytes in John
Day Reservoir, a habitat feature associated with
reservoir aging, is one mechanism that likely influ-
enced fish assemblage composition over the long
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term. An increase in the abundance of aquatic
macrophytes in impoundments over time is a pre-
dictable outcome of siitation due to both anthro-
pogenic induced and natural reservoir aging pro-
cesses (Kimmel and Groeger 1986). We observed
an abundance of aquatic macrophytes in many
shallow areas of John Day Reservoir during 1995,
whereas investigators who conducted the earlier
sampling (1984-1985) reported some beds of
macrophytes, primarily pondweed (Potamogeton
spp.), but at lower densities (Michael J. Parsley,
USGS, personal communication). In Paterson
Slough, for example, macrophyte abundance (pri-
marily milfoil) prevented us from sampling with
a beach seine after mid-summer in 1995. Rooted
aquatic vegetation can play a key role in altering
the ccology of shallow habitats by changing wa-
ter circulation patterns, dissolved oxygen, pH, and
the temperature of localized areas {Carter el al,
1991). In Columbia River impoundments, these
changes may favor non-native lentic taxa over




native riverine species. Macrophyte beds also create
structurally complex spawning, rearing, and for-
aging habitats (Kilgore et al. 1989, Weaver et al.
1997}, which are well-suited to many of the in-
troduced fish species {e.z., bluegill, pumpkinseed,
black crappie, and yellow perch) present in John
Day Reservoir.

Since shallow littoral reservoir habitats are
rearing areas for anadromous salmonids. particu-
larly fall chinook salmon (Oncorhvachus
tshawyischa) post-impoundment shoreline habi-
tat and fish assemblage changes could be affect-
ing the suitability of reservoirs for salmonid pro-
duction. However, relatively little is known about
the cemplex relationship between reservoir food
webs, habitat conditions, mtroduced fish taxa, and
juvenile salmonids. Many introduced fish species
now abundant in shoreline and backwater areas
of the John Day Reservoir could directly prey upon
or compete with juvenile salmonids, although these
relationships have generally not been studied.
Earlier predation studies (Poe et al. 1991, Vigg et
al. 1991} in John Day Reservoir did not identify
sunfishes or yellow perch as important predators
of juvenile salmonids, although crappie and yel-
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