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Shallowwater habitats (< 0.5 m depth) of the upper littoral zone

of John Day Pool of the Columbia River were heavily used by young

fishes in comparison with lower littoral and limnetic waters. Through

the season, 96.9% of the 64,700 larvae and juveniles collected

(corrected for effort) were from upper littoral habitats. The

sequential appearance of species and their change in life stage was

the dominant ecological process identified in the ordination of sites

and species. Spatially distinct species associations were identified

in the cluster analysis, but they were temporally restricted because

the composition of the community of young fishes changed continually.

Three general patterns of habitat use by larval and juvenile fishes

emerged: 1) a strongly littoral assemblage of native species of

cyprinidae and catostomidae that was dominant in the tailrace and

transition zones of the reservoir; 2) as association of introduced

fishes with more lentic habitats (primarily centrarchidae), most

abundant in the forebay and backwaters, and 3) larvae of two species,

more limnetic in dispersal than others, rearing throughout the

reservoir. General patterns of habitat use by larvae were
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consistently reflected in correlations of their abundance with

physical variables. Larvae of three littoral native species, northern

squawfish (Ptychocheilus oregonensis), largescale sucker (Catostomus

inacrocheilus), and peamouth (Mylocheilus caurinus), dominated the

catch numerically C> 75%) , and were in great abundance during the day

in the margin microhabitats (< 0.15 a depth). Young fish may inhabit

the margins in response to reduced predation, higher water

temperatures, or possible differential in availability of food.

Structurally complex areas within the upper littoral and margins,

which were provided by aquatic macrophytes and submerged terrestrial

vegetation, were used by larvae in greater abundance than unvegetated

sites. Competition among young fishes in the upper littoral habitats

may be reduced, even though they were present in great abundance,

because sizes of fishes at developmental stages and their seasonal

occurrence differed among species. Larvae also exhibited ontogenetic

changes in habits as they became more specialized in resource use. If

water-level fluctuations in the reservoir affect larval survival, the

strongly-littoral native species would seem to be most adversely

influenced.
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IMPORTANCE OF ThE UPPJR LITTORAL ZONE AS REARING AREA

FOR LARVAL AND JUVENILE FISHES IN A COLUMBIA RIVER IMPOUNDMENT

INTRODUCTION

Effects of environmental perturbations can be passed through many

links of species interactions and have varying influence on biological

communities (Ricklefs 1979). In many reservoirs, reduction in flows

and variation in water level destroyed aquatic inacrophytes, which

increased competition among fishes (Nikolskii 1969). Decreases in

structural complexity, which occurred with removal of macrophytes,

increased predatorprey interactions among fishes (Cooper and Crowder

1979). In addition to impoundment, survival, of young native fishes in

the Columbia River may have been influenced by introductions of many

exotic species. Adults of native and introduced fishes within the

reservoirs tend to segregate spatially (Ujort et al. 1981), but

larvae of many species commonly use similar food and space prior to

ontogentic divergence in their resource requirements (Nikolskii 1969;

Keast 1980; Floyd et al. 1984). The presence of larvae of introduced

fishes, in conjunction with decreased diel stability of the littoral

areas due to impoundment, may have influenced the early life history

of the native fishes. Phenology of larvae and their patterns of

habitat use may be important in structuring fish communities (Kramer

1978).

Early life history of fishes is important because fishes are

especially vulnerable to mortality during the larval stage (Lasker

1975; Braum 1978). A major factor influencing survival of larvae is

the suitability of rearing areas. Young freshwater fishes rear in
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many types of habitats, but few investigators have concurrently

studied the relative importance of different types. liabitat use by

larvae of freshwater fishes has been described mainly in limnetic

zones (Werner 1969; Noble 1970; Amundrud et al. 1974; Schauss 1977;

Gale and Mohr 1978; Gallagher and Conner 1980; Lewis and Suer 1980).

Use of littoral habitat by larvae has been studied to a lesser extent,

and mainly in the lower portion (Miura 1962; Davis and Freeze 1977;

Nelson 1980). Resource use by young fishes in upper littoral

microhabitats of lakes and impoundments has not been quantified well,

partly because conventional sampling gear are unsuitable (Floyd et al.

1983). The littoral zone comprises a biologically significant

component of freshwater systems (Wetzel 1981), providing habitats for

young fishes that are different from open waters, Upper littoral

areas of impoundments, in particular, are disturbed easily by Water

level fluctuation and shoreline modification. Influences of

disturbances on survival of larvae are poorly understood.

Before this study, the native larval fauna of the Pacific

Northwest, and their ecology, had not been described. Nursery area

requirements of larvae of most species were poorly understood, but

upper littoral inicrohabitats were thought to be important for some

fishes (Miura 1962). Our purpose was to compare the use of upper

littoral and deeper water habitats by young fishes.

We studied the distribution and abundance of larval fishes in

shallow and deep-water habitats in John Day Pool of the Columbia River

to determine the relative importance of the upper littoral zone

to larvae. We documented larval distribution in upper littoral,
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lower littoral, backwater and limnetic habitats at night, and

characterized seasonal and diel patterns of larval distribution and

abundance in upper littoral habitats throughout the reservoir. We also

determined whether distinct species associations occurred in upper

littoral habitats, examined potential influences of variables on

larval distribution, and described use of specific shallow margin

areas by larvae within the upper littoral zone.



4

STUDY ARJA

John Day Dam, completed in 1971, is 348 km above the mouth of the

Columbia River (Figure 1). The dam is operated by the U.S. Army Corps

of Fangineers for production of hydroelectric power and, unlike other

dams of the Lower Columbia, limited flood control. The impoundment is

123 km long with a surface area of about 20,000 ha. Water level

fluctuates between 79.8 and 80.8 m above sea level under normal

operation and between 78.3 and 81.7 m for flood control; total

capacity is 2.9 x 10 m3. Maximum depth ranges from 10 m in the

tailrace to 50 m in the forebay; mean depth is 14.6 m. Monthly

average flow during the study period, at John Day Dam, ranged from

2,729 m3/s in Sept 1979 to 10,599 m3/s in June 1981, yielding

hydrologic turnover times of 12.4 and 3.2 days, respectively. Two

major tributaries, the Umatilla and John Day rivers, and several small

permanent and intermittent streams empty into the reservoir, Heavy

stands of Potamogeton sp. develop in lower littoral reaches by late

spring, and submerged terrestrial emergents form the vegetative zone

in margin areas. Topography is steep, and precipitation and

vegetation is limited. Parent material is primarily basalt.



Figure 1. Location of John Day Pool within the Columbia River basin,
and of the macrohabitats (talirace, transition and
forebay) defined during the study of habitat use by larval
and juvenile fishes in the upper littoral zone, 1981-82.
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MLTERIALS AND METHODS

Habitat Characterization and Sampling Procedures

We defined three macrohabitat zones in the reservoir, the lotic

tailrace below McNary Darn, the lentic forebay behind John Day Dam, and

an intermediate transition zone. Iviacrohabitats differed in water

velocity, depth, and width. Dissolved oxygen, temperature, and

transparency varied little throughout the reservoir (Ujort et al.

1981). Sampling stations represented the dominant features of each

macrohabitat zone and were chosen along the main channel of the

reservoir and in the backwaters. Stations along the reservoir channel

were similar among zones, but the backwater of the tailrace was more

of a secondary channel, differing from the backwaters of the

transition and forebay (Figure 2). Several habitats were sampled

within each station (Table 1). We used the general habitat

classification scheme of Wetzel (1981), but defined three

microhabitats in the littoral zone: margins, ranging from shore to a

water depth of 0.15 in; upper littoral, from 0.15 in to 1 m; and lower

littoral, extending from 1-rn depth to the outer boundary of the

littoral zone (Figure 3). The boundary between the upper littoral

and margin habitats (0.15 in) was initially defined by the operational

limits of sampling gear used, but the habitats also differed in water

temperature and stability with respect to wave disturbance and

water-level fluctuation.

Sampling was conducted during two periods each month in all

habitats except the margins, from May to September 1981, and in the



8

Figure 2. Types of backwaters sampled in the tailrace, transition
and forebay zones during the study of habitat use by
larval and juvenile fishes in the upper littoral zone of
John Day Pool of the Columbia River, 1981-82.
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Table 1. General characteristics of neershore ampling stations and habitats sampled within uiacrohabitat zones delineated for
a survey of use of upper littoral habitats by larval and juvenile fihe in John Day Pool of the columbia River, Hay
198! to August 1982.

Characteristics Habitats Sampled

Upper Lower
Zone Depth Substract and Vegetation Current Margins littoral littoral Idinnetic

Sampling Station Gradient mean size (cm) abundance Velocity (H) (UI.) (LL) (LIII)

Talirace

Cobble Beach-Channel (TAC) 5.1 Cobble (6.7) 2 3 b b b

Sand Beach-Channel (TAS) 4.8 Sand (0.01) 1 2 b b b

Backwater (TAB) 3.7 Cobble/Sand (2.3) 3 1 b b

Transition

Cobble Beach-Channel (T1IC) 3.7 Cobble (4.5) 3 2 b b b b

Sand Beach-Channel (TRS) 5.1 Sand (0.15) 1 2 b b b

Backwater (TRB) 8.8 Cobble (3.4) 2 1 b b

Forebay

Cobble Beach-Channel (FOC) 6.3 Cobble (6.1) 2 1 b b b

Backwater (FOB) 5.2 Cobble/Sand (0.17) 3 I b c

a Range of observed variable values expressed in rank order (1-3); 1 - zero value, 3 - max. observed value.

b Indicates that patticular habitat was sampled within given sampling station.

C Particular location of sampling encompassed both lower littoral and limnetic habitats.

0
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Figure 3, habitats defined and sampled during the study of habitat
use by larval and juvenile fishes in the upper littoral
zone of John Day Pool of the Coluuthia River, 1981-82.
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margin and upper littoral areas of the transition zone cobble beach

during July 1982. Lower littoral, limnetic, and backwater habitats

were sampled only at night (one sample per period), whereas upper

littoral and margin habitats were sampled both day and night.

Information recorded with each sample, in addition to the station

characteristics listed in Table 1, included surface water temperature,

surface condition, water depth, and distance from shore (at location

of sample collection). Larvae were collected in the margin habitat by

use of a dropbox sampler, in the upper littoral by larval fish tow

net, and in lower littoral and limnetic habitats with unpaired bongo

nets towed by a boat. A detailed description of the larval fish tow

net and dropbox sampler, their operation, and comparison of their

respective performances in given in La Bolle, et al. (in press).

Samples collected by bongo nets were obtained by towing into the

current (mean tow speed = 1.5 m/s) at 1-rn depth for 10 mm. The

larval fish tow net was placed 3-5 m offshore during sampling (mean

water depth = 0.24 m) and towed upstream by two people along a

transect parallel to shore. Distance towed was 70 m, and average

speed was 0.9 rn/s. Sampling with bongo nets, and the tow net was

conducted in the same location at each station throughout the seasons.

Sampling with the dropbox was done at three stations in the margin and

upper littoral habitats of the transition zone cobble beach with each

station a different distance from shore: station A - 0.8 m; Station B

- 1.8 m; station C - 3.5 m. Samplers (except dropbox) were equipped

with a flowmeter to determine water volumes filterede Larvae were

preserved in 10% formalin.
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Larvae were measured to the nearest 0.1 mm (standard length) and

assigned stages according to Snyder et al. (1976). All larvae of

uncommon species were measured and individuals of abundant species

were selected for measurement from random subsamples. Larvae were

identified by use of keys and descriptions developed by Weisel and

Newman (1951), MePhee (1960), Miura (1962), Nelson (1968), Siefert

(1969), Bond (1973), Scotton et al. (1973), Lippson and Moran (1974),

Lippson (1976); Jones et al. (1978), Chatry and Conner (1980),

Richardson and Washington (1980), and our undocumented descriptions.

Data Analyses

Catch data were expressed as mean density of larvae and juveniles

(no. per m3 and 10 m3 in the margin and other habitats, respectively).

Data collected in 1981 from upper littoral, lower littoral, and

limnetic habitats were post-stratified, for the statistical analyses,

into two seasonal blocks of four sampling periods each (early season,

11 May to 15 July; late season, 23 July to 04 September).

Post-stratification reduced seasonally induced variance in estimates

of mean larval density, and facilitated comparison of seasonal changes

in distribution and abundance of larvae by location. Values f or

density of larvae from the upper littoral habitats were

lOg-transformed to normalize observations and reduce variance-mean

proportionality. Die]. differences in mean density and mean length of

larvae within each upper littoral habitat were compared by use of

t-tests. Differences in mean density of larvae among the upper

littoral habitats (night and day samples pooled) were tested by
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one-way analysis of variance. Duncan's multiple range test was used

to display statistical relationships among means of larval density by

location when ANOVA indicated significant differences. Differences in

mean larval density among upper littoral, lower littoral, and limnetic

habitats at night (total larval catch), and diel differences among

sampling sites in the margin habitat (total catch and by species) were

tested with the Man-Whitney u test. We accepted a = 0.05 level as

being significant in all statistical analyses.

A divisive, non-hierarchical clustering algorithm, CLUSB, and

canonical analysis of discriminance (Hull and Nie 1981) were used to

analyze associations of larvae within upper littoral habitats.

Relationships between physical variables and species abundance in

the upper littoral habitats were assessed by Pearson correlation

analysis (Hull and Nie 1981) and multivariate ordination (Gauch et al.

1981). Values for larval density were correlated with those of the

habitat characters during the interval of highest abundance of each

species; four values of density at eight locations produced 32

observations for each species and physical variable. Larvae and

juveniles often exhibit ontogentic changes in responses to

environmental stimuli. Our decision to use few data (short time

intervals) in the correlation analysis was based on this premise.
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RESULTS

We collected 64,700 larvae and juveniles representing 18 species

from nine families during the study. Larve composed 98% of the catch.

Catch of fishes from the upper littoral and margin habitats was

50,160, and 14,540 larvae were collected in lower littoral, limnetic,

and backwater (lower littoral/limnetic) habitats. Total volume of

water sampled in the margin and upper littoral habitats was 3,212 in3,

and 28,619 in3 were filtered in the lower littoral, limnetic, and

backwaters.

Faunal patterns in inacrohabitats

Abundances of all larvae of the total catch averaged over the

entire season, were greatest in the transition zone, followed closely

in the tailrace and much lower in the forebay. Larvae were most

abundant in the tailrace through the early season, but were more

abundant in the transition zone in the late season. Larval abundance

was always lowest in the forebay. Juvenile fishes were most abundant

through the whole season in the transition zone followed by the

tailrace and forebay, respectively. This pattern of distribution was

observed during the early and late season periods also.

Faunal patterns among habitat types

Within each zone adundance of larvae was always greater in the

upper littoral area, than in the deeper-water habitats; differences

between upper littoral and other habitats were significant in every
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comparison except between upper littoral and lower littoral habitats

within the forebay during the late period (Figure 4). Larval

abundance in the lower littoral habitats was greater than in limnetic

and backwater areas of the transition and forebay, but not in the

tailrace. Density of larvae in the limnetic zone was always lower

than in all other habitats, but differences among means in lower

littoral, backwater (lower littoral/lininetic) and limnetic habitats

generally were not significant. Juvenile fishes were caught

infrequently in lower littoral, backwater and limnetic habitats; only

larval fishes were included in the comparison of mean density among

habitats at night.

Faunal patterns in upper littoral habitats

Abundance of larvae of the total catch was highest over the season

at the tailrace-backwater (TAB) and transition-cobble (TMC) and sand

(TRS) beaches. Fcept at TRC and TRS, density of larvae was

significantly higher at TAB than at all other stations (Figure 5).

Means of larval density did not differ significantly among stations

during the early and late season periods because of high catch

variation, although abundance seemed to be higher at the

tailrace-backwater and transition-cobble stations (Table 2).

Abundance of larvae was lowest at the forebay stations over the

season, and through both seasonal periods.

Mean densities of juvenile fishes were significantly higher at the

tailrace-backwater and transition-sand beaches than at all other

stations except the transition-cobble beach. Abundance of juveniles
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Figure 4. Mean density (no. per 10 in3) of larval and juvenile fishes
that were most abundance in the upper littoral habitats of
the tailrace and transition zones of John Day Pool of the
Columbia River, 11 Nay to 04 September 1981. Sample size
for each mean is below the respective bar.
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Figure 5. Mean density (no. per 10 m3) of
(all species pooled) collected i
habitats of John Day Pool of the
04 September 1981. Sample size
respective bar. Note difference
juvenile fishes.
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Table 2. Mean density of larval and Juvenile flsheq (no. per 10 a3) all epecieS pooled, and
results of analysia of the analysts of variance and Duncan's multipla range tests for
samples collected with a larval fish tow net during eight eampling stations at eight
upper littoral habitat. in John Day Pool of the Colombia River, 1981. Mean abundance
during each intervsl (early and late teaon) is calculated from eight sample, collected
during four semi-monthly sampling periods, except at FOG and FOB doting the late season
(each four aample. from two period.). Location codes are as follows: TAG,
talirece-cobble beech; TAD, tallrsee-sand beach; TAB. tettrace-backwater beach; TRC,
transition-cobble beach; IRS. transition-sand beach; IRS. transition-backwater beach;
FOG, forebay-cobbie beach; FOB, forebay-backvater beach. The F-value Ia from the
Ansiyeta of variance model for differences in abundance by location, and line. underscore
locations which do not differ atgnificantly according to Duncan's multiple range test.

F-value eigniflcance
Interval Sampling Stations and Means For Location

LARVAE
EARLY SEASON
11 May - 15 July Loc. TAR lEG TES FOG TEE Foil TAD TAG

644.3 127.8 71.9 41.0 40.7 26.3 18.9 10.5 0.20

LATE SEASON
23 July - 04 Sept. 1KG IRS TAR TAC 145 TEE FOB FOG

283.9 253.8 214.5 60.8 58.1 24.4 31.1 6.7 0.13

JUVENILES

EARLY SEASON
11 May - 15 July Loc. 1KB TRS FOG Foil TAll TAG lEG TAD

x 3.2 2.5 0.8 0.7 0.3 0.1 0.1 0.0 0.11

LATE SEASON
23 July - 04 Sept. TAB TED TEG FOB IRS TAR FOG TAG

62.6 28.32 28.5 3.1 2.1 1.1 1.0 0.8 0.0003

LARVAE AND JUVENILES

EARLY SEASON
11 May - 15 July Loc. TAR TRC IRS TEE FOG FOB TAD TAG

644.6 127.9 74.4 43.9 41.8 27.0 18.9 10.6 0.20

LATE SEASON
23 July - 04 Sept. TEG IRS TAB TAG TAD FOE IRE FOG

812.3 285.4 257.7 61.6 59.2 34.2 26.5 7.7 0.004

I'.)

I..)
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did not differ significantly among stations in the early season, but

did in the late season.

Patterns of mean density of fishes of the total catch, pooled both

by species and life stages, nearly mirrored that of the larval catch,

except that over the season, abundances at the tailrace-backwater and

transition-cobble and sand beaches were significantly greater than at

all other stations, and significant differences occurred among means

during the late season.

Mean densities of larvae and juveniles (total catch) within each

upper littoral habitat were not significantly different between day

and night. Density of each species did not differ between day and

night except for northern squawfish larvae at the tailrace-backwater

in the early season. Catch data from day and night sampling were

pooled in the analyses (except comparisons of abundance among upper

littoral, lower littoral, limnetic and backwater habitats at night).

Distribution of larval and juvenile fishes in upper littoral habitats

Sixteen species of larval and juvenile fishes were collected in

the upper littoral habitats of John Day Pool during May through

September 1981. Catch of larvae and juveniles was 36,067 and 1,141,

respectively; larvae comprised 96.9% of the total catch. Larvae and

juveniles of northern squawfish (Ptychocheilus oregonensis) dominated

the catch (57.7%) and with three other native species, largescale

sucker (Catostomus macrocheilus), peamouth (Mylocheilus caurinus) and

prickly sculpin (Cottus asper), composed 89.5% of the total catch,
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numerically. Larvae and juveniles of eleven introduced species

accounted for only 10.5% of the catch.

Distribution of larvae and juveniles in the upper littoral

habitats was characterized by two general patterns. The native

northern squawfish, largescale sucker, peamouth and prickly sculpin

were collected in all upper littoral habitats, but were in greatest

abundance in the tailrace and transition zones. Larvae of common carp

(Cyprinus carpio) were in greatest abundance in the transition zone,

and squawfish, sucker, peamouth and sculpin were dominant in the upper

and mid-reservoir (Figure 6). Larvae and juveniles of several

introduced fishes, American shad (Alosa sappidissima), bluegill

(Lepomis macrochirus), black and white crappie (Pomoxis

nigromaculatus; P. annularis), yellow perch (Perca flavescens) and

largemouth bass (Nicropterus salmoides) were collected predoininantely

in the transition-backwater and forebay habitats, composing a more

lentic assemblage (Figure 7). Larvae and juveniles of the introduced

walleye (Stizostedeon vitreum), smailmouth bass (Micropterus

dolomieui), channel catfish (Ictalurus punctatus) and black bullhead

(Ictalurus melas), and the native sandroller (Percopsis transmontanus)

were collected in poor abundance, and mainly in the transition

backwater and forebay stations.

Species associations

Fifteen clusters were sequentially generated in the cluster runs,

and four groups in the eight-cluster structure (clusters 2, 3, 5 and
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Figure 6. Mean density (no. per 10 m3) of larval and juvenile fishes
that were most abundant in the upper littoral habitats of
the tailrace and transition zones of John Day Pool of the
Columbia River, 11 May to 04 September 1981. Sample size
for each mean is below the respective bar.
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Figure 7. Mean density (no. per 10 ni3) of introduced larval and
juvenile fishes that were most abundant in the upper
littoral habitats of the forebay of John Day Pool of the
Columbia River, 11 May to 04 September 1981. Sample size
for each mean is below the respective bar.



0

tUEWa
w
-Jo
I,-0
>

U,-

C>

100

75

50

25

Figure 7.

A. shad
Bluegill
B. crappie j
W. crappie jj
Y perch
1. bass -

224

33

16 $6 I6I8 $6 $6 $2 $2

TAC TAB TAB TRC IRS TRB FOC FOB
Talirace Transition Forebay

Sampling Stations



29

8) were most distinct in discriminant space (plane defined by

canonical discriminant functions 1 and 2), and biologically

meaningful in interpretation (Figure 8).

Clusters 2 and 8 identified sites in the tailrace and transition

zones, where the dominant native species (squawfish, sucker and

peamouth) composed nearly the entire catch. Clusters 3 and S

differentiated sites predominately in the forebay, when the rarer

introduced species (black crappie, bluegill, shad, white crappie,

yellow perch and largemouth bass) were in high abundance.

Cluster 1 was comprised of cases not separated from the pooled

data set. Cluster 2 comprised five samples collected at the tailrace

backwater, and the sand and cobble beaches of the transition zone.

Larvae and juveniles of the three dominant species, squawfish,

largescale sucker and peamouth, composed the catch in samples of

cluster 2. Composition of sites and species grouped into cluster 8

was nearly identical to group 2. Group 8, however, represented an

earlier part of the season, and contained only larvae. Two samples

from the forebay backwater composed cluster 3. Species in this

cluster were squawfish, sculpin and peamouth larvae, and several

introduced fishes, larval bluegill and shad and juvenile white crappie

and largemouth bass. Cluster 5 was comprised of three cases from

separate sites, the cobble beach and backwater of the forebay, and the

transition-sand beach. Squawfish, peamouth, largescale sucker and

sculpin, and the less abundant yellow perch, bluegill, black crappie

and shad composed cluster 5. Samples in group 5 contained no

juveniles of the introduced fishes, while group 3, which was later
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Figure 8. Plot of species clusters of larval and juvenile fishes in
two-dimensional space by canonical analysis of
discriminance. Species and site clusters were generated
by CLUS1 analysis from samples collected in the upper
littoral habitats of John Day Pool of the Columbia River,
11 Nay to 04 September 1981.
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seasonally, was composed of larvae and juveniles of these species.

Both sets of clusters (2 and 8; 3 and 5) included a temporal component

in addition to isolating groups of sites spatially, with each set

representing nearly the same species composition at the same sites,

but separated by life stage.

Ordination of Species and Samples

Polar ordination, principal components analysis and reciprocal

averaging were used in the ordination of species and samples;

reciprocal averaging provided the most interpretable ordinations.

Vectors of species and samples were correlated with physical variables

in interpreting the ecological meaning of the ordination patterns.

Reciprocal averaging produced a strong serial ordination of

samples and species that was oblique to axes 1 and 2 (Figure 9). The

feature of the data set strongly reflected in the first axis was the

phenological occurrence of larvae through the season, their

transformation to juveniles, and finally their reduction in numbers

and disappearance from the catch (Figure 10). Interpretation of the

second axis was more difficult, but it appeared to separate black

crappie larvae and several samples from the forebay, from the

remaining species and samples. Five samples from the

forebay-backwater, and black crappie larvae collected there were

distinct from the prominent serial arrangement in their respective

ordinations, suggesting that they composed a distinct groups. The

first axis explained 16.5% of the variance in the data set, and the

first three axes accounted for 45.5%.
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Figure 9. Ordination of species of larval and juvenile fishes in two
dimensions by reciprocal averaging analysis (RA). Samples

were collected in the upper littoral habitats of John Day
Pool of the Columbia River, 11 May to 07 September 1981.
Species acronyms are as follows: northern squawfish
(SQU); largescale sucker (LSS); peaniouth (PEA); prickly
sculpin (SCU); carp (CARP); bluegill (ELG): black crappie
(BLC); shad (SEA); white crappie (WEC); yellow perch
(YLP); largemouth bass (LMB); sandroller (SkO); walleye
(WAL); sinalimouth bass (SMB): channel catfish (CCA); and
black bullhead (BBU). Acronyms are followed by L or J to
represent larvae and juveniles, respectively.
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Figure 10. Phenological occurrence of larval and juvenile fishes
collected in the upper littoral habitats of John Day Pool
of the Columbia River, 11 May to 4 September 1981.
Catches from all sampling stations were pooled, and proto,
meso and metalarvae were pooled in the classification of
"larvae".
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Axes were back-correlated with environmental variables to

determine whether ordinations reflected patterns that might be

explained by physical conditions. The first species axis was

positively correlated with temperature (0.61), but negatively with

depth and distance from shore (-0.53 and -0.74, respectively).

Correlations with other physical variables were near zero. Species

axis 2 was negatively correlated with temperature (-0.48), and

positively with depth and distance from shore (0.29 and 0.27,

respectively).

Seasonality and patterns of habitat use species

Larval black crappie, white crappie, yellow perch and walleye were

collected only during the early season period (Figure 11). Maximum

larval abundance of prickly sculpin, largescale sucker, peamouth,

northern squawfish and bluegill also occurred during the early season

(Figure 12). Maximum abundance of larval bluegill, carp and shad, and

juveniles of all species except yellow perch occurred in the late

season. Timing of maximum abundance of species varied seasonally, and

sizes of larvae at stages of development were significantly different,

especially between native and introduced fishes (Figure 13).

Larvae of all species were collected in greater abundance in the

upper littoral habitats than in the deeper-water areas throughout the

reservoir. Catch by species among habitats for the transition-zone

stations is reported because nearly all species were represented

(highest total catch and species diversity of any zone) in this zone

of intermediate physical conditions (Table 3). Larvae of several
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Figure 11. Mean density (no. per 10 m3) of larval and juvenile fishes
of the introduced species (except sandroller) collected in
the upper littoral habitats of John Day Pool of the
Columbia River, 11 May to 04 September 1981. Abundance at
each sampling date is the average density for all upper
littoral sampling stations. Note difference in scale of
abundance from that of Figure 10.
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Figure 12. Mean density (no. per 10 m3) of larval and juvenile fishes
of the dominant native species collected in the upper
littoral zone of John Day Pool of the Columbia River, 11
May to 04 September 1981. Abundance at each sampling date
is the average density for afl upper littoral sampling
stations.
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Figure 13. Relationship between stage of development and mean
standard length (mm) for twelve species of larval and
juvenile fishes collected in the upper littoral habitats
of John Day Pool of the Columbia River, 11 May to 04
September 1982. Standard error of each mean length is
represented by a symbol at each developmental stage: SE

< 0.10 (); SE 0.10 - 0.50 = (0); 0.51-1.0 = (D);
SE > 1.0 = (I); and no standard error calculated = (*)
Arrow indicates the approximate length of transformation
to juveniles, and dotted lines connect stages of
development between which an intermediate stage is
missing.
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Table 3. Mean density of larval and juvenile fishes by species (no. par 10 m3) tollected
at night in upper littoral, lover littoral and limnetic habitats in areas of the
channel and backwater of the transition zone of John Day Pool of the Columbia
River 11 May to 04 July. 1901. Samples were collected semi-monthly during eight
sampling periods and samples sizes are given in parentheses below respective
habitat types. Larvae were collected in lower littoral and limnetic habitats by
boat-towed bongo nets, and in the upper littoral zone by larval fish tow net.

Habitats

Channel backwater

Upper Littoral Lower Littoral Liianetic Littoral Limnetic

Cobble Sand Cobble Sand Cobble Cobble Beach!
Beach Beach Beach Beach Mid-water Beach mid-water

Species (8) (8) (8) (8) (8) (8) (8)

Northern squawfish 244.3 85.0 1.8 1.1 0.1 22.5 <0.1

Largescale sucker 11.8 48.8 1.6 2.4 0.3 2.8 <0.1

Peamouth 43.1 5.2 0.1 0.4 <0.1 2.53 0.1

Prickly sculpin 14.6 35.5 5.2 2.9 0.5 4.22 2.6

Carp 21.1 3.1 0.2 <0.1 <0.1 2.5 0.3

Walleye 0 0 0 <0.1 <0.1 <0.1 0

Whita crappie 0 0 <0.1 0 0 1.1 0

bluegill 0.5 0 <0.1 0 0 0.4 0

American shad 5.2 2.6 1.6 0.8 <0.1 1.1 1.1

Sandroller 0 0.1 <0.1 <0.1 <0.1 0 0

Black crappie 0 0 0 0 0 0 0.3

Yellow perch 0 0 <0.1 0 0 0 <0.1
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species were strongly associated with the upper littoral habitats.

Percent of the catch from all habitats of squawfish, largescale

sucker, peamouth and carp from upper littoral habitats was 99.1%,

93.6%, 98.7% and 97.8%, respectively. Even the relatively pelagic

larvae of prickly sculpin were collected in great abundance in the

upper littoral habitats (89.2%). White crappie, bluegill, American

shad and sandroller were higher in density in the upper littoral

habitats than in deeper waters, but mean density was low and catch

highly variable. Larval black crappie and yellow perch were not

collected in upper littoral areas of the transition zone, but were

much greater in abundance in the upper littoral habitats of the

I orebay than in the corresponding lower littoral areas. Abundance of

larvae was generally greater in lower littoral than in limnetic

habitats, but differences were not significant. No species was

greater in abundance in limnetic zones than in littoral habitats.

Upper littoral habitats of the tailrace-backwater and the cobble

and sand beaches of the transition zone were sites of greatest

abundance for larvae and juveniles of northern squawfish, largescale

sucker and peamouth, and for larvae of prickly sculpin and carp (Table

4). Juveniles of sculpin, channel catfish, and black bullhead, and

larvae of walleye and white crappie were in greatest abundance in the

transition-backwater, Yellow perch, black crappie, bluegill, shad and

juvenile white crappie were greatest in abundance at the forebay upper

littoral habitats.

Eight species of larvae and juveniles were collected in the upper

littoral and margin micro habitat of the transition zone cobble beach.
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Table 4. Mean density of larvae and juvenile fishes (no. per 10 a3) of all species pooled, and
results of the analysis of variance sad Duncsn's multiple range tests for samples
collected with a larval fish tow net at eight upper littoral habitats in John Day Pool of
the Columbia River, 11 May through 04 September 1981. Mean abundance i.e calculated from
16 samples collected during eight semi-raonthly sampling periods, except at FOC and F08
(each twelve samples from six periods). For an explanation of location codes, F-values,
and underlined groups see Table 2.

E-ralue significance
Species Sampling Stations and Means For 1.ocation

LARVAE

Northern squawfiah Loc. TAB 7MG TES TAG TAN TED FOE FOG

319.0 218.0 46.1 32.6 31.3 16.3 1.6 1.2 0.03

Large.cale sucker YES TAD lEG TAN TEE FOG POE TAG

86.1 85.7 52.8 3.7 2.7 2.6 1.6 1.4 0.006

Peamouth 7MG TAB TES TAN TED TAG FOC FOB
47.4 30.1 4.0 2.5 1.9 0.3 0.2 <0.1 0.01

Prickly sculpin TEE 7MG FOC TAN TEE 74$ FOB TAG

24.8 22.5 19.7 6.0 3.2 0.6 0.5 0.4 0.003

Carp TEC FOE TEE TED TAN TAB TAG FOG
12.2 3.9 1.5 1.4 0.7 0.2 0.1 0.1 0.16

Walleye TEE FOG TAG TAN TAB 7MG 785 FOB

<0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.45

Yellow perch FOG TON TAG TAN TAB mc TEN TEE
_j 0.1 0.0 0.0 0.0 0.0 0.0 0.0 <0.001

Black crappie FOB TAG TAN TAN TEC TEN TED FOG
13.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 <0.001

White crappie TED TAG TAN TAD 7MG TEN FOG FOE
0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.48

Bluegill FOB TEE TRC TAN TAB FOG TAG TEN
7.5 5.8 0.2 0.1 0.1 0.1 0.0 0.0 <0.001

Shad TOG TEC TEN FOB 74$ TED TAB TAN
5.2 2.6 1.3 1.1 0.7 0.7 0.4 0.2 0.73

Saudroller US TAG lAS TAB lEG TEN FOC FOB
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.48
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Table 4. Continued

F-value significance
Species SampLing Stations and Nuns For Location

JUVENILE

Northern squawfish TRC TAB ifS TAS TAC TAB FOB FOG
13.2 10.1 7.3 0.5 0.4 0.4 <0.1 0.0 0.04

Largeacale sucker US TAB T&B TBC TAC TAB FOC FOB

4.3 2.3 0.L <0.1 0.0 0.0 0.0 0.0 0.002

Peaouth TAB US T&C TAB FOB TAG US FOG
7.3 2.7 1.1 0.1 0.1 0.0 0.0 0.0 0.002

Prickly aculpin TAB T&S FOG FOB TAB TAG TAB TRC

1.8 1.6 0.8 0.4 0.2 0.1 0.0 0.0 0.02

White crappie FOB US TAB TAG TAB TBA TAB FOG
0.4 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.14

Smailmouch bass TAB TAG TAB TaG T&S Thi$ FOG FOB
<0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.53

Bluegill FOB FOC TAG TAB TAB TaG US T&B
<0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.24

Yellow perch FOB TAG TAB TAB T&C US TAB FOG

<0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.25

Sandroller TAB TAG TAS TaG US TAB FOG FOB

0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.53

Channel catfish T&B TAG TAB TAB TaG US FOG FOB

<0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.48

Black bullhead TAB TAG TAB TAB TaG TRS FOG FOB

<0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.48

Largemouth bass FOB TAB TAG TAB TAB T&C US FOG
0.4 <0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.01
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Total catch was 12,952 individuals; larvae comprised 99.7% of the

catch numerically. Larvae of northern squawfish were predominant in

the samples (98.8%), and with largescale sucker and peamouth composed

99.7% of the total catch. Larvae of five remaining species, carp,

sandroller, American shad, speckled dace (Rhinichthys osculus) and

smailmouth bass accounted for less than 0.4% of the catch.

Larvae of all species pooled were in extremely high densities at

the shallowest station (A) during the day (Figure 14). Abundance of

larvae was significantly lower at station C than at A and B with

increased depth and distance offshore. Mean length of all larvae

(total catch) in the margin during the day was longer at station C

than at A and B, but mean length was not significantly different

between stations A and B (Table 5).

Distribution of all larvae at night in the margin habitat was

opposite of that observed during the day (Figure 14). Larvae moved

offshore out of the shallow margin areas and mean density at station

C was significantly higher than at A and .8. Differences in mean

density of larvae between day and night within stations A and B were

significant. Larvae at station C were smaller than those collected

there during the day.

Distribution of squawfish larvae and significant differences

between mean abundance nearly mirrored that of the total catch. Mean

length of squawfish was significantly higher at station C than at A

during the day, and at C at night. Larvae of peamouth and largescale

sucker had the same general distribution as squawfish, but were less

abundant. Mean density of peamouth was highest at statIon A during
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Figure 14. Mean density (no. per 10 m3) of larval and juvenile fishes
(pooled) collected during the day and at night at three
stations (A, B, C) in upper littoral and margin habitats.
Samples were collected at the transition-cobble beach,
John Day Pool of the Columbia River, 24-27 July 1982.
Sample size for each mean is below the respective bar.
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Table 5. Mean standard length (aim) of larval and juvenile fishes
collected in the margin and upper littoral habitats of the
transition-cobble beach, John Day Pool of the Columbia

River, 24-27 July 1982. Sample size and standard error are
below each mean length in parentheses and brackets,
respectively. Too few fish were collected at stations A
and B at night to effect statistical comparisons of mean
length.

Station and Period

A B C

Species Life Stage Day Day Day Night

All species Larvae and 10.74 10.98 12.86 10.70

juveniles (69) (94) (189) (148)

(pooled) [0.12] [0.15] [0.20] [0.191

Northern Squawfisb Larvae 10.69 10.74 10.99 9.98

(67) (85) (158) (125)

E0.11] [0.09) [0.09) [0.10)

Largescale Larvae - 15.93 15.51 14.26

sucker (3) (100) (14)

[0.70] [0.12] [0.43]

Peajuouth Larvae 12.05 12.80 14.84 12.30

(2) (5) (27) (12)

[1.35] [0.91] [0.81] [1.75]

Juveniles - - 24.6 24.2

(3) (13)

[1.45] [1.16]
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the day, but differences among stations were not significant.

Peamouth larvae were not collected at stations A and B at night. Mean

lengths of peamouth larvae were not statistically different. Larvae

of largescale sucker were collected in highest density at station B

during the day, and were not collected at A. Larvae were not captured

at stations A and B at night, and there was no statistical difference

between means of abundance. Mean length of largescale sucker larvae

at station C was significantly longer during the day than at night.

Sucker larvae were significantly longer than peamouth at station B,

and both species were longer than squawfish larvae at B and C during

the day and at night.

Diel fluctuations in surface water temperature in the margin

habitat were considerable; mean temperature at station A was over 8° C

higher during the day than at night. Gradients of temperature and

density of larvae were similar at the sampling stations during both

day and night (Figure 15).

Comparison of larval density in two adjacent but differentially

vegetated areas of the upper littoral zone was effected by use of the

townet at the transition cobble beach. Mean density of all larvae of

the total catch in the heavily vegetated area was significantly higher

than in the sparse vegetation (Figure 16).

The strong littoral nature of squawfish, largescale sucker and

peamouth, and the deeper-water tendency of many of the introduced

fishes was reflected in correlations between species abundance and

environmental variables. The best general predictors of larval

abundance were water depth, habitat depth gradient and vegetation
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Figure 15. Relationship between abundance of larval and juvenile
fishes and surface water temperature at three stations in
the margin and upper littoral habitats of the transition
cobble beach, John Day Pool of the Columbia River, 24-27
July 1982. Sample size of each mean is in parentheses.
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Figure 16. Mean density (no. per 10 in3) of larval and juvenile fishes
(pooled) in two differentially vegetated areas of the
upper littoral habitat at the transition-cobble beach,
John Day Pool of the Columbia River, 24-27 July 1982.
Sample number of each mean is in parentheses; mean density
of fishes in the heavily vegetated area was significantly
higher (P ( 0.01). Vegetation density in the sparse and
heavy areas was approximately 0.5 and 50.0 stems/rn2,
respectively; mean depth was 0.24 in.
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rank. Nany correlations were significantly different from zero, but

only coefficients of 0.3 or higher were considered in the

interpretation; these yielded r2 values of nearly 10%. Larvae and

juveniles of ten and six species, respectively, were correlated at 0.3

or higher with at least one physical variable (Table 6).

Larvae of northern squawfish, largescale sucker and peamouth were

each negatively correlated with depth and depth gradient. This trend

was in contrast with correlations for prickly sculpin, walleye, black

crappie, white crappie, sandroller, bluegill and juvenile largemouth

bass, which were positively correlated with either depth, depth

gradient or distance form shore, suggesting deeper water habits. Carp

were positively correlated with vegetation rank.

Squawfish, largescale sucker, and peamouth remained negatively

associated with depth gradient as juveniles, but their correlation

with depth was positive or zero, a distinct difference from their

distribution as larvae. Largescale sucker and peamouth juveniles were

also negatively correlated with substrate size, reflecting their high

abundance at the transition-sand beach. Juvenile prickly sculpin were

positively associated with depth and depth gradient as were the

larvae, and bluegill juveniles remained positively correlated with

depth.



Table 6. Pearson's product-moment correlations between physical variables end sample frequencies of larval and
Juvenile fishee collected with a larval fieb tow netduriug eight sampling periods at eight upper littoral
habitats in John Day Pool of the Columbia Rlver LiNay to 04 September 1981. DatI used in calculating
correlation. were selected from the eight sampling intervals to coincide with the timing of each specie.
period of higheat abundance. Correlation. are significant at P ( 0.01 unless indiceted (C - P ( 0.05).

Physical Variables

Distance Substrate Current

Sampling Water from material Depth Vegetation velocity

Speclee lntervel Temperature Depth shore Chop size Gradient rank r*nk

LARVAE

Northern aauawfiah 4.5.6 -0.41 _0.30* _0.30*

Largeacale sucker 4,5,6

Peamouth 4.5,6

Prickly culpin 3,4

Carp 4,5

Walleye 1,2

Black crappie 3,4

White crappie 2,3

Bluegill 3,6

Sandrojler 5,6

JUVENiLES

Northern squewfiah 7,8

Largeecale eucker 5,6

Peamouth 5,6

Prickly eculpin 5,6

Bluegill 5,6

Largemouth baea 7,8

_0.35* -0.40

-0.44 -0.47 0.44

-0.30 0.39 0.51 0.32

0.30*

0.37*

0.36*

0.40

0.45 0.53 0.42 -0.30*

0.69 Ø34*

0.38* 0.34* -0.46 0.36

_0.35* ..Q,33*

_Q34* _Ø33*

0.38* 0.57

0.43

0.32* 0.64
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DISCUSSION

The general trend in distribution of larvae and juveniles, from

the tailrace downstream to the forebay, was a continuum of more lotic

species (generally native species) to those more lentic (generally

introduced warmwater species). Within this continuum, three general

patterns in fish distribution emerged: 1) a strongly littoral

association of native species present throughout the reservoir, but

predominately spawned and reared in upper littoral habitats of the

more lotic tailrace and transition zones; 2) introduced warmwater

species spawned and reared in backwaters of the forebay and transition

zone (mainly forebay), highest in abundance in upper littoral

habitats, but more limnetic and much less abundant than species in the

first pattern 1, and 3) two species spawned primarily in the tailrace

and transition zones, but also in the forebay, and exhibiting more of

a planktonic phase than observed in the other species.

Upper littoral habitats of the transition and tailrace were sites

of intense spawning activity by adult squawfish, sucker and peamouth

(lijort et al. 1981). Their larvae seemed to disperse to upper

littoral and margin nursery areas after spawning, and were associated

strongly with these areas, corresponding with Faber's (1980)

classification of 'littora]. larvae". backwaters of the forebay and

transition zone were major spawning areas for carp, walleye,

yellow perch, black and white crappie, bluegill, and smalimouth and

largemouth bass, and seemed to be major nursery areas because of their

more lentic physical characteristics. Littoral habitats of the
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tailrace and transition zones were important spawning areas for shad

and prickly sculpin, as were some forebay sites (Rjort et al. 1981).

Larvae of prickly sculpin, which have a distinct lianetic phase (lieard

1965), were most abundant in the upper littoral habitats of the

transition zone, but were more planktonic in the forebay. Larval shad

were planktonic in their dispersal and were transported to more

limnetic rearing areas.

These distinct trends in habitat use by fishes at specific life

stages were reflected in the species-variable correlations. The

offshore shift in distribution of juvenile squawfish, largescale

sucker and peamouth, from that of the larvae, was supported by the

change in sign of correlation values. The more lentic nature of

sculpin, walleye, yellow perch, black crappie, white crappie,

sandroller and bluegill was consistently reflected. Correlations

between species and temperature were higher than many of the other

values, but should be interpreted with caution. Depending on the

timing and duration of reproduction of each species, abundance

patterns of their larvae might be correlated with seasonal temperature

patterns when no cause-effect relationship exists. Temperature

threshhold is probably more important, however, as a proximal cue

influencing timing of reproductive events that can affect success of

species recruitment (Beard 1982).

Our method of measuring physical variables (categorical rank order

values) probably influenced the magnitude of species-variable

correlations. Rank of vegetation abundance was a qualitative

assessment of plant abundance for the overall sampling station, not
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just within the transect where the sample was taken. Measurements did

not reflect absolute vegetation abundance within the transect,

patterns of seasonal variation, patchiness along the transect, or

variation in transect location with water-level fluctuation. The

relationship between littoral vegetation and larvae and juveniles was

masked in the correlation analysis because of our method of measuring

this variable; this probably also occurred in our assessment of

current velocity.

Seasonal change in the composition of species by life stages was

the striking ecological feature identified in the ordinations of sites

and species in the upper littoral habitats. Composition changed with

each sampling period as new species appeared, some species reached a

new life stage and migrated to new habitats, differential mortality

occurred, or fishes became more difficult to catch. The first axis

also reflected distributional patterns of larvae of the dominant

native species when back-correlated with environmental variables. The

second axis seperated black crappie and several samples from the

forebay, suggesting that the forebay-backwater was a unique habitat

with distinct faunas during periods of the year. The second axis was

more difficult to interpret ecologically but seemed to reflect trends

in distribution of the more limnetic species when back-correlated with

environmental variables. Difficulty in interpreting second and

higher-order axes is uncommon, and may result from curvilinear

displacement combined with sample error in the data set (Gauch et al.

1977).
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No unique species associations persisted through the season

because of the temporal changes in the composition of the inshore

larval and juvenile fish community. Larvae and juveniles of many

introduced fishes were restricted temporally and in distribution,

while squawfish, sucker and peamouth were generally present throughout

the reservoir. Spatially distinct species associations identified in

the cluster analysis were temporally restricted. Isolation of the

forebay samples in the cluster analysis, as having unique species

associations, corresponded with the same pattern in the species and

sample ordinations.

Abundance of the larval fauna in the upper littoral habitats was

greater than in lower littoral, backwater and limnetie areas. Larvae

and juveniles of squawfish, sucker and peamouth were strongly

associated with the upper littoral habitats, and this pattern was

consistuet in all zones of the reservoir. Larvae of bluegill, yellow

perch and black crappie did not seem to have a distinct planktonic

larval phase as reported frequently (Werner 1967; Noble 1970; Amundrud

et al. 1974; Keast 1980; among others), but were collected mainly in

the littoral zone. These species were more limnetic in their habits

than the native littoral species, but still did not exhibit the strong

limnetic tendencies of prickly sculpin and shad. Carp larvae seemed

to be intermediate in their offshore distribution between the littoral

native and introduced warmwater groups.

Larvae were not collected in lower littoral, limnetic or backwater

habitats in exploratory bongo tows during the day. We were unable to

determine, however, whether larvae migrated out of these habitats
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dielly, avoided the bongo nets more effectively, or both. Larvae

generally were more abundant in lower littoral than in limnetic

habitats at night, and their density in backwaters often was

intermediate; this pattern of total catch in lower littoral,

backwater, and liimnetic habitats corresponds with those reported in

similar habitats (Gallagher and Conner 1980; Van Den Avyle and Fox

1980).

Great abundance of larvae and juveniles nearshore was even more

pronounced during the day in the upper littoral and margin habitats,

where fishes occurred in extremely high densities at the shallowest

stations. Quantitative estimates of larval density in microhabitats

that we have termed "margins" (0-0.15 m deep), have not been reported;

these areas were important habitat for larvae and juveniles of the

dominant native species, northern squawfish, largescale sucker and

peamouth. Diel onshore-offshore movements of these species was

striking, and similar movement has been described (Miura 1962).

Larval ad juvenile northern squawfish, largescale sucker, peamouth

and young chub Gila atraria exhibited distinct onshore movement during

the day (not in margin habitats) and offshore at night (All 1959; John

1959; Miura 1962). Diel movement by squawfish, sucker and peamouth

persisted through the summer, and was not influenced by bottom type

(Miura 1962); larvae seemed to disperse to bottom habitats at night.

Based on these reports, our observations may have represented diel

movements of larvae and juveniles of these species at other sites in

John Day Pool.
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Diel movement of larvae possibly was related to temperature or

dispersal. Diel fluctuations in surface water temperature in the

margins exceeded 8° C, and patterns of water temperature and larval

density in the margins were similar. Nocturnal movement of larvae

offshore may have evolved as a mechanism facilitating dispersal to new

rearing areas (Priegel 1970; Gale and Mohr 1978). Larvae of white and

longnose sucker move out of shallows and drift at night (Geen 1966;

Clifford 1972), and the behavior of white and largescale suckers is

similar (Wydoski and Whitney 1979). Northern squawfish larvae drifted

downstream at night to new rearing areas in Sixteenmile Lake

(Teraguchi 1962).

Fishes in the margins and upper littoral were distributed in

progressively deeper water as they increased in size. Progressive

offshore movement of littoral larvae probably was not a function of

net avoidance. Tow speeds of the sampler were slightly slower in

deeper water, and avoidance by fishes increases with size (Noble

1970). These factors tend to produce the opposite pattern if gear

avoidance is the overriding influence. Offshore movement of larvae

and juveniles with increased size has been reported for redside

shiner, ciscoes, golden shiner and shad (Crossman 1959; Clady 1976;

Faber 1980; Van Den Avyle and Fox 1980), and is often attributed to

onotgentic divergence in resource use.

Shallower waters and associated warmer water temperatures may

provide greater refuge from predation, a favorable composition and

density of food resources, and faster growth rates for larvae and

juveniles. Larval fishes in marine systems were associated with
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water masses that enhanced their survival through reduced predator

abundance and increased food levels (Frank and Leggett 1983). Growth

rates for Atlantic silversides were significantly higher in water

temperatures approximating those of shallow marshes, than in cooler

waters of the open bay (Bengston 1981). Rapid growth is adaptive

because it reduces time that larvae and juveniles are susceptible to

predation, and enables them to ingest larger prey earlier.

Rooted aquatic and submerged terrestrial emergent vegetation

provided structurally complex areas within the upper littoral and

margins, which were used heavily by larvae and juveniles. Submerged

terrestrial vegetation was used as spawning and rearing habitat for

larvae of many species (Nelson 1980; Faber 1980). Dense emergent

vegetation within the margins and upper littoral may further reduce

predation on larvae and enable them to forage more effectively across

zones of differential light intensity.

We commonly observed larvae in mixedspecies aggregations foraging

in the upper littoral and margins. Distribution of larvae in these

areas was contagious, and several species often were collected

together itt great abundance over small areas. Larvae of many

freshwater fishes from tight aggregations (Richardson 1913),

suggesting that fishes may have similar resource requirements in the

early life stages.

Occurrence of larvae in mixedspecies groups or schools might

increase foraging success or predator avoidance. Young of many

species school, and their social feeding seems to insure initiation of

feeding behavior (Shaw 1961). This behavior is especially important



during the larval critical period (lijort 1926). The probability of an

individual being eaten is reduced for fishes in groups because their

patterns of avoidance confuse predators, and they numerically dilute

the predator's effect (Bertram 1978). This might account for the

appearance of several species within a group, especially if one

species is numerically dominant (Frank and Leggett 1983). Decreasing

water depth and increasing light intensity, both dominant features of

the upper littoral habitats, increased group concentration in

Leucaspius delineatus, especially in the presence of a predator, Esox

lucius, (Andorfer 1980). Schools tended to disperse when in deeper

water.

High densities of larvae and juveniles in the upper littoral

habitats suggests potential for competitive interaction. Larvae of

northern squawfish, largescale sucker, peamouth, and prickly sculpin

may have competed for food in the early summer in Lake Nicola, but

their diets gradually diverged through the season (Miura 1962).

Although competition among littoral larvae may influence survival, the

sequential appearace of species may reduce direct competition for food

and space. Keast (1980) reported that larvae of six species of fish

did not compete for food because of the sequential appearance of

species, and species-specific differences in size of individuals at

similar developmental stages. In the upper littoral zone, size of

individuals varied with life-stage by species, species composition

of groups changed seasonally, and we found fishes in different

microhabitats as they increased in size. Fishes moved offshore and

some changed behavior, eg., sucker and sculpin from pelagic to benthic
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habits, supporting similar findings for many species (McPhee 1960;

Miura 1962; Keast 1980; Beard 1982).

Major changes in the physical and biological characteristics of

reaches of the Columbia River resulted from recent impoundment

(Raymond 1979). These environmental changes may have variable

influence on patterns of early life history of resident fishes over

time, and may follow two general patterns: 1) shift in physical

conditions away from those under which native species evolved, and 2)

change to "more natural" conditions for many of the introduced fishes

(similar to more lentic systems that compose their native range).

Fishes of cold temperate climates are often restricted seasonally in

their reproductive patterns by cool winter temperatures and food

abundance for young. Within the reproductive period, avoiding

predation, intra- and interspecific competition among larvae and

juveniles for food and space, and among adults for spawning area may

influence reproductive timing and the subsequent distribution of young

(Kramer 1978). Peanzouth, largescale sucker and northern squawflsh

spawned primarily in May, June and July, and interspecific competition

is reduced by their sequential appearance. Prickly sculpin spawned

earlier and also had a more pronounced planktonic stage. A possible

hierarchy of constraints on reproductive seasonality and larval

distribution of these native species might include: 1) seasonality of

temperature and food; 2) possible restriction predation by

seaward-migrating salmonids, and 3) Intra- and interspecific

competition among larvae and juveniles for food and space.
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The timing and sequence of appearance of larvae of introduced

fishes was similar to that observed in their native range (Faber 1967;

Amundrud 1974; Keast 1980). This pattern suggests that physical

conditions within John Day Pool were either similar to those under

which these fishes evolved, or that their reproductive timing may be

controlled by strong phylogentic inertia (Wilson 1975), or both.

Changes in early life-history patterns of fishes resulting from

interaction between larvae and juveniles of native and introduced

fishes may be minimal because each group differed in size with

development, and was most abundant in different zones. We cannot say,

however, whether observed distribution of species among zones resulted

from selective segregation among species or Interactions among them

or both. Changes in the characteristics of the reservoir due to

impoundment, however, may have a long term influence on patterns of

early-life history of the resident fishes.

Many changes in the resident fish community that have resulted

from impoundment could not be assessed in this study. Several native

fishes no longer occur in the river (principally salinonids) and

dissappeared soon after Impoundment. Therefore, the scope of this

study was restricted to species that still occurred in the system

after several years of impoundment. Impoundment of the river appears

to have increased the amount of habitat suitable for spawning and

rearing for introduced fishes, primarily in the backwaters and forebay

(ajort et al. 1981). Changes in the river may not influence

reproductive timing of these species, and may improve their

recruitment success through creation of more favorable rearing
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habitats for the larvae. Larvae of the native littoral species would

be most greatly influenced if water level fluctuation affects their

survival, perimenta1 investigation of responses of these larvae to

rapid changes in water level, and the ecological significance of the

response, would increase our understanding of factors affecting

suitability of nursery habitats, year-class strength of species, and

the resulting structure of fish communities in impounded systems.



70

COMPARISON OF TWO SAMPLERS FOR QUANTITATIVELY COLLECTING

LARVAL FISHES IN UPPER LITTORAL HABITATS1

L. D. La Bolle, Jr., H. W. Li, and B. C. Mundy2

Oregon Cooperative Fishery Research Unit3
Oregon State University

Corvallis, Oregon 97331, USA

Performance of two larval fish samplers, a hand-towed net and a

dropbox enclosure, was similar when tested in shallow (E water depth,

20 cm) upper littoral-zone habitats. There was no significant

difference between means of larval fish density (by total catch and by

species) estimated from the catch in each gear, during the day and at

night. Mean length of larvae (total catch) from the tow net was

significantly longer than that from the dropbox during the day, but

mean length did not differ between gear at night. Mean lengths of

larvae of each species between gear were not significantly different

within each period. Both gear collected significantly longer larvae

(total catch and by species) during the day than at night probably

because of diel movements of larvae of different sizes and species.

1oregon State University Agricultural Experiment Station
Technical Paper No. 6859

2Present address: Oregon State University Marine Science Center,
Newport, Oregon 97365

3Cooperators are Oregon State University, Oregon Department of
Fish and Wildlife, and the U.S. Fish and Wildlife Service
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INTRODUCTION

The definition of nursery areas in shallow littoral waters, that

are critical to freshwater larval fishes (Miura 1962, Davis and Freeze

1977; 1ast 1980), has been hampered, in part, for lack of adequate

collecting gear. Our purpose is to describe the design, operation,

and relative performance of two larval fish sampling devices, a larval

fish tow net and dropbox sampler, that enabled us to quantitatively

collect larvae in upper littoral and margin habitats. We compared

catches from each gear made during the day and at night which allowed

us to make a preliminary determination of the relative efficiency of

each sampler.

The significance of the upper littoral zone as a rearing area for

larvae in lakes and impoundments has not been quantitatively assessed.

Most surveys of the distribution and abundance of larvae in fresh

waters have been restricted to deeper littoral and limnetic zones

because conventional gear types, which rely on rapid current or are

towed or pushed by a boat, are unsuitable for sampling larvae in upper

littoral habitats (Faber 1980). Larval fish seines, dipnets, and fry

traps (Breder 1960; Werner 1967) have been used to collect larvae in

upper littoral zones, but catches per unit of effort are not readily

comparable with those of towed gear. Three samplers recently

developed for collecting larvae and juveniles quantitatively in the

littoral zone are restricted to use in water deeper than 0.5 m (Brown

and Langford 1975; Burch 1983; Ruple, in press). Two plankton sleds

designed to capture benthic fish larvae can be handtowed in shallow



72

water, but cannot be used to quantitatively sample in water shallower

than .30 m (Topp 1967; Yocum and Tesar 1980). These minimum sampling

depths would appear to be a major limitation; our preliminary findings

suggest that, at times, highest densities of larvae are in water

shallower than 0.2 m in depth.

We collected larvae in high densities in the upper littoral zone

with our tow net. It appeared, however, that larvae were densest

during the daytime closer to shore in the upper littoral margins,

where water was 0.02-0.15 in deep in areas inaccessible to the tow net.

This observation led to the construction of a dropbox for use in this

shallower water.
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Larval Fish Tow Net
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We built a hand-towed net modified from a design by Ruple (in

press). The net, of cylinder and cone design, was 1.5 m long,

constructed of 505 im nylon mesh, and equipped with a quick-release

cod end (Figure 17). The frame was constructed of copper tubing 1.9

cm in diameter; mouth width was 1.5 m. We used copper because it was

heavy enough to keep the net on the bottom and inexpensive. The top

crossbar was vertically adjustable, enabling us to sample nearly the

entire water column at depths of 0.15 to 0.70 meters (net mouth area

from 0.15 to 1.05 in2) where offshore depth gradients were as great as

15°. The sampler was equipped with a flowmeter for determining the

volume of water sampled during a tow. Skids, constructed of 3.8-cm

diameter steel conduit, were attached to the sampler frame to keep the

mouth of the net 1 to 3 cm off bottom.

Polyvinylchloride pipe (5 cia in diameter) was used for a roller

bar at the lower edge of the net mouth to prevent the sampler from

lodging on large angular rocks or submerged roots. The net and roller

were dyed light brown to reduce net avoidance.

In operation, the sampler was set offshore in water at least 15 cm

deep. Distance from shore (generally 3-5 m) was measured to the

center of the frame and depended on depth gradient. The flowmeter

reading was recorded, mouth-height adjusted, and the towlines laid

parallel to shore and the transect. At the end of the transect,

towlines were eased into the water from shore. We waited about 1 mm
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Figure 17. Tow net used to collect larval fishes in upper
littoralzone habitats (depths, 0.15 to 0.7 m) in John
Day Pool, Columbia River, July 1982.



LARVAL FISH TOW NET
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Figure 17.
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for larvae to adjust to this disturbance before two people pulled the

sampler upstream along the transect. At the end of the tow, the

sampler was tipped back so that the mouth was out of the water, and

another tow was immediately taken following the same direction and

procedure. Two tows were always taken along a 70-rn long transect for

each sample. We pulled the net as rapidly as possible; average towing

speed was 0.9 rn/S. The net was washed and larvae were preserved in

10% formalin. Larvae were measured to the nearest 0.1 mm (standard

length) in the laboratory, and assigned stages using Snyder et al.

(1976).

Plexiglass Drop Enclosure

We designed a plexiglass dropbox sampler (Figure 18) for

collecting larvae in the upper littoral margins. The sampler was

similar in concept to those used successfully by Kushlan (1974) for

collecting adult fishes in marshes. Enclosure dimensions (length 1 m;

width, 0.5 m; height, 0.35 in) reflected a compromise between size of

area sampled, feasibility of collecting larvae from within the

enclosure, and portability. The frame was built of 1.9-cm copper

tubing and the sides from 0.64-cm thick plexiglass to help minimize

visual avoidance of or attraction to the gear by larvae. An ensolite

strip, 6 cm wide, was bolted to the bottom of the enclosure to form a

seal with the substrate when the sampler was in position. A

transverse partition at the center of the sampler enabled us to to

remove larvae more easily (because the volume was smaller).



77

Figure 18. Plexiglass dropbox enclosure used to collect larval
fishes in upper littoral and margin habitats (depths, 0
to 0.3 m) in John Day Pool, Columbia i<iver, July 1982.



DROP-BOX SAMPLER

Figure 18.
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The sampler was held perpendicular to shore at arm's length, and

the distance from shore was measured to the center partition. The

enclosure was then lowered to about 15 cm above the surface, and held

motionless in this position for 1 mm, then thrust through the water

to the substrate. The 1-mm interval between moving into position and

taking the sample was chosen on the basis of our field observations on

larval fish behavior. Larvae generally showed a characteristic fright

response when the investigator moved into position; however, they

appeared to resume "normal" activity patterns within 15-30 s. Larvae

also tended to aggregate around physical structure in the upper

littoral zone (e.g., vegetation). A 1-mm period reflected our best

estimate of the amount of waiting time required to reduce both

avoidance and aggregation biases in the catch.

When the dropbox was in position, we immediately placed a weight

on the enclosure to maintain a seal between the ensolite and the

substrate. We then placed a partition diagonally in each compartment

of the enclosure--effectively halving the volume of eachand removed

the larvae with a small diaphragm pump (3.8-cm diameter intake hose)

and aquarium dipnet. The pumped water was filtered through a

505-inn-mesh conical net, and larvae were preserved in 107. formalin.

Volume of water sampled was calculated by multiplying the area sampled

Cm2) by the average depth of water in each sampler compartment.

The gear were tested in John Day Pool of the lower Columbia River,

an impoundment that has a rapid flushing rate and does not stratify.

Water temperatures in the upper littoral zone ranged from 19-25° C

during the test period (24-27 July 1982). We collected samples



alternately with the tow net and dropbox along a standard transect in

the upper littoral zone during the day and at night (distance from

shore, 3.4 m; mean water depth, 0.21 in). We used the general habitat

classification scheme of Wetzel (1979), and divided the littoral zone

into three areas: margins, ranging from shore to a water depth of

0.15 in; upper littoral, from 0.15 in to 1 in; and lower littoral,

extending from 1-rn depth to the outer boundary of the littoral zone.
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RESULTS AND DISCUSSION

Larvae of squawfish (Ptychocheilus oregonensis) and chiselmouth

(Acrocheilus alutaceus) dominated the catch in both the tow net and

dropbox, followed in abundance by peamouth (Mylocheilus caurinus) and

largescale sucker (Catostomus macrocheilus). Other larvae collected,

but not in high enough numbers to include in analyses of mean length

and density, were American shad (Alosa sapidissima), common carp

(Cyprinus carpio), sandroller (Percopsis transmontana), speckled dace

(Rhinichthys osculus), and smallinouth bass (Micropterus dolomieui).

Catches of juvenile fishes were included in the analyses of length and

density to better understand avoidance biases in the catch, even

though these gear were primarily designed to collect larvae.

Mean densities of larvae and juveniles by total catch and by

species, were not significantly different between gear within each

diel period (Table 1). Mean densities of larvae and juveniles between

night and day within each gear were also similar, except for those of

squawfish and chiselmouth larvae collected in tow net samples.

The number of larvae collected with each gear was more variable

during the day than at night. Larvae in the upper littoral zone of

John Day Pool often foraged or cruised in mixed-species aggregations

of various sizes during the day. The catch variability we observed

most likely reflected this distribution; values for Lloyd's mean

crowding index () ranged from 1.12 to 1.92 [values > 1.0 indicate

contagious distribution (Southwood 1978)]. There were no significant

differences in mean density or length of larvae between the tow net



Table 7. Mean density of larvae (no. per lOm3) collected with a larval fish tow net and dropbox sampler during
comparisons of the performance of each gear in John Day Pool of the Columbia River, 24-27 July 1982.
Standard error of each mean density value is in parentheses, and the mean number of fish collected in
each sample is in brackets below. Differences between means were tested for statistical significance
using the Mann-Whitney test (Snedecor and Cochran 1980).

Squawfish and Largescale
Chiselisouth5 Sucker Peamouth

No. of Depth Total
Gear Period Trials (is) Catch Larvae Juvenile Larvae Juvenile Larvae Juvenile

Tow net Day 4 0.24 500.2 290.0 0 112.8 0 90.5 6.9
(163.9) (94.2) (35.1) (67.9) (4.6)
(370.0) (214.51 (83.4) 166.91 15.11

Dropbox Day 8 0.22 1187.4 1007.2 0 94.1 0 46.0 0
(419.6) (368.3) (59.4) (45.9)
112.01 110.21 11.01 (0.5)

Tow net Night 4 0.23 786.6 713.7 0 37.1 0.3 15.8 3.2
(136.9) (137.3) (12.8) (0.3) (6.6) (1.5)
(619.31 (561.9) (129.2) (0.31 (12.4) (2.5)

Drophox Night 12 0.20 1288.7 1162.9 0 19.2 0 0 32.1
(478.9) (466.7) (19.2) (32.1)
(13.3) 112.01 (0.21 (0.3)

aWe were unable to separate these species at prolarval through metalarval stages.

f'.)
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and dropbox in samples taken at night. ean number of larvae

collected with each gear varied less at night, suggesting that

aggregations of larvae dissipate in darkness. Visual avoidance of the

samplers was probably reduced at night (Noble 1970). The number of

larvae per sample was more variable in the dropbox than in the tow

net, presumably because smaller water volumes and areas were sampled.

We compared mean lengths of larvae and juveniles (by total catch

and by species) collected with each gear to determine whether

sizespecific avoidance differed between samplers or periods.

Differences in mean length of larvae between gear within a period were

significant in only one of four tests (Table 2). However, differences

in the size of fishes taken with each gear between periods were

significant in three comparisons: tow net (total catch), dropbox

(total catch and squawfish and chiselmouth larvae), (P ( 0.05).

During the day, mean length of the total catch from the tow net

was longer than that of the dropbox. The higher daytime catch of

metalarval and juvenile peamouth and largescale sucker in the tow net

accounted for this overall (total catch) disparity in mean length

between the samplers.

Larvae collected in both gear were longer during the day than at

night. This is opposite of what would be expected, considering that

visual avoidance is reduced at night. These observations can best be

explained by diel movement of larvae of different sizes and species

within the upper littoral and margin habitats. We observed high

densities of larvae (mean densities up to 2,500/m3)--primarily

squawfish and chiseimouthin the margin areas (sampled with the



Table 8. Mean standard length (me) of larvae collected with a larval fish tow net and dropboz sampler during
comparisons of the performance of each gear in John Day Pool of the Columbia River, 24-27 July, 1982.
Sample size and standard error are given below each mean in brackets and parentheses, respectively.
Differences between means were tested for statistical significance using the t statistic (Snedecor and
Cochran 1980). (Asterisks denote significant dii ierences between pairs of **/p c 0.01).

Squawf 1mb and Largescale
Chiselmoutha Sucker Peamouth

No. of Depth Total
Gear Period Trials (is) Catch Larvae Juvenile Larvae Juvenile Larvae Juvenile

Tow net Day 4 0.24 13.1 11.1 c 15.5 c 14,8 24.6
11591 1831 (551 1261 (31
(0.23) (0.14) (0.11) (0.81) (1.45)

**

Dropbox Day 8 0.22 11.6 10.8 c 16.8 c
16,0b

(30) (26) 131 (1)

(0.42) (0.22) (0.73)

Tow net Night 4 0.23 10.8 10.0 c 14.3 23.0 12.3 24.6
1117) (93J (14) (1) (12) Ill)

(0.20) (0.08) (0.43) (1.75) (1.16)

Dropbox Night 12 0.20 10.3 10.2 c 14.0 c c 22.0
[31) (251 (11 121

(0.45) (0.15)

5We were unable to separate these species at prolarval through metalarval stages.

brhe number of larvae collected was too small to permit statistical analysis.

c
No individuals collected.

cc
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dropbox) during the day. Mean length of all species (10.7 mm) in the

margin habitat was significantly less than that in the upper littoral

area (standard transect) where the samplers were tested ( 11.6; P

( 0.05). Many smaller larvae appeared to move offshore at night from

margin areas to upper littoral habitats. Larger larvae and juveniles

that were in the upper littoral zone during the day also appeared to

move offshore at night, so that smaller fishes occupied the upper

littoral zone areas that we sampled. These movements confounded our

attempt to assess the effect of visual avoidance.

Both samplers operated satisfactorily over the range of substrate

particle size and density of vegetation tested. The mean diameter of

the substrate material was about 8 cm, and vegetation (primarily

Potamogaeton sp. and submerged terrestrial emergents) density ranged

from 0 to -30 stems/rn2. The dropbox would operate satisfactorily over

finer substrate than those we tested, but its suitability over coarser

substrates was not determined. We used the tow net successfully over

substrates ranging from silt to angular rocks of 15 cm in diameter.

Difficulty with vegetation was rare, and occurred only when the

flowmeter became tangled with loose stems.



LITERATURE CITED

All, M.Y. 1959. Spatial distribution of fish in summer in Nicola
Lake, B.C. M.A. thesis, Univ. British Columbia. 132 p.

Amundrud, J.R., D.J. Faber, and A. Keast. 1974. Seasonal succession

of free-swimming perciforin larvae in Lake Opinicon, Ontario. J.

Fish. Bes, Bd. Can. 31:1661-1665.

Andorfer, B. 1980. The school behavior of Leucaspius deineatus
(Heckel) in relation to ambient space and the presence of a pike
(Esoc lucius). Oecologia 47:137-140.

Beard, T.D. 1982. Population dynamics of young-of-the-year
bluegill. Tech. Bull. No. 127, Wisc. Dep. Natur. Resourc. 32 p.

Bengston, D.A. 1981. Growth of postlarva]. Atlantic silversides in
four temperature regimes. Prog. Fish. Cult. 43:146-148.

Bertram, B.C.R. 1978. Living in groups: predators and prey. Pages:

64-96. In J.R. Krebs and N,B. Davies (eds.) Behavioural Ecology,
Blackwell Scientific Publicatons, Oxford, London, Edinburgh,
Melbourne. 494 p.

Bond, C.E. 1973. Keys to Oregon freshwater fishes. Rev. Ed. Oreg.

Agric. Exp. Stan., Tech. Full. 58. 42 p.

Braum, B. 1978. Ecological aspects of the survival of fish eggs,
embryos and larvae. Pages 102-131. In S.D. Gerking, ed. Ecology

of F.W. fish production. John Wiley & Sons, Inc., N.Y. 520 pp.

Breder, C.M., Jr. 1960. Design for a fry trap. Zoologica 45:155-159.

Brown, D.J.A., and T.E. Langford. 1975.. An assessment of a tow net

used to sample coarse fish fry in rivers. J. Fish Biol.
7:533-538.

Burch, 0. 1983. New device for sampling larval fish in shallow water.
Frog. Fish-Cult. 45:33-35.

Chatry, M.E., and J.V. Conner. 1980. Comparative development
morphology of the crappies, Pomoxis annularis, and P.
nigromaculatus. Pages 47-57. In L.A. Fuiman (ed.) Proceedings of
the fourth annual larvae fish conference. U.S. Fish and Wildi.

Serv., Biol. Serv. Progr., Nat. Power Plant Team, Ann Arbor, MI,
FWS/OBS-80/43. 179 p.

Clady, M.D. 1976. Distribution and abundance of larval ciscoes,
Coregonus artedii, and burbot, Lota iota, in Oneida Lake. J. Great
Lakes Res., 2:234-247.



87

Clifford, I1.F. 1972. Downstream movements of white sucker,
Catostomus coxmnersoni, fry in a brown-water stream of Alberta. J.

Fish Res. Bd. Can. 29:1091-1093.

Cooper, W.E., and L.B. Crowder. 1979. Patterns of predation in
simple and comple: environments. Pages 257-267. In R.R. Stroud

and H. Clepper (eds,) Predator-prey systems infisheries
management, SF1, Washington, DC. 504 p.

Crossman, E.J. 1959. Distribution and movement of a predator,
rainbow trout, and its prey, the redside shiner, in Paul Lake,
1ritish Columbia. J, Fish. Res, Bd. Can. 16:247-267.

Davis, W.L., and T.M. Freeze. 1977. The occurrence and relative
abundance of planktonic fish larvae in Anderson Creek Embayment,
Kentucky Lake, KY. Trans. Kentucky Mad. Sci. 38:3-4.

Faber, D.J. 1980. Observations on the early life of golden shiner,
Notemigonus crysoleucas (Mitchill), in Lac Heney, iebec. Pages

69-78. In Proceedings of the fourth annual larval fish conference.
U.S. Fish and Wildi. Serv., Biol. Serv. Progr., Nat. Power Plant
Team, Ann Arbor, MI, FWS/OBS-8O/43. 179 p.

Floyd, K.B., R.D. Hoyt, and S. Timbrook. 1984. Chronology of

appearance and habitat partitioning by stream larval fishes.
Trans. Amer. Fish. Soc. 113:217-223.

Frank, K.T., and W.C. Leggett. 1983. l4ultispecies larval fish

associations: accident or adaptation? Can. J. Fish. Aquat. Sci.
40:754-762.

Gale, W.F., and LW. Mohr, Jr. 1978. Larval fish drift in a large
river with a comparison of sampling methods. Trans. Am. Fish.

Soc. 107:46-55.

Gallagher, R.P., and J.C. Conner. 1980. Spatio-temporal distribution
of ichthyoplankton in the lower Mississippi River, Louisiana.
Pages 101-116. In L.A. Fuiman (ed.) Proceedings of the fourth
annual larval fish conference. U.S. Fish and Wildi. Serv., Biol.
Serv. Progr., Nat. Power Plant Team, Ann Arbor, MI,
FWS/OBS-8O/43, 179 p.

Gauch, H.G., Jr. 1981. The Cornell ecology programs series. Ecology

and Systematics. Cornell Univ., N.Y. 4 p.

Lii. Whittaker, and T.R. Wentworth. 1977. A comparative study

of reciprocal averaging and other ordination techniques. J. Ecol.

65:157-174.

Geen, G.}L, T.G. Northcote, G.F. Hartman, and C.C. Lindsey. 1966.

Life histories of two species of catostinid fishes in Sixteenmile



Lake, British Columbia, with special reference to inlet stream
spawning. J. Fish. Res. Bd. Can. 23:1761-1788.

Heard, W.R. 1965. Limnetic cottid larvae and their utilization as
food by juvenile sockeye salmon. Trans. Am. Fish. Soc.
94:191-193.

Rjort, J. 1926. Fluctuations in the year classes of important food
fishes. J. Cons. Perm. Lit. Explor. Her. 1:5-38.

Ejort, 1LC., H.W. Li, C.B. Schreck, R.A. Tubb, H.W. Horton, B.C.
Mundy, P.L. Hulett, L.D. LaBolle, A.G. Maule, C.E. Stalubrook.
1981. Habitat requirements for resident fishes in the reservoirs
of the lower Columbia River. Ore. Coop. Fish. Has. Unit, U.S.
Fish and Wildi. Serv., U.S. Army Corps of Engr., Contract DACW
57-79. C-0067. 307 p.

Hull, C.H., and N.H. Nie. 1981. Statistical package for the social

sciences. Update 7-9. McGraw-Hill Book Company, New York. 402

p.

John, K.R. 1959. Ecology of the chub, Gila atraria, with special
emphasis on vertebral curvatures, in Two Ocean Lake, Taton
National Park, Wyoming. Ecology 40:564-571.

Jones, P.W., F.D. Martin, and J.D, Hardy, Jr. 1978. Development of

fishes of the mid-Atlantic Bight. I. Acipenseridae through

Ictaluridae. U.S. Fish and Wildi. Serv., 366 p.

Keast, A. 1980. Food and feeding relationships of young fish in the
first weeks after the beginning of exogenous feeding in Lake
Opinicon, Ontario. Env. Biol. Fish. 5:305-314.

Kramer, D.L. 1978. Reproductive seasonality of fishes in a tropical

stream. Ecology. 59:976-985.

Kushlan, J.A. 1974. Quantitative sampling of fish populations in
shallow, freshwater environments. Trans. Am. Fish. Soc.
103:348-352.

La Bolle, LD., Jr., LW. Li, and B.C. Mundy. In press. Comparison of

two samplers f or quantitatively collecting larval fishes in upper
littoral habitats. J. Fish. Biol.

Lasker, K. 1975. Field criteria for survival of anchovey larvae:
the relation between inshore chlorophyll maximum layers and
successful first feeding. Fishery Bull. 73:453-462.

Lewis, R.E., and J.R. Siler. 1980. Determination of the vertical
distribution of ichthyoplankton in Lake Norman, North Carolina,
using a discrete-depth sampling design. Pages 91-100. In L.A.

Fuiman (ed.) Proceedings of the fourth annual larval fish



89

conference. U.S. Fish and Wildi. Serv., Bid. Serv. Progr., Nat.
Power Plant Team, Ann Arbor, MI, FWS/OBS-80/43. 179 p.

Lippson, A.J. 1976. Development of a key to the families of Great
Lakes fish larvae. Pages 26-31. In J. Boreman (ed.) Great Lakes

fish egg and larvae identification. Proc. of a workshop, U.S.
Fish and Wildi. Serv., Nat. Power Plant Team, Ann Arbor, MI,
FWS/OBS-76/30. 220 p.

and R.L. Moran. 1974, Manual for identification for early
developmental stages of fishes of the Patomoc River estuary. Nd.

Power Plant siting Progr. Mis. Pubi., No. 13, 282 p.

MacPhee, C. 1960. Postlarval development and diet of the largescale

sucker (Catostomus macrcheilus), in Idaho. Copeia 1960.
(2): 119-125.

Miura, T. 1962. Early life history and possible interaction of five
inshore species of fish in Nlcola Lake, British Columbia. Ph.D.

thesis, Univ. British Columbia. 136 p.

Nelson, W.R.. 1968. Embryo and larval characteristics of sauger,
walleye, and their reciprocal hybrids. Trans. Am. Fish. Soc.
97: 167-174.

_____ 1980. Ecology of larval fishes in Lake Oahe, South Dakota,
Tech. Pap. U.S. Fish. Wildi. Serv. 101. 17 p.

Nikolskii, G.V. 1969. Fish population dynamics. Oliver and Boyd,
Edinburgh. 323 p.

Noble, R.L. 1970. Evaluation of the Miller high-speed sampler for
sampling yellow perch and walleye fry J. Fish. Has. Ed. Can.

27: 1033-1044.

PriegeL, G. 1970. Reproduction an early life history of the walleye
in the Lake Winnebago region. Wisc. Dept. Nat. Resour. Tech.
Bull. 45. 105 p.

Raymond, ILL. 1979. Effect of dams and impoundments on migrations of
juvenile chinook salmon and steelhead from the Snake River, 1966
to 1975. Trans. Amer. Fish. Soc. 108:505-529.

Richardson, R.E. 1913. Obserations on the breeding habits of fishes

at Havana, illinois, 1910-1911. Bull. ill. State Lab. Nat. Hist.,

9(art. 8):405-416. In Faber, D.J., 1967.

Richardson, SL., and B.B. Washington. 1980. Guide to identification
of some sculpin (Cottidae) larvae from marine and brackish waters
off Oregon and adjacent areas in the N.E. Pacific. NOAA Tech.

Rept. NMFS Circ. 430. 56 p.



90

Ricklefs, R.E. 1979. Ecology.

Concord. 966 p.

2nd ed. Chiron Press, New York,

Ruple, D.L. 1984. Occurrence of larval fish in the surf zone of a

northern Gulf of Mexico barrier island. Estuar., Coastal and

Shelf Scj. 18:191-208.

Schauss, P.R., Jr. 1977. Seasonal occurrence of some larval and
juvenile fishes in Lynnhaven Bay, VA. Am. Midland Mat.

98: 275-282.

Scotton, L.N., R.E. Smith, N.S. Smith, K.S. Price, and D.P. De Sylva.
1973. Pictoral guide to fish larvae of Delaware Bay: with

information and bibliographies useful for the study of fish

larvae. Delaware Bay Rep. Series, Vol. 7, College Marine Studies,
Univ. Delaware, 206 p.

Siefert, R.E. 1969. Characteristics of seperation of white and

blackcrappie larvae. Trans. Am. Fish. Soc. 98:326-328.

Shaw, E. 1961. The development of schooling in fishes. II. Physiol.

Zool. 33:79-86.

Snedecor, G.W., and W.G. Cochran. 1980. Statistical methods. 7th

ed. Iowa State Univ. Press, Ames. 507 p.

Snyder, D.E. 1976. Terminologies for intervals of larval fish

development. Pages 42-60. In J. Boreman (ed.) Great Lakes fish
egg and larvae identification. Proc. of a workshop. U.S. Fish

and Wildi. Serv., Nat. Power Plant Team, Ann Arbor, MI,
FWS/OBS-76/23. 220 p.

Southwood, T.R.E. 1978. Ecological methods. 2nd ad. Chapman and

Hall. London and New York. 524 p.

Strawn, K. 1954. The pushnet, a one-man net for collecting in
attached vegetation. Copeia 1954:135-137.

Teraguchi, M. 1962. Migrations of northern squawfish, Ptychocheilus
oregonensis, in streams tributary to Sixteenmile Lake, British
Columbia. B.Sc. thesis, Dep. Zool., Univ. British Columbia. 44

pp.

Topp, R.W. 1967. An adjustable tnacroplankton sled. Prog. Fish-Cult.

29:184.

Van Den Avyle, M.J., and D.D. Fox. 1980. Diel, vertical and
horizontal variations in abundance of larval Dorosoma spp. in

Center Hill Reservoir, Tennessee. Pages 116-122. In L.A. Fuiman

(ed.) Proceedings of the fourth annual larval fish conference.



91

U.S. Fish and Wildi. Serv., Bio].. Serv. Progr., Nat. Power Plant

Team, Ann Arbor, MI, FWS/OBS-80/43. 179 p.

Weisel, G.F., Jr., and W.1I. Newman. 1951. Breeding habits,
development and early life hisotry of R.ichardsonius balteatus, a
northwestern Minnow. Copeia 1951:187-194, ill.

Werner, R.G. 1969. Ecology of lininetic bluegill (Lepomis
macrochirus) fry in Crane Lake, Indiana. Am. Midl. Natur.
81:164-181.

Wetzel, R.G. 1981. Limnology, 2nd ed. W.B. Saunders Company,
Philadelphia, London, Toronto. 754 p.

Wilson, E.0. 1975. Sociobiology. 2nd ed. The Belknap Press of

Harvard Univ. Press, Cambridge, London. 697 p.

Wydoski, R.S., and R.R. Whitney. 1979. Inland fishes of Washington.
Univ. of Washington Press, Seattle, London. 220 p.

Yocum, W.L., and F.J. Tesar. 1980. Sled f or sampling benthic fish
larvae. Prog. Fish-Cult. 42:118-119.




