This report was funded by the Bonneville Power Administration
(BPA), U.S. Department of Energy, as part of BPA's program to
protect, mitigate, and enhance fish and wildlife affected by the
development and operation of hydroelectric facilities on the
Columbia River and its tributaries. The views in this report are
the author’'s and do not necessarily represent the views of BPA.

For additional copies of this report, write to:

Bonneville Power Administration
Public Information Center - CKPS-1
P.O. Box 3621

Portland, OR 97208

Please include title, author, and DOE/BP number from the back cover in the request.



SYSTEM-WIDE SIGNIFICANCE OF PREDATION ON
JUVENILE SALMONIDS IN COLUMBIA AND SNAKE RIVER
RESERVOIRS AND EVALUATION OF PREDATION
CONTROL MEASURES

ANNUAL REPORT 1993

Prepared by:

Dena M. Gadomski
Thomas P. Poe

National Biological Survey
National Fishery Research Center
Columbia River Research Laboratory

Prepared for:

U.S. Department of Energy
Bonneville Power Administration
Environment, Fish and Wildlife
P. 0. Box 3621
Portland, OR 97208-362 1

Project Number 90-078
Contract Number DE-AI79-90BP07096



TABLE OF CONTENTS

TABLE OF CONTENT S . o ittt ittt ettt et te et ta et teeneaeeeenenenens 2
EXECUTI VE SUMMARY . &ttt it it ettt et e et ittt ettt e aetenaeeenenennns .. 3

Report 1 (Abstract only) - The inportance of spatial pattern

in estimatins predation on juvenile salnobnids in the
Colunbia River by Janes H Petersen. . . . . . . . . . . . . . . ...5

Report 2 - Reproduction and early life history of northern
squawfish Ptvchocheilus oresonensis in the Col unbia
River by Craig A Barfoot, Dena M Gadonski, Aice M
Mir phy, and Gegory T. Schultz . . . . . ... ... .. ... ... ... 7




EXECUTI VE SUMVARY

This docunent is the 1993 annual report of progress for the
Bonnevill e Power Adm nistration (BPA) research Project No. 90-078
conducted by the National Biological Survey (NBS)

This project had three major goals. The first was to assist
the Oregon Departnent of Fish and WIldlife with predation
indexing as part of an effort to estinmate the relative nagnitude
of juvenile salmonid |osses to northern squawfish Ptvchocheilus
oresonensis in reservoirs throughout the Colunbia River Basin
The results of our work (i.e. consunption indexing in John Day
Reservoir) are included in the draft report by Mark P. Zi mrer man
Chris Knutsen, David L. Ward, and Kent Anderson. 1994.

"Devel opnent of a System Wde Predator Control Program I ndexi ng
and Fisheries Evaluation." In CF. WIlis and D. L. Wrd,

editors. Devel opnent of a systemw de predator control program
stepwise inplenentation of a predation index, predator contro
fisheries, and evaluation plan in the Colunbia River Basin. 1993
Annual report. Contract DE-BI79-90BP07084, Bonneville Power

Adm ni stration, Portland.

The second goal was to evaluate the northern squawfish
control program and test critical assunptions about md-reservoir
predation processes. Progress towards this goal is presented as
an abstract only; in lieu of an annual progress report, a
manuscript will be.published in late 1994 or early 1995 in
Transactions of the Anerican Fisheries Society.

The final goal was to determ ne mechani sns underlying
northern squawfish recruitnent and factors affecting year-class
strength. The results of the first year of this study (1992) are
presented as a progress report.

The follow ng point sunmary gives the mgjor results on each
of the major project objectives and tasks:

(1) Relative abundance of northern squawfish and consunption of
juvenil e sal monids was estinmated by ODFW in Bonneville Dam
tailrace, and Bonneville, The Dalles, John Day, and McNary
reservoirs. Rel ati ve abundance in 1993 was simlar to or
slightly less than in 1990, and relative consunption was
considerably lower in 1993 than 1990 in nost |ocations (see
report cited above: Zinmrerman et al. 1994).

(2) Predation |osses of juvenile salnonids mgrating through
Colunmbia River reservoirs were previously estimated with the
assunption that one or two honbgenous areas existed per
reservoir. It has been shown, however, that predation rate
and predator density vary greatly between near-dam and mid-
reservoir areas, suggesting that reservoirs in the Col unbia
Ri ver should be divided into at |east three or four areas
for estimating salmonid |osses. Wen this was done for the
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(3)

John Day Reservoir, estimted nunbers of salnonids eaten
annual ly by northern squawfi sh decreased from 2.9 mllion to
1.4 mllion.

Sanpling was conducted for |arval and young-of-the-year
juvenile northern squawfi'sh primarily during June- August
1992 in The Dalles Pool, the upper Bonneville Pool, and the
| ower Deschutes River. Diel sanpling indicated that |arva
squawfish drift from spawning areas primarily at night.
Larval and juvenile squawfish rearing in shallow shoreline
areas were collected in highest abundances in the |ower
Dall es Pool and in the Deschutes river in locations with
fine sedinment/sand substrates and seasonally heavy anounts
of vegetation. Sanpling during 1993 was expanded to the
upper John Day Pool and additional nighttine sanpling was
conduct ed; these results are not yet avail abl e because data
entry and anal ysis have not been conpl et ed.



Report 1
The Inportance of Spatial Pattern in Estinmating Predation on
Juvenile Salnmonids in the Colunbia River

Janes H. Petersen

Nati onal Biological Survev

Col unbi a Ri ver Research Laboratorv

M P. 5.48L Cook-Underwod Road

Cook, Washi ngton. 98605

Abstract. -- The inpact of piscivores in aquatic systens is
often estimated by assumng that predation rate and predator
density can be characterized as neans throughout | arge,
honbgenous ar eas. Predation |osses of juvenile Pacific sal nonids
Oncorhvnchus spp. mgrating through Colunbia River reservoirs
were previously estimated wth the assunption that one or two
honbgenous areas existed per reservoir. Data from the John Day
Reservoir and throughout the river system showed that predation
rate and predator density vary greatly between near-dam and mid-
reservoir areas, suggesting that reservoirs in the Colunbia River
should be divided into at least three or four areas for
estimati ng salmonid | osses. For exanple, the estimated nunber of
sal nonids annually eaten by northern squawfi sh Ptvchocheil us
oreqonensis in John Day Reservoir decreased from 2.9 mllion when
all sanples in the reservoir were pooled into one area, to 1.4
mllion when sanples were partitioned anong four areas. Variance

about the estimates al so decreased steadily with finer
partitioning. Mortality of juvenile salnon from predation was



substantial with any type of partitioning; however, spatial
variation in predation rates, and other density-dependent
processes, may be especially inportant in river nodels of

m grating juvenile salnon that repeatedly apply predation rates
in a series of reservoirs or river reaches.



Report 2
Reproduction and early life history of northern squawfish
Pt vchocheilus oresonensis in the Colunbia River

Craig A Barfoot, Dena M Gadonski ,
Alice M Mirphy, and Gegory T. Schultz

Nat i onal Biological Survev
Col unbi a River Research Laboratorv

MP. 5.48L Cook-Underwod Road
Cook. Washi naton, 98605

Abstract. -- The northern squawfi sh Ptvchocheil us oresonensis
is an inportant endemi c predator in Colunbia R ver reservoirs.
Despite this, little published information exists on squawfi sh

reproduction and early life history in the Colunbia River Basin.
Thus, we initiated a field study to investigate squawfish
reproduction and early life history in two Colunbia River
reservoirs and in the | ower Deschutes River. Qur objectives were
to locate spawning areas, describe larval drift, and characterize
larval and juvenile rearing habitats. W conducted weekly

i cht hyopl ankton sanpling from late May through md- Septenber,
1992. Shoreline sanpling to assess larval and juvenile use of
shallow littoral habitats was conducted with a manually pulled
sled primarily from June through Septenber. W sanpled at four

| ocations: 1) the upper Dalles Pool; 2) the |ower Dalles Pool; 3)
t he upper Bonneville Pool; and 4) the nouth of the Deschutes

Ri ver. Larval and juvenile squawfish were collected in highest
abundances in shallow shoreline areas with fine sedi nent/sand
substrates and seasonally heavy anounts of cover in the form of

i nstrean veget ati on. Hi ghest abundances of larval and juvenile
squawfi sh were collected at sled sites in the |lower Dalles Pool
and in the Deschutes River. Informati on on spawni ng | ocations

and larval drift is limted since few |larval squawfish were
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collected during daytinme plankton tows. Diel studi es conducted
in the upper Dalles Pool during 1992 indicated that |arval

squawfi sh may exhibit increased nighttine drift. In response to
this we intensified nocturnal sanpling during 1993; these results
will be presented in a later report. This information should

allow us to further define squawfish early life history in the
Col unbi a and Deschutes Rivers.

| NTRODUCTI ON
Anadr onmous sal nonids are a val uabl e soci oeconom c resource
in the Colunbia River Basin. In recent history their abundance
has declined sharply (Reinman and Beanesderfer 1990). Reasons for

decline are conplex and multifaceted; one inportant factor
contributing to this decline is predation by resident fishes
(Raynond 1979; Gray and Rondorf 1986). The northern squawfish
Pt vchochei lus oresonensis is an endem c predator that accounts

for a large percentage of the juvenile salnonids lost to
predation (Poe et al. 1991; Reinman et al. 1991). Because of
this, a variety of squawfish control neasures have been
initiated. Basic information on the early life history and
factors affecting recruitment of northern squawfish could aid
attenpts to manage squawfi sh popul ations.

Very little published information exists on reproduction and
early life history of the northern squawfish, particularly in
Col unbi a River reservoirs. However, sone information on
squawfi sh ecology is available from other areas in western North
Anerica (Jeppson and Platts 1959; Patten and Rodman 1969;
Beanmesderfer 1992). Northern squawfish are found in a variety of
habitats in both still and running waters. Spawni ng occurs in
streans, |akes, and reservoirs (Stewart 1966; Patten and Rodman
1969; Beamesderfer 1992). Spawni ng congregations ranging in size
froma few hundred to several thousand fish have been observed in
ot her systens (Patten and Rodman 1969; Beanesderfer 1992).
However, spawni ng aggregati ons have not been docunented in
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Colunmbia River reservoirs. During spawning, benthic adhesive
eggs are broadcast over substrates ranging in size from gravel to
rubble at various water depths (Jeppson 1957; Casey 1962; Patten
and Rodman 1969; Beanesderfer 1992). Larval and young juvenile
northern squawfish rear in shallow, |owvelocity, shoreline areas
(Casey 1962; O ney 1975; Beanesderfer 1992). dder juveniles use
slightly deeper and nore variable offshore habitats (Beanesderfer
1992)

In 1992 we initiated a field study to | earn nore about the
early life history of northern squawfish in the Col unbia and
| oner Deschutes R vers. W sanpled in the upper Bonneville Pool
the upper and |lower Dalles Pool, and the |ower Deschutes River
Qur objectives '"were to |locate spawning sites, describe larval and
juvenile rearing areas,- and describe larval drift between these
| ocati ons. Envi ronnental paraneters were neasured or estinated
concurrent with fish sanpling to determ ne how physical factors
m ght influence the survival and distribution of squawfish |arvae
and juvenil es.

In 1993 we expanded sanpling to the upper John Day Pool for
conparison with previous studies (Hort et al. 1981; Poe et al.
1988) and discontinued sanpling in the upper Bonneville Poo
due to tine constraints. Additional nighttine sanpling was added
in 1993 because |ow nunbers of cyprinid |larvae were collected
during daytinme ichthyoplankton sanpling in 1992. Because sanple
processing and data entry for 1993 have not been conpleted, only
results fromthe 1992 field season will be presented.

MVETHODS
Sanpl e Col |l ection
1992 Overview - Sanpl e areas were chosen based on substrate
type and to conpare main stemto tributary areas. The upper
Bonnevill e and upper Dalles Pools contain sites with |arge
proportions of potential northern squawfi sh spawni ng habitat
(gravel / rubbl e/ cobbl e), identified by cartographic nodeling with
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a geographic information system (dS) (Gadonski and Muirphy
1991). For conparison, we also sanpled in the |ower Dalles Pool
an area with little potential northern squawfi sh spawni ng
substrate.

Sanpl es were collected weekly from late May through mid-
Septenber 1992 at four locations (Figure 1): 1) the upper Dalles
Pool (river mles (RM 211.25-216.25); 2) the lower Dalles Poo
(RM 194-199); 3) the upper Bonneville Pool (RM 186.25-191. 25);
and 4) the nouth of the Deschutes River. Because of high w nds
and rough water conditions, not all |ocations could be sanpled
every week. Limted sanpling at the Deschutes River continued
t hr ough Novenber 1992. Sanpl i ng was conducted during daylight
hours, except for sone night sanpling at the upper Dalles Poo
for diel conpari sons. Most sanpling was conducted with boat-
towed plankton nets and a manually pulled shoreline sled. Sone
sanples were collected with dipnets or drift nets. Sanpl es were
fixed in 10% formalin buffered with sodium borate and lightly
stained wi th phyl oxi ne B.

Pl ankt on Sampling.-Plankton sanples were collected with 0.5

m diameter (2.5 mlength, 500 um nesh) conical plankton nets wth
bridleless frames (Nester 1987). A net was suspended from a
wi nch situated on each side of a 5.8 m alum num boat; two nets
were towed simultaneously resulting in paired (port and
starboard) samples. A General Oceanics Mdel 2030 digital
fl ometer was suspended off-center in the mouth opening of each
net to neasure water volune filtered. Each net was held at depth
by a 5 kg depressor plate. Nets were towed upriver at a wire
angl e of 65". Actual distance traveled (in relation to the
shoreline) varied depending on river current. Tows were stepped-
oblique for a total of 9 min: initially 3 mn at md-water depth
(based on water depth at the tow starting point), then 3 mn at
quarter-water depth, and finally 3 mn at the surface. Maxinmm
initial net depth was 12 m In shall ow water areas, tows were
essentially at the surface.

Each week at the:-upper and |ower Dalles Pool and at the
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upper Bonneville Pool, we conducted five or six paired plankton
tows, three or four tows at fixed sites and two tows at random
sites. (At the upper Dalles Pool we collected additional sanples
which will be described below.) Two fixed sites were sanpled in
the main stem at a north shore and a m d-channel |ocation, and
one fixed site was in a backwater (Table 1). In the upper Dalles
Pool, an additional fixed sanpling site was established on the
south shore (Table 1). Main stem fixed sites were chosen in
areas previously identified as having potential northern.
squawf i sh spawni ng habitat (Gadomski and Murphy 1991). 1In
addition, we sanpled two randomy chosen sites at each of the
three nmain stem study areas. Each five-mle long study area was
subdivided into 20 quarter-mle intervals. A random nunber chart
was used to determne which quarter-mle would be the starting
point of two paired tows. One random tow was conducted in the

m d-channel, and one along either the Oregon or the Washi ngton
shore. (chosen by a coin toss).

Two paired plankton tows were al so conducted weekly in the
nmouth of the Deschutes R ver, one each on the east and west
shores of the river (Table 1). Because of shall ow water and
limted distances, tows were at the surface and ranged in
duration from about 3 to 8 mn.

Addi ti onal sanpling was conducted in the upper Dalles Pool to
determ ne diel differences in |arval abundance. On six
occasi ons, June 29-30, July 15, July 28, August 6, August 11, and
August 24, pai red plankton tows were conducted at the three
mai n-stem fixed sites (Table 1) during daylight, dusk (2000-
2150), and darkness (2330-0030).

Limted sanpling was al so conducted in the upper Dalles Poo
to conpare bottomto surface larval distributions. Sanpl es were
coll ected during daylight hours on July 15, July 21, August 11,
August 24, and Septenber 9. Two sites were sanpled, off the
Washi ngton shore at RM 215.25 and at RM 215.50. These areas were
shallow (3-7 n), W th gravel/cobble substrates and relatively
high water velocities (0.7-1.5 nis). Sanpli ng was conducted for
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9 mn at each site. The starboard plankton net was maintained
with its [ower edge touching 'the bottom and the port plankton
net was at the surface. W towed against the current at a speed
where we maintained position or only slowy noved upriver

Sled. -Shoreline locations were sanpled weekly for |arvae and
juveniles with a nmanually towed net built from a design by
LaBolle et al. (1985). The net was a 1.5 mlong conical design
constructed of 500 pum nesh dyed brown and nounted on a frane wth
side skids and a front roller bar. The nmouth was 1.5 m w de and
could be vertically adjusted for depth, although we nmaintained
nmouth depth at 10 cm Bridles were attached on each side of the
nmout h opening so the sled could be pulled by two persons.

To conduct a tow, we positioned the sled offshore in a water
depth just covering the nouth opening, usually about 30 cm
Water depth and distance to shore were neasured from the frame
center. W waited about a mnute for fish to adjust to any
di sturbances, and then towed the net parallel to the shore .
agai nst the current at about 0.75 nis. Tow distance was usually
50 m The sanple was then washed into the end of the net and
renoved through a quick-release cod end for preservation. Wat er
volunme filtered (usually 7.5 m?) was calculated by multiplying
nout h area by distance towed.

Two or three fixed sled sites were selected at each main
stem sanpling location, one or two on the main stem and one in a
backwat er (Table 2). In the Deschutes River, a sled tow was
conducted on each shore (Table 2), although on the east shore the
di stance towed was only 15 m because of uneven bottom terrain.
Sled sites were chosen to represent the range of conditions found
in shallow littoral areas of the study |ocations. Qur gear type
and tow ng nethods, however, dictated that we sanple areas with
gentle gradients and even terrain. This type of site was rare in
our sanpling |ocations. For exanple, the upper Dalles Pool is
characterized by steep-sided channel walls with shoreline
substrates consisting primarily of basaltic cliffs and boul der
fields.
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Dipnet .- Hi gh abundances of larval or juvenile fishes were
soneti nes observed in very shallow areas of sled sanple sites.
These areas were not accessible to sled tows; thus, we used a
| -nm nmesh dipnet to capture a mninmum of 30 |arvae and juveniles
per site. One site on the west shore of the Deschutes River
could only be sanpled by dipnet. This site consisted of shallow
(1-20 cnm) pools of water on bedrock overlain by fine sedinent
with noderate to heavy anmpbunts of instream vegetati on. Because
dipnet sanpling is non-quantitative, nunbers of fish |larvae and
juveniles collected were sunmarized as percent conposition of
cat ch.

Drift Nets.- Larval drift sanples were collected weekly at the

east side of the Deschutes River 750 m from the confluence with
the Colunbia R ver. The substrate in this area was bedrock and
boul ders with little instream vegetation. Two 0.5 m diameter (2.5
m |l ength, 500 pm nesh) conical plankton nets were attached side-
by-side to shoreline vegetation in waters 0.6-0.7 m deep.
Current velocity in this area was about 0.3-0.6 ms. Nets were
set for an hour during daylight. A Ceneral Oceanics Mdel 2030
digital flowreter was suspended off-center in the nouth opening
of each net to neasure water volune filtered.

Envi ronnental Paraneters.- At each sanple site we neasured
tenperature, turbidity, and current velocity at the starting
point of a tow \Water tenperature was neasured at the surface
with a handheld thernoneter and at 2 mwith a Yellow Springs
Instrument tele-thernmoneter. Turbidity was nmeasured with a Hach
nodel 16800 Turbi di neter. Mean water colum velocity (an
average of the velocity neasured at 0.2 and 0.8 of the total
depth, or at 0.6 of the depth in waters < 0.75 m) was neasured
with a cabl e-suspended Price type "AA" sensor connected to a
Swof fer Instruments Mdel 2200 direct reading current velocity
neter. Current velocity was not nmeasured at all sites every week
because of rough waters or tinme constraints.

At shoreline sites we also evaluated substrate, gradient,
and veget ati on. Substrate categories were based upon Platts et
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al. (1983), and ranged from fine sedinment or sand to
gravel / cobbl e, boul ders, or bedrock. G adients were classified
as flat (1-10°), gentle (10-20°), steep (20-45°) or very steep
(45°-vertical). Vegetation was indexed from absent (1) to heavy
(4).
Sanpl e Processing

Sorting.- Fish eggs, larvae and juveniles, were sorted from
sanpl es using a magnifying | anp. Larvae and juveniles were
placed in vials of 4% formalin buffered with sodium borate for
|ater identification. Fi sh eggs were enunerated and preserved in
4% unbuffered formalin to prevent chorion collapse (Markle 1984).
To ensure quality control, about 15% of the sanples were resorted
to confirmthat no fish or eggs were mssed in the original sort.

Composition and volune of each sanple were determ ned.
Macrophytes and |arge pieces of debris such as twigs and | eaves
were noted and renoved. Rel ative proportions of najor groups of
invertebrates and plants in the remaining sanple were estinated.
A neasurenent of wet volume, determ ned by displacenent, was nade
for each sanple after the renoval of fish, eggs, nacrophytes and
| arge debris (Kranmer et al. 1972; Smth and Ri chardson 1977).

Larval and Juvenile Fish Identification.- Larval and
juvenile fishes were identified, enunerated, and assigned
devel opnental stages (yolk-sac larva, larva, and juvenile). Non-

cyprinids were usually identified to famly and cyprinids were
identified to the |owest possible taxonomc |evel

Larvae of northern squawfish and chisel nouth Acrocheil us
al ut aceus have not been adequately described to separate early
stages (< about 12 mm standard length (SL), prior to pelvic fin
formation); thus we grouped sonme specinmens into a conbined
northern squawfish/chisel nouth category. Peamouth M/l ocheil us
caurinus |arvae were separated from other cyprinids based on the
presence of a nedian thoracic stripe of nelanophores (Mura 1962;
Hort et al. 1981.), although sone early yol k-sac cyprinid
| arvae, |acking diagnostic pignmentation, were identified only to
famly. Identification criteria of larger northern squawfish
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peamouth, and chiselnmouth |arvae included position of the dorsa
fin relative to the pelvic and anal fins, along wth other
characters described in Mura (1962) and Mundy (1980).

Speci nens' of northern squawfish, northern
squawf i sh/ chi sel mouth, and unidentified cyprinids, were neasured
for standard length (SL). Standard |length (preflexion and
flexion) = snout tip to the end of the notochord, while standard
length (postflexion) = snout tip to the posterior margin of the
hypural bones (Ahlstrom and Mser 1976).

1993 Overview -In 1993, sanpling was discontinued in the
upper Bonneville Pool. New sites were added in the upper John
Day Pool for conparison with historical data (Hort et al. 1981
Poe et al. 1988). Sanpl es were collected weekly from early June
through late August, 1993, at four fixed locations: 1) the upper
John Day Pool (RM 282.5-290.0); 2) the upper Dalles Pool (RM
211.75-215.5); 3) the lower Dalles Pool (RM 197.25-197.75); and
4) the nouth of the Deschutes River. Cccasionally weekly sanpl es
were not collected at each |ocation because of high w nds, severe
weat her, or equipnent failure.

During limted diel sanpling in 1992, nore northern
squawfi sh | arvae and squawfi sh/chi sel nouth | arvae were col | ect ed
at night. In response to this, we expanded our nighttine
sanpling programin 1993. During each sanpling date, we
conducted daytine and nighttime sanpling with boat-towed plankton
nets. At the Deschutes River, diel sanpling was al so conducted
with drift nets. Random pl ankton tows were discontinued due to

time and | ogistical constraints. Sled tows were primarily
conducted during daylight hours, although sonme sanples were
collected at night for diel conpari sons. Dipnet sanpling was
elimnated in 1993 because species conposition in 1992 sanples
did not differ considerably fromsled tows taken at the sane

| ocations and because dipnet sanpling does not yield quantitative
dat a. Sanmpling protocols in 1993 generally followed those
established in 1992. More details will be presented in a
subsequent report.
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RESULTS
Overvi ew

Only results fromthe 1992 field season will be presented.
Results for both fixed and random pl ankton tows were pooled for
all main stem | ocations.

During the 1993 field season, 865 plankton net, drift net,
and sled sanples were coll ected. Due to tine constraints, sanple
processing is inconplete. Therefore, results from the 1993 field
season will be presented and discussed in subsequent reports.

Larval and Juvenile Fishes

Upper Dalles Pool.-During plankton tows in the main stem a
total of 1,862 larvae was collected in 18,198 m® of water
filtered (a density of 10.2 larvae per 100 m®). |In the backwater
area, |arvae were somewhat |ess abundant (Table 3). Scul pin
(Cottidae, probably Cottus asper) | arvae domi nated the sanples.
Two northern squawfish/chiselmouth |arvae were collected, both in
the main stem

Diel plankton net sanpling resulted in higher total fish
abundances during daylight hours (Table 4). More juveniles were
captured during dusk and night than day, possibly due to |less net
avoi dance. At all tine periods, the nost abundant |arvae were
scul pi ns. Larval shad Al osa sapidissim were npst abundant
during daylight hours. One northern squawfish juvenile and eight
nort hern squawfi sh/chisel mouth |arvae were collected. Al nine
speci nens were captured in late June or md- July during dusk and

night, suggesting a nocturnal pattern of abundance.

No larval or juvenile fishes were collected during surface
and benthic plankton tow sanpling in the upper Dalles Pool

Few | arvae and juveniles (N = 21) were collected in shoreline
areas of the upper Dalles Pool with the sled in 281 m® of water
filtered (Table 5). One northern squawfish juvenile and one
squawfish/chiselmouth |larva were captured at the main stemisland
site.
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Lower Dalles Pool.-Overall fish densities were greater in
pl ankton tows at backwater and main stem sites of the |ower
Dal l es Pool than in tows conducted in the upper pool (Table 3).
Speci es occurrence was sinlar between the upper and | ower Pool
However, densities of sonme groups differed between the two areas.
For exanple, cottid densities were greater in the |ower Dalles
Pool .

In the lower Dalles Pool, backwater fish densities were

| ower than main stem densities (Table 3). Scul pins were the nost
abundant group in the lower Dalles Pool plankton sanples (Table
3). Fewer species were collected at the |ower Pool backwater

site than in the main stem and all taxa encountered in backwater
sanples were also present in nmain stem sanpl es. One
squawf i sh/ chi sel mrouth larva was collected in late July and three
unidentified cyprinid |larvae were collected in late May during
mai n stem pl ankt on tows. Conmmon carp were the only cyprinids
collected in backwater plankton tows.

Shoreline sanples fromall three sled sites in the |ower
Dal | es Pool contained 265 |arvae and juveniles (Table 5); water
volune filtered was 319.5 m® (a density of 8.3 fish per 10 m?).
Only three fish juvenile cottid and two catostom d | arvae,
were collected at the downstream Browns Island sled site.

Nort hern squawfi sh |larvae and juveniles were collected in

great est abundance at the upstream Browns Island sled site;
squawfi sh densities were lower in backwater sled sanples (Table
5. No squawfish were collected at the downstream Browns Island
sanple site.

Squawf i sh/ chi sel mrouth | arvae were' first collected in |ower
Dal | es Pool sled sanples during-md- June (Figure 2A, B). Peak
| arval and juvenile squawfi sh abundance occurred in July;
al though some juvenile squawfish, probably from the 1991 cohort,
were collected at the backwater site in early June (Figure 2B).
No squawfish were collected after late July.

Mean standard |ength of squawfish/chisel nouth |arvae
collected in sled sanples in the |Iower Dalles Pool during June
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and July was 10.2 mm (N = 7; SD = 0. 46). In June, we also
collected juvenile squawfish from the 1991 year class (Figure
47A) . Mean standard length of these fish was 41.5 nm (N = 11; SD
= 5.01). Squawfi sh lengths during the last two weeks of July
when last collected in lower Dalles Pool sled sanples ranged from
10.1 to 27.5 mmwith a nean of 16.7 mm (N = 27; SD = 4.17).

Dipnet sanples collected at the backwater and upstream
Browns Island sled sites contained 621 |arvae and juveniles. The
"downstream Browns Island site was not sanpled with the dipnet
since fish were rarely observed in shallow waters along the
sanpling transect. Speci es occurrence was simlar between dipnet
and sled sanples (Figure 3A, B). However, sone differences
existed in size and catch conposition between the two gear types.
Dipnet sanples had hi gher percentages of squawfish | arvae,
indicating larval squawfish used shall ower habitats than
juveni | es.

Upper Bonneville Pool.-Miin stem fish densities in the upper

Bonnevill e Pool were internmediate to densities in main stem tows
in' the upper and |ower Dalles Pool |ocations (Table 3).

Backwat er plankton tow densities were the |owest of the three
Col unbia River |ocations.

One northern squawfish larva was collected in late July
backwat er plankton tows and three unidentified yol k-sac cyprinid
| arvae were collected during early June main stem tows. Cottid
| arvae were the npbst abundant taxon at main stem and backwat er
sites (Table 3). Speci es conposition was simlar to other
| ocations; however, species diversity in the backwater was
somewhat greater than in other backwaters sanpl ed.

Seventeen sled sanmples fromtwo sites in the upper
Bonnevill e Pool contained 137 larvae and juveniles in 128 m® of
water filtered; a density of 10.7 fish per 10 m’. Larva
squawfish/chiselmouth and l|arval and juvenile squawfish densities
were highest at the main stemsled site (Table 5). Overal
densities of larval and juvenile squawfish from both sites
conbi ned were |ower than conbined densities from the three |ower

18



Dal l es Pool sites; densities of squawfish/chiselnmouth |arvae,
however, were higher at the upper Bonneville |ocation. Speci es
conposition was simlar to other |ocations except suckers
conprised a greater proportion of sanples.

Deschutes River.-Plankton tows in Deschutes River collected
only sucker |arvae (Catostom dae); 44 |larvae were captured in
4153 m® of water filtered. In all drift net sanples (5107 m® of
water filtered), a total of six sucker |arvae, one sucker
juvenile, and one sculpin juvenile was coll ected.

Fish densities were generally higher in Deschutes River sled
sanples than in Colunbia R ver sled sanples (Tables 5, 6).

During 33 sled tows conducted at two Deschutes River sites, 1087
| arvae and juveniles were collected in 163.5 m® of water filtered
(a density of 66.5 fish per 10 m®). Larval and juvenile
squawfi sh densities were higher at the east shore sled site than
at any other Deschutes or Colunmbia River sanple sites. Only the
upstream Browns Island site in the |lower Dalles Pool had
conparabl e larval squawfish densities (Table 5).

Squawf i sh/ chi sel mouth | arvae, however, were collected at
conparabl e or higher densities at the |lower Dalles Pool backwater
sled site and at both upper Bonneville Pool sled sites (Tables 5,
6).

Tenporal appearance of northern squawfish |arvae and
juveniles in Deschutes R ver sled sanples was sinmlar to main
stem | ocations (Figure 2). Squawf i sh/ chi sel mrouth | arvae were
first collected in the Deschutes River in |late June and peak
| arval squawfi sh abundance occurred in md- July (Figure 20).
Peak juvenile abundance lasted from late July through early
Sept enber . Juveniles were collected into early Novenber at the
east shore | ocation.

Late July size conposition of larval and juvenile northern
squawfish in the Deschutes River shoreline areas was simlar to
| ate July size conposition of squawfish in the |ower Dalles Pool
shoreline areas (Figure 4). During the last two weeks of July,
standard | engths of squawfish in Deschutes River sled sanples
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ranged from 13.4 to 28.2 nmwith a mean of 21.2 nmm (N = 59; SD =
3.96). Mean standard | ength of squawfish captured in sleds
during early Novenber was 31.9 nm (N = 7; SD = 9.56). Late fall
size conparisons can not be made with squawfish in the |ower
Dal | es Pool since none were collected there after late July.
Species conposition in Deschutes River sled sanples differed
from Col unbia River sanples. Except for one cottid |arva,
Deschutes River sanples consisted entirely of catostomids and
cyprinids (Figure 3c, D). Dipnet sanples generally contained
simlar species but slightly higher percentages of squawfish
| arvae. Dipnet sanples from the upstream west shore site that
was too shallow for sled sanpling were dom nated by catostom ds
(79% and contained few larval and juvenile squawfi sh.

Envi ronnental Paraneters

Tenperatures at Colunbia River nmain stem and backwat er
pl ankton tow sites were simlar between sanple |ocations.
Tenperatures ranged from 16-17°C in early June to a high of about
22-23°C in late July and August, and then declined in Septenber
(Figure 5aA, B, C. Backwater |ocations occasionally had slightly
hi gher tenperatures, probably due to |ess water exchange and
shal | ower depths in these |ocations. Tenperatures neasured at
mai n stem and backwat er shoreline sled and dipnet sites were
general ly somewhat higher and nore variable than those at
pl ankton tow sites (Figure 6A, B, O).
Turbidities at Colunbia R ver nmain stem and backwater plankton
tow sites were simlar between the |ower Dalles Pool and upper
Bonnevill e Pool |ocations, peaking at 4-5 NTU in June and then
stabilizing (range 1.5-3.0 NTU) for the remainder of the field
season (Figure 7B, Q). Turbidities at the upper Dalles Pool
| ocation were nore variable with peaks neasured in md- June in
the main stemand in md- July in the backwater area (Figure 7A).

Turbidities at Colunbia R ver sled sites (Figure 8a, B, O

varied nore than turbidities at plankton tow sites (Figure 7a, B,
C). Suspended sedinent |loads tend to be higher in waters along
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shal | ow shorelines since they are often nore exposed to wind-

i nduced waves. Sone | ocations, however, such as the upper Dalles
Pool island and |ower Dalles Pool backwater sites, were nore
protected and had lower turbidities (Figure 8a, B).

Weekly tenperatures at Deschutes R ver plankton tow and
drift net sites fluctuated nore and were slightly |ower than
those in the Colunbia River, ranging from 13°C in nid- June to
20°C in August (Figure 5). The Deschutes River is probably nore
directly influenced by |ocal weather and runoff conditions than
t he Col unbia River.

Tenperatures at Deschutes R ver sled and dipnet sites were
nore variable than md-river tenperatures taken at plankton tow
and drift net sites (Figures 6D, 7D). The shallow upstream
dipnet site was usually warnmer than other sites. Higher
tenperatures probably occurred at this site because it was
shal l ow and underlain by dark basaltic bedrock, and had little
direct exchange with main stem fl ows.

Turbidities at Deschutes River plankton tow and drift net
sites were fairly constant and low (Figure 7D). In contrast,
turbidity measurenments at sled sites were nore variable and often
hi gh due to shoreline disturbances caused by wave action (Figure

8D) .

DI SCUSSI ON

Beanesderfer (1992) found that suitable riverine rearing
habitat for juvenile northern squawfi sh consisted of shallow,
sandy, |owvelocity, shoreline margins. In our study, overall
[ arval and juvenile squawfish densities were highest at the east
shore sled site in the Deschutes River and at the |ower Dalles
Pool upstreamisland sled site (Tables 5, 6). Both of these
sites were characterized by fine sedinent/sand substrates and
seasonal | y heavy anounts of cover in the form of instream
veget ati on. In contrast, sites in the upper and |ower Dalles
Pool with gravel/cobble substrates and little vegetative cover
supported few fish. This habitat type probably does not provide
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optimal rearing conditions for larval and juvenile squawi sh.

Peak weekly densities of squawfish larvae in sled sanples
occurred in July at the Deschutes R ver east shore and upstream
Browns Island sled sites (Figure 2a, O). LaBolle et al. (1985)
reported nmuch higher (290 per 10 m3®) late July
squawf i sh/ chi sel mrouth larval densities in littoral habitats of
the John Day Pool during July, 1982. Conmparisons should be valid
since both studies used nearly identical gear and protocol.

Per haps 1992 was a poor year for squawfish reproduction or the
| ocations we sanpled did not provide optimal rearing habitats for
northern squaw i sh.

Gowh of larval and juvenile squawish in the Deschutes and
Colunbia Rivers was simlar to that reported in other studies.
Mean standard |ength of squawfish/chiselnouth |arvae collected
during 1992 in |lower Dalles Pool sled sanples was 10.2 mm Casey
(1962) and Beanesderfer (1992) reported that squawfish |arvae
first appeared in shoreline rearing areas when they were about
10. 0 m”m | ong. During early Novenber 1992, nean standard |ength
of squawfish captured in Deschutes R ver sleds was 31.9 nmm
Simlarly, mean standard |length of age O squawfish in Cascade
Reservoir, ldaho was 32.0 mm (Casey 1962).

Information on timng and |ocation of northern squawfish
spawning is |limted because few northern squawfi sh |arvae were
collected during plankton tows at Colunbia R ver |ocations, and
only cottids and catostom ds were collected in Deschutes River
pl ankton tow and drift net sanples. W do not know if squawfish
spawned in the Deschutes R ver or if larval squawfish inmm grated
from the Col unbia River. Few squawfi sh in plankton and drift
sanples could indicate that 1992 was a year with [imted
squawf i sh spawni ng or poor l|arval survival, or could sinply be
due to a tenporal or spatial msmatch of our sanpling with
squawfi sh larval distributions.

Nighttime drift is reported for many larval fishes (Gale and
Mohr 1978; Snyder 1983). This-may explain the |ow nunbers of
squawfi sh larvae in our daytinme plankton sanples. Results from
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[imted diel sanpling in the upper Dalles Pool support this since
all squawfish/chiselnouth [arvae were captured at dusk or night
(Table 4). In contrast, Mith and Schnul bach (1984) did not .find
increased nighttine drift of cyprinid larvae in a prairie stream
They sanpled alnost the entire water colum and felt that many
reports of diel periodicity in larval fishes were instead a
function of diel shifts in vertical distribution. W do not know
the vertical distribution of northern squawfish |arvae because no
fish were collected during daytine sanpling to conpare surface to
benthic distributions in the upper Dalles pool. This may have
"been due to spatiotenporal problens associated with limted
sanpling conducted at only one |ocation.

Anot her possibility for |ow nunbers of squawfish larvae in
pl ankton sanples is that our sanpling did not coincide with
seasonal patterns of squawfish spawning. This is unlikely,
however, based on other studies and on tenperature information.
Hort et al. (1981) estimated that spawning by squawfish in the
Col unbi a R ver extended from June to August. In 1daho,
Beanesderfer (1992) observed spawning from late June through July
at tenperatures ranging from 12 to 18°c. W sanpled fromlate
May through m d- Septenber when tenperatures ranged from about
16.5 to 22.5°C. Al squawfish/chiselnmouth |arvae and squawfish
| arvae in plankton sanples were collected between |ate June and
the end of July when tenperatures ranged from 19 to 23°C.

Presently we can conclude that northern squawfish |arvae and

YOY juveniles rear in tributary and main stem areas. I nformati on
on spawning in 1992 is limted, possibly because inadequate
nunbers of sanples were collected at night. In 1993 we greatly

expanded our nighttine sanpling program at Deschutes and Col unbi a
River locations. Al though 1993 sanple processing is not

conplete, prelimnary data indicate that nore cyprinid |arvae
were collected during night than day plankton tows. This
information should provide further insight on the reproduction
and early life history of northern squawfish in the Colunbia and
Deschutes Rivers.
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Tabl e 1. Descriptions of fixed plankton tow sites in the upper
Dall es Pool, the lower Dalles Pool, the upper Bonneville Pool, and
the Deschutes River.. RM=river mles. At the Deschutes R ver, M
= the distance upriver from the confluence of the Deschutes wth
the Colunbia River (neasured in neters).

SUBSTRATE- DEPTH WATER
LOCATI ON RM GRADI ENT (M) '"VELOCITY (MS)
Upper Dal | es
mainstem 215. 25 gravel/cobble- 3-7 0.7-1.5
north shore gentle
mainstem 215. 25 - | -10 0.4-1.1
m d- channel
mainstem 215. 25 bedr ock/ boul der 10-21 0.2-0.9
sout h shore. st eep
backwat er 211.75 gravel/cobble- 7-9 < 0.3

gent | e/ noder at e

Lower Dalles

mainstem 194. 00 bedrock/boulder- 0.6-18 0.2-0.5

north shore vertica

mainstem 194. 00 - 8.5-82.5 O-3-0.6

m d- channel

backwat er 197. 25 bedrock/boulder- 6-11 0.1-0.2
verti cal

Upper Bonneville

mainstem 190. 00 | arge boulder- 4-16.5 0.2-1.0

north shore verti cal

mainstem 190. 00 - 1.5-25 0.5-1.4

m d- channel

backwat er 190. 25 sand/cobble/bedrock- |-13 0.1-0.3

gent | e/ noder at e/ st eep
Deschut es M
east shore 250 fine sediment/sand- 0.5-2.5 0.3-0.5
st eep

west shore 175 fine sediment/sand- 0.5-2.5 0.4-0.9

gentl e
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Table 2. Descriptions of sled sites in the upper Dalles Pool
| ower Dalles Pool, the upper Bonneville Pool, and the Deschutes
River. RM=river mles. At the Deschutes River, M= the distance
upriver from the confluence of the Deschutes with the Colunbia
Ri ver (neasured in neters). All sled sites had gentle gradients
and negligible water velocities. Vegetation was often seasonally
vari abl e.
LOCATI ON RM SUBSTRATE VEGETATI ON
Upper Dalles
mainstem 212. 25 gravel / cobbl e absent
south shore
mainstem 215.50 gravel / cobbl e absent
i sl and
backwat er 212. 25 fine sedinent/ l'i ght
cobbl e

Lower Dalles
north shore 197. 75 fine sedi nment absent - heavy
Browns | sl and

(upstream
north shore 197. 75 gravel / cobbl e absent -1i ght
Browns | sl and

(downst ream
backwat er 197. 50 fine sedi nment noder at e
Upper Bonneville
mainstem 190. 00 fine sedinent/ I i ght - heavy
south 'shore sand
backwat er 190. 75 fine sedinment/ absent - noder at e

sand

Deschutes M
east shore 900 fine sedi nment noder at e- heavy
west shore 250 fine sedi nent/ I i ght - heavy

sand
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Table 3. Mean densities (nunber per 100 m*) of |arvae and Luveni les collected during daytine plankton tows in the upper Dalles Pool, the lower Dalles
pool, and the upper Bonneville Pool during late May through early Septenber 1992

UPPER DALLES POOL LOMNER DALLES POOL UPPER BONNEVI LLE POOL

mainstem backwat er mainstem backwat er maingtem backwat er
Total nunber of fish collected: , 3,494 438 1,777 97
Total water volune sanpled (m) : 18,198 3,331 13,851 3,216 13,593 3,349
Density (nunber per 100 m®): 10. 23 7.75 25.23 13.62 13.07 2.90

TAXON

Petronyzontidae (Ianpreys)
Undet ermined spp.
| arvae 0.02 0 0 0 0.01 0
C upei dae (herring)

Alosa sapi di ssma
arvae 6.35 0 0. 06 0 0.05 0

Cyprinidae (mnnows, carp)
Cyprinus carpio
arvae 0.02 0. 06 0.48 0.03 0.32 0.11
Mylocheilus caurinus
I arvae <0.01 0 0.01 0 0.04 0
Pt vchochei | us oreqonensis
larvae 0 0 0 0 0 0.03
Pt vchochei | us oregonensis/
Acrocheilus alutaceus

| arvae 0.01 0 0.01 0 0 0
Undet ermined spp. .
| arvae 0 0 0.02 0 0.02 0

Cat ost omi dae (suckers)
Undet ermined spp.
| arvae 0. 05 0 0.06 0 0.03 0.11
Centrarchi dae (sunfishes)
M cropterus spp.
éuvenj | es 0 0 0 0 0 0.03
Undet erm ned spp.
_ larvae 0 0.27 0.02 0 0 0.03
Perci dae (perches)
Perca flavescens
larvae 0 0 0.01 0 0 0
Cot t i dae (sculpins)
Undet er mi ned spp.
(probabl y Cottus asper)

I'arvae 8.17 6.98 23.18 13.99 11.78 2.24

juveniles 0 0 0.03 0 0 n
Undet ermi ned spp. (danaged)

larvae 0 0 0.10 0.01 0.06 0.05
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Tabl e 4. Mean densities (nunber per 100 m®) of larvae and
juveniles collected in plankton tows conducted in the upper Dalles
Pool during day, dusk, and night on June 29-30, July 15, July 28,
August 6, August 11, and August 24, 1992.

DAY DUSK NI GHT
Total nunber of fish collected: 161 146 118
Total water volune sanpled (m®) . 4,377 4,875 4,446
Density (nunber per 100 w?): 3.68 2.99 2. 65

TAXON

Petronyzonti dae (| anpreys)
Undet er m ned spp.
| arvae 0. 05 0 0
Cl upei dae (herring)
Al 0sa sapidissma
| arvae 1.23 0. 26 0.20
j uvenil es 0 0.23 0. 16
Cyprinidae (m nnows, carp)
Cyprinus carpio

| ar vae 0.02 0.02 0
Pt vchochei |l us oresonensi s
j uvenil es 0 0.02 0

Pt vchochei | us oregonensis/
Acrochei l us _al ut aceus

| arvae 0 0.04 0.13
Cat ost om dae (suckers)
Undet er mi ned spp.
| arvae 0.13 0.12 0.04
Cotti dae (scul pins)
Undet er mi ned spp.
(probably Cottus asper)
| arvae 1.63 2.23 1.94
j uvenil es 0 0.02 0.04
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Table 5.

Mean densities (nunber per 10 m*) of larvae and juveniles collected during sled tows in the upper
upper Bonneville Pool during late May through early October 1992.

Dalles Pool, the lower Dalles Pool, and the

UPPER DALLES POOL

LOVER DALLES POOL

UPPER BONNEVI LLE POOL

mainstem backwat er mai nstem i sl and backwat er mainstem backwat er
8 shore island downstream upstream
Total nunber of fish collected: 6 7 8 3 174 88 100 37
Total water vol une sanpled (m'): 98 83 101 113 108 99 60 68
Density (number per 10 m*): 0.61 0.84 0.79 0.27 16. 11 8.88 16. 66 5.44
TAXON
Cyprinidae (ninnows, carp)
rinus carw o
Qﬂa'!_—arvae_ 0.51 0 0.21 0 0.27 0.75 0.50 0.44
Mylocheilus caurinus
arvae 0 0 0 0 0.71 0.30 1.50 0.60
juveniles 0 0 0.10 0 2.40 0 0.33 0.15
Pt ychochei | us oregonensis
['arvae o 0 0 0 2.93 0.79 1.67 0.30
juveniles 0 0.12 0 0 3.11 1.74 0.83 o
Ptychocheilus oregonensis/
AcrocheiTus alutaceus
[ arvae 0 0.12 0 0 0.09 0.57 2.17 0.30
Cat ost ormi dae (sduckers)
Undetermined spp.
larvae PP 0.10 0.36 0.21 0.18 5.62 2.92 9.00 3.70
juveniles 0 0 0 0 0.27 1. 65 0 0
Centrarchi dae (sunfishes)
Undetermined spp.
larvae 0 0.12 0.10 0 0 0 0 0
Cot ti dae {sculpins)
Undet er mi ned spp.
(probably Cottus asper}
| arvae 0 0.12 0 0 0 0 0.67 0
juveniles 0 0 0.21 0.09 0 0 0 0
Undetermined spp. (damaged)
larvae o] 0 0 0 0.27 0 0 0
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Table 6. Mean densities (nunber per 10 m®) of larvae and juveniles
collected during sled tows in the Deschutes River 27 My - 5
Novenber 1992.

DESCHUTES RI VER

east -shore west - shore
Total nunber of fish collected: 549 538
Total water volunme sanpled (m?): 36 128
Density (nunber per 10 m?): 152. 50 42.03
TAXON
Cyprini dae (m nnows, carp)
Cyprinus carpio
| arvae 0.28 0
M/l ochei l us cauri nus
| arvae 0. 56 0
Pt vchocheilus oresonensi s
| arvae 3.06 0
j uvenil es 40. 00 0.31
Pt vchochei | us oreqonensis/
Acrochei lus al utaceus
| arvae 0.28 0
Rhi ni cht hvs spp.
| arvae 14. 44 0.16
j uvenil es 16. 11 1.88
R chardsoni us _bal t eat us
| arvae 2.50 0.24
juvenil es 18. 06 0.16
Undet er mi ned spp.
| arvae 1.67 0.31
Cat ost om dae (suckers)
Undet er m ned spp.
| arvae 50. 83 38. 82
j uvenil es 4. 44 0.31
Cottidae (sculpins)
Undeterm ned spp.
| arvae 0.28 0
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Figure 1. Plankton tow (0) and sled (®) sampling sites
in the upper Bonneville Pool, The Dalles Pool, and
the Deschutes River. RM = River Mile.
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