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ABSTRACT

Nort hern sguawfi sh (Ptvchocheilus oreaonensis) predation on
juvenil e sal nonids was characterized during 1992 at ten | ocations
in the Colunbia River below Bonneville Dam and at three |ocations
in John Day Reservoir. During the spring and summer, 1,487
northern sguawfi sh were collected in the | ower Col unbia Ri ver and
202 sguawiish were sanpled in John Day Reservoir. Gut content
data, predator weight, and water tenperature were used to conpute
a consunption index (Cl) for northern sguawfi sh, and overal |l diet
was al so descri bed.

In the Colunbia River below Bonneville Dam northern
sguawf i sh diet was primarily fish (spring 69% summer 53%), nost
of which were salnonids. Salnonids were also the primary diet
conmponent in the Bonneville Damtailrace, John Day Dam f orebay
and the McNary Damtailrace. Crustaceans were the dom nant diet
item at the John Day md-reservoir |ocation, although sanple
sizes were small. About half of the non-sal nonid preyfish were
scul pi ns.

The consunption index (Cl) of northern sguawfi sh was
generally higher during summer than during spring. The highest
C's were observed during sunmer in the tailrace boat restricted
zones of Bonneville Dam (C = 7.8) and McNary Dam (Cl = 4.6).

At locations below Bonneville Dam cI’s were relatively |ow near

!



Covert's Landing and Rooster Rock, higher at four |ocations
between Blue Lake and St. Helens, and low again at three
downriver sites (Kalama, Ranier, and Jones Beach). Nor t her n
squaw i sh catches and c1i’s were noticeably higher throughout the
| ower Col unbia conpared to md-reservoir sites further upriver
sanpl ed during 1990-92. Predation may be especially intense in
the free-flowi ng section of the Colunbia River bel ow Bonneville
Dam

Smal | mouth bass (Mcropterus dolomeui; N = 198) ate nostly
fish - 25% sal noni ds, 29% scul pins, and 46% ot her fish. H ghest
catches of snallnouth bass were in the John Day Dam forebay.
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| NTRODUCTI ON

Recent studies have indicated that predation nmay be a
significant source of nortality on outmgrating juvenile
salmonids in the Colunbia and Snake rivers (Petersen et al. 1991:
Poe et al. 1991; Rieman et al. 1991; Vigg et al. 1991; Shively et
al. 1992). Consunption of sal nonids by predators may account for
the majority of previously unexplained | osses of juvenile
salmonids in John Day Reservoir (Rieman et al. 1991). Predation
has al so been included as an inportant nortality conponent in
river passage nodels that are used to devel op nanagenent plans
for rebuilding salnon stocks (MEG 1989; Bl edsoe et al. 1990; CQS
1991; Lee 1991).

Measures to reduce predation nortality on juvenile sal nonids
-- predator control, inproved bypass systens, barge release
| ocations, and others -- are being inplenented throughout the
Col unbia River Basin (NPPC 1992). Effective predation control in
a large river systemrequires baseline data on predator abundance
and consunption rates so nanagenent actions can be eval uated and
modified if necessary.

In 1989, a collaborative study was initiated by the U S
Fish and Wldlife Service (FW5) and the Oregon Department of Fish
and Wldlife (CDFW to estimate the rel ative nagnitude of
juvenile salnmonid | osses to predators throughout the Col unbia
River Basin. Enphasis has been on northern sguawfi sh
Pt vchocheilus oregonensis, a najor predator on salmonids in
several freshwater systens (R cker 1941; Jeppson and Platts 1959;
Thonpson and Tufts 1967; Rieman et al. 1991). Because of the
size of the Colunbia River system an indexing approach was
i mpl emented for estinmating the abundance and consunption rates of
northern sguawfish (Petersen et al. 1990; Vigg and Burley 1990).

The FW5 has been responsi bl e for indexing the consunption
rate of salnonids by northern sguawfish, and characterizing diet
and consunption rates for other piscivores. During 1990,
predation was indexed in four reservoirs in the Colunbia River
bet ween Bonneville Dam and Ice Harbor Dam (Petersen et al. 1990).




During 1991, predation was indexed on the | ower Snake River and
also in John Day Reservoir on the Columbia River (Shively et al.
1991). This report presents 1992 results of indexing northern
squawfi sh consunption rates upon juvenile salnonids in the free-
flowng stretch of the Colunmbia River below Bonneville Dam  John
Day Reservoir was also sanpled in 1992 to maintain a tine series
in this reservoir.

VETHCDS
Field Methods

Field sanpling during 1992 was conpleted at 10 | ocations
fromBonneville Damtailrace to Jones Beach, Oegon and at three
| ocations on John Day Reservoir (Figure 1; Table 1). Timng of
sanpling was designed to coincide wth seasonal out-mgration
peaks of juvenile salnonids bel ow McNary and Bonneville dars.

Twenty-four transects, each approxinmately 500 neters, were
established at each sanple location. At Bonneville Dam tailrace,
McNary Dam tailrace and John Day Dam forebay |ocations, four of
the 24 transects were within the boat restricted zone (BRZ) and
20 were outside the BRZ - ten on each side of the river for an
approxi mate distance of 5 km

Dam operati ons were adjusted by the Arny Corp of Engineers
to allow sanpling within BRZ's around ice trash sl ui ceways,
spillgates, and powerhouse outflows. Sanpling was conducted
imedi ately after any project operation changes, therefore gut
contents of captured predators should reflect conditions of
typi cal project operation.

Target predators -- northern squawfish, smallmuth bass
Mcropterus dolomeui, and walleye Stizostedion vitreum -- were
col l ected by boat el ectrofishing on established transects (15
mnutes of effort per transect). On each sanpling day, six
transects were chosen at random at each |ocation; two of the six
random transects in forebay or tailrace |ocations were fromthe
BRZs. The mnimumtarget catch was 30 northern squawfi sh per day
at each location (Petersen et al. 1990). Around dans the m ni num
target catch was split into two units: 15 per day in the BRZ and
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Tabl e 1.

~ Sanpling locations and dates for northern squawfish
consunption indexing during 1992.

Locati on Ri ver Dat es Sanpl ed
Ki | onet er Spring Sunmer
(RW

Jones Beach - 77 5/27-5/28 7/28-7/29
Rai ner 106 - 111 5/21-5/22 7/23-7/24
Kal ana 117 - 121 5/21-5/22 7/23-7/24
St. Hel ens 135 - 142 5/19-5/20 7/21-7/22
St. Johns 159 - 164 5/19-5/20 7/21-7/21
Vancouver 171 - 177 5/14-5/15 7/13-7/14
Bl ue Lake 190 - 196 5/14-5/15 7/13-7/14
Roost er Rock 204 - 210 5/12-5/13 7/09-7/10
Covert's Landi ng 220 - 225 5/07-5/08 7/06-7/07
Bonnevi |l e Dam Tail race 225 - 233 5/05-5/06 6/29-6/30
John Day Forebay 347 - 353 5/12-5/13 7/09-7/10
John Day M d-Reservoir 387 - 395 5/07-5/08 7/06-7/07
McNary Dam Tail race 459 - 468 5/05-5/06 6/29-6/30




15 per day outside the BRZ. Additional, discretionary transects
vwere sanpled to maximze catch of northern squawfish.  Sanpling
comrenced 90 mnutes before sunrise at all |ocations.

To prevent regurgitation of digestive tract contents,
northern squawfi sh were killed soon after capture with a |ethal
dose of tricaine nethanesul fonate (M5-222). Digestive tract
contents from northern squawfish over 200 nm fork length (FL)
were taken by pinching off the anterior and posterior portions of
the digestive tract, then renoving and placing the entire tract
in a plastic bag. This technique also pernmitted the collection
of coded-wire-tags (cwrs) from consuned fish. Northern squawfish
< 200 mm FL were collected whol e. Field data collected on
northern squawfish included: fork length (FL, nearest m), weight
(nearest 5 or 10 grams, depending upon fish size), sex, and stage
of maturity.

Smal | mrout h bass and wal | eye were retained alive in livewells
with aerated and circul ating water until collection of digestive
tract contents could be conpleted. These predators were
anesthetized with Ms-222, neasured (FL), and wei ghed (nearest 5
or 10 grans); stonmach sanples were collected from smallnouth bass
and walleye > 150 mmFL with a nodified Seaburg stonmach sanpl er
(Seaburg 1957). Al digestive tract contents and whol e sanples
were kept frozen until |aboratory analysis.

Laboratory Methods
Nort hern Squawfi sh

Frozen digestive tract sanples were checked for coded wire
tags (CWs) with an electronic sensor, and thawed for analysis.
Digestive tracts were stripped of their contents, which were
divided into major prey groups, (fish, crustacean, nollusk
insect, plant, other). Each prey group was blotted on tissue
paper, Weighed to the nearest 0.01 g, and returned along with the
digestive tract to its original bag.

Hard parts (bones, exoskeletons, and shells) were isolated
by digesting the contents of the sanple bags and pouring the
resulting slurry through a 425 mcron (#40) sieve. Sanples were



di gested enzymatically using a solution of porcine pancreatase
(8 U.S.P.) and sodium sulfide nonahydrate m xed 2% ww and 1%
ww, respectively, in warmtap water (Petersen et. al. 1990).

The enzyne sol ution was poured into the sanple bags and the bags
were shaken to ensure contact of all the contents with the

enzyne. The sanples were incubated at 45-50°C for 24 hr. After
di gestion sanples w thout CWMs were poured directly through
sieves. Hard matter caught in the sieves was rinsed with hot tap
wat er . If hot water did not clear away fat sufficiently, the
hard parts (bones) were soaked in lye and re-rinsed.

Preyfish were characterized and enunerated by separating,
identifying to species, and pairing diagnostic bones (dentaries
cleithra and opercula) with dissecting mcroscopes and forceps.

Di agnosti c bones and other hard parts were preserved in |abeled
vials of 95% et hanol

Bags containing CW's were flagged when they were checked
during thawing. After blotting and wei ghing, flagged sanples
were rechecked for CMs along with the blotting paper and tools
used in analysis to preclude loss of the tags, CWs were renoved
from flagged sanples before sieve rinsingg CMs in the slurry of
bones and di gested soft parts were found by probing the bag
contents with magnetized steel rods. The tags were placed in
| abeled vials for later identification

Smal | mout h Bass / Wal | eye

Smal | mrout h bass and wal | eye stomach sanpl es often contai ned
relatively undigested fish, which were neasured as soon as the
sanples were thawed. Fork |engths of undigested fish were
obtained if possible; if not, then standard or nape lengths. The
preyfish were returned to the sanple bags and, along with the
sanpl es containing fish that were macerated or too digested to

measure, were processed in the same manner as northern sguawfish
gut contents.



Consunpti on | ndex

Detai | ed met hods and index derivation for the northern
sguawfish Cl were presented in Petersen et al. (1990) ; an
abbrevi ated description of the Cl is presented here for
conpl et eness.

The estimated nunber of sal noni ds consumed per day by an
i ndividual predator, p, can be expressed as:

c.= £ 1/ (Evacuation time for prey itemi)

or,

I
™M 5

%

1 / D9o, (1)

wher e c, is consunption rate (nunber of salnonids .jndividual
northern squawfish''. day-'), D90, is nunber of days to 90%
digestion for salnmonid prey itemi, and n is total nunber of
salmonids found in the digestive tract. Using 90% di gestion

tinme, rather than 1003 avoids the problem of non-digestible prey
parts that may renmain in the digestive tract for extended

periods. Equation (1) is equivalent to:

C, = = (24/ T90)) )

-

i=
where T9o, i s nunber of hours to 90% digestion for the ith

salnonid prey item T90, was calculated by Beyer et al. (1988)
and nodified by Rieman et al. (1988) to:

T90. = 1147 * M‘O-é" * T'1.60 * W -0.27 (3)
1 j P
where M, i s mealsize(g) at tinme of ingestion of salnonid prey

itemi, T is water tenperature (°c), and W, i s predator weight
(g). Substituting equation 3 into 2 and rearranging gives:



fn
— 1.60 0.27 -0.61
C, = 0. 0209 * T * Wk T oM (4) .

i=1
Equation 4 provides an estimate of daily salmonid consunption per
northern squawfish, but still requires estinmation of neal size
(M;)through intensive analysis of gut contents and conplicated
data analysis. The follow ng fornula was chosen as a C, based
upon sinplicity of data required and percent variance explained:

C = 0.0209 * T4 * Mw®-2 * [MTsal * Mutwgt %41 (5)

where T is water tenperature, MNis mean predator weight (g),
Mrsal is nmean nunber of sal nonids per predator, and Mautwgt is
mean weight (g) of gut contents. Al variables in C are
averaged over all predators in a sanple: Cl is the consunption
index for a collection (sanple) of predators.

The C for northern squawfish, as derived above, is not
meant to be a rigorous nethod for estimating the nunber of
juvenile salnonids eaten per day by an average predator. The C
I's based upon the sinple idea of neal turnover times and does not
consi der such aspects of consunption as diel feeding pattern and
evacuation rate of prey. In an analysis of data from John Day
Reservoir (Petersen et al. 1990) the consunption rate of
northern squawfi sh (CR - juvenile salmonids-predator-'-day™') was
related to Cl by:

log,,(CR = 1.17 * log,,(cI) - 0.41 N=8 r?=0.89.

Distribution characteristics of the northern squawfish C
were conputed by a bootstrap resanpling technique (Efron and
Ti bshirani 1986; Petersen et al. 1990). For each sanple of N
predators, a conputer program randomy selected N individual
predator records and calculated a new CI. Five hundred Cl's were
conputed for each Cl distribution; prelimnary studies showed
that variances and confidence bounds were stable with 500
sanples. The nunmber of predators per bootstrap sanmple was set to

the original sanple size (N, or 60 if N was greater than 60.
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RESULTS
Cat ch

During 1992 sanpling, 1,911 target predators were captured
(Table 2) in the Iower Colunbia R ver downstream of Bonneville
Dam and in John Day Reservoir, including 1,689 northern squawfish
(89%), 198 snuall mouth bass (10%), and 24 walleye (1% . Non-
target piscivores were also collected, including yellow perch
Perca flavescens (N = 14), black bullhead Ictalurus nelas (N = 2)
and | argemouth bass Mcropterus salnoides (N = 2). Incidentally
coll ected fish species commonly observed included suckers
Cat ost onus spp., carp Quprinus carpio, and peanouth M/l ocheil us
caurinus. Starry flounder Platichthvs stellatus, a euryhaline
marine species, were encountered in the |ower river downstream of
Covert's Landing (220-225 Rkm. Juvenile and adult sal non
Onchorvnchus spp., steel head Onchorvnchus nvkiss, and white
st urgeon Aci oenser transnontanus were occasionally shocked during
sanpling. Wien this occurred, electroshocking was delayed |ong
enough to allow these fish to swmor drift out of the current
field.

Cat ches of northern squawfi sh were generally higher in the
free-flowng, lower river sites conpared to John Day Reservoir
sites (Table 2). Northern squawfish captured fromthe | ower
Col unbi a River accounted for 88% of the northern squawfish catch
for 1992. H ghest catches for northern squawfish occurred in the
Bonneville Damtailrace where 20% of all northern squawfish were
collected. COverall catch was higher during the summer sanpling
period conpared to the spring sanpling period (Table 2).

Sex and gonad maturity were determned on northern squawfish
when possible. Seventy-five percent of captured northern
squawfi sh were sexed, 82% were fermales and 18% were nal es.

During the spring sanpling period, 74% of northern squawfish had
devel opi ng gonads, 8% were immature and 18% coul d not be staged.

During the sumer, 5% of northern squawfish had devel oping
gonads, 15% were ripe, 46%were spent, 5% were immature and 29%
coul d not be staged.

Mean forklength of northern squawfish collected throughout

11



Table 2. Nunber of mmjor predators collected during consunption
i ndexing sanpling in 1992. N =Total nunber, Menales, F=females,
U=uni dentified sex, sMB=Smallmouth Bass, WAL=Walleye, YLP=Yel | ow
Perch. Northern squawfish catch is all predators, including
those <250 mmFL. See Table 1 for description of |ocations.

Location Nor t her n_Squawf i sh SMB WAL YLP
N M F U N N N

Spring

Lower R ver
Jones Beach 56 13 13 30 0 0 0
Rai ner 75 9 35 31 0 0 0
Kal ama 47 4 30 13 2 0 0
St. Hel ens 67 5 55 7 0 1 0
St. Johns 71 6 57 8 0 2 0
Vancouver 97 22 60 15 17 4 1
Bl ue Lake 71 3 56 12 6 3 0
Roost er Rock 37 9 22 6 0 2 0
Covert's Landi n%;_ 34 4 26 4 0 0 0
Bonnevill e Dam Tail race 127 12 79 36 6 3 0

John Day Reservoir
John Day Dam For ebay 38 12 26 0 46 0 0
John Day M d-Reservoir 8 2 6 0 19 0 0
McNary Dam Tail race 44 7 38 0 1 7 0

Spring Tot al 772 107 503 162 97 22 1

Sunmer_

Lower River
Jones Beach 59 5 26 27 0 0 0
Rai ner 106 9 46 51 1 0 0
Kal ama 79 0 28 51 1 0 1
St. Hel ens 89 5 64 20 0 0 2
St. Johns 82 2 52 28 1 0 9
Vancouver 47 5 28 14 13 1 0
Bl ue Lake 72 19 24 29 16 0 0
Roost er Rock 38 12 10 16 7 0 0
Covert's Landi n% 17 1 6 10 6 0 1
Bonnevill e Dam Tail race 216 45 155 16 5 1 0

John Day Reservoir
John Day Dam For ebay 29 8 21 0 36 0 0
John Day M d-Reservoir 13 4 8 1 7 0 0
McNary Dam Tail race 70 4 65 1 8 0 0

Summer Tot al 917 119 533 264 101 2 13
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the John Day Reservoir (X=410 mm FL, range 113 - 520 mm) were
significantly larger (t-test; P<o0.001) than fish collected in the
| ower river (X=320 nmFL, range 83 - 548 nm). Average forklength
for northern sguawfi sh was 388 mmfor females (N = 1,036) and 304
mm for males (N = 226); weights ranged from44 g to 2,550 ¢
(X=638 g, N = 1,502).

Smal | mout h bass was the second nost abundant predator (Table
2), wth 117 (59% collected in John Day Reservoir and 81 (41%
fromthe lower river. Hi ghest catches for snallnmuth bass
occurred in the John Day Dam forebay |ocation (N = 82).
Forkl engths of all smallmuth bass ranged from 140 nmto 436 mm
(X=256 nm N = 198) and weights ranged from30 g to 1,470 ¢
(X=312 Q) .

D et of Northern Sguawfish

The gut contents of 1,484 sguawfish were examned in the
| aboratory. The diet of smaller sguawfish (< 250 nm FL: N = 270)
was nostly insects and small crustaceans (primarily corophium
sp.). The diet of the larger fish (2 250 mmFL: N = 1,214) was
dom nated by fish and crustaceans (69.7% and 14.6%, respectively,
over all areas and seasons: Table 3).

Lower Colunbia - In the spring, northern squawfish diet was
primarily fish (46-78% at the nine downstream | ocations (Table
3) . The mpjority (> 60% of fish in the diet were sal nonids,
except at Jones Beach (33% salnonids). During summer, diet was
largely fish between Jones Beach and Bl ue Lake (44-62%, except
Vancouver 28%), but crustaceans were nore inportant at the other
locations (Table 3). Over 75%of the ingested preyfish at St.
Johns, Vancouver, and Blue Lake were salmonids. Insects also
formed a substantial part of the diet during sunmer in all but
one of the Lower Colunbia locations. The mean weight of gut
contents decreased slightly between spring (8.4 g) and summer
(5.1 g), While the percentage of enpty digestive tracts did not
change appreciably between seasons (Table 3).

Bonnevill e Dam Tailrace - The diet of sguawfish in the two
areas wthin this location, BRZ and non-BRZ, was markedly
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Table 3.

Gut content of northern squaufish collected at locations

in the

lower Columbia River and John Day Reservoir (Mid-Colum.) during 1992.

Gut contents (%) are the mean percentages of individual
Moll.=mollusk; BRZ=boat restricted zone.

Crust.=crustacean;

northern squaufish.

Mean % GUT CONTENTS (%)
gut wt emty
LOCATION N (9) guts Fish Crust. Moll. Insect Plant Other
SPRING SEASON
Lower Columbia
Jones Beach 25 10.83 36.0 63.9 22.1 0.8 7.0 0.0 6.2
Ranier 44 8.12 40.9 77.6 7.7 2.9 0.0 11.0 0.9
Kalama 33 5.96 51.5 46.2 51.9 1.0 0.0 1.8 0.0
St. Helens 57 10.35 40.4 75.5 14.5 3.0 3029 5.9 0.2
St. Johns 60 6.09 45.0 67.7 12.1 o s 11.1 3.0
Vancouver 71 7.15 38.0 70.8 13.6 0.0 4.5 6.2 4.7
Blue Lake 61 7.42 41.0 77.8 5.6 0.0 0.0 13.9 2.8
Rooster Rock 33 8.55 51.5 47.1 46.6 4.5 9100 0.0 6.3
Coverts Landing 32 14.87 31.3 72.7 9.1 4.6 0.0
All Lower Columbia
sites total: 416 8.41 41.59 69.34 16.56 1.32 2.93 7.23 2.22
Bonneville Tailrace
Non-BRZ 22 7.07 54.5 59.7 10.0 10.0 20.3 0.0 0.0
BRZ 77 12.76 33.8 86.3 5.9 2.0 3.9 0.0 2.0
John Day Reservoir
John Day Forebay 37 13.23 27.0 72.3 9.2 0.0 3.7 11.1 3.7
John Day Mid-res. 8 16.51 25.0 15.0 50.7 17.7 11.8 0.0 4.8
McNary Tailrace-
Non-BRZ 9 3.90 66.7 9.9 70.5 0.0 0.0 0.0 19.6
BRZ 35 21.52 20.0 96.4 0.0 0.0 3.6 0.0 0.0
SUMNER  SEASON
Lower Columbia
Jones Beach 40 2.91 40.0 58.0 12.5 4.2 16.7 4.2 4.5
Ranier 47 3.16 42.6 57.9 5.5 10.0 8.7 9.8 7.0
Kalama 30 3.65 43.3 52.7 23.5 0.6 11.8 0.2 11.8
St. Helens 56 9.39 26.8 61.6 27.8 S 0.0 7.6
St. Johns 50 5.26 44.1 60.5 18.3 0.0 2::: 0.0 0.0
Vancouver 2t 6.16 28.6 28.2 45.2 0.0 20.0 6.7 0.0
Blue Lake 35 5.57 34.3 43.5 33.0 0.0 14.9 8.7 0.0
Rooster Rock 19 2.52 68.4 5.6 61.1 0.0 33.3 0.0 0.0
Coverts Landing 5 0.00 100.0 -
All Lower Columbia
sites total: 312 5.07 40.4 52.85 23.61 2.28 13.33 3.59 4.33
Bonneville Tailrace
Non-BRZ 43 5.19 48.8 49.5 22.0 8.4 11.0 0.0 9.1
BRZ 147 17.42 19.7 90.8 4.1 0.0 2.5 2.6 0.0
John Day Reservoir
John Day Forebay 27 3.28 37.0 29.4 0.0 59.5 0.0 5.9
John Day Mid-res. 13  3.43 46.2 0.0 5:: 0.0 28.6 14.3 0.0
NcNary Tailrace-
Non-BRZ 1 0.00 100.0
BRZ 67 12.58 32.8 98.2 1.8 0.0 0.0 0.0 0.0
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different. The diet within the BRZ was principally fish (86%in
spring, 91%in sumrer), while the share of fish in the non-BRZ
was 50-60%  Northern squawfish collected in the non-BRZ

contai ned substantial amounts of crustaceans, nollusks, and
insects. The ratio of nmean wei ght of gut contents in Bonneville
Damtailrace BRZ to non-BRZ sanples was 1.8 in spring and 3.4 in
sumer (Table 3). COverall, the highest ratio of sal nonids per
squawfish (3.5) was found in squawfi sh fromthe Bonneville Dam
tailrace BRZ coll ected during summer (Table 4).

John Day Reservoir - The percent of fish in northern
squawf i sh from John Day Dam forebay declined from 72%in spring
to 29% in sumer (Table 3); the ingested preyfish in the forebay
were exclusively salnmonids. At the John Day md-reservoir
| ocation, over 50% of the northern squawfish diet was
crustaceans, wth the remainder of the diet being mainly
mol | usks, fish, insects, and plants. No sal nonids were found in
northern squawfi sh fromthe md-reservoir, although sanple sizes
were relatively small (spring N = 8; sumrer N = 13). In the
McNary Damtailrace BRZ, gut contents were alnost entirely fish
sal noni ds conprised all but one of 162 enunerated preyfish (Table
4) . The nunber of sal nonids per squawfish in the BRZ nearly
doubl ed from spring to sumrer.

Fish formed a very large part of the diet in the BRzs of
John Day Dam forebay and McNary Damtailrace; the mean wei ght
percent of fish in gut contents over both seasons being 91.9%
The occurrence of salnmonid preyfish in northern squawfi sh was
hi gher in BRZs (2.28 salmonids-fish'') than at other areas (0.46
salmonids-fish™' ; Table 4). Fish eaten within the BRZs were
al nost exclusively salnonids. The percentage of sal nonids anong
enunerated preyfish fromBRZ and all other areas was 99. 5% and
71.2% respectively.

Only 122 non-salmonid fish were counted in the gut contents,
of which nearly half were sculpins. Qher fish found in
descendi ng order of abundance were: threespine stickleback
(Gasterosteus acul eatus), peanmouth (Ml ocheilus caurinus),
redsi de shiner (R chardsonius balteatus), northern squawfi sh,

15



Table 4. Prey fish consumed by northern squawfish (SQF) collected et

locations in the lower Columbia River and John Day Reservoir (Mid-Columbia)
during 1992. FL=forklength; Mean Fish Wt.=mean prey fish mass (9) per predator;
% molts = percent of the total number of fish consumed that were smolts.

PREDATORS PREY FISH CONSUMED
RESERVOIR Mean # Total
Location Mean Fish Total Smolts # %
FL ut. # Per % Other Other
N (mm) ©) Smolts SQF Smolts Fish Fish

SPRING SEASON
Lower Colunbia

Jones Beach 25 266 19.90 2 0.080 33.3 4 66.7
Ranier 44 292  14.67 17 0.386 68.0 8 32.0
Kalama 33 343 15.18 9 0.273 81.8 2 18.2
St. Helens 57 363 21.74 29 0.509 90.6 3 9.4
St. Johns 60 361 14.72 27 0.450 90.0 3 10.0
Vancouver 71 320 13.06 62 0.873 92.5 5 7.5
Blue Lake 61 352 14.87 53 0.869 94.6 3 5.4
Rooster Rock 33 361 28.31 8 0.242 61.5 5 38.5
Coverts Landing 32 380 22.93 27 0.844 100.0 0 0.0
ALL lower Columbia
sites total: 416 373 17.21 234 0.563 87.6 33 12.4
Bonneville Tailrace
Non-BRZ 22 322 20.23 8 0.364 100.0 0 0.0
BRZ 77 377 22.11 61 0.792 96.8 2 3.2
John Day Reservoir
John Day Forebay 37 396 23.90 42 1.135 100.0 0 0.0
John Day Mid-res. 8 382 10.76 0 0.000 0.0 1 100.0
McNary Tailrace-
Non-BRZ 9 397 5.90 0 0.000 0.0 1 100.0
BRZ 35 430 27.88 33 0.943 97.1 1 2.9
SUMMER SEASON
Lower Columbia
Jones Beach 40 298 5.11 2 0.050 7.7 24 92.3
Ranier 47 259 7.86 7 0.149 36.8 12 63.2
Kalama 30 268 6.72 0 0.000 0.0 11 100.0
St. Helens 56 310 9.78 18 0.321 45.0 22 55.0
St. Johns 59 306 9.56 22 0.373 78.6 6 21.4
Vancouver 21 276 9.82 11 0.524 84.6 2 15.4
Blue Lake 35 265 11.19 31 0.886 96.9 1 3.1
Rooster Rock 19 276 3.56 0 0.000 0.0 2 100.0
Coverts Landing 5 253 0.00 0 0.000 - 0 0.0
All lower Columbia
sites total: 312 349 21.00 91 0.292 53.2 80 46.8
Bonneville Tailrace
Non-BRZ 43 313 14.95 25 0.581 92.6 2 7.4
BRZ 147 381 23.07 520 3.537 99.8 1 0.2
John Day Reservoir
John Day Forebay 27 381 12.98 6 0.222 100.0 0 0.0
John Day Mid-res. 13 389 0.00 0 0.000 0.0 1 100.0
McNary Tailrace-
Non-BRZ 1 221 0.00 0 0.000 - 0 0.0
BRZ 67 438 18.52 129 1.925 100.0 0 0.0
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chi sel muth (Acrocheilus alutaceus), and single specinens of a

few species. Lanprey (Entosphenus tridentatus) teeth were found
in 14 sanples.

Diet of smallnouth bass

O 198 snal I mouth bass col | ected, 47 had enpty stomachs
whi | e many sanpl es had nothing nore than traces of insects or
crustaceans. Smallnouth bass stomachs contained 89 preyfish: 22
sal monids, 26 sculpins, 31 preyfish were other species (northern
squaw i sh, sucker, peamouth, Mcronterus sp., carp, and red-sided
shiner, in descending order of abundance), and ten preyfish could
not be identified. Mre salnonids (73% and scul pins (69% were
col l ected during spring than during summer (27% and 31%
respectively). Mre smallmuth bass (N = 82) were caught in the
John Day Dam forebay than at any other location. The preyfish
over both seasons from that |ocation included: 7 salnonids, 9
scul pins, and 8 unidentified species.

Nort hern Squawfi sh Consunpti on | ndex

At locations along the | ower Colunmbia River (below
Bonneville Dan), consunption indices (Cl) ranged fromO to 1.6
during the spring season and fromO to 3.2 during sumrer (Table
5. The C's varied considerably anong sites during the summer
(CV = 120% and noderately (CV = 55% in the spring. During the
spring, C's in the |ower Colunbia River ranged from0.2 to 1.6
with the highest indices being at the Blue Lake and Vancouver
| ocati ons. During sumer, C's were relatively high at four
| ocations between St. Helens and Blue Lake (1.0 - 3.2: Table 5),
and | ower at the other sanple |ocations (<0.7; Table 5).

Nort hern squawfi sh consunption in the Bonneville Dam
tailrace was nuch higher within the BRZ (spring = 1.0; sumer =
7.8) than at non-BRZ sites (spring = 0.5, summer = 2.1; Table 5).
During the sumer sanpling period, northern squawfish catch and
Cl within the Bonneville Damtailrace BRZ were nore than double
those at any other location in the |ower river.

During spring, John Day Reservoir Cl values ranged fromO to
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Table 5. Northern Squawfish consumption indices (CI) at locations in the lower
Columbia river and John Day Reservoir (Mid-Columbia) during 1992. Note that a
CI of 0.0 means no juvenile salmon were found in the predator digestive tracts.
cl is the consumption index for the original sample (N). Mean CI, standard
deviation (S0), coefficient of variation (CV%) and quartiles are given for the
500 bootstrap samples. BRZ=boat restricted zone.

Bootstrap Summary
RESERVOIR N Cl Quartiles__
Locat ion Mean S0 CcV(%) 25th 25th

SPRING SEASON
Lower Colunbia

Jones Beach 25 0.1 0.2 0.1 77.3 0.1 0.2
Ranier 44 0.7 0.7 0.1 18.4 0.6 0.8
Kalama 33 0.6 0.6 0.2 35.2 0.5 0.7
St. Helens 57 0.8 0.8 0.1 15.0 0.7 0.8
St. Johns 60 0.9 0.9 0.2 22.3 0.8 1.1
Vancouver 71 1.3 1.3 0.3 20.5 1.1 1.5
Blue Lake 61 1.6 1.6 0.3 17.1 1.4 1.8
Rooster Rock 33 0.4 0.4 0.1 38.1 0.3 0.5
Coverts Landing 32 1.0 1.0 0.2 22.8 0.8 1.2
Bonneville Tailrace

Non-BRZ 22 0.5 0.5 0.2 42.1 0.4 0.7

BRZ 77 1.0 1.0 0.1 13.7 0.9 1.1
John Day Reservoir
John Day Forebay 37 1.9 1.9 0.4 20.4 1.6 2.1
John Day Mid-res. 8 0.0 0.0 0.0
McNary Tailrace-

Non-BRZ 9 0.0 0.0 0.0

BRZ 35 0.9 0.9 0.1 11.2 0.9 1.0
SUMMER SEASON
Lower Columbia
Jones Beach 40 0.2 0.2 0.1 68.0 0.1 0.3
Ranier 47 0.6 0.6 0.4 63.8 0.3 0.8
Kalama 30 0.0 0.0 0.0 0.0 0.0
St. Helens 56 1.0 1.0 0.3 24.9 0.9 1.2
St. Johns 59 1.5 1.5 0.4 29.7 1.2 1.8
Vancouver 21 1.7 1.7 1.2 67.7 0.9 2.4
Blue Lake 35 3.2 3.1 1.1 33.9 2.4 3.8
Rooster Rock 19 0.0 0.0 0.0 0.0 0.0
Coverts Landing 5 0.0 0.0 0.0 0.0 0.0
Bonneville Tailrace

Non-BRZ 43 2.1 2.1 0.9 42.3 1.4 2.7

BRZ 147 7.8 7.8 0.8 9.8 7.3 8.3
John Day Reservoir
John Day Forebay 27 0.7 0.7 0.3 35.2 0.5 0.9
John Day Mid-res. 13 0.0 0.0 0.0 0.0 0.0
McNary Tai lrace-

Non-BRZ 1 0.0 0.0 0.0 0.0 0.0

BRZ 67 4.6 4.5 0.4 9.8 4.2 4.8
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1.9 while summer ci’s were fromO to 4.6 (Table 5). Both
northern squawfi sh catch and Cl's were higher near the dams than
at the md-reservoir locations, where the CI was zero. The

hi ghest catch and C in John Day Reservoir occurred in the MNary
Damtailrace BRZ during the sunmer.

DI SCUSSI ON
Cat ch

During 1992, catches of northern squawfish at |ower Col unbia
R ver sites were higher than catches at the John Day m d-
reservoir location (Table 2) and at m d-reservoir |ocations
sanpled in previous years (Petersen et al. 1990; Shively et al.
1991). Relatively high catches of northern squawfi sh observed in
the |ower Colunbia R ver, conpared to md-reservoir |ocations,
may have been caused by differences in norphology and substrate,
and how these relate to el ectroshock efficiency or size structure
of the popul ation.

The | arge nunbers of northern squawfish collected in the
| oner Colunbia River nmay be related to a gently-sloping littora
zone wWith many obstructions to river flow Nearshore areas in
several reservoirs have steep grades with |arge cobbl e-rock
substrate. Large nunbers of northern squawfi sh were al so
associated with jetty pilings at |lower river sites, perhaps
congregating near flow shears and avoiding high velocity water
(see also Faler et al. 1988). Backeddies created by jettys may
have attracted northern squawfi sh (and some preyfish) since |ess
energy would be required in these calm areas.

El ectroshock efficiency may have been higher in the broad
littoral zones in the |ower Colunbia R ver, where water-depth is
fairly consistent. \Water-depth influences the range of
el ectroshocking gear by affecting current density. Current is
di spersed over a greater area in deep water, decreasing the
effective sanpling field. Bottom substrate conductivity also
alters current density and effective range. Gavel, rock and
sand bottoms conduct |ess electricity than substrates with fine
particul ates and |arge anounts of organic debris (Reynolds 1983).
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Uni f orm wat er - dept hs and sandy bottom substrate may have
i ncreased the catch of northern squawfi sh on the |ower river by
I ncreasing el ectroshocki ng perfornmance.

The average size of northern squawfish caught in the | ower
Col unbia River was | ess than squawfish caught in John Day
Reservoir, primarily because of the |arge nunber of northern
squawfi sh (200 mm FL coll ected bel ow Bonneville Dam  The
i ncreased abundance of small northern squawfish in the | ower
river may have been related to the broader littoral zone.

Nort hern Squawfi sh Consunption I ndices

As in previous years, consunption indices (C's) for
northern squawfi sh were highest near hydroelectric projects,
especially in damtailraces during the summer. In the Bonneville
Damtailrace BRZ, summer Cl's were higher during 1992 (7.8) than
was observed during summer 1990 (4.6; Petersen et al. 1991),
al though Cl's neasured in this BRZ during spring 1990 and 1992
showed the opposite pattern (2.5 vs. 1.0, respectively).
| ndi vi dual northern squawfi sh fromthe Bonneville Damtailrace
BRZ contained as many as 18 salnmonids during 1992. Over three
years, spring Cl's at MNary Dam BRZ have been 2.4 (1990), 1.5
(1991) | and 0.9 (1992) while summer C's were 11.2 (1990), 2.8
(1991) | and 4.6 (1992) (Petersen et al. 1990; Shively et al.

1991, this report). Consunption of sal nonids varied between
consecutive years by +64%to -75%at this |ocation. Sanple sizes
of northern squawfish in the John Day Dam forebay were often

bel ow our target mninum nmaking interannual conparison of
consunption rates at this location nore equivocal.

Consunption rate of sal nonids by northern squawfi sh appears
to be particularly high in the free-flowng river bel ow
Bonneville Dam especially conpared to mid-reservoir |ocations
sanpl ed during the spring outmigration period. During spring
1992, the nmean C at the nine | ower Colunbia River sanple
| ocations was 0.8 (range 0.2 - 1.6). By conparison, the nmean C
at "md-reservoir" locations between Bonneville Dam and Ice
Har bor Dam (| ower Snake River) was 0.1 (range 0.0 - 0.5; Petersen
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et al. 1990; Shively et al. 1991). Spring consunption indices
were zero at the four md-reservoir locations in the | ower Snake

River during 1991 (Shively et al. 1991).

Consunption of sal nonids by northern squawfi sh during the
sumer was highly variable anong the nine sites in the | ower
Colunbia River (mean 0.9; range 0.0 to 3.1). Sunmer consunption
i ndices were also variable at md-reservoir |ocations between
Bonnevill e Dam and | ce Harbor Dam (nmean 0.8; range 0.0 - 1.6;
Petersen et al. 1990; Shively et al. 1991). Sumrer Cl's were not
estimated in the | ower Snake R ver since few salnonids mgrate
t hrough the Snake after My.

Variability in consunption indices anong sanple | ocations
may be caused by different water flow patterns in various river
sections, prey density differences between upper and | ower river
areas, or by sanpling problens. At sanple locations in the |ower
river, the majority of predators was frequently collected from
only a few transects. Wng-dans (groins), points, jettys, and
ot her obstructions are common in the |ower river, creating
backeddi es where predators often congregated. Northern squawfish
were frequently caught in cal mmcrohabitats such as the backeddy
just behind a piling, although water velocity just a neter or two
away was often quite high. In-river obstructions and the
general ly shall ow depth of the river bel ow Bonneville Dam nay
al so make sal nonids nore vulnerable to predators.

H gher prey densities bel ow Bonneville Dam m ght explain
sonme of the relatively high Cl's observed in this river reach.

All magrating sal nonids nust pass through the l[ower river,
including wld fish, nost hatchery-reared fish, and fish
transported fromLower Ganite, Little Goose, or MNary dans,

whi ch are released just below Bonneville Dam  Conbi ned sal noni d
nunbers fromthese sources would |ikely cause densities to be
somewhat higher in the lower river than within Bonneville or The
Dal |l es reservoir, for exanple, where sunmmer consunption indices
were zero. A generally higher prey density throughout the | ower
river cannot explain the conplex spatial pattern of northern
squawfi sh C's bel ow Bonnevill e Dam
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Sanple timng and sanpl e size are al so consi derati ons when
maki ng spatial or tenporal conparisons anong consunption indices.
Sanpl e timng throughout the river systemwas based on hatchery
rel ease dates and historic passage of juvenile salnmonids. Spring
and summer sanpling at John Day Reservoir |ocations during 1992
coincided well with peak passage over MNary Dam (Figure 2).

Only summer sanpling at the John Day Dam forebay was poorly
timed, occurring just after the high passage indices at McNary
Dam (Figure 2). Spring sanpling in Bonneville Damtailrace fell
bet ween two nmj or pul ses of outm grants over Bonneville Dam
(likely hatchery rel eases), while sumrer sanmpling in the
Bonneville Damtailrace occurred during peak passage (Figure 2).
W did not show sanple tines in Figure 2 for the | ower Col unbi a
R ver locations since |ower river sites are distant from
Bonneville Dam and timng of downstream passage m ght not
coincide with Bonneville Dam passage.

Sanpl e size was not a problemin the |ower river during 1992
since catches were generally above our target m ninum (30
northern squawfish). Collecting adequate nunbers of northern
sguawfi sh to nmake consunption estimates has, however, been an
occasi onal problem during sampling further upriver, especially at
md-reservoir locations (Petersen et al. 1990; Shively et al.
1991).
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Figure 2 Timing of Consumption Index sampling during 1992 with
respect to juvenile salmonid passage indices at mainstem dams.
Approximate sample times for tailrace (TR), and immediate downstream
mid-reservoir (MR), and forebay (FB) locations are shown in panals.
The MR locator in the McNary panal, for example, actually represents
sampling within the John Day mid-reservoir. Passage data from the
Fish Passage Center 1992 Biweekly Reports.
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Reproduction and early life history of northern squawfi sh
Pt vchochei |l us oreaonensis in the Col unbia River

Dena M Gadonski, Alice M Mirphy, and Craig A Barfoot
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Star Route, Cook WA 98605

ABSTRACT

Little is known about northern squawfi sh Ptvchocheil us
oreaonensis reproduction and early life history in the Colunbia
River. Qur objectives were to |ocate spawning sites, describe
larval and juvenile rearing areas, and characterize larval drift.
Sanmpling with boat-towed plankton nets and a manual |l y-pul | ed
shoreline sled was conducted primarily during June-Septenber 1992
in The Dalles Pool, the upper Bonneville Pool, and the | ower
Deschutes River. Sanple processing has not been conpleted, and
thus results are inconplete. However, prelimnary data suggest
that shall ow areas of the Deschutes River are being used as
northern squawfi sh larval and YOY juvenile rearing areas. Low
nunbers of larval northern squawfi sh were collected during
pl ankton sanmpling in the Deschutes River and the upper Dalles

Pool: sanples have not been examned from the |ower Dalles Poo
and the upper Bonneville Pool. During diel plankton sanpling in
the upper Dalles Pool, almost all northern squawfish/chisel nouth
Acrocheilus alutaceus larvae (small |arvae of these two species

cannot be separated) were collected at night, suggesting a
nocturnal pattern of abundance perhaps due to increased downriver
drift at night. Further research is necessary to |locate northern
squawf i sh spawning and rearing areas, including nore sanpling at
night and in tributaries.
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| NTRCDUCTI ON

Nort hern sguawfi sh Ptvchocheil us oreaonensis have been
identified as major predators of juvenile salnonids mgrating
downstream t hrough Colunbia River danms and reservoirs (Poe et al.
1991). Because of this, a variety of northern squawfish renoval
fisheries have been inplenented. Long-term nanagenent requires
basi ¢ knowl edge of reproduction, early life history, and factors
i nfluencing these processes, since the strength of a year-class
may be determ ned by the survival of egg, larval, and juvenile
st ages. Additional ly, as part of an effort to evaluate the
northern squawfi sh renoval program it is of value to nonitor
l arval and juvenile sguawfi sh abundances as indicators of
popul ati on responses since conpensatory nechani sns coul d result
I n enhanced recruitnmnent.

Little published information exists concerning northern
sguawf i sh reproduction and early life history, particularly in
the Colunbia River system Northern sguawfish are broadcast
spawners Wi th benthic adhesive eggs (A ney 1975). Squawfish form
| arge spawni ng aggregations in some areas (Jeppson 1957; Casey
1962; A ney 1975). Spawning has been reported to occur on sites
wi th rubbl e-cobbl e substrates and at a variety of water depths
(Jeppson and Platts 1959; Patten and Rodman 1969; Beanesderfer
1992). Northern sguawfish spawning has not been described in the
Col unbia River, but high densities of I|arval northern sguawfish
have been observed in upper littoral habitats of the John Day
Pool (Hort et al. 1981; LaBolle 1984; LaBolle et al. 1985).

In 1992 we initiated a field programto study northern
squawf i sh reproduction and early life history in the Col unbi a
River Basin. W sanpled in the upper Bonneville Pool, the upper
and |ower Dalles Pool, and the Deschutes River. Qur objectives
were to locate spawning sites, characterize larval and juvenile
rearing areas, and describe larval drift between these |ocations
Physi cal paraneters were neasured concurrent wth sanpling to
det erm ne how environnental factors may influence production and
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survival of eggs and |larvae or affect spatial and tenporal
distribution patterns of |arvae and juveniles. Because sanple
processing has not been conpleted, we present prelimnary
results fromthe upper Dalles Pool and from the Deschutes River.

VETHCDS
Sanmpl e Col |l ection

Overview, - Sanpl e areas were chosen based on substrate type
and to conpare nainstemto tributary areas. The upper Bonneville
and upper Dalles Pools contain sites with [arge proportions of
potential northern squawfi sh spawni ng habit at
(gravel /rubbl e/ cobble), identified by cartographic nodeling wth
a geographic information system (dS) (Gdonski and Muirphy
1991).  For conparison, we also sanpled in the lower Dalles Pool,
an area with little potential northern squawfi sh spawni ng
substrate.

Sanmpl es were collected weekly fromlate May through m d-
Septenber 1992 at four locations: 1) the upper Dalles Pool (river
mles (RV) 211.25-216.25); 2) the lower Dalles Pool (RM 194-199);
3) the upper Bonneville Pool (RM 186.25-191.25); and 4) the nouth
of the Deschutes River. Because of high winds and rough water
conditions, not all locations could be sanpled every week.
Limted sanpling at the Deschutes River continued through
Novermber 1992. Sanpling was conducted during daylight hours,
except for sone night sanpling at the upper Dalles Pool for diel
conparisons. Mst sanpling was conducted with boat-towed
pl ankt on nets and a nmanual | y-pul | ed shoreline sled. Sone sanpl es
were collected with dipnets or drift nets. Sanples were fixed in
10% formalin buffered with sodiumborate and lightly stained with
phyl oxi ne B.

Pl ankt on Sanoling. - Pl ankton sanples were collected with 0.5
m di ameter (2.5 mlength, 500 um mesh) conical plankton nets with
bridleless frames (Nester 1987). A net was suspended from a
wi nch situated on each side of a 5.8 malum num boat: two nets
were towed simultaneously resulting in paired (port and
starboard) sanples. A General Cceanics Mdel 2030 digital
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fl owreter was suspended off-center in the nouth opening of each
net to nmeasure water volume 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. Maxinum
initial net depth was 12 m In shallow water areas, tows were
essentially at the surface.

Each week at the upper and | ower Dalles Pool and at the
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 mainstemat a north shore and a m d-channel |ocation, and one
fixed site was in a backwater (Table I). In the upper Dalles
Pool, an additional fixed sanpling site was established on the
south shore (Table 1). Miinstemfixed sites were chosen in areas
previously identified as having potential northern sguawfish
spawni ng habitat (Gadonmski and Murphy 1991). In addition, we
sanpl ed two random y chosen sites at each of the three mainstem
study areas. Bach five-mle long study area was subdivided into
20 quarter-mle intervals. A random nunber chart was used to
determ ne 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
mouth of the Deschutes River, one each on the east and west
shores of the river (Table 1). Because of shallow water and
limted distances, tows were at the surface and ranged in
duration from about 3 to 8 mn.

Addi tional sanpling was conducted in the upper Dalles Pool to
determne diel differences in larval abundance. On six
occasions, June 29-30, July 15, July 28, August 6, August 11, and
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Table 1. Descriptions of fixed plankton tow sites in the upper
Dal | es Pool, the |ower Dalles Pool, the upper Bonneville Pool
and the Deschutes River. RM = river nmiles. At the Deschutes
River, M= the distance upriver fromthe confluence of the
Deschutes with the Colunmbia River (neasured in neters).

SUBSTRATE- DEPTH WATER
LOCATI ON RM GRADI ENT (M VELOOTY (MYS)
Upper Dal | es
mai nst em 215. 25 gravel / cobbl e- 3-7 0.7-1.5
north shore gentle
mai nst em 215. 25 -- 1-10 0.4-1.1
m d- channel
mai nst em 215. 25 bedr ock/ boul der 10- 21 0.2-0.9
south shore st eep
backwat er 211.75 gravel / cobbl e- 7-9 < 0.3

gent| e/ noder at e

Lower Dalles

mai nst em 194. 00 bedr ock/ boul der - 0. 6-18 0.2-0.5

north shore vertica

mai nst em 194. 00 o 8.5-82.5 03-0.6

m d- channel

backwat er 197. 25 bedr ock/ boul der - 6-11 0.1-0.2
vertical

upper Bonneville

mai nst em 190. 00 | ar ge boul der - 4-16.5 0.2-1.0
north shore vertica
mai nst em 190. 00 o 1.5-25 0.5-1.4
m d- channel
backwat er 190. 25 sand/ cobbl e/ bedr ock- 1-13 0.1-0.3
gent | e/ noder at e/ st eep
Deschutes M
east shore 250 fine sedinment/sand- 0.5-2.5 0.3-0.5
st eep
west shore 175 fi ne sedi nent/sand- 0.5-2.5 0.4-0.9
gentle
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August 24, paired plankton tows were conducted at the three
mai nstem fixed sites (Table 1) during daylight, dusk (2000-2150),
and darkness (2330-0030).

Limted sanpling was al so conducted in the upper Dalles Pool
to conpare bottom to surface larval distributions. Sanples were
collected 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 rRM 215.50. These areas were
shallow (3-7 m, with gravel/cobble substrates and relatively
high water velocities (0.7-1.5 ms). Sanpling was conducted for
9 mn at each site. The starboard pl ankton net was nai ntai ned
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 mai ntained position or only slowy noved upriver.

Sl ed. - Shoreline | ocations were sanpled weekly for |arvae and
juveniles with a manual ly-towed net built froma design by
LaBolle et al. (1985). The net was a 1.5 mlong conical design
constructed of 500 pm nesh dyed brown and nounted on a frame with
side skids and a front roller bar. The mouth was 1.5 m w de and
could be vertically adjusted for depth, although we maintained
mouth depth at 10 cm Bridles were attached on each side of the
mout 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 nmouth opening, usually about 30 cm
Water depth and di stance to shore were nmeasured fromthe frane
center. W waited about a mnute for fish to adjust to any
di sturbances, and then towed the net parallel to the shore
against the current at about 0.75 m's. 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. Wt er
volume filtered (usually 7.5 m* was cal culated by multiplying
nmouth area by distance towed.

Two or three fixed sled sites were selected at each mai nstem
sanpling location, one or two on the mainstem and one in a
backwater (Table 2). In the Deschutes River, a sled tow was
conducted on each shore (Table 2), although on the east shore the
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Tabl e 2.
the |ower De
Deschutes Ri ver.

Dal | es Pool ,

Descriptions of sled sites in the upper

t he upper Bonneville Pool,
RM = river

mles.

Dal | es Pool ,
and t he

At the Deschutes River, M=

the distance upriver fromthe confluence of the Deschutes wth

the Colunbia R ver

: (neasured in neters).
gentle gradients and negligible water
often seasonally variable.

vel ocities.

sled sites had
Veget ati on was

LOCATI ON RM

SUBSTRATE

VECETATI ON

upper Dalles

mai nst em 212.

south shore

mai nst em 215.

i sl and

backwat er 212.

Lower Dalles

north shore 197.

Browns 1|sl and
(upstream

north shore 197.

Browns Isl and
(downst ream

backwat er 197.

upper Bonneville

mai nst em 190.
south shore

backwat er 190.
Deschut es M
east shore 900
west shore 250

25

50

25

75

75

50

00

75

gravel / cobbl e

gravel / cobbl e

fine sedi nent/
cobbl e

fine sedi nent

gravel / cobbl e

fine sedi nent

fine sedinent/
sand

fine sedinent/
sand

fine sedi nent

fine sedinent/
sand

absent
absent

i ght

absent - heavy

absent -1 ght

noder at e

l'i ght - heavy

absent - noder at e

noder at e- heavy

l'i ght - heavy
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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 |ittoral areas of the study locations. 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 locations. 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.

Di pnet.- H gh abundances of l|arval or juvenile fishes were
sonetimes observed in very shallow areas of sled sanple sites
These areas were not accessible to sled tows; thus, we used a
| -mm nmesh dipnet to capture a mininmumof 30 |arvae and juveniles
per site. One site on the west shore of the Deschutes R ver
could only be sanpled by dipnet. This site consisted of shall ow
(1-20 cm pools of water on bedrock overlain by fine sedinent
wi th noderate to heavy anmobunts of instream vegetati on. Because
di pnet sanpling is non-quantitative, nunbers of fish |arvae and
juveniles collected were sunmari zed as percent conposition of
cat ch.

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

east side of the Deschutes River 750 mfromthe confluence wth
the Columbia River. The substrate in this area was bedrock and
boul ders with little instream vegetation. Two 0.5 mdianeter (2.5
mlength, 500 um mesh) 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 nm's. Nets were
set for an hour during daylight. A General Cceanics Mdel 2030
digital flowreter was suspended off-center in the nouth opening
of each net to neasure water volume filtered.

Envi ronnent al Parameters.- 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 thermoneter and at 2 mwith a Yellow Springs
Instrunent tele-thernmoneter. Turbidity was neasured with a Hach
model 16800 Tur bi di neter. Mean water colum velocity (an
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average of the velocity nmeasured at 0.2 and 0.8 of the total
depth, or at 0.6 of the depth in waters < 0.75 m) was neasured

wi th a cabl e-suspended Price type "aa"™ sensor connected to a

Swof fer Instrunments Mdel 2200 direct reading current velocity
meter. Current velocity was not neasured at all sites every week
because of rough waters or tine constraints.

At shoreline sites we also evaluated substrate, gradient,
and vegetation. Substrate categories were based upon Platts et
al . (1983), and ranged fromfine sedinent 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 fromabsent (1) to heavy
(4).

Sanpl e Processing

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

Conposition and volune of each sanple were determ ned.
Macr ophytes and | arge pieces of debris such as twigs and | eaves
were noted and renoved. Relative proportions of nmajor groups of
Invertebrates and plants in the remaining sanple were estimated.
A neasurenent of wet volune, determ ned by displacenent, was nade
for each sanple after the renoval of fish, eggs, nmacrophytes and
large debris (Kramer et al. 1972; Smth and Richardson 1977).

Larval and Juvenile Fish Identification.- Larval and
juvenile fishes were identified, enunerated, and assigned
devel opmental 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 squawfi sh and chisel nouth Acrocheilus
al ut aceus have not been adequately described to separate early
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stages (< about 12 mm standard length (SL), prior to pelvic fin
formation); thus we grouped some specinens into a conbined
northern squawfi sh/ chi sel mouth category. Peanmout h M/l ochei | us
caurinus | arvae were separated fromother cyprinids based on the
presence of a median thoracic stripe of nelanophores (Mura 1962
Hort 1981 et al.), although sone early yol k-sac cyprinid |arvae,
| acking pigmentation, were identified only to famly.
Identification criteria of larger northern squawiish, peanouth,
and chi sel mouth | arvae included position of the dorsal fin
relative to the pelvic and anal fins, along with other characters
described in Mura (1962) and Mindy (1980).

Speci mens of northern squawfish, northern
squawf i sh/ chi sel mouth, and unidentified cyprinids, were neasured
for notochord length (NL) or standard length (SL), depending on
degree of notochord flexion. Notochord Iength (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 (Ahlstromand Mser 1976). Fork length (FL) was
al so neasured when fins were adequately devel oped.

PRELI M NARY RESULTS

Overview - Due to time constraints, sanple processing has
not been conpleted. Larval and juvenile fish catch results are
presented for all sanples from the upper Dalles Pool. Results

are presented for the Deschutes R ver for all plankton tow and
drift net sanples, and for sled and dipnet sanples collected from
July 27 through Cct. 19, 1992. Larval and juvenile fishes
collected at the lower Dalles Pool and upper Bonneville Pool have
not been exam ned. Conplete larval and juvenile fish abundance
data and results of physical paraneter neasurements will be
presented in later reports.

Upper Dalles Pool.- Results for fixed and random pl ankt on
tow sanpling in the upper Dalles Pool were pool ed. Duri ng
pl ankton tows in the mainstem a total of 1,862 |arvae were
collected in 18,198 m* of water filtered (a density of 10.2
| arvae per 100 m*). In the backwater area, |arvae were somewhat
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| ess abundant: 258 l|arvae were collected in 3331 m® of water
(7.8 larvae per 100 m®). Scul pin (Cottidae, probably Cottus
asper) larvae dom nated the sanples. Two northern
sguawf i sh/ chi sel nouth [ arvae were collected, both in the
mai nst em

Di el plankton net sanpling resulted in higher total fish
abundances during daylight hours; densities during day, dusk
and night were 3.7, 3.0, and 2.7 larval and juvenile fishes per
100 m* of water filtered, respectively. Total nunbers of |arvae
and juveniles collected during day, dusk, and night were 161,
146, and 118, respectively. Mre juveniles were captured during
dusk and night than day, possibly due to |ess net avoidance. At
all time periods, the nost abundant |arvae were scul pins. Larva
shad were nost abundant during daylight hours. One northern
sguawf i sh juvenile and 8 northern sguawfish/chiselmuth |arvae
were collected. Al 9 specinmens were captured in |ate June or
m d-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 644 m® of water
filtered. One northern sguawfish juvenile and one
sguawf i sh/ chi sel mouth | arva were captured at the nmainstemisland
site.

Deschutes River.- In Deschutes River plankton tows, only
sucker |arvae (Catostom dae) were collected: 44 |arvae were
captured in 4153 m® of water filtered. In all drift net sanples

(5107 m® of water filtered), a total of 6 sucker |arvae, one
sucker juvenile, and one sculpin juvenile were collected.
Deschutes River sled tow and dipnet results are only
reported for sanpling conducted during July 27 - Cct. 19 for
sleds, and July 27 - Aug. 28 for dipnets. Mny nore fishes were
captured in shoreline sled tows in the Deschutes River than in
the upper Dalles Pool. In the Deschutes, 349 |arvae and
juveniles were collected in 80.25 m* of water filtered (a density
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of 440 fish per 100 m®) versus a density of only 3.3 larvae and
juveniles per 100 m* of water in the upper Dalles Pool. In the
Deschutes River, all collected |arvae and juveniles were
cyprinids or catostomds. Northern sguawfish juveniles were the
nost abundant taxon in Deschutes River sled sanples (40% of the
catch), wth a nean density of 360 per 100 m® of water. In

di pnet sanples, 13% of all fish captured were sguawfish

j uveniles. Fish length information is not presented in this
report, but all northern sguawfish juveniles collected were
probably young-of-the-year (YOY). Mre juveniles than |arvae were
captured, but it is likely that sanples collected earlier in the
season (June and July), which have not yet been exam ned, w |
contain nore |arvae.

DI SCUSSI ON

Results presented in this report are inconplete. Due to
report deadlines, we have not exam ned sanples fromthe | ower
Dal | es Pool and the upper Bonneville Pool, and from June and July
in the Deschutes River. Conclusions concerning northern
sguawfi sh reproduction and early life history would thus be
premature at this tine.

Few northern squawfi sh/chi sel muth |arvae and sguawfi sh
juveniles were collected in plankton tows at the upper Dalles
Pool. Al though we sanpl ed weekly, possibly our timng did not
coincide with northern sguawfish larval drift. Nesler et al
(1988) reported that new y-hatched Col orado sguawfi sh
Pt vchochei lus lucius | arvae nove rapidly down the Yanpa River,
being present in a 6-kmriver reach for only about [-2 d. It is
al so possible, however, that the upper Dalles Pool is not heavily
utilized by northern sguawfi sh for spawning, or that 1992 was a
year with reduced spawning activity.

It is noteworthy that nore northern squawfish/chisel nouth
| arvae were collected during dusk and night sanpling than during
the day. Larval fishes have commonly been reported to drift
downriver at night (Gale and Mhr 1978; Brown and Armstrong 1985;
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Carter et al. 1986). In diel drift-net sanpling conducted by
Tyus and Haines (1991) from 1979 to 1988, Col orado sguawfi sh

| arvae were nost abundant during early norning hours (G Bruce
Haines, U S. Fish and WIldlife Service, Vernal, Uah; personal
communi cation). Mre diel sanpling is necessary to confirmthe
observed nocturnal pattern of northern sguawfish | arval
abundance. In 1993 we plan to continue conducting nighttine

pl ankton tows in the upper Dalles Pool, and begin night sanpling
in other mainstemand tributary | ocations.

W collected very few | arvae and juveniles during sled
sanpling in the upper Dalles Pool. W sanpled with essentially
the sanme gear as LaBolle et al. (1985) used in upper littoral
habitats of the John Day Pool during 1981-1982. LaBolle et al.,
however, reported very high catches of |arvae. Thus, gear
ef fectiveness probably was not a factor in our |ow catches:

t hese areas do not appear to be utilized for larval rearing by
nort hern squawfi sh.

In contrast, we collected a fairly high overall density of
| arvae and juveniles (440 fish/100 m®) in sled tows in the
Deschutes River. The nobst abundant taxon in sled sanpl es was
northern sguawfish YOY juveniles. Because these sanples were
collected later in the season (July 27. - Cct. 19), earlier
sanples likely contain nmore northern sguawfish | arvae. Although
data suggest that shallow areas of the Deschutes River are being
utilized as larval and YOY juvenile rearing areas, we do not know
whet her sguawfi sh spawned in the Deschutes River or whether
larvae or juveniles mgrated into the Deschutes fromthe nainstem
Colunbia River. In 1993, nore sanpling will be conducted to
further investigate this question.
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