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Benthic lnvertebrates and Sediment Characteristics in Main Channel
Habitats in the Lower Columbia River

Abstract
Benlhic invertcbrate communitjcs in thc Columbia River between |he lowemost dam and $e upper estuary have been little
studicd. Wc dcscribc thc abundancc oI bcnlhic invertebrares and sediment characteristics in main channel habitats in the lower
Columbia River and examine the relationships between densities of specific benthic in\enebrates and sediment characteristics
and water depth. Using a {1.l-lnr Vtm Veen grab sampler we collected benthic samples in seven areas of the river from Rivcr
Kiknneter (RKm) 121 to 211 in April and September 1988 and 1989. Common taxa collected. included Turbellarja. Oligochacla.
rhebt\ ve Corbicukt.llunir.d, the anphipod Cdnphiunt salnxrnis, Chironomidae larvae. and Ceratopogonldae larvac. O!crall.
Corbiculd fluninea anl Ceratopogonidae laflae wefe consistently the most abundant benthic invertebraies. The relalionship of
benthic inlenebrate densities between and within yedrs. months, and areas varied substantially bet\reen the six predominan! lax a.
The ei-iecl olwaterdepth and sediment characteristics onbenthic invertebrate densities, after accountingfor the influence ofyear,
month. and area. varied between the six predominant taxa in this srudy. Water depth was significant (P < 0.05) for densiiies of
threeof thesixtax.sedimentpercents i l t /c laysigni f icant for four,andsedimentgrainsizeandpercentvolat i lesol idssigni l lcant
for one each. Results from our study are probably applicable to a large area of main channel habitars in the Columbia River
downstream from the lowermost dam. Because benthic invertebrates, panicularly Conphiun salnonis, arc primary prey lbr
man_v fishes. the sustained health ofbenthic invertebrate populations in lhe lower Columbia Rivcr is of concem.

lntroduction

The Columbia River downstream tiom Bonneville
Dam (River Kilometer [RKm] 234), the lower
most dam on the river, suppofis large populations
of migrating j uvenile salmon (On corhlnclrrs spp.)
and the largest population of white sturgeon
(Acipenser transmonlanri.i) in the world (DeVore
et al. 1995). Studies ofthe diets ofthese and other
fishes indicate that benthic amphipods and bivalves
are often important prey for these hshes. Examples
include the tube-dw el\ng arnphipods Corophium
spp. as primary prey for juvenile chinook
(O. tshq\)tscha), coho (O. tlsalclr), and sockeye
(.O. nerka) salmon. steelhead (O. z_vtirs), and
juvenile white sturgeon (Kim et al. 1986; McCabe
eta l .  1983,  1986,  1993;  Mu i r  and Emmet t  1988;
Muir et al. 1988); and the introducad Asian bi-
valve CorbiculaJluminea (.= C. manilensis) as an
important food for juvenile white sturgeon
(McCabe et al. 1993).

Despite the importance of benthic invertebrates
in the diets of juvenile salmon and white stur-
geon, little is known ofthe distribution and ecol-
ogy ofbenthic invertebntes in much ofthe lower
river. Benthic invertebrate communities in the

Columbia River downstream from RKm 50 have
been studied more than upsheampopulations (e.9.,
Higley and Holton 1978; Durkin nnd Emmett 1980;
Durkin et al. 1981, 1982; Emmett et al. 1986;
Hinton et al. 1990; Jones et al. 1990). Upstrearn
from RKm 50, benthic invertebrate studies have
been limited primarily to short-tem or geogmphi-
cally l imited studies (e.g., Blahm and McConnell
1979, Blahm et al. 1979, McCabe and Hinton 1990,
McCabe et al. 1990). Sanborn (1975) sampled
the benthos of four areas in the Columbia River
between RKm 29 and 167 in 1973-1974. McCabe
and Hinton (1996) described the benthic inverte
bmte communities and sediment charactefistics
at l0 dredged-material disposal areas in the lower
Columbia River between RKm 55 and 122.
McCabe and Hinton's sampling stations were
located within about 30 m of the high tide mark
on the shore.

From 1987 through 1991. the spawning and
early lif'e history of white sturgeon in the lower
Columbia River were studied (McCabe et al. 1993,
Parsley et al. 1993, Mccabe and Tracy 1994).
Part of this research involved the collection of
benthic invertebrates and sediment samples in eight
areas of the lower Columbia River A portion of
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this benthic invertebrate dataset was used in as-
sessing the feeding ecology ofjuvenile sturgeon
in two arcas of the river and examining the rela-
tionships between juvenile white sturgeon abun-
dance and abundances of two important benthic
prey. Co rophium salmonis and Corbicula fluminea,
in eight areas (McCabe et al. 1993); however,
important specific infonnation about benthic in-
vertebrates and sediment characteristics in the
lower Columbia River was not presented.

To elucidate the ecological relationships be-
tween the benthos and feeding habits ofjuvenile
salmon. white sturgeon, and other fishes, it is
necessary to conduct systematic and long-term
benthic i nvertebrate research throughout the river
To help achieve this goal, we describe the abun-
rlance of benthic invenebrate populations in main
channelhabitats in the lower Columbia River from
RKm 121 to RKm 2l I using data collected in
seven ireas. Datacollected atone area downstream
from RKm 50 are not included because benthic
i n vertebrates have been studied much more in the
river downsteam from RKm 50 than upsfeam
fiom RKm 50. We also examine the rclationships
between densities of specific benthic invertebrates
and sediment characteristics and water depth.

Methods

Sampl ing

Sampling was conducted in seven areas distrib-
uted along the lower Columbia River between
RKm l2l and RKm 2l I in April and September
1988 and 1989 (Figure l). At each area, desig-
nated by RKm, samples were collected along ei-
ther two or three transects parallel to the shore
line. Transect I was closest to the Washington
shore. Transect 2 was the middle transect, and
Transect 3 was closest to the Oregon shore. In
some river sections, only two tnnsects (Transects
J and 3) were established. Transects selected for
benthic invertebrate sampling represented a por-
tion of the total number ofsampling transects that
was used to determine the range ofhabitat use by
juvenile white sturgeon.

During each survey, five benthic invertebrate
samples and one sediment sample were collected
at each sampling station with a 0. l-m'z Van Veen
grab sampler (Word 1976). Two sampling stations
about 185 m apart were established along each
tlansect. When practical, each benthic invertebrate
sample  uas  . ieved th rough a  0 .5 -mm screen in

the field and the residue preserved in a buffered
lo rmaldehyde so lu l ion  (24 t  t  eontu in ing  rose
bengal, an organic stain. If it appeared that most
ofthe material would not wash through the sieve,
the entire sample was preserved and sieved at a
later time. Prior to soning, all samples were washed
with water and presened it a"709a alcohol solu-
tion. Each benthic invertebrate sample was so ed
and the invertebrates were identified to the low-
estpractical taxon and counted. Sediment samples
were analyzed for sediment grain size, percent
silt/clay, and percent volatile solids by the U.S.
Army Corps of Engineers (Nonh Pacific Divi-
sion Materials Laboratory, Troutdale, Oregon).
Each sediment sample was oven dried at 110'C
for 24 h, then sieved. Hydrometer analysis was
performed if more than 57c of the sample passed
through a#230 sieve. Percent volatile solids were
determined by weighing an oven-dded sample,
then heating the sample in a muffle furnace at
600"C for .[ h. The sample was weighed befbre
and after being placed in the mullle furnace, and
the difference between the two weights was used
to calculate percent volatile solids. The depth at
each sampling station was measured using an elec-
tronic depth sounder; all depths were later stan-
dardized by converting them to mean lower low
water (MLLW).

Data Analysis

Benthic invertebrate data were analyzed by indi-
vidual sampling station and by combining sta-
tions in an area. lnformation calculated for each
station included the number of tax a/categories and
mean and standard deviation (SD) of the density
(number/m':) for each taxon-/category and total
invertebrates. Mean densities of in veftebrates ftom
individual sampling stations provided the data for
statistical tests.

The relationship between water depth, sedi-
ment grain size, percent silt/clay, and percent
volatile solids, as compared to year (1988 and
1989), month (April and September), and area
were examined using three-factor analysis of
variance (ANOVA). The Fisher's Protected Least
Significant Difference (FPLSD) multiple com-
parison procedure was used to compare means
from significant F-tests (P < 0.05) in theANOVAS
(Petersen 1985). The relationship between benthic
invertebrate densities and year, month, and area
was examined using three-factor analysis of
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Figure L Map of the lower Columbia River showing the seven areas sampled fbr benthic invertebrates in Aprjl and September.
1988 and 1989.

Results

Water Depth and Sediment Characteristlcs

Four sediment characteristic values were consid-
ered extreme outliers after visual inspection of
the data and normalit l plots: I t median grain size
was 2.22 mm in September 1989 at one station
at RKm 205; 2) percent silt/clay was 38.7% in
September 1988 at one station at RKm 153; 3)
percent silt/clay was 90.4Va in September 1989
at one station at RKm 143; and 4) percent volatile

covariance (ANCOVA) and the FPLSD proce-
dure, with water depth, grain size, percent silV
clay. and percent volatile solids as the covadates.
Regression equations were developed for signifi-
cant covariates.

Benthic invertebrate densities were trans-
formed (log,n) prior to analyses (Ell iott 1977),
and sediment characteristics and water depth
were transfbrmed (sin 'tr) as needed to achieve
approximate normality and equal variance of
the model residuals.
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solids was 4.7% in September 1989 at one sta
tion at RKm 21 1. These values were excluded
from the analyses.

Signiticant differences between areas were
detected for water depth (P = 0.004), median grain
size (P = 0.005), sin r{ percent silVclay (P < 0.001).
and sin r! percent volati le solids (P < 0.001). No
significant interactions (P > 0.05) between year,
month, and area or significant differences between
years or between months were detected fbr any
of the fbur variables. RKm | 83 had a significantly
lower mean water depth than the other areas; depths
at RKm I 83 averaged less than 7.3 m during all
months (Table l). RKm 143, 183, and 205 had
significantly larger mean median grain sizes than
RKm 2l L Also, RKm 183 had a significantly larger
mean median grajn size than RKm 121 ,127 , and
153. RKm 211 had both a significantly higher
percent silt/clay and a significantly higher per-
cent volatile solids than the other areas; percent
silVclay and percent volatile solids values aver-
aged>1.07o during all months (Table l).Rkm205
had a significantly higher percent volatile solids
than RKm l2l, 127, and 183. There were no other
signifi cant dift'erences.

Benthic Invertebrates

The number of benthic inyertebrate taxa./catego-
ries collected in the lowerColumbia River ranged
fiom a low of l? in September 1989 to a high of
20 in April 1989. In both April and September
l988, 19 taxa/categories were collected (Table 2).
The number of taxa./categories at individual sta-
tions ranged from 4 to l3 in April and September
1988; from 3 to 13 in April 1989; and from 5 to 8
in September 1989. In each area, two to five taxa./
categories were numerically dominant during each
survey.

Common taxa./categories collected throughout
the lower dver included Turbellaria (flatworms),
Oligochaeta (anneli ds), C o rbicula jl uminea (br-
valve) , Corophium salzonis (amphipod), Chirono-
midae lanae (midges), and Ceratopogonidae larvae
(biting midges) (Tables 2 and 3). All these taxa./
categodes were collected in all seven areas during
each survey, except for Turbellaria at RKm 205
in September 1988 and Oligochaeta in April 1988
at RKm 205. Overall, Corbicula Jluminea and
Ceratopogonidae larvae were consistently the most
abundant benthic invertebrutes during the study.
Mean densities (by geographic area) ofCorDlcala

Jluminea ranged ftom 15 to 733 organisms/mr.
Usually mean Jen.it ie<ol Corbicula l lumineu uere
less than 500 organisms/m2 in each area in 1988
and generally less than 300 organisms/m2 in 1989.
Mean densities (by area) of Ceratopogonidae lalr,'ae
ranged from,18 to 979 organisms/m'?. In 1988.
mean densities of Ceratopogonidae larvae were
generally less than 650 organisms/mr in each area.
and in 1989, usually less than 300 organisms/mr.

For Turbellaria mean densities, there was a
significant interaction between year and month
(P <0.001) and between year and area (P = 0.036),
but not between month and area (P = 0.258). The
mean density of Turbellaria was significantly
higher in April 1988 thar densities during the other
three surveys, which were not significantly dif-
ferent from each other. In 1988, the mean den-
sity ofTurbellaria at RKm 205 was significantly
lower than mean densities at RKm 121,143, 183,
and 21 1; densities at the other areas were not
significantly different from each other. However,
in 1989, the mean density at RKm 2l l was sig-
nificantly lowerthan mean densities at RKm 127,
143, and 183, and mean densities at RKm 153
and 205 were significantly lower than the mean
density at RKm 183. Another perspective of the
year/area interaction was that at RKm 153 and
2l l, 1988 had significantly higher mean densi-
ties than 1989, whereas there were no significant
diflerences between years for the other areas.
Turbellaria density was positiyely related to wa-
ter depth after accounting for year, month, and
area (P < 0.001); however. depth explained only
l0% of the vadation in Turbellaria density
(Table 4).

There were no significant interactions between
year, month, and area for Oligochaeta mean den-
sities. Significant di11'erences occurred between
months (P = 0.010) and areas (P = 0.019), but not
between years (P = 0.405). The Oligochaeta mean
density in September was significantly higher than
that in April. The mean densities for RKn 183
and 205 were significantly lower than those for
RKm 143 and 153. Also, the mean Oligochaeta
density at RKm 205 was significantly lower than
that at RKm 121. Oligochaeta density was posi-
tively rclated to water depth (P = 0.025), grain
size (P = 0.034), and percent silt/clay (P < 0.001)
after accounting for year, month, and area; now-
ever, these physical characteristics explained only
l6Va of the yariation in Oligochaeta density
(Table 4).
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TABLE 2. Occuncnce of benthic invertebrates i n the lower Columbia River belwcen RKm I 2 I and 2 I I . 19 8 8 1 989. Prese nce is
indicated by a +" and absence by a "0."

Tr\nn/c.lregory Apnl Septembef April Septenber

Turbellaria
Nemertea
Nematoda
Nematomorpha
Polychaera

Nednthes linmicold
Oligochaeta
Hirudinea
Bivalv ia

Corbicuta fluninee
Gasfopoda

Fluminicola spp.

Ostracoda
lsopoda

G no rimos phae ro ma o re gone ns i :j
Asellus occillenntlis
Parcellio seaber

Amphipoda
Gammiridae
Corophium spp.
Conphium salnonis
Corophiun :pinico e
Rdne 11o ganna rus o re gonens i s
Htalella d.teca

Arachnoidea (aquatic)

Ephemeroprera nymph
Odonata nymph
Trichoptera larvae
Diptera

Diptera pupae

Tipulidae la ae
Chironomidae larvae
Chironomidae pupae

Ceratopogonidae larvae
Ceratopogonidae pupae

Toral number

+
+
+
0
+
0

0

+
t)

0
+

U

0
+

+
0
+

+

U

0
+

0
0
0

0
0

0

+
0
0
+

+

0
+
+

0

0

0

0
0

I1

t)

0
0

0

0
+

20

U
+
+
0
+
+

0
0
+
+

r9

+
+
+

1 9

Month and area had a significant intemction
for Corbiculafluminen mean densities (P < 0.001),
and there was a significant difference between
years (P < 0.001). Mean densities of Corhicula
Jluminea in 1988 were higher than those in 1989.
In April, mean densities at RKm 121, 127, and
205 were significantly lower than densities at RKm
153, 183, and 21 1, and the mean density at RKm
205 was significantly lower than that atRKm 143.
However, in September, the mean density ofCor-

bicula fluminea at RKm 205 was significantly
lower than the densities at RKm 121 and 127,
and the density at RKm 153 was significantly lower
than that at RKm 127. Another pe$pective ofthe
month./area interaction was that mean densities
of Corbiculafluminea in September were signifi
cantly lower than those in April for RKm 121,
127, and 205, but not significantly different for
the other four areas . Corbicula fluminea density
was significantly related to percent silt/clay
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TABLE 3. Mean densities orunber/m:) and nandard deviations (SD) ofbendric inveiebrates collected inApril and Septenber
of 1988 and l989belween RKm l2l and 2l I in the Columbia River Less cornmon taxa are included in louls. but are
not listed individually. Depending upon the number oftransects, generally 20-30 samples were collected at each area.

(RKm) Taxon/calegory
Apd l9SL

Mean SD
September 1988
Mean SD

Ap!Ll98L
Mean SD

Septcmbcr 1989
Mean SD

l2l Turbellana
Oligochacta
Corbicuta fluninea
C0rcphiun sabnonis
Chironomidae larvae
Ceratopogonidae larvae
Total

127 Turbcllaria
Oligochacta
CorbicuLa flunitrca
Corophiutn saltnonis
Chironomidae laNae
Ceralopogonidae larvae
Tolal

141 Turbcllaria
Oligochaela
Cotbicuta fluninea
Cotophium salnonis
Chirononlidae larvae
Ceraiopogonidae larvae
Total

153 Turbellaria
Oligochaete
Corbic ta.fl minea
Conphiutn salmonis
Chironomidae laNae
Ceratopogonidae lar!ae
Tolal

183 Turbellaria
Oligochaeta
Corbicuta ltuninea
Cotophiun saltnonis
Chironomidae larvae
Ceraiopogonidae lan'ae
Total

205 Oligochaeta
Cafiiculd .flunitPa
Canphiunt salno is
Chironomidae laNae
Ceratopogonidae larvae
Total

211 Turbell.rria
Oligochaeh
Corbicuk fluminea
Osiracoda
Corcphnun \alnnnil
Chironomidac larvae
Cera|opogonidae larvae
Total

4 l
5 l
59
46
)6

146
314

33
32

l5,t
21
t 1

161
420

105
l,l9
198
111
1,1

635
1 .218

l8
l 5 l
733
t22
36

606
1.69,1

I
189

5
5

4',72
6 8 1

0
307
23
.10
13

,150

3 l
l,t,t
6,ll-)
20

] 1 6
33

l,l9
1.318

68
r03
| 2

l 7
t26
291

E2
68

2 t 8
39
1 l

l 6 l
304

144
379
r29
r9'7
t 8

563
700

,15
121
980
226
6',7

780
r.521

t9
2

148

1 l
6,13
753

0
532
29

142
45

516

80
228
8 r 3

r65
39

192
1.055

2
| 1
,180
44
1

9',79
1 ,633

2
306
320
12',7

l
302

1,065

I
4E

336
t l
2

323
722

2
6 1 9
107
I li4

2
2 1 3

1 .128

3
2 l

416
,13
38

886
1,,186

20
371

1
I

553
950

1 { l
238
266

2
'79

2 l
3 1 4
955

1
l 6 l
490
1 l
t 2

1,003

6
5 1 6
528
158

371
l . l 5L )

3
51

378
t6

266
530

4
961

298
5

261
1 .161

7
l8

,t9:l
56
59

941
1.285

39
504

,7

3
8 1 8

20
457
303

5
l l 3
38

319
651

l 9
21
30
I

l 0
258
348

2',7
7[
l 5
I
,7

238
358

6
I3
38
29

I
16,1
251

2
227
263
5.1
5

228
'7',19

6
I

90
5

2 1
189
312

t29
t6
1 3
2

l 6 l
323

2
321
1t)
2

241
33
65

152

36
41
31
7

263
3 t E

25 I
I8
l

383
528

l 3
l 8
5 1
86
3

228
264

6
546
489
'76
,7

935

1 l
3

1 1 5

29
144
223

29).
37

4
251
5 1 8

,7

693
50
,7

33',7
41
'74

968

2
28

117
39
3

3 1 8
5',70

5
19

20'7
:18
1

250
36.1

t2  24
l:10 269
318 350
256 332

4 8
205 201
936 565

6 2 3
15 22
91  56

651 532
8  1 3

.18 43
844 519

t 2
2t1 3',71
138  181
359 663

14 23
190 196
914 628

3 9
'7 t1

60 8,1
8  l 8
1 2 3

29t 195
380 205

195 436
298 663

12  20
33 4E

360 216
90'7 996

t 2
131 t22
106 16,l
l , l  39

l4 l  146
32 4r

141 189
514 321
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TABLE ,1. Regression equations and rr values relating benthic inverlebrale densities to water depth. sediment grain size (GS).

percenr silvclay (S/C). and pcrccn! volatile solids (VS) after accounting for year, month, and area. Depth is in meters

and grain size js in milljmeters. Vanables were only included if their coefficients from analysis of covdriance were
significant (P < 0.05). Transformations are indicated in parentheses. When the sin 1 transibrmation was used. the
decimal lbrm ol the variablc was required tbr calculation (e.g., 0.01 wa! used for a percent silt/clay of L0%).

Coefficient

Taxon (logro) Conrrant

Depth S/C

G i n L \ )

VS
(s in r r )

Turbellaria

Oligochae!a

Corbicuta fluntinea

Con4lhium sdl,,].oii:

Chironomidae larvae

Ceratopogonidae lanae

-0.212

-0.5.18

t . 335

1 . 6 1 3

1.212.

t.991

0.06,1

0.053

-0.060

10.755
-3.981

5.l0, l

, 7 .115

6  5 l_ l

0 .101

0 .163

0.046

0.089

0.000

0 .120

(P = 0.005) and percent volatile solids (P = 0.0,19)
after accounting fbr yeat month, and area. Cor-
bicula flumine a density was positively correlated
with percent volatile solids and negatively cone-
lated with percent silVclay; howe\€r, these physical
characteristics explained only 57. of the vada-
tlon h Corbiculu flirninaa density (Table ,1).

For Curophium :almonis mean densities. ' ig-
nificant interaction was detected between yearand
month (P = 0.033) and between month and area
(P<0.001) ,  bu t  no t  be tween year  and area
(P = 0.056). Mean densities in September 1989
were significantly higher than those during the
other three surveys, which were not significantly
different from each other. In September, mean
densities at RKm 183 and 205 were significantly
lower than those at the other aLreas, and the mean
density at RKm 2l I was significantly lower than
that at RKm 127. In April, the mean density of
Corophiutn salmonis at RKm 183 was significantly
lower than mean densities at RKm 143, 153, 205,
and 211, and the mean density at RKm 127 was
significantly lower than that at RKm 153. An-
other perspective of the month/area interaction
\r as thal mean den\it ies lbr September u ere sig-
nificantly higher than those for April at RKm 121
and 127, but were not significantly different for
the other areas. Co,.ophium salmonis dersity \vas
significantly related to water depth (P < 0.001)
and percent silVclay (P = 0.001) after account-
ing lbr year, month, and'drea. Corophium sqlmonis
density was positively correlated with percent silt/
clay and negatively conelated with water depth;
however, these physical characteristics explained

only 97" of the vadatlon in Corophium salmonis
density (Table ,+).

A thrce-way interaction between year, month,
and area was detected for mean densities of
Chironomidae larvae (P < 0.001). InApril 1988,
the mean density ofChironomidae larvae at Rkm
183 was significantly lower tlan mean densities
at RKm l2l and 2l 1.In September 1988, the mean
density ofChironomidae larvae at RKm 183 was
significantly higher than mean densities at RKm
127, 143, 153, and 205. InApril 1989, the mean
density at RKm 143 was significantly lower than
mean densities at RKm 121, 127, 183, and 2l l.
Finally, in September 1989, mean densities of
Chironomidae larvae at RKm 121, 127, and 183
were significantly lower than those at Rkm 205
and 2l l, and the mean density at RKm 121 was
significantly lowerthan that at RKm 153. Density
ofChironomidae larvae was not significantly re-
Iated lo \\ ater deplh and \ediment characterislics
after accounting for year, month, and area (Table 4).

There were no significant interactions between
year, month, and area for mean densities of
Ceratopogonidae larvae. There were signifi cant
differences for mean densities of Ceratopogonidae
la ae between years (P = 0.007) and months
(P = 0.009), but not between areas (P = 0.131).
The mean density in 1988 was significantly higher
than that in 1989. The mean density of Cerato-
pogonidae larvae in September was significantly
higher than that in April. Density of Ceratopo-
gonidae larvae was negatively rclated to percent
sil'clay adier accounting for year, month, and anea
(P < 0.001): however, percent silt/clay explained
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only 12Vo of the variation in Ceratopogonidae
larvae density (Table ,1).

Discussion

It is often dilficult to compare data liom benthic
inveftebrate studies done by different investiga-
tors. Frequently, there are differences in samplers.
sieve sizes, sampling designs. and analyses used
by researchers. Given these caveats, we wil l
generally compare findings from the present study
to other large-river benthic invertebrate studies.
In ouf study, we observed benthic invertebrate
densities somewhat similar to those reponed for
the Fraser fuver. British Columbia, and the Hudson
River. New York (Northcote et al. 1976, Ristich
et al. 1977). ln the mainstem of the Fraser River,
Northcote et al. (1976) found that annual densi-
ties of benthic organisms (including lamprey
ammocoetes) usually averaged about 1,000 or-
ganisms/m':, with seasonal averages generally
highest in the spring. Dipteran larvae and oligocha-
etes were the dominant taxa in the mainstem of
the Fraser River Ristich et al. (1977) observed
that densities of benthic invertebrates at fresh-
water stations in the lower Hudson River gener-
ally averaged less than 1,000 organisms/m' dur-
ing the four salrpling periods. Dominant taxa in
freshwater areas of the Hudson River included
olipochaetes. chironomidi. and other insecl spe-
cies. ln the lower Columbia River between RKm
121 and RKrn 2l I, benthic invertebrate densities
atindividual areas (by sun',ey) often exceeded 1,000
organisms/m: in 1988. However, in 1989, benthic
invertebrate densities never averaged more than
936 organisms/m:. Ovetall, Co rbic ukt flttminea
and Ceratopogonidae (Diptera) leLrvae were con-
sistently the most abundant benthic invedebrates
in the benthos of main channel areas ofthe lower
Columbia River (Table 3).

Our comparisons ofbenthic invertebrate den-
sities by area, month, and year highlight the tem-
poral and spatial variabilities in benthic invefte-
brate populations in the lower Columbia River.
Other studies ofbenthic inveftebrates in the lower
Columbia River have produced similar findings
(e.g., Hinton et al. 1995. McCabe and Hinton 1996,
McCabe et al. 1996). For example. Mccabe et
al. (1996) obserued that densities of Corbicula

fluniu, t tnd Ceratopogonidae larvae were rig-
nificantly diftereot (P < 0.05) between surveys and
areas in a study conducted near RKm 70 and 73.

and Corophium spp. densities were significantly
di Fl'erent between surve) s t P < 0.05 l.

Results from our regression analysis indicated
lhiri lhe den.it) ol Corophium relmofl\ \ a\ neta-
tively correlated with water depth and positively
corelated with percent silVclay (Table ,1).
Similarly, McCabe and Hinton (1991) observed

that mean densities of Corophium salmonis ̂ t
shallow water stations (2-5 m deep) at RKm 153
from June through September 1990 tiequently
exceeded 1,200 organisms/m'j, whereas at nearby
channel areas (l l-21 m), mean densities of
Corophium salmonis never exceeded 355 organ-
isms/m'j. McCarthy (1973) obseryed that
Corophium salmonir was most frequently found
in mud (<0.25 mm), although italso livedincoarser
sediments. Hinton et al. (1995) and McCabe and
Hinton (1996) noted significant (P < 0.05) regres-
sion relationships between median grain size and
Corophiutn spp. density. ln both studies, there was
a negative correlation between median grain size
and Corophium spp. density.

ln our study, the densrty of Corbicula.fluminea
was negatively correlated with percent silvclay
and positively correlated with percent volatile
solids (Table ,1). ln a laboratory and field-labora-
tory study, fine sand (prcdominantly between 0.25-
0.70 mm panicle size in the laboratory and 0.35-
0.60 mm in the treld-laboratory) was the prefened
substrate for Corbicula fluminea; however, the
clam can use a wide range of substrates, from
flne sand to coarser material (Belangeret al. 1985).
Fine sand was preferred over organically enriched
fine sand. Median grain sizes at many of sam-
pling sites in the seven areas we sampled in the
lower Columbia River were within the 0.25-
0.70 mm range (Tabte l).

Higher bottom water velocities in the main
channels than in shallow littoral areas, backwa-
ters, and side channels, probably result in less
favorable habitat for specific invenebrates, par-
ticularly the tube-burldrng amphipod, C orophium
sdlzonis. The higher water velocities could limit
standing crops of benthic invertebrates by ped
odically scouring them out of the main channel
habitats during periods of high river flow. Peri-
odic scouring and disruption of the bottom sedi
ments may also not allow sufficient buildup of
detritus and fine matedal to suppoft high stand-
ing crops of benthic invertebrates.

Because the primary focus of our study was
juvenile white sturgeon habitat, our benthic
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sampling was limited to main chamels of the lower
Columbia River; consequently, we did not sample
a wide range of depths and sediment types. For
example, we generally collected no samples in
habitats less than 4 m deep. Sampling of a wider
range ofdepths and sediments may have resulted
in better regression relationships between densi-
ties of benthic invertebrates and water depth and
sediment characteristics.

The lower Columbia River is a navigational
channel for commercial ships and barges and re-
quires periodic dredgurg to maintain adequate depfts.
Dredged material is often disposed of at deep in-
water areas in the lower river Dredging or disposal
operations could impact benthic invertebrates in
channel nreas downstream from RKm 205.

ln general, results fiom our study are prob-
ably applicable to a large area of the Columbia
River downstream from Bonneville Dam (RKm
234). The main channel habitats that we sampled
are representative of a large area of the lower
Columbia Riverbetween the estua-ry (RKm 0-75)
and Bonneville Dam (see NOAA Navigational
Charts 18523, 18524, and 18531). Much of the
river in this reach consists ofchannel habitat with
depths ftequently exceeding l0 m. In addition,
the substrate in most of the Columbia River be-
tween the mouth and Bonnevil le Dam is sand
(0.062-<2 mm). Parsley and Beckman (1994)
estimated that the predominant substrate in about
99olc of this river reach was sand.

A comprehensive benthic invertebrate study
of all aquatic habitat types in the lower Colum-
bia River should be conducted to adequately de-
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