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Abstract

Little is known about the impact of dredging on benthic invertebrates in navigation channels of the lower Columbia River. To help
fill this informational void, we conducted benthic invertebrate and scdiment studies in a shallow navigation channel in the river
before and after dredging. Benthic invertebrate and sediment samples were collected with & 0.1-m? Van Veen grab sampler at
seven stations in the Wahkiakum County Ferry Channel. Washington (River Kilometer 70), and at an upstream reference area in
1993-1995. No significant effects (P> 0.03) of the ferry channel dredging project on Corbicida flumineu, Ceratopogonidae
lurvae. Coropftiun spp., or total benthic invertebrate densities were detected in the statistical analysis. although benthic inverte-
brate densities were significantly different (P < 0.05) between surveys and arcas [or some organisms. During all cight surveys,
Corbicula fluminea. Coropfiton spp., and Ceratopogonidae (Diptera) larvac were generally the most commeon benthic inverte-
brates in hath the ferry chanmel und the reference area. Two measures of community structure, Diversity (H) and Equitability (E),
were calculated for cach arca for euch survey. No significant effects (P> 0.05) of the ferry channel dredging project on the
benthic inveriebrale community structure, as measured by H and E, were detected. No significant effects (P > 0.03) of the ferry
channel dredging project on sediment median grain size or percent volatile solids were detected. Results [rom this study will
provide information 10 aguatic resource agencies that assess the potential environmental effects of dredging in similar habitats of
the lower Columbia River.

introduction of the ferry channel from 24 January to 17 Feb-
ruary 1994, About [4.258 m* of sediments were
removed from the channel and disposed of at an
in-water disposal site about 4 kin downstream from
the ferry channel. Although the ferry channel is

abeut 579 m long, only about 244 m had to be

The lower Columbia River from the mouth to
Portland, Oregen, is an important navigation chan-
nel that is maintained to a depth of 12.2 m by
dredging. Inaddition, various shallower, secondary
navigation channels in the lower river are main-

tained through dredging. Little is known about
the impact of dredging on benthic invertebrates
in the lower Columbia River. To help fill this
informational void, we conducted benthic inver-
tebrate and sediment studies in the Wahkiakum
County Ferry Channel, Washington (River Kilo-
meter (RKm) 70), before and after dredging of
the channel,

The Wabhkiakum County Ferry. which is owned
and operated by Wahkiakum County and subsi-
dized by the State of Washington, operates be-
tween Westport, Oregon, and Puget Island, Wash-
ington. Priorto our surveyvs. shoaling in the ferry
channel between Puget Island and the main navi-
gation channel of the Columbia River forced the
ferry (o operate at one-halt capacity during part
of the vear (U.S. Army Corps of Engineers 1992),
Clamshell dredging was conducted in about 244 m
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dredged, as the remainder of the channel is natu-
rally deep. The dredged portion of the ferry channel
1s 61 m wide and authorized to a depth of 2.7 m.

Although the area of the dredging project was
small, there was concern that benthic invertebrates,
particularly the amphipods Corophium spp. (C.
salmonis and C. spinicorne), would be adversely
impacted. Coroplium spp. are frequently found
in intertidal and shallow subtidal habitats of the
Columbia River estuary and are seasonally im-
portant in the diets of juvenile salmonids and other
fishes (McCabe et al. 1983, 1986; Kirn et al. 1986;
Muir ct al. 1988). Corophium salmonis and C.
spinicorne were the dominant prey for juvenile
salmonids collected during the spring of 1984 at
Bonneville Dam, the lowermost dam on the Co-
lumbia River (Muir and Emmett 19883,



The goals of the present study were 1} to de-
scribe benthic invertebrate communities in the
dredged portion of the ferry channél before and
after dredging and 2) to assess recolonization by
benthic invertebrates in the dredged portion of
the ferry channel. We collected samples in a ref-
erence area located about 3.2 km upstream from
the ferry channel to help assess the effects of dredg-
ing, Specifically. we assessed benthic inverte-
brate species composition, standing crops, diver-
sity, and equitability in both the ferry channel and
the upstream reference area. Results from this
study will provide information to aquatic resource
agencies that assess the potential environmental
effects of dredging in similar habitats of the lower
Columbia River.

Methods
Sampling

Benthic invertebrate and sediment samples were
collected at seven stations each in the Wahkiakum
County Ferry Channel and an upstream reference
arca in October 1993; January, February, April,
July, and Qctober 1994; and January and April
1995 (Figure 1). Sampling in October 1993 and
January 1994 was conducted prior to dredging in
the ferry channel, and sampling in February 1994
was conducted 6 days after dredging was com-
pleted. Mean water depths. by survey, in the ferry
channel and reference area ranged from 2.0 to
3.8 mand 2.3 to 4.7 m (mean lower low water),
respectively. Sampling stations were located us-
ing a radar range-finder and the Global Position-
ing System (GPS).

At each ol the 14 stations, a 0.1-m” Van Veen
grab sampler was used to collect four samples; three
were analyzed for benthic invertebrates and one for
sediment type. Each benthic invertebrate sample
was initially preserved in a buffered formaldehyde
solution (>4%) containing rose bengal, an organic
stain, Later each benthic invertebrate sample was
washed with water through a .5-mm screen. All
benthic invertebrates were sorted from cach sample,
identified to the lowest practical taxon, counted,
and stored in 70% ethanol. The sediment sample
from each station was placed in a labeled plastic
bag. refrigerated, and anulyzed for grain size. per-
cent silt/clay, and percent volatile solids by the U.S.
Army Corps of Engineers. North Pacific Division
Materials Laboratory, Troutdale, Oregon.

Data Analyses

Benthic invertebrate data were analyzed by sta-
tion to determine species composition, densities
{by taxon and total}, and community structure
(diversity and equitability). The Shannon-Wiener
function (H) was used to determine diversity (Krebs
1978), which was expressed as:

$
H=- ‘Z](pﬁ)(logzpl)
=

where p. = n/N (n, is the number of individuals
of the ith taxon in the sample, and N is the total
number of all individuals in the sample) and
s = number of taxa. Equitability (E) was the sec-
ond community structure index determined; E
measures the proportional abundances among the
various taxa in a sample (Krebs 1978) and ranges
from 0.00 to 1.00. with 1.00 indicating all taxa in
the sample are numerically equal. Equitability is
expressed as:

E =Hog.s
where H = Shannon-Wiener function and s = num-

ber of taxa. Both H and E were calculated for
each sampling station.

Total benthic invertebrate densities, Corbicutla

Huminea, Corophium spp.. and Ceratopogonidae

{Diptera) larval densitics, H. and E were each
compared between areas (i.e., the lerry channel
and reference area) and surveys using two-way
analysis of variance (ANOVA) (Cruze and Hartzell
19913, Results from the two-way ANOVAS were
used to determine significant (P < 0.03) impacts
of the dredging project on benthic invertebrate
densities. H, and E. Because sampling was con-
ducted in the ferry channel and reference area prior
to and after dredging, we were able (o delermine
any significant impacts of the dredging by using
the interaction term (survey x area) in the ANOVA,
A significant interaction indicated a statistically
significant effect of the dredging. Invertebrate
densities were tested for normality, and, if neces-
sary, transformed (log, ) prior to performing
ANOVA. Normality was tested by calculating
normal scores of the data, then conducting a cor-
relation test between the normal scores and the
data {Cruze and Hartzell 1991). Mecan densities
of invertebrates from individual sampling stations
provided the data for statistical tests.
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Median grain size and percent volatiie solids
of the sediment samples were each compared
between areas (i.e., the ferry channel and refer-
ence area) and surveys using two-way ANOVA
{Cruze and Hartzell 1991); median grain size and
percent volatile solids were tested for normality
and transformed (log ) prior to performing
ANOVA. One low outlying value for median grain
size (Station W3, July 1994) was removed prior
to using ANOVA. No statistical comparisons for
percent silt/clay were made because of the
nonnormal distribution of the data and the lack
of an adequate data transformation.

Results

Benthic Invertebratas

During all ecight surveys, Corbicula fluminea,
Corophium spp.. and Ceratopogenidae larvae were
generally the most common benthic invertebrates
in hoth the ferry channel and the reference area
(Table 1). In both arcas, these three taxa repre-
sented 90% or more of the total benthic inverte-
brate densities during all surveys, except the July
1994 survey in the reference area. In both areas,
Corophiuin spp. were generally the most abun-
dant benthic invertebrates {Figure 2). We esti-
mated that about 98% of the Corophium spp. were
C. salmonis and the remainder C. spinicorne. The
proportional abundances of Corophium spp. in
the ferry channel ranged from 59% 1n July 1994
10 93% in January 1995; in the reference area.
the proportional abundances ranged from 24% in
July 1994 10 85% in January 1994,

The tetal numbers of taxa/categories collected
in the ferry channel and reference arca (data com-
bined for both areas ) ranged from 11 in April 1994
to 27 in October 1994, Mean numbers of taxa/
categories {by survey) in the ferry channel and
reference area were similar, ranging from 6 to 11
{Table 2.

The differences between areas for Corbicula
fluminea, Ceratopogonidae larvae, Corophium spp.,
and total benthic invertebrate densitics and H and
E did not change over the surveys. indicating that
the dredging did not have a statistically signifi-
cant (P < 0.05) effect on these parameters (Table 3},
Allinteraction terms (survey x area) in the analyses
were nonsignificant (P > 0.05), indicating no ef-
fect of the dredging. Although we could not de-
tect statistically significant effects of the dredg-

ing on benthic invertebrate densities, there ap-
peared to be a potential dampening effect on in-
vertebrates immediately after the dredging
(Table 1). The dredging in the ferry channel did
not appear to have any obvious impact on less
common taxa found in the channel.

Corbicula fluminea, Ceratopogonidac larvae.
and total benthic mvertebrate densities were sig-
nificantly different between surveys and areas
{ANOVA,| P < 0.05), with densities being signifi-
cantly higher (P < 0.05) in the reference area than
in the ferry channel {Tables | and 3}. In the ref-
erence area. mean total benthic invertebrate den-
sities (by survey) ranged from 2,291 organisms/
m? in July 1994 to 25,266 organisms/m? in April
1994 (Table 1). Mean total benthic invertebrate
densities (by survey) in the ferry channel ranged
from 2,004 organisms/m” in February 1994 to
23,794 organisms/m® in Jannary 1995, Mean
Corbicula fluminea densities in the reference area
ranged from 631 organisms/m? in April 1995 to
2,765 organisms/m® in April 1994 (Table 1). and
mean densities in the ferry channel ranged from
194 organisms/m? in February 1994 to 1,360 or-
ganisms/m* in October 1994, In the reference
area, mean densities of Ceratopogonidae larvae
ranged from 521 organisms/m? in July 1994 to
2,159 organisms/m’ in October 1994 (Table 1).
Mean densities of Ceratopogonidae larvae in the
ferry channel ranged from 396 organisms/m- in
February 1994 to 1,116 organisms/m? in January
1994,

Corophium spp. densities, H, and E were sig-
niticantly different between surveys (ANOVA,
P < 0.05), but not between areas (ANOVA,
P > 0.05) (Table 3). In the reference area, mean
densities of Corophium spp. (by survey) ranged
trom 542 organisms/m? in July 1994 to 19,888
organisms/m? in April 1994 (Table 1). Mean den-
sities in the ferry channel ranged from 1,364 or-
ganisms/m? in February 1994 to 22,157 organ-
isms/m? in January 1995. Mean H values {by
survey) in the reference area ranged from 1.02 in
January 1994 t0 2.22 in July 1994 (Table 2). In
the ferry channel, mean H values (by survey) ranged
from (.84 in April 1995 to 1.85 in July 1994, Mean
E values (by survey) in the reference area ranged
from 0.34 in October 1994 to 0.70 in July 1994
(Table 2). In the ferry channei, mean E values
{by survey) ranged from (.30 in October 1994 (o
0.61 in July 1994,
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TABLE 1. Mcan densities (number/m®) of benthic invertebrates collected during eight surveys in Wahkiakum County Ferry
Channel. Washington. and a reference area. 1993- 1995, The ferry channel was dredged alier the January 1994 survey
and prior to the February 1994 survey.

Taxon/category October  Junuary  February April July October  January  April
1993 1994 1994 1994 1994 1994 1995 1995

FERRY CHANNEL

Nemerlca 2 0 ] 0 14 106 55 )
Nemawomorpha V] 0 0 ] 0 0 0
Turbellaria 4 0 15 0 2 2 3 <]
Polychaeta
Neanthes limnicola 0 0 0 0 1 1 ] 1
Oligochaeta 27 94 16 121 29 1,074 68 220
Gastropoda 0 0 0 0 0 0 0 0
Lymnaeidae tunident. limpet) 0 b} 0 0 0 1 0 0
Flaminicola virens 27 3 2 2 8l 344 299 120
Juga plicifera 0 0 V] 0 0] | I 0
Bivilvia [ f ¢ 0 [} | 0 0
Corbicala fhiminea 510 362 194 445 289 1.360 642 398
Anodonta spp. 0 0 0 0 0 2 <1 ¢
Ostracoda 0 0 <l 3 4 22 2 18
Amphipoda
Corophiwm spp. 3.342 8.365 1.364 3.836 1.427 16,506 22157 12.171
Ramellogannarus spp. 0 0 0 0 Y} 0 0 0
Ramellogamnrarus oregonensis 2 ] 0 11 0 2 4 23
Hyvalella asreca 0 <l 0 0 0 1 1 0
Fontopareia hovi 0 0 0 0 0 ! 0 0
[sopoda
Grorimosplaeroma oregonensis 0 0 0 0 1 0 0 0
Poreeltio seaber 0 b} 0 0 0 <l 0 0
Copepoda
Harpuacticoida v 0 b 0 ¢ <l 0 0
Hydracarina 0 0 0 0 0 3 3 0
Insceta
Collembola adult <l 0 o] 0] | 0 0 0
Plecopters nymph 0 v} 0 0 0 G
Ephemeroptera nymph 0 4] 0 0 34 2 0
Odonata nymph <l 0 0 4 0 11 <l 4]
Hemiptera (} 0 0 0 0 0 0 0
Trichoptera larvac 0 0 0 0 0 <l 1 Q
Coleoptera barvae 0 0 0 0 0 [ 1 0
Miscellaneous Diplera
Chironomidac larvae 20 14 16 57 71 158 21 17
Chironomidae pupae 1 b} 0 0 34 2 <l 4
Ceratopogonidae larvae 1.076 I1.116 396 969 4610 744 532 683
Total number/m? 5012 10,185 2.004 5,444 2414 203490 23,794 13.821

Continued. next page
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TABLFE 1. Continued

Taxon/category Ocober  January  February  April Tuly  October  January April
1993 1994 1954 1994 1994 1994 1995 1595

REFERENCE AREA

Nemertea 4 0 q <l 66 11 29 123
Nematomorpha 0 0 <l 0 0 v} 0 0
Turbellaria 3 0 19 0 2 1 0 0
Polychaeta
Neanthes Lnnicolg 0 0 0 0 6 2 1 0
Oligochaeta 119 171 87 536 195 239 197 212
Gastropoda 7 0 0 0 0 0 0 0
Lymnaeidae (unident. limpet) 0 0 0 0 0 | ] 4]
Fluminicola virens 78 114 84 78 243 348 131 43
Fuga plicifera 0 <l <] b} 0 <] 1 <l
Bivalvia 0 ] 0 0 0 0 Q 0
Corbicula fluminea 1.160 1.897 2459 2765 673 1.568 1,783 631
Anodonta spp. 0 D 0 0 0 0 0 0
Ostracoda 0 <1 0 <l <l 0 0 0
Amphipoda
Corophitn spp. 2,448 19,822 14,869 19,888 542 17,127 17.084 9,277
Ramellogammarus spp. 2 0 0 0 0 0 0 0]
Ramellogammarus oregonensis ] 19 56 13 | 3 4 4
Hydlella azieca 0 4] 0 0 [ 0 0 ]
Pontoporeia hovi 4] ] 0 0 0 0 0 [
Isopuda
GRorinOsphaeroma oregonensis 0 0 0 0 0 0 0 U
Porcellia scaber {0 0 0 0 U 4] 0 0
Copepoda
Harpacticoida {0 0 0 ] ] 0 0 i
Hyvdracarina 0 0 0 &} 0 0 0 4]
Insecta
Collembola adull <] 0] 0 0 < 1 <l 0
Plecoptera nymph 0 0 <l 0 0 0 0
Ephemeroptera nymph 0 <l <l 0 <l 0 3 0
Qdonata nymph 0 0 0 0 0 0 0 0
Hemiplera 0 <] | 0 0 0 b} 0
Trichoptera larvae 0 ] 0 4 0 0 [t 0
Coleoplera larvae 0 0 0 ] 0 0 <1 0
Miscellaneous Diptera
Chironomidue larvae 31 93 80) 329 20 26 17 16
Chironomidae pupae 2 0 <1 0 21 ! 0 <l
Ceratopogonidae tarvac 1.489 1,311 1.431 1.636 321 2,159 1.122 980
Towal number/m? 5.343 23.428 19.097 25,266 2,291 21,508 20,372 11.286
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Figure 2. Mean densitics of bemhic invertebrates (total) and Corophitm spp. in Wahkiakum County Ferry Channel, Washington,
und areference area. 1993-1995. The ferry channel was dredged after the January 1994 survey and prior to the February

1994 survey.

Sediments

Although median grain size was significantly
smaller in the ferry channel than in the reference
area (ANOVA, P = 0.00), no effect of the ferry
channel dredging project on median grain size
was detected in the statistical analysis, as indi-
cated by the nensignificant interaction (P = 0.88)
between survey and area in the ANOVA., The
overall means for median grain sizes in the ferry
channel and reference area were 0.29 and 0.37
mim, respectively (Table 4). Median grain sizes
were not significantly different between surveys
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(ANOVA, P =0.18). Mean median grain sizes
in the ferry channel ranged from 0.24 mm in July
1994 to (.32 mm in January 1994, whercas in the
reference area, mean median grain sizes ranged
from 0.33 mm in January 1995 to 0.40 mm in
October 1993 (Table 4).

The overall means for percents sili/clay in the
ferry channel and reference area were 2.8 and 1,16,
respectively (Table 4). Tn the ferry channel, mean
percents silt/clay ranged from 0.1% in January 1994
to 8.6% in July 1994. Mean percents silt/clay in
the reference area ranged from 0.4% in October
1993 and January 1994 to 2.1% in April 1995,



TABLL 2. Mean numbers of benthic invertebrate taxa/categories identified and mean diversitics (H) and mean equitabilitics (E}
calculated for benthic invertebrate samples collected during eight surveys in Wahkiakum County Ferry Channel,
Washingtom, and a reference area, 1993-1995. The ferry channel was dredged after the January 1994 survey and prior

to the February 1994 survey.

QOctober Junuary February April July October January April
1993 1994 1994 1994 1994 1994 1995 1995
FERRY CHANNEL
No. of taxa 7 6 6 6 8 11 9 7
H 1.34 1.07 1.25 1.26 1.85 1.03 1.03 0.54
Ip 0.49 0.43 0.47 0.50 0.61 0.30 0.38 0.32
REFERENCE AREA
No. of tuxa 7 7 8 7 9 9 8 7
H 1.58 1.02 1.03 1.26 222 1.07 1.13 1,18
E 0.57 0.38 0.37 0.47 0.70 0.34 0.38 0.44

TABLE 3. Results ol two-way analysis of variance for selected benthic invertebrate parameters measured in Wahkiakum Counry
Ferry Channel. Washington, und a reference area, 1993-1995. Results (rom eight survevs—OQctober 1993, Tunuary,
February, April, July, and October 1994, and January and April 1995—swere used in the analyses. A significant

dillerence (B < 0.05) is indicated with an *#,

Parameter Source Degrees of freedom F P value

Benthic invertebrate Survey 7 5.40 0.000*

density (log, ) Area 1 6,23 0.014%

total Survey x area 7 1.90 0.078
Total (deg. freedom) 111

Corbicula fiuninea Survey 7 2.39 0.027*

density tlog,,} Area 1 13.07 0.000*
Survey x area 7 1.03 0415
Total (deg. freedom) 111

Corophiunt spp. density Survey 7 5.07 0.000*

(log. ) Area | 0.25 0.615
Survey X arca 7 1.53 0.166
Total (deg. freedom) 111

Ceratopogonidae larvae Survey 7 3.39 0.003*

density ATC I 22,12 0.000*
Survey x arca 7 1.65 0.129
Total {(deg, frecdom) 111

Diversity (H} Survey 7 11.76 0.000*
Area 1 204 0.156
Survey xoures 7 1.00 0.43%
Total (deg, frecdom) 111

Equitability (F) Survey 7 6.24 0.000*
Area 1 0.35 0.554
Survey x area 7 (.81 0.579
Totul (deg. freedom) 111

No effect of the ferry channel dredging project
on percent volatile solids was detected, as indi-
cated by the nonsignificant interaction (P = (1.56)
between survey and area in the ANOVA, Per-
cents volatile solids were not significantly differ-
ent between arcas (ANOVA, P = 0.45) and, over-

all, averaged 0.6% in each area (Table 4). Per-
cents volatile solids were significanily different
between surveys (ANOVA, P = 0.01). Inthe ferry
channel, mean percents volatile solids ranged from
0.5% in January 1994 to 0.8% in April 1994
{Table 4). In the reference area, mean percents
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TABLE 4. Mean median grain sizes (mm), percents silt/clay, and percents total volatile solids of sediments sampled in Wahkiakum
County Ferry Channel, Washington, and ua reference area, 1993-19935. The ferry channel was dredged after the
Tunuary 1994 survey and prior to the February 1994 survey.

October January February April July QOctober January April
1993 1994 1994 1994 1994 1994 1995 1995
FERRY CHANNEL
Crrain size {mim} 0.3 n.32 0.31 (.29 0.24 0.29 0.27 0.30
Silticlay (%) 0.3 0.1 1.3 1.7 8.6 27 5.0 2.6
Vol. solids (%) 0.6 0.5 0.6 0.8 0.7 0.6 0.7 0.7
REFERENCE AREA
Grain size (mm) 0.40 0.37 0.39 0.38 0.39 0.36 0.33 0.33
Silifelay (%) 0.4 0.4 1.7 1.0 0.9 0.5 1.6 2.1
Vol. solids 19) 0.6 0.6 .6 0.8 0.6 0.3 0.5 0.7

volatile solids ranged from 0.5% in October 1994
and January 1995 to .8% in April 1994, Sedi-
ments from the ferry channel were tested for con-
taminants prior to the dredging project and were
found to be uncontaminated (Jon Gornick, U.S.
Army Corps of Engineers, Portland District, P.O.
Box 2946, Portland, OR 97208. Pers. commun.
26 February 1996).

Discussion

The elfects of dredging on benthic invertebrate
communities vary widely. Morton (1977). who
conducted a literature review of the ecological
effects of dredging and dredge spoil disposal, noted
that initial effects can range from negligible to
severe and impacts range {rom short to long term.
Based on his literature review, Morton (1977)
concluded that short-term, small-scale dredging
and dredge spoil disposal projects impacted benthic
communities less than long-term, large-scale
projects.

We were unable o detect any significant ef-
fect of the clamshell dredging project on the stand-
ing crops of benthic invertebrales in Wahkiakum
County Ferry Channel. Apparently, benthic in-
vertebrates in the dredged arca were able o re-
colonize the area quite rapidly after dredging. In
a study of the etffects of dredging on benthic
macroinvertebrates in a South Carolina cstuary,
Van Dolah et al. (1984) noted short-term effects
of a dredging project, with substantial recovery
within 3 months, They attributed much of the
rapid recolonization to immigration via sediments
of the slumping channel walls. which were simi-
lar to the sediments removed during dredging,
Benthic invertebrates living in the slumping channel
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walls adjacent to Wahkiakum County Ferry Chan-
nel could have contributed to the rapid re-
colonization of the dredged area by benthic in-
vertebrates. Although the sediments outside of
the ferry channel were not sampled, we assume
that they were stmilar to those removed from the
ferry channel. If the sediments in slumping channel
walls had been considerably different than those
removed from the channel, then the benthos in
the ferry channel may not have recovered as rapidly.

Corophiun salmonis may also have migrated
into the dredged channel from areas more distant
than the slumping channel walls. Davis (1978)
observed that C. salimonis actively migrated into
the water column in the Columbia River estuary.
Corophiwm volutator, a related Atlantic species,
has been found to swim above the bottom during
partofits life (Hughes 1988). If C. safmonis popu-
lations in the reach of the Columbia River near
the Wahkiakum County Ferry Channel exhibit
similar behavior, they could have been carried into
the ferry channel by river currents. Muir (1990)
found that C. salnionis was one of the three most
abundant organisms collected in the drift along
the bottom of the river downstream from Bonneville
Dam.

No significant changes occurred in the benthic
invertebrate community structure, as measured by
H and E, in Wahkiakum County Ferry Channel
as a result of the dredging project. Ideally, all
benthic organisms should have been identified to
the same taxonomic level, preferably species, for
the community structure assessments; however,
this was not practical or feasible given the finan-
cial constraints of the study. Even though different
taxonomic levels of identification were used in



calculating both H and E, we believe our statisti-
cal comparisons are valid since similar taxonomic
levels were used throughout the study.,

Our study clearly demonstrates the need for
al lcast one reference area in environmental as-
sessments of dredging projects. Also, it is im-
portant to conduct sampling prior to dredging in
both the impacted and reference areas. Underwood
(1992) goes one step farther and states the need
for multiple reference areas in environmental as-
sessments. with sampling before and after in both
the impact and reference areas. Itis not practical
or cconomicully feasible to establish multiple
reference areas in most benthic invertebrate studies.
Without the data from the reference area, we would
not have been able to make accurate conclusions
regarding the impact of the dredging project on
the benthos in the ferry channel. Samples col-
lected in the reference area provided a means of
assessing natural variation in the standing crops
and community structure of benthic invertebrates
in a specific reach of the lower Columbia River,
Other researchers have noted that benthic inver-
tebrate populations in other reaches of the lower
Columbia River vary scusonally (Holton et al. 1984,
McCabe and Hinton 1993, Hinton et al, 19953,
In Grays Bay (RKm 37), Holton et al. (1984)
observed that Corophium salmonis densities ranged
from 4,122 organisms/m? in July 1981 to 31,754
organisms/m® in February 1981. Hinton et al.
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