DREDGED MATERIAL
- RESEARCH PROGRAM

TECHNICAL REPORT D-77-30

{ s I
(== =]

AQUATIC DISPOSAL FIELD INVESTIGATIONS
COLUMBIA RIVER DISPOSAL SITE, OREGON

APPENDIX E: DEMERSAL FISH AND DECAPOD
SHELLFISH STUDIES

by

Joseph T. Durkin, Sandy J. Lipovsky

National Marine Fisheries Service
Hammond, Oregon 97 12 1

November 1977
Final Report

Approved For Public Relenss; Distribution Unlimited

Prepared for Office, Chief of Engineers, U. S. Army
Washington, D. C. 20314

Undes DMRP Work Unit No. IAO7E

Monitored by Environmental Effects Laboratory
U. S. Army Engineer Waterways Experiment Station
P. 0. Box 631, Vicksburg, Miss. 39180



AQUATIC DISPOSAL FIELD INVESTIGATIONS
COLUMBIA RIVER DISPOSAL SITE, OREGON

APPENDIX A: Investigation of the Hydraulic Regime and Physical Nature of
Bottom Sedimentation

APPENDIX B: Water Column, Primary Productivity, ond Sediment Studies
APPENDIX C: The Effects of Dredged Material Disposal on Benthi¢ Assemblages
APPENDIX D: Zooplankten and tcthyoplankton Studies

APPENDIX E: Demersat Fish and Decapod Shellfish Studies

Destroy this report when no longer needed. Do not return
it to the originator.



DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS

P. 0. BOX 631
VICKSBURG, MISSISSIPPI 39180

IN REPLY REFER TO: WESYV 28 Novenber 1977

SUBJECT: Transmttal of Technical Report D 77-30, Appendix E

TO: Al Report Recipients

1. The technical report transmtted herewith represents the results of
one of several research efforts (work units) undertaken as part of Task
1A, Aguatic Disposal Field Investigations, of the Corps of Engineers'
Dredged Material Research Program (DVRP). Task 1A is a part of the
Environnental Inpacts and Criteria Devel oprrent Project (El CDP), which
has as a general objective the determ nation of the magnitude and extent
of effects of disposal sites on organisms and the quality of surrounding
water, and the rate, diversity, and extent such sites are recol oni zed by
benthic flora and fauna. The study reported on herein was an integral
part of a series of research contracts jointly devel oped to achi eve the
El CDP general objective at the nouth of the Col unbia R ver D sposal

Site, one of five sites located in several geographical regions of the
United States. Consequently, this report presents results and inter-
pretations of but one of several closely interrelated efforts and shoul d
be used only in conjunction with and with consideration of the other
related reports for this site.

2. This report, Appendix E  Denersal Fish and Decapod Shellfish
Studies, is one of five appendices published relative to the Wterways
Experiment Station Technical Report D 77-30 entitled "Agquatic D sposal
Field Investigations, Colunbia R ver D sposal Site, Oregon.” The titles
of the contractor-prepared appendi ces of this series are listed on the
inside front cover of this report. The main report provides additional
results, interpretations, and concl usions not found in the individual
appendi ces and provi des a conprehensive sumrary and synt hesi s overvi ew
of the entire project.

3.  The purpose of this study, conducted as Wrk Unit 1AO07E, was to
describe the conposition and spatial and tenporal distribution of
dermersal finfish and decapod shellfish in the nouth of the Col unbia

R ver. In addition, food utilization by dom nant species and the
effects of dredged material disposal on these doninant species were
st udi ed. The report includes a discussion of the observed trends in

comunity structure, abundance, and distribution, as well as the feeding
habits of the 13 donminant species. A so discussed are the effects of
dredged material disposal on denersal fish and decapod shellfish.



VESYV 28 Novenber 1977
SUBJECT: Transmttal of Technical Report D 77-30, Appendix E

4. A conclusion of this report, based on the nethods of analysis
sel ected, was that community structure nmeasures such as diversity and
speci es richness were depressed for a 3~ to 6-nonth period at the
disposal site following disposal; however, no test of significance was

performed to substantiate this speculative conclusion. It was also
suggested that these sane neasures of community structure were simlar
to reference sites 7 nonths after disposal. The authors also stated

that there were significant spatial differences in catch data between
sites north and south of the Colunbia R ver

5. The results of this study may be particularly inportant in the

sel ection of open-water disposal sites and the timng of disposal opera-
tions in the study area. However, personnel in the DVRP are of the
opinion that several factors nust be kept in mnd before the results of
this study nay be applied to the regulation of disposal practices at the
site.

a. The method of data anal ysis chosen to evaluate the spatial
differences in length frequenci es was a Kol nogor ov- Sm rnov two-tail ed
test and as such, definitive statenents regarding differences in nean
lengths cannot be made. The two-tailed test can, at best, only suggest
that there is a difference in the two popul ati ons bei ng considered. In
addition, the rationale behind pooling the data from four sites so that
they can be conpared with the test site is questionable, especially when
the authors state that there are significant differences in fish popu-
lations north and south of the river nouth.

b. Concl usions based on the analysis of variance of the catch data
only considered the main effects of station or site differences and did
not consider the interpretation of the interaction termbetween sites
and tine. It is the opinion of DMRP personnel that this interaction
term is the key factor in assessing the effects of dredged naterial
di sposal .

c. Inferences fromthe data regarding spatial differences in the
length frequencies and size structure of the denersal fish populations
in the study area are confounded since the data neasured at each sanple
site were conbined and collectively interpreted.

d. The length of the individual traws was not considered in the
catch-per-unit-effort deterninations. Exam nation of the data indicates
that there was considerable variation in the length of the respective
trawls and that on the average, tow lengths at the test site were
significantly less than at other sites, despite the fact that the
duration of each trawl was 5 minutes. This variation undoubtedly
accounted for part of the variation in the catch data; however it is not
addressed in the report.



WESYV 28 Novenber 1977
SUBJECT: Transmittal of Technical Report D-77-30, Appendix E

6. Inlight of the itens nmentioned herein, the reader is cautioned as
to the validity of the data interpretations and concl usions presented in
this report. Inferences with respect to the inpacts of disposal on the
fish and shellfish comrunities nmust be considered tenuous and hi ghly
specul ative and nust only be nmade in conjunction with the itemsoutlined
above.

@M’V\‘/\'
JOHN L. CANNON

Col onel, Corps of Engineers
Commander and Director
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PREFACE

The work described in this report was perforned
under Intra-Arny Agreement No. WSRF 76-26 between the US
Arny  Engineer \Waterways Experinent Station (wWES), Vicksburg,
M ssissippi, and the National Marine Fisheries Service (NMFS),
Harmond, Gegon. The research was sponsored by the fice,
Chief of Engineers (DAENCAMDM, under the Gvil Wrks
Dredged Material Research Program (DMRP). The study, which
was part of the Aguatic Disposal Field Investigation, Col-
unbia Rver Dsposal Site, Cegon, was conducted during the
period Qctober 1974 through April 1976.

W would like to express our appreciation to
M. GCeorge Snyder, Assistant Director, Field Research Pro-
grams, NWS, Seattle, and to the following menbers of the
NVWS Hammond Station staff: Nck Zorich for his seamanship
and fish trawing experience; Roy Pettit for his mechanical
ability and engineering skill; and Mary Lee Brown for
graphics, report preparation, and conpilation of data. Ve
would also like to express our appreciation to M. Janes
Shel ton, Liaison Coordinator, Colunbia River Program Ofice,
and David Msitano, NWS, Mikilteo, for the initial food
utilization studies in January and Mrch 1975, W are in-
debted to Donald Wrlund, NWS, for statistical assistance
and M chael R chardson, O8U ~ who provided background infor-

mation regarding  nunerical classification nethods. Ve also



wish to thank those individuals who assisted in identifica-
tion and confirmation of several benthic invertebrate, de-
capod shellfish, and finfish species: WIlliam Col gate,
Beverly Buchanan, Mchael Kravitz, Howard Jones, Charles
McConnell, and Wyne LaRoche of G8U and Herb Sanborn of NWS,
Seattle. Thanks are also due Joanne Bjork and Anne Naab
for their able assistance at the Hanmond Facility.

The report was prepared for the Environnental
Inpacts and Qiteria Developnment Project (Dr. Robert M
Engler, Mnager) as part of Task 1A: Aquatic Disposal
Field Investigations. The contract was mnanaged by M.
Charles G Boone, Environnmental Resources Division, under
the general supervision of D. John Harrison, Chief, Envi-
ronnent al Effects Laborat ory.

L G H HIt, C and CL J. L. GCannon, CE
were Directors of the WES during the conduct of this study

and M. F.. R Brown was Technical Drector.



TABLE OF CONTENTS

PART |: INTRODUCTION - 5
Background LI R D D D R D R T B R ) 5
Pur pose and Scope c c s b e e e s 6
Site Description .« ¢« .« v o 0 00, 7
Literature Review ¢+ * « v ¢« . . ... ‘.10
PART |1 METHODS AND MATERIALS * * . .« . o .. 12

Sanpling Program . . . . v (v o0 012
Identlflcatlon of Catch . ... oo . 15

Analysis °* ° ° R T 19
PART IIl: RESULTS * = * * 7 « « 7 @ ¢ ¢ v « o« « v o« gg
Comunity Structure =« * . . .« ¢ v L, 23
Finfish Catches & © < < * « © < o @ @ o @ = 30

Decapod Crustaceans * * * ¢ + .+ v v » v 139
PART IV DISCUSSION © « « « « « « « « « « « « « « « « 136
PART v: SUMMARY AND CONCLUSIONS * . . * .. . ¢ ¢ . 143
LITERATURE CITED * * < =« « « © « < « & & « « o o « o o g9
TABLES E1 - ES * * * * * = « = = = = « o o o o v v v 160167
APPENDI X El:  AVERAGE MNTHY SALINTY AND TEMPERATURE

ON BOTTOM AT EACH G HVE SAWLING SITES
OFF THE COLUMBI A RIVER MOUTH + .* .* .* 168

APPENDI X HI: FIVEEMNJTE TRAW. TOM AT SELECTED SITES

OFF THE COLUMBIA RVER MWIH . « . . . . 169
APPENDIX HII: A COPARSON CF 32 5 m and 8 m TRAW

CATGHES CF FINFISH BY SPECI ES AI\D

TOTAL NUMBERS +« .+ ¢ . . . e o« 1712

APPENDI X E V. EXPLANATION  CF TI-E TVDW-\Y ANALYSI S
VARIANCE - - - - R N 24

APPEND X EV: GENERAL DESCRI PTI ON OF FOOD ORGANI SMS * * 173



AQUATIC DISPOSAL  FIELD | NVESTI GATI ONS

COLUMBIA RVER DISPGSAL  SITE,  OREGON

APPENDI X E DEMERSAL  FISH axp DECAPCD SHELLFISIT  STUDES

PART |: | NTRODUCTI ON

Backgr ound

1. Specification of disposal sites for sedinents
dredged from approved channel naintenance or deepening pro-
jects is a responsibility of the US Any Corps of Engi-
neers. The possible adverse inpact of dredged material
di sposal upon indigenous aquatic life is a concern of the
National Mrine Fisheries Service (NMFS) and other govern-
mental agencies assigned to protect and conserve biologica
aquatic resources. Sediment disposal can snother fish
cover vertebrate and invertebrate eggs and larvae; release
accunmul ated gases, pesticides, or nmetallic pollutants; in-
crease the Dbiological oxygen demand load; elinmnate benthic
food organisms; and create turbidity.

2. Little is known about effects wupon fish of
sedinment disposal at approved disposal sites off the Colum
bia Rver nmouth and if such effects can be nmeasured. A
short-term study conducted by KMFS for the Portland D s-
trict Corps of Engineers suggested a nunerical reduction of
fish at ocean disposal sites following hopper dredge use

(Durkin 1975). However, the short-term sanpling effort and



l[imted available background information nade it difficult
to determne if seasonal or chance variation may have

affected the catches.

Purpose and Scope

3. In Novenber 1974, the Waterways Experi ment
Station (WES) of the US Any Corps of Engineers (CE)
selected the nmouth of the Colunmbia Rver (MCR) as one of
four geographic areas to be studied as part of an ongoing
Dredged Materi al Research Program (DMRP), Fishery investi-
gations were conducted by HNUF5 while Oegon State Univer-
sity and University of \Washington research teans studied
ot her bi ol ogi cal , physical, and chemcal aspects of the
impact of disposal of dredged nmaterial at MR

4, The purpose of HMFS portion of the current
MCR study was to describe the conposition, spatial, and
t enpor al distribution of denersal finfish and decapod
shel I fish. Food utilized by domnant species was studied
as well as the inpact of dredged material disposal on fin-
fish and decapod shellfish at the experinental test site.
In order to correlate information gathered during XJIMF3S sur-
veys with that of the other investigators, specific bio-
logical and physical data were transmtted to WS on GCen-
eral Data Form 2065 Once conputed, the data should provide
information necessary for determining overall effects of

ocean disposal at the MCR site.



5. The initial

1975) involved

and Lipovsky 1975).
sites

material di sposal

served as conparative

in July 1975, had

for experimental testing

studies continued at the

through April 1976, while
site conti nued after

nment al activities.

dunpi ng

Site

study phase

sanpling at

Two of
B and F and
sanpl i ng

no prior

four
sanpling at
t he hopper

19T4-June
(Durkin

(Cct ober

four preselected sites

the sites were CE dredged

the other two sites

ar eas. A fifth site, added

history of use and was selected

sedinent  disposal . Basel i ne

initial sites from July 197s

the designated test

dredge ceased its experi-

Descri ption

6. The disposal

hopper dredges, the north

the experimental test site

in Figure H. To

sinplify discussion in

sites normally wused by the CE

and south conparison sites, and

used after July 1975 are shown

this report the

sanpling sites are designated A,8,¢c,D, and E wth A being
the northernmost  site. Corps designation, X~NMFS nane, and
geographic location are listed below

Ste A Site B Site C Ste D Ste E
Latitude L6%°15'y  LE°1ihk'n  Lé°1e'w  Lée°11'w  LEC°11'N
Longi t ude 12hk°gry  12L%°g9ry  124°8'w  12L4°8'Ww 124°6'W
NVS Nane AA- 25 AA- 26 AA- 37 AA- 44 AA- 42
CE Designation ~------- B F e Exp. (43)
Buoy Marker ~  ------- 1 2 T D
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Figure H. NMFS fish and decapod shellfish traw sites

off the Colunbia R ver nouth.



7. Hopper dredge activity at the nouth of the
Columbia Rver and its estuary wusually is limted to a
March-through-October period. In order to conplete the
initial study phase wthout additional sedinment deposition,
CE personnel placed the dredged material at a site near
the end of the North Jetty or at an approved site wthin
the estuary. The experimental disposal site (E) was used
by the hopper dredges HARDING and BIDDLE from 9 July to
26 August 1975, Sternberg et al. (1976) reported that a

total of 548,519 n3 was deposited in "a recognizable
bathynetric feature wth a circular shape 2500 ft. (758. m)
in radius and 5 ft. (1.5 m) in elevation. The volune of
sedinent conprising the feature 1is 424,000 yds3 or 71
percent of the total dunped.”

8. Depths at the sanple sites ranged from 17.5
to 40 m Salinities and tenperatures (Appendix EI) re-
corded on the bottom before and after each tow were aver-
aged and plotted for each nonth at each sanple site. Tem
peratures ranged from 6.5 to 10.9° C while salinities
ranged from 28.8 to 32.5 ppt. The near-bottom water
at all sites was wusually warnmest in Novenber and coldest in
June and July. Salinities were lowest during June and July
and highest during August. Additional information regard-

ing net size, location, directional heading, distance,

and catch of each tow is listed in Appendix EI.



Literature Review

9. Biological information on the specific sites

is limted, but a book titled The Colunbia R ver Estuary

and Adjacent Ccean Waters by Pruter and Averson (1972)

provides the greatest single source of biological informa-
tion about the study area. Pruter (1966, 1972) descri bed
the comrercial fisheries of the Colunbia Rver and its
contiguous ocean waters. Methods of  harvesting specific
fish and the landing tonnages of nany species through the
known histories of the fisheries were presented.

10. Pearcy (1972) described a group of aquatic
fauna caught 28 to 285 km off the QOegon coast using mid-
water traw nets and plankton nets between 1961 to 1968.
Conventional comercial nets have larger nesh and allow the
escape of juvenile forns and nany of the snaller species.
MCauley (1972) reported on decapod crustaceans and ot her
invertebrates captured in 246 otter-trawl tows and 10
dredge sanples in 0 to 50 m depth off the Gegon coast
and other sanples ranging from 50 to 3000 m Pereyra and
Alton (1972) surveyed decapod crustaceans and other epi-
benthic invertebrates directly off the Colunbia R ver
mout h:  however, the depths of their sanples ranged from 91
to 2103 m  Alton (1972) described the comercial otter-
trawl catches of denersal fish species found off the
northern Qegon coast in depths ranging from 91 to 2121 m

The surveys occurred between 1961 and 1966 and produced

10



92 identifiable species of fish.

11. Further geographic references to finfish
or decapod shellfish species distribution occurring in
the vicinity of the Colunbia Rver nouth that were used
in this study included Barss (1976); Qemens and WI by
(1967); Demory (1975); Denmory and Bailey (1967); Frey
(1971); Haertel and Osterberg (1966); Hart (1973); Hosi e
(1976); Kozloff (197h); McAllister (1963);Mller, Got-
shall, and Ntsos (1965); Mller and Lea (1972); Roedel
(1953); Robinson (1976); Schultz (1969,1936); Smith and
Carlton (1975); TenEyck and Dermory (1975).

12. Little of this information regarding com
mercial and noncommercial adult and juvenile species of
fish is site specific to the approved MR Corps of Engineers
dredged naterial  disposal areas. Tenporal and spati al
changes of indigenous species had not been docunented in
this particular area, known for its characteristic strong
currents, sunmmer upwelling, and seasonal high volune influx

of fresh water.

11



PART II: METI 1 CDS AND NMATER ALS

Sanpling Program
13. The sanpling program of the denersal zone
was conducted nonthly as weather conditions and conmercial
crabbi ng permtted. It was found to be possible to traw
during 15 of the nonths, but trawing was inpossible in
December 1974, February and Cctober 1975, and Mrch 1976,
Concentration of conmercial fishing gear for Dungeness

crab (Cancer magister) from Decenber to March prevented

trawing at sites A B, and E,

14, The northern site, A provided a basis for
conparison wth catches at disposal site B while the south-
ern site, D provided a basis for assessing catches at
disposal site C  Site D also provided a basis for com
parison of catches at experinmental test disposal site E
Collection strategy was to nmake parallel traw tows at
a mnmm of tw sites a day (usually conpleting nonthly
sanpling in tw or three days). Parallel traw tows of
5 mn duration normally were nmade at each site, O one
occasion it was possible to conplete the nmonthly sanples
in a single day.

15. Sanples at the experinental test site E
were sanpled nore frequently in July and August 1975 to
determne if nunbers of finfish and decapod shellfish
changed from the imediate effects of sustained sedinent

di sposal . Test site E was not established nor a narker

12



buoy positioned wuntil tw weeks before actual sedinent
di sposal commenced, thus nininizing predi sposal sanpl i ng.
Furthernmore, a suggested pattern for sediment disposal
at the test area that would have resulted in nore accurate
sanpling was not followed by the dredge. The plan called
for the hopper dredge to release sedinents along a linear
route on either side of tw buoys approximately 1 km apart
resulting in an oval deposition pattern. | nstead, sedi ment
sonetimes was released at distances of up to 400 m from
the buoy as the hopper dredge nmade a 180" turn (see photo-
graph in the DWP Information Exchange Bulletin, US.  Any
CE, 1976). The dredge's maneuver was inpossible to follow
with traml gear and an unknown segnent of each traw tow
taken at test site E was very likely nade outside the
actual sedinment deposition zone.

16. Fish and decapod shellfish were sanpled
with semballoon shrinp nets having an s8&m (actually 7.6 m)
headrope and a 9.8-m footrope. The net was conposed of
38-mm stretched mesh overall and 'a 12-mm knotless cod-end
liner. Traw doors were 91 c¢m long and 46 cm high and each
weighed 13.2 kg. A snmaller semballoon shrinp net having
simlar nmesh size with a 5-m @¢9m) headrope and a 6-m
footrope and 55 cm by 33 cm traw doors weighing 7.9 kg
each was used in the initial phase of the study. The
design of simlar nets was reported by Bullis (1951) and

its application described by Marns (1974); Swingle, Bl and,

13



and Tatum (1976); and WIk and Silverman (1976).

17. Mearns and Stubbs (1974) determned that
catch differences existed between nets of simlar size
manufactured by different conpanies. Catches can also be
influenced by towing speed, otter door size, and bride
length. W observed during this study that differences
in catch occurred between an 8 m and a 5 m net nanufactured
by the same conpany. Both nunber of species and total
nunbers of individuals captured were related to the net
size. The larger net captured nore species and individuals
per tow (Appendix EIlI). A decision was nade to use the
8 m trawl net exclusively for the remainder of the MR
study based on test results. A larger net, larger mesh
size, longer tows, and a higher trawing speed may have
produced additi onal species and larger individual speci nens.
These possible approaches were rejected because sanpling
would be over uninpacted sites and slownoving juvenile
fish and shellfish would pass through Ilarge nesh.

18. Sampling was conducted with a 12.2 m vessel
formerly used as a utility boat by the US Coast Quard.

A hydraulically powered wnch and cable reel was nounted
on a nodified crab pot boom and positioned on the vessel's
port aft gunwal e. Net doors were attached by a 15.2 m
bridle to a single 4.75 mm stainless steel cable |leading
to the winch. The procedure wupon arrival at each site was

to determne depth by sonar and position by radar and visual

14



reference to mnarker buoys. A Beckman RS5-3 salinoneter

with a 46 m probe was used to determne tenperature, sal-
inity, and conductivity of the bottom and surface waters
before and after each tow Each sanple traw tow began fol-
lowing release of 200 m of cable while the vessel was under
way. Tows were 5 mn long at constant engine speed at a
fixed conpass heading parallel to the preceding or follow
ing tow  Tow distance was influenced by tidal currents,
wind, and waves. Linear distance of traw tows was deter-
mned for 147 of the 151 sanpling efforts. D stance was

not determned for the first 4 tows (see Appendix EI).

The nmean tow distance was 366.75 m wth a Standard Deviation
of 154.10 m and Standard Error of 12,71 m Average trawing

speed based on the nean distance was 7.34 knihr.

| dentification of Cat ch

19. The net was retrieved wupon conpletion of
each S5-min tow, and the net's contents placed in nunbered
cont ai ners. At the conclusion of sanpling, the individual
containers were taken to the Hamond §MFS Biological Facil-
ity. Al specimens were counted and weighed individually
or collectively. A least 50 individuals of each species
were randomy selected from each tow nmeasured to the near-
est mllinetre from tip of snout to caudal fork, and weighed
to the nearest gram Fish were identified based on the

following references: Qenens and W lby (1967); Hart (1973);
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Htz (1965); MAlister (1963); Mller, Gotshall, and
Ntsos (1965); MIler and Lea (1972); Roedel (1953); and
Schultz (1936). Common and scientific names are those
designated by the American Fisheries Society (Bailey

et al. 1970).

20, From January 1975 through January 1976,
stomach cavities of a subsanple (up to 27) of the nuner-
ically domnant fish from each tow were injected wth a
10 percent formalin solution buffered wth Borax. This
procedure took place inmmediately after the catch was
brought aboard the vessel. The injected fish were placed
in plastic bags, identified wth the appropriate tow num
ber, and covered wth a weak fornalin-seawater bath.

Afiter being weighed and nmeasured in the laboratory, the
whole fish were returned to the bags containing the forma-
lin-seawater preservative and held for later examnation.

21. Beginning in February 1976, a simlar pro-
cedure was followed except that fish were placed in plastic
bags according to tow but were not covered with the for-
mal i n-seawat er bat h. Imrediately after being weighed and
neasured in the laboratory, stomachs were renoved at the
throat and junction of the pyloric caecae and placed in
small glass vials containing the buffered formalin solution.
The vials were labeled wth a nunber identifying the fish

from which the stomach was taken and stored wuntil analysis.
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22, A the laboratory stomachs were enptied
into a watch glass and noistened with water. Using a dis-
secting mcroscope, individual organisns were identified
to the lowest possible taxononmic category. Total wei ght s
to 0.01 g were taken and the nunmbers of each organism re-
corded for each fish. Before weighing, each group of like
organisns was dried on filter paper for 5 to 10 mn. A
small reference collection was prepared and maintained.

23. In sone instances, digestion of prey itens
had advanced to the stage that the stomach contents were
uni denti fi abl e. Larger organisns and those with bones,
carapaces, Or shells were digested at a slower rate than
those conmposed mainly of soft tissues, setae, or numerous
body appendages.

24, ldentifications of food organisnms were
based wupon the following authorities: Banse and Hobson
(1974); Barnard (1962a, 1962b, 1969, 1972); Barnard and
Gven (1960); Brodskii (1950); Fulton (1968, 1972); Qven
(196k4); Hart (1930); Hartman (1947); Keen and Coan (197k);
Kozl of f  (1974); Schultz (1969); Smth and Carlton (1975)
Tattersall  (1951); Threlkeld (1973); and Yamaji (19Tka,
197kb).

25. Decapod shellfish captured in the traw
tows were counted individually and weighed either singly or
col l ectively. A randomy selected group of each species

(up to 50) was neasured to the nearest mllinetre and
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weighed to the nearest gram Shrinp were measured from

the tip of the rostrum to the tip of telson for total

length. Qab wdths were neasured across the carapace to
the notches in front of the tenth anterolateral teeth.
Pagurids (hermt crabs) were sinply counted. I dentification
of decapods was based on some of the references |listed
earlier such as Kozloff (1974) and Snmth and Carlton (1975).
Qher sources were Isreal (1936), Schnmitt (1921), and Wrd
and Charwat (1976).

26, Oangonid shrinp are nunerous wthin and
off the Colunbia R ver nouth. During the initial study
phase (Qct. 197h-June 1975), it was incorrectly assuned
that all _Qangon_ sp. captured were oceanic extensions of

two bay species, C. nigricauda and C. franciscorum  The

sane two species were reported by Haertel and Osterberg
(1966) in the Colunbia Rver estuary, Krygier and Horton
(1975) in Yaquina Bay, and Isreal (1936) in San Francisco

Bay. Separation and identification of C.__ franciscorum

is not difficult; however, Qegon State University special-
ists studying benthic invertebrates at the disposal sites
determned the presence of several other (Qangon species wth

characteristic wde <chela, in addition to GCangon nigricauda,

such as C, alaskensis elongata, C. communis, C. alba and C,

stylirostris. Reexanm nation  of specinmens  previously classed

as C. nigricauda revealed that msidentification had occurred,

and it was felt the C., stylirostris and C._alaskensis have
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been nunerically more abundant than C. nigricauda., O her

than Qangon  franciscorum separation of the crangonids

was not attenpted for the final phase of the report, and

these have been grouped and listed as Qangonid species.

Anal ysi s

27. Several testing nethods were wused to
describe the finfish populations found at the sanpling
sites. An analysis of variance (ANOVA) between the sites
was confined to those four nonths in which duplicate tows
were made at the test site and other four sanpling sites,
(July, August, and Septenber 1975 and April 1976). These
nmonths alone provided the ANOVA conparison. Each of the
13 nunerically inportant finfish and decapod shellfish
species was examned to determne if there were signifi-
cant differences (p=0.05) in catches between sites, between
months, and the interaction anong sites and nonths. Pai red
mnthly traw tows (replicates) at each site were estab-
l[ished to form subclasses. Catch data (n+l) were converted
to natural logarithms to meet the assunptions inherent in
use of ANOVA.

28. Wth each species 2-way (see Appendix EV)
ANOVA tests, a quantity z was calculated to test for differ-
ences (at the sS-percent level) between pairs of nmeans at
each site. The procedure wused (Tukeys test) follows that

presented by Snedecor (1956). Factor z was calculated by:
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z=Q\ [ e where e is the error nmean square; 9 is a value
E

in the Studentized Range depending on the degrees of
freedom associated wth e and the nunber of sites; and
E is the nunber of observations at each site.

29. Nonparanetric Shannon-Weaver diversity
described by Qifford and Stephenson (1975) was used to
define  commnity  structure. Dversity is wuseful for
conparing tenporal commnity change and stress induced by
external factors (Marns, 1974 and Wber, 1973). Dahl ber g
and Odum (1970) note that "Species nunbers diversity is
generally a morc sensitive and reliable index of environ-
mental health than are individual ‘indicator' organisns."
The  Shannon-\Veaver information theory (Shannon and \Maver,
1963) ranges from low to high diversity indices as both
the nunber of species and equitability of species abundance
increase. The fornula wused to conpute the Shannon and

Weaver index (H') was H'= -Zpi Iog2 pi  where pi=Xa; Xa is
ZN

the nunber of individuals of a given species in a sanple;
and N is the total of all individuals in the sanple.

30. Species richness (SR or DMrgalef index
of diversity (Margalef, 1951) neasures species diversity.

The formula used was SR=(S-1) where S is the nunber of
In N

species and ln N is the natural logarithm of the total catch.
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31. The evenness index (J') of fish catches
by Pielou (1966) was used to describe equitability of spe-

cies in a sanple. The formula was J'= H! where H'is

1 S
g,

the Shannon-VWaver index and S is the nunber of species

in the sanple.

32. Gher neasures of the community structure
used to describe the finfish population were catch per
unit of effort (CPUE), which was neasured as catch per
mnute of traw effort. The average nunber of individuals
per species at each site for each nonth was neasured and
conpared with those appearing at the other sites.

33. Lengths of nunerically domnant species
were tabulated and length frequency histograns prepared
which indicated size groups. Koi nogorov-Smi rnov  two-sanpl e
tests (Siegel, 1956) of the conparative lengths were under-
taken to describe a spatial difference in lengths of a
finfish species occurring at the test site and the four
presel ected sites. Determnation of the «critical value
d corresponding to a 5 percent level of significance

was achieved by the formla d=1.36\/a+b where a is the
ab

total individuals measured at the test site and b is the
total individuais neasured at the four remaining sites.

If a 10 percent significance level is wused, the factor

1.22 is substituted for the factor 1.36. Should conparative

cunul ative percent of a species length differ by nore than
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the critical value d, length frequencies are significantly

different.

34, Behavioral characteristics of finfish
tending to dimnish the effectiveness of sone of the tests
included:

a., Presence or absence of a schooling species.

b. \Vertical magrations of some species in the
- wat er colum, particularly those <classified

as pelagic but captured in the denersal zone.
¢. Seasonal inshore mgrations (inmgrations)
and offshore’ mgrations (emgrations) of
sone denersal  species.

d. (Qovious and continuing spatial di fferences
in nunmerical proportions of finfish species
found to the north and south of the Colunbia
River entrance channel.

e. The probable selectivity of the traw net
for sone species and some size groups of fish.
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PART 111 RESULTS

Comunity Structure

Index of diversity

35. The Shannon-Veaver (H') index and ot her
indices for diversity were calculated whenever possible
for each site and nonth from Cctober 1974 through April
1976, Data from parallel tow at each site were conbined
for conputation of diversity indices. \here sanpling
occurred nore frequently than once a nonth at a site, the
data selected corresponded nearest wth sanpling dates
at other sites.

36, As shown in Figure E2, diversity (H')
at various sites was variable between Novenber 1974 and
My 1975. The instability was definitely related to pres-
ence or absence of schooling northern anchovy juveniles
at a particular site. Wen anchovy were captured a [ow
diversity resulted because they nunerically domnated the
catch. Usually the index exceeded 2.0 at all sites when
anchovy were not nunerous. Seasonal changes in the Shannon-
Waver diversity index may occur in the MR area, but such
a determnation would require further study and also would
require excluding the mnasking effect of northern anchovy.
Since anchovy conprised 47 percent of the total catch,

this does not seem reasonable.
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Figure E2. The indicated diversity (Shannon-Waver
function) of denersal -associated finfish from Cctober

1974 to April 1976. Sanpling at test site E began in
July 1975.
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37, Dversity at experimental test site E
ranged from 2.0775 in July 1975 to 2.0348 in Septenber
1975. These indices did not differ substantially from
the other sites during the dredged material deposition
period. However, indices at test site E were lowest in
subsequent nonths of Novenber 1975 and February and April
1976. This suggests a latent lower diversity which my

be related to sedinent deposition.

Index of species richness

38. The species richness is expressed by a
sinple ratio between total species and total nunmber of
fish. The index determined at each sanpling site for each
period is presented in Figure E3. A definite lower trend
based on fewer fish and species resulted at experinental
test site E following the July 1975 sanpling period.

Species richness indices at the experinental test site
did recover in February 1976 and were simlar to the other
four sites in April 1976. The species richness indices
for all sites are conparable to those reported by Dahlberg

and Qdum (1970).
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finfish between Cctober 1974 and April

Test site E values began in July 1975.
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Index of evenness

39. The evenness or equitability index for
the five sites is presented in Figure Ek, As wth oprior
indices, instability occurred from Novenber 1974 to June

1975 because of presence or absence of northern anchovy

school s. Indices at all sites were relatively stable
thereafter. A seasonal trend as reported by Dahlberg and
Qdum (1970) was not apparent. Differences in evenness

at the experinmental site and other sites were mninal
in July and August 1975. From Septenber through  Novenber

1975, the experimental test site had the highest evenness

rating reflecting the consistent nunerical presence of

those species apparently tolerant of sedinent disposal.

Average catch and nunber of species

40. The average catch of fish per mnute of
trawing effort (Figure E5) and average nonthly nunber of
finfish species caught per tow (Figure E6) are additional
methods to determne interrelationships between sites. They
also show seasonal variation and in particular the effects
of sediment disposal at experinental site E Nor t hern
anchovy presence greatly affected the initial study phase
CPUE delineation. After July 1975, CPUE at the test site

was consistently low during the disposal and postdisposal
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Figure E5. Conparative nunerical catch of finfish per
mnute of trawl -sanpling effort between  Cctober 1974
and April 1976.
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peri ods. An indicated 11.5 fish per mnute sanpling at
test site E in Novenber 1975 was the least recorded during
the entire study.

41. The average nunber of species taken per
trawl effort each nonth (Figure E6&) suggests seasonal var-
fation in the nunmber of fish species present. Ceneral ly
there appeared to be nore species captured in the wnter
and spring than during summer and autumn. Speci es nunber
at site D and test site E was low in July 1975 and even
lower in Septenber 1975. Average traw catches at exper-
imental test site E had the |owest nunber of species of all
sites in August, Septenber, and Novenber 1975; t hereafter

they increased and were simlar to all sites in April 1976.

Finfish Catches

42,  The 151 traw tows mnade during the study
captured 86,931 finfish (Table H). Fish included 51
species representing 21 famlies and 3 groups of [larval

fish belonging to the osnerid, scorpaenid, and pleuronectid

fam lies. The table provides the nurerical proportion

that each species contributed to the total <catch. The [ist
also provides a neasure of the frequency of occurrence for

each species for the traw tows. For exanple, butter sole,
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which nade up 8 percent of the total catch, were taken in
96 percent of the sanple tows. Also, northern anchovy,
which conprise over 4T percent of all finfish, occurred

in only 66 percent of the tows. 0 the 51 species, 11
species represented nearly 95 percent of the total catch.
These were considered nunerically domnant forns and select-
ed for nore specific analysis.

43. A description of each of the 11 finfish
species is presented in the following order: the quantity
captured, frequency of occurrence, and seasonality is
descri bed. A length-frequency histogram based on randomy
selected individuals from each sanple, provides information
on size structure of the population. The Ilengths of
species captured at the experinental site were conpared
with those captured at other sites during selected nonths
when adequate nunbers were caught and there was equal
sanpling effort at the sites. The nonths of July, August,
and Septenber 1975 and April 1976 were used for an ANOVA
for  nunerical, spatial, and tenporal differences in each
popul ati on.

44. A conposite of the significance relation-
ship for each of the 11 finfish species is presented in

Table E2. Food itens consumed by the finfish are described
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as well as graphs showing the nunerical and weight values
of each prey group. Food habits of those fish captured
at the test site are conpared to those taken at other sites
when  possi bl e. Food consunption specific to the experi-
mental site is also discussed,

45, Appendix EV was prepared as a general
introduction to the food organisns. Each category of food
item is described briefly, followed by docunentations of
predation on the item and literature citations. Table E3
presents the food itenms encountered in terns of total
nunbers and total weights during the entire study period.
Table E4 is a nmonthly food item list for the experinental
dunp site.

4. Wile the species conposition changed
[ittle inmediately postdisposal, the nunbers of cumaceans,
copepods, nysids, and anphipods were decreased while decapods
and teleosts increased in nunber. The few itenms recorded
during the wnter nonths reflects the reduced sanpling
effort at the dunp site because of inclement weather and

obstructive crab pots.

Worthern anchovy (Engraulis mordax)

4L7. Northern anchovy are slender, silver fish
ranging in length to 24.8 cm but wusually are less than
18 cm They rarely exceed 4 years of age, Their range is

from Cape San Lucas, Bajja California, to the Queen Charlotte
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Islands of Canada. Anchovies are utilized for the produc-
tion of oil and neal and are also used as bait. Their
greatest value is as food for other species of fish,

48.  The anchovy catch accounted for 40,909
individuals and nunerically domnated the finfish captured
at the five sites. Though considered pelagic, the schooling
species was taken frequently and in large nunbers wth our
denersal  shrinp traw. The myjority of anchovy were
juveniles and encountered during the initial phase of the
study. The erratic comunity structure indices reflect
their presence or absence during this period.

49,  Anchovy were principally fish of the snaller
size groups. The overall Ilength range of anchovy was 42 to
148 mm  Young-of-the-year entered the ~catch in Novenber
1974 joining older age groups but replaced the older fish
and doninated the catch in January 1975 (Figure ET). The
catch data suggest this species may inhabit different
levels of the water columm depending on age, season, and
perhaps food preference. Since few anchovy were captured
at test site E during and after July 1975, there was no
basis to conpare their lengths wth anchovy at other sites.

50. An ANOVA for northern anchovy is based
on their nunerical relationships at the five sites (Table E2).
The nonths of July, August, Septenber 1975 and April 1976
are the base tine periods when conparative sanpling was

conducted at all five sites. Significant differences existed
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between catches at the five sites. Catches did not differ
significantly between  nonths. The differences between
sites appear to be consistent from nonth to nonth. In
general it was noted that anchovy were frequently taken at
northern sites A and B and only sporadically at sites C
D, and E

51. The Studentized Qtest provided a neans
to align the sites in order to show which differ or do not

differ significantly from each other.

LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site
A B D C E
X x x X X
2. 7350 2.3225 0.7287 0.3737 0. 1375

Those neans above the sanme line do not differ significantly
(5 wpercent level of significance) from one another.

52. The Qtest of the difference in mean
catch between pairs of sites at the 5 percent probability
was based on a conputed z=2,2329, The test indicates there
was no significant difference in anchovy CPUE Dbetween
northern sites A and B and southern site D There also
was no significant difference between sites E D C and 3.
There was a significant difference in the anchovy catch

between sites A and C and E indicating a spatial di fference
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in anchovy CPUE (index of abundance) at the sites during
and after the experinental disposal period.

53. Examnation of stomach contents of an-
chovies captured off the nouth of the Columbia Rver indi-
cated a prinmary diet of phytoplankton (Figure E8). Phyto-
plankton is listed as "other" on the chart. The diet com
position was simlar nunerically and gravinetrically for
all  nonths. The copepods Calanus Sp. were consuned in

January 1975 and Pseudocalanus mnutus in My 1975. A few

cumaceans, Diastylopsis dawsoni, were eaten during April

1975. Generally, however, the diet was consistent over
the sanpling nmonths.

sk, Dfferent techniques were required for
analyzing stomach contents of anchovies than for fish
species consum ng nacroplankton or macroinvertebrates. A
specialized problem of anchovy food analysis is rapid
digestion  of phytopl ankton, resulting in a predigested
brown mass and an absence of individual cells. The numner-
ically domnant anchovy, nore than any other fish species,
utilized the primary trophic level as food.

55. Northern anchovy stomach contents were
examned from the experimental site in only April 1976.
Nunerically and gravimetrically, unidentified animal material
was the only food item encountered. Since one fish wth
food in the gut was sanpled, no inferences can be nade re-

garding the effects of disposal. e fish was enpty and one
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contained the digested animal naterial.

Wiitebait smelt (Allosnerus elongatus)

56. Wiitebait snelt are a slender alnost color-
less species ranging up to 23 cm and recognized by pointed
mouth, large eye, single large voner canine and dorsal fin
placed behind the pelvic fin insertion. It ranges from
central California to southern Vancouver Island. It serves
as food for other species and is occasionally used as bait.
The life expectancy of the whitebait snelt is not known
but probably does not exceed 5 years.

57. The snelt were taken in 70,2 percent of
the traw tows and appeared at all five sanpling sites.

The 6010 individuals captured represented 6.9 percent of
the total finfish., Witebait snelt were comon in the traw
catches from spring (April-My) until md-autum (October-
Novenber) wth conparatively few caught from Decenber
through  March.

58. Lengths of whitebait ranged from 47 to
145 mm and the data indicate the presence of several size
groups (Figure E9). Separate size groups were distinguish-
able in Novenber 1974, June, July, and perhaps Novenber
1975, but thereafter size overlap obscured any length-
frequency separation. It is apparent that juveniles and
adults were found together. The snaller size groups of

whitebait snelt first appeared in My 1975 and April 1976
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catches. A conparative test of whitebait snmelt length-
frequencies at the experinental test site and the four

other sites could only be made in April 1976 (Figure E10).
Wiitebait smelt were not caught at the test site in suffi-
cient nunbers to test differences during other nmonths.

A Kol mogorov-Smirnov test of the April 1976 smelt lengths

at the experimental test site and those taken at other

sanple sites did indicate there was a significant difference
in length-frequency between the sites at the 5 percent |evel.
The overall size range was less at the test site, and the
catch was made up of snaller individuals.

59. An ANOVA was conputed to determne if a
difference occurred in whitebait snelt abundance at the
different sites (Table E2). Significant differences existed
at the 5 percent level between both nmonths and sites.

Mreover the differences between sites were not consistent
from nonth to nonth (i.e. interaction is significant).

60. Determnation of the Qtest value for
whitebait snelt resulted in a factor of =z=1.Lk16., The site

alignment based on significant relationship follows.

LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site
A B C D E
X X x X X
3.4200 2.6563 1.4688 1.0475 0.9838
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Those site neans above the same line do not differ signi-
ficantly at the 5 percent level from each other.

61. The Qtest for whitebait snelt shows a
significant difference in catches between northern sites
A and B and southern sites D and E Apparently a  nuneri cal
gradation of whitebait smelt occurred from July 1975 through
April 1976 since each site was essentially conparable only
to the nearest site. There was a preponderance of snelt
in the northern sites and a near absence in the southern
sites from July through Septenber 1975. In April 1976,
however, tows at all sites captured whitebait snelt. The
whitebait snmelt distribution pattern essentially paralleled
that of northern anchovy during the period.

62, Witebait smelt consumed a linted variety
of organisns (Figure E11), Two copepods, Calanus sSp. and
P, mnutus, and a cunmacean, D, dawsoni, were the primry
organisns encountered in stomachs exam ned. During Septenber

1975, the anphipod, Atylus tridens, and nysid, Beonysis

kadi akensi s, were eaten. Teleosts were inportant food

itens in the wnter and those consuned were anchovies, E,
mordax, and an unidentified, partially digested species.
63. The stomach contents were similar numeri -
cally and gravinetrically except for January 1975, when
Calanus SpP. was inportant in weight. The following addi-

tional food itens were consuned at |east once:
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Cumacean:
Colurostylis occidentalis
Tel eost :
Unid. teleost juvenile
Unid. teleost bones
Ct her:
Unid. animal materi al

In April 1976, two whitebait snelt were sampled from the

test site. However, both had enpty stonachs.

Longfin snelt (Spirinchus thaleichthys)

64. Longfin snelt are snall elongate silvery-
white fish ranging up to 15 cm length. They are recogni zed
by their strongly upturned nmouth, long pectoral fins which
reach past the pelvic fin insertion, and large anal fin.
Their range of distribution is from northern California to
central Al aska. Longfin snelt are anadronous and spend a
portion of their Ilife in estuarine habitats. They are
highly regarded for their flavor and also serve as food
for other fish.

65. The 1longfin smelt was a frequently cap-
tured osnerid and second nurerically to the anchovy in
overal | nunbers. A total of 7816 longfin smelt were cap-
tured representing 8.99 percent of the finfish, and they
appeared in 72.85 percent of all traw tows. Seasonal
variation was indicated since 1longfin snelt were frequently
caught in wnter and spring while few were caught in early
summer . Thereafter the traw catches of longfin snelt

increased gradually and, except for their near absence in
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Decenber 1975, were common through the remainder of the
st udy.

66. The lengths of 1longfin snelt ranged from
43 to 135 mMm Size groups were obscured by overlap in nost
months, but it appeared that young fish were nost abundant
(Figure E12), Age O fish entered the traw catch in July
and August 1975 and merged wth older fish by the follow ng
January. Lengt h-frequency conparisons of snelt at the
experimental test site and the other sites could only be
made in April 1976 (Figure E13). A Kol nbgorov-Smrnov

two-sanple test indicated a critical value of 02163 or no

significant difference in longfin snelt |ength-frequency
between the sites at the 5 percent level. There was,
however, a difference at the 10 percent level. The com

parisons of longfin smelt data by nunbers caught at differ-
ent nonths and locations are shown in Table E2.

67. An ANOVA in 1longfin snelt catches was
calculated in order to determne if differences existed
between sites and nonths (Table E2), It was deternined
that significant differences existed between catches at
the five sites and nonths. The differences in catches be-
tween sites were not consistent from nonth to nonth as
indicated by the significant interaction. The test sub-
stantiated the observations that longfin snelt catches
were low in July 1975 and increased thereafter and that

spati al di fferences occur red.
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68. A determnation of the Qtest value for
longfin snelt resulted in a significance factor of z=p,3151,

Site alignment based on relationship between neans follows.

LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site
A B E C D
X X X X X
2.6075 2.2288 0.7838 0. 7463 0.6550

Those neans above the same line do not differ significantly
at the 5 percent level from each other.

69. The Qtest separated the longfin snelt
popul ation into separate areas. The three southern sites
¢, E, and D did not significantly differ nunerically from
each other, while northern sites A and B not only differed
from the southern sites but also from each other. TLongfin
smelt during this conparative period were consistently nore
numerous at sites A and B. TLongfin snelt were not taken in
the conparative traw catches at the test site wuntil April
1976.

70. Longfin snelt consumed snall  crustaceans
found in the epibenthic and pelagic zones (Figure Elk), The
three mjor groups were cunmaceans, copepods, and nysids.
Analyzed by nunbers, differences occur that may be seasonal

trends. It was observed that each nonth, large nunbers of
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only one category--cunaceans, copepods, or nysi ds- - were
consumed. During  January, Novenber, and Decenber 1975 and

January 1976, the nysid, N, kadiakensis, nade up 83-100

percent of the nunbers consumed. During Mrch, June, and
Septenber of 1975, the cumacean, D. dawsoni, nade up 58-
76 percent of the total nunber. A |arge copepod, Calanus
sp., constituted 66 percent of the total nunber in April
1975 and 95 percent in April 1976. During May of 1975,

the smaller copepod, Pseudocalanus sp., was 80 percent of

the total nunber. Small  nunbers of anphipods were consuned,
minly A. _tridens.

7T1. On a weight basis, the nysid, N. kadiaken-
sis, accounted for 10 to 100 percent of the total during
all nonths except April 1976, with the highest percentages
occurring in wnter nonths. GQher nysids appeared |ess

frequently: N, rayii_in April 1975; Acant honysis davisi

in June 19753 and Archaeonysis grebnitzkii in My and June

1975. The cumacean, D. _dawsoni, was an inportant weight

item twice: 45 percent in June 1975 and 25 percent in
Septenber 1975, The copepod, Calanus Sp., conprised 76
percent of the weight in April 1976. The anphipod, A.

tridens, represented less than 25 percent of the weight

in Mrch, My, and Septenber of 1975 and April 1976, During

Septenber 1975, a Qangon sp. juvenile nade up 50 percent
of the weight.

72. To Dbriefly summarize, 1longfin snelt consuned
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four itens during the sanple nonths. These were, in order

of inportance, the nysid, N, kadiakensis; copepods, Calanus

sp. and P, mnutus; and the cunmacean, D, dawsoni. Seasonal
patterns were not evident when the prey itens were analyzed
by weight. However, numerically, analysis revealed nysids
were nost inportant prey itens for longfin snelt in wnter
mont hs, being replaced Dby cumaceans and copepods in betw-:
The wdest variety of food items were consumed during the

spring  nonths. The following additional food itens were

consuned at |east once:

Pol ychaet e: Decapod Crustacean:

Unidentified  sp. Gangon  sp. adult
Cumacean: Pel ecypod:

Mesol anpr ops sp. Pel ecypod juveniles
Copepod: Ot her:

Uni denti fied sp. Syni dotea angulata-
Anmphi pod: (isopod)

Monocul odes  sp. Organic material

73. Longfin snmelt were sanpled at the experi-
mental site in April of 1976. Their diet consisted pri-
marily of the copepod, Calanus Sp., which accounted for 93

percent of the total nunber of organisns consuned and 76

percent of the total weight. An anphipod, A, _tridens,
contributed 23 percent of the total weight. Several ot her
organisns were consuned in very snmall quantity: uni denti fied

eggs; an unidentified nysid; and a small Msol anprons sp.

Pacific tomcod (Mcrogadus proximus)

74. Pacific tomcod are round elongate fish,

olive to light brown in color and ranging up to 33 cm total
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length. They are recognized by small cycloid scales, three
spi nel ess  dorsal fins, small centrally located barbel, and
location of anus wunder the first dorsal fin. Tomcod are

distributed from central California to the Bering Sea and

are common I n shallow water and estuaries. It is highly
regarded for its food and recreational val ue. Its com
paratively snmall size has limted comercial expl oi tation.

75. Pacific tomcod was one of two Gadidae
species captured at the sanpling sites. Pacific hake, the
ot her species, was a sumer visitor and was taken sporad-
ically. Tomcod appeared in 76,16 percent of the traw tows.
During the study, 3305 tomcod wWere captured representing
3.8 percent of the total finfish caught. Tomcod Wwere
captured in all nmonths sanpled but were less frequently
taken from md-winter to late spring. Tomcod wWere comon
from August to Novenber.

76. Pacific tomcod lengths ranged from 27 to
300 nm during the study period. The population consisted
of two distinct size groups through July 1975 and one size
group thereafter. Size classes were separate and nore
distinctive than those of other species (Figure E15), Tom-
cod lengths from the experinental site were not conpared
with those at the other sites because insufficient nunbers
were taken at the test site.

77. Results from an ANOVA for Pacific tomcod

by site and nonth are presented in Table E2. Signi ficant
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differences existed between the nunbers of tomecod caught at
the five sites. Dfferences in the nonthly catches were
al so significant. The differences in catches between sites
were not consistent from nonth to nonth as indicated by
the  significant i nteraction. The ANOVA revealed significant
tenporal and spatial differences in Pacific tomcod catches
during the sanpling period.

78, A determnation of the Qtest value for
testing the differences of average tomcod catches at the
five sites resulted in a factor of z=0,8008. The site

rel ationships follow

LARGEST MEAN SMALLEST MEAXN
Site Site Site Site Site

B A C E D

x x x X x
3.2988 3.2338 1.2525 1,1363 0.5700

Those site nean catches above the sane line do not differ
significantly at the 5 percent level from each other.

79. The Qtest indicates there was no signif-
icant difference in catches of tomcod between the two
northern sites A and B. Catches at the three southern sites
c, b, and E also were not significantly different. The
differences in tomcod catches between northern and southern

sites, however, were significant. The tests confirmed the
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seasonal changes in availability of +tomecod and further

reflected differences in catches between the sanpling sites.
80. Pacific tomecod consumed itens from all

major groups of food organisns (Figure E16). Polychaete

worns were eaten but not in quantity. Analyzed numerically,

fewer groups were consuned in the spring and summer than

during fall and winter. The cunmacean, D, _dawsoni, nade

up 94 percent of the total nunber of organisns in April

of 1975 87 percent in My 1975; 99 percent in Septenber

1975 ; and 20 percent in Novenber 1975. Mesol anprops sp.

contributed 91 percent in April of 1976. Qangon sp.
made up 23 percent of the total in January of 1975 and 1.4
percent in July 1975. However, they were inportant food
itens in MNovenber and Decenber of 1975 and January and
February of 1976 wth percentages of 28, 45 31, and 21,
respectively. Northern anchovy, E., _nordax, was consuned
in January and Decenber of 1975 and in January and February
of 1976. The remaining food consunption pattern was
scattered. During January 1975, the anphipod, A. _tridens,
made up k41 percent of the total; and in July of 1975 the
copepod, Calanus Sp., nmade up 43 percent.

81. Analyzed gravinetrically, a nore definite
pattern was observed. Just four categories represented
any weight significance: cumaceans, decapod crustaceans,
teleosts, and other (mainly detritus). The cunacean,

D, dawsoni, nmade up less than 15 percent of the total in
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April and My 1975, but 51 percent in Septenber 1975.

In July 1975, the cunmacean, (¢, occidentalis, was eaten;

and in April 1976, Mesolanprops sp. Decapod crustaceans

(in this case crangonids) and fish were preyed upon through-
out the year. Adult GCangon sp. nade up 21 percent of the
total weight in January 1975, 77 percent in April; 19
percent in My; 78 percent in July; 43 percent in Novenber;
and 43 percent in Decenber 1975; and less than 25 percent
in January, February, and April 1976. Juvenile Crangon
sp. hade up 25 percent or less of the total in Septenber
and Novenber 1975.  The anchovy, E, nordax, nade up 62
percent of the total weight in January 1975; 9 percent in
April; 57 percent in My, 22 percent in Novenber; 50 per-
cent in Decenber 1975; 84 percent in January 1976; 60
percent in February; and 53 percent in April 1976. Rockfish
juveniles made up less than 5 percent of the total weight
in My and Novenber 1975.

82. In sumary, three groups of food items
were particularly inportant to the Pacific tomcod: the
cumacean, D, dawsoni; shrinp, Qangon sp., juveniles and
adults; and the northern anchovy, E, nordax. Nunerically,
D. dawsoni  outranked other food itens. Gavinmetrically,
however, the shrinp and anchovy doninate food itens except
in April 1975, when the cunacean, D. dawsoni, outweighed
the others. Adult or juvenile shrinp occurred in all nonths

when full stomachs were sanpled. The only seasonal trend

o7



noted was that anchovy did not appear in Pacific tomcod
stomachs between June and Septenber 1975. Casual obser -
vation indicated a tomcod would either consune |arge
nunbers of small organisns, such as cumaceans, or a few
large itens, such as shrinp or anchovies. The follow ng

additional prey items were consumed at |east once:

Pol ychaet e: Decapod Crustaceans:

Uni dentified polychaete Cancer  magister  juv.
Nereis sp. Pel ecypod:

Mysid: Uni dent. pel ecypod
Neonysis kadi akensis Sligqua patula Siphons
Neorryﬁi S rayii ot ooht hal Ot her: : )
Acant honysis  nephropht hal ma Tecticeps SP. (isopod

Anphi pod: o : : Synidocea aggula,t a-
Monocul odes  sp. (isopod)

H ppomedon denti cul at us Ani mal - debris
Anpelisca macrocephal a Veget abl e debris

Synchelidium  sp.
Par aphoxus obt usi dens

83. Pacific tomcod were sanpled at the ex=-
perimental site in July of 1975 and February and April of
19'76 (Figure E17). Analyzed by nunbers, the predisposal

stomach sanples from July 1975 showed a diet of 43 percent

copepods, Calanus sp.; 29 percent nysids, Heomysis kadia-

kensis; and 14 percent each of shrinp juveniles, _Qangon sp.,

and  cunmaceans, Colurostylis occidentalis. Shrimp, Crangon

sp., contributed 37 percent of the total nunber in February
and 29 percent in April 1976. The northern anchovy, E.

mordax, nade up 25 percent of the total nunmber in February

mor dax,
1976.

84. Analyzed by weights, shrinp were the nost
inportant food item Qrangon _ sp. made up 78 percent of the
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weight in July 1975, 23 percent in February 1976, and 62
percent in April 1976, The anchovy accounted for 66 percent
of the weight in February. Figure H8 shows the conparisons
of the test site to the other four sanple sites from July
1975 through April 1976. Fish captured at the test site
consuned nore shrinp than at the other four sites in

February and April 1976, and nore fish than at the other
sites in February 1976. Consunption of cunaceans and

pol ychaetes occurred at two of the five sites in April

1976 but not at the test site.

Paci fic staghorn Scul pin (Leptocottus armatus)

85. Pacific staghorn sculpin are a comon
efficient pr edat or species, associated wth coastal and
estuarine bottom conmunities to depths of 100 m, It is
distinguished by its large head and nouth, green barred
markings on the body and fins, antler-like preopercular

spines, and a dark spot on the posterior part of dorsal

fin. It groms to a length of 32 cm It ranges from Baja
California to the @lf of A aska. It has sone value as
a scavenger and predator and a recreational fish. It also

provides food for waterfow.

86, The Pacific staghorn sculpin is one of
five species of cottids captured during the study. The
staghorn sculpin appeared in 48,3 percent of the tows though

the nunerical total <catch of 282 (0.3 percent) individuals

60



1975 1976

UL AUG SEPY oct HoV DEC JAN 17 MAR _APR
8 UQw[ C«®w v Owidmy O w|dav O w quaV 8 w <-uau<-unm<nuau<.unu1<-unu
POLYCHAETE = |
CUMACEAN - l l___.
corepoD n W |
MYSID l - -
AMPHIPOD —m
o g 2]
z z ?
DEC. CRUSTACEANS- - —ma 2 ..L___-.—~__-__I SRR S— E
¥ b3
« «<
PELECTPOD w ]
: n °
TELEOST 4 B Z
OTHER - -
1, 2 0 10 15 6 7 1112 8 3 5 3 17 66 1 3 3
2 2 1 o0 2 2 2 1t 0 2 2 o 4 2 00 0 0 0‘1
POLYCHAETE = B
CUMACEAN . -
COPEPOD
MYSID - _m N . - R
H z
AMPHIPOD z - z
| | 32 z - B
DEC. CRUSTACEANS | A by _.-.I_____l—-..__L-l )
[ °
PELECYPOD =z z
1l .
TELEOST r-__-___J
OTHER L rt .S

1/ NUMBER OF STOMACHS WITH FOOD

2/ NUMBER OF EMPTY STOMACHS

Figure E18, Conparison of five sanpling sites, by nonth,
for Pacific tomcod expressed as percent conposition of

giQeYtG by nunbers and weights, July 1975through April

61



was small. The traw catches did not indicate there was
a seasonal variation in quantity of staghorn sculpin since
catches remained consistently low through the entire sanp-
ling period.

87. Staghorn sculpin lengths ranged from 65
to 260 mm Size groups were indistinct and apparently
overlapped (Figure E19). Mst staghorn sculpin captured
were considered adult fish. A conparison of the staghorn
sculpin nmean lengths at the test site wth the conbined
mean length found at the other sites was not possible
because of |low nunbers. (bservations indicated no  obvious
difference in staghorn sculpin length between sites.

88. An ANOVA was conputed for staghorn sculpin
caught at the five sanpling sites in order to determne
the nonthly and site changes (Table E2), The ANOVA test
showed significant differences in staghorn catches between
sites and Dbetween nonths. Also the differences between
sites were not consistent from one nonth to the next as
indicated by the significant interaction. Smal | scattered
catches were characteristic of this species.

89. The Qtest of staghorn sculpin nunbers

resulted in a value of z=0.584L0. Site relationship follows.

LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site

E C A B D

X X X X X
0. 8500 0.3612 0. 3100 0.3100 0. 2587
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Those neans above the sane line do not differ from each
other at the 5 percent Ilevel of significance.

90, The Qtest indicates test site E was
significantly different from site D the nearest sanpl i ng
site. The remaining sites were not significantly different
from either site E or D

91. Pacific staghorn sculpin have stonachs
that stretch to tissue thinness to accombdate large food
items. Food itens fell usually wthin two major groups--
the decapod crustaceans and teleosts (Figure E20).

92. Numerically, _Cangon sp. adults accounted
for 100 percent of the total in March 1975, 50 percent in
April, 33 percent in My, 58 percent in June, 17 percent
in July, 22 percent in Novenber, 40 percent in Decenber 1975,
and 25 percent in April 1976. Cangon sp. juveniles nmde
up 26 percent of the total in Novenber 1975. Crangon

franciscorum adults contributed 33 percent of the total in

Sept enber 1975, Cancer magister juveniles nade up |less

than 20 percent of the total in Novenber and Decenber 1975.
The anchovy, E. _nordax, account ed for 25 percent of the
total number in April 1975, 50 percent in My, 25 percent
in June, 55 percent in July 1975, and 69 percent in April
1976. Uni dentified, partially di gested fish contri but ed
33 percent in Septenber 1975 and 50 percent in January
1976. The "other" category included sonme unidentified

veget ati on, i sopods, and snail s.
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95. Staghorn sculpin were caught at the
experinmental site in July 1975 and April 1976. Shri np,
Gangon  sp., and anchovies, E., nordax, were the two inpor-
tant food itens. During July 1975, shrinp contributed
50 percent of the total nunbers and weights and uniden-
tified vegetation the other 50 percent. In April 1976,
the shrinp made up 29 percent of the nunbers and 8 percent
of the weight while the anchovy accounted for 29 percent

of the nunber and 84 percent of the weight.

Prickl ebreast poacher (Stellerina xyosterna)

96. Prickl ebreast poachers are small (to 18 «cm

fish, rounded anteriorally and tapering to a narrow
caudal. The coloring is a nottled olive dorsally and

l'i ght ventrally. The di sti ngui shi ng characteristic of
this fish, found at depths of 15 to 76 m is the snooth
breast stippled wth small spi nes. They are found from

Baja CQalifornia to British Colunbia, al t hough  sonewhat

uncommon at the Ilimts of their range. The prickl ebreast
poacher has neither recreational nor  comrerci al val ue.
97. The pri ckl ebr east poacher nunerically

domnated the five species of the Famly Agonidae en-

count er ed. During the study 4098 pricklebreast poachers

wer e captured, which represented 4.7 percent of all finfish
t aken. These small demersal fish occurred in 71.5 percent
of the traw tows. Some pricklebreast poachers were
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present  throughout the year, but they were not connon

from Cctober 1975 through January 1976. The pricklebreast
poachers were wdely and comonly taken in the spring;
however, the largest catches were in August and Septenber
1975, A that tinme the sporadic large catches indicated
schooling behavior.

98. Lengths of pricklebreast poachers ranged
from 27 to 163 nm during the study period. Exam nation
of a nonthly length-frequency histogram (Figure E21)
indicated several size groups were present and distin-
guishable for at least a year. A conparison of prickle-
breast poacher lengths at the -experimental site and those
found at the other siteswas not possible because few
poachers were taken at the test site.

99, An ANOVA was nade to determne the com
parability of pricklebreast poacher catches at the five
sanpling sites (Table E2). The test revealed significant
differences in the nunber of pricklebreast poacher caught
at the five sites and between nonths. The significant
interaction value indicated the catches Dbetween sites
were not consistent from month to nonth. Periodic occurrence
of schools of pricklebreast poacher at northern sites
nullified any possible nurmerical relationship wth southern
sites.

100 A Qtest of the significant relationship

between the catches at the sites resulted in a value of
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z=1.6326. The site relationship follows:

LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site
A B C E D
x x X X X
3.1500 3.1500 0.8800 0.4600 0. 3500

Those neans above the same line do not differ significantly
at the 5 percent level from each other.

101. The Qtest indicated tw separate
distribution areas of pri ckl ebr east poachers.  Catches at
northern sites A and B were high and simlar, but were
significantly different from the three southern sites.

Sites C D and E had low but conparable catches, and there
is no significant difference between them A spatial
availability is indicated by the distribution of catches.

102. Pricklebreast poacher data showed a

limted feeding pattern (Figure =22). Numerically, the

nysid, N. kadiakensis, was nost inportant during all
sanple nonths except August 1975 and April 1976. This
particular nysid accounted for 81 percent of the total
nunber of organisns in January 1975, 41 percent in Mrch,
57 percent in April, 46 percent in My, 25 percent in
July, 48 percent in Septenber, 93 percent in Hovember,

100 percent in Decenber 1975, 100 percent in January 1976,

and 82 percent in February 1976, N, kadiakensis contributed

T0



Polychaete 0
50
Cumocoon o ‘ [
[V o (L)
50 r4 Z E
Copepod 0. el - - -1 -
[ r.
£ b z
50 < < f‘ Percent
Mysid 0. i i ) .
Composition
50 of Dint
Amphiped 0 by Numbers
50
Dec, Crustaceans o - -
50 o Q [}
z r4 Z
Pel ecypod [
50
Tel eost 0
50
Other o,! M- N R
20 5 20 28 1 6 3 23 19 2 4 6 1
No. of S§tomacihis w/Food
0 6 1 0 0 1 1 1 3 112 3 0
Wo. of Empty Stomachs
50
Pol ychaete [s]
50
Cumacean 0 .
v o o
50 “ k4 z
Copepod o | i - =

Perceni

Mysid
Compositian

50 of DNiet

Amghipod 0,—.——-..__-._- s by Weights

Dec. Crustaceans 0. |
50 o 3] [}
Pelecypod 0 < z z
50
Tel eost o

Other

7 J 8 A
1975 1976

Figure LE22. Mnthly conpari sons of pri ckl ebr east
poacher expressed as percent conposition of diet by

nurrb6ers and weights, January 1975 through April
1976.

71



mre to the pricklebreast diet during the cold nonths
than during the warnmer nonths. In August of 1975, the
anphi pod, A. tridens, contributed 100 percent of the
organi sms consuned. A. _tridens occurred January through
Septenber, 1975, but in lower nunbers. In April of 1976,
the cunacean, Mesol amprops sp., accounted for 97 percent
of the nunbers, based upon a single fish. The large
copepod, Calanus sp., contributed 37 percent of the total
nunber in Mrch 1975 and less in My 1975.

103. The nysid, N. kadiakensis, contri buted
the majority of weight during all sanple nonths except
Septenber 1975, when +the diet was divided between the
cunacean, D. dawsoni (15 percent), N. kadiakensis (32 per-
cent), A. tridens (18 percent), and juvenile shrinp,
Crangon Sp. (19 percent). . kadiakensis contributed
the following percentages of the total weight: 88 percent
in January, 86 percent in MNarch, 81 percent in April,

61 percent in My, 30 percent in July, 100 percent in
August, 32 percent in Septenber, 76 percent in November,
and 100 percent in Decenmber 1975; 100 percent in January
1976: and 9L percent in February 1976. A, tridens occurred
as 30 percent or less of the weight in Mirch, My, July,
and Septenber 1975.

104. In summary, the nysid, L. kadiakensis,
was clearly the nost inportant food item to pricklebreast
poachers during the study nonths. The anphipod, A. tridens,
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suppl enented the nysid diet as did occasional other nysids,
cumaceans, copepods, and juvenile shrinp. The nysid con-
sunption pattern was fairly consistent through all seasons,
though it dropped sonewhat during the warmer nonths. It

is reasonable to assume that pricklebreast poachers do not
often, if at all, feed directly upon or wthin the sub-
strate but rather feed on epibenthic or pelagic forns.

Additional itens consuned at least once were:

Copepod: Anphi pod:
Eucal anus bungi i Unident. anphi pod
Pseudocal anus m nut us Ampelisca macrocephal a
Epi | abi docer a sp. Monocul odes  sp.
Mysi d: El asnopus  sp.
Acant honysis davisi Decapod Crustaceans:
Acant honysis macropsis Cancer sp. juv.
Acanthonysis nephrophthal m Decapod zoea
Neonysis rayil Ot her:
Archaeonysis grebnitzkii Tecticeps sp. (isopod)
SyR1dot 88 angulata-
(isopod)
Uni dent . organic  natter

Showy snailfish  (Liparis pul chel | us)

105. Showy snailfish resenble large tadpoles
(lengths to 25 cm) wth subtermnal nouths and thin, |oose
skin with no scales. The dorsal and anal fins are long and
extend onto the caudal fin. It is light to dark brown
dorsally, lighter wventrally, and wavy longitudinal dark
lines are sonetines present. Ranging from California to
the Bering Sea, it is quite comon in its northern limt
at depths of down to 60 m The snailfish has no recre-

ati onal or commercial val ue.
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106. The showy snailfish was the single
cyclopterid species captured during the study period though
several are known to inhabit the area. A total of 2400
snailfish were captured representing 2.8 percent of all
finfish. Their overall incidence of capture in the 151
trawl tows was 67.5 percent. Few showy snailfish appeared
in trawm catches from GCctober through Decenber 1975, Peak
catches were nmade in August and Septenber 1975, This was
the only tenporal or seasonal characteristic observed.

107. Showy snailfish are a small denersal spe-
cies that ranged in length from 18 to 214 mm at the study
sites. A length-frequency histogram plotted by nonthly
periods indicated several size groups were present, but
overlap tended to obscure size distinction and growh
patterns (Figure E23), Apparently the youngest size groups
entered the catch in April or flay 1975. It was not possible
to test snailfish lengths at experinmental test site E wth
lengths at other sites. During those periods of equal
fishing effort, few show snailfish were taken at the test
site.

108. An  ANOVA for showy snailfish catches was
nmade to conpare the tenporal and spatial differences of snail-
fish nunbers (Table E2). The showy snailfish exhibited signi-
ficant nuneri cal differences anong sites; the nonthly catches
did not differ significantly at the 5 percent |evel. Dif -

ferences anmong sites appeared to be consistent from nonth
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to nonth as reflected by the nonsignificance of the inter-
action.

109. Determnation of a Qtest factor to assess
the significance difference between catches of show snail-
fish at the site resulted in a value of 2=1,668, Relation-

ship of the sites follows:

LARGEST MEANW SVALLEST MEAW
Site Site Site Site Site
B A C D b
X X X x x
3.5900 3.0500 0.8800 0. 5100 0.3500
Those means above the same line do not differ significantly

from each other at the 5 percent |evel.

110. The Qtest of showy snailfish catches
revealed there was essentially no difference between snail-
fish catches at sites A and B but significant differences
between these sites and the three southern sites C D and
E. Snailfish distribution di fferences shoul d be consi dered
a spatial characteristic off the Colunbia Rver nmouth during
the four nonths.

111. Show snailfish (Figure E24) consuned
a wide variety of organisns. Simlar to staghorn sculpins,
the snailfish have stomachs that can expand to acconmodate
larger food itens. Numerical ly, cumaceans, D. dawsoni,

and anphi pods, A. _tridens, domnated the prey itens.
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D. dawsoni contributed 33 percent in April, 66 percent in
May, 50 percent in June, 52 percent in July, 48 percent in
Septenber, and 29 percent in January 1976. The cunacean,

Mesol anprops sp., made up 63 percent of the total in Feb-

ruary 1976, The anphipod, A. tridens, accounted for 33
percent in April, 24 percent in May, 45 percent in June,
29 percent in July, 100 percent in August, and less than
25 percent in Septenber 1975and February 1976, The an-

phipod, Hipoomedon denticulatus, made up 42 percent of the

total nunber in Mrch 1976, Decapod crustaceans were im
portant nunerically during several mont hs. G angon  sp.
adults contributed 33 percent of the total nunber in Jan-
uary 1975 and less than 20 percent in Mrch and Septenber
1975 and January 1976. Qangon sp. juveniles accounted
for 29 percent of the total in September 1975 and 70 per-
cent in Novenber 1975. During April of 1976, the polychaete
worm,  Nothria sp., contributed 33 percent of the total;
liparid eggs accounted for 34 percent; and wunidentified
eggs nmade up 33 percent.

112. Gravimetrically, polychaete worns, am-
phipods, and shrinp were nost inportant. Polychaete worns
were inmportant food itens during the 1975 spring nonths.

In April, Nereidae sp., Nothria sp., and Nephtys sp. were
eaten. In June, unidentified Glyceridae made wup 37 percent

while in July, Qycinde picta, Nothria sp., and Nephtys sp.

were  consuned. In April of 1976, Nothria sp. accounted for
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39 percent of the total weight. The anphipod, A, _tridens,
made up 24 percent of the total weight in My 1975 42
percent in June, 100 percent in August 1975 ~and 34 percent
in February 1976. Shrinp adults, Qangon sp., contributed
97 percent of the weight in January 1975, 33 percent in
Mrch, less than 25 percent in April, My, and July, 30
percent in September 1975; and 77 percent in January 1976.
Orangon  sp. juveniles accounted for 40 percent of the weight
in Septenber 1975 and 63 percent in Novenber 1975. Liparid
eggs contributed 47 percent of the total weight in Mrch
1975, smaller percentages in My and July 1975 and 46
percent in April 1976.

113. Briefly, the show snailfish consumed
a variety of polychaete worns, especially Nothria sp.;
the anphipod A. _tridens was eaten during late wnter, spring,
and early sumrer. Adult Oangon sp. were consuned throughout
the year while the juveniles were eaten in late summer and
early fall. The snailfish consumed snailfish eggs =porad-
ically throughout the study. Snailfish consuned a variety
of organisns but nost were not eaten in quantity. Additional

food items consuned at least once were:

Pol ychaet e: Acanthonysis nephro-
Glyceridae pht hal ma

Cumacean: Archaeonysis grebnitzkii
Mesol anpr ops sp. Anmphi pod:
Di astyl opsis dawsoni Uni dent. anphi pod
Colurostylis occidentalis Anpelisca macrocephal a

Mysi d: Pl eusynptes subglaber
Neomysis kadi akensis PhotiS californica
Acanthonysis davisi conti nued
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Synchelidium sp. Tel eost:

Par aphoxus  sp. Mcrostonus  pacificus  juv.
Monocul odes  sp. Rockfish [arvae
Decapod crustaceans: Ot her:
Anomur an Aivella sp. (gast ropod)
Decapod zoea Liparid eggs
Cancer  sp. negal ops Unident. fish eggs
Cancer sp. juv. Tecticeps sSp. (isopod)
Pel ecypod: Synidotea angulata (isopod)
Pel ecypod  juv, Uni dent. animal material

Uni dent. vegetation

114. During July 1975, showy snailfish  stomachs
were sanpled before disposal at the experinental site.
Four stomachs contained food itens and one was enpty. A
pol ychaete worm Nothria Sp., nade up 25 percent of the total
nunber and 19 percent of the weight. Shrimp, Qangon_  sp.,
were the nost inportant food item and accounted for 50 per-
cent of the nunber and 49 percent of the weight, The snail-
fish consumed snailfish eggs, which accounted for 26 percent

of the total weight.

Pacific sanddab (Qtharichthys sordidus)

115. Pacific sanddab is a left-eye flatfish
usually found in shallow water but taken in depths to
600 m. It is recognized by its light brow color, uniform
scale pattern, and large eye which is longer than the
snout . It is found between Baja California and the Bering
Sea and is reported to reach a length of 41 cm It is
harvested comercially in California and considered a
desired food fish.

116. This sanddab was one of two Bothidae
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captured at the study sites. A total of 1680 Pacific
sanddab were captured, representing 1.9 percent of all
finfish, They appeared in 689 percent of all traw tows.
Sone Pacific sanddab were taken throughout the year but
the majority were captured between June and Septenber,
indicating the seasonality of the species.

117, The Pacific sanddab ranged in length from
34 to 349 mm A rmonthly length-frequency histogram for
the species is presented in Figure E25, Size group separ-
ation is apparent with a young size group entering the
trawl catch in spring. Adult fish appeared throughout the
year but the larger size groups overlapped and their separ-
ation by lengths was not possible. The |length-frequency
of Pacific sanddab caught at the experinental test site
was conpared with the conbined Ilength-frequency of those
found at other sites using the Kol nmgorov-Smirnov two-sanple
test (Figure X26). The tests were nade for July and August
1975, but low nunbers of fish nullified further tests for
Septenber 1975 and April 1976, The tests revealed sanddab
at experinental test site E during July were simlar in
length to those taken prinmarily at the two nearest other
sites. In August the situation changed conpletely. Sand-
dab at the test site were predomnantly small (<15 cn),
while those captured primarily at sites C and D wusually
were large (>20 cn). The Kol nogorov-Smirnov test for

August i ndi cated signi ficant di fferences exi sted bet ween
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Pacific sanddab lengths at the sites. Pacific sanddab iS
seasonal and was not taken in quantity at any sites after
Sept enber 1975.

118. An ANOVA test was nade to determne if
significant differences existed in the nonthly and site
catches (Table E2). Significant differences existed in
catches between sites and between nonths. |n addition the
interaction or differences between sites were not consistent
between nonths as indicated by the significant interaction.
Though sanddab were found at each site during the conpar-
ative sanpling period, they were comon only at the southern
sites during July and August 1975.

119. Determnation of the Qtest factor for
testing the relationship between sanddab catches at the
sites resulted in a value of z=0,8258. The  alignment

of sites follows:

LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site
C D E A B
x x x x X
2.7650 2.5488 2.1788 1.3963 1. 3850
Those neans above the same line do not differ significantly

from each other at the 5 percent |[evel,

120. A comparison of the mean catch at each
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site with a Qtest revealed the southern sites C and D
where the Pacific sanddab were comon, were significantly
different from sites A and B where species nunbers were
substantially | ower. Catches at experinental test site
E fall between northern and southern sites and were not
significantly different from the other four sites

121.  Pacific sanddab (Figure E2T) consumed
anphi pods and anchovies, supplemented with crangonid shrinp.
Numerically, the anphipod, A. tridens, was inportant in
the spring and sumer nonths, with the exception of April.
They contributed the following proportion of the total
nunber of  organisns: 60 percent in May 1975, 68 percent
in June; 53 wpercent in July; 62 percent in August; and 59
percent in Septenmber 1975. During spring and wnter, an-
chovies, E. _nordax, were consuned in quantity. They ac-
counted for 60 percent of the total nunber in January 1975,
86 percent in March, 93 percent in April, snaller percent-
ages in My and Decenber, and 100 percent in January and
April of 1976. In Hovember 1975, shrinp juveniles, _Qangon
sp., made up 67 percent of the total nunber while in February
of 1976Crangon sp. adults contributed 67 percent of the
total.

122. Gavimetrically, anchovies domnated the
food itens during the study period. The anphipod, A. tridens,
was less inportant when analyzed by weights but did provide

food during the sunmer when the anchovies were |ess abundant.

85



Pol ychaete 0. -
50
Cumocean 0 P e—
[V o (V)
50+ z z E
Copopod 0. -d - -
[ Q. a.
50 Z 3 =
ﬁ < < Percent
Mysid o M e 2
Composition
Amphipod o] by Numbers
Dec. Crustaceans 0 ||
50 ° o] [}
F4 F4 z
Pel ecypod 0. L
50
Telcost o_
50
Other 0 e e}
5 3 812 23 14 18 16 8 ol 7 1 1
No. of Stomachs w/Food
0 0 0 1 0 3 5 1 3 12 3 °
tio.of Empty Stoinauchs
o
Pol y(habte |
5o|
Cumacean
Q 1Y) o
50 z z z
Copepod 0. bl = =
o o a
50 z £ £
. = g = Percent
Mysid o -
Composition
50 .
X _ of Diet
Amph ipod 0. by Weights
50 l
Dec. Crustaceans 0 e -_.__.——
50 0 o o)
r4 z p4
Pel ecypod 0
50
Tel oSt 0
50
Other O_AH__-—__‘ l
JIPF " M'AITMI) d TA'S O N DJJIF MTAD
1975 1976

Figure E27. Mnthly conparisons of Pacific sand-
dab expressed as percent conposition of diet by
nunbers and weights, January 1975 through April 1976,

86



A. tridens made up less than 4o percent in My, June, July,
August, and Septenber 1975, Anchovies, E. nordax, nade
up 91 percent of the total weight in January 1975,99per-
cent in Mrch, gg percent in April, T2percent in May, 37
percent in June, smaller amounts in July and August, 66
percent in Septenmber, 24 percent in Novenber 1975, and 100
percent in January and April of 1976. Crangonid shrinp
were a najor prey item during tw nonths. In  Novenber

of 1975, Cangon sp. juveniles nade up k49 percent of the
total, and Qangon sp. adults accounted for 71 percent of
the total in February of 1976.

123. In summary, Pacific gsanddab fed heavily
on anchovies, E nordax, during the fall and winter nonths
and to a lesser degree during the spring and sumrer nonths.
The anphipod, A, tridens, and shrinp, Gangon sp., were
the other mjor food items and seemed to be utilized when
anchovy were |less abundant. The Pacific sanddab has a
large mouth and, though not a Jlarge flatfish, apparently
is primarily  pisciverous. Qher food itens consuned at

| east once were:

Pol ychaet e: Anphi pod:
Glyceridae Hippomedon denticul atus
Cumacean: Anpelisca  sp.
Colurostylis occidentalis Synchel i dium sp.
DI astylopsis dawsoni Pl eusynptes  subgl aber
Copepod: Decapod Crustaceans:
Calanus Sp. Cancer magi st er megal ops
Mysi d: CGancer magister juv.
Neomysi s kadi akensi s Pel'ecypod:
Acanthonysis davisi Sliqua patula juv.
Acant honysis  nephropht hal ma Siligua patula necks
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Tel eost:
Uni dent . fish
Al l osnmerus el ongatus

| sopsetta isolepis juv.
Csmrerid | arvae
Q her:

Synidotea @ngulata \1'ssopod)
Tecticeps sp. (isopod)
Qivella sp. (gast r opod)

Uni dent. organic materi al
Unident. mneral material

124, Pacific sanddab were sanpled at the test
site twice in July and once each in August and November
of 1975 (Figure E28). Predisposal sanpling showed a diet,

by nunbers, of 75 percent nysids, N, kadiakensis, and 25

per cent anphi pods, A, _tridens. During disposal in July,
fewer nysids (25 percent) and nore anphipods (50 percent)
were eaten in addition to an anchovy, E., _nordax. In August,

N. kadiakensis contributed 58 percent of the nunbers and

A. tridens 28 percent. In  November (postdisposal), juvenile
shrinp, Gangon sp., nade up &0 percent of the total diet.
125. By weights, nysids and anohi pods were
inmportant for the predisposal period in July 1975, nmeking
up 75 and 25 percent of the total, respectively. i i onever,
during the disposal sanpling in July, the anchovy nade up
90 percent of the total weight. The graph of weights for
August and Novenber was dissimlar to the nunerical gr aph

with . kadiakensis accounting for 29 percent but juvenile

razor clanms, S. _patula, making up 19 percent and juvenile
fish 38 percent. The fish were juvenile butter sole,

L. isolepis, and snelt [arvae. In Hovember, Craazon Sp.
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made up 78 percent of the total weight.

126, Numerically, the differences between pre-
disposal and inmmediate postdisposal were slight. Gravi-
metrically, however, nmnysids and anphipods were outweighed
by anchovy in July 1975 and by a butter sole juvenile and
smelt larvae along wth juvenile razor clanms in August 1975.

127. Figure E29 shows the conparison of the
test site to the other four sites for July 1975 through April
1976. During July and August, the feeding pattern was sim
ilar except for a slight depression in nunbers of anphipods

consuned in August and an absence of shrinp eaten in July.

Butter sole (lsopsetta isolepis)

128. Butter sole is a right-eye flatfish up
to 46 cm in length. The color on the eyed side is brown,
usually with yellow on the tips of the dorsal and anal
fin rays. It has rough sandpaper-like scales and a snall
mout h. It ranges from southern GCalifornia to southeast
Alaska and from shallow water to depths of 366 m Because
of high labor costs involved to fillet these sole, they are
not in great commercial denand, despite their good flavor.
Sone are filleted with the rest used for mnk feed.

129. The butter sole nunerically dom nated
the nine species of Peuronectidae captured in the study.
Trawls took 7020 individuals representing 8.1 percent of

all finfish captured. Butter sole appeared in 145 of the
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151 tows, a 96 percent frequency of occurrence. The season-
al availability of this species was examned; there was
obvious short-term nunerical variation between sites and
months although not indicated by viewng the length-fre-
quency histogram (Figure E30). The |length-frequency his-
togram does indicate larger fish leave the study area in
the wnter.

130. The length range of butter sole at the
study areas was 30 to 375 nm The snallest size group was
usual ly distinctive but overlap obscured larger size groups.
Young-of -the-year entered the traw catches in My 1975,
The difference in the nmean length of butter sole at test
site E was examned in relation to their nean length at
the four other sites wusing the Kol nogorov-Smrnov test
(Figure £31). The butter sole was the single finfish
species captured in sufficient nunbers to follow it through
four months of conparative testing. The initial month of
July 1975 indicated the differences between cumlative
lengths were significant at the 10 percent level but not
at the 5 percent level. Also, greater nunbers of inter-
mediate size butter sole were taken at test site E, In

August and Septenmber 1975, the length differences were

significant at the 5 percent |evel, During these nonths
small butter sole were captured at experinental test site
E. In April 1975 seven nonths after dredged naterial

di sposal ceased, butter sole lengths «continued to differ

92



Number

. Jan 76
Apr o =
° 60
30 50
ot
. 40
o 30
May
o 20
10
Jun 10
, Fob
- o 2l nllfaas s
30 50
Butter
2 40
sole
30
20

]
55 105 155 205
Length in mm.

Figure £30, Monthly [length-frequency histogram of butter

sole (Isopsetta_ jsolepis) captured with 8-m traw net
between COctober 1974 and April 1976,

93



A

UGUST

1975

L

JULY 1975
100 100
901- 90|-
) T Comh(s‘iaf‘-); sol- : vy Combined §it 5 (135)
e Test si::}f H ——  Test Site £ (99)
70 70 s
60 sofl-
Percent d=.,2324 d 1982
50 | d=.2137 sof- dgg=.1693
40 40f-
30 30
20 20}
10 10)-
o s ° 1 1 , |
50 250 300 350 50 100 150 200 250 300 350
SEPTEMBER 1975 APRIL 1976
100,— JPRLL 100 —
9ol- sol-
80 : sof-
:.' anseses COmb P;a‘e]s C ombincd Sites (297)
70|~ : — Yest Si('ses;i 704 e Tost Site E (100)
s0|- H sof-
Percent .'.
s : d=.3493 soll d =5165
d5=-2005 dos =1572
40f- aol
30/~ 30}
20|~ H 20}
10 1o}
Lewent ) 0 , ;
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Millimetres Millimetres
. N .
Figure E31., A four-nonth conparison of the
per cent of butter sole (lsopsetta isolepis)
with traw gear.

9L

cunul ative
| engt hs

t aken



at the 5 percent |level; however, larger rather than snall
butter sole occupied the test site.

131. An ANOVA test for butter sole catches
between sites and nonths was prepared (Table E2), It was
determined that significant differences existed at the
5 percent level anong sites and also anong nonths. Mor e-
over these differences were not consistent from nonth to
month as indicated by the significant interaction. A
consistently high nunerical incidence of butter sole at
the southern sites overshadowed the smaller nunmbers taken
at northern sites A and B, Dfferences in traw catches
were particularly noticeable from July to Septenber 1975
and less evident in April 1976,

132. In order to test the numerical relations

of butter sole between sites, a Qvalue of z=0,T7T477 was

cal cul at ed. The significance of catches anong sites follows:
LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site
C E D A B
x X x X x
4.6063 3.7875 3.4950 2.1225 2.0263

Those neans above the same line do not differ significantly
from each other at the 5 percent |[evel.

133. The test conparing the site nean catches
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indicated a three-area distribution of the species. The
centrally situated site C had the highest consistent catches,
and these were significantly different from catches at the
other four sites. Southern sites D and E catches differed
significantly from northern sites A and B.

134. Butter sole consumed a variety of or-
ganisns (Figure E32). Nunerical ly, cunaceans were inportant
from late wnter through sunmer. Anphipods were eaten
consistently throughout 1975 but were nunerically nost
inportant in January and Novenber. Shrinp and young crabs
were also inportant diet conponents in the wnter. Juvenile
razor clams and their siphons were inportant food in the
spring and sumrer nonths. As wth other species, an im
portant food item for butter sole was the cumacean, D.
dawsoni. This species accounted for 52 percent of the
total number in Mrch 1975, 94 percent in April, 82 percent
in My, 65 percent in June, 50 percent in July, 30 percent
in August, and smaller amounts in Septenber and Decenber

1975. The cumacean, Mesolammrops sp., nade up 70 percent

of the total in April 1976. The anphipod, A, _tridens,
contributed 73 percent of the total in January 1975, Iless
than 15 percent from Mrch through Septenber, and 48 per-
cent in November 1975. Adult shrinp, Gangon sp., nade
up 53 percent of the total in Decenber 1975 17 percent in
January 1976, and 50 percent in February 1976. Juvenile

razor clans, Siliqua patula, contributed less than 35 percent
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of the total from May through Septenber 1975. Necks
appeared in many stomachs and were classified as a separate
food item in the pelecypod category. They accounted for
a small percent of the August food but 67 percent of the
t ot al in Septenber 1975.

135. Analyzed gravinetrically, the plot of prey

importance differs since butter sole consumed a few aninmals

that were heavy. These food itens, while not i mport ant
nurmerically, are inportant by weight. Sever al types of
pol ychaete wornms were consuned, i ncl udi ng: Nothria sp.,

in March, My, and Hovember, 1975, Anpharetidae in June and
July; and an unidentified polychaete and Nephtys sp. in
January  1976. The cumacean, D, dawsoni, contributed 66
percent of the weight in April 1975 25 percent in My,

and 34 percent in June 1975. Mesol anprops sp. nmade up 25

percent of the total weight in April 1976. Shrinp were

i nport ant t hr oughout the vyear. Gangon  sp. adults contri-
buted 18 percent of the total in January 1975, 58 percent
in Mirch, 36 percent in July, 65 percent in Decenber 1975,
and 94 percent in February 1976. Cangon sp. juveniles
made up 59 percent of the total weight in November 1975.

Juvenile Dungeness crab, Cancer magister, made up 25 percent

or less of the total in July, August, and Septenber 1975.
Juvenile razor clans, S. _patula, were inportant gravimet-
rically during four nonths and accounted for 49 percent

of the total in June 1975 and less than 25 percent in July,
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August, and  Septenber. G am siphons nmde up 13 percent
of the total weight in Septenber. In January 1975, the
northern anchovy, E. nordax, nmade up 72 percent of the
total, 28 percent in Septenber 1975, and 50 percent in
April 1976.

136. The summary of food habits for butter sole
revealed differing nunber and weight patterns for prey itens.
D. dawsoni were inportant Dby weight and nunbers during

spring and summer ; however, in April of 1976 Yesol anprops

sp., domnated the diet and few D. dawsoni were counted.

Pol ychaete worns were eaten throughout the vyear, but in

| ow nunbers. The polychaetes consuned were quite |large:

up to several centimetres in length. Amphi pods, A, t ridens,
though evident in the diet during all of 1975, were not
inportant by weight. The overwhelmng nunbers of  cumaceans
dimnished the inportance of other food itens, such as

anphi pods and pol ychaet es. Adul t and juvenile crangonid
shrinp were consuned all year but not heavily during late
fall 1975 and early winter 1976. Juvenile razor clans,

S. patula, and clam siphons were inportant late spring
through sumrer of 1975. Anchovies were consuned heavi | y

in January and Septenber 1975 and April 1976. Figure E33
shows these seasonal trends. Addi ti onal food itens consumed

at |east once were;
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Pol ychaet e: Decapod Crustaceans:

Uni dent. polychaete Crangon franci scorum

Syllidae Cancer nmagister

Spi ophanes sp. Cancer sp. megal ops

NHereidae Cancer sp. zoea

Et eone sp, Pagurus sp.

Anphar et i dae Tel eost :

Goni adi dae Unidentified teleost
Cumacean: | sopsetta isolepis juv.

Lamprops Sp. O her:

Col urostglis occidentalis Dendraster sb. (starfish)

Hem | anpr ops sp. Gastropod feet & opercula
Mysi d: Aivella sp. (gast ropod)

Uni dent. nysids Svnidotea angulata-

Neonmysis rayii (i sopod)

Neor nysi s kadi akensi s Tecticeps  sp. (i sopod)

Acant honysis davisi Uni dent. mneral material
Armphi pod: Ophi uroi d

Photis californica Uni dent. organic materi al

Photis sp.

Monocul odes sp.
Hippomedon denticul atus
Synchelidium shoenakeri
Anpel i sca__ sp.

Aori dae

Dulichia sp.

Par aphoxus obt usi dens

137. Little change was observed in the diet
of butter sole at the test site between predisposal. and
disposal sanples in July 1975 (Figure LE34), However ,
changes began to occur in August wth a depression in
consunption of shrinp and an increase in _Tecticeps sp.
(isopod) and juvenile razor clam consunption. In Sept enber,
some shrinp were eaten, but utilization of anchovies in-
creased. Pol ychaetes were eaten in Novenber, shrinp in
February, and copepods and anchovies in April. For butter
sole, shrinp consunption was slightly depressed during dis-
posal but recovered by February, while i sopod consunption

showed the opposite trend.
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138. Figure E35 shows the conparison of the
test site to the other four sites from July 1975 through
April 1976. In July, butter sole from the test site showed
an increased utilization of shrinp. In August the nunbers
of decapods eaten were reduced and polychaete consunption
was unique to the test site. In  Septenber, decapod and
t el eost consunption increased but pel ecypods were absent
from test site stomachs yet present in stomachs from the
other four sites. In  April 1976, polychaete and cumaceans
were not eaten at the test site, but copepod consunption

was unique to the experinmental area.

English sole (Parophrys vetulus)

139. English sole are a comon flatfish species,
symmetrical in shape wth a pointed snout and wuniformy
brown on the eyed side. It is distributed in waters to
550 m from Baja California to the @lf of A aska. It is

usually harvested in water less than 100 m in depth.
Maxi mum length of a female English sole was 57 cm that of
a mle 49 cm The species frequently reaches 20 vyears of
age, has a juvenile westuarine rearing stage, and mgrates
extensi vely. It is a highly valued comrercial foodfish
with ten mllion pounds harvested annually.

140. Trawl sanpling took 5310 English sole,
which represented 6.1 percent of all finfish. The English

sole appeared in 138 tows (91.4 percent), ranking behind only
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butter sole in frequency of occurrence. Catches  of Engl i sh
sole were highest from May to Novenber and |owest from
Decenber through  April.

141. Sizes of English sole were apparently
seasonally related at the study area since larger fish were
captured during a period of greatest abundance while snall
individuals were captured during wnter (Figure E36).

The length-frequency histogram reveals few separate size
groups and those that were apparent one nonth were usually
indistinct the following nonth. An  overall length range

of 20 to 400 nm was observed. Young- of -t he-year ent ered
trawl catches in My 1975 but did not appear again until
August . Lengths of English sole captured at the test site
were consistently smaller than those captured at the other
sites, particularly during July, August , and Septenber 1975.
Suf fi ci ent nunbers  for testing conparative lengths occurred
only in July 1975 (Figure E3T). During July 1975, English
sole conparative lengths were significantly different t han

at other sites. Over 90 percent of the sole captured at

test site E were under 250 mm while 50 percent at other sites

were nore than 250 mm

142. An  AWOVA for the catch of English sole
between sites and between nonths is shown in Table E2.
There was no significant difference in the <catch of English

sole between the five sanpling sites. This was the only

finfish species of 11 tested that failed to show a significant
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the five sites revealed no significant
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single species with no significant di fference

sites.

English sole (Figure E38) consumed a |im

so than other flatfish species. Nunmeri cal |y,

D. _dawsoni, was the primary food item through

sole wused for analysis in 1975 had

dawsoni nmade up T9 percent in March

in April, 94 percent in May,

74 percent in
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June, T1 percent in July, 25 percent in August, 30 percent
in September, and 41 percent in Novenber 1975, Only four
nonths were not nunerically domnated by D, dawsoni. In
January of 1975, the anphipods, A. tridens and Photis

californica, made up 74 and 26 percent of the total nunber,

respectively. In Decenber of 1975, a nysid, N. kadiakensis,
accounted for 78 percent of the total. In August and Sep-
tember, polychaete worns were eaten. Bpibi corni s
contributed 45 percent of the total in August, and in
Septenber a Coniadidae nade up 21 percent. Pel ecypod con-
sunption was seasonal. Juvenile razor clans, S. patula,

accounted for 27 percent or less from My through Septenber
1975.

146. Gravimetrically, a simlar pattern was
evi dent. The cunacean, D. _ dawsoni, contributed 56 percent
of the total weight in Mirch 1975, 8L percent in April,
82 percent in My, 47 percent in June, and smaller per-
centages through the renmainder of the vyear, The nysid,

N. kadi akensis, made up 60 percent of the total in January

1975 and the anchovy, E. nordax, represented 65 percent

of the total weight in Decenber 1975, Juvenile razor cl ans,
S. _patula, were nore inportant in ternms of weight than in
nunbers. They contributed 11 percent of the total weight

in May 1975, 48 percent in June, 76 percent in July, 16

percent in August, and 77 percent in Septenber 1975. In

November, juvenile shrinp, Crangon _ sp., accounted for 32
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percent of the total weight.

147. In summary, the cunmacean, D. dawsoni,
was by far the nost inportant food item to the English sole.
D. dawsoni  was consuned in quantity throughout the year.
Juvenile razor clams, S. patula, were consistently inportant
prey itens from My through Novenber. The basic diet was
suppl emented some nmonths with polychaete worns, nysids,

anphi pods, juvenile shrinp, or anchovies. Additional food

itens which were consuned at |east once were:

Pol ychaet e: Anmphi pod:
Uni dent. polychaete Monocul odes  sp.
Ner ei dae Eohaustorius sp.
Worm fragnents Anpel i sca nmacrocephal a
Et eone sp. Synchelidium sp.
Spi ophanes  sp. Photis sp.
Nephtys  sp. Par aphoxus  sp.
Amphar et i dae Decapod Crustaceans:
Syl lidae Cancer nmagister negal ops
Nothria sp. Cancer magister juv.
Arabella Sp. Tel eost:
dycinde picta Unident. teleost
Cumacean: Ot her:
Colurostylis occidentalis Tecticeps  sp. (1 sopod)
Hem | anpr ops sp. Synidetan angulata-
Mesol anpr ops sp. (isopod)
Mysid: Ophiuroid
Archaeonysis grebnitzkii Uni dent. mneral mterial

Uni dent. organic naterial
148. English sole were sanpled at the experi-
mental site in July and August of 1975, The July sample
was taken during disposal. Nunerically, the cunacean,
D. dawsoni, Wwas most i nportant, nmaking up 97 percent of the
total in July and 60 percent in August. The August diet

was supplenented by nysids, . kadiakensis, juvenile

Dungeness crab, and Qangon sp. shrinp.
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149. By weights, D. dawsoni made up 70 percent
of the total weight in July 1975 but dropped to 9 percent
in August. In August, the juvenile Dungeness crab nade up
37 percent of the total weight. Qher itenms occurring in
the August diet were juvenile shrinp, juvenile razor clans,
anphi pods, and debris. The differences noted during the
di sposal period in August were a decrease in the nunber of
cumaceans eaten and an increase in the nunber of decapod
crust acean juvenil es consuned.

150. Figure E39 shows the conmparison of the

test site to the other four sites from July 1975 through

April 1976. In July, fish caught at the test site had not
consurred pel ecypods, whereas they had been eaten at three
of the other four sites. In August, the consunpti on pattern

was scattered, but fish caught at the test site consuned a

greater variety of itens than at the other four sites.

Sand sole (Psettichthys melanostictus)

151. The sand sole is a right-eye flatfish
with brown coloration restricted to the right side. The
mouth is large, strongly toothed, and al nost symetri cal .
The scales are ctenoid on the eyed side and cycloid on the
blind side. Sand sole reach a length of 63 cm and are found
in relatively shallow waters (< 183 m) from southern Cali-

fornia to the Bering Sea. Di stingui shi ng characteristics

of this fish are the large mouth and that the first eight
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or nore dorsal rays are elongated and filamentous. The
sand sole has a good flavor and has sonme commercial value.

152. The sand sole was not nunerically inpor-
tant, but it is a large flatfish and occurred in 55.6 per-
cent of all traw tows. These sole were captured in all
mnths sanpled. A total of 259 sand sole were captured,
representing 0.3 percent of all finfish, Relatively small
nunbers nade any estimation of seasonality of the species
questi onabl e. Few sand sole were captured in June and
July when extensive sanpling occurred at all five sites,
suggesting they were not in the area during these nonths.

153. The length range of sand sole varied from
45 to 555 mm with no single size group distinctive. The
sand sole length-frequency histogram in Figure ELO indicates
a general ungrouped assenblage of all size groups. Exam n-
ation of sand sole caught at test site E indicated that
mre small fish were in that area in August and Septenber
than in the four remaining sites conbined. A test of the
conparative sizes between sites had essentially no value
because the nunber captured was snall.

154. An ANovVA for sand sole catches was nade
to determne significance of site and nonth differences.
The tests showed that significant differences existed between
nunerical catches between sites and between nonths. However,
the differences between sites appeared to be consistent

from month to nonth as indicated by the nonsignificant
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i nteraction.

155, Determnation of a Qtest value to test
the significant relationship of sand sole catches between
sites resulted in a value of z=0,6470, The alignment of

sites based on their catches follows:

LARGEST MEAN SMALLEST MEAN
Site Site Site Site Site
E C A D B
X X x x X
1.4050 0.7488 0, b4h75 0.3463 0.2238
Those neans above the sane line do not differ significantly

from each other at the 5 percent |evel.

156. The Qtest of nean catches for the five
sites indicates a significant difference between catches
at test site E and the remaining four sites. Traw  catch
differences between the other four sites were not signifi-
cant. The test substantiates the conparatively higher
catches of sand sole at test site E

157, Sand sole are large flatfish wth strongly
developed teeth, large nouths, and high capacity stomachs,
allowing consunption of large or nany food itens (Figure E41l),
Wumerically, two groups of organisms were inportant: mysi ds

and fish. The nysid, K. kadiakensis, accounted for 78

percent in April, 93 percent in August, and 84 percent in
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Sept enber 1975.  The anchovy, E., nordax, is the nost im
portant food for the sand sole, It accounted for 100
percent of the total nunber in January 1975, 80 percent in
March, 22 percent in April, 62 percent in My, 67 percent
in Novenber, and 40 percent in Decenber 1975, and 100 per-
cent in April 1976,

158. Gavimetrically, the picture was simlar.

The nysid, N. Kkadiakensis, made up 11 percent of the total

weight in April 1975 and 58 percent in August 1975, The
anchovy, E. nordax, was the inportant weight item through
the year accounting for 100 percent of the total in January
1975, 78 wpercent in March, 89 percent in April, 24 percent
in May, 95 percent in Septenber, 83 percent in Novenber,
and 84 percent in Decenber 1975, and 100 percent in April
1976.

159. Briefly summarized, the sand sole consunmed
anchovies, E., _nordax, during all seasons except sunmer.

Misids, N kadiakensis, were eaten in the early spring and

summer. Additional food items consuned at least once were:

Pol ychaet e: Tel eost:
Nothria sp. Uni dent. teleost

Amphi pod: Osneri dae
Atylus tridens Ot her:

Decapod Crustaceans: Uni dent. mneral nmaterial
Pandal us  sp. Unident. animal naterial
G angon  sp.

Crangon franciscorum

160. Sand sole were sanpled at the experinental

site, one in August and 19 in Septenber 1975. Numerically,
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the nysid, N. kadiakensis, was nmost inportant, making up

93 and 86 percent of the total, respectively. In August,
an unidentified teleost was eaten. In  Septenber  anchovies
were consumed along wth the nysids. By weights, the
nmysids contributed 58 percent and the fish 42 percent of
the total for August. In Septenber, the anchovies nmnade up
98 percent of the total weight. It is quite likely that
the unidentified teleost is an anchovy digested beyond

recognition. The diets for both nonths were simlar.

Decapod Crustaceans

161. Trawing at the sanpling sites resulted
in the capture of 13 species of decapods representing 5 fam
Ilies. The total nunber of shellfish captured was 97,360,
which exceeded the finfish catch (Table E5). Crangonid
shrinp made up 95.9 percent of the entire catch, and Cancer
magister accounted for 3.8 percent.

162, Since all but one species of crangonids
were grouped, it was not possible to define the decapod
crustacean community using diversity, richness, and evenness
I ndi ces. Use of the catch per mnute of trawing effort
and index of relative inportance (Pinkas et al., 1971) did
provide two neasures to conpare the decapod crustacean catches
at each site.

163. The traw catch of crustaceans at five

sites is shown as nunbers per mnute of effort in Figure EkL2,
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The largest quantities per tow were captured between Hovem-
ber 1975 and February 1976, while secondary catches of
crustaceans appeared from April to My 1975. Low catches
occurred during Novenber 1974 to January 1975 and June to
September 1975. A consistent pattern of availability was
not apparent at sanple sites although further sanpling may
have produced seasonal trends. The crustacean catch at
experinental test site E was less than 30 individuals per
mnute of trawing effort until deposition of dredged
mat eri al ceased. The catches increased gradually in
November 1975 and then increased to over 420 per mnmnute in
February 1976. The April 1976 crustacean nunbers at all
five sites decreased from the previous nonth's catches.
Wi le crustacean catches at site E were generally |ower
than catches at other sites, catches at site D also remained
low during the deposition period.

164, An index of relative inportance (IRI)
for the crustacean catches is presented in Figure EAi3,
Inportance of sand shrinp in percent nunber, percent weight,
and frequency of occurrence decreased steadily from site
A to site E The remaining grouped crangonid species
increased in all categories from site A to site B Dungeness
crab, while never nunerically inportant in ternms of percent
of the total catch, fornmed the domnant percent of weight
at each of the five sites. The chart reveals the relative

insignificance of decapod crustaceans other  than crangonid
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shrinp and Dungeness crab.

165. The sand shrinmp and Dungeness crab were
the only species used to conpute a nunerical ANOVA at the
five sites. A Qtest and nmonthly Ilength-frequency were
also determned for the tw species. [t was possible to
use a Kolnogorov-Smrnov two-sanple test for sand shrinp
in April 1976 but not in other nonths. The egg-bearing
period for sand shrinp is shown by percentage of catch
with eggs each nonth. The varying sex ratio of adult male
and fenale Dungeness crab captured at the sites is also

presented on a nonthly basis.

Sand shrinp (Qangon franci scorun

166. Sand shrinp are found from San D ego,
California to southeastern Aaska to depths of 60 m The
literature indicates sand shrinp reach a length of 82 mm
although this would appear to be a nedian size off the
Colunbia Rver nouth. The distinguishing characteristics
of sand shrinp are long, narrow hands wth |ongitudinal
dactyls and head having |ong antennae. Sand shrinp inhabit
estuarine and near-coastal areas over sandy substrate.
Al t hough abundant, they are not harvested comercially
but do provide food for finfish and are used occasionally
as bait.

167. Gangon  franciscorum appeared in 87.4

percent of the 151 traw tows. A total of 43,579 individuals
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were taken and they accounted for 44.8 percent of all decapod
crustaceans. Sand shrinp were taken every nonth, but |arger
nunbers were captured from Decenber through July than from
August  through  Novenber.

168. The lengths of a representative sanple of
sand shrinp ranged from 30 to 110 mm and are plotted on a
length-frequency  histogram (Figure Ei4)., The chart reveals
that the popul ati on consi sted amostwhol |y of adult indi-
vi dual s. Age separation by size was not possible because
of overlap. Small sand shrinp entered the catch in July
and skewed the histogram through Septenber; thereafter,
they were as a group not distinguishable. An adequate
nunerical sanple for a conparative test of sand shrinp
lengths was available in April 1976, The Kolmognrov-
Smrnov test of shrinp lengths at the disposal site wth
those of sand shrinp taken at the other sites revealed a
significant difference in lengths Dbetween the sites
(Figure Ebs), The chart indicates a higher proportion of
large shrinmp was captured at the four northern sites rather
than at experimental test site E. It is not known whether
this difference in sand shrinp length was related to sed-
iment disposal at the test site or is a normal condition
of size-related spatial distribution off the Colunbia
Rver nouth.

169. FEgg-bearing sand shrinp were exanined to

determine if tenporal differences existed anong sites
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(Figure E46), The period of tine eggs were observed on
sand shrinp ranged over six nonths from January to July,

The proportion of egg-bearing peaked between several nonths
at individual sites. The incidence of egg-bearing ranged
from 42 to 50 percent between sites. Since sand shrinp
were not bearing eggs during sedinent deposition and com
paratively few were in the test area, it was not possible
to neasure any inpact related to the activity on the species.
However, other crangonid species bearing eggs between July
and Cctober were common in the area, and any future study
of a simlar nature should determine if they are affected,

170. An aNovA of sand shrinp catches and
their significance at five sanpling sites is shown from

July 1975 to April 1976.

EF-val ue F.OS
Site 71.1066 2. 87
Mont h 8.3810 3.10
| nt eraction 11. 0040 2.28

The ANOVA reveals significant differences between nonths

and sites. The differences in catch were not consistent

from month to nmonth as indicated by the significant inter-

action. The sand shrinp catches were simlar to catches

of some finfish in that larger nunbers were taken in north-

ern sites and the nonthly catches varied from July to

April. Necessary baseline information is unavailable that
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could have related this distribution pattern to dredging
and  disposal activities or to normal spatial behavior of
the species.

171. A Qtest value z=1.1568 was calculated
to determne the significance of average abundance per site
over tinme of sand shrinp taken at the study sites. The

relationship follows:

LARGEST  MEAN SMALLEST MEAN
Site Site Site Site Site
a A C D E
X X X X X
6.0312 5.8837 2. 0537 1. 8125 1.4612

Those neans above the same line do not differ significantly
from each other at the 5 percent Ievel.

172. Northern sites A and B did not signifi-
cantly differ from each other; neither did southern sites
C, D, and E The northern and southern sites, however,
differed significantly. Test site E had the lowest sand

shrinp average abundance of the five sites.

Dungeness crab  (Cancer magister)

173. Dungeness crab is one of the inportant
shelIfish found on the Pacific coast. It is a hardshell
crab nmeasuring up to 25 cm across the carapace. Their

range is from Mxico to the Bering Sea. The total conmmercial
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catch varies from 25 to 30 mllion pounds annually. In
addition, recreational harvest is high but nost fishing
effort is usually <confined to protected estuaries or bays.
The Dungeness crab occurs to depths of 200 m

174,  Cancer nmgister were taken in 755 per-

cent of the 151 traw tows, The total nunber taken was
3662 individuals, and this represented 3.8 percent of all
decapod crustaceans. A small but consistent nunber of
adult crab were captured throughout the study, indicating
the species is not seasonal. Examnation of the sex com
position provided a different inpression (Figure ELT)., The
ratio of nmale to female crabs in traw catches is higher
from Novenber through January. From February through
October, adult fenmale crabs outnunber nale crabs and the
ratio is usually disproportionate. Conmer ci al crab  harvest
begins in Decenber and utilizes male crabs exceeding 159 nmm
carapace width. A decline in nale adults in February would
be expected, but the crab season ends in March or April
and was not followed by a subsequent recruitnment of snall
adult nales for six nonths. These data suggest that adult
crabs are seasonal by sex at the sanpling sites.

175. The size of Dungeness crab ranged from
5 to 185 mm wdth across the carapace, Mont hly catches
consisted of a numerous small size group and a small group
of large crabs (Figure E4L8). Intermediate-size juveniles

or young adult crabs (50-110 mm) were not evident during
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the study. Insufficient quantities of <crab were captured
at test site E to nake a valid conparison of carapace
width wth those captured at other sites.

176. An  ANOVA for Dunyeness crab catches

was run to test the differences between sites and nonths.

F-val ue F.os
Site 4,1699 2.87
Month 9. 6537 3.10
I nteraction 3.9477 2.78

Significant differences existed anong sites and also be-
tween nonths at the 5 percent level of significance. The
catches of «crabs from nonth to nonth were not consistent
as shown by the significant interaction. The northern
sites had nunerous juvenile <crabs in the sumer. In the
winter and spring, young crabs were also found at the
sout hern sites. The tenporal differences in catches resulted
because few crabs were captured in July.

177. A Qtest value of z=1.6595 was calculated
for measuring the significance of the difference anong
nmean abundance of <crabs at the five sites. The results of

this test were as follows:

LARCGEST MEAN SHMALLEST MEAN
Site Site Site Site 3ite
B A C E D
X X X X pre
2.7312 2.2362 2.1313 1.0038 0.9313
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Those neans above the sanme line do not differ significantly
from each other at the 5 percent |Ievel.

178. The Qtest indicated significant differ-
ences in crab catches between northern site B and southern
sites E and D There was no significant difference between
sites A and C and the remaining three sites. The tests
inmply a spatial distribution of Dungeness crab, though it

is not as defined as that for several species of finfish.

134



PART IV: DISCUBSION

179, Trawl sanpling for finfish and shellfish
off the Colunbia R ver nouth was acconplished on a nonthly
basis, when weather was suitable and sites wunobstructed
by fishing vessels or «crab pots. Average bottom tenperatures
and salinities at the five sites were conparable, while
currents, tide <conditions, wave height, and wnd velocity
and direction varied <considerably between and occasionally
wit hin sites. Qur average 5-minute trawl effort produced
575.7 finfish and 6LL.,7 decapod shellfish or a conbined
average of 1220.4 individuals per tow Finfish species
included 21 taken rarely (<10 individuals) and 10 species
nunbering less than 100 individuals. Finfish catches in
the MCR area were domnated by the remaining 20 species
and decapod shellfish were domnated by Oangonidae and
Cancridae famlies.

180, The nunber and frequency occurrence of
sone domnant denersal species nade it possible to deternine
seasonal ity and spati al di fferences. Presence or absence
of school i ng speci es present ed difficulties det er m ni ng
their space and tine differences. Dfferences were con-
sidered carefully since sanpling sites ranged from 2.7 to
9,1 km and depths varied at nost by 22,5 m A |ogical
presunption is that catcanes at all MCR sites tend to be

uniform in nunbers and species conposition. Previ ous
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sanpling (Durkin, 1975) suggested sone difference did occur
in finfish species and nunbers between sites B and C. This
study confirns that a spatial difference occurs wth sone
dom nant speci es. Pri ckl ebr east poacher and showy snailfish
were inportant at northern sites while butter sole and
Pacific sanddab were inportant at the southern sites.
Whitebait snmelt, English sole, and Pacific tomcod were im
portant at all sites. Anchovy and longfin snelt were im
portant at all sites except test site E

181. Diversity indices were wused to conpare
relationships at the four sites prior to deposition and wth
test site E following sedinent disposal. Indices are useful
for determning stress based on a supposition that an un-
disturbed comunity supports a large nunber of species,
none of which occur overwhel mngly. Certain types of stress
can reduce diversity by nmaking the environnent unsuitable
or by giving other species conpetitive advantage (Weber,
1973). Studies by Marns (1974) in the Southern California
bight and Dahlberg and Odum (1970) in a Georgia estuary
indicate the Shannon-Waver indices of 2.0 wusually found
in the MR area when anchovy were absent would be considered
above  average.

182, Charts showi ng Shannon- Weaver index, species
richness, CPUE, and species per tow results provide evidence
that the test site finfish population dimnished below that

of the other four sites and remained low for several nonths.
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The test indices were sinilar initially to those of other
sites, fell during or after deposition, but eventually
returned to values corresponding to those from the other
sites. These various test indices showed an effect from
sedi ment deposition. Evenness indices at the test site,
however, were not depressed but instead noved higher than
those at the other four sites. They were highest in Sep-
tenber after dredge deposition ceased and renmined above
the other sites through Novenber. Data revealed several
Bothid and Pl euronectid species were taken at the test area
and they were present in simlar quantities. Envi ronment al
stress would norrmally reduce the evenness index but during
this study it increased.

183. Characteristics of eleven finfish species
and two decapod shellfish species were studied to determne
if any detrinental or favorable effects resulted from the
sedi nment di sposal program These were studied through the
lo-month period and particularly the Us-month period during
and after sedinment deposition when sanpling was possible
at all sites. Lengt h-frequency histograms portrayed size
ranges, growth, availability, and occasionally age groups.
Horthern anchovy, an inportant species, were chiefly juv-
eniles, and wusually found in schools at northern sites.

Wde size ranges over nost life stages typified catches of
longfin snelt, whitebait snelt, pricklebreast poacher,

showy snailfish, English sole, and sand sole. W del y
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separated size groups were noted for the Pacific sanddab
and Dungeness crab. Pacific tomcod sSize groups were
separate and remained intact. Pacific staghorn sculpin and
sand shrinmp individuals were usually adults.

184, Relatively small nunbers of finfish were
taken at test site E during and after deposition. This
caused difficulty 1in conparing species sizes between sites.
In nine instances where |length conparison could be nade
with site E fish were predomnantly from nearby sites
C and D These tests indicated 8 situations where a differ-
ence existed either at the 5 or 10 percent probability [evel
between the length conposition of fish at the test site and
other sites. The charts also showed fish at the test site
were wusually smaller than those found at the other sites.
Butter sole were the only species common enough to provide
data through the b-month conparison period. They were
initially larger at the test site in July 1975, signifi-
cantly snmaller in August and Septenber 1975, and signifi-
cantly larger in April 1976, Pacific sanddab (August
sample), English sole, whitebait snelt, sand shrinp, and long-
fin smelt were snaller at the test site than at the conbined
other sites. This suggests an inpact on large fish in a
sedi nent deposition area. It also suggests recruitnment of
smaller individuals of that species to a deposition site.
This apparent relationship could also be food associated.

This particular characteristic could be examned in nore
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detail in other studies and a determination nmade to see if
there is application to other species, areas, and tine.

185. The ANOVA two-way tests of each dom nant
finfish and shellfish species consistently showed signifi-
cant differences between sites and also between nonths.
Usually nost differences in catches were not consistent
from nonth to nonth or between sites as indicated by the
significant interaction. The tests denonstrate the dynamc
nature of species found at the Colunbia R ver nouth. The
Qtests were based on ANOVA values and established the
relationship of individual sanpling sites to each other.

It also provided a logarithmc nunerical conparison of a
domnant species taken at each site. Wsually the farthest
sites were significantly different while the nearest sites
wer e conpar abl e.

186. The data indicate finfish in the area
show selective feeding habits. Young fish consune the sane
prey items as the adults of the same species but selected
for the smaller individuals. Therefore, the diets Dbetween
young and adult fish of a species differed little in terns
of species consumed but rather in terns of sizes of the
or gani sns. This was observed during the process of exam
ining stomachs although the data herein are not separated
by ages of fish.

187. Four invertebrate and one fish species were

consuned extensively by MR fish: the cunmacean, D. _dawsoni;
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the nysid, N. _kadiakensis; the anphipod, A. tridens; the

shrinp, Qangon sp.; and the anchovy, E, nordax. O the

many species inhabiting the MR area that are of prey-item
sizes and could be used for food, these five species were
consuned consistently by nost domnant species throughout

the study and at all sites.

188. Feeding changes observed in finfish at
the test site following disposal indicate small-size itens
were not eaten but large shrinp and anchovies were. This
could indicate effects of disturbance to the area created
by dunping dredged material. However, by Novenber the food
habits of fish caught at the test site were simlar to those
of fish from the other four sites. The contractual time
limts of the study prevented annual conparisons of food
habit data. It was therefore not possible to verify if the
observed trends are normal for the MR area or specific
to 1975 and early 1976.

189, Domnant decapod shellfish species include

sand shrinp, C. franciscorum and Dungeness crab, C. nagister.

The C. franciscorum have been described as a bay or estuarine

species but data reveal they are abundant in a narine

environnment, particularly in the adult and egg-bearing stages.

Krygier and Horton (1975) noted female C._ franciscorum found

in Yaquina Bay, Cegon are rarely 62 mm total length and
males are less (50-52 mj. The study indicates the average

length of c¢. franciscorum off the Colunbia Rver nouth is
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70 to 80 mm with some individuals exceeding 110 nm The
spawning or egg-bearing period noted wthin Yaquina Bay
was Decenber through March while our data reveal the egg-

bearing period extends wuntil July. These results suggest

young C. franciscorum use the estuary while older and [larger
individuals inhabit a nmarine environment. The ngjority

of ¢. franciscorum were found at northern sites and this

persisted through the entire sanpling period. he size
conparison test in April 1976 indicated small shrinp were
at site E.  Qher crangonid species were predomnantly at
the southern sites.

190. Dungeness crab populations were marked by
seasonal changes of adult nale or fenale crabs and presence
of a strong juvenile size group which entered and remained
in the area. Internediate size crabs with 60 to 120 mm
carapace w dth were not captured. Most crabs were caught
at northern sites but only at site B were catches signifi-
cantly different from the southern sites.

191. The 548,519 m3 of dredged sedinment released
at site E had an apparent effect upon the nunber of species,
number of individuals, size of the fish, and food they con-
sumed. The finfish population recovered wthin seven nonths.
Sediment renmoval from the navigation channel annually exceeds
4,000,000 m3, but deposition at sites B and C in prior years
revealed no apparent lasting effect on the diversity and

nunber of finfish. Qur catch data did indicate a |larger
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concentration of individuals at northern sites; therefore,

deposition effects would be greatest in that area. Cat ches
at the uni npacted southern site D indicated finfish nunbers
are normally low in the sumer and this suggests there would

be less direct inpact from deposition at that site.
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PART v: SUWARY AND CONCLUSI ONS

192. Denersal sanpling of finfish and decapod
shellfish benthic populations from Qctober 1974 to April
1976resulted in the capture of 184,291organisns. The to-
tal finfish catch was nmade up of 21 fanmlies and 51 species
and consisted of 86,931 individuals. In addition, three
famlies had fish larvae which could not be keyed to species.
The decapod shellfish group consisted of 97,360 individuals
belonging to 5 famlies and 11 identifiable species. Sanp-
ling was conducted at nonthly intervals whenever possible
at the five sites off the Colunbia Rver nouth. A selected
subsanple of numerically domnant finfish captured in the
traww  tows was injected and segregated for food consunption
anal ysis. Individual lengths and weights were also taken
from a random subsanple.

193. The initial sanpling period, Cctober 1974
through June 1975, though not a full vyear, was scheduled to
provide baseline information on the tenporal and spatial
distribution of indigenous species at four preselected sites.
The second phase of the study (July 1975-August 1975) con-
tinued data collection at the four sites but was oriented
primarily toward nonitoring deposition of dredged sedinents
at a fifth specific test site. The tests' purpose was to
deternmine changes that occurred wthin the finfish and dec-
apod shellfish comunities. The final phase (Septenber

1975-April 1976) was a continuation of sanpling at the five
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sites and determnation of further change following com

pletion of the sedinent disposal test.

194. The effectiveness of the study was linited
by the follow ng:

a.. The lack of a conplete initial year of
baseline sanpling prior to sedinment dis-
posal to establish tenporal and spatial
distribution characteristics for the dom
i nant speci es.

b. Designation of the test site's location
was nade shortly before sedinent deposition
began, limting predisposal sanpling to the
extent that a useful conparison of species
could not be nade wth the four prelimnary
phase sites.

c. Actual deposition by the hopper dredge at

the test site was made in a semcircular

track at various distances from the narker
buoy, resulting in traw sanples being taken
at least part of the time over areas of

no  deposition.

195. Despite the qualifications indicated for
the sanpling effort, a series of conparative tests (which
included species richness, diversity, evenness, species per
tow, and catch per mnute of sanpling) revealed a 3- to 6-
month depressed population of finfish at the experinental
test sites. These non-paranetric tests further showed that
seven nonths after deposition had ceased, the test site
indices were simlar to those of the four conparative sites.

196, The ANOVA of nunbers of finfish and shell-
fish taken at the five sanpling sites was limted to the
nonths of July, August, and Septenber 1975 and April 1976.

Sanpling data gathered between Septenber and April could not
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be wused for conparative analysis because comercial crab
gear restricted sanpling at several of the sites. Tests

of spatial or site differences in catches indicated a sig-
nificant difference at the 5 percent level in 10 of the 11
finfish Species, English sole were the exception wth no
difference found in catch betwen sites. The test of tem
poral or nonthly simlarity of catches revealed significant
differences in the catch of 9 of the 11 species; anchovy and
showy snailfish were exceptions. In addition to the overall
significant differences between sites, the analysis also
indicated that those differences were not consistent from
month to nonth for each species except anchovy, snailfish,
and sand sole.

197. A Qtest was wused to conpare differences
in catches between pairs of sites for the 11 species. In
all of the Qtests, English sole were the only finfish that
did not have significant differences in catches betwen at
least two sites. Differences in catch were usually between
the northern sites A and B and southern sites C D and E
The northern assenblage of fish consisted of anchovy, white-
bait snelt, longfin snelt, Pacific tomecod, pricklebreast
poacher, showy snailfish, sand shrinp, and Dungeness crab.
The southern assenblage consisted of shiner perch, Pacific
staghorn sculpin, Pacific sanddab, butter sole, and sand
sole. The principal species inhabiting the test disposal

site were the sand sole, staghorn sculpin, and butter sole.
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The consistency of these species and their nunbers suggest

they mght be considered tolerant of sediment disposal.

198. This study denonstrated that certain de-
mersal finfish from the nouth of the Col unbi a River (MCR)
showed fairly selective feeding habits. This interpretation

of the data takes into consideration several sanpling lim-

tations:

a. Because of natural occurrence or nonoccur-
rence and sanpling inconsistencies, the
eleven species of fish were not sanpled
evenly during all nonths.

b. Fish may not have consuned the food itens
from the area in which they were captured.

c. Diel and diurnal mgrations of both fish
and invertebrates as well as unknown daily
foraging habits of fish may have affected
the results.

a. \Various stages of digestion of the food
itens limted some of the identifications.

199. Food utilization studies were conducted
from January 1975 through April 1976, The sanpling pro-
cedure was to select a subsanple of the numerically dom nant
species from each tow This technique had nerits but was
subjective, resulting in oversanpling of sone species and
undersanpling others. The data provided valuable original
information regarding the food habits of indigenous species
of demersal fish at the nouth of the Colunbia R ver.

200. Four invertebrate and one fish species
are the nost extensively consunmed prey itens off the Colunbia

R ver nout h. These are the cunacean, D astylopsis dawsoni ;
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the nysid, Neonysis  kadi akensis; the  anphi pod, Atyl us

tridens: the shrinp, Crangon sp.; and the anchovy, Engraulis

mor dax. Food consunption patterns were evident. The
anchovy consumed phytoplankton while snelt ate cunaceans,
copepods, and snall nysids; an exception was the whitebait
smelt, which also consunmed small anchovies. Pri ckl ebr east
poachers consumed nysids while the tomeod and show snail-
fish ate cumaceans, anphipods, shrinp, and fish. Pacific
staghorn sculpin preyed on shrinp and fish. The |large-nouth
flatfish, Pacific sanddab and sand sole, accordingly ate
large shrinp and/or anchovies while the snall-nouth Dbutter
and English soles preyed on cunaceans, anphipods, shrinp,
clans in sunmer, and a few fish and worns.

201. Specific changes in finfish feeding be-
havior were difficult to assess at the test site since an
individual fish could have fed in one area and then swam
into the test area where it was captured. However, the data
indicate that the consunption of small organisns such as
cunmaceans, copepods, nysids, and anphipods decreased while
consunption of shrinp and fish wusually increased during and
imediately following disposal. In Septenber and Novenber
1975, feeding behavior of the fish at the test site was
simlar to that of fish caught at the other four sites.
Therefore, the burrowing clans and worns utilized during
disposal seened to be replaced by fish and decapod crus-

taceans as food itens. Following disposal, food comsumption
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tended to be simlar to that at the other sites,

202. The study revealed that it is possible to
refine the approach wused and, with additional preparation
and study, to provide data that would inprove the degree
and extent of statistical analysis. The data also suggested
that summer sedinent disposal at sites south of the navi-

gation channel would affect nunerically few denersal finfish,
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TABLE H
DEMERSAL  FINFISH SPEAES,  wuMBER CAPTURED,
AND FREQENCY O OOCURRENCE  BETVEEN
OCTOBER 1974 AND APRIL 1976

EAMLY NS SPEQES coMMON PR MARY TOTAL  PERCENT fppa g
NAME HABI TAT INDIV, TOTAL OOOR OOLR

Myxinidae

Ept atretus dtouti Pacifiec hagfish Pel agi ¢ 3 ,003 3 1. 986
Squalidae

Squalus acanthias spiny dogfish Pelagis 39 Ol 27 17. 880
Rajidae

Raja binoculata Big skate Demersal 34 039 23 15. 231
Acipenseridae

Acipenser medirostris Qeen sturgeon Demersal 2 .002 1 .662
Clupeidae )

Alosa sapidissima American shad Pelagic 1 .001 1 662

Clupea har engus Pacific herring Pel agi ¢ 56 .064 12 7.947

pallasi

Engraulidae .

Engraulis mordax Northérn anchovy Pel agi ¢ 40, 909 47.059 100 66. 225
Salmonidae

Oncor hynchus t shawyt scha Chi nook  sal non Pelagic 1 ,001 1 L662
Osmeridae

Allosmerus elongatus Wiitebait snelt Pel agi ¢ 6010 6.913 106 70. 198

Hypomesus pretiosus Surf smelt Pelagic 17 .019 6 3.973

Spirinchus starksi N ght snelt Pel agi ¢ 86k .993 60 39. 735

Spirinchus t hal ei cht hys Longfin gmelt Pel agi ¢ 7816 8.991 110 72.847

Thal ei cht hys pacificus Eulachon Pelagic 1095 1.259 55 36. 423

Osmeridae larvae Pel agi ¢ 2931 3.371 81 53. 642
Gadidae

Merluccius product us Pacific hake Pel agi ¢ 22 025 8 5.298

Microgadus proximus Pacific tomcod Dener sal 3305 3.801 115 76. 158
Syngngthidae

Syngnat hus griseolineetus Bay pipefish Pel agi ¢ 43 049 18 11. 920
Embiotocidae

Anphi sti chus rhodoterus Redtail surf-perch Pel agi ¢ 3 .003 3 1. 906

Cynat ogast er aggregata Shiner perch Pel agi ¢ 623 .T16 66 43.708

Hyper pr osopon anale Svotfin surfperch Pel agi ¢ 5 . 005 4 2. 649"

Hyperprosopon ellipticum Silver surfperch Pelagic 1 ,001 1 ,662

Phanerodon furcatus Wite seaperch Pelagic 16 .018 4 2.649

Rhacochilus vacca Pile perch Pel agi ¢ 1 .001 1 L662
Trichodontidae

Trichodon trichodon Pacific sandfish Dener sal 1 .001 1 662
Anarhichadidae

Anar r hf cht hys ocellatus Wolf-eel Derrer sal 2 .002 2 1.324
Scorpaenidae

Sebaat es melanops Black roeckfish Pelagic 9 .010 8 5.298

Sebastes juveniles Pel agi ¢ 90 .103 33 21. 854

Sebast es paucispinis Bocaccio Pelsgic 1 .001 1 .662
Anoplopomatidae

Anopl oporma fimbria Sablefish Denersal 2 .002 2 1.324
Hexagrammidae

Ophiodon elongatus Lingcod Demersal 4 , 004 4 2. 649

Hexagrammos decagrammus Kel p greenling Derrer sal 9 010 7 4. 635
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TABLE H

(concl uded)

Cottidae
Artedius harringtoni Scal yhead  scul pin Demersal 1 ,001 1 .662
Enophrys bisan Buffalo sculpin Dener sal 2 002 1 L662
Hemiliepidotus spinosus Brown Irish 1lord Derrer sal 46 .052 12 7.947
Leptocottus armatus Pacific staghorn Demersal 282 .324 73 48. 344
sculpin
Chi t onot us pugetensis Roughback  scul pin Demersal 1 .001 1 662
Agonidae
Agonus acipenserinus sturgeon poacher Dener sal 28 .032 14 9.271
Cceel | a verrucosa Warty  poacher Derrer sal 223 256 57 37,748
Odontopyxis trispinosa Pygny poacher Dener sal 1 .001 1 .662
Pallasina barbata Tubenose poacher Derrer sal 8 .009 5 3.311
Stellerina xyosterna Pri ckl ebr east poacher Dener sal 4098 b, 71k 108 71.523
Cycl opt eri dae
Liparis pulehellus Showy snailfish Demersal 2400 2.760 102 67. 549
Bot hi dae
G thari cht hys sordidus Pacific sanddab Derrer sal 1680 1.932 104 68. 874
A thari cht hys stigmaeus Speckled ganddab Dener sal 259 .297 u7 31.125
Pl eur onect | dae
Eopsetta Jordani Petrale sole Derrer sal 43 . a49 18 11. 920
Q ypt ocephal us zachirus Rex sole Demersal 382 Jk39 22 14.569
| sopsetta isolepis Butter sole Derrer sal 7020 8.075 145 96,026
Lyopsetta exilis Slender sole Derrer sal 3 003 2 1.324
M cr ost onus pacificus Dover sole Derrer sal 789 907 39 25. 827
Par ophrys vetulus English sole Dener sal 5310 6. 108 138 91. 390
Pl ati cht hys stellatus Starry flounder Demersal 170 +195 42 27.814
Pleuronichthys decurrens Curlfin sole Dener sal 1 . 001 1 662
Psetttcht hys melanostictus Sand sol e Derrer sal 259 .297 84 55.629
Pl eur onect | dae larvae Dener sal 10 .011 4 2.6L9
TOTAL 86,931
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TABLE E2
ANALYSIS OF VAR ANCE FOR ELEVEN SPECIES OF FINFISII
CAPTURED AT FIVE SITES WTH AN 8 m SHRM TRAW
OFF THE COLUMBIA RVER MWTH = JULY, AUGUST, AND
SEPTEMBER 1975 AND APRIL 1976.

SPEC ES SI TE M0 NI H I NTERACTI ON
p = 0.05 Significance 2. 8700 3.1000 2. 2800
Anchovy 5. 1354 0.6Lo6* 1.4732"
Wiitebait smelt 10. 0180 4.1611 6. 8894
Longfin snelt 19. 8413 37.1861 7.7196
Pacific tomcod 45.5343 50. 3646 8. 9475
Pacific staghorn scul pin 4,0944 12. 0480 9. 0060
Pri ckl ebr east poacher 13. 8247 10. 2102 2.6923
Showy snailfish 15. 5840 1.1780" 0.9240"
Pacific sanddab 14. 7689 50. 8147 9.6998
Butter sole 39. 7800 22. 5960 5. 8800
English sole 2.2139"  23.2514 3.4827
Sand sol e 9.5812 8. 1806 1.5678%

*Underlined values were not significantly different at the
5 percent |evel.
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STOWMWCHS COF 16 SELECTED SPECES O F SH

TABLE E3
SPEQES LIST O FQOD

| TEMS OCQLLECTED

CF THE OCOLUMBIA R VER MUTH
JAMUARY 1975 THROUGH APRIL 1976+%

FROM
CAUGHT

TOTAL TOTAL TOTAL TOTAL
F00D | TEM NUMBER  wEgGHT (am FOOD | TEM NUMBER WEI GHT (gm}
POLYCHAETES EMRHIRODS iw N u e d
Unidentified polychaetes 47 10. 06 Aoridae:
Polychaete fragments 29 1.14 Unid, Aoridae 2 0.01
Phyllodocidae: Atylidae: 314
Bteome sp. 4 1.61 Atylus tridens 78.11
ae: Ganmaridae:
Unid.  Syllidae 3 0.03 Elasmopus 3p. 1 0.01
Nereidae: Haustoriidae:
Unid. Nereidae 20 1.79 E sp. 1 0.01
Nereis sp. 1 0.68 Ischyroceridae:
Goniadidae: Ischyrocerus sp. 301 0.19
""id.  Goniadidae 12 0.31 Lysianassidae:
Glycinde picta 7 0.72 Hippomedon denticulatus 19 0. 60
Glyceridae: Oedicerotidae:
Unid, Glyceridae 2 3.71 Monoculodes sp, 90 0.21
Glycera capitata 1 0.02 Synchelidium sﬁ. 15 0. 06
Nephtydae: 51nche11dium shoenmeker i 5 0.10
Nephtys sp. 9 7.73 Photidae:
Omuphidae: Photis sp. 13 0.12
Notheris sp. 44 14.17 Photis californica 115 0.10
Arabellidae: Phoxocephalldae:
Arabella Sp. 1 0.02 Paraphoxus ap. 3 0.11
spfonidae: Paraphoxus obtusidens T 0.28
Spiophanes sp. 9 0.02 Pleustidae:
Spiophanes bombyx ! 0.06 Pleusymptes subglaber 3 0.01
fo filicornis 393 0.93 Podoceridae:
Ampharetidse: Dulichia 2 0.01
Unid, Ampharetidae 19 2.87
Ter ebel |'i dae: DECAPOD  CRUSTACEANS
""id.  Terebellidae 4 0.00
Decapod zgea 2 0.05
CUMACEANS Anomuran ! 0.02
Crangonidae:
Lampropidae: Crangon SP. 180 131.09
Lamprops Sp. 1 0.02 Crangon SPp. Juveniles 155 36.08
enilamprops g§p. 58 0.05 Crangon franciscorum 11 20.04
DiMe:oi:t;props_ 8D, 1811 6.04 Cancridae: . N 109 8 67
asty ae; Cancer magister megalops .
Diastylis §p. 1 0.00 Cancer maglster juveniles 52 39.34
Diastylopsis dawsoni 20141 61.15 Pandalidae:
Colurostylidae: Pandalus ap. 1 0.20
Colurostylis occidentalis 31 0.38 Paguridae: . 0.4
Pagurus ap. .
COPEPQODS
PELECYPODS
Uni dentified copepods 2 0.00 -
Calanidae: Unidentified pelecypods 16 0.45
Calanug sp. 491 0.87 Uni dentified peleeypod juveniles 2 0.00
Eucalanidae: Solenidae:
Eu bungii 2 0.01 8iliqua patula juveniles 782 55.93
Pseudocalanidae: S{ligqua patula siphons 556 7.97
Pseudocal anus sp. 51 0.01
Pseudocal anus minutus 2035 0.16 TELECSTS
Pontellidae; -
Epilabidocersg SP- 1 0.00 Unidentified teleost 21 30. 66
Teleost parts 1 0.08
MYSIDS Engraulidae:
) Engraulis mordax 264 538. 40
Uni dentified mysids 2 0.01 Osmeridae:
Family Mysidae: Unid., osmerids 3 37.00
Subfam |y Gastrosaccinae: Osmerid | arvae 7 3.82
Archaeomysis grebnitzkii 13 0.06 Allosmerus elongatus 3 21.21
Subfam |y Mysinae: Cottidae:

Tribe Mysini: Unid. cottids 2 10.84
Neomysis_ Nﬁii 40 3.52 Cottid Juveni | es 2 0.88
Neomysis kadiakensis 1447 59.49 Pleuronectidae:

Acanthomyslis macropsis 3 0.23 Microstomus pacificus Juveniles 2 4.13
Acanthomysis davigi 128 0.96 Tsopsetta isolepis Juveniles 3 2.24
Acanthomysis nephrophthalma 12 0.30
OTHER
AMPHIPODS
- Ce Unidentified vegetable material" 74 8.36
Uni dent i fied amphipods 2 0.64 Uni dentified mineral material” 22 3.32
Ampeliscidsge: ' 0.05 Unidentified animal material" 94 15.61
Ampelisca Sp. . Uni denti fied od 0.00
Kmpelisca macrocephala 27 0.24 Tecticeps sp. i?ggopod) 8: 5.28
X . Synidotes angulata (isopod) 84 6.19
*#The sixteen fish are: northern anchovy, whitebait snelt, Ophiuroid 12 0. 95
night smelt, longfin smelt, eulachon, Pacific tomeod, Coleoptera part 1 0.01
shi ner perch, Pacific staghorn sculpin, pricklebreast Dendraster sp. (echinoderm 2 0.06
poacher.  showy snailfish, PacificC sanddab, Dover sale, Liparid eggs «* 4 9.23
rex sole, butter sole, English sole, and sand sole. Gastropod feet and opercula 11 1.03
tiiveila sp. (gastropod) 3 0.81
Nassarius sp. 2 1.94
»xIndicates in how many stonmachs the material was found,
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TABLE E4

roop |TEM OOCQURRENCE AT THE EXPER MENTAL
TesT sitg, JULY 1975 THROUGH ArrRl L 1976
1975
Pr e- di sposal Post - di sposal
JULY JuLy AUGUST SEPTEMI
POLYCHAETE: Nothria sp. - Nothria sn. -
Nephtys sp. -- -
Unid. polychaete -
CUMACEAN: Col urostylis occidentalis c. occidentalis c. occidentalis -
Di astyl opsi s davsoni _11. dawsoni D. “dawsoni -
COPEPOD: Calanus sp. - - -
YYSI D Neomysis kadi akensi s 31.. kadi akensi s N. kadi akensi s N, kadi
AYPHI POD: Atylus d e n s A. _tridens A, tridens A, tric
Synchel i di um shoemakeri  ~- -
H pponmedon denticulatus -- -
Photis sp. -
DECAPQODS: Pagurus sp. - -- -
Cancer magi st er nmegal ops g. magi st er megal ops C. magi st er aegal ops --
Crangon sp. Crangon  sp. @angon sp. -
Decapod zoea - -
Decapod megalovs 0T
C. mag:
PELECYPQOD: Siliqua patula juveniles §_. patula juveniles S. patula juveniles -
TELECST: Unid. tel eost -- Unid. tel eost Unid. f{
Engraul i s nor dax - E. mor¢
Csmeri d | arvae -
Isopsetta isolevnis JAuv. -
OTiiaR: Uauid. vegetation unia. vegetation - :
¥ish vertebra .
Tecticeps  sp. Tecticeps sp. -
Synidotes angulata 3. onrulat- -
Liparid eggs ' -
Unid. nineral Unid. 1
"ivale ap, .
fastronod faat -
F1SH 3-staghorn sculpin 10-Pacific sanddab 12-Pacific sanddab 19-san«
EXAM NED S5-showy snailfish 3-English sole 8-English sole S-butt

| - Dover sol e

| -English sole
h-Pacific tomcod
| -whi t ebai t snel t
a-butter sol e

| o-butter sol e
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NO  SAMPLT NG NO  SAMPT, I 1976 ™M U SAPTLTIN

I'N I'N N
SEPTEMBER OCTOBER NOVEMBER DEC. AND JAN. FEBRUARY v ARCH APRI L
- Nothria sp. L) -
-- Nephtydae - -
Glyceridae ™ -
Ner ei dae - .
Phyllodocidae - -
- - - L, occidentalis
-- - - L3 ] T"
Mesolamprons sp.
- - - Calanus s9,
Unid, comnenod
N. _kadi akensis - - --
Unid. nmysid
A. _tridens - -- A. _tridens
- LT -- Synchel i di um SD.
-- m- -- H. dent | cul at us
.- - - Photis gmn,
Paraphoxus sp.
- - T --
- Crangon sp. Crangon §n, --
- - T --
C. magister juveniles - - -
C. franci scnrum
- - - .
Unid. teleost - - - -
E. _nordax e E. _nordax E. nordax
Pleurnnectid iuv,
-a - -m Unicd, vegetetion
- - - - - -
- - - “enrt{nang en,
- - - i‘ anenlesta
- - .- -- - -
Uni d i ner al Unid. mneral - - -
- : - - -m --
Unid. animal Uni d. animal
Unid. eggs
19-sand sole 9-Pacific sanddab 9-Pacific tomcod 3-staghorn sculpn
5-butter sole 5-butter sole 5-butter sol e 7-Pac. tomcod

3-longfin snelt
2-whitebait smel t
2-anchovy

a-butter sol e



TABLE E5
DECAPCD SHELLFISH FAMLIES AND SPEAES CAPTURED
WTIl A sariMp TRAW AT FIVE SITES CFF THE OCLUMBIA
RIVER MWUTH FROM OCTCBER 1974 THROUGH APRL 1976,

PERCENT FREQUENCY PERCENT
FAM LY GENUS SPECI ES TOTAL TOTAL OCCURRENCE OCCURRENCE

Pandal i dae

Pandal us danae 4 0. 004 3 1.99
Cr angoni dae

Cr angon franciscorum 43,579  44.761 132 07. 42

Crangon a. elongata

Crangon ni gri cauda

Crangon stylirostris 49,825 51.176 140 92. 72

Crangon communis ’

Crangon al ba

Sept en spi nosa

Rect ocrangon al askensi s 1 0.001 1 0.66
Paguri dae

Pagurus Sp. 284 0.292 49 32. 45
Cancri dae

Cancer gracilis 4 0.004 2 1.32

Cancer magi st er 3,662 3.761 114 75.50
Pi not heri dae

Pi nni xa SPp. 1 0.001 1 0.66
TOTAL 97,360 100.000
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APPENDI X

THE coLuMBIA RVER MOUTH

Nov 15

Nov
Nov
Nov
Nov
Nov

Jan
Jan
Jan
Jan
Jan
Jan
Jan

Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Mar
Yar
Apr

Apr
Apr

Apr
Apr

20
20

20
21
21
21

OO o oo

b
11

11
11
11
11
11

14
14
14
14

14
14
14
15
15
15
15
15

15
15
12
12
12
12
13
13
13
13
13
13
13

16
16
16
16

CENR RN

NORTH
LATI TUDE

h6012’55"
h6012|50n
L6121t Ls"
y6e12vhon
[NASRARTA
L6Co1hris"
L6orhr2o"
46014' 20"
46°12755"
héolel 55"
h6012|55n
46°12'55"

46' 12" 55"
L46°1250"
y6o12ths"
Leeraryo"
bGolllosll
hge11t10"
L6°11115"
b6e11'20"
h6012'55|l
L6°12'50"
L6o12rLs"
Lge12'ho"
L6211t hs"
46°11'05"
Lgo11v15"
h6011|30u
462141 Lo
L6o1kr 30"
46' 14' 20"
)46011"10"
hsolsyssn
46°15t 45"
46011' 05"
46°15+50"
46°15 hs"
46' 15' 35"
h6°l5'25"
L6°1h4 30"
46' 14" 25"
6oLkt 15"
1‘6012‘1 10"
4p012155"
heolz'son
Lhgor2ths”
hgoratiho"
b6011|h0u
L6o11r b5
46°11'50"
héoll.ssn
h6°10'50"
L6°11'05"
kge11r20"
bpe11r25"
46°12'50"
46°12' 45"
h6012|35n
b6°lb'20"
46°13150"
h601h|15u
46°1L*15"
L6°1hr 20"
LEC15T hs"
h6°ls'15"
46°15'ko"
hgois511s5"
h6°1kt 00"
hgo1hras”
Lgereryst
46' 12' 35"

WEST
LONGI TUDE

124°08'05"
124°08'05"
124°08'00"
124°08 00"
124' 09' 45"
124' 09' 45"
124' 09' 45"
12L°09 ' k5"
124°08105"
124°08*10"
124°08115"
124°08'20"

124°08'10"
124°08'10"
12L4°08'10"
124' 08' 05"

12L4°08r05"
1242081 05"
124008' 05
124°08'05"
124°087 09"
12L°08*0s5"
124°08'05"
124°08'05"
124' 08' 05"

124°08'05"
124°08'05"
124°08'10"
124k°09* 45"
124' 09' 45"
124°09' k5"
124' 09' 50"

124' 09' 45"
124°091'50"
124°08'os5"
124°09°" k5"
124' 09' 50"

124' 09' 50"

124°09's50"
124°091'4o"
124°09*' 45"
124°09 40"
124°09140"
124°08'05"
124' 08' 05"

12L4°08*05"
124°08'05"
12h°08tas"
124°08'10"
124°08'05"
124°08'05"
124008' 10"

124°07'55"
124°08125"
124°08' 25"
124°081 45"
124°08'Lo"
124°08720"
124°09150"
124' 09' 50"

124909 35"
124' 09' 45"

124' 09' 50"

124' 09' 50"

124009' 55"
124°09'55"
124' 09' 50"

124°10715"
124°10%20"
124°08*25"
124°08' 30"

DEPTH
RANGE

72'-90"
Thl_ggl
7 [ 1
63'-97‘
68'-76"
T1'=15"
73'-80"
Tht-93"
851-82"
85'-87"
91'-93"'
97'-96"

T2'-76!
TU'-118"
8hr.112"
8ht-103"
ohroa20?
102'-121"
110'-120"
105'-123"
90'-102"
87t-117"
T7'-110"
80'-102"
110'-122"
1081.123°
110'-120"
110'-111"
68t-92!"
661 -84
681-90°"
T2'=77"
60'-87"
62184
1051 -8L
f1'=-92"
T1'=93"
601'-90"!
58'-83'
71'-98"
68r-86"
6hr-75¢
70'-81"
03'-1uT!
g2r-102¢
8ur.10l4
881-102"
100'-123"
110'-121"
98'-118"
116'-1241
10k'-118"
118'-12h
108'-128"
112'-125"
70'-10b4
68'-108"
68'=104"
91'-104"
62t -9hLt
67+-80"
T1'-82°
70'-76"
T1'-122"
88t -1L2!
106'-138"
82' -104
T2'-1k1"
73'-138!
80'~10L"
851-118"
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FIVEMNUTE TRAW. TONS AT SELECTED SITES CFF

OCTOBER 1974-APRIL 1976

MAGNETI C DI STANCE

COMPASS OF TOW

DI RECTI ON YARDS FI SH
210° 186
220° 266

[-]

2150 HE
200° 775 406
200° 775 830
215° 775 551
215° 775 572
100° 700 201
110° 700 192
11s5° 730 587
2120° 730 951
210° 1030 575
200° 810 231
210° 650 1463
200° 410 4259
210° 670 1124
210° 630 1313
210" 530 487
210° 510 254
200° 330 25
200° 530 16
200° 350 177
250° 250 156
220° 670 307
230° 40 319
225° 430 230
225° 370 94
225° 510 210
225° 400 19
225° 250 1022
225° 250 1323
225° 300 1359
225° 300 613
230° 450 125
215° 800 431
210° 800 8144
210° 375 138
210° 400 163
200° 300 95
200° 300 177
200° 250 210
200" 200 315
1y0°9 400 oy
190° 350 314
190° 250 211
190° 200 349
225° 650 168
225° 450 929
225° 250 306
225° 250 3190
225° 600 554
230° 350 1569
220° 350 896
220° 300 163
190° 700 665
190° 650 1364
195° 475 5325
195° 350 1599
175° 200 2281
175° 300 2669
175° 300 150
180° 250 130
210° 800 92
210° 650 119
210° 500 256
210° 350 76
210° 450 452
210° 700 1071
200° 350 846
200° 550 764

SHELLFI SH

1
bl
206
513
288
249
78
122
31
39
181
260

15

812
383
527
803
229
283
26
13
128
151
265
237
70
54
764
471
1007
592
1418
1664
184
1496
2286
141
241
480
571
2177
1431
230
620
241
415
119
132
370
232
89

63
76
234
781
772
1983
965
1709
448
488
281
772
2323
682
186
210
151
78



June 2
June 2
June 2
June 2
June 2
July 7
July 7
July 7
July 7
July 7
July 7
July 22
July 22
July 22
July 22
July 22
July 22
July 23
July 23
July 23
July 23
July 29
July 29
July 29
July 29
Aug 22
Aug 22
Aug 22
Aug 22
Aug 21
Aug 21
Sept 2
Sept 2
Sept 2
Sept 2
Sept 2
Sept 2
sept 15
Sept 15
Sent 15
Sept 15
Sept 15
Sept 15
Sept 16
Sept 16
Sept 16
sept 16
Nov 18
Nov 18
Nov 18
Nov 18
Nov 25
Nov 25
Nov 25
Nov 25
Nov 25
Dec 5
Dec 5
Dec 5
Dec 5
Dec 5
1976
Jan 21
Jan 21
Jan 21
Jan 21
Feb 21
Feb 21
Feb 21
Feb 21
Feb 21
Feb 21
April 1
April 1
April 1
April 1
April 1
April 1
April 2
April 2
April 2
2

ygo1er 35"
46°11'30"
46°11t20"
46' 15' 35"
L6°15' Lo"
L6°15' 35"
46°15' ho"
L6012t k5"
Lhe°120 35"
L6111 Lo
46°11 ko
Lee12'30"
k6e12t20"
h6°11'10"
L6°11tes"
h6o12'25"
Lge12t15"
L6°15'20"
L6°15*30"
h6°1h'15"
keo1urio"
L6°11Lo"
Leo11 k0"
46°11'30"
46211 35"
L6°1ur25"
L1k 20"
Le°15'20"
46°15t15"
k6°11'40"
46°11 40"
L6°12'50"
46°121L5"
46°11'L5"
L4G°11v30"
46°11' ko"
46211 ks
hEor2thst
46°12730"
469111 35"
L6°11115"
46O11 k5"
46°11'kLo"
kgo1hr 25"
h6011‘|15"
b6015|25u
46°15' Lo"
yger2r 45"
L6°12135"
462114 45"
k6°11'50"
L6°11rho"
46°11*35"
Le°1hr1s”
u6°1k 30"
46°15*30"
L6°12'ko"
4612 35"
46°11' 30"
46°11' 35"
46°11'30"

L6212 ho"
Lk6°12' 30"
46°11* 30"
u6°ll'35"
46°11' 50"
46°11vhs"
46°11°'10"
h6°ll'35"
L6o121 35"
hge12r25"
L6°11*s50"
k6°11rso"
h6°ll'55"
h6°ll’35"
kge12'Lo"
L6e12130"
46' 14' 25"
L6°1k4r 20"
h6°15'05"
h6015|15l|
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124°08730"
124008' 05"

124°08'10"
124' 09' 50

124' 09' 55"
124~09' 50"

124°10°'55"
124°08'25"
124' 08' 30"

124°06'00"
12k°%06'00"
124°08120"
124°08115"
124' 08' 05"

124°08'00"
12L4°07'00"
1z2k°o7r10"
124~10' 10"

124' 09' 50"

124' 09' 50"

124009' 45"

124061 00"
12h°06'00"
124°06'00"
124°06'00"
124' 09' 40"

124' 09' 50"

124°09'4o"
124°09'50"
124°06'00"
12L°%06t00"
124°08t05"
124008' 05"
124°08'00"
1au°g5ray”
124°06'05"
124°06' 00"
12h°nRrys"
12h°08rag"
124%081n0"
124' 07' 50"

124°06'00"
124°06' 05"
124' 09' 40"

124°09'Ls5"
124' 09' 55"
124°09150"
12k°08t15"
12L4°08'20"
124°08125"
124°08'10"
124°06'00"
12k4°06'05"
124009 35"
12L°gQgtLo"
124009' 50"

124' 08' 25"
124°08r25"
124°08'15"
124' 08' 10"

124°08'00"

124°08% 20"
124208 o5"
124°08' 00"
124°07 45"
124°06'05"
124' 06' 15"
124°08'10"
12L4°08' 20"
12k°08'20"
125°08'15"
12L°06*10"
12L°06r15"
12k°08r15"
124°08' 30"
124°08'20"
124°08'15"
12'4009'55"
124009' 55"
124' 09' 45"
124°09'50"

85'-118"
1107-122"
108'-116"
58'-112"
64r-110"
65'-95"

108'-118"
8819kt
92'-95"
73'-102"
68V -10u"
721841
70'-77"
Tht.82?
T76"-821
82174
78177
68'-80"
82'-8u4
55'=57"
56'-83"
T6'-78"
T2'-81"
80'-106"
BBr.10k"
110" -121'
112'-128"
8Lr_88"
811'-85"
8h'-102"
92'-106"
1081120
107'-121"
821.78"
83'-87"
78'-84"
T5'-10k"
60'-98"
62'-8L
B61-96"
75'-97!
102'=122"
100'-118"
621-78"
Thr.B21
81'-96!
72'-102"
64'-98"
92'-105"
92'-112"
108'-122!
112'-118"
1lbr-117’

86t-112"
91'-106"
116'-117"
110t-11k?
791'-82"
81'-82
11k'a132¢
122'-119°'
92'-111"
90'-110"
T51-81"
88t-801"
11kro12l
112'-128!
91'-110"
78'-108"
92'-92°*
89'~10b!
61'-6L"
681-72!

1ro

200°
220°
220°
210°
210°
210°
210°
200°
200"
220°
220°
200°
200°
225°
220°
150°
150°
210°
200°
210°
210°
180
190°
360"
10°
210°
210°
210°
210°
180°
180°
200°
200°
215°
220°
155°
165°
21n°
210°
220°
230°
120°
150°
210°
230°
210°
210°
200°

210°
210°
210°
210°
2ho°
230°
220°

210°
200°
205°
215°
150°
1hkge
270°
315°
200°
200°
135°
135¢
210°
210°
195°
195°
210°
200°
155°
155°

(concl uded)

550
450
375
400
400
300
350
450
420
350
320
500
450
275
220
200
250
250
250
200
200
150
150
400
350
400
300
400
450
275
300
350
350
300
300
400
400
375
325
308
230
200
200
300
300
350
300
325
375
350
350
300
250
350
350
300
500
450
350
350
275

375
400
350
350
260
275
300
200
350
375
375
400
600
5%0]
200
225
360
200
325
375

764
51
138
1180
519
282
ko3
384
490

1046
605
348
227
361
274
314
309
282
605
289
203
116
138
225
151
232
224
466
90

78
40
39
1585
746
279
339
341
165
123
176

24
28
39
87
58
756
1109
1413
1017
148
254
342
195
1603
1353
101
2271
202
82

11
84
11
21
24
1016
26
2o
74
118
122
656
416
1518
1077
5850
2564
319
Los5
203
248
146
1364
2633
2697
899
106
184
151

1929
2444

1324
990
2219
1986
809
1340
1440
1978
185
390
210
327
834
701
641
819
552
Lo



APPEBDI X EI 11

A conparison of 32 5 mand 8 m traw catches of finfish by

species and total nunbers. Tows were 5 mnutes in duration
and when at the sane site were parallel with a simlar
di rectional headi ng. Both seniballoon shrinp nets had the

sane nesh size.

SITE DATE 5 m NET 8 m NET
SPECIES CATCH SPEC ES CATCH
C 10- 01- 74 11 186 13 875
C 10- 01- 74 11 266 13 865
B 11- 15-74 13 551 18 406
B 11- 15-74 11 572 14 830
C 11- 15-74 14 201 17 587
C 11-15-74 14 192 17 951
C | -20-75 8 575 16 1463
C | -20-75 11 231 18 4259
D | -21-75 14 487 12 1124
D | -21-75 14 254 18 1313
C 3-04-75 6 25 11 177
C 3-04-75 6 16 11 156
D 3-05-75 10 230 16 307
D 3-05-75 17 9k 23 319
B 3-11-75 13 210 14 1022
B 3-11-75 14 419 10 1323
A 4-14-75 13 138 11 431
A 4-14-75 9 163 12 8144
B 4-14-75 8 95 12 210
B 4-14-75 9 177 11 315
C 4-15-75 11 211 12 660
C 4-15-75 10 349 9 314
D 4=15-75 16 168 15 306
D 4-15-75 16 929 15 3190
D 5-12-75 12 896 14 554
D 5-12-75 13 163 14 1569
C 5-13-75 13 669 13 5325
C 5-13-75 8 1364 11 1599
B 5-13-75 7 150 13 2281
B 5-13-75 13 130 12 2669
A 5-16-75 5 92 11 256
A 5-16- 75 9 119 8 76
TOTALS 359 10322 434 43876
AVERAGES PER 5 nin. tow 11.2 322.6 13.6 1371. 1
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APPENDI X EI'V

EXPLAJATION OF TdHE TWO-WAY AWALYSIS OF VARI ANCE

The following was the nodel wused in analyzing the
Catch per Unit of Effort (CPUE) data.

Yij k

1n (CPUE + 1) for site i, nmonth j, and
replicate K.

u + Si + Tj + (St).l.J+ sijk.

where u is the general nean
3, is the effect of site i
TJ is the effect of nmonth j

sijk is N(o,og) i.e., normal random variable wth
mean 3 and variance o2

A11 factors (except replicates) are fixed effects.

We cannot consider months as a random sanple of tine
units, nor sites as a random sanple of sites. (The
only possible exception, in the case of sites, would

be to consider the two control sites as a random sanple
of sites where no disposal has occurred.)

There is no reason for interjecting an artificial
stratification when the min purpose is to conpare
sites. Also there is no prior know edge to justify
stratification of sites into north-south groups. Hence,
we cannot consider sites A and B as a random sanple of
sites in stratum 1.; nor are sites D and E a random
sanple of sites in stratum 2.
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APPEADIX EV:

GUHEZRAL DESCRIPTION

OF FOOD ORGANISHMS
Pol ychaet es

1. Pol ychaetes are segnented, soft-bodied
aquatic worns of a distinct norphol ogy. They are nunerous,
di verse, al nost entirely marine, and often constitute a
major conponent of benthic communities (Blake, 1975). Some
are entirely free swimming while others may be crawlers,
burrowers, or tube builders. Anong their habitats are sand,
mud, under rocks, in algal holdfasts, or on floats.

2. In this geographic region, pol ychaetes are
important since they often account for a significant portion
of the species and biomass of the benthos (Lie, 1968; Banse
and iiobson, 1974).

3. Pol ychaetes encountered during this study
as food 1items  were:

Uni dentified polychaetes Wephtydae:
Pol ychaete fragnments ldeg_htys Sp.
Phyl | odoci dae: Onuphi dae:
Eteone sp. Bothria sp.
Syl |'i dae: Ar abel | i dae:
Unidentified Syllidae Arabella sp.
Hereidae: Spiqnidae:
Uni dentified Nereidae Spi ophanes _ sp.
Nereis  sp. Spi ophanes bonmbyx
Goni adi dae: Spibi cor ni s
Unid. Goni adi dae Anmphar et i dae:
G ycinde picta Unid. Anpharetidae
G yceri dae: Terebel | i dae:
Unid. dyceridae Unid. Terebellidae
Gl ycera capitata

4, Pol ychaete worms were consuned by the follow

ing fish during the study.
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Longfin snelt Pacific sanddab
Pacific tomcod Butter sole
Showy snailfish Sand sole
5. Hdart (1973) reported the consunption of
pol ychaetes by showy snailfish while demens and Wilby
(1967) reported the same for Pacific sanddab. The standard
references report that butter sole and sand sole eat poly-
chaetes (Oenens and Wilby, 1967; iiart, 1973). The  consunp-

tion of worns is nmore widely docunented for English sole

(Frey, 1971; lart, 1973; and Barss, 1976).

Cumaceans

6. Qurmaceans are very snall crust aceans,
usually one to several nillinetres long (Qadfelter, 1975).
They wusually inhabit the surface layer of sediments from
md-intertidal to great dept hs. Sonme species are intertidal.
Feeding is by manipulation and cleaning of individual sed-
iment grains, by predation, or by surface deposit f eedi ng
(G adfelter, 1975). They sonetines occur in such vast num
bers as to becone an inportant source of food for fishes.
The cunacean fauna for the Washington-Oegon area is rela-
tively undescribed (Hart, 1373; Gven, 196k4; Lie, 1969).

T. CQunaceans encountered during this study

as food items were:

Lanpr opi dae: Di astyl i dae:
Lamprops sp. D astylis sp.
Hemilamprops. Sp. Di astyl opsis dawsoni
Mesol anpr ops sp. Col urostyli dae:

Colurostylis occidentalis
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8. Qumaceans were consuned by the follow ng

fish during the study:

Northern anchovy Prickl ebreast poacher
VWitebait smelt Showy snailfish
Longfin snelt Pacific sanddab
Pacific tomcod Butter sole

Shiner  perch English sole

9. Jdenens and WIby (1967) reported the con-
sunption of small crustaceans by anchovies and Hart (1973)
reported the sane for showy snailfish. Both sources cite
smal |l crustaceans as food for longfin smelt. For many
local species of fish, the food habits have not been

recorded.

Copepods

10. Copepods are snmall crustaceans that are
extrenely inportant in the marine plankton, where they
occur in astronomcal nunbers and occupy a key position
in many food chains (Ilig, 1975). 'There exists a great
mor phol ogi cal  variety of these small animals which may
be free swimming, synbionts, or parasites although nost
are pelagic. About 90 percent of all copepods fall into
four orders, the nmost inportant being Calanoida. Brodskii
(1950) stated this order to be the nost inportant group of
mari ne zooplankton in biomass as well as in nunber of
species. The copepods also are inportant food objects
for many fishes and even sone whales (Brodskii, 1950).

11. Copepods encountered during this study
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as food itens were:

Unidentified copepods Pseudocal ani dae:
Cal ani dae: Pseudocal anus  sB.
Calanus Sp. Pseudocal anus minutus
Eucal ani dae: Pont el T1 dae:
Eucal anus bungi i Epi | abi docera sp.

12. Copepods Were consuned by the follow ng
fish during the study:
Northern anchovy Longfin snelt
Wi tebait snelt Pacific tomcod

Prickl ebreast poacher

13. The literature contains several ref erences
to the consunption of copepods, or at least planktonic
crustaceans, by the northern anchovy (Qenens and WI by,
1967; Hart, 1973; Flynn and Frolander, 1975). Cenens and
W I by (1967) and Hart (1973) cite evidence of small plank-

tonic crustaceans being eaten by longfin snelt.

Mysi ds
14, Msids are small, translucent, shrinplike

animals comonly found in narine, brackish, and fresh

wat ers. Qceurring in the narine plankton and over littoral

sand flats, they nmay form dense flocks and become an avail-
able source of food for fish (Russell-Hunter, 1969). Feeding
is by filtering particles from the water or by scavenging

along the bottom (Schmitt, 1971). Some of the planktonic

forms show a diurnal, vertical mgration and may be preda-
ci ous carnivores at night (Russell-Hunter, 1969).

15. Msids encountered as food items during
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this study were:

Uni dentified mysids
Famly  Msidae:
Subfam |y Gastrosacci nae:
Archaeonysis grebnitzkii
SubfamTy Msinae:
Tribe Mysini
Neonysi s rayii
Neonysis kadi akensi s
Acanthonmysis nmacropsi s
Acant honysis davisi
Acant honysi s  nephropht hal ma

16. Msids were consuned by the follow ng

fish during the study:

Whitebait snelt Pacific sanddab
Longfin snelt Butter sole
Pacific tomcod English sole
Prickl ebreast poacher Sand sole

Showy snailfish

17. Russell-Hunter (1969) stated that nysids
are often food for fish such as flounders. Genens and
Wilby (1967) docurmented small crustaceans as food for an-
chovy, 1longfin snelt, and sand sole, but do not nention
nysids specifically. Hart (1973) nentioned crustaceans

as food for 1longfin snelt and nysids for showy snailfish.

Anphi pods

18.  Amwphipods are represented locally by three

suborders, one of which contains the anphipods consuned
by the fish during this study. The Gamaridae occur in
fresh and marine waters and in the semterrestrial supra-

[ittoral fringe of the shore (Smth and Carliton, 1975).

Some may undergo nightly vertical mgrations (zarnard, 1969).
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The gammaridean fauna of the \ashington-Qegon coast has
been inadequately studied (Kozloff, 1974). The anphi pods
have specialized appendages for purposes such as sw ming,
crawl i ng, burrow ng, graspi ng, f eedi ng, etc.
19. The anphipods encountered during this study
wer e:
Uni dentified anphipods Cedi ceroti dae:
Ampel i sci dae: Monocul odes  sp.
Anpel i sca  sp. Synchelidium  sp.
Anpel 1 sca nmacrocephal a Synchel1dium shoemakeri
Aori dae: Phot i dae:
Unid. Aoridae Photis sv.
Atylidae: Photis californica
Atylus tridens Phoxocephalidae:
Ganmar | dae: Paraphoxus sp.
E asnopus  sp. Paraphoxus obtusidens
Haust ori 1 dae: Pleustidae:
Eohaustorius sp. Pl eusynpt es subgl aber
| schyroceri dae: Podoceri dae:
| schyrocerus  sp. Dulichia sp.
Lysi anassi dae:
Hi pponmedon denti cul at us
20.  Anphipods were consumed by the follow ng
fish during this study:
Longfin smelt Showy snailfish
Pacific tomcod Pacific sanddab
Shiner  perch Butter sole
Pacific staghorn sculpin English sole
Prickl ebreast poacher
21. Clemens and Wl by (1967)and Hart (1973)
nentioned that 1longfin snelt consune small crustaceans and
that staghorn sculpin eat invertebrates, although anphipods
were not specifically nanmed. denmens and WIlby (1967)
docurented that shiner perch eat small crustaceans while
Hart (1973) recorded that showy snailfish consune anphi pods.
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Schmtt (1971) recorded that anphipods form the bulk of
the food of many animals, particularly fish, including the

flounder-1like fishes.

Decapod Crustaceans

22, Decapod crustaceans encountered during
this study were the crabs and shrinps. The crab occurring
nost frequently in the sanples was the Dungeness, the com
nercially valuable <crab of the Wshington-Qregon coast.
However, the shrinp found wthin the stonmachs was of a
noncomer ci al variety, Gangon  sp. Schmtt (1921) recor ded
that QGangon shrinp (formerly Gago) taken from San Fran-

cisco Bay occurred in nmuddy areas of the bay.

23. The Dungeness crab is the second nost
inportant conmercial crab in the UWiited States (Departnent
of Fish and WIdlife, 1974). It is wusually found on sandy
bottoms and relatively shallow waters but nmay be found in
deeper water. Two of the developmental stages of Dungeness
crab were consuned by fish, negalops, and juvenile. Scav-
enging is probably the nost common niche for Dungeness crab,
although sonme have been seen bDbreaking clam and oyster
shells (Smth, 1973).

24, Decapod crustaceans encountered during

this study as food itens were:
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Decapod  zoea Cancri dae:

Anonur an Cancer magi st er magal ops
Crangoni dae: Cancer magi ster  juveniles
Q angon _ sp, Pandal i dae:
QGangon sp. juveniles Pandal us  sp.
Crangon franciscorum Paguri dae:

Pagurus SP.
25, Decapod crustaceans were consumed by the

following fish during the study:

Longfin snelt Showy snailfish

Pacific tomcod Pacific sanddab

Pacific staghorn sculpin Butter sole

Prickl ebreast poacher English sole
Sand sole

26. Several authors have cited the consunption
of small crabs and shrinps by English sole (Qerens and
W by, 1967; Hart, 1973; Barss, 1976). Hart (1973) also
cited the consunption of shrinp by butter sole and decapod
crustaceans being consuned by showy snailfish. For sherg
et al. (1975), working in Tillanook Bay, Gegon, found that
Pacific staghorn sculpin ate small crab and shrinp. However,
most literature on the food of the local fishes is inadequate

or totally [Iacking.

Pel ecypods

27. Pel ecypods are clans. Most of the clams
consumed by the local fish were identified as juveniles

of the razor clam _Siliqua patula. Shel I fish biologists

of the Wshington State Departnent of Fisheries (1976)

identified another small razor-type clam off the Washington-
Qegon coast, Siliqua sloati. The ranges of S. patula

180



and s. sloati apparently  overlap. The razor clam is an
inportant resource as a recreational fishery and to a |esser
degree as a comercial fishery. This species is an active
burrower and lives in the intertidal zone of open Dbeaches
(Department of Fish and Wlidlife, 1974) out to the littoral
zone. They are filter feeders wth diatons formng the
large part of its food. Wile the razor clam nay attain
a length of 13 to 15 cm nost of the clams found in the
fish stomachs were wunder 2.5 cm in length. In addition,
sone fish snip off and eat the siphons, |leaving the body
of the clam

28.  Pelecypods encountered as food itens during
this study were:
Uni dentified pelecypods
Uni dentified pelecypod juveniles
Sol eni dae:

Sliqua patula juveniles
Sliqua patula siphons

29. Pelecypods were consumed by the follow ng
fish during the study:

Pacific tomcod Butter sole
Pacific ganddab English sole

30. The razor clam was consuned nainly by
several species of flatfish. English sole have teeth formed
into cutting edges adapted for snipping the siphons from
[ amel | i branchs. They al so may capture complete cl ans, w th
shells, and swallow them whole. The plaice, a related fish,

has been reported to feed in a simlar mnanner (A exander,
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1967), Barss (1976)nmentioned that English sole feed on
clans and clam siphons, as also reported by denens and

W1l by (1967) and Hart (1973). Both Clenens and Wilby (1967)
and Hart (1973) reported that sand sole consune snall
mollusecs as part of their diet, although this species is

mai nly pisciverous.

Tel eosts

3L Since teleosts have Dbeen covered elsewhere
in this report, little nore needs to be witten. 3y far
the most inportant fish used as a food item for other fish
was the northern anchovy. During the tine when anchovies
(juveniles) were denersal (winter), they were consuned
frequently and in quantity; in sunmer when anchovies are
more pelagic, they were eaten |ess.

32. The teleosts encountered as food itens

during this study were:

Unidentified teleost Cotti dae:

Teleost  parts Unid. cottids

Engraul i dae: Cottid juveniles
Engraul is nordax Pl eur onect i dae:

Osmeri dae: Microstomus pacificus juv.
Unid. osmerids |sopsetta isolepis juv.
Csnerid  larvae

Al | osnmerus el ongat us

33. Teleosts were consuned by the followng

fish during the study:

VWi tebait snelt Pacific sanddab
Longfin snelt Butter sole
Pacific tomcod English sole
Pacific staghorn sculpin Sand sole
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34. Fish preying on other fish is relatively
conmon in the marine environnent, Genmens and WIlby (1967)
and Hart (1973) both reported that sand sole feed on
anchovies and other small fish. Barss (1976) and Frey
(1971) reported that English sole occasionally eat small
fish, and Forsberg et al. (1975) comented about exam ning
Pacific staghorn sculpin that had consumed juvenile English
sol e. Frey (1971) agreed that sculpins do prey on fish.
Again, the literature regarding food habits of fish in the

area is limted.

Ot hers

35. This category includes the food itens not

consuned as frequently as the items in the other najor food

groups. Food items in this category consumed during the

study were:

Uni dent. vegetable material- Col eoptera part

i ncluding phytoplankton Dendr ast er sp. (echi noderm)
Uni dent, mneral material Liparid egQgs
Uni dent. animl material Uni dent. fish eggs
Uni dent. isopod Gastropod feet and opercula
Tecticeps sp.  (isopod) Aivella sp. (gast r opod)
Synidotea  angulata  (isopod) Nassarius  sp. (gastropod)
Ophi ur od

36. It has been reported that anchovies feed

on phytoplankton and small zooplankton although on occasion

a small fish is consuned (Frey, 1971). Alexander (1967)
wote that the anchovy often feed by swinmmng forward wth
mouths and opercula open and the plankton is filtered out

by the gill rakers. Baxter (1967) believed anchovies to be
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occasionally predatory on other anchovies, Flynn and Fro-
lander (1975) examined five anchovy stomachs from Tillanmook
Bay and found planktonic and epibenthic organisms including
cal anoi d copepods.

37T. It was sonme of the larger flatfish that
consuned the gastropods while several species of fish ate
i sopods. The 1iparid eggs were consumed by adult liparid

fishes,

184



In accordance with letter from DAEN RDC, DAEN AS1 dated
22 July 1977, Subject: Facsimle Catalog Cards for
Laboratory Technical Publications, a facsinile catalog
card in Library of Congress MARC format is reproduced
bel ow.

Durkin, Joseph T

Aquatic disposal field investigations, Colunmbia River dis-
posal site, Oegon; Appendix E Denersal fish and decapod
shelIfish studies / by Joseph T. Durkin, Sandy J. Lipovsky,
National Mrine Fisheries Sexr ice, Hammond, O egon. Vi cksbur g,

Mss. : U S Wterways Experursit Station ; Springfield, Va.
available from National Technical Information Service, 1977.
184 p. : ill. ; 27 cm (Technical report - U S Arny Engi-

neer \Mterways Experiment Station ; D 77-30, Appendix E)
Prepared for Office, Chief of Engineers, '], S. Arny, Wsh-
ington, D. C, under DMRP Wrk Jnit No. 1AQ7E.
Literature cited: p. 149-159.

1. Columbia Rver. 2. Disposal areas. 3. Dredged material

disposal. 4. Fishes. 5. Sedinent. 6. Shellfish. |. Lipovsky,
Sandy J., joint author. Il. United States. Arny. Corps of
Engineers. IIl. United States. National Marine Fisheries

Service. IV. Series: United States. Waterways Experinment Sta-
tion, Vicksburg, Mss. Technical report ; D77-30, Appendix E
TA7.W34 no.D-77-30 Appendix E




