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DEPARTMENT OF THE ARMY
WATERWAY S EXPERIMENT STATION. CORPS OF ENGINEERS

J P. O. BOX 631
VICKSBUR ( MISSISSIPPI 39180

IN NUPLY RUPIR TO WESYV 28 November 1977

SUBJECT: Transmittal of Technical Report D—77—30, Appendix E

TO: All Report Recipients

1. The technical report transmitted herewith represents the results of
one of several research efforts (work units) undertaken as part of Task
1A, Aquatic Disposal Field Investigations, of the Corps of Engineers’
Dredged Material Research Program (DMRP). Task 1A is a part of the
Environmental Impacts and Criteria Development Project (EICDP), which
has as a general objective the determination 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 recolonized by
benthic flora and fauna. The study reported on herein was an integral
part of a series of research contracts jointly developed to achieve the
EICDP general objective at the mouth of the Columbia River Disposal
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 effor ts and should
be used only in conjunction with and with consideration of the other
related reports for this site.

2. This report, Appendix E: Demersal Fish and Decapod Shellf ish
Studies, is one of five appendices published relative to the Waterways
Experiment Station Technical Report D—77—30 entitled “Aquatic Disposal
Field Investigations, Columbia River Disposal Site, Oregon.” The titles
of the contractor—prepared appendices of this series are listed on the
inside front cover of this report. The main report provides additional
results, interpretations, and conclusions not found in the individual
appendices and provides a comprehensive susmary and synthesis overview
of the entire project.

3. The purpose of this study, conducted as Work Unit 1AO7E, was to
describe the composition and spatial and temporal distribution of
demersal f inf ish and decapod shellf ish in the mouth of the Columbia
River. In addition, food utilization by dominant species and the
effects of dredged material disposal on these dominant species were
studied. The report includes a discussion of the observed trends in
community structure, abundance, and distribution, as well as the feeding
habits of the 13 dominant species. Also discussed are the effects of
dredged material disposal on demersal fish and decapod shellfish.
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wEsyv 28 November 1977
SUBJECT: Transmittal of Technical Report D—77—30, Appendix E

4. A conclusion of this report, based on the methods of analysis
selected, was that community structure measures such as diversity and
species richness were depressed for a 3— to 6—month 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 same measures of community structure were similar
to reference sites 7 months after disposal. The authors also stated
that there were significant spatial differences in catch data between
sites north and south of the Columbia River.

5. The results of this study may be particularly important in the
selection of open—water disposal sites and the timing of disposal opera-
tions in the study area. However, personnel in the DMRP are of the
opinion that several factors must be kept in mind before the results of
this study may be applied to the regulation of disposal practices at the
site.

a. The method of data analysis chosen to evaluate the spatial
differences in length frequencies was a Kolmogorov—Smirnov two—tailed
test and as such, definitive statements regarding differences in mean
lengths cannot be made. The two—tailed test can, at best, only suggest
that there Is a difference in the two populations being considered. In
addition, the rationale behind pooling the data from four sites so that
they can be compared 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 mouth.

b . Conclusions 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 term between sites
and tima. It is the opinion of DMRP personnel that this interaction
term is the key factor in assessing the effects of dredged material
disposal.

c. Inferences from the data regarding spatial differences in the
length frequencies and size structure of the demersal fish populations
in the study area are confounded since the data measured at each sample
site were combined and collectively interpreted.

d. The length of the individual trawls was not considered in the
catch—per—unit—ef fort determinations. Examination 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 4accounted for part ~‘f the variation in the catch data; however it is not
addressed in the report.
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WESYV 28 November 1977
SUBJECT: Transmittal of Technical Report D—77—30 Appendix B

6 In light of the items mentioned herein, the reader is cautioned as
to the validity of the data interpretations and conclusions presented in
this report . Inferences with respect to the Impacts of dispoBal on the
fish and shellfish communities must be considered tenuous and highly
speculative and must only be made in conjunction with the items outlined
above.

JOHN L CANNON
Colonel , Corps of Engineers
Commander and Director

I
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PREFACE

The work described in this report was performed

un der Int ra-Army Agreement No. WESRF 76—26 between the U.S.

Army Engineer Waterway s Experiment Station (WES), Vi cksburg,

Mi ss iss ippi , and the Nat iona l  Mar ine  F i she r i e s  Serv ic e ( N M F S ) ,

Hammon d, Oregon . The research was sponsored by the Office ,

Chief of Engineers (DAEN—CWO—M) , un der the Civil Works

Dredged Material Research Program (DMRP). The study , wh ich

was part of the Aq.uatic Disposal Field Investigation , Col-

umbia River  Dispos al Site , Ore gon , was conducted  dur ing the

per iod October  l971~ through April 1976.

We would like to express our appreciation to

Mr. George Snyder , Assis tant  D i r e c t o r , Field Research Pro-

grams , NMFS , Seattle, and to the following members of the

NMFS Hammond Station staff: Nick Zorich for his seamanship

and fish traw].ing experience; Roy Pettit for his mechanical

ability and engineering skill; and Mary Lee Brown for

graphics , report preparation , and compilation of data. We

would also like to express our appreciation to Mr. James

She lto n , Liaison Coordinator , Columbia River Program Office ,

and Davi d M isi t a n o , NMFS , Muki] .teo , for  the i n i t i a l  food

u t i l i z a t i o n  s tudies  in January and March 1975. We are in—

debted to Donald Worlun d, NMFS , fo r  s t a t i s t i ca l  assi s t ance

and Michael Richar dson , OSU , who provi ded background infor-

mation regarding numerical classification methods . We also
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wish to thank those individuals who assisted in identifica-

tion and confirmation of several benthic invertebrate , de—

capod s h e l l f i s h, and finfish species: William Colgate ,

Beverly Buchanan , Mi ch ael K r a v i t z , Howard  Jones , Char les

McConnell , and Wayne LaRoche of OSU , and Herb Sanborn of NMFS ,

Seat t le .  Thanks are also due Joanne Bjork  and Anne Naab

for  t he i r  able a s s i s t a n c e  at the Hammond Facility .

The report was prepared for the Environmental

Impacts and Criteria Development Project (Dr. Robert M.

Engler , Manager) as part of Task lA: Aquatic Disposal

Field Investigations . The contract was managed by Mr.

Charles G. Boone , Env iro nmental  Resources  Divis ion , under

the general supervision of Dr. John Harr ison , Chief , Envi—

ronmental Effects Laboratory .

COL G. H. Hilt , CE , and COL J. L. Cannon , CE ,

were Directors of the WES during the conduct of this study

and Mr. F. R. Brown was Technical Director.
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AQUATIC DISPOSAL F I E L D  I N V E S T I G A T I O N S

COLUMBIA RIVER DISPOSAL SITE 5 OREGON

APPENDIX E: DEMERSAL FISH AND DECAPOD SHELLFISH STUDIES

PART I: INTRODUCTION

Background

1. Specification of disposal sites for sediments

dredged from approved channel maintenance or deepening pro-

jects is a responsibility of the U.S. Army Corps of Engi-

neers . The possible adverse impact of dredged material

disposal upon indigenous aquatic life is a concern of the

National Marine Fisheries Service (NMFS ) and other govern-

mental agencies assigned to protect and conserve biological

aquatic resources. Sediment disposal can smother fish;

cover vertebrat e ari d i n v e r t e b r a t e  eggs and l a rvae ; re lease

accumulated gases , pesticides , or metallic pollutants ; in-

crease the biological oxygen demand load; eliminate benthic

food organisms ; and create turbidity .

2. L i t t l e  is k n o w n  about e f f e c t s  upon f i s h  of

sediment disposal at approved disposal sites off the Colum-

bia River mouth and if such effects can be measured. A

short—term study conducted by NMFS for the Portlan d Dis-

t r ict Cor ps of En gin e e r s  sugges te d a n u m e r ical re duct ion of

fish at ocean disposal sites following hopper dredge use

(Durk in 1975). However , the short—term sampling effort and

5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ _ _ —.
~~~~~~~~~~ -~

-
~~~~~~~~~~~

, _ .‘_ .,



- - .—... W’~ ‘~~~~~~~~~~~‘~~~~ - -~c’ — .-- -.-—-—r

l i m i t e d  ava i lab le  backgroun d i n f o r m a t i o n  made it d i f f i c u l t

to d e t e r m i n e  i f  seas onal or c h a n c e  v a r i a t i o n  may have

affected the catches.

Pur pose an d Sco pe

3. In November  1974 , the  Waterways  Exper iment

Station (WES) of the U.S. Army Corps of Engineers (CE)

selected the mouth of the Columbia River (MCR) as one of

four  geograph ic are as to  be stu di ed as part of an ongoing

Dredged Material Research Program (DMRP). Fishery investi-

gati ons were  con ducte d by Nt4FS .rhile Oregon State Univer—

sity an d Un ivers i ty of Was hington r e sea rch  teams studied

other  bi ological , physical , an d chemica l  as pec t s  of t he

impact of disposal of dredged material at MCR .

4 . The pur p ose of NMF S por t ion  of the  curr ent

MCR study was to describe the composition , spatial , and

temporal distribution of demersal firifish and decapod

shellfish. Food utilized by dominant species was studied

as we l l  as t he  impac t  of d redged  m a t e r i a l  d i sposa l  on f i n —

fish and decapod shellfish at the experimental test site.

In orde r to cor relat e in f o r m a t ion ga ther ed dur in g NMF S sur-

veys with th at of the  ot her invest igators , specific bio—

logical and physical data were transmitted to WES on Gen-

era l  Dat a Form 2065. On ce compute d , the  dat a shou ld  p rov ide

in form at i o n  necessary  fo r  dete rmi n ing overa l l  ef fec t s  of

oc ean disposal at the MCR site.

6
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5. The initial study phase (October 1974—June

1975) involved sampl ing  at fou r  p rese lec ted  s i tes  ( Du r k i n

and Lipovsky 1975). Two of the sites were CE dredged

material disposal sites B and F and the other two sites

served as comparative sampling areas. A f if t h  site , added

in July 1975, ha d no p r io r  h istory of use an d was selected

for experimental testing of sediment disposal. Baseline

studies continued at the four initial sites from July 1975

through April 1976, while sampling at the designated test

site continued after the hopper dredge ceased its experi-

mental dumping activities.

Site Descr ip t i on

6. The disposal sites normally us ed by the CE

hopper dredges , t he nor th  and south comp ar ison sites , and

the  e x p e r i m e n t a l  t es t  s i t e  used a f t e r  July 1975 are shown

in Figure El. To simplify di scuss ion in th is report  the

sampling sites are designated A ,B,C ,D, an d E with A be in g

the northernmost site. Corps designation , N~ FS name , and

geographic location are listed below .

Site A Site B Site C Site D Site E
Lat itu de 46°15’N 46°14’N ~6°l2’N 46°ll’i{ ~6°l1’N

Longitude 124°9’W 124°9’W 124°8’W 124°8’W 124°6’W

NMFS Name AA—25 AA-26 AA—37 AA—414 AA— 142

CE Designation B ,F Exp.(G)

Buoy Marker  1 2 D

7
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Figure El. N MF S f i s h  and decapod shellfish traw l sites
off the Columbia River mouth.
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7. Hopper dredge activity at the mouth of the

Columbia Rive r and its es tua ry  usual ly  is l i m i t e d  to a

M a r c h — t h r ou g h— O c t o b e r  periou . . In orde r to c omplete  the

initial study phase without additional sediment deposition ,

CE personnel placed the dredged material at a site near

the end of the Nor th  Je t ty  or at an app roved s i t e  w ith in

the estuary . The experimental disposal site (E) was used

by the hopper dredges H A R D I N G  and BI DDLE f r o m  9 July to

26 August 1975. Sternberg et al. (1976 ) reporte~1 that a

total of 548,519 m 3 was deposited in “a recognizable

b a t h y m e t r i c  fe ature  wi th  a c i r cu l a r  shape 2500 f t .  (758 . m )

in radius and 5 f t .  (1.5 m ) in e levat ion . The volume of

sediment comprising the feature is 424,000 yds 3 or 71

percent of the total d uniped. ”

8. Depths at the sample sites ranged from 17.5

to 40 m. Sa l in i t i e s  and t empera tu res  ( A ppendi x E l )  re-

corded on the bottom before and after each tow were aver-

aged and plotted for each month at each sample site. Tem-

peratures ranged from 6.5 to 1030 C , while salinities

ranged from 28.8 to 32.5 ppt. The near—bottom water

at all sites was usually w armest in Novem ber and col dest in

June and July . Salinities were lowest during June and July

and highest during August. Additional information regard-

in g net size , location , directional heading , di s t ance ,

and catch of each tow is l is ted in Append ix  E l I .

9
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Li tera ture Review

9. Biological in fo rmat ion  on the s p e c i f i c  sites

is limited , but a book titled The Columbia River Estuary

and Adj acent Oce~ n Waters  by Pruter  and Alverson (1972 )

provi des the grea tes t  s ingle source of biological  informa-

t ion about the study area. Pruter  (1966 , 1972) descr ibed

the commercial f i sher ies  of the Columbia River  and its

contiguous ocean waters . Methods of ha rves t ing  spec i f i c

fish and the landing tonnages of many species through the

know n h i s to r ies  of the f i she r i e s  were  p resen ted .

10. Pearcy (1972) descr ibed  a group of aqu a t i c

f aun a caught 28 to 285 km off the Oregon coast using mi d—

water trawl nets and plankton nets between 1961 to 1968.

Conventional commercial nets have larger mesh and allow the

escap e of j uvenile forms and many of the smaller species.

McCauley (1972) reported on decapod crustaceans and other

inver tebra tes  captured in 246 o t t e r—traw l tow s and 10

dredge s amples in 0 to 50 m depth off the Oregon coast

and other samples ranging  from 50 to 3000 m. Pereyra and.

Alton ( 1972 ) surveyed decapod crus taceans  and other  epi—

b ent h i c  inver tebra tes  d i rec t ly  off the Columbia River

mouth ;  however , the depths of t h e i r  s amples ranged from 91

to 2103 m. Alton (1972 ) described the commercial  o t ter—

trawl cat ches of demersal f i sh  species found off  the

nor the rn  Oregon coast in depths ranging from 91 to 212 1 m .

The surveys occurred between 1961 and 1966 and produced

10
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92 i den t i f i able species of f i s h .

11. Fur ther  geographic  r e fe rences  to f i n f i s h

or decapod she l l f i sh  species d i s t r ibu t ion  occu r r ing  in

the v i c in i ty  of the Columbia River  mouth tha t  were used

in th is  study included Barsa (1976 ) ;  Clemens and Wilby

(1967); Demory ( 1975) ;  Demory and Bailey ( 1967) ;  Frey

(197 1); Haertel  and Osterberg ( 1966) ;  Hart ( 1973) ;  Hosie

( 1976) ; Koz iof f  ( 1974) ;  McAl l i s te r  ( 1963) ;  Mil ler , Got—

shall , and Ni tsos  (1965); Miller and Lea (1972); Roedel

(1953); Robinson (1976); Schultz (1969, 1936) ; Smith and

Can ton ( 1975) ;  TenEyck and Demory ( 1975) .

12. Little of this information regarding com-

mercial and noncommercial adult and juvenile species of

f i s h  is si te spec i f i c  to the approved MCR Corps of Engineers

dredged mater ial  disposal areas . Temporal and spatial

cha nges of indigenous  species had not been documented in

th is  par t icu la r  area , know n for  i ts  cha rac t e r i s t i c  s t rong

cur ren t s , summer upvelling , and seasonal high volume influx

of f resh  water .

11
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PART I I :  METHODS AND MATERIALS

Sampling Program

13. The sampling program of the demersal zone

was conducted monthly as weather conditions and commercial

crabbing permitted. It was found to be possible to trawl

during 15 of the months , b ut traw ].ing was impossible in

Decemb er 1974 , February and October 1975 , and March 1976.

Concentra t ion  of commercial  f i s h i n g  gear for Dungeness

c rab ( Cancer magis ter)  from December to March prevented

t rawling at s i tes A , B , and E.

14. The northern site , A , provided a basis for

comparison with catches at disposal site B while the south-

ern site , D, provided a basis for assessing catches at

dispos al site C. Site D also provided a basis for corn—

parison of catches at experimental test dispos al site E.

• Collection strategy was to make parallel trawl tows at

a minimum of two sites a day (usually completing monthly

sampling in two or three days). Parallel trawl tows of

5 mm duration normally were made at each site. On one

occasion it was possible to complete the monthly samples

in a single day .

15. Samples at the experimental test site E

were sampled more frequently in July and August 1975 to

determine if numbers of finfish and decapod shellfish

changed from the immediate effects of sustained sediment

disposal. Test site B was not established nor a marker

12
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buoy positioned until two weeks before actual sediment

disposal commenced , thus minimizing predisposal sampling.

Fur thermore , a suggeste d pa t t e rn  for  sed iment  d isposal

at the test area that would have resulted in more accurate

sampling was not followed by the dredge . The plan called

for the hopper dredge to release sediments along a linear

route  on e i the r  side of two buoys approximate ly  1 km apart

res ul t ing in an oval deposit ion pa t t e rn .  Instead , sedime nt

sometimes was released at distances of up to 400 m from

• the buoy as the hopper dredg e made a 1800 turn (see photo-

graph in the DMRP Information Exchange Bulletin , U.S. Army

CE, 1976). The dredge ’s maneuver was impossible to follow

with trawl gear and an unknown segment of each trawl tow

taken at test site B was very likely made outside the

actual sediment deposition zone.

16. Fish and decapod shellfish were sampled

with semiballoon shrimp nets having an 8—rn (actually 7.6 m )

headrope and a 9.8—rn footrope. The net was composed of

38—mm s t re tched  mesh overall and a 12—mm knot less  cod— end

l i ne r .  Traw l doors were  9]. cm long and 46 cm h igh  and each

weighed 13.2 kg. A smaller semiballoon shrimp net having

similar mesh size with a 5—rn (4.9 m) headrope and a 6—rn

footrope and 55 cm by 33 cm trawl doors weighing 7.9 kg

each was used in the initial phase of the study . The

design of similar nets was reported by Bullis (1951) and

its application described by Mearns (1974); Swingle , Bland,

13
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and Tatum ( 1976) ; and Wilk and Si lverman (1976) .

17. Mearns and Stubbs (1974) determined. that

catch differences existed between nets of similar size

manufactured by different companies. Catches can also be

influenced by towing speed , otter door size , and bridle

length. We observed during this study that differences

in catch occurred between an 8 m and a 5 m net manufactured

by the same company. Both number of species and total

numbers of individuals captured were related to the net

size. The larger net captured more species and individuals

per tow (Appendix Elli). A decision was ma ’e to use the

8 m trawl net exclusively for the remainde r of the MCR

study based on test results. A larger net , larger mesh

size , longer tows , and a higher trawling speed may have

p roduced addi t ional  species and larger individual  spec imens .

These possible approaches were rejected becaus e sampling

would be over unimpacted sites and slow—moving juvenile

fish and shellfish would pass through large mesh.

18. Sampling was conducted with a 12.2 m vessel

formerly used as a utility boat by the U.S. Coast Guard.

A hydraulically powered winch and cable reel was mounted

on a modified crab pot boom and positioned on the vessel’s

port aft gunwale. 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 upon arrival at each site was

to determine depth by sonar and position by radar and visual

lie 
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re fe rence  to marker  buoys . A Beckman RS 5—3 sal inomete r

wi th  a 46 m probe was used to de t e rmine  t e m p e r a t u r e , sal—

inity , and conductivity of the bottom and surface waters

before and after each tow. Each sample trawl tow began fol-

lowing release of 200 m of cable while the vessel was under

way . Tows were 5 mm long at constant engine speed at a

fixed compass heading parallel to the preceding or follow-

ing tow. Tow distance was influenced by tidal currents ,

wind , and waves. Linear distance of t rawl  tows was deter-

mined for 1147 of the 151 sampling efforts. Distance was

not determined for the first 14 tows (see Appendix Eli).

The mean tow distance was 366.75 m with a Standard Deviation

of 154.10 m and Standard Error of 12.71 m. Average t r a w l i n g

speed based on the mean distance was 7.34 km/hr.

I d e n t i f i c a t i o n  of Catch

19. The net was retrieved upon completion of

each 5— mi s  tow , and the ne t ’ s con ten t s  p laced in numbered

con ta ine r s. At the  conc lus ion  of s a m p l i n g ,  the  i n d i v i d u a l

containers were taken to the Hammond NMFS Biological Facil—

• it y .  All spec imens  were counted and weighed  ind iv idua l ly

or collectively . At least 50 individuals of each spec ie s

• were randomly selected from each tow , measured to the near-

est mi l l ime t re  from ti p of snout to  cau dal fo rk , and we ighe d

• to the nearest gram. Fish were id ent if ied b ase d on the

• followi ng r e f e r ences :  Clemens and Wi lby (1 96 7) ;  Hart  (1973) ;

15
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H i t z  ( 1965) ;  M c A l l i s t e r  (1963) ;  Mi l l e r , Got sha l l , and

Nitsos (1965); Miller and Lea (1972); Roedel ( 19 5 3) ;  and

Schultz (1936). Common and scientific names are those

d e s i g n a t e d  by the  A m e r i c a n  F i s h e r i e s  Soc ie ty  (Ba i ley

et al. 1970).

20. From January 1975 through January 1976,

stomach caviti es of a sub sample (up to 27) of the nume r-

ical ly dominan t  f ish f r o m  each tow w e r e  injec te d with  a

10 percent formalin solution buffered with Borax. This

p r o c e d u r e  took p lace  immedi at e ly a f t e r  the  ca t ch  was

b rough t  aboard the vesse l .  Th e inje c t e d  f ish were  p lace d

in pla
a
stic bags , identified with the appropriate tow num-

ber , and covered with a weak formalin—seavater bath.

A f t e r  b e i n g  w e i g h e d  and m e a s u r e d  in the  labora tory , the

whole fish were returned to the bags containing the forma—

lin—seawater preservative and held for later examination.

21. Beg inn ing  in Februa ry  1976 , a s imi l a r  pro-

cedure was followed except that fish were placed in plastic

bags according to tow but were  not covered w i t h  the  f o r —

malin—seawater bath. Immedi ately after being weighed and

measured in the labox’atory , stomachs were removed at the

throat and junction of the pyloric caecae and placed in

small glass vials containing the buffered formalin solution.

The vials were labeled with a number ident ifying the fish

from which the stomach ‘was taken and stored until analysis.

16
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22. At the laboratory stomachs were empt ied

int o a watch glass and moistened with water. Using a dis—

s e c t i n g  m i c r o s c o p e , i n d i v i d u a l  o r g a n i s m s  were  i d e n t i f i e d

to the  lowest poss ib l e  taxonomi c ca t egory . Total  w e i g h t s

to 0.01 g were  t aken  and the  numbers  of each o r g a n i s m  re-

corded for each fish. Before weighing, each group of like

organisms was dried on filter paper for 5 to 10 m m .  A

small r e f e r e n c e  collection was prepared and maintained.

23. In  s ome i n s t a n c e s , d i g e s t i o n  of prey i tems

had advance d to the s ta ge tha t  the  s tomach con ten t s  were

u n i d e n t i f i a b l e .  La rge r  o rgan i sms  and those  w i th  bones ,

carapaces , or shells were digested at a slower rate t’h an

those  composed ma in ly  of so f t  t i s sues , setae , or numerou s

body appendages .

24. Ident if i c a t ions of food o rgan i sms  were

based upon the following authorities: Bai~se and liobson

( 19 7 1 4) ;  Barnard (l962a , 1962b, 1969, 1972); Barnard and

Given (1960); Brodskii (1950); Fulton (1968 , 1912); Given

(19614); Hart (1930); Hartman (19147); Keen and Coan (1974);

Kozloff (1974); Schultz (1969); Smith and Can ton (1975);

Tattersall (1951); Threlkeld (1973); and Yam aj i ( l9T le a ,

].974b).

25. Decapod shellfish captured in the traw l

tows were counted individually and weighed either singly or

collectively . A randomly selected group of each species

(up to 50) was measured to the nearest millimetre and

17
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weighed, to the nearest gram . Shrimp were measured from

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

length . Crab w i d t h s  were  measu red  across  the  carapace  to

the notches in front of the tenth anterolateral teeth.

Pagun icis (hermit crabs) were simply counted. I dent if icat ion

of de capod.s was based on some of the references listed

ear l i e r  such as K oz l of f  (1974) and Smith and Carlton (1975).

O t h e r  s o u r c e s  ‘were Is r ea l  ( 1936 ) ,  S c h m i t t  ( 192 1 ) ,  and Word

and C h a rw a t  ( 19 7 6 ) .

26. Crangonid shrimp are numerous within and

off  the  Columbia  R i v e r  m o u t h .  D u r i n g  the initial study

phase (Oct. 1974—June 1975), it was incor rec t ly  ass ume d

that  all Crangon sp.  cap tu red  were  ocean ic  ex t ens ions  of

two  bay species , C. n igr i c a u d a  and £. franciscorunt . The

s ame ‘two species wer e reported by Haertel  and Osterberg

( 1966) in the Columbia River estuary , Kny gier and Hor ton

( 1975) in Y a q u i n a  Bay , and I s rea l  ( 1936) in San F r a n c i s c o

Bay . Separa t ion  and i d e n t i f i c a t i o n  of C. f r a n c i s c o r um

is not difficult ; however , Oregon State University special-

ists studying benthic invertebrates at the  disposal  s i tes

de te rmined  the  p resence  of several  o ther  Crangon species  wi th

c h a r a c t e r i s t i c  wide  chela , in addition to Crangon ~jgnicauda,

s uch as C. a laskensis  elongat a, 
~~~. c om m un i s ,  ~~~. alb a, and £.

~~y11ros tn i s .  Reexamina t ion  of spec imens  previous ly classed

as C. ni~g,n i cauda  revealed that  m i s i d e n t i f i c a t i o n  had occurred ,

and it was felt  the C. s~ yli r o s t r i s  and C. a l askensis  have

18 
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been nume rically more abundant  than ~~,. nigricauda. Other

than Crangon franciscorum, separation of the crangonids

was not a t t empted  f o r  the f i n a l  phase  of the  report , and

these have been grouped and l i s ted  as Crangonid species.

Analys i s

27. Several testing methods were used to

describe the finfish populations found at the sampling

sites. An analysis of variance (ANOVA ) between the sites

was confined to those four months in which duplicate tows

were made at the test site and other four sampling sites ,

(July , August , and September 1975 and April 1976). These

months alone provided the ANOVA comparison. Each of the

13 nume rically important  f inf ish and decapod shel lf ish

species  was e x a m i n e d  to de te rmine  if there were signifi-

cant differences (p 0.05) in catches between sites , between

months , and the interaction among sites and months . Pa ired

monthly trawl tows (replicates) at each site were estab—

] i shed  to form subclasses. Catch data (n+l) were converted

to natural logarithms to meet the assumptions inherent in

use of ANOVA.

28. Wi th  each spec ie s  2—way (see  Appendi x E ly )

ANOVA t e s t s , a q u a n t i t y  z was ca l cu la ted  to t e s t  for  d i f f e r —

ences (a t the 5—percen t  level)  between pa i r s  of me ans at

each s i t e .  The p r o c e d u r e  used (Tukeys  t e s t )  fol lows that

presented by Snedecor (1956). Factor z was calculated by:

19

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• 

- , 

~~~~~~~~~~~~

‘
•=

~~~~~
•
‘ 

~~~~~

— 

~~

-

~~~~~~~

-..—-

~ 

--.- -- -

~~~
-—

~~ 
~~~ ,w_.,~_.______~__ ‘ , - . .‘, - ‘ —.--~~‘~~ -••

z~ Q e where e is the  error  mean square ;  ~ is a value
B

in the St u d e n t i z e d  Range  depend ing  on the degrees  of

f r eedom a s soc i a t ed  w i t h  e and the  number  of s i t e s ;  and

E is the  number  of observa t ions  at each s i t e .

29. Nonparametric Shannon—Weaver diversity

desc r ibed by C l i f f o r d  and Stephenson (1975)  was used to

define community structure. Diversity is useful for

comparing temporal community change and stress induced by

external factors (Mearns , 1974 and Weber , 1973). Dahlberg

and Odum (1970) note that “Species numbers divers ity is

genera l ly  a more s ens i t i ve  and reli able inde x of env i ron—

mental health than are individual ‘indicator ’ organisms .”

The S h a n n o n — W e a v e r  In f o r m a t i on theory  ( Shannon  and Weaver ,

1963) ranges  f rom low to high diversity indices as both

the num ber of species and equitab i l i ty  of species abun dance

increase. The formula used to cozr~~i~ e the Shannon an d

Weave r index ( H ’ )  was H ’ = —Zp i  log pi where pi Xa; Xa is
2

the number of individuals of a given species in a sample;

an d N is the to ta l  of all indiv i duals in the  s amp le.

30. Spec ies  r i c h n e s s  ( S R )  or Margale f  index

of d i v e r s i t y  (M a r g a l e f , 1951) m e a s u r e s  spec i e s  d i v e r s i t y .

The formula used was SR= (S—l) where S is the number of
l n N

species and lxi N is the natural logarithm of the total catch.

j
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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 sample. The formula was J’= H’ where H’ is
log 2S

the  S h a n n o n — W e a v e r  index  and S is the  number of species

in the sample.

32. Other  me as ures of the  community s t r uc tu r e

used to  desc r ibe  the f inf ish popula t ion  were catch per

uni t  of e f f o r t  ( CPUE ) , which  was meas ured as ca tch  per

minute of traw l effort. The average number of individuals

per spec ies  at each s i t e  fo r  each month  was measu red  and

compare d w i th  those appear ing  at the  o ther  sites.

33. Lengths  of numer ica l ly  dom inant  spec ies

were  t abu la t ed  and length  f r e q u e n c y  h i s t o g r a m s  p repa red

w h i c h  i n d i c a t e d  s ize  g roups.  Ko lmogorov—Smirnov  two—sample

tests (Siegel , 1956) of the comparative lengths were under-

taken to describe a spatial difference in lengths of a

f i n fi s h  species  o c c u r r i n g  at the  tes t  s i t e  and the  fou r

preselected sites. Determinat ion of the critical value

d c o r r e s p o n d i n g  to a 5 p e r c e n t  level of s i g n i f i c a n c e

was ach i eved  by the formula d l.36 a+b where a is the
ab

tota l  in divi duals measured  at the  t e s t  s i t e  and b is the

tota l  i n d i v i d u a l s  measu red  at the  f o u r  r e m a i n i n g  s i t e s .

• If a 10 pe rcen t  s i g n i f i c a n c e  level is used , the f a c t o r

1.22 is s u b s t i t u t e d  fo r  t he  f a c t o r  1.36. Should comparative

cumula t ive  pe rcen t  of a s p e c i e s  l eng th  d i f f e r  by more  than

21



the critical value d , length. f requencies  are s i gn i f i can t ly

d i f f e rent .

31k , Behavioral  character is t ics  of f in f is h

tending to diminish the e f fec t iveness  of some of the tests

included:

a. Presence or absence of a schooling species.

b. Ve r t i ca l  migra t ions  of some species in the
wate r  co lumn , p a r t i c u l a r l y  t h o s e  c l a s s i f i e d
as pelagic but captured in the demersal zone.

c. Seasonal inshore  migrat ion s (immigra t ions )
and o ff sh ord  migrat ions  (emigrat ions ) of
some demersal  species .

,~~,. Obvi ous and con t inu ing  spatial d i f f e r e n c e s
in numerical  proport ions of f i nf i s h  species
found to the no rth and sout h of the Columbia
River  entrance channel.

e. The probable se lec t iv i ty  of the traw l net
for some species and some s ize groups of f i sh.

22
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PART I I I :  RESULTS

Cornmunity Structure

In4e x of d ivers i ty

35. The Shannon—We aver (a ’ )  index and other

indices for diversity were calculated whenever possible

for each site and month from October 19714 through April

• 1976. Data from parallel tows at each site were combined

for computation of diversity indices. Where sampling

occurred more frequently than once a month at a site , the

data selected corresponded nearest with sampling dates

at other sites.

36. As shown in Figure E2, diversity (H’)

at various sites was variable betveen November 1974 and

May 1975. The instability was definitely related to pres-

ence or absence of schooling northern anchovy juveniles

at a particular site. When anchovy were captured a low

diversity resulted because they numerically dominated the

catch. Usually the index exceeded 2.0 at all sites when

anchovy were not numerous . Seasonal changes in the Shannon—

Weaver diversity index may occur in the MCR area, but such

a determination would require further study and also would.

require excluding the masking effect of northern anchovy .

Since anchovy comprised 1e7 percent of the total catch ,

this does not seem reasonable .

23 

~~ L L _ . . ,  ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,•



• I
— — —  SI~• A

Si,. I
• Sit . C

• — — .  SD. D
— Si,. ~

4.0

~~ 
-.
‘.. / .\. ,~~~~

:
~~~~~

-
~~~~~~~~~~~~~

:‘-• -_
‘ a  ~

‘ 

~~ ~/

I’ ‘~\ 
i~~ ...~’

.•’•’
~•0 ~%.i ~

\i “%, I
.5 I I

OCT T OW 0’ W I !  TI T O T  J 0

Fi gure E2. The indicated diversity (Shannon—Weaver
f u n c t i o n )  of d e m e rsa l— a s s o c i a t e d  f i n f i s h  f r o m  October
1974 to  A p r i l  1976. S a m p l i n g  at t e s t  s i te  E began  in
July  1975.
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37. Diversity at experimental test site B

ranged from 2.0775 in July 1975 to 2.03148 in September

1975. These indices did not differ substantially from

the other sites during the dredged material deposition

period. However , indices at test site B were lowest in

subsequent months of November 1975 and February and April

1976. This suggests a latent lower dive rsity which may

be related to sediment deposition.

Index of species richness

38. The species richness is expressed by a

simple ratio between total species and total number of

fish. The index determined at each sampling site for each

period is presented in Figure E3. A definite lower trend

based on fewer fish and species resulted. at experimental

test site B following the July 1975 sampling period.

Species richness indices at the experimental test site

did recover in February 1976 and were similar to the other

four sites in April 1976. The species richness indices

fo r  all s i t e s  are  comparab le  to  t h o s e  r e p o r t e d  by Dahlbe rg

and Odum (1970).

25
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Figure E3. Species r i ch ness in dex of divers ity fo r
trawl—caught firifish between October 19714 and A p ri l
1976. Test s i t e  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 Ele. As with prior

indices , instability occurred from November 19714 to June

1975 because of presence or absence of northern anchovy

schools. Indices at all sites were relatively stable

thereafter. A seasonal trend as reported by Dahlberg and

Odum (1970) was not apparent . Differences in evenness

at the experimental site and other sites were minimal

in July and August 1975. From September through November

1975 , the experimental test site had the highest evenness

rating reflecting the consi8tent numerical presence of

those species apparently tolerant of sediment disposal.

Average catch and number of~~pecies

140. The average catch of fish per minute of

travling effort (Figure ES) and average monthly number of

finfish species caught per tow (Figure E6) are additional

methods to determine interrelationships between sites. They

also show seasonal variation and in particular the effects

of sediment disposal at experimental site B. Northern

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

27
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per iods .  An indicated 11.5 f i sh  per minute  sampling at

test site B in November 1975 was the least recorded during

the entire study .

1.1. The average number of species taken per

trawl effort each month (Figure E6) suggests seasonal var-

iation in the number of fish species present. Generally

there appeared to be more species captured in the winter

and spring than during summer and. autumn. Species number

at site D and test site B was low in July 1975 and even

lover in September 1975. Average trawl catches at exper-

imental test site B had. the lowest number of species of all

s i t e s  in Augus t , Sep tember , and November  1975; t h e r e a f t e r

they  i n c r e a s e d  and were  s i m i l a r  to  all s i t e s  in A p r i l  1976.

Fi n f i sh  Cat ches

142. The 151 trawl tows made during the study

captured. 86,931 finfish (Table El). Fish included 51

species representing 21 families and 3 groups of larval

fish belonging to the osmerid , scorpaenid , and pleuronectid

f a m i l i e s .  The t ab le  p r o v i d e s  the  n u m e r i c a l  p r o p o r t i o n

that each species contributed to the total catch. The list

also provides a measure of the frequency of occurrence for

each species for the trawl tows. For example , but ter sole ,

30
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whi ch made up 8 percent of the  total  catch , were taken in

96 percent at the sample tows. Also , northern anchovy ,

which comprise over 1e7 percent of all finfish , occurre d

in only 66 percent of the tows. Of the 51 species , 1].

species represented nearly 95 percent of the total catch.

These were considered numerically dominant forms and select-

ed for more specific analysis.

143• A description of each of the 11 tinfish

species is presented in the following order: the quantity

captured , frequency of occurrence , and seasonality is

described. A length—frequency histogram , based on randomly

selected individuals from each sample , provides information

on size structure of the population. The lengths of

species captured at the experimental site were compared

with those captured at other sites during selected months

when adequate numbers were caught and there was equal

sampling e f fo r t  at the  s i tes .  The month s of July , August,

and September 1975 and April 1976 were used for an ANOVA

for numerical , spatial, and temporal differences in each

population.

1414. A composite of the significance relation-

ship for each of the 11 finfish species is presented in

Table E2. Food items consume d by the fintish are described

31
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as wel l  as g raph s  showing the numerical and weight values

of each  prey  group . Food h a b i t s  of t h os e  f ish cap t u r e d

at the te st site  are c ompared to thos e taken at ot her s ite s

when possible . Food consumpt ion specific to the experi-

mental site is also discussed .

45. Append ix EV was prepared as a general

introduction to the food organisms . Eac h cate gory of foo d

item is described briefly , followed by docuzuentations of

p r e d a t i o n  on the  i t e m  and l i t e r a t u r e  citations. Table E3

p r e s e n t s  the  food  i t ems  e n c o u n t e r e d  in t e rms  of t o t a l

numbers and to ta l  we ights  dur ing th e ent ire s tu dy period.

Table E14 is a monthly food item l ist  f o r  t he  e x p e r i m e n t a l

dump site.

46. ~lh ile  t he  s p e c i e s  c o m p o s i t i o n  c h a n g e d

little imme di ately postdisposal , the numbers of cuinaceans ,

cope pods , mysids , and amphipods were decreased while decapods

and teleosts increased in number. The few items recorded

dur ing  the w i n t e r  m o n t h s  r e f l e c t s  t h e  r educed  s amp ling

e f f o r t  at t h e  dump s i t e  b e c a u s e  of i n c l em e n t  w e a t h e r  and

o b s t r u c t i v e  crab p o t s .

~jo rthe rn_anch ovy (En ~~rau 1is mordax )

147. N o r t h e r n  anchovy are slen der , si lver f ish

rang ing in len gth  to 2~4 .8 cm but  usual ly  are less than

18 cm . They r a r e ly  e x c e e d  14 yea rs  of age . T h e i r  range is

from Cape San Lucas , Baja California , to  t he  Queen C h a r l o t t e

32
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Islands of Canada. Anchovies are utilized for the produc-

tion of oil and meal and are also used as bait. Their

grea t e s t  value is as f o o d  for other species of fish.

• 148. The anchovy catch accounted for 140 ,909

individuals and numerically dominated the finfish captured

at the five sites. Though considered pelagic , the schooling

spec ies wa s take n f r e quent ly an d in lar ge numbers w ith our

demersal shrimp trawl. The majority of anchovy were

j u v e n i l e s  and e n c o u n t e r e d  d u r i n g  t he  i n i t i a l  phase  of the

study . The e r r a t i c  c o m m u n i t y  s t r u c t u r e  ind ices  r e f l ec t

their presence or absence during this period.

149. An chovy were principally f ish of th e smaller

s i z e  g r o u p s .  The overall  l e n g t h  range  of anchovy  was 142 to

148 mm. Y o u n g — o f— t h e — y e a r  e n t e r e d  the  ca tch  in November

1974 joining older age groups but replaced the older fish

and dominated the catch in January 1975 (Figure El). The

catch dat a sugges t  t h i s  spec i e s  may i n h a b i t  d i f f e r e n t

levels of the water column depending on age , season , and

perhaps food p r e f e r e n c e .  Since f ew anchovy  wer e capt u r ed

at tes t  s i te  E d u r i n g  and a f t e r  July 1975 , t he re  w as no

basis to compare their lengths with anchovy at other sites.

50. An ANOVA for  no rt he rn  anchovy is base d

on their numerical relationships at the five sites (Table E2).

The months  of July , Augus t , Sep t embe r  1975 and Ap r i l  1976

are the base time periods when comparat ive sampling was

conduc ted  at all five site8. Sign if icant di f f e r e n c e s  ex iste d
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be tween ca tches  at the  f i ve  s i tes .  Catches did not differ

si gn i f i c a n t l y  be tween  months . The differences b ,tveen

sites appear to be consistent from month to month . In

gene ral it was noted that anchovy were frequently taken at

nor the rn  sites  A an d B an d only spo rad ica l ly  at s i tes  C ,

D, and E.

51. The S t u d ent i z e d  Q—tes t  p rov ided  a means

to align the sites in order to show which differ or do not

d i f f e r  s i g n i f i c a n t l y  f r o m  each o the r .

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 means above the  same line do not di f f e r  sign if icant ly

(5 percent level of significance) from one another.

• 52.  The Q— t e s t  of the di f f e rence in mean

catch be tween pa i r s  of s i t e s  at the 5 percent prob ability

was based  on a computed  z 2 .232 9 . The test  in dicates the re

was no sign ifi cant d i f f e r e n ce in anc hovy CPUE between

northern sites A and B and southern site D. There also

was no s i g n i f i c a n t  d i f f e r e n c e  be tween  s i tes  E , D , C , and B.

There was a s i g n i f i c a n t  d i f f e r e n c e  lh the  anchovy ca tch

be tween s i tes  A and C and E , in di ca t in g a spat ial di f f e r e n c e

35 
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in anchovy CPUE (index of abundance) at the sites during

and after the experimental disposal period.

53. Examination of stomach contents of an-

chovies captured off the mouth of the Columbia River indi-

cated a primary diet of phytoplankton (Figure EB). Phyto—

plankton is liste d as “other ” on the chart . The diet com-

position was similar numerically and gravimetrically for

all months. The copepods Calanus sp. were consumed in

January  1975 and Pseudoca lanus  m i n u t u s  in May 1975. A few

cum aceans , Diastylopsis dawsoni, were eaten during April

1975. Generally , however , the diet was consistent over

the sampling months.

54. Dif f e r e n t  t e c h n iques we re re quire d fo r

analyzing stomach contents of anchovies than for fish

species consuming macroplankton or macroinvertebrates. A

specialized problem of anchovy food analysis is rapid

diges t ion  of phyto plankton , resulting in a predigested

brown mass and an absence of individual cells . The nume r-

ically dominant anchovy , more than any other fish species ,

utilized the primary trophic level as food.

55. Nor the rn  anchovy s tomac h conten ts  were

examined f rom the  exper imen ta l  s i te  in only Apr i l  1976.

N umer ica l ly  and gr avimetr ical] .y , u n i d e n t i f i e d  animal  ma te r i a l

was the only food item encountered. Since one fish with

food in the gut was sampled , no Inferences can be made re—

gard ing  the e f f e c t s  of disposal.  One f i s h  was empty and one

36
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Figure  E8. Monthly  compar isons  of n o r t h e r n
anchovy exp ressed as percent composition of diet
by numbers and weight , January 1975 through
April 1976.
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conta ined  the  d iges ted  animal  m a t e r i a l .

Whitebait smelt (Allosmerus elongatus)

56. Whi teba i t  smelt  are a s lender  almost color-

less species ranging  up to 23 cm and recognized by pointed

mouth , large eye , single large vomer canine  and dorsal  f i n

placed behind the pelvic fin insertion. It ranges from

central California to southern Vancouver Island. It serves

as food for  other species  and is occas ional ly  used as b a i t .

- • The l i fe  expec tancy  of the w h i t e b a i t  smelt is not known

but prob ably does not exceed 5 years .

57. The smelt were  taken in 70.2  percent  of

the trawl tows and appeare d at all five sampling sites.

The 6010 i n d i v i d u a l s  cap tured  r e p r e s e n t e d  6.9 percen t  of

the total finfish. Wh itebait smelt were common in the trawl

ca tches f rom spr ing  (A pril—May ) until mi d—autumn (October—

N o v emb e r )  w i t h  comp ar a t ive ly  few caught f rom December
• through March .

56. Lengths of w h i t e b a i t  ranged from 47 to

145 mm and the data indicat e the presence of several size

group s (Figure E9). Separate size groups were distinguish-

able in November 1974, Jun e , July , and perhaps November

1975, but thereafter size overlap obscured any length—

frequency separation. It is apparent that  j uveniles and

adults were found together. The smaller size groups of

whitebait smelt first appeared in May 1975 and April 1976
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ca t ches .  A compara t ive  t e s t  of w h i t e b a i t  smelt length—

frequencies at the experimental test site and the four

other sites could only be made in April 1976 (Figure E].O).

Whitebait smelt were not caught at the test site in suffi-

cient numbers to test differences during other months.

A Kolmogorov—Smirnov test of the April 1976 smelt lengths

at the experiment al test site and those taken at other

sample sites did indicate there was a significant difference

in length—frequency between the sites at the 5 percen t  level .

The overall size range was less at the test site , and the

catch was made up of smaller individuals.

59. An ANOVA was comp uted to determine if a

• difference occurred in whitebait smelt abundance at the

different sites (Table E2). Significant differences existed

at the  5 percent  level  be tween  both months  and sites.

Moreover  the di f f e r e n c e s  be tween sites were  not con sis ten t

from month to month (i.e. interaction is significant).

60. D e t e r m i n a t i o n  of the ~—test value for

whi t eba i t smelt r e su l t ed  in a f a c t o r  of z l 14 4 l 6 .  The s i te

alignment based on significant relationship follows.

LARGEST MEAN SMALLEST MEAN

Site Site Si te 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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Thos e site means above the same l ine do not d i f f e r  s i g n i—

f ican t ly  at the 5 percent  level from each other.

6i. The Q—test  fo r  wh i t eba i t  smelt shows a

s i gn i f i cant d i f f e r e n c e  in cat ches between nor thern  sites

A and B and southern sites D and B. Apparently a numerical

gradation of whitebait smelt occurred from July 1975 through

April 1976 since each site was essentially comparable only

to the nearest site. There was a preponderance of smelt

in the northern sites and a near absence in the southern

sites from July through September 1975. In April 1976,

however , tows at all sites captured whitebait smelt . The

whiteb ait smelt distribution pattern essentially paralleled

that of northern anchovy during the period.

62. Whitebait smelt consumed a limited variety

of organisms (Figure  E l i) .  Two copepods , Cala nus sp. and

P. minutus , and a cumacean , D. dawsoni, were the primary

organisms encountered in stomachs examined. During September

1975, the amph ipod , Atylus tridens, and mysid , Neo mysis

~~ diakensis, were eaten. Teleosts were important food

items in the winter  and those consumed were anchovies , I.

mordax, and an unidentified , partially digested species.

63. The stomach contents were s imi la r  numeri-

cally and gravimetrically except for January 1975, when

Cal anus sp. was impor tant  in weight . The following addi-

tional food items were consumed at least once:
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Cumacean :
Co iurostylis occi den ta l i s

Teleos t :
U nid.. teleost juven i le
Unid .  te leost  bones

Othe r :
U n i d .  animal  m a t e r i a l

In April 1976, two w h i t e b a i t  smelt  were  sample d f rom the

t e s t  s i te .  However , bot h had empty s tomachs .

Lozz~gfin smelt (Spirinchus thaleichthy s)

64. Longfln smelt are small elongate silvery—

w h i t e  f i s h  r anging  up to  15 cm l eng th .  They are recognized

by t h e i r  s t rongly  up t u r n e d  mouth , long pec to r a l  f i n s  w h i c h

reach pas t  the pe lv ic  f i n  in se r t ion , and large anal fin.

Thei r  range  of d i s t r i b u t i o n  is f rom n o r t h e r n  C a l i f o r n i a  to

cen t ra l  Alaska.  Lon~~’in smelt  are anadro mous an d spen d a

p o r t i o n  of their life in estuarine habitats. They are

highly  re gar ded for  the ir f lavor  and ~l~” serve as food

for  other  f i s h .

65. The longfin smelt was a frequently cap-

tured osmerid and second numerically to the anchovy in

overal l  numbers . A to ta l  of 7816 long fi n  smelt  were  cap-

tu red  r e p r e s e n t i n g  8.99 percent  of the finfish , an d they

appeared in 72.85 percent of all trawl tows . Seasonal

var ia t ion was i n d i c a t e d  since longfin smelt were frequently

caught in winter and spring while few were caught in early

summer.  Thereaf te r  the traw l catches of longfin  smelt

increased  gradual ly  and , except  for  t he i r  near  a’bsence in
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December 1975, were common through the remainde r of the

study .

66. The l eng ths  of l ongf in  smelt  ran ged f rom

43 to 135 mm. Size grou ps were ob scured  by overlap in most

months , but it appeared that young fish were most abundant

(Figure El2). Age 0 fish entered the traw l cat ch in July

and August 1975 and merged with olde r fish by the following

January . L e n g t h — f r e q u e n c y  compar i sons  of smelt at the

exper imenta l  t e s t  site and the other sites coul d only be

made in Apr i l  1976 (Figure E13). A Kolmogorov—Smirnov

two—sample test indicated a critical value of 0.2163, or no

significant difference in longfiri smelt length—frequency

between the  sites at the  5 percent level. There was ,

however , a diff e r e n c e  at the  10 p e r c e n t  level.  The com-

p a r i s o n s  of longfin smelt dat a by numbers caught at differ-

ent months and locations are shown in Table E2.

6~. An ANOVA in longfin smelt catches was

ca lcu la ted  in order  to d e t e r m i n e  i f  d i f f e r e n c e s  ex i s t ed

be tween  s i tes  and months (Table E2). It was determined

that significant differences existed between catches at

the five sites and months. The differences in catches  be-

tween sites were not consistent from month to month as

indicated by the significant interaction. The test sub—

stantiated the observations that longfin smelt catches

were low in July 1975 and increased thereafter and that

spa t ial  d i f f e r e n c e s  occurred.
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68. A determination of the Q—test value for

longfin  smelt resul ted in a si g n i f i c a n c e  f a c t o r  of z 0.3l51.

Site alignment based on relationship between means follows .

LARGEST MEAN SMALLEST MEAN

Site S i te  Si t e  S i te  Si te

A B E C D

5c

2 .6075  2 .22 88 o.783b 0.7463 0.655 0

Those means above the  same line do not di f f e r  signi f icant ly

at the  5 pe rcen t  level f rom each o the r .

69. The s—test  s epa ra ted  the  lon gf i n  smelt

population into separate areas . The three southern sites

C , E, and D did not significantly differ numerically from

each other , while northern sites A and B not only differed.

from the southern sites but also from each other . Longfin

smelt during this comparative period were cons 5tently more

numerous at sites A and B. Longfin smelt were not taken in

the  comparat ive t rawl  ca tches  at the te st site unt il Apr il

1976.

70. Longfin smelt consumed small crustaceans

f o u n d  in the  e p i b e n t h i c  and p e l a g i c  zones  (F i g u r e  E l4 ) .  The

t h r e e  m a j o r  groups  were  c uinaceans , copepods , and mys ids .

Analyzed  by num bers , dif f e r e n c e s  occur  t h a t  may b e seasona l

t r ends . It was observed  tha t  each  m o n t h , large  numbers  of

48
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only one category-——cumaceans , copepods , or mysids——vere

consume d. During January , November , and December 1975 and

January  1976 , the mys id , N. k a d i a k e n s i s,  made up 83— 100

percent of the numbers consumed. During March , June , and

September of 1975, the cumacean , D. dawso ni , made up 58—

76 percent of the tot al number . A large copepod , Calanus

s p . ,  c o n s t i t u t e d  66 p e r c e n t  of the total number in April

1975 and 95 pe r cen t  in Apr i l  1976. Dur ing  May of 1975 ,

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

the total number. Small numbers of amphipods were consume d,

mainly A . tridens.

71. On a w e i g h t  bas i s , the  mys id , N. kadiake n—

sis , accounted for 10 to 100 percent of the total during

all months except April 1976, with the highest percentages

occurring in winter months. Other mysids appeared less

f r e q ue n t l y : N.  r ayi i  in Apr i l  1975; Acan th omysl s  davisi

In June 1975 ; and Archaeomysis grebnitzkii in May and June

1975. The cumacean , D. dawsoni ,  was an import ant weight

item twice :  145 percen t  in June 1975 and 25 percent  in

September 1975. The copepod , Calanus sp., compr i sed  76

percent of the weight in April 1976. The amphipod , ~.

~~~~~ 
rep resen ted  less than 25 percen t  of the weight

in March , May , and September  of 1975 and Apr i l  1976. During

September 1975, a Crangon sp. juvenile made up 50 percent

of the weight.

72. To b r i e f l y  s u m m a r i z e , lo ngf i n  smel t  consumed

50

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ —~~~~~~~~~~~~~~~~ — TO-- —- --- —- - -~~~~~~~~~



-.-—.-- --.-TO., -~~.?TO--TO-- - --_~~~~-j ;. -———- - — - - -- --- - ~~~~ TO 

_________

four  items during the sample months. These were , in order

of import ance , the  mys id , N.  k a d i a k e n s i s;  copepods , Cala nu s

sp. and P . minutus; and the  cumacean , D . dawsoni .  Seasonal

patterns were not evident when the prey items were analyzed

by weight. However , numerically , analy sis revealed mysids

were  most  impor tan t  prey i t em s  f o r  l o n gf i n  smelt  in  w i n t e r

m o n t h s , b e i n g  rep laced  by cumaceans and copepods in betv ’

The w i d e s t  v a r i e t y  of food  i t ems  were  consumed  d u r i n g  the

spring months. The fo l l owing ad dit ional foo d item s were

consumed at least once :

P o l y c h a e t e :  Decapod C r u s t a c e a n :
Unidentif ied sp. Crangon sp. adult

Cumacean : P e le c y p o d :
Mesolamprops  sp. Pelecypod.  j uven i l e s

Copepod:  O the r :
Unidentified sp. Synidotea angulata—

Amphipod :  ( i s o p o d)
Monoculodes  sp. O r g a n i c  m a t e r i a l

73. Longfin smelt were sampled at the experi—

m e n t a l  s i t e  in Apr i l  of 1976 . The i r  d i e t  c o n s i s t e d  p r i —

man ly of the  copepod , Calanus s p . ,  wh ich  a c c o u n t e d  f o r  93

pe rcen t  of the tot al number of organisms consume d and 76

percen t  of the total weight. An amphipod , ~. t r i dens,

cont r ibuted 23 pe rcen t  of the to ta l  w e i g h t . Several  o ther

o rgan i sms  were  consumed in very small  q u a n t i t y : u n i d e n t if i e d

eggs; an unidentified mysid; and a small Mesolamprops sp .

P a c i f i c  tomcod (M i c r o g a du s  p rox imus)

74. Pacific tomcod are round elongate fish ,

olive to light brown in color and ranging up to 33 cm total

51 
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length. They are recognized by small cycloid scales , three

spineless dorsal fins , small centrally located barbel., and

locat ion of anus under  the first dorsal fin. Tomcod are

d i s t r i bu t ed  f rom centra l  C a l i f o r n i a  to the Ber ing  Sea and

are common in shallow water and estuaries. It is hi ghly

regarded for its food and recreational value. Its corn—

p a r a t i v e l y  small  size has limited commercial exploitation.

75. Pacific tomcod was one of two Gadidae

species captured at the sampling sites. Pacific hake , the

other species , was a summer visitor and was taken sporad-

ically . Tomcod appeared in ~6.i6 percent of the trawl tows .

During the study , 3305 tomcod were captured representing

3. 8 percent  of the  total  f i n f i s h  caught .  Tomcod were

cap tured  in all months  sampled but were less frequently

taken  from m i d — w i n t e r  to lat e spr ing . Tomcod were  common

from August to November.

76. Pacific tomcod lengths ranged from 27 to

— 300 mm 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 more

distinctive than those of other species (Figure E].5). Tom—

cod lengths  from the  experimenta l  s i te  were not compared

with thos~ at the other sites because insufficient numbers

were taken at the test site .

77. Results from an ANOVA for Pacific tomcod

by si te and month are p re sen ted  in Table £2. S ig n i f i c a n t

52
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53

- - -: -~-~ -~~-- ~ --~ -- - -- - - . --TO ~~~~~~~~~~~~~~~ 
- 

_~~~~~~ _ -
~~~:!~ .

_ -- _ 
- -- --- - - -

- -



-— - - 
-

differences existed between the numbers of tomcod caught at

the five sites. Differences in the monthly catches were

also s i g n i f i c a n t. The di f f e r e n c e s  in catches between sites

were not consistent from month to month as indicated by

the s i g n i f i c a n t  i n t e r ac t i on . The AN OVA revealed s i g n i f i c a n t

temporal and spatial differences in Pacifi c tomcod catches

during the sampling period.

78. A determ ina t ion  of the ~—test value for

t e s t i n g  the d i f f e r e n c e s  of average tomcod ca tches  at the

five sites resulted in a factor of z 0.8008. The site

relationships follow

LARGEST MEAN SMALLEST MEAN

Site Site Site Site Site

B A C E D

x x x

3.2968 3.2338 1.2525 1.1363 0.5700

Those site mean catches above the same line do not differ

sign if icant ly  at the  5 percent level from each other.

79. The Q—test in dicates there was no signif-

icant d i f f e r e n c e  in ca tches  of tomcod between the two

northern sites A and B. Catches at the three southern sites

C, D, and B also were not significantly different. The

d i f f e r e n c e s  in tomco d cat ches between nor the rn  and sou thern

sites , however , were significant . The tests confirme d the

514 

- --~ - - ~~~~~~ -- -~- -~



--~~~~~~~~~~~~~~~~~~~~
--~~~~~~~~~~~~~~~~~~ -~~~~~~~ -~~~~~~~~- _ ~~~

seas onal changes in availability of tomcod and further

r e f l ec ted  d i f f e r e n c e s  in ca tches  between the  sampling s i tes .

80. Pacific tomcod consume d items from all

major groups of food organisms (Figure £16). Polychaete

worms were eaten but not in quantity- . Analyzed numerically ,

fewer groups were consume d in the spring and sumner than

during fall and winter. The cumacean , D. dawsoni,  made

up 94 percent  of the total number of organisms in April

3f- 1975; 87 percent  in May 1975; 99 pe rcen t  in September

1975; and 20 percent in November 1975. Me solamp rops sp.

c o n t r i b u t e d  91 percen t  in Apr i l  of 1976. ç~~angon ~~
made up 23 pe r cen t  of the  to ta l  in  January of 1975 and 14

percent  in July 1975. However , they were  import ant food

items in November and December of 1975 an d January an d

February of 1976 with percent ages of 28, 145, 31, and 21,

respectively . Northern anchovy- , E. mordax, was consume d

in January and December of 1975 and in January and February

of 1976. The remaining food consumption pattern was

scattered. During January 1975, the ainphipod , A . tridens,

made up 41 percent of the total; and in July of 1975, the

copepod , Calanus sp., made up 43 percent .

81. Analyzed gravimetrically , a more definite

pattern was observed. Just four categories represented

any weight significance: cumaceans , decapod crustaceans ,

teleosts , and other (mainly detritus). The cumacean ,

D. daveoni, made up less than 15 percent of the total in
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~IIiL ~~:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. •i~~~ ~~~~~~~~~~~~

-_ - - —
~
-..



: ._ u 1__ .i
C.p.p .d 0 . ~~~~~~~~~~~ 

__________

50 4 4 P0ftO~3t
— . —~~M y 0 • d C.n.p..i ti.n

s o - of Di.’

An.p h ip O d 0 by Num bol ’

D.c. C ,u.S00000S 0 — — — —

50 0 0
z 2

p .I..ypod 0

— —

0t h. . 0 —

- 6 9 13 2 0 24 30 II 53 10 24
N..of Stomochi w,F..d ______________________________

— - I — 5 2  2 I I  $ 2 2 7  0
i4...f tnspt y SIoo5 ~ ch~

50

P•I y.bo~~t• 
0.

50
Cumoc•.fl 0.

12 0 0
So

Copopod 0 ~ — __________

2 2 250 
~ 4 PS.C• 1t

M y.i d 0 — 
Corn p oti t i .n

50 •f DiOt
Amp h i p od 0 , — b y W . i g h t .

D.c. Ctu . to cO. n .  : —‘—— ‘——~~~~~~ 
—

P.I..yp.d 0 —

9.1 o. $ t  0 I_____IIll_.__________._~~~ 
_I

0th. ,  9 I M IA I A 5 0  N ’ D
59_ 7 5 59_ 7 6

Figure £16. Monthly comparisons of Pacifi c torn—
co d ex p resse d as p ercen t  compos it ion of di et by
n u m b e r s  and w e i g h t s , J anua ry  1975 t h r o u g h  Apr i l
1976.

56

____________________________ - - 

-



~~~~~~~~~~~~ .~~~~~ - -.-~~~~~ r ~~~~~~~~~~~~~~~~~~~~~~~~~~ TO
~~I~I~~

April and May- 1975, but 51 percent in September 1975,

In July 1975, the cumacean , C. occidentalis , was eaten;

and in April 1976, Mesolamp~~ p~ sp. Decapod crustaceans

(in this case crangonids ) and fish were preyed upon through—

out the year. Adult Crangon sp. made up 21 percent of the

total weight in January 1975; 77 pe r cen t  in Ap r i l ;  19

pe rcent  in May ; 78 percent in July ; 1e3 p e r c e n t  in November ;

and 43 pe rcen t  in December  1975; and less t h a n  25 p e r c e n t

in January , February , and April 1976. Juvenile Cran g on

ap . made up 25 percent or less of the total in September

and November 1975. The anchovy , E. mordax, made up 62

percent  of the total weight in January 1975; 9 percent  in

Ap r i l;  57 percent In May ; 22 pe rcent  In November ;  50 per —

cent in December  1975 ; 814 percent  in January 1976 ; 60

percent  in February ; and 53 p e r c e n t  in Apr i l  1976. R o c k f i s h

j uveni les  made up less t h a n  5 percent of the total weight

in May and November 1975.

82. In s ummary , t h r e e  groups of food i t ems

were particularly important to the Pacific tomcod : the

c umacean , ~. dawsoni; shrimp , Crangon sp., juveniles and

adul t s ;  and the n o r t h e r n  anchovy , E. mordax. Numerically ,

D. dawsoni ou t r anked  o ther  food  i tems . G r a v i m e t r i c a l l y,

however , the shri~ap and anchovy dominate food items except

in April 1975, when the cumacean , D. ~~~~~~~~~~~~~~~~~~~~~~ outweighed

the others. Adult or juvenile shrimp occurred in all months

when full stomachs were sampled. The only seasonal trend

51
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noted was that anchovy did not appear in Pacifi c tomcod

stomachs between June and September 1975. Casual obser-

vat ion  in di cat ed a tomcod would either consume large

numbers  of small organ i sms , suc h as cu rn aceans , or a few

large i tems , such as sh r imp or anchov ies .  The fol lowi ng

additional prey items were consume d at least once:

P olyc h a e t e :  De c apod C r u s t a c e a n s :
U n i d e n t i f i e d  po lychae t e  Cancer  m ag is t e r  j u v .
Nerd s sp. Pelecy-pod:

M y s i d :  U n i d e n t . pe lecypod
Neomysis kadiakensis Siliqua patula siphons
Ne o~ysis ray-li Other:
Acanthomysis nephrophthalma Tecticeps sp. (isopod)

Amph ipod: ~~ nidotea aj~gulat a—
Monoculodes  sp.  ( i s o p o d)
H i p p ~omedon d e n t i c u l a t u s  Animal  debr i s
Ampelisca macrocephala Vegetable debris
Synchelidiuni sp.
Paraphoxus  o b t u s i d e n s

83. Pacific tomcod were sampled at the cx—

p er i m e n t a l  s i t e  in  July of 1975 and February and April of

1976 (Figure El7). Analyzed by numbers , the pre di sposal

s tomach samples f rom July 1975 showed  a diet  of 43 p e r c e n t

copepods , Calanus  s p . ;  29 p e r c e n t  m y s i d s , N eomy s i s  k a d i a —

kensis; and 14 percent each of shrimp juveniles , Cr ang~~ sp.,

an d cuma ceans , Colurostyljs occidentalis. Shrimp , Cran gon

sp ., contributed 37 percent of the total number in February-

and 29 percent in A p r i l  1976. The northern anchovy , ~.

mordax, made up 25 percent of the total number in February

1976.

84 . Ana lyzed  by w e i g h t s , s h r i m p  were  the  most

important food item. Crangon sp. made up 78 percent of the
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weigh t  in July 1975, 23 pe r cen t  in Februa ry  1976 , and 62

percen t  in A p r i l  1976. The anchovy  accoun ted  f o r  66 p e r c e n t

of the weight in February . FIgure E18 shows the comparisons

of t he  t e s t  s i t e  to  the othe r f o u r  s amp le si te s f r o m  July

1975 through April 1976. Fish captured at the test site

consumed more shr imp th an at the other  fo ur s ites in

February and April 1976, and more fish than at the other

sites in February 1976. Consumption of cumaceans and

po lychae tes occur red  at two of the  f i ve  s i tes  in Apr i l

1976 but not at the test site.

Pacific staghorn sculpin (Leptocottus armatus)

85. Paci f i c st aghorn sculp in ar e a common

e f f icient p redator  spec ies , assoc iate d wit h coastal  an d

estuarine bottom communities to depths of 100 m . It is

d i s t i n g u i s h e d  by i ts  large head and mouth , green  b a r r e d

mark ings  on the bo dy an d f ins , antler—like preopercular

sp ines , an d a dark spot on th e poste rior part of dor sal

fin. It grows to a length of 32 cm. It ranges from Baja

C a l i f o r n i a  to the  Gulf of A laska.  It h as s ome value as

a scavenger and predator and a recre ational fish. It also

p rovide s food for  w a t e r f o w l.

86. The P a c i f i c  st agho rn  scul p in is one of

five species of cottids captured during the study. The

s t a g h o r n  s c ulp i n  appeared in 4 8 .3  percent  of the tows though

the numerical total catch of 282 (0.3 percent ) individuals
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was small .  The t r awl  ca tches  did  not  i n d i c a t e t h e r e  was

a seasonal  v a r i a t i o n  in c~u a n tit y  of s t aghorn  sculp in  s ince

catches remained consistent ly low through the entire samp-

ling period.

8y. Staghorn sculpin lengths ranged from 65

to 260 mm . Size groups were indistinct and apparently

overlapped (Figure El9). Most staghorn sculpin captured

were considered adult fish. A comparison of the staghorn

sculpin  mean l engths  at the  tes t  s i te  wi th  the  combined

me an length  foun d at the other  s i t e s  was not poss ib le

because of low numbers. Observ ations indicated no obvious

d i f f e r e n c e  in s t a g h o r n  s cu lp in  l eng th  be tween  s i t e s .

88. An ANOVA was computed for staghorn sculpin

caugh t at the  f ive  sampl ing  s i tes  in orde r to de te rmine

the  monthly  and s i te  changes (Table E 2 ) .  The ANO VA test

showed significant differences in staghorn catches between

s i tes  and be tween  months . Also  the differences between

si tes were not cons i s t en t  f rom one month to the next as

i n d i c a t e d  by the  s i g n i f i c a n t  i n t e r a c t i o n. Small s c a t t e r e d

catches were characteristic of this species.

89. The Q— tes t  of s t aghorn  scu lp in  numbers

resulted in a value of z 0 .5 840.  Site r e l a t i o n s h i p  follows .

LARGEST MEAN S!1ALLES’i MEAN
Si te Si te  Si te  Si te  Si te

E C A B D
~5~c

0. 8500 0.3612 0.3100 0.3100 0.2587
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Figure El9. Monthly length— frequency histo-
gram of Pacific staghorn sculpin (Leptocottus
armatus) taken with an 8— ni trawl net between
October 1974 and April 1976.
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Those mea ns above the same l ine do not d i f f e r  f rom each

other at the 5 percent level of significance.

90. The Q— test  i n d i c a t e s  tes t  s i te  E was

significantly different from site D , t he  n e a r e s t  sampling

site. The r e m a i n i n g  s i t e s  were not s i g n i f i c a n t l y  d i f f e r e n t

from either site E or D.

91. Pacific staghorn sculpin have stomachs

th at st r e t ch to t is sue th inn ess to accom modate large foo d

items. Food items fell usually within two major groups——

the decapod crustaceans and teleosts (Figure £20).

92. Numerically , Crangon sp. adults accounted

for 100 percent of the total in March 1975 , 50 percent in

April , 33 pe rcen t  in May , 58 pe rcen t  in June , 17 pe rcen t

in July , 22 percen t  in Novem ber, 40 percent in December 1975,

and 25 percent in April 1976. Crangon sp. juveniles made

up 26 percent of the total in November 1975. Crangon

franciscorum adults contributed 33 percent of the total in

September  1975 . Cancer  mag i s t e r  juven iles made up less

than  20 p e r c e n t  of the total in November and December 1975.

The anchovy , E. mordax ,  a c c o u n t e d  fo r  25 p e r c e n t  of the

total number in April 1975, 50 percent in May , 25 percent

in Jun e , 55 percent in July 1975, and 69 percent in April

1976. Un ident ified , partially digested fish contributed

33 p e r c e n t  in September  1975 and 50 pe rcen t in January -

1976. The “ o the r ” ca tegory  i n c l u d e d  some u n i d e n t i f i e d

ve ge t a t i o n , iso pods , and snails .
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93. In gram w e i g h t  of food consumed , a

s imi la r  pa t t e r n  e x i s t e d — — c r a r i g o n i d  sh r i mp  and. f i s h  dur ing

most months. Cran&on sp. adults accounted for 100 per-

cent  of the  w e i g h t  in March  1975, 23 pe r cen t  in Apr i l ,

28 percent in May , 39 percent in June , and 29 percent in

December  1975. Cran~~~ sp. j u veni les  were consumed in

November 1975. Cancer niagister juveniles were  less t h a n

30 percent of the totals in November and December 1975.

Anchovies , E. mordax , made up 45 percent of the weight

in May 1975, 23 pe rcen t  in June , 81 p e r c e n t  in July ,

30 percent in December 1975, and 93 percent in April

1976. Unidentified fish accounted for 27 percent of the

total in May 1975, 39 percent in September , and 88 percent

in January- 1976.

94 .  B r i e f l y  s t a t e d , Pacific staghorn sculp i n s

consumed primarIly juvenile and adult Crangon sp. shrimp ,

anchov ie s , and o the r  u n i d e n t i f i e d  f i s h .  A n c h o v i e s  were

not utilized during summer; otherwise , the  feed in g pa t te rn

was similar for all months. One exception was March 1975,

when no fish were consumed; however , the  s ample s ize  was

small .  A d d i t i o n a l  i tems c o n s u m e d  at leas t  once were :

M y s i d :  Teleos t :
N eo~ y si s  kadiake nsis  Sebastes sp.
Aca nthomy s is  ma cr o~ps is  M i c r o s t o m u s  pacificus juv.

Amphipod: Other :
Atylus  t r idens Un iden t . f i s h  eggs

Pelecypod:  Unide n t .  vege t a t ion
Siliqua patula juveniles Unident . animal mate r ia l

Tec t i c ep s  sp.  ( i s o p o d )
Nassarius sp. (gastropod)
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95. Staghorn sculpin were caught at the

experimental site in July 1975 and April 1976. Shrimp ,

Cra ngon sp. , and anchovies , E. mordax ,  were the two impor-

tant food items . During July 1975, shrimp contributed

50 percent of the total numbers and weights and uniden-

tified vegetation the other 50 percent . In April 1976,

the shrimp made up 29 percent of the numbers and 8 percent

of the weight while the anchovy accounted for 29 percent

of the number and 814 percent of the weight .

P r i c k l e b r e a s t  poacher  ( S t el l e r in a  xy o st e rn a)

96. P r ick l e b r e a s t  p o a c h e r s  are smal l  ( t o  18 cm)

f ish , roun ded anter iorally an d ta per ing to a n ar ro w

caudal. The coloring is a mottled olive dorsally and

light ventrally . The distinguishing characteristic of

this fish , foun d at depths of 15 to  76 m , is th e smooth

b r e a s t  s t i p p l e d  w i t h  small  s p i n e s .  They are f o u n d  f r o m

Baja California to British Columbia , al though somewhat

uncommon at the limits of their range. The pricklebreast

poacher has neither recreational nor commercial value .

91. The pricklebreast poacher numerically

dominated the f i v e  spec ies  of the Fami ly Agonidae en—

c o u n t e r e d .  D u r i n g  t he  s tudy  14098 pricklebreast poachers

were cap ture d , which  rep r e s e n t ed 14.~ percen t  of all fin fi sh

taken. These small demersal fish occurred in 71.5 percent

of the trawl tows. Some pricitlebreast poacriers were -
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p r e s e n t  t h r o u g h o u t  t he  year , but  t h e y  were  not common

f r o m  October  1975 th rough  J anua ry  1976. The p r i c k l e b r e a s t

poachers were widely and commonly taken in the spring;

howeve r , the  la rges t  ca tches  w e r e  in  August and September

1975. At that time the sporadic large catches indicated

sch ool ing b e h a v i o r .

98. Lengths  of p r i c k l e b r e a s t  poache r s  r a n g e d

f r o m  27 to 163 mm during the study period. Exami nation

of a mo nthly  l e ngt h — f r e q u e n c y  histogram (Figure E2l)

ind ica ted  several  s ize  groups were p re sen t  and d .is t in—

guishable  fo r  at least a yea r .  A comp ar ison of prickle—

b r e a s t  poache r  l eng ths  at the  e x p e r i m e n t a l  s i t e  and t hose

foun d at the other s it~~ was not poss ib le because  few

poachers were taken at the test site.

99. An ANOVA was made to d e t e r m i n e  the com-

parability of pricklebreast poacher catches at the five

sampling sites (Table E2). The test revealed significant

d i f f e r e n c e s  in the  number of p ri ckleb reast  poacher  cau ght

at the five sites and between months. The significant

in t e r a c t ion value ind icated the ca tches  be tween sites

were not consistent from month to month. Periodi c occurrence

of schools of pricklebreast poacher at northern sites

nullified any- possible numerical relationship vi’~h southern

sites.

100. A s—t est  of the  s i g n i f i c a n t  r e l a t i o n s h i p

between the catches at the sites resulted in a value of
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z l.6326. The s i te  r e l a t i o n s hi p  follows :

LARGE ST MEAN SMALLEST MEAN

Site  Si te  Site  Si te  Si te

A B C E D

3.1500 3. 1500 0 .8800 o. 46oo 0.3500

Those means  above the  s ame l ine  do not  di f f e r  si~~ni f icantly

at the 5 percent  level f rom each o the r .

101. The Q — t e s t  i n d i c a t e d  two separa te

d i s t r i b u t i o n  areas of pricklebreast poachers . Catches at

nor the rn  s i tes  A and B were high an d similar , but were

significant ly different from the three southern sites.

Sites C , D, and E had low but comparable catches , and the re

is no significant difference between them. A spat ial

availability is indicated by the distribution of catches.

102. Pricklebreast poacher data showed a

limited feeding pattern (Figure £22). Numerically , t h e

mys id , N. kadiakensis, was most important during all

sample months except August 1975 and April 1976. Th is

particular mysi d accounted for 81 percent of the total

number of organisms in January 1975, 41 percent in March ,

57 percent  in Apr il, 46 percent in May , 25 pe rcent in

July , 48 percent  in Sep tember , 93 pe rcen t  in November ,

100 pe rcent in December  1975, 100 pe rcen t  in January  1976 ,

and 82 percent  in February 1976. N .  kad iakens i s  cont r ibu ted
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more to the  p r i c kle b r e a s t  d ie t  d u r i n g  the  cold mon ths

than  dur ing  the  warmer  m o n t h s .  In Augus t  of 1975 , the

amphipod , ~ . ti~idens,  c o n t r i b u t e d  100 p e r c e n t  of t h e

o rgan i sms  c o n s u m e d .  A. t r i d e n s  o c c u r r e d  January  t h r o u g h

September , 1975 , but in lower numbers .  In Ap r i l  of 1976 ,

the cumacean , Mesolamp ro~~ s p . ,  accoun ted  fo r  97 p e r c e n t

of the  num bers , based upon a single fish. The large

copepod , Calanus sp., contributed 37 percent of the total

number  in  March  1975 and less in  May 1975.

103. The mysid , ~j. kadi akensis,  con t r i bu t ed  -:

the  major ity of wei ght dur ing all sample m o n t h s  exce pt

September 1975, when t he  diet was divi ded be tween  the

cumacean , D. 4~wson i (15 percent ), N. kadiakensis (32 per-

cent ), A. tridens (18 percent) , and juvenile shrimp ,

Cran&on,~ sp. (19 percent). N. kadiakensis contributed

the following percent ages of the total weight : 88 percent

in January , 86 pe rcen t  in Marc h , 81 pe rcen t  in April ,

61 percent in May , 30 percent in July , 100 percent in

Au gust , 32 percent in September , 76 percent in November ,

and 100 percent in December 1975; 100 percent in January

1976 ; and 94 percent in February 1976. A. tridens occurred

as 30 pe rcen t  or le ss of the  we ight in March , May, July ,

and September 1975.

104. In summary , the  mys id , ~j. k a d i a kQn s i s ,

was c l ea r ly  the  mos t  i m p o r t a n t  food  i t e m  to p r i c k l e b r e a s t

poachers  d u r i n g  t h e  s tudy  mon ths . The amph ipod , ~. tridens,
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supp lemente d the  mys id diet as did occas iona l  o the r  mys id s ,

cumaceans , copepo ds , and juvenile shrimp . The mysid con—

sum pt ion pa t t e rn  was f a i r l y  consi st en t  t h r o u gh all seasons ,

though it dropped somewhat during the warmer months. It

is reasonable to assume that pricklebreast poachers do not

of ten , i f  at all , feed directly upon or within the sub—

strate but rather feed on epibenthic or pelagic forms .

Ad dit ional it ems consume d at le ast on ce w ere:

Copepod :  A m p h i p o d :
Euca lanus  bung i i  U n i d e n t .  amphi pod
Pseudocalanus minutus Ampelisca macrocephala
Epklabidocera sp. Monoculodes sp.

Mysid: Elasmopus sp.
Aca ntho zzysis dav isi Deca pod Crus t aceans :
Aeanthomy~sis macropsis Cancer sp. juv.
Acanthomysis nephrophthalma Decapod zoea
Neomysis rayii Other:
Archaeomjrsis grebnitzkii Tecticeps sp. (isopod)

~ynidotea angulat a—
- 

~ i s op o d )
Unident. organic matter

Showy sna ilfish (L~paris puichellus)

105. Showy s n a i l f i s h  resemble  la rge  t ad po les

(lengths to 25 cm) with subterminal mouths and thin , loos e

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 ventrally , and wavy longitudinal dark

lines are sometime s present . Ranging from California to

t he  B e r i n g  Sea , i t  is qu i t e  common in i t s  n o r t h e r n  l imi t

at depths  of down to  60 m . The snailfish has no recre—

ational or commercial value .
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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 pe rcen t  of all

finfish. Their overall incidence of capture in the 151

trawl tows was 67.5 percent . Few showy snailfish appeared

in trawl catches from October through December 1975. Peak

catches were made in August and September 1975. Th is was

the only temporal or seasonal characteristic observed.

107. Showy snailfish are a small demersal spe-

cies that ranged in length from 18 to 214 mm at the Study

sites. A length— frequency histogram plotted by monthly

periods indicated several size group s were present , but

overlap tended to obscure size distinction and growth

patterns (Figure £23). Apparently the youngest size groups

en te red the  cat ch in  April or May 1975. It w as not possible

to  tes t  sna ilf ish len gths  at ex per iment al tes t  s ite E wi th

lengths at other sites. During those periods of equal

fishing effort , f ew showy sna ilf ish were  t aken  at t he t e s t

site.

108. An ANOVA for showy snailfish catches was

made to compare the temporal and spatial differences of snail—

fish numbers (Table E2). The showy snailfish exhibited signi-

ficant numerical differences among sites; the monthly catches

did not differ significantly- at the 5 percent level. Dif-

ferences among sites appeared to be consistent from month

Tb

- - - -  TO • -
- • - - - —

~~~~TO TOTOTOTOTO 
— — ——



—TOTOTOTO TOTO~TOTOTOTOTOTO TOTO~~TO~TOTO • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , . . -. ._ _ _  

------TO- -

Nov 74

3’ — — Jo n 75

3- ________________________________________________________________________________________________

Mar

3- — I

10 

I. .i ’i_~~. 
Apr

.. L..1 - 
__

~~.. -.~~~~~~~~~~. .

Numb. ’ ::
Jun

— 
_ IITOL. 11 ~~~~~~ 

_ 1TO_

Sh o w y

E~ ~~~~~~~~~~~
ic 

l~~~~
.__ .1 .~~~ i — — —

Nov

— _ I  —
~~~~~~~~~~ - - ~~~. 

Jan 76

Apr
I_ .mi~

_ _ . 
~~~~~ TO

61 91 I 1 1~ t 181 211
L.ngth in mm.

Figure £23. Monthly length— frequency histogram of
showy snailfish (Lip~ ris pulchellus) taken with an8—rn trawl net between October 1974 and A p r i l  1976.
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to month as reflected by the nonsigni fic— ’-ice of the inter-

action .

109. Determination of a Q—test factor to assess

the significance difference between catches of showy snail—

f is h at the si t e r e su l t ed  in a value of z ] . 6 6 8 .  Relation—

sh ip of t h e  si tes fo l lows:

LARGEST MEAN SMALLEST M EAN

Site Site Site Site Site —

B A C D E

3.5900 3.0500 0.8800 0.5100 0.3500

Thos e me ans abov e th e same line do not  di f f e r  sign i f i c a n t l y

from each other at the 5 percent level.

110. The ~—test of showy snailfish catches

revealed t he re  was e s sen t ially no di f f e r e n c e  be tween  s n a i l —

fish catches at s i t e s  A and B but significant differences

between the se s i t e s  an d the  t h r e e  s o u t h e r n  s ites C , D , and

B. Snailfish distribution differences shouli be considered

a spatial characteristic off the uolumbia River mouth during

the four months.

111. Showy sr.ailfisii (Figure E211 ) consume d

a wide variety of organisms. Sim i lar to sta ghorn  scul pi ns ,

the snailfish have stomachs that can expand to accommodate

larger food items . Numerically , cum acean s , D. dawsoni,

and amphi pods , A. tr~ dens, dominate d the prey items .
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D. dawsoni contributed 33 percen t  in Apr i l , 66 percent in

May , 50 percent  in June , 52 percent in July-, 48 percent in

September , and 29 percent in January 1976. The cumace an ,

Mesolamprop s sp., made up 63 percent  of the total in Feb-

ruary 1976. The amphipod , A. tridens, accounted for 33

percent  in Ap ril , 24 percent in May , 45 percent in June ,

29 percent in July , 100 percent  in August , and less than

25 percent in September 1975 and February 1976. The am—

phipod., Hipnomedon denticulatus, made up 42 percent of the

to ta l  n umber  in March  1976. Decapod crustaceans were im-

portant numerically during several months. Crangon sp.

adults contributed 33 percent of the total number in Jan—

uary 1975 and, less than 20 percent in March and September

1975 and January 1976. Crangon sp. juveniles accounted

for 29 percent of the total in September 1975 and 70 per-

cent in November 1975. During April of 1976, the  polychae te

wor m , Nothria sp., contr ibuted 33 percent of the total ;

liparid eggs accounted for 34 percent ; and unide ttified

eggs made up 33 percent .

112. Gravimetrically , polychaete worms , am—

phipods , ~~~ shrimp were most important . Polychaete worms

were important food items during the 1975 spring months .

In Ap r i l , Nerei dae sp ., IJ~ thria sp ., and Ne~phtys sp. w e r e

eaten. In June , unidentified Glyceridae made up 37 percent

while in July , y~ inde picta, Not~ ria sp., and Nephtys sp .

were consumed. In April of 1976, Nothrla sp. accounted for
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39 percent of the total weight . The amphipod , A. tridens,

made up 24 percent of the total weight in May 1975, 42

percent  in June , 100 percent in August 1975, and 34 percent

in February  1976. Shrimp adults , Crangon  sp . ,  c o n t r i b u t e d

97 percent of the weight in January- 1975, 33 percent in

March , less than 25 percent in April , May , and July ; 30

percent in September 1975; and 77 percent in January 1976.

Cran~ on sp. juveniles accounted for 40 percent of the weight

in  Sep tember  1975 and 63 p e r c e n t  in N ovember  1975. Liparid

eggs contributed 47 percent of the total weight in March

1975, smaller percentages in May and July 1975, and 46

pe rcent  in April 1976.

113. Briefly , t he  showy snai l f ish consum ed

a var iety of polychaete  wor m s , especially Nothria sp.;

the amphipod A. tridens was eaten during late winter , spring,

and early summer. Adult Crangon sp. were consum ’~d t hrou ghout

the year while the juveniles were eaten in late summer and

early fall. The snai].fish consumed snailfish eggs ~porad—

ically- throughout the study . Snailfish consumed a variety

of organisms but most were not eaten in quantity. Additional

food items consumed. at least once were :

Polychaete: Acanthomysis ne~ hro—Glycer idae ~~ thalma
Cumacean : Ar chaeomys i s  g r e bn i t z k i i

Meso] .amprop s sp .  A m ph i p o d :
Diastylopsis dawsoni Unident . amphipod
Colurostylis occidentalis Anipelisca macrocephala

Mysid: Pleusyxnptes subglaber
Neomysis kadiakensis Photis californica
Acanthomysis davisi continued
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Synchelid.ium sp. Teleost:
Paraphoxus sp. Microstomus pacificus juv .
Monocu lodes  sp.  R o c kf i s h  larvae

Decapod c rus t aceans :  O the r :
Anonturan Olivella sp. (gastropod. )
Decapo d zoea Lipar id eggs

Cancer sp. megalops Unident . fish eggs
Cancer sp. juv. Tecticeps sp. (isopod)

Pelecypod:  ~,ynidotea angulata (isopod)
Pelecypod juv . Unident. animal  ma te r ial

Unident . vegeta t ion

1114. During July 1975, showy sna ilf ish s tomachs

were sampled before disposal at the experimental site.

Four stom achs contained food items and one was empty. A

poly chaet e wo rm , Nothria sp., made up 25 percent o± the total

number and 19 percent of the weight. Shrimp , Crangon sp.,

were  t h e  most  i m p o r t a n t  food  i t em and a c c o u n t e d  f o r  50 per—

cent of the number and 49 pe rcen t  of the  w e i g h t . The snail—

fish consumed  s n a i l f i s h  eggs , w h i c h  a c c o u n t e d  fo r  26 p e r c e n t

of t he  t o t al  w e i g h t .  —

Pacific saadciab (Citharichthy s sordidus)

115. Pacifi c sanddab is a left—eye flatfish

usu ally fou nd in shallow wa te r  but taken in dep ths to

600 m. It is recognized by i t s  l i g h t  brown color , u n i f o r m

scale p a t t e rn , an d lar ge eye wh ich  is lon ger than  the

snout . It is foun d b etween Baja Cal iforn ia an d the  Ber ing

Sea and is reported to reach a length of 41 cm . It is

harvested commercially in California and considered a

desired food fish.

116. Th is sand dab wa s one of two Both idae
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captured  at the s tudy s i tes .  A to ta l  of 1680 Pacific

sand.dab were  cap tu red , r e p r e s e n t i n g  1.9 percent  of all

finfish. They appeared in 68.9 percent of all traw l tows .

Some Pacific sanddab were taken throughout the year but

the majority were captured between June and September ,

indicating the seasonality of the species.

117. The Paci f i c san dd ab ran ged in length from

34 to 349 mm. A m o n t h l y  l e ng t h— f r e q u e n cy  h i s t o g r a m  fo r

tke species is p r e s e n t e d  in Figure E25. Size group separ—

at ion is app arent with  a young si ze group en t e r ing t he

trawl cat ch in spring. Adult fish appear ed th roughout  the

year but the larger size groups overlapped and their separ—

ation by lengths was not possible . The length—frequency

of Pac i f i c san ddab caught at the  ex per imenta l  t e s t  site

was compared with the combined length—frequency of those

foun d at other sites using the Kolmogorov—Smi rnov two—sample

test (Figure E26). The tests were made for July and August

1975, but low num bers of f ish nul l ifi ed f u r t h e r  t e s t s  fo r

September 1975 and April 1976. The tests revealed. sanddab

at experi men ta l  tes t  sit e B dur in g July were s imi lar in

len gth to  those  t aken  p r imar i ly at the  two neare st o ther

s i t e s .  In Augus t  the  s i t u a t i o n  changed  comp le te ly . S and —

dab at the test s i te  were  p redominan t ly  small (<15 cm ) ,

w h i l e  t h o se cap tu re d p r imar ily at sit es C and D usually

were large (>20 cm). The Kolmogorov—Smirnov test for

August in dicated significant differences existed between
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Figure E25. Monthly length—frequency histogram
of Pacific sanddab (Citharichthys sordidus) be-
tween October 1974 and April 1976.
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Figure E26. A two—month comparison of the cumulative per-
cent of Pacific sariddab (Citharichthys sordidus) lengths
c a p t u r e d  w i th  t r aw l gear .
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Pacific sanddab lengths at the sites. Pacific sanddab is

seasonal and was not taken in quantity at any sites after

September 1975.

1.1.8. An ANOVA test was made to determine if

significant differences existed in the mon~ h1y and s i te

catches (Table E2). Significant differences existed in

catches between sites and between months . In addition the

interaction or differences between sites were not consistent

between months as indicated by the significant interaction.

Though sanddab were foun d at each site during the compar-

at ive s amp ling per io d, they were comm on only at the southern

sites during July and August 1975.

119. Determination of the  Q — t e s t  f a c t o r  for

testing the relationship between sanddab catches at the

sites resulted in a value of z0 .8258. The alignment

of s i tes  fol lows :

LARGEST MEAN SMALLEST MEAN

Site Site Si te Site S ite

C D E A B

x x x x x

2 .7650 2.5488 2.1788 1.3963 1.3850

Those means above the same line do not differ significantly

from each other at the 5 percent level .

120. A comparison of the me an catch at each

84

~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- —
~~~~~~~~~ -~~~ -— 

-
~~~~ ~ 

TO TO -TOTOi~~ ~~~~~~~~~~~~~~~~~~~ 
TO~TOt~TO~~~~~~~ ~~~~~~~~~~~~~~~



- - 

_ _ _ _  

TO

si te wi th  a ~—test revealed the southern sites C and D,

where the Pacific sanddab were common , were sig n i f i c a n t l y

dif fe r ent f rom s i tes  A and B where  spec ies numbers were

substantially lower. Catches at experimental test site

B fa l l  be tween  n o r t h e r n  an d s outhern  s i tes  an d were not

significantly different from the other four sites.

121. Pacific sanddab (Figure E27) consumed

amphipods and anchov ie s , supplemented with crangonid shrimp .

Numerically , the amphipod , ~~~. tridens, was Important in

the spr ing an d s ummer mon ths , with the exception of April.

They cont r ibute d the  fo l lowin g p rop ort ion of the to tal

number of organisms : 60 percent in May 1975; 68 percen t  —

in June; 53 percent in July ; 62 percent in August; and 59

percent in September 1975. During spring and winter , an-

chovies , E. mor4~ x, were consumed in quantity . They ac—

counte d for 60 percent of the tot al number in January 1975,

86 percent in March , 93 percent in April , smaller percent-

ages in May an d Dece mb er , and 100 percent in January and

April of 1976. In November 1975, shrimp juveniles , Crangon

sp., made up 67 percent of the total number while in February

of 1976 Crangon sp. adults contributed 67 percent of the

total.

122. GravimetrIcally , anchov ies dom inate d t he

food items during the study period . The amphipo~~, A. tr idens,

was less import ant when  ana lyze d by we ights  but did p rov ide

food during the summer when the anchovies were less abundant . -
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dab expressed as percent composition of diet by
nu mb ers an d we igh t s , January 1975 through April 1976.
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A. tridens made up less than 40 p e r c e n t  in May , June , July ,

August , and September 1975. A n c h o v i e s , ~ . mordax, made

up 91 p e r c e n t  of the total weight In January 1975, 99 per-

cent in March , 99 percent in April , 72 percent in May , 37

percent in June , smaller amount s in July and August, 66

percent  in September , 24 pe rcen t  in November 1975, and 100

percent in January and Apri l  of 1976. Crangonid shrimp

were a m a j o r  prey-  i t em dur ing  two m o n t h s .  In November

of 1975 , Crang on sp.  j uveni les  made up 49 percent  of the

tot al , and Craj~gon sp. adults accounted for 71 percent of

the total In February of 1976.

123. In summary , P a c i f i c  sanddab fed heav i ly-

on anchov ies , E. mordax , during the fall and winter months

and to a lesser degree during the spring and summer months .

The amphipod , A. t r i d e n s,  and sh r imp , Crang on  s p . ,  were

the other  major foo d items an d seeme d to  be ut ilize d when

anchovy were less abundant . The Pacific sanddab has a

large mouth and , thou gh not a lar ge f lat f ish , apparent ly

is p r i m a r i l y  pisciverous . Other  foo d item s consume d at

least  once were :

Polychaete: Amphipod:
Glyceridae klippomedon denticulatus

Cumacean : An~pelisca sp.
Colurostylis occident alis Syncheli dium sp.
Diastylppsis d.awsoni Pleusymptes subglaber

Copepod: Decapod Crustaceans :
Cala nus sp . Cancer  magis te r  megalops

M y s i d :  Cancer  m ag i st e r  j u v .
Neomys i s  k a d i a k e n si s  Pe] .ecypod :
A c a nth o~ ysi s  davisi .Sili qua p atula  juv .
Acanthomysis nephrophthalma Siliqua patula necks
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Teleost:
Unide n t .  f i sh
A].losmerus e].ongatus
Isopsetta isolepis juv.
Osmer id  la rvae

Other :
Syn ido tea  anpulat a ( i s o p o d)
Tecticeps sp. (isopod)
Olivella  sp .  ( ga s t r o p o d)
TJnident . organic materi al
Uniden t . m i n e r a l  m a t e r i a l

124. Pac if i c  sand dab were s amp le d at the  te st

site tw ice in July an d once each in Au gust an d Novem ber

of 1975 (Figure E28). Predisposal sampling showed a diet ,

by num bers , of 75 p e r c e n t  mys ids , N. kadiakensis, and 25

percent amphipods , A. tridens. During disposal in July ,

fewer mysids (25 percent ) and more amph ipods  ( 5 0  percent)

were eaten in addition to an anchovy , E. mordax. In Augus t ,

N. kadiakensis contributed 58 percent of the numbers and

A. t r i dens 28 p e r c e n t . In November  ( post d isp o s a l ) , j u v e n i l e

shri mp , Crangon sp., made up 80 percent of the total diet.

125. By w e i g h t s , m y s i d s  and . amp h ipods  were

important for the predisposal period in July 1975 , m a k i n g

up 75 and 25 percent of the total , respectively . However ,

during the disposal sampling in July , the anchovy made up

90 percent of the total weight. The grap h of weights for

August and November was dissimilar to the numerical graph

with N. kadiakensis accounting for 29 percent but juvenile

r azo r  clams , S. patula , making up 19 percent and juvenile

f i sh 38 percent . The f i s h  w e r e  j u v e n i l e  b u t t e r  so le ,

I. iso].e~~is, and. smelt  larvae . In Nove mber , Cra.~~on sp.
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made up 78 percent of the total weight .

126. Numerically , the di ff~

disposal and immediat e postdisposal ver~

metrically , however , mysids and amphipoc

by anchovy in July 1975 and by a butter

smelt larvae along with juvenile razor

127. Figure E29 shows the

test s it e to the ot her four s ites for J~i

197 6. During July and August , the fee di

ilar except for a slight depression in r

consumed in August and an absence of shi

Butter_sole (Isopsetta isoleDis)

128. Butter sole is a righi

to 1~6 cm in length. The color on the e~

usually w ith yellow on the t ip s of the

fin rays. It has rough sandpaper—like

mouth. It ranges from southern Califorx

Alaska and from shallow water to dep ths

of high labor costs involve d to f illet I

not in great co mmerc ial demand, despite

Some are filleted with the rest used fo~

129. The butter sole numerl

the nine species of Pleuronectidae capti

Trawls took 7020 individuals representir

all finfish captured. Butter sole app e~
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151 tows , a 96 percent frequency of occurrence . The season-

al availability of this species was examined; there was

obvious short—term numerical variation between sites and

months although not indi cated by viewing the length— fre—

quency histogram (Figure E30). The length—frequency his-

togram does indicate larger fish leave the study area in

the winter.

130. The length range of butter sole at the

study areas was 30 to 375 mm. The smallest size group was

usually distinctive but overlap obscured larger size groups.

Young—of—the—year entered the trawl cat ches in May 1975.

The dif ference in the mean length of butter sole at te st

site E was examined in relation to their mean length at

the four other sites using the Kolxnogorov—Smi rnov test

(Figure E31). The butter sole was the single finfish

species captured in sufficient numbers to follow it through

four months of comp arative testing . The initial month of

• July 1975 in dicated the differences between cumulative

lengths were s igni ficant at the 10 percent level but not

at the 5 percent level. Also , greater numbers of inter-

me diate size butter sole were taken at test site E. In

August and September 1975, the length differences were

• significant at the 5 percent level. Dur ing the se months

small butter sole were captured at experimental test site

E. In April 1975, seven months after dredged material

disposal ceased , butter sole lengths continued to differ

92

~~~~~~~~~~~~~~~~~ _____



- -

—~~ ~~~~~ 

~~~~~ 

~~~~ ~iL 
L~~~lL~ ‘

:~
00t ~~t~~: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ - .

- .~~~ .JJàh.JL liii . i.. --

- ~
P

~~~~~~
1

~~~~~~
L

.L .kJj . 1 1 . . ,
8.

1 ~~~
•  .

0I

i JJ, L jiLI.1.~1~ — 
40. 3, 

1LL I ..II~~~I -

30 10
6,33.0

S.’.
30 30

ILS - - -- 

6, 1 - 
~~~~~~~~~~~~~ ~~~~~~~ 

5550

- ~~-‘ 11. 1
1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure E30. Monthly length—frequency histogram of butter
sole (Isopsetta isolepis) captured with 8—rn trawl net
between October 19714 and April 1976.
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at the 5 percent level; however , larger rather than small

butter sole occupied the test site.

131. An ANOVA test for butter sole catches

between sites and months was prepared (Table E2). It was

determined that significant differences existed at the

5 percent level among sites and also among months. More-

over these differences were not consistent from month to

month as indi cated by the significant interaction . A

consistently high numerical incidence of butter sole at

the southern sites overshadowed the smaller numbers taken

at northern sites A and B. Differences in traw l cat ches

were particularly noticeable from July to September 1975

and less ev ident in April 1976.

132. In order to test the numeri~~a1 relat ions

of butter sole between s ites , a Q—value of z 0.71477 was

calculated. The significance of catches among sites follows :

LARGEST MEAN SMALLEST MEAN

Site Si te Si te Site Site

C E D A B

1&.6o6 3 3.7875 3.14950 2.1225 2.0263

Those me ans above the same line do not differ significantly

from each other at the 5 percent level.

133. The test comparin g the site mean catches
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indi cated a three—area distribution of the species. The

centrally situated site C had the highest cons istent 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.

1314 . Butter sole consumed a variety of or—

ganisnis (Figure E32). Numerically , cumaceans were important

from late winter through summer. Amphipods were eaten

consi stently throughout 1975 but were numerically most

import ant in January and November. Shrimp and young crabs

were also import ant diet components in the winter. Juvenile

razor clams and their siphons were import ant food in the

spring and summer months . As with other species , an im-

portant foo d item for butter sole was the cumacean , ~~~.

dawsoni. This species accounted for 52 percent of the

total number in March 1975, 914 percent in Ap ril, 82 percent

in May , 65 percent in June , 50 percent in July , 30 percent

in Augus t , and smaller amounts in Se p tember and December

1975. The cumacean , Mesolamprop s sp., made up 70 percent

of the total in April 1976. The amphipod , A. tridens,

contributed 73 percent of the total in January 1975, less

than 15 percent from March through September , and 148 per—

cent in November 1975. Adult shrimp , Crangon sp., made

up 53 percent of the total in December 1975, 17 percent in

January 1976, an d 50 percent in February 1976. Juvenile

razor clam s , Siliciua patula , contributed less than 35 percent
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of the total from May through September 1975. Necks

appeared in m any stomachs and were c lassif ied as a se parate

food item in the pelecypod category . They accounted for

a small perce nt of the August foo d but 67 percent of the

tot al in September 1975.

135. Analyzed gravimetrically , the plot of p rey

import ance differs since butter sole consume d a lew animals

that were heavy . These food items , wh ile not important

numerical ly , are important by weight . Several ty pes of

polychaete worms were cons ume d , including : Nothria sp.,

in March , May , and Novembe r, 1975; Ampharetidae in June and

July ; and an unidentified polychaete and Nephtys sp. in

January 1976. The cum acean , D. daws oni, contributed 66

percent of the we ight in April 1975 , 25 percent in May ,

and 314 percent in June 1975. Mesolamprops sp . made up 25

percent of the total we ight in Ap ril 1976 . Shr imp were

important throughout the year . Crangon sp. adults contri—

buted 18 percent of the total in January 1975 , 58 percent

in March , 36 percent in July , 65 percent in December 1975 ,

and 914 percent in February 1976. Crangon 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 September 1975.

Juveni le razor clams , S. ~atu1a, were important gravimet—

rically during four months and accounted for 149 percent

of the total in June 1975 and less than 25 percent in July,
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August , and September. Clam siphons made up 13 percent

of the total weight in September. In January 1975, the

northern anchovy , ~~~. mordax , made up 72 percent of the

total, 28 percent in September 1975, and 50 percent in

Apr il 1976.

136. The summary of food habits for butter sole

revealed differing number and weight patterns for prey items .

D. dawsoni were important by weight and numbers during

spring and summer; however , in April of 1976 Mesolamprops

sp. dominated the diet and few D. dawsoni were counted.

Polychaete worms were eaten throughout the year , but in

low numbers. The polychaetes consumed were quite large:

up to several centimetres in length. Amphipods , A . tridens,

though evident in the diet during all of 1975, wer e not

important by weight . The overwhelming numbers of cumaceans

diminished the importance of other food items , such as

amphipods and polychaetes. Adult and juvenile crangonid

shr imp were consumed all year but not heavily during late

fall 1975 and early winter 1976. Juven ile razor clams ,

5. patula, and clam siphons were import ant late spring

through summer of 1975. Anchovies were consume d heavily

in January and September 1975 and April 1976. Figure E33

shows these seasonal trends. Additional food items consumed

at least once were:
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Pol yc haete : Dec a p od Crust acean s :
Unident . polychaete Crangon franciseorum
Syllidae Cancer magister
3pio~ hanes sp. Cancer sp. megalops
Nereidae Cancer sp. zoea
Eteone sp. Pagurus sp.
Amp haret id ae Te l eost :
Goniadidae Unidentified teleost

Cumacean : Isopsetta isolepis juv.
Lamprops  sp.  O t h e r :
Co l urost yli s oc cid ental i s Den dr aster  S D .  (s ta r f i s h )
Hemilamprops sp. Gastropod feet & opercula

Mysid: Olivella sp. (gastropod)
Unident. mysids Sirnidotea ~~gulata—N eozny sis  r ay ii  ( i s o p o d)
Neom ys is ka~ iakensis Tecticeps sp. (isopod)
A c a n t h o m y s i s  davis i  U n i d e n t .  m i n e r a l  m a t e r i a l

A m p h i p o d :  O p h i u r o i d
Photis californica Unident . organic material
Pho t i s  sp .
Monoculodes  sp.
Hjp~~omedon d e n t i c u l a t u s
S y n c h el i d i un i  s h o e m a k e r i
Amp e l i s c a  sp .
Aoridae
D ul i c h i a  sp.
Par a~ hoxus obtus idens

137. Little change was observed in the diet

of butter sole at the test site between predisposal and

dispos al samples in July 1975 (Figure E314). However ,

changes began to occur in August with a depression in

consumption of shrimp and an increase in ~ ecticeps sp.

(isopod) and juvenile razor clam consumption . In September ,

some shrimp were eaten , but utilization of anchovies in—

creased. Poly chaetes were eaten in November , shrimp in

February , and copepods and anchovies in April. For but t e r

sole , shrimp consumption was slightly depressed during dis-

posal but recovered by February , wh i le i so p o d consum p t i on

showed the opposite trend.
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138. Figure E35 shows the comparison 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 shrimp . In August the numbers

of decapods eaten were reduced and polychaete consumpt ion

was unique to the test site. In September , decapod and

teleost consumption increase d but pelecyp ods 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 consumption

was unique to the experiment al area.

En&lish sole (Parophrys vetulus)

139. English sole are a common flatfish species ,

symmetrical in shape with a pointe d snout and uniformly

brown on the eyed side. It is distributed in waters to

550 in from Baja California to the Gulf of Alaska. It is

usually harvested in water less than 100 m in depth.

Maximum length of a female English sole was 57 cm , that of

a male 49 cm. The species frequently reaches 20 years of

age , has a juvenile estuarine rearing stage , and migrates

extensively. It is a highly valued commercial foodfish

with ten million pounds harvested annually.

140. Trawl sampling took 5310 English sole ,

which represented 6.1 percent of all finfish. The English

sole appeared in 138 tows (91.14 percent) , ranking behind only
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butter sole in frequency of occurrence. Catches of English

sole were highest from May to November and lowest from

December through April.

1141. Sizes of English sole were apparently

seasonally related at the study area since larger fish were

c apture d during a per iod of greatest abundance wh i le small

individuals were captured during winter (Figure E36).

The length— frequency histogram reveals few separat e size

group s and those that were app arent one month were usually

indistinct the following month. An overall length range

of 20 to 400 mm was observed. Young—of—the—year entered

trawl cat ches in May 1975 but did not appear again until

August. Lengths of English sole captured at the test site

werc cons istently smaller than thos e captured at the other

sites , particularly during July , August , and September 1975.

Sufficient numbers for testing comparative lengths occurred

only in July 1975 (Figure E37). During July 1975 , English

sole comp arative lengths were significantly di fferent than

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 more than 250 mm .

1142. An ANOVA for the cat ch of English sole

between sites and between months is shown in Table E2.

There was no si gnif icant difference in the catch of English

sole between the five samplin g sites. This was the only

finfish species of 11 tested that failed to show a significant
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difference. The monthly trawl catches were significantly

different at the 5 percent level and the interaction was

also significantly different . Minor catches of English sole

in Apr il 1976 were responsible for the temporal change.

1143. The Q—test of numerical relationship of

English sole between sites was based on a determined value

of z 0.9792. The relationship follows :

LARGEST MEAN SMALLEST MEAN

Site Site Si te Site Site

C B E A D

x x x x x

2.14787 2.3987 2.3950 1.9787 1.6812

Those means above the s ame line do not di f fer significant ly

from each other at the 5 percent level.

1414. The Q—test of mean numerical catches of

English sole at the five s ite s revealed no significant

difference in catches between any of the sites. English

sole were the single species with no significant difference

in catch between sites.

1145. English sole (Figure E38) consume d a lim—

ited diet , more so than other flatfish spec ies. Numerically ,

the cumacean , D. daws oni, was the primary food item through

1975. Those English sole used for analysis in 1975 had

empty stomachs. D. dawsoni made up 79 percent in March

1975, 96 percent in April , 91& percent in May , 74 percent in

108 

~~ - - -~~~.~~~~~ - 1.. ~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



__________________ - - -  .. —~~~~ --

50 

- _

~

o

_ 

~~~~~~~~~ _______Co p.pod

5~( _~ ______ ______ ___j__
Amp h i PO d  

:~~ 

~~ — — 
~~~~~~~~~~~~~ ________

D.c. C r u s t a c . o n s  0

50 0 p 0
z 2 Z
— — — _ _ _Psi •1yp od 0

So

1.1.0.0 0

so
0 t h . .  0 — — _________

- 9 6 22 2* *4 20 17 8 6 o - -

Mo. of Slom ss hs w , Foo d

2 2 0  2 1 3 5  I 6 0  I - -

N~ .of OI.Ip ly 5Io muc ~.. -a

50

::: ~~~~~~
C o p e p o d 0 ________________________________

50 P.r..nl
My.  I d 0 

~~~-,,~————w-~—---——-’---——~
--- ’--— __________

C e m p o s s t . o n
SO of 01.1

Ainp hi ped 0 — b y W . i g h t .

Dec C r , s t a s c n n s  
s: 

— ___________

P. i . . y p o d  0 I I

Ts P sos t 0

01 h., ~ 
~~~~~~ A (.1 J J ~A - s -  0 01 52 J 0 - (4

1 9 7 5  * 9 7 6

Figure E38. Mont h ly compar isons  of En glish sole
expr esse d as pe r c e n t  com pos it ion of di et by
numbers and weights , January 1975 through April 1976.

109

I~__ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-~~~~~

-
—-~~~~~~~~~~~~~~ -

.- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-. —-
~----—-- ~~~~~~

-- - --~~~~ --~~ -~~~~~



June , 7]. percent in July , 25 percent in August , 30 percent

in September , and 141 percent in November 1975. Only four

months were not numerically dominated by D. dawsoni. In

January of 1975, the  amph ip ods , A. tridens and Photis

cali~ o~ nica, made up 74 and 26 p e r c e n t  of the  total  num ber ,

respectively . In December of 1975, a mys id, N. kadiakens is,

accounted  for  ~8 percent of the total. In August and Sep—

t ember , polychaete worms were eaten. Sp io filicornis

contr ibuted 45 percent of the total in Augus t, and in

September a Goniadidae made up 21 percent . Pelecypod con—

sumption was seasonal. Juven i le razor  clams , S. patula,

accounte d for 27 percent or less from May tnrough September

1975.

1146. Gravimetrically , a similar p a t t e rn  was

evident . The cumacean , D. dawsoni, contributed 56 percent

of the total we ight in March 1975, 814 percent  in Apr il,

82 percent in May , 47 percent in June , and smaller per—

centages through the remainder of the year. The mys id,

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

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

of the total wei ght in December 1975. Juvenile razor clams ,

S. p~atula, were more important in terms of weight than in

numbers . They cont r ibute d 11 percen t  of the  to ta l  we ight

in May 1975, 148 percent in June , 76 percent in July , 16

percen t  in Au gust , and 77 percent in September 1975. In

November , J uvenile shrimp , Cr4ngon sp., accounted for 32
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percent of the total weight.

147. In summary , the cumacean , D. 4~wsoni,

was by far the most important food item to the English sole .

D. 4~isoni was consume d in quantity throughout the year.

Juvenile razor clams , S. patula, were consistent ly important

prey items from May through November. The b asi c diet was

supplemente d some months  with  polychae te  wor ms , mysids ,

amphipods , juvenile shrimp , or anchovies. Additional food

items which were consumed at least once were:

Polychae te :  Amph ip od :
Unident . polychaete Monoculodes sp.
Nere i dae Eohaus tor ius sp.
Worm f r a gments ~~pelisca macrocephala
Eteone sp. ~y~~chelidium sp.
Spiophanes sp. Photis sp .
N~ phtys sp. Paraphoxus sp.
Amph aret idae Deca pod Crus taceans :
Sy-llidae Cancer magister megalops
Nothri a sp. Cancer magister juv .
Arabella sp. Teleost:
Gly~cinde picta Unident. tele3st

Cumacean : Other :
Colurostylis occidentalis Tecticeps sp. (isopod)
Hemilamprops sp. ~ynidotea angulat a—
Mesolamprop s sp. (isopod)

Mys id: Oph i u r o i d
Archaeomysis grebnitzkii Unident . mineral materi al

Unident . organic material

1148. English sole were sampled at the experi-

mental site in July and August of 1975. The July sample

was taken during disposal. Numerically , the cum acean ,

D. dawsoni, was most important , making up 97 percent of the

total in July and 6o percent in August. The August diet

was supplemented by niys ids , N. kadiakensis, juvenile

Dungeness crab , and Crangon sp. shrimp .
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1149. By wei ghts , D. dawsoni made up 70 percent

of the total weight in July 1975 but dropped to 9 percent

in August. In August , the Juven ile Dungeness crab made up

37 percent of the tot al weight. Other items occurring in

the August diet were juvenile shrimp , juvenile razor clams ,

amphipods , and debris. The di f f e r e n c e s  note d dur ing the

disposal per io d in August were  a decrease  in t he nu mb er of

cumaceans eaten and an increase in the number of decapod

crustacean juveniles consumed.

150. Figure E39 shows the comparison of the

test site to the other four sites from July 1975 through

April 1976. In July , fish c aught at the tes t  s ite had not

consumed pelecypods , whereas  the y had been eaten at t h r e e

of the other four sites. In August , the  con sump t ion p a t t e rn

was sc at te red, but f ish caught  at the  tes t  s i t e  consume d a

gre ater var iety of items th an at th e other  four  s ites .

Sand sole (Psettlchthys ‘nelanostictus)

151. The san d sole is a right—eye flatfish

with brown coloration restricted to the right side . The

mouth is lar ge , strongly toothe d , and almost symmet rical.

The scales are ctenoid on the eyed side and cycloid on the

blin d side . Sand sole reach a length of 63 cm and are found

in relatively shallow waters (<183 m) from southern Cali-

forn ia to tise Bering Sea. Distinguishing characteristics

of th i s  f i s h  are the  large mout h and that  the  f irst eight
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Figure E39. Comparisons of five sampling sites by month for
English sole expressed as percent composition of diet by
numbers and weights , July 1975 through April 1976.
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or more  dorsa l  rays  are  e1on~~a ted  and f i l a m e n t o u s . The

sand  sole has a good f l a v o r  and has  s ome c o m m e r c i a l  va lue .

152. The sand  sole was  not n u m e ri c a l l y  impor-

t a n t , but it is a large f l a t f i s h  and o c c u r r e d  in 55. 6 per-

cent of all traw l tows. These sole were captured in all

m o n t h s  s ampled .  A t o t a l  of 259 s a nd  sole were  c a p t u r e d ,

representing 0.3 percent of all finfish. Relat ively small

numbers  made any e s t i m a t i o n  of se a s o n a l i t y  of the  spec ies

q u e s t i o n a b l e .  Few s a n d  sole were  c a p t u r e d  in Jun e and

July when ex t ens ive  s ampl ing  o c c u r r e d  at all f i v e  s i t e s ,

sugges t ing they  were not in t he are a d u r i n g  t h e s e  m o n t h s .

153. The length range of san d sole varied from

45 to 555 mm with no single size group distinctive. The

san d sole length— frequency histogram in Figure E40 indicates

a general ungrouped assemblage of all size groups. Exam in-

ation of sand sole caught at test site i~ indicated that

more smal l  f ish wer e in that  are a in August an d Septem ber

than  in the four remaining sites combined. A tes t  of the

comparative sizes between sites had essentially no value

becaus e the number captured was small.

15 14 . An ANOVA f o r  sand  sole c a t c h e s  was made

to determine significance of site and month differences.

The t e s t s  showed t ha t  s i g n i f i c a n t  d i f f e r e n c e s  e x i s t e d  b e t w e e n

numerical catches between sites and between months. However ,

the d i f f e r e n c e s  be tween  s i tes appeare d to  be c o n s i s t e n t

from month to month as indicated by the nonsignificant 
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interaction .

155. Determ ination of a Q—test value to test

the significant relationship of sand sole catches between

sites resulted in a value of z 0,61470. The alignment of

sites based on their catches follows :

LARGEST MEAN — 
SMALLEST MEAN

Site S i te  Si te  S i te  S i t e

E C A D B

x x x x x

1. 4050 0,7 14 88 0. 4475 0 .3 1463 0. 2238

Those means  above the  same l i ne  do not d if f e r  s i g n i f i c a n t l y

f rom each o the r  at the  5 pe r cen t  level .

156. The Q—tes t  of mean cat ches f o r  the f i ve

s i tes  ind i cates a s i g n i f i c a n t  d i f f e r e n c e  between catches

at test  s i t e  E and the  r em a i n i n g  f o u r  s i t e s .  Trawl ca tch

d i f f e r e n c e s  be tween t he  other  f o u r  s i tes  were not s ign i f i -

cant . The test substantiates the comparatively higher

catches of san d sole at test site E.

157. Sand sole are large f l a t f i s h  w i t h  s t rong ly

developed t e e t h , large m o u t h s , and h i g h  capac i t y  s t o m a c h s ,

a l lowing c o n s um p t i o n  of large or many food  i t ems  (F i g u r e  E 4 l ) ,

i~umer ical ly , two  groups  of o r g a n i s m s  were  impor t ant : my s i d s

and f i s h .  The m y s i d , N. kadiakensis, accounted for 78

pe rcen t  in Apr i l , 93 p e r c e n t  in August , and 84 p e r c e n t  in
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Fig ure E 1~l. M o n t h l y  c o m p a r is o n s  of s and  sole ex-
pressed as percent composition of diet by numbers
and weights , January 1975 through April 1976.
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September 1975. The anchovy , Z. mordax, is the most im—

port ant food for the sand sole . It accounted for 100

percent of the total number in January 1975, 80 percent in

March , 22 percent in April , 62 percent in May , 67 percent

— in Novem ber , and 40 percent in December 1975, and 100 per-

cent in April 1976.

158. Gravimetrically , the picture was similar.

The mys id, N. k~~~iakensis, made up 11 percent of the total

weight in April 1975 and 58 percent in August 1975. The

anchovy , E. mordax, was the import ant weight item through

the year accountin g for 100 percent of the  to ta l  in January

1975, 78 percent in March , 89 percent in April , 24 percent

in May , 95 percent in September , 83 percent in November ,

and 84 percent in December 1975, and 100 percent  in April

1976 .

159. B r i e f l y  s u m m a r i z e d , the  sand sole consume d

anchov ie s , E. mordax,  du r ing  all seasons  except  s ummer.

Mysids , N.  k ad i a k e n s i s,  were  ea ten in t he  early sp r ing  and

summer ,  Add i t i ona l  food i tems consumed at least once were :

P o l y c h a e t e :  Te leos t :
Nothr i a sp.  Un i dent . te leost

Amphipod :  Osmer idae
• A ty lus  tr i dens  Other :

Decapod C r u s t a c e a n s :  U n i d e n t .  m ine ra l  m a t e r i a l
Pandalus  sp.  U n i d e n t . animal  m a t e r i a l
Cran~~on sp.
Crangon f r a n c i s c o r u m

160. Sand sole were  s ampled at t h e  e x p e r i m e n t a l

s i t e , one in A ugust and 19 in September  1975. Numer i ca l ly ,
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the mys id , N.  k a d i a k e n s i s ,  was most i m p o r t a n t , mak ing  up

93 and 86 pe r cen t  of the  t o t a l , r e s p e c t i v e ly ,  In  Augus t ,

an u n i d e n t i f i e d  t e leos t  was e a t en .  In September  anchovies

were consume d along w ith the my s i d s . By w e i g h t s , the

mys ids  c o n t r ib u t e d  58 p e r c e n t  and the  f i s h  42 p e r c e n t  of

the  t o t a l  for  A u g u s t .  In September , t h e  anchov ies  made up

98 percen t  of t he  to ta l  w e i g h t . I t  is q u i t e  l ike ly  tha t

the  u n i d e n t i f i e d  te leos t  is an anchovy  digested beyond

r e c o g n i t i o n .  The diets  fo r  both  m o n t h s  were  s i m i l a r .

Decapod C r u s t a c e a n s

161. Trawling  at t he  sampling sites resulted

in t he  cap ture  of 13 species  of decap ods r e p r e s e nt i n g  5 fam—

il i e s .  The t o t a l  number  of s h e l l f i s h  c a p t u r e d  was 97 ,360 ,

w h i c h  exceeded  the  f i n f i s h  ca tch  (Table  E 5 ) .  C r a n g o n i d

sh r imp  ~made up 95 .9  p e r c e n t  of t he  e n t i r e  ca t ch , and Cancer

ma g i s t e r  a c c o u n t e d  for  3.8 p e r c e n t .

162. S ince  all but one spec ies  of’ c r angon ids

were g rouped , it was not poss ib le  to d e f i n e  t he  decapod

c rus t acean  communi ty  u s i n g  d i v e r s i t y ,  r i c h n e s s , and evenness

i n d i c e s .  Use of the catch per  m i n u t e  of t r a wl ing  e f f o r t

and i ndex  of relative import ance (Pinkas et a)., 1971) did

p r o v i d e  two measu re s  t o  compare  the decapod c r u s t a c e a n  ca t ches

at each s i t e .

163. The t rawl  ca tch  of c r u s t a c e a n s  at f i v e

s i t es  is shown as n u m b e r s  per  m i n u t e  of e f f o r t  in F igu re  E 142 .
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Figure E142. Comparative numerical catch of decapod shell-
fish per minute of trawl sampling effort between October
1974 and April 1976.
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The la rges t  q u a n t i t i e s  per  tow were  c a p t u r e d  between  Novem-

ber 1975 and February 1976, wh ile secondary catches of

c rus taceans  appeared f r o m  Apri l  to May 1975. Low ca t ches

o c c u r r e d  dur ing  November  19714 to  J anua ry  1975 and June to

Sep tember  1975. A c o n s i s t e n t  p a t t e r n  of a v a i l a b i l i t y  was

not apparen t  at s ample s i tes  a l though  f u r t h e r  s ampl ing  may

have p roduced  seasona l  t r e n d s . The c r u s t a c e a n  ca t ch  at

ex p e r im e n t al  t es t  s i t e  B was less t h a n  30 i n d i v i iuals per

minute of traw ling effort until deposition of dredged

material ceased. The catches incre ase d gradually in

November  1975 and t hen  i n c r e a s e d  to over 420 per m i n u t e in

February 1976. The Apri l 1976 crustacean numbers at all

f i ve  s i tes  dec reased  f r o m  the  p r e v i o u s  m o n t h ’ s c a t c h e s .

Whi le  c rus tacean  cat ches at s i te  E were  genera l ly  lower

than  ca tches  at o ther  s i t e s , ca tches  at s i te  D also r ema ined

low du r ing  the  d e p o s i t i o n  p e r i o d .

i64 . An index of relative Importance (IRI)

for the crustacean catches is presented In Figure E43.

Impor t ance  of sand  sh r imp  in p e r c e n t  number , p e r c e n t  w e i g h t ,

and frequency of’ o c c u r r e n c e  decreased  steadi ly f r o m  s i te

A to site B. The remain ing grouped crangonid s pec ies

i n c r e a s e d  in all ca tegor ies  f rom s i t e  A to  s i t e  B. Dungeness

crab , w h i l e  never  numer i ca l l y  impor t an t  in terms of pe r cen t

of the  to ta l  ca tch , fo rmed  the dominan t  p e r c e n t  of w e i g h t

at each of the f i v e  s i t e s .  The char t  reveals  the  r e l a t i ve

i n s i g n i f i c a n c e  of d.e c apod c ru s t aceans  o ther  than  cr angon id
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sh r imp  and D u n g e n e s s  crab .

165. The sand s h r i m p  and Dungeness  crab were

the only spec ies  used  to  comp ut e a numerical ANOVA at the

f i v e  s i t e s .  A Q— t e s t  and m o n t h l y  l e n g t h — f r e q u e n c y  were

also determined for the two species. It was poss ib l e  to

use a Ko lm ogorov— Smirnov  t w o — s a m p l e  t es t  fo r  sand  s h r i m p

in Apr i l  1976 but not in o ther  m o n t h s .  The e g g — b e a r i n g

pe r iod  f o r  sand  sh r imp  is shown by p e r c e n t a g e  of ca tch

w i t h  eggs each m o n t h .  The v a r y i n g  sex r a t i o  of adult  male

and female  D u n g e n e s s  crab cap tu red  at the  s i t e s  is also

p r e s e n t e d  on a mon th ly  b a s i s .

Sand_shr imp  (Crang on  franciscorum )

166. Sand s h r i m p  are foun d f rom San Diego ,

California to southeastern Alaska to depths of 60 m. The

l i t e r a t u r e  i n d i c a t e s  sand  s h r i m p  reach  a l e ng t h  of 82 mm

a l though  t h i s  would appear  to  be a m e d i a n  s i z e  of f  the

Columbia R i v e r  m o u t h .  The d i s t i ng u i s h i n g  c h a r a c te r i s t i c s

of sand s h r i m p  are long ,  nar row hands w i t h  l ong i tud ina l

dac ty l s  and head h a v i n g  long a n t e n n a e . Sand s h r i m p  I n h a b i t

e s t u a r i n e  and n e a r — c o a s t a l  areas  over  sandy s u b s t r a t e .

Although abundant , they are not  h a r v e s t e d  commerc i a l l y

but do p r o v i d e  food fo r  f i nf i s h  and are used o c c a s i o n a l l y

as b a i t .

167. Cr~~ngon f r a n c i s c o r um  appeared  in 87.4

pe rcen t  of the  151 t r awl  tows . A t o t a l  of 143,579 in d i v i d u a l s

123 
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were  t aken  and they a c c o u n t e d  for  44 .8 p e r c e n t  of all decapod

c r u s t a c e a n s ,  Sand s h r i m p  were  t aken  every  month , but la rger

numbers were captured from December through July than from

August  t h r o u g h  N o v e m b e r .

168. The l eng ths  of a r e p r e s e n t a t i v e  sample of

sand s h r i m p  ranged  f r o m  30 to 110 mm and are p lo t ted  on a

l e n g t h — f r e q u e n c y  h i s t o g r a m  (F i g u r e  E 14 14 ) .  The char t  revea ls

that  the p o p u l a t i o n  c o n s i s t e d  almost  whol ly  of adult m di—

v idua ls . Age separation by size was not possible because

of overlap . Small sand  s h r i m p  e n t e r e d  the  ca tch  in July

and skewed the  h i s t o g r a m  th rough  S e p t e m b e r ;  t h e r e a f t e r,

they  were as a group not d i s t i n g u i s h a b l e. An adequat e

n u m e r i c a l  s ample fo r  a c ompara t i ve  tes t  of sand  sh r imp

leng ths  was avai lable  in  Apr i l  1976 . The K o l mo g r r o v —

Smi rnov test  of sh r imp  l eng ths  at the disposal  s i te  w i t h

those  of san d sh r imp  t aken  at the  o t h e r  s i t e s  revealed a

s i g n i f i c a n t  d i f f e r e n c e  in l eng th s  be tween  the  s i t es

( F i gu r e  E 1e 5) .  The char t  indi cates a higher p roport ion of

large shr imp was c ap tu red  at the  f o u r  n o r t h e r n  si tes  ra the r

than  at e x p er i me n t a l  test  s i te  E. It is not known w h e t h e r

t h i s  d i f f e r e n c e  in san d sh r imp  length  was re la ted  to sed-

iment  d i sposa l  at the  t es t  s i te  or is a normal  c o n d i t i o n

of s i z e — r e l a t e d  spa t i a l  d i s t r i b u t i o n  of f  the  Columbia

R i v e r  mou th .

169. E g g — b e a r i n g  san d sh r imp  were e x a m i n e d  to

determine if t empora l  d i f f e r e n c e s  e x i s t e d  among s i tes

1214
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Figure E1414. Monthly length—frequency histogram
of sand shrimp (Crangon franciscorum) taken at
f ive p r e s e l e c ted t rawl ing si tes o f f  the  Colum bia
Rive r mouth.
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( Fi g u r e  E 1e6) .  The p e r i o d  of t ime  eggs were  obse rved  on

sand  s h r i m p  ranged  over  s i x  m o n t h s  f rom Janua ry  to July .

The p r o p o r t i o n  of e g g — b e a r i n g  peaked be tween  severa l  months

at i n d i v i d u a l  s i t e s .  The i n c i d e n c e  of egg—bearing ranged

f r o m  42 to  50 pe rcen t  be tween s i t e s .  S ince  san d sh r imp

were  not b e a r i n g  eggs dur ing  s e d i m e n t  d e p o s i t i o n  and corn—

p a r a t i v e l y  f e w  were  in t he  t e s t  area , it was not  p o s s i b l e

to  m e a s u r e  any impac t  r e l a t ed  to the  a c t i v i t y  on the  s p e c i e s .

However , o the r  c r a n g o nid  spec i e s  b e a r i ng  eggs b e t w e e n  July

and October  were  common in the  area , and any f u t u r e  s tudy

of a s i m i l a r  n a t u r e  shou ld  d e t e r m i n e  if  t hey  are a f f e c t e d .

170. An ANOVA of sand  s h r i m p  ca t ches  and

t h e i r  s i g n i f i c a n c e  at f i v e  s ampl ing  s i t e s  is shown f r o m

July 1975 to  Apr i l  1976.

F-v a l u e  F

Site 7 1.1066 2 .87

Month 8.3810 3.10

I n t e r a c t i o n  11. 0040 2 . 2 8

The ANOVA reveal s s i g n i f i c a n t  di ffe rences  between months  —

and s i t e s .  The d i f f e r e n c e s  in c a t c h  were  not  c o n s i s t e n t

f rom month to  month  as i n d i c a t e d  by t he  significant inter-

act ion. The sand shrimp cat ches were similar to catches

of s ome f i n f i s h  in tha t  la rger  number s  were  t aken  in nor th-

ern s i t e s  and t he  m o n t h l y  ca t ches  v a r i e d  f r o m  July to

A p r i l .  N e c e s s a r y  b a s e l i n e  i n f o r m a t i o n  is unava i lab le tha t
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could have r e l a t e d  t h i s  d i s t r i b ut i o n  p a t t e r n  to d r e d g i n g

and d i sposa l  a c t i v i t i e s  or to  normal  s p a t i a l  b e h a v i o r  of

t h e  s p e c i e s.

171. A Q— t e s t  value z 1.l568 was c a l c u l a t e d

to  d e t e r m i n e  t he  signif icance of avera ge abundance per s ite

over t i m e  of sand s h r i m p  t a k e n  at t h e  s tudy  s i t e s.  The

relationship fo l lows :

LARGEST MEAN — SMALLEST MEAN

Site Si te  Site  Site Site

B A C D B

x

6.0312 5.8837 2.0537 1.8125 1.14612

Those means  above t he  s ame l ine  do not differ significantly

f rom each o the r  at the 5 p e r c e n t  level .

172. N o r t h e r n  s i t e s  A and B did not signifi-

cantly differ from each other; neither did southern sites

C , D, and B. The northern and southe rn si tes , however ,

differed significantly . Test site E had the lowest sand.

shrimp average abundance of the five sites.

Dunpen~ess crab (Cancer magister)

173. Dungeness crab is one of the important

s h e l l f i s h  found  on the  P a c i f i c  coas t.  It is a ha rdshel l

crab m e a s u r i n g  up to 25 cm ac ross  the  c a r a p a c e.  The i r

range is f r o m  Mexico  to the  Be r ing  Sea. The to ta l  commerc ial

129
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ca tch  v a r i e s  f rom 25 to  30 million pounds annually . In

a d d i t i o n , r e c r e a t i o n a l  ha rves t  is h i g h  but most  f i s h i n g

e f f o r t  is usua l ly  c o n f i n e d  to p r o te c te d  e s t u a r i e s  or bays .

The Dungeness crab occurs to depths of 200 m.

1714 . Cance r  ma g i s t e r  w e r e  t a k e n  in  7 5 . 5  per-

cent  of t he  151 t raw l tows . The t o t a l  number  t aken  was

3662 individuals , an d t h i s  re p r e s e n t ed 3.8 p e r c e n t  of all

decapo d crustaceans. A small but consistent number of

adult crab were captured throughout the study , indicating

the species is not seasonal. Examination of the sex com-

position provided a different impression (Figure E147). The

ratio of male t o f emale crabs in traw l catches is higher

from November through January . From February through

Octo ber, adult female crab s outnumber male crabs and. the

ratio is usually disproportion ate. Commercial crab harvest

begins in December and utilizes male crab s exceeding 159 mm

carapace width. A decline in male adults in February would

be expected , but the  crab seas on en ds in March  or April

an d wa s not fo l lowe d by a subs equent  re c r u i t m e n t  of small

adult  males  f o r  s i x  m o n t h s .  These  dat a sugges t  t h a t  adul t

crab s are s easona l  by sex  at the  s am p l i n g  s i t e s .

175. The s i z e  of D u n g e n e s s  crab r a n g e d  f r o m

5 to 185 mm w i d t h ac ross  the  carapace. Month ly  ca t che s

cons isted of a numerous small s ize group and a small group

of large crab s (Figure E148). Intermediate— size juveniles

or youn g adult crabs (50—110 mm) were not evident during
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Figure E147. M o n t h l y  p r o p o r t i o n  of mature male and
female Dungeness crab captured using a traw l net .
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Figure  E14 8 . Mon th ly  l e n gt h — f r e q u e n c y
h i s t o g r a m s  of Dungeness  crab ( C a n c e r
m ag i 3t er )  c ap tu r ed  w i t h  t r a w l  gear
be tween  October  19714 and A p r i l  1976.
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the  s tudy . I n s u f f i c i e n t  q u a n t i t i e s  of crab w e re  c ap tu red

at t e s t  s i t e  B to make a v a l i d  c o m p a r i s o n  of ca rapace

w i d t h w i t h  t hose  cap tu red  at o the r  s i t e s.

176. An AN OVA f o r  D u n g e n e s s  crab c a t c h e s

was run to  t e s t  the d i f f e r e n c e s  b e t w e e n  s i t e s  and m o n t h s .

F-value F

Site 14.1699 2.87

Month 9.6537 3.10

Interaction 3,91477 2.78

Significant differences existed among sites and also be-

tween months at the 5 p e r c e n t  level of significance . The

ca tch es of crabs f r om mon th  to  month  w e r e  not  cons is t en t

as shown by the significant interaction. The northern

sites had numerous juvenile crab s in the summer. In the

w inter and sp ring, young crab s were also foun d at the

southern sites. The temporal differences in catches resulted

becaus e few crab s were captured in July .

177. A Q—test value of z1 .6595 was calculated

for measuring the significance of the difference among

mean abundance  of crab s at t h e  f i v e  s i tes . The r e su l t s  of

this test  were as fol lows:

LARGEST MEAN — 
S1-4ALLEST MEAN

S ite Si te Si te Site Site
B A C E D

x

2.7312 2.2362 2.1313 1.0038 0.9313

133



—“-— _— — - —- —- --- - —— .- — _•~ •_ ‘___‘_‘••--~7,~~~~ - —-._,,-
~~~---“— - _ - _.- — —-- -— - - _ ____ ___._—.-,—---i,,~~~~ _ -

- - -

Those means above the same line do not differ significantly

f rom each o ther  at t h e  5 p er c e n t  level.

178. The c a —t e s t  ind i ca ted  s i g n i f i c a nt d i f f e r —

ences  in crab ca tches  be tween  n o r t h e r n  s i t e  B and s o u t h e r n

s i t e s  B and D. There  was no significant difference between

s i t es  A and. C and the  r e m a i n i n g  t h ree  s i t e s .  The tes ts

imply a spatial distribution of Dungeness crab , though it

is not as defined as that for several species of finfish.
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PART IV: DISCUSSION

179. Traw l s a m p l i n g  fo r  f i n f i s h  and s h e l l f i s h

of f  the  Columbia  R i v e r  mout h w a s  a c c o m p l i s h e d  on a m o n t h l y

b a s i s , when  w e a t h e r  was s u i t a b l e  and s i t e s  u n o b s t r u c t e d

by f i s h i n g  v e s s e l s  or crab p o t s .  A v e r a~ e bo t tom t e m p e r a t u r e s

ari d salinit ies at the five s i tes were comp arab le , wh i le

currents , tide conditions , w ave he ight , and wind velocity

and d i r e c t i o n  v a r i e d  c o n s i d e r a b l y  be tween  and o c c a s i o n a l l y

w i t h i n  s i t e s .  Our average  5 — m i n u t e  trawl effort produced

575.7 finfish and 644.7 decapod shellfish or a combined.

average of 1220.4 individuals per tow. Finfish species

i nc luded  21 t a k e n  r a re ly  (< 1 0  i n d i v i d u a l s)  and 10 s p e c i e s

numbering less than 100 individuals. Finfish catches in

t h e  H CR area w e r e  d o m i n a t e d  by t h e  r e m a i n i ng  20 s p e c i e s

and decap od  s h e l l f i s h  were  d o m i n a t e d  by C r an g on i d a e  and

Car ic r i d a e  f a m i l i e s .

180. The number and frequency oLcurrence of

some dominant demersal spec ies ma de ‘t possible to determine

s e a s o n a l i t y  and spa t i a l  d i f f e r e n c e s .  P r e s e n c e  or absence

of schooling sp ec ies p resent e d difficulties dete rmining

t h e i r  space and time differences- . Differences were con-

sidered carefully since sampling sites ranged from 2.7 to

9,1 km and depths varied. at most by 22.5 m. A logical

p r e s u m p t i o n  is tha t  ca t cn es  at all M CR s i t e s  t e n d  to  be

uniform in numbers and species composition. Prev ious
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sampling (Durkin , 1975) suggested some difference did occur

in finfish species and numbers between sites B and C. This

study confirms that a spatial. difference occurs with some

dominant species. Pricklebreast poacher and showy snailfish

were important at northern sites while butter sole and

Pacific sanddab were important at the southern sites.

Whitebait smelt , English sole , and Pacific tomcod were im-

portant at all sites. Anchovy and longfin smelt were im-

portant at all sites except test site E.

181. Diversity indices were used to compare

relationships at the four sites prior to deposition and with

test site E following sediment dispos al. Indices are useful

for determining stress based on a supposition that an un-

disturbed community support s a large number of species ,

none of which occur overwhelmingly . Certain types of stress

can reduc e diversity by making the environment unsuitable

or by giving other species competitive advantage (Weber ,

1973). Studies by Mearns (19714) in the Southern California

bight and Dahlberg and Odum (~l97O) in a Georgia estuary

indicate the Shannon—Weaver indices of 2.0 usually found

in the MCR area when anchovy were absent would be considered

above average.

182. Charts showing Shannon—We aver index , species

richness , CPUE, and species per tow results provide evi dence

that the test site finfish population diminished below that

of the other four sites and remained low for several months.
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The test indices were similar initially to those of other

s i tes , fe l l  d u r i n g  or a f t e r  d e p o s i t i o n , but even tua l ly

returned to values corresponding to those from the other

si tes . These va r ious  t e s t  i n d i c e s  showed an e f f e c t  f r o m

sed imen t  d e p o s i t i o n .  E v e n n e s s  i n d i c e s  at t he  t es t  s i t e ,

however , were not depressed but instead moved h i g h e r  t h a n

those  at t he  o the r  f o u r  s i t e s .  They were  h i g h e s t  in Sep—

tember  a f t e r  dredge d e p o s i t i o n  ceased  and r e m a i n e d  above

the  o ther  s i t e s  t h r o ug h  N o v e mb e r .  Data  r evea led  several

Both id  and P l e u r o n e c t i d  spec ies  were  t aken  at the  tes t  area

and they were present in similar q uantities. Environmental

s t ress  would  normal ly  r educe  the  evenness index but during

this study it increased..

183. Ch a r a c t e r i s t i c s  of e leven f i n f i s h  species

and two d,ecapod shellfish species were studied to determine

• if any d e t r i m e n t al., or favorab le effec ts resulted from the

sed iment  d i sposa l  p rogram . These were  s t u d i e d  th rough  the

19-month p e r i o d  and. p a r t i cu l a r l y  the  4 — m o n t h  pe r iod  du r ing

and. a f t e r  sed iment  d e p o s i t i o n  when sampl ing  was poss ib le

at all sites. Length—frequency histograms portrayed size

ranges , growth , ava i lab i l i ty, and occas iona l ly  age g roups .

Northern anchovy , an important species , were chiefly juv-

eniles , and usually found in schools at northern sites.

Wide size ranges over most life stages typified catches of

longfin smelt , whitebait smelt , pricklebreast poacher ,

showy snailfish , English sole , and sand sole. Widely
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separated size groups were noted for the Pacific sandd.ab

and Dungeness crab . Pacific tomcod size groups were

separate and remained intact . Pacific staghorn sculpin and

sand shrimp individuals were usually adults.

).81e . Relatively small numbers of finfish were

taken at test site E during and after deposition. This

caused difficulty in comparing species sizes between sites .

In nine instances where length comparison could be made

with site K , fish were predominantly from nearby sites

C and D. These tests indicated 8 situations where a differ—

ence existed either at the 5 or 10 percent probability level

between the length composition of fish at the test site and

other sites. The charts also showed fish at the test site

were usually smaller than those found at the other sites.

Butter sole were the only species common enough to provide

data through the 14—month comparison period. They were

initially larger at the test site in July 1975, signifi-

cantly smaller in August and September 1975, and signi fi-

cantly larger in April 1976. Pacific sanddab (August

sample ), English sole , whitebait smelt , sand shrimp , and long—

fin smelt were smaller at the test site than at the combine d

other sites. This suggests an impact on large fish in a

sediment deposition area. It also suggests recruitment of

smaller individuals of that species to a deposition site.

This apparent relationship could also be food associated.

This particular characteristic could be examined in more
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detail in other studies and a determination made to see if

there is application to other species , areas , and time.

185. The ANOVA two—way tests of each dominant

finfish and shellfish species consistently showed signifi-

cant differences between sites and also between months .

Usually most differences in catches were not consistent

from month to month or between sites as indicated by the

significant interaction. . The tes’ts demonstrate the dynami c

nature of species foun d at the’ Columbia River mouth. The

Q—tests were based on ANOVA values and established the

relationship of indivi dual sampling sites to each other.

It also provi ded a logarithmi c numerical comp arison of a -:

dominant species taken at each site. Usually the farthest

sites were signifi cantly different while the nearest sites

were comparable.

i86. The data indicate finfish in the area

show selective feeding habits. Young fish consume the same

prey items as the adults of the same species but selected

for the smaller indivi duals . Therefore , the diets between

young and adult fish of a species differed little in terms

of species consumed but rather in terms of sizes of’ the

organisms . 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

consume d extensively by MCR fish: the eumacean , ~~ . ~~~~oni;
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the mysid, A. kadiakensis; the amphipod , A. tridens; the

shrimp , Crangon sp.; and the anchovy , A. mordax. Of the

many species inh abiting the MCR area that are of prey—item

— sizes and could be used for food , these five species were

consumed consistently by most dominant species throughout

the study and at all sites.

188. Feeding changes observed in finfish at

the test site following disposal indi cate small—size items

were not eaten but large shrimp and anchovies were. This

could indi cate effects of disturbance to the area created

by dumping dredged material. However , by November the food

habits of fish caught at the test site were similar to those

of fish from the other four sites. The contractual time

limits of the study prevented annual comparisons of food

habit data. It was therefore not possible to verify if the

observed trends are normal for the MCR area or specific

to 1975 and early 1976.

189. Dominant decapod shellfish species include

said shrimp , ~~~. franciscorum, and Dungeness crab , C. magister.

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

species but data reveal they are abundant in a marine

environment , particularly in the adult and egg—bearing stages.

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

in Yaquina Bay , Oregon are rarely 62 mm total length and

males are less (50—52 mm). The study indicates the average

length of C. ~ranciscorum off the Columbia River mouth is 

~ -—~- --- .~~~—~-• —p--.- 
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TO to 80 mm with some individuals exceeding 110 mm . The

spawning or egg—bearing period noted within Yaquina Bay

was December through March while our data reveal the egg—

bearing period extends until July. These results suggest

young C. franciscorum use the estuary while older and larger

individuals inhabit a marine environment . The majority

of C. franciscorum were found at northern sites and this

persisted through the entire sampling period . One size

comparison test in April 1916 indicated small shrimp were

at site K. Other crangonid species were predominantly at

the southern sites.

190. Dungeness crab populations were marked by

seasonal changes of adult male or female crabs and presence

of a strong juvenile size group which entered and remained

in the area. Intermediate size crabs with 60 to 120 mm

carapace width were not captured. Most crab s were caught —

at northern sites but only at site B were catches signifi-

cantly different from the southern sites.

191. The 548 ,519 m
3 
of dredged sediment released

at si te E had an apparent effect upon the number of species ,

number of individuals , size of the fish , and food they con—

sumed. The finfish population recovered within seven months .

Sediment removal from the navigation channel annually exceeds

14,ooo ,000 m3, but deposition at sites B and C in prior years

revealed no apparent lasting effect on the diversity and

number of finfish. Our catch data did indicat e a larger

1141
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concentration of indivi duals at northern sites; therefore ,

deposition effects would be g;eatest in that area. Catches

at the unimpacted southern site D indicated finfish numbers

are normally low in the summer and this suggests there would

be less direct impact from deposition at that site.
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PART V: SUMMARY AND CONCLUSIONS 
- 

-

192. Demez’sal sampling of finfish and decapod

shellfish benthic populations from October 19714 to April

1976 resulted in the capture of 1814,291 organisms . The to-

tal finfish catch was made up of 21 families and 51 species

and consisted of 86,931 individuals. In addition , three

families had fish larvae which could not be keyed to species.

The decapod shellfish group consisted of 97,360 indivi duals

belonging to 5 families and 11 identifiable species. Samp-

ling was conducted at monthly intervals whenever possible

at the five sites off the Columbia River mouth. A selected

subsample of numerically dominant finfish captured in the

trawl tows was injected and segregated for food consumption

analysis. Individual lengths and weights were also taken

from a random subsample .

193. The initial sampling period , October 19714

through June 1975, though not a full year , was scheduled to

provide baseline information on the temporal 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 monitoring deposition of dredged sediments

at a fifth specifi c test site. The tests ’ purpose was to

determine changes that occurred within the finfish and dec—

apod shellfish communities. The final phase (September

1975—April 1976) was a continuation of sampling at the five

1143
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sites and determination of further change following com-

pletion of the sediment disposal test.

1914. The effectiveness of the study was limited

by the  fo l lowing:

a. The lack of a complete initial year of
baseline sampling prior to sediment dis-
posal to establish temporal and spatial
distribution characteristics for the dom-
inant species.

b. Designation of the test site ’s location
was made shortly before sediment deposition
began , limiting predisposal sampling to the
extent that a useful comparison of species
could not be made with the four preliminary
phase sites.

c. Actual deposition by the hopper dredge at
the test site was made in a semicircular
track at various distances from the marker
buoy , resulting in trawl samples being taken
at least part of the time over areas of
no deposition.

195. Despite the qualifications indicated for

the sampling e f f o r t , a ser ies  of compara t ive  t e s t s  ( wh i c h

included species richness , diversity, evenness , species per

tow , and catch per minute of sampling) revealed a 3— to  6—

month depvessed population of finfish at the experimental

test sites. These non—parametric tests further shoved that

seven months after deposition had ceased , the test site

indices were similar to those of the four comparative sites.

196. The ANOVA of numbers of finfish and shell—

fish taken at the five sampling sites was limited to the

months of July , Aug ust , and September 1975 and April 1976.

Sampling data gathered between September and April could not

11414
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be used, for comparative analysis because commercial crab

gear restricted sampling 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 1].

finfish species. English sole were the exception with no

difference found in catch between sites. The test of tem-

poral or monthly similarity of cat ches revealed significant

differences in the cat ch 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 month for each species except anchovy , snailfish,

and sand sole.

191. A Q—test was used to compare differences

in cat ches between pairs of sites for the 11 species. In

all of the ~—tests , English sole were the only finfish that

did not have significant di fferences in cat ches between at

least two sites. Differences in catch were usually between

the northern sites A and B and southern sites C , D, and K.

The northern assemblage of fish consisted of anchovy , white-

bait sme lt , longf in  smelt , P a c i f i c tom cod , pr ick lebreas t

poacher , showy snai ].tish , sand shrimp , and Dungeness crab .

The southern assemblage consisted of shiner perch , Pacifi c

ataghorn 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 numbers suggest

they might be considered tolerant of sediment disposal.

198. This study demonstrated that certain dc—

mersal finfish from the mouth of the Columbia River (MCR)

shoved fairly selective feeding habits. This interpretation

of the data takes into consideration several sampling limi-

tations :

a, Because of natural occurrence or nonoccur-
rence and sampling inconsistencies , the
eleven species of fish were not sampled
evenly during all months.

b. Fish may not have consumed the food items
from the area in which they were captured.

a~ 
Did and diurnal migrat ions of’ both fish
and invertebrates as well as unknown daily
foraging habits of fish may have affected
the results.

~~ . Various stages of digestion of the food
items limited some of the identifications.

199. Food ~stilization studies were conducted

from January 1975 through April 1976. The sampling pro-

cedure was to select a subsample of the numerically dominant

species from each tow. This technique had merits but was

subjective , resulting in oversampling of some species and

undersampling others. The data provided valuable original

information regarding the food habits of indigenous species

of demersal fish at the mouth of the Columbia River.

200. Four invertebrate and one fish species

are the most extensively consume d prey items off the Columbia

River mouth . These are the cumacean , Diastylopsis dawsoni;

L 
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the mysid , Ne~mysis kadiakensis; the amphipod , Atylus

tridens; the shrimp , Crangon sp.; and the anchovy, ~~j~~~~1is

mordax. Food consumption patterns were evident. The

anchovy consumed phytoplankton while smelt ate cumaceans ,

copepods , and small mysids ; an exception was the whitebait

smelt , which also consumed small anchovies. Pricklebreast

poachers consumed mysids while the tomcod and showy snail—

fish ate cumaceans , amphipods , shrimp , and fish. Pacific

staghorn sculpin preyed on shrimp and fish. The large—mouth

flatfish , Pacific sanddab and sand sole , accordingly ate

large shrimp and/or anchovies while the small-mouth butter

and English soles preyed on cumaceans , amphipods , shrimp ,

clams in summer , and a few fish and worms .

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 consumption of small organisms such as

cumaceans , copepods , mysids , and amphipods decreased while

consumption of shrimp and fish usually increased during and

immediately following disposal. In September and November

1975, feeding behavior of the fish at the test site was

similar to that of fish caught at the other four sites.

Therefore , the burrowing clams and worms utilized during

disposal seemed to be replaced by fish and decapod crus—

taceans as food items . Following disposal , food comsumption

1147
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tended to be similar to that at the other sites.

202. The study revealed that it is possible to

refine the approach used and , with additional preparation

and study , to provi de data that would improve the degree

and extent of statistical analysis. The data also suggested

that summer sediment disposal at sites south of the navi-

gation channel would affect numerically few demersal finfish.

1148
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TABLE El
DEMERSAL FINFISH SPECIES , jWMBER CAPTURED ,

AND FREQUENCY OF OCCURRENCE BETWEEN
OCTOBER 1974 AND APRIL 1976

YAHI LI GIB US SPZ CIZ8 C0~KOI PHIII ART TO TAL flRczu
IAMB HAB ITAT IJ D !V. TOTAL occu . occu~ .

Myzini ds.
Eptatretu. Itouti Pacific bagti.b P.lagie 3 .003 3 1.986

Squa lid..
Squalua acanthit . Bpin7 dogfi.b Pelagic 39 .0 1111 27 17.880

Bau d..
Ra~ a bicoculata Big .ktte Oe..r. al 311 .039 23 15.23 1

*ci p.n.erid ae
Actp.~~s.r a.iiro. tpis Or..z •tur gso~ D.a.r..1 2 .002 1 .662

Clup .ida.
Aloes .spidi.aiaa Aa.riosn shad Pelagic 1 .001 1 .662
Clup.a hsrengue Pacific herring Pelagic 56 .0611 12 7.9 117

pallaut

Kogrtultds.
E~~graul is son .. Iorth 4ru anchovy Pelag ic 110 ,909 117.059 100 66.225

Salsoni is.
Oncor hynohu . t.bavyt cch. Chinook .alson P ela gic 1 .001 1 . 662

O . .ez id ae
Allo.senu. .longat ue Wh it ebait such Pelag ic 6010 6.9 13  106 70.198
Mypoa..u. pretiosu . Surf suelt Pelagic 17 .019 6 3.973
Spininc hu . .tark.i light .a.lt Pelagic 8611 .993  60 39 .735
Spininchu. thal .icbthy. Longfin .selt Pelagic 7816 8.991 110 12 .8117
1’haleicbtby. pacificue lulachon Pe lagic 1095 1.259 55 36.1123
O.s.ridae isrva. Pelagic 2931 3.371 81 53.611 2

Gad i da .
Men lucciu s product ... Pacific hake Pelagic 22 .025 8 5.298
M icrogadu . proxisu. Pacific toscod Deaer.al 3305 3.801 115 76.158

Synsni tbidae
Syognathus gnteeolioestus Bay pipef ish Pelagic 1.3 .0119 18 11.920

Hsbiotocidae
Asphiatic hus rhodoteru. Reitail .urf perch Pelagic 3 .003 3 1.986
Cysato gaster aggregata Shiner p.rch Pelagic 623 .716 66 113.708
Hy per p ro sopo n antis Spotfin eurfp .rcb Pela gic 5 .005 11 2.6119’
Hyperpro.opon elhipticus Silver .urf p .rcb Pelagic 1 .001 1 .662
Phauerodon funcatu. White .eapercb Pelagic 16 .018 II 2.6119
Rhecochilus Tacos Pile perch Pelagic 1 .001 1 .662

Trichodonti da.
Tnic hodon tnichodon Pacific sandfish Desersal 1 001 1 .662

Ananhtc hadi it.
*narrhiohthy. ocehlatus Wo lf— sd Desersa l 2 .002 2 1.3211

Sconpaeuidae
S.baetes a.lanops Black rockft.h Pelagic 9 .010 8 5.298
Seba.t.. juvenil.s Pelagic 90 .103 33 21.851’
S.baste. pauci .pinis bocaccto Pelagic 1 .001 1 .662

AnoplopoHatidse -
Anoplopo.. ft.bnie Seb lef ish Deusnea l 2 .002 2 1.3211

H ezag iescida.
Ophio dos .longatu. Lingcod Deasnual II .0011 11 2.6 119
lezagreasos decagrausu. Kelp greenling D.aer.s1 9 .010 7 11 635

REST AVAILABLE COPY
160

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _
~~~~~~~~~~~~ rn~~~~~~~ ‘74



— V 
- -  

~~~~~~~~~~~~~~~~~~~~~~~~
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Cottidse
Artedius harringtoui Scalyhead .culpin O..ersal 1 .001 1 .662
lnophrye bt.oi Buffalo uculpi n De..r sal 2 .002 1 .662
fleuthiepidotu . sp inolue Brov~ I r ish herd Dea.rsal 1*6 .052 12 7.9111
Leptecottue tract... Pacific . tagborn De.er.ai 282 .32 1. 73 118.3 111 ’

.oulp ta
Chitonotus pugeten .is Roughbaok .cuhpin Desersal 1 .001 1 .662

Agoutise
Agonu. soipenserinus Sturg.en posoher Ds.er.ah 28 .032 11. 9.271
Occ.lhs v.rsuco.a Warty poacher De..rsal 2 23 .2 56 57 37.1118
Odoptopysis trisoinosa Pygay poacher D..erlal 1 .001 1 .662
Pallasins barbata Tubenos . poacher Desersal 8 .009 5 3.31 1
Stell.rtna xyosteros Prtcklsbree .t poacher Dea.rssl 11098 11.7 111 108 71.523

Cy clopteridae
Liparts pulahellu . Showy sr.ailfi.h De ..rsal 21.00 2 .76 0 102 67 .5 1 . 9

Bothtdae —
Cith*richthys sor did... Pacific stnddab D.s.rsal 1680 1.932  101. 68. 871.
Citharichthys sttg.aeus Speckl.4 sanddab Desersal 259 .297 1*7 31.125

Pleuronectidae
Hopsetta ordsn i Petrale sole Dea.i.tl 43 .049 18 11.920
Qlyptocephs2us asohirus Rex solC D.a..rsth 382 . 1139 22 111.569
Isopsetta isolepia Butter •ole DeRereal 7020 8 . 075 11.5 96.026
Lyop setta .xthis 81.nd.r sole De .eritl 3 .003 2 1.324
Microstosus pscificu . Dover .015 De..r.ah 789 .907 39 25.827
Parophrys v.tuhus inglish eel. De .erosl 53 10 6 . i o 8  238 91.390
Platichthye stellatus Starry flound.r Deaereah 170 .195 1.2 27.81 1.
Pl.uroaicbthys d.curr.ns Curl fin sole Deasrial 1 .001 2 .662
Psetticht hys a.lanostictus Sand sole Deasrssl 259 .297 81. 5 5. 6 2 9
Pleuronecttda . larvae Deaersah 10 .011 1. 2 . 649

TOTAL 86 ,931
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TABLE E2
ANALYSIS  OF V A R I A N C E  FOR ELEVEN SPECIES OF FINFISH
CAPTURED AT FIVE SITES WITH AN 8—rn SHRIMP TRAWL
OFF THE COLU M B IA RIVER MOUTH - JULY , AUGUST , AND

SEPTEMBER 1975 AND APRIL 1976.

SPECIES SITE MONTH INTERACTION

p = 0.05 Significance 2.8700 3.1000 2.2800

Anchovy 5.13514 0.6406* 1.4732*

W h i t e b a i t smelt  10.0180 14 .1611 6. 8894

Longfin smelt 19.81413 37.1861 7.7196

P a c i f i c tomeod 4 5 .5 34 3  5C .364 6  8 .9 1475

Pacific staghorn sculpin 14.091414 12.01480 9.0060

P r i c k l e b r e a s t  poacher  13.82 14 7 10.2102 2 .6923

Showy sn a i lf i s h  15.5840 1.1780* 0.92 140*

P a c i f i c  sanddab 14 .7689 50.8 147 9 .6998

Bu t t e r  sole 39.7800 22 . 5960  5.8800

English sole 2.2139* 23.2514 3.14827

Sand sole 9.5812 8. 1806 1.5678*

*Un d e rl in e d  values  were  not s ig n i f i c a n t ly d i f f e r e n t  at the
5 percent level .
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TABLE E3
SPECIES LIST OF FOOD ITEMS COLLECTED FROM

STOMACHS OF 16 SELECTED SPECIES OF FISH CAUGHT
OFF THE COLUMBIA RIVER MOUTH ,

JANUARY 1975 THROUGH A P R I L  1976*
TOTAl. TOTAL TOTAL TOTAL

W OOL ITCH 50113111 W*~O27 (is) FOOD ITIII IUIS)U 111103? (sb )

POLYCIIAETE S AWPU !POPS — Cost iau. d

Unide n tified polycha sts .  1*7 10.06 Aor idae ,
Pelpehast . trag..,ts 29 1.111 0,14. Aerida. 2 0.01
Phyllodocids. : Atylid a .:

.p. 1* 1.61 
~a~~~~f1 trid.ns 31.111 78.11

By a.: as:
0,14. SylLida. 3 0 .03 h ast en... .p. 1 0.01

I.r.idas: laustorlida. :
Unid . larsida . 20 1.79 lokausterius Up. 1 0.01

ep. 1 0.68 Ischyroc.ri~ ae :oeff~fta., I.ekvro..rus ap . 301 0.1.9
Untd 00u.tadida . 12 0.31 Lys~anaas1da .,GlyciQdC RAA3.A 1 0.72 Uinppsed on detticulatus 19 0.60

Cly ..ri a.: 0.dic.retida.:
Unid. 01y..rida. 2 3.71 Meneculod .. up. 90 0.21
Olycera ca.jtatp 1 0.02 SYncb4iaiua .p. 15 0.06

lsph tyds e : Sy,.h.jid~us p1p,sakerj 5 0.10
Ie.htve up - 9 7 .73  Phot ~ da. :

Ouuphidae : 
D2&~4 up. 13 0.12

Ipth.ris 59. 111* 14.17 
____________Arab.lljIa .: pb,.oc.ph ft~~: 

115 0.1.0
Arshalle •9. 3 0.02 Parankoxu . up. 3 0.11

Spies 4..: P.rsnhozu, obtusid... 7 0.28
Rp ie.ba.p.~ sp. 9 0.02 P1.ustida.:

1’3I~LA 1. 0.06 P1a~.yapt.s s..b&lab.r 3 0.01
393 0.93 Podocerida. :

D uh ichi s  sp. 2 0.01
U .id. Aspharstid .. 19 2.87

Ter.b.ljida.: DE CAPOD CRUST ACEAP 8
listS . Tersb.llidae 11 0,00

D .capod .o.a 2 0.05
CUMACSAI S Anesura s 1 0.02

Crange .idae :
Laapropidse : Cr...,p~ 59. 180 131.09
1.55,0.. 59. 1 0.02 Crass.5 .p. ,juv .nile. 133 36.08
l..ilas.rass sp . 58 0.05 Craninl frasciscoru. 11 20.011
Ne.o1~anr... sp. 1811 6.01. csncr ~ Aa. :

Diastylida. : 
~Mu.L .aii.t,r segalop. 109 6.67Diastyli. $p. 1 0,00 
~Bfl5fiL a~~i.t~ r Juven iles 52 39.31.

Diaetylep.is dav .,ni 201111 61.15 Pandalida.:
Celuro .tylida .: Pa,d*lua sp. 1 0.20

Cp lure.ty lia occid enta h is 31 0.38 Pagiaridae :
Pasi.ru. sp. 1 0.1.8

COP 59 012
PELICY PO DSUn i d e n t i f i e d  COp .pOda 2 0.00

Ca la ni da.:  U.ide,ti ti.4 p .lecypod s 16 0.1.5
Ct1...~’is $9 1191 0 .87 Unide.tifi .d pelecyped J uv.nil.. 2 0 0 0

Iueslani dcc: Sol.nidae:
$..calanu . ~~~~~~~ 2 0.01 5th ,.. 

~~~~~~~ 
J uv..ii.. 762 53 .93Pasu dOcalani dae : Hit... 3~IJ~~ siphon. 556 7.97PS4udpc.1p,u. up. 51. 0 .01

P.e..docalap,. .j,,t. . 2035 0.16 TCLEOST8
Po.t.llida.:

l5Usbtdec.ra 59. 1 0 .00 U.iaentift ed tel.o.t 21 30.66
Teleost parts 1 0.06
Engrsulida. :
1,grauli. serdas 2611 536 . 1.0lh.id. n t i f i e d  sysids 2 0 .01 Osserids. :Pasily Mysidse : Usia.  osserid. 3 37.00Snbfasily Oaatresacci ,a .: O .aertd larvae 7 3.52— Arehasosysi . greb ,it ,hjj 13 0 . 06 Ailosaeru. ele.Latui 3 21.21S..bfssily Hysist .: Cettids.:Tribe H y . i n i z  u,ic. cettids 2 10.61.lepsysi . ~~j 1.0 3.52 Cott id Juveni lse 2 0 .665.osTItt kedi at.asl. 11,117 39. 49 Ple ,arensctida. :Aca sthes ysis •acfe..i._________ 3 0.23 Nicrp .tp .us otc ifien .  Juvenil sa 2 11.13Acat tkp.ysis ~.j 5jg j  128 0.96 I.opsetta i.el.pis Juv.nhl.e 3 2.21.Act.tkoaysi. asshrnohtb~~fij 12 0.30

oTatsA149B1PODS
Unident i f ied .sgetabl . s.terit1~~’ 71. 8 .36Ueid sstifi.d asph ipo d .  2 0. 6*4 U n i d e n t i f i e d  sin.rsh .ats ria1~~’ 22 3.32Asp e l l ield u . :  Usid e n t i t ie d  snisal .at .r ial” 911 15.61A5n~~ht .cs  19. 1* 0.05 Unid. ntified 1.09.4 1 0.00Aaoeliact sacrecenhsla 27 0.24 iCO tleens sp. (isopod ) 82 5.26
Synidet.a anz.lsta (1sep04) 5l~ 6.1.9

0Th . .izts.~ fi.,, Sr.: norther n aschevy , whitebait .ss1t~ Ophi u ro id 12 0.95
eight .selt . lonsfi, s..lt, .ulachoa , Pacifi c tosc od , Col opt .r a part 1 0~ 01.
Ibinci perc h , Pacifi c etaghor n soulpi, , pri ,klebrea.t Desdrastsr ap. (echinod.ru) 2 0.06
poacher s showy s n s i l f t s h , Pac i f i c  is.44ab , DoTer .01., L~psr~4 egge .. 9.23
rue 501.. butte r sole , Ifigh ish eel., end sand .ol.. Osstro pod feet end operenia 11 1.03

Oli val 11a .p (gast ro p ed) 3 0.61
Jsssariiaa sp . 2 1.911

..I ndi. t t .s  1. b ow sany stosach. the sat eri al was fou.47 ’7
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TABLE E14

FOOD ITEM OCCU RRENCE AT THE EXPERIMENTAL
TEST SITE , JULY 1975 THROUGH APRIL 1976

1975
Pre—disposal Pos t—di sposal

JULY JULY AU (UST SEPTEMBER

POLYCHAETE: Nothria up . —— !9th2-ta ~~~~. ——Ne phtys sp. —— ——
Unid . polychaete ——

CUMACEAN : Colurostylis occidentalis C. occidentalis C. occidentaits ——Diastylops[i davsoni D. dawsoni !~. d awsoni  — —

COPEPOD: Calanus ap. —- —— ——
‘4YSID: Neomysis kadiakensis N. kadiakensis N. kadi akensis !. kadiskensit

AMP)IIPOD: Atyl us t r i d en s  A .  tridens A . tridene A. tridens
Synchelidjum shoemakeri —— ——
Hippomedon denticulatus —— — —

Phot is sp ,  ——

DECAPODS : Pagurus up. —— ——Cancer asgister aegalops C. magister aegalops £. magj s t e r  mega lops  ——Crangon sp. Crangon sp. C r l ~! ~~~~ ——
Decapod zoea — _ -—

Decapod meg*lr~os —-
. asgister j~~

PELECYPOD : Sili qua p atula juveniles a. pa tula juveniles S. patu la juveniles ——
TELEOST : Unid . teleost —— Unid. teleost Unid . teleost

En gra tilt s nordax —— £. aor da x
Osm erid larvae ——
I5~~p se tta isoleni, .l u v . — —

(noid . ve~ et mti on un ia . ve geta tion —— ——
Fish vertebra —— ——
Tectice ps sp . Tecticep s so . ——
~y n t d o t eu  angu l tt ~ 2. ~~~ u~~.I’’ —-
Lip arid  eggs —— ——Uni d. mineral U n i d .  miner a l

‘tv. ’l s q,, , ——iast r ooo.5 ‘e.t ——
~lsU 3— stagh orn acul pin 10—Pacific ssndd ~ b 12—Pacifi c san d dab 19—sand sole
EXAMI N ED 5—shovy sna ilfi sh 3—English sole 8—English sole 5—butter sols

1— Dove r sole 10—butter sole 1—sand sole
1—E n g l i s h  sole 1 7— b u t t e r  sole
~s— Pactfic toacod
1 —wh i t e b ai t  s m e l t
8—b u t t e r  sole
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NO SAMPLINC NO SAM?1111 r 1976 no
IN IN IN

SEPTEMBER OCTOBER NOVEMBER DEC. AND .~AU . FEB~ U A~ Y ‘.~ R CM A P R I L

—— Noth rja  up .  —— - —

—— Nephty dae —— ——
te -- -- -- --

Glyceridae —— ——
Nereidac —— ——
Phyllodoctdae —— ——

Ii. —— —— —— C. occident al is

M e s o l a m p r on s  so.

—— —— —— Calanus so .
UnitS . conepod

!. kadiake nsis —— ——
Unid. mysid

A. tridens —— —— A. tridens

—— —— —— Synchelidium so.—— —— —— ~~~. d e n ti c ula t u s—— —— Photjs so .
Daraphoxus sp.

igalops -— —— —— —-—— Crangon up. Cr an gon so ——
ems —— —— —— —-

. magist er j uveniles —— —— — —

~~~. f r an c i s c , r u m
m i les  —— —— —— ——

Unid . teleost -— —— ——
I. mor dax ..— N. mordax ~~ . mordax

LuLi. .S*iv . -— —— ——°leur .,necti d iuv .

—— —— —— U n i~~. vege tation

—— —— —— ‘e’~~t c ’~~ •n~—— —— ——
mineral Unid . mine ra l  ::

—— UnitS. animai Unid. anim ..l
Unid. eggs

addab 19—sand sole 9— Pacific sanddab 9 — P a c i f i c  tomeod 3—staghorn  sculpn
1. 5—butter sole 5— butter sole 5—butter sole 7—P.c. tomcod

3—longfi n smelt
2—vb jtebai t smelt
2—anchovy
8—but t e r  sole
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TABLE E5
DECAPOD SHELLFISH FAMILIES AND SPECIES CAPTURED

WITH A SHRIMP TRAWL AT FIVE SITES OFF THE COLUMBIA
RIVER MOUTH FROM OCTOBER 19711* THROUGH APRIL 1976.

PERCE N T FREQUENCY PERCENT
FAMILY GENU S SPE C IES TOTAL TOTAL O C C U R R E N C E  OC C U R R E N CE

Pandalidae
Pandalus danae 4 0.004 3 1.99

Crangoni 1:te
Crangon franciscoruin 43,579 44.761 132 57.42
Crangon a. elongata
Crangon nigricauda
Crangon stylirostria 49,825 51.176 140 92.72
Crangon communis
Crangon alba

— Septem spinosa
Nectocrangon alaskensis 1 0.001 1 0.66

Paguridae
Pagurus ap. 284 0 .2 92  49 32. 45

Cancr idae
Cancer gracilis 4 0.004 2 1.32
Cancer  m a gi s t er  3,662 3.761 114 75.50

Pinotheridae
Pjnnjxa sp. 1 0.001 1 0.66

TOTAL 97,360 100.000
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A P P E N D I X  ElI
FIVE-MINUTE TRAWL TOWS AT SELECTED SITES OFF

THE COLUMBIA RIVER MOUTH OCTOBER 1974—APRIL 1976

MA G 9 E TI C  D I S T A N C E

DATE N O R T H  WEST DEPTH COMPASS OP TOW

L A T I T U DE  L O NG IT U D E  R A N GE  D I R E C T I O N  Y A R D S  FISH SHELLF ISH

Oct 1. 46°12’SS ” 124°08’05 ” 12’—90~ 21.0° 1.86 11
Oct 1 46°12’50 ° 124°08’05 ° 711’~ 95’ 220’ 266 44
Oct 3. 46°12’45 ” 124°08 00° 75’—9 6’ 220° 875 206
Oct 1 46°3.2’4O° 121.°08 00” 64 ’ — 97’ 21.5° 865 513
31ev 15 46°14’45° 124°09~~45 ” 68~ —76’ 200° 775 406 288
No v 15 46°14’15 ” 124°09~~45 ’ 71’—75’ 200° 775 830 249
Nov 15 1.6°14’2O’~ 124°O9’45 73’—BO’ 215° 775 551 78
Nov 15 46°14’20” 124°09 ’4 5 ” 74 ’~~93’ 215 ° 775 572 122
No v 15 46° 12~~55 ” 124°08’OS ° 85’— 82’ 100° 700 20 1 31
N o v 15 46° 12’55’ 124°08’hO° 65~ —87’ 110 ° 730 192 39
Nov 15 4 6 ° 1 2 ’ 55 ° 12 4 °0 8 ’ l S ” 9 1’ — 9 3 ’  115° 7 30 587 181
Nov 15 46° 12’55 ” l24°08’20~’ 97’—96’ 120° 730 951 260

122k
J a n  20 46°12~~55° 124°08’lO° 72’—76~ 210° 1030 575 15
Jan 20 46°12~~50 ° 124°08~ 1O ” T4’ — 1i8’ 200° 810 231 24
Jan 20 1.6° 12 ’ 4 5 ° 12 1e 008 10° 8~.’ —11 2 ’  210 ° 65 0 3.463 81.2
Jan 20 46°12’40° 124°08’OS ° 84~~— 103’ 200° 4)0 4259 383
Jan 21 46°11~~o5’ 124°08’05° 94~ — 120~ 210° 630 1121. 527
Jan 21 ls6°11~~10 ” 124°08’OS° 102’—1 2L~ 230° 6)0 1313 803
Jt0 21 46°1i’iS” 121.°08’05° 110~ —120 210° 5)0 48? 229
Jan 2t 46°11’20’ 124°08’05° 105’—1 23’ 210° 5)0 2511 283
Mar I. 46°12’55 ’ 121.°O8~ O5 ° 90’—102’ 200° 8)0 25 26
Mar 4 46°12’50° 124°O8~ O5 ” 87~ — 117’ 200° 610 16 13
M a r  1. 46°12 45° 124°08~ O5 ” 77 —11O~ 200° 350 177 128
Mar 1. 46°1240 ” 1214°O8’OS ’ BO’—1O2’ 2500 230 156 151
Mar 5 46°11’45° 121I°08~ 05” 11O~ —122’ 220° 6)0 307 265
Mar 5 46°11’05” 124°08’05” 1O8~ —123’ 230° 11)0 319 237
Mar 5 46°ii’15” 124°08’OS° 110~ —12O~ 225° 4)0 230 70
Ma r 5 46°11’30” 124°08’lO ” 110~ —111’ 225° 3)0 94 54
Mar 11 46°14~~11O ’ 124°09’45” 68~ —92 ’ 225° 5)0 210 764
Mar 11 46°11.’30° 124°09’I.5” 66’_ 81.. 225° I.~ o 419 1171
Mar 11 1.6°14 20° 12l4 °O9~~45 ° 68’ —90~ 225 0 

250 1022 1007

Mar 3.1 46°i4’iO ° 124°09 50” 72’—77’ 225° 250 1323 592
Mar 11 46°15’55 ” 124°09~ 45 ° 60’—87’ 225° 300 1359 1418
Mar 11 46°15 45” 124°09’SO° 62’—84’ 225° 300 613 1664
Mar 11 1.6°11’O5~’ 124°08’05’ 105’—81.’ 230° 450 125 164
Apr 3.4 46°15~~50° 124°09 45° 61’—92’ 215° 800 431 1496
Apr 34 46°i5~~J.5 ” 12l4°O9~~50° 71’—93 ’ 210° 800 8144 2286
Apr 114 46°15’35 ” 121t°0990” 60’— 9O~ 23.0° 375 138 1111
Apr  14 46°15’25 ” 124°09’50° 58’— 65 ’ 210° 400 163 241
Apr 14 46°14’30” 1214°09’40” 71’ ..98’ 200° 300 95 480
Apr j4 46°14’25” 124°09’45° 68’~~86’ 200° 300 177 571
Apr 14 46°14’15” 124°09’40° 64~ —~~~’ 200° 250 210 2177
Apr 14 46°14 io ” 124°09’40° T0’—81’ 200° 200 315 1431
Apr 15 I4b° 1V55~

1 12Ie °OI ~’ U5’ O3’ —jU l ’  3yU ° .400 uu~. p30
Apr 15 l.6°12’50” 124°08’OS° 82’— l02~ 190° 350 3111 620
Apr 15 I.6°12’145’ 1211°08’05’ 84’—104’ 190° 250 211 21.1
Apr 3.5 h6°12’ho’ 12l.°08’O5’~ 86’ —1o2~ 190° 200 349 415
Apr 15 1e6°11’40” ].24°08’05” 100’—123’ 225° 650 168 119
Apr 3.5 46°11’45 ° 1211°08’30” 110’—121’ 225° 1.5o 929 132
Apr 1.5 46°11’SO” 124°08’05’ 98’ — 118’ 225° 250 306 370
Apr 15 1.6°11’55’ 124°08’05” 116’— ].24’ 225° 250 3190 232
Ma y 12 46°2.O’50° 124°08’lO° 104’—118~ 225° 600 554 89
May 12 1.6°11’05’ 124°0V55” 118’..124~ 230° 350 1569 66
May 12 116°11’20’ 124°08’25° 108’—128’ 220° 350 896 63
May 12 46°11’25’ 124°08’25° 112’—125’ 220° 300 163 76
May 13 1.6°12’SO ” 124°08’45” 7o~ —iO4’ 190° 700 665 234
May 13 46°12’45’ 124°08’4O’ 68’—108’ 190° 650 1364 761
May 13 46°12’35° 124°08’20” 68’—101.’ 195° 475 5325 172
May 13 86°14’2o° 124°09’SO° 91’—1O~.’ 195° 350 1599 1983
May 13 1.6013450 k 124°09’SO° 62 —94’ 3 7 5 0  200 2281 965
M ay 13 46°14~~15° 124°09’35° 67~ —8o~ 1.75° 300 2669 1709
May 13 46°l4’lS° 124°09’45’ 71’—82’ 175° 300 150 44 8
May 13 46°14’20” 124°09’50° 70’—76’ 380° 250 130 488
May 1.6 46°15’45” 1.24°09’50° 7t~ —1.22’ 210° 800 92 281
May 16 46°15’15 ° 121.°09’55” 88’ —14 2 210° 650 2.19 772
May 16 1.6°15’40° 124°09’55” 106’—138’ 210° 500 256 2323
kay 1.6 1.6°15’3.5° 3.211°09’SO’ 82’— 1Oh’ 2100 350 76 682
J55. 2 46°11.’oo” 124°10’15” 72.—1’,l. 210° 450 452 186
Jun. 2 116°3.4’25’ 124°10’20° 73’—138’ 210° 700 1071 210
.Iun e 2 116°3.2’hS” 12h°08’25’ 80’—101.’ 200° 350 8116 151
June 2 *46°l2~~35 ’ 124°08’30’ 85’—118’ 200° 550 764 78
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J u n e  2 46°12~~35° 124°08 30’ 85 —1 18 200° 550 764 78

June 2 46° ll ’3 0  12 11 °08 05 ’ l10’ — l 2 2 ~ 220 ° 45 0 51 40
June  2 46°11 20 ° 124°08~~lO ” l08 —ll.6 220° 375 138 39

June 2 46°l5~~35 ° l24°0990° 58 —1l2 210° 400 1180 1585

June 2 46°15~~4o° l24°09 55° 6h — 110 210° 1400 51.9 746
July 7 46°l5’35° 124°09’SO ” 65 —95 210° 300 282 279
July 7 46°15 40° l24°l0~~55’ 55’—75’ 210° 350 403 339
Ju ly 7 46°12 45° l24°08’25° 85 — l05 200° 1450 384 341
July 7 116°l2~~35° 124°08’30’ 92’—llO 200° 420 1190 165
July 7 46°l1~~40° l24°06’OO ” 86 —lOO ’ 220° 350 133 123
July 7 46°11’40° l24°06’OO ° 84’ —lOO 220° 320 198 176
July 22 46°12’30° l24°08 20° 88’—llo’ 200° 500 406 9
July 22 46°12’20° 1.24°08 l5” 90’—l06’ 200° 450 140 24
July 22 46°ll lo° l24°08 05” 1l4 — l32’ 225° 275 66 28
July 22 46°l1 25° 124°08 00° 108 —ll8 ’ 220° 220 119 39
July 22 46°l2 25” 124007400v 88~ —94~ 150° 200 120 87
July 22 46°l2~~15 l24°07’lO ” 92’—95 150 ° 250 123 58

July 23 46°15 2 0° l24°10 10° 73’—l02~ 210° 250 159 756
July 23 46°l5~~30” 1.24°09’50” 68~ — l04 200° 250 149 1109
Ju ly 23 46°l4~~l5° l24°09~~50° 72 —84 210° 200 90 1413
July 23 46°l4 10° l24°09 1e5 ” 70 —77 ’ 210° 200 79 1017
July 29 46° l1 40° l24°06 00° 74’ — 82 180° 150 401 148
July 29 46°i1’4o’~ l24°06~ 0O ” 76’—82 190° 150 172 254
July 29 116°ll’30° 124006100” 82 —74’ 360° 400 1114 342
July 29 46°ll’35” l24°06’OO ” 78’—TT 10° 350 330 195
AUg 22 46°11. 25° l24°09 140° 68’ —Bo 210° 400 737 1603
Aug 22 46°14 2o° l24°09~~50° 82~ —8l, 210° 300 576 1353
Au g 22 46°l5~~2O ° 124°0 9 4 0” 55~~~57 210° 400 622 101
Aug 22 46°l5~~15 ° 124°09 50° 56~ —83 210° 450 1410 2271
Aug 21 46°ll’40° 124°06’OO ” 76 —78 1800 275 189 202
Aug 21 1s6°l1’40 ° l24°06 00° 72 —81~ 180° 300 126 82

Sept 2 46°l2’50” 3.24°O8 05~ 8o~ —1o6~ 2000 350 347 4

Sept  2 46°l2 45° 124°08’OS ° 881 —1 0114 200° 350 181 11
Sep t 2 46°ll’45 ” l214°08’OO ” llo’—12l’ 215° 300 93 84
.~ept 2 46° 1.l~~3O ° 12 4° 4~~’~~~ ” 112 —1 28  220 ° 300 25 11
Sept 2 46°i1’40” 124°06 05” 84’—BB’ 155° 400 158 21

Se p t 2 46°ll’45 ” 124°06 00° 81 —85 ’ 165° 400 218 24
Sept 15 46° 12 ’45 ° l24° 0R ~~Pt~ 84 — l 0 2~ 2100 375 2314 1016
Sep t 15 46°12’30” 12h°0B~2Q’ 92~~—106 210° 325 154 26
sent 15 46°1j’35’ i2h°~~’3 0O” iI~~~4 —12O~ ‘30 °
Sept 15 46°ll°l5 ° l24°07’50 ° l07 —121 230° 230 82 711
Sep t 15 46° 1l’45 ” l24°06°O0 ° 82’—78 120° 200 97 118
Se pt 15 46°ll 40” l24°06~ 05 ” 83 — 81 150° 200 55 122

Sept 16 46°l4’25° l24°0940” 78~—84 210° 300 3198 656
Sept 16 46°l4’l5 ” l24°09 45 ” ?5 ’ —1 04 230° 300 377 446
Sept 16 h6°15~ 25” 1Z4°O9~ 55” 60’—98’ 210° 350 3587 2518
Sept 16 46°15 40’ 1214°09’50’~ 62~~—8 4’ 210° 300 281 1077
Nov 18 46°12~~45 ” 124°08’lS’ 86~ —96 ’ 200° 325 273 5850
Nov 18 46°l2’35’ 124°08’20” 75’~~97~ 195° 375 407 2564
Nov 18 46° ll’45~’ l24°08 25° 102 —l22’ 210° 350 290 319
Nov 18 46°l1’So° l24°08’lO° lOO’—1l8’ 210° 350 397 1405
Nov 25 46° l1’40 ” 12 4°06~~00 ’ 62 — 7 8  145 ° 300 65 203
Nov 25 46°11’35 ” 3.24°O6’OS° 7lI ’_82~ 160° 250 50 248
NoV 25 46° 14’lS ” l24° 09~~35 ’ 81’—96’ 2200 350 242 146
Nov 25 46°l4’30 ” l24°09’40” 72’—l02’ 210° 350 770 1364
Nov 25 46° l5 30 ’ l24° 0 9 ’5 0° 64 —98’ 2100 300 279 2633
Dec 5 46°l2’40° 124°08’25” 92 —l05 ’ 210° 500 259 2697
Dec 5 46°l2’35 ° 124°08’25’ 92 — 112’ 210° 450 133 899
De c 5 46° l l ’3 0 ” l24° 08 15 ’ l08~~— 1 2 2 ’  24 0°  350 58 106
Dec 5 46°ll’35° l24°08 l0° ll2 —ll8~ 230° 350 112 184
Dec 5 46°l1~~3O ” l24°08’OO° l1~I —1l7’ 220° 275 54 151

~21~~

Jan 21 46°l 2 1 40° l24°08’20 ” 86 —l3. 2 210° 375 1046 1929
Jan 21 46°l2 ’30~’ 124°08’25’ 9l~~—106~ 200° 400 605 2444
Jan 21 146°ll’30 ” l24°08 00” 1l6’ — llT’ 205 0 350 348 1324Jan 21 46° l l ’3 5 ° l24°07’45” 110’—1l4’ 2150 350 227 990Feb 21 116°11 50° 124°06’05 ° 79 —82 ’ 150° 260 361 2219Feb 21 116°ll’45” l24°06’l5 ” 8l — 82 140° 275 274 1986Feb 21 46° ll’lo ” l24°08’lO ” ll l 4~~_ l 3 2 1  270° 300 314 809
Feb 21 46°11 35” l24°08 20’ l22~~— ll9~ 315° 200 309 1340Feb 21 46°l2~ 35 ” 124°08’20 ” 92’—1l l~ 200° 350 4814 14140
Fe b 21 116°l2’25” 124°08~ l5 ° 90’— ll0~ 200° 375 605 1978April 1 46°l1~~50’ 124°06 10° 75~ —81~ 135° 375 289 185A pril 1 ‘16°ll’50’ 124°06 15 ° 88 —80~ 135° 4o0 203 390Apr i l  1 46° ll~~55 ” 124°08 ’15 ° 1l4’—l2 4~ 210° 600 116 210
April 1 116°1l~~35 ” l26°08~~30’ l12 —128’ 210° 450 138 327Apr il 1 46°12~~14 0” l24°08’20° 9l —ll 0~ 195° 200 225 834Apri l 1 46°12’30” 124°08’15 ” 78’—108’ 1.95° 225 151 701Ap r i l  2 46°l4 25° l24°09~~55 ° 92~~—92~ 210° 360 232 641A p r i l  2 46° l4’20 ” 124°09’55 ° 89~~— 104~ 200° 200 224 819A p r il 2 46°15 05 ” 1211°09’45” 6l — 64 155° 325 466 552A pri l 2 46°15’15 ° l24°09’SO ” 68 —72’ 155° 375 90 40

BESUAVA!1AB~E COPY 170

~~~~~~~~~~~ —~~~~- - ~~~~~~~~~~~~~~~~~~~



F’ 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~— -.r- ~~~~~- 
_________ 

-

APPENDIX Elli

A comparison of 32 5 m and 8 m t r awl  ca t ches  of f i nf ish by
species and total numbers. Tows were 5 minutes in duration
and when at the same site were parallel with a similar
directional heading. Both semiballoon shrimp nets had the
same mesh size.

SITE DATE 5 m NET 8 m NET
SPECIES CATCH SPECIES CATCH

C 10—01—74 11 186 13 8i~
C 10—01—74 11 266 13 865
B 11—15—7~4 13 551 18 406
B 11—15—74 11 572 14 830
C 11—15—74 14 201 17 587
C 11—15—74 114 192 17 951
C 1—20—75 8 575 16 1463
C 1—20 —75 11 231 18 4259
D 1—21—75 14 487 12 1124
D 1—21—75 14 254 18 1313
C 3— 0 4 — 75 6 25 11 177
C 3—0 4 —75 6 16 11 156
D 3— 0 5—75 10 230 16 307
D 3—05—75 17 94 23 319
B 3—11—75 13 210 114 1022
B 3—11—75 114 419 10 1323
A 4—1 4 —75 13 138 11 431
A 4—1 4—75 9 163 12 8144
B 4—1 4— 7 5 8 95 12 210
B 4—1 4 —7 5 9 177 11 315
C 4—15 —75 11 211 12 660
C 4—15 — 7 5 10 3149 9 3114
D 4— 15—75 16 168 15 306
D 14— 15— 75 16 929 15 3190
D 5—12—75 12 896 14 55 14
D 5—12 —75 13 163 114 1569
C 5—13 —75 13 669 13 532 5
C 5—13 — 75 8 1364 11 1599
B 5—13—75 7 150 13 2261
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 43 4 4 38 76

AVERAGES PER 5 m m .  tow 11.2 322.6 13.6 1371.1
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APPEkSDIX E lY

EXPLANATION OF TIlE TWO—NAY ANALYSIS OF VARIANCE

1. The following was the model used in analyzing the
Catch per Unit of Effo rt (C?UE) dat a.

Y ij k  = in (CPUE + 1) for site i , month j, and
replicate IC.

= ~ + 5. + + (st)~~ + 5i ik.

where ia is the ge~ieral meanS~ is the effect of site i
T 3 is the effect of month i

5i j k  is 11(0,02) i.e., normal random variable with
mean 0 and variance o2

All factors (except replicates) are fixed effects.

2. 41e cannot consider months as a random s ample of t ime
units , nor sites as a random sample of sites . (The
only possible exception , in the  case of s i tes , wo uld
be to consider  the two control s i tes  as a random s ample
of sites where no disposal has occurred.)

3. There is no reason for inter.)ecting an artificial
stratification when the main purpose is to compare
sites. Also there is no prior knowledge to justify
s t r a t i f i c a tion of sites into north—south groups. Hence ,
we cannot consider sites A and B as a random sample of
sites in stratum 1.; nor are si tes P and E a random
s ample of si tes in s t ra tum 2.
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APP~~I D I X  ~ V; _GE~ i~RAL DESCIIIFT IO N
OF FOOD ORGAiIIS!T3

Pol y chaet e s

1. Polychae t e s  are se gme n t e d , soft—bodied

ai.uatic worms of a distinct morphology . They are nu m e rous ,

diverse , almost entirely marine , an d o f t e n  cons t itu t e a

major component of benthic communities (Ailake , 1975). Some

are ent ir ely free s~-timming while others may be crawlers ,

burrowers , or tube builders . Among their habitats are sand ,

mud , un der roc ks , in algal holdfasts , or on floats.

2. In this geographic region , polychaetes are

import ant since they often account for a significant portion

of the species and bioxnass of the benthos (Lie , 1968; Banse

and Hobson , 19714).

3. Polychaetes encount ere d during this study

as food items were :

Unidentified polychaetes Nephtydae :
Polychaet e fragment s i~ephtys sp.
Phyllodoc idae : Onuphidae:

Eteone sp. Nothria sp .
Syllid ae:  Ara belli dae:

Unidentified Syllidae Arabella sp.
Nereidae : ~~ionidae :

U n i d e n t if i e d  N e r e i d a e  Sp i o p h a n e s  sp.
N er e i s  sp .  Spiop h anes bombyx

Goniadidae : Spio filicornis
tJnid . Goniadidae Ampharetidae :
Gly cinde picta Unid. Ampharetidae

Glyceridae: Terebellidae :
Unid. Glyceridae Unid. Terebellidae
GIy~~era cap itata 

-

4. Poly chaete worms were consume d by the follow—

j r ~~ r i s h  d u r i n g  t h e  s tudy .
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Longfin smelt Pacific sanddab
Pacific tomcod A3utter sole
Showy s n a i l f i s h  Sand sole

5. i-tart (1973) reported the consumption of

p o l y c h a e t es  by showy s n a i l f i s h  wh i l e  Clemens  and lilby

(1967)  r e p o r t e d  the  same for Pacific sanddab . The standard

r e f e r e n c e s  repor t  t ha t  b u t t~~r sole and sand  sole eat p o l y —

chaetes (Clemens and Wilby , 1967; h art , 1973). The consump-

tion of worms is more widely documented for English sole

(Frey , 1971; h art , 1973; and ~3ar ss , 1976).

Cumace  ans

6. Cuxnaceans are very small crustaceans ,

usually one to several mill imet res long ( Gladfelter , 1975).

They usually inhabit the surface layer of sediments from

mi d—intertidal to great depths. Some species are intertidal.

Feeding is by manipulation and cleaning of individual sed-

iment grains , by predation , or by surf a c e  depo si t  f eed i ng

(Gladfelter , 1975). They sometimes occur in such vast num-

bers as to become an important source of food for fishes.

The cumacean faun a for the Washington—Oregon area is rela-

tively undescribed (Hart , 1973; Given , 1964; Lie , 1969).

7. Cumacean s e n c o u n t e r e d  d u r i n g  t h i s  s tudy

as foo d i tems were :

Lamprop idae : Di a s t yl id a e :
Lazaprop s sp. Diastylis sp.
Hemilamprops sp. Dias t ylop s i s  daws oni
Mesolamp r~~~ sp. Colurostylidae :

Colurostylis occidentalis
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8. Cumaceans were consume d by the following

fish during the study:

N o r t h e r n  anchovy  P r i c k l e b r e a s t  p o a c h e r
W h i t e b a i t smelt  Showy s n ai l f i s h
L o n g f i n  smelt  P a c i f i c sanddab
P a c i f i c  tomcod B u t t e r  sole
Shiner pe rch English sole

9. Clemens and Wi lby  ( 1967)  r e p o r t e d  the  con—

suntption of small crustacean s by anchovies and Hart (1973)

r e p o r t e d  the  s ame f o r  showy snailfish. Both source s c ite

s mall c rustacean s as food  f o r  longfir i  smelt . For many

local spec ies of f i sh , t h e  foo d habi ts have not been

recorded.

Cop epo ds

10. Copepods are small crustaceans that are

extreme ly import ant in the marine p lankton , w h e r e  t h e y

occur in ast ronomi cal number s and occupy a key pos it ion

in many food  cha ins  (I l lg ,  1975) .  There  ex i s t s  a g rea t

m o r p h o l o g i c a l  v a r i e t y  of these  small an imals  wh i ch may

be free swimming, synibionts , or par as ites although most

are pelagic. About 90 percent of all copepods fall into

four orders , the most important being Calanoida . Bro dski i

(1950) s t a t ed  t h i s  order  to be the  most  important group of

mar ine zoo plankton in biomas s as well as in number of

species. The copepods also are important food objects

for many fishes and even some whales (Brodskii , 1950).

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

U n i d e n t i f i e d  copepods  P s e u d o c al a ni d a e :
Calanidae : Pseudocalanus ap.

Calanus sp. Pseudocalanus minutus
Eucalanidae : Pontellidae :

Eucalanus bun~~j ~~ilabidocera sp.

12, Copepods were consumed by the following

fish during the study :

Northern anchovy Longfin smelt
Wh itebait smelt Pacif i c tomco d

Pricklebreast poacher

13. The literature contains several references

to the consumption of copepods , or at least planktonic

crustaceans , by the northern anchovy (Clemens and Wilby ,

1967; Hart , 1973; Flynn and Frolander , 1975) .  Clemens and

Wilby (1967) and Hart (1973) cite evidence of small plank—

t o n i c  c rus t aceans  be ing  eaten by lon g f in  smelt .

Mysids

14. Mysid.s are small , t r a n s l u c e n t, s h r i m p lik e

— animals  commonly f o u n d  in m a r i n e , b r a c k i s h , and f r e s h

w a t e r s .  O c c u r r i n g  in t he  m a r i n e  p l a n k t o n  and over  l i t t o r a l

san d f l a t s, they  may form dense flocks and become an avail—

able source of food for fish (Russell—Hunter , 1969). Feeding

is by f iltering particles from the water or by scaven ging

along the bottom (SchmItt , 1971). Some of the p lanktonic

forms show a diurnal, vertical migration and may be preda—

cious carnivores at night (Russell—Hunter , 1969).

15. Mysids encountered as food items during
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Chin study were :

Unidentified mysids
— Family Mysidae :

Subfamily Gastrosaccinae :
Archaeomy~sis &rebnitzkiiSub family Mysinae :
Tribe ~ys ini

Ne~~~ysis  ~~~r i i
Neomysis kadiakensis
Acanthomysis rnacropsis
Acanthomy sis davisi
Acan th o~ y si s  nephroph tha ln ta

i6. Mysids  were  consume d by the  fo l l owing

f ish dur ing the study :

Whi tebait s melt Pac if ic sanddab
L o n g f i n  smelt  Butter sole
P a c i f i c tomcod  E n g l i s h  sole
Pr i ck l eb reast poache r  San d sole
Showy s n a il f i s h

17. Russell—Hunter (1969) stated that mysids

are often food for fish such as flounders . Clemens and

Wilby (1967) documen ted  small crustacean s as food for an-

chovy , long f i n  smelt , and san d sole , but  do not m e n t i o n

mysids specifically . Hart (1973) mentioned c r u s t a c e a n s

as food for longfin smelt and mysids for showy snailfish.

Aj~p~h i pods

18. Amphipods are represented locally by three

subor ders , one of which contain s the amphip ods consume d

by the  f i s h  d u r i n g  t h i s  s tudy . The Ganimaridae  occu r  in

f r e s h  and m a r i n e  w a t e r s  and in the  s e mit e r r e s t r i al  supra—

l i t t o r a l  f r i n g e  of the shore (Smith and Can ton , 1975).

Some may un dergo n i gh t l y  v e r t i c a l  m i g r a t i o n s  (B ar n a r d , 1969) .

177 

~~~~~~~~~~~~~ _~_~~~~ _



The gammanidean fauna of’ the Washington—Oregon coast has

been inadequately studi ed (Kozloff , 1974). The amphipods

have specialized appendages for purposes such as swimming,

crawling, burrowing , grasping, feeding, etc. —

19. The amphipo ds encountered during this study

were :

Unidentified amphipods Oedicerotidae :
Ampeliscldae: Monoculodes sp.

Ampelisca sp. Synchelidium sp.
Ampelisca macrocephala ~ynche1idi um snoemakeniAor idae : Photidae :
Unid.. Aonid.ae Photis sp.

Atylidae : Photis californica
Atylus  tn i d e n s  Phoxocephal idae :

Gammanid.ae: Paraphoxus sp.
Elasmopus sp. Pana~p~hoxus ob tus idens

Haustoni id ae: Pleustidae :
Eohaustonius sp . Pleusymptes sub&laber

Ischyroceri dae : Podocenidae :
Ischyrocerus sp. Dulichia sp.

Lys ianass idae :
Hippomedon denticulatus

20. Amphipods were consumed by the following

fish dur ing this study:

Longfin smelt Showy snailf ish
P a c i f i c  tomcod  P a c i f i c  sandd.ab
Shiner pe r ch  Bu t t e r  sole
P a c i f i c  s t agho rn  s c ulp i n  E n g l i s h  sole
Pnicklebreast poacher

21. Clemens  and Wi lby ( 1967) and Har t  ( 1973)

mentioned that longfin smelt consume small crustacean s and

that staghorn sculpin eat invertebrates , a l though  amp hip ods

were not specifically named. Clemens and Wilby (1967)

documented that shiner perch eat small crustaceans while

Hart (1973) recorded that showy snailfish consume amphipods .
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Schmitt (1971 ) recorded that amphipods form the bulk of

the food of many animals , particularly fish , including the

flounder—li ke fishes.

Decapod C r u s t a c e a n s

22.  Decapod c r u s t a c e a n s  e n c o u n t e r e d  d u r i n g

this study were the crab s and shrimps. The crab occurring

most fre quent ly in the samp les was the Dungeness , the com-

mercially valuable crab of the Washington—Oregon coast.

However , the shrimp found w ithin the stomachs was of a

noncommercial variety , Crangon sp. Schmitt (1921) recorded

that Crangon shrimp (formerly Crago) taken from San Fran-

cisco Bay occurred in muddy areas of the bay .

23. The Dungeness crab is the secon d most

impor tan t  commerc ia l  crab in the  U n i t e d  S t a t e s  (Department

of Fish and W i l d l i f e , 197 14). I t  is usua l ly  f o u n d  on sandy

bo t toms  and r e l a t ive ly  shal low wa te r s  but  may be foun d in

deeper water. Two of the developmental stages of Dungeness

crab were  consumed by f i s h , megalops , and juvenile. Scav-

enging is p robab ly the most common ni che for Dungeness crab ,

although some have been seen breaking clam and oyster

shells  (Smi th , 1973) .

24 . Decapo d  c r u s t a c e a n s  e n c o u n t e r e d  dur ing

this study as food items were :
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Decapod zoea Cancridae :
Anomuran Cancer magister magalops
Crangonidae : Cancer magister juveniles

Crangon sp. Pandalidae :
~rangon ap. juveniles Pandalus sp.
C~~~n&~~ franciscoruni Paguridae :

• Pagurus sp.

25. Decapod crustaceans were consumed by the

following fish during the study :

Longfin smelt Showy snailfish
Pac ific tomcod Pac if i c sanddab
P a c i f i c  s t agho rn  sculp i r i  Bu t t e r  sole
Pricklebreast poacher English sole

Sand sole

26. Several  authors  have c i ted  the consumpt ion

of small crabs and shr imp s by Eng l i sh  sole (Clemens and

Wilby , 1967; Hart , 1973; Barns , 1976). Hart ( 1973) also

cited the consumption of shrimp by butter sole and decapod

crustaceans being consumed by showy snailfish. Forsberg

et al. (1975), working in Tillamook Bay , Ore gon, found that

Pacifi c staghorn sculpin ate small crab and shrimp . However ,

most literature on the food of the local fishes is inadequate

or totally lacking.

Pelecypods

27. Pelecypods are clams. Most of’ the clams

consume d by the local fish were identified as juveniles

of the razor clam , ~j1iQua p~~~u1a. Shellfish biologists

of the Washington State Department of Fisheries (1976)

identified another small razor—type clam off the Washington—

Oregon coast , Siliq.ua sloati. The ranges of ~~~. patula

180

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



F- ~~~~~~

‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~

and S. sloati apparently overlap . The razor clam is an

important resource as a recreational fishery and to a lesser

degree as a commerc ial fishery . This species is an active

burrower and lives in the int ertidal zone of open beaches

(Department of Fish and Wildlife , 19711) out to the littoral

zone . They are filter fee ders with diatoms formtng the

large part of its food. While the razor clam may attain

a length of 13 to 15 cm , most of the clams found in the

fish stomachs were under 2.5 cm in length. In addit ion ,

some fish snip off and eat the s iphons , leaving the  body

of the clam.

28. Pelecypo ds encountered. as food items during

this study were :

Unidentified pelecypods
Unident ified pelecypod juveniles
Solenid ae:

• Si].iqua patula juveniles
Siliqua patula siphons

29. Pelecyp ods were consume d by the following

fish during the study:

Pacif i c tomco d Butter sole
Pacific sanddab English sole

30. The razor clam was consumed mainly by

several species of flatfish. English sole have teeth formed

into cutt ing edges adapted for snipp ing the siphons from

lamellibranchs. They also may capture complete clams , w i t h

shells , and swallow them whole . The plaice , a related fish ,

has been reported to feed in a similar manner (Alexander ,
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1967) .  Bars s ( 1976) me n t i o n e d  t ha t  Eng l i sh  sole feed on

— clams and clam siphons , as also reported by Clemens and

Wilby (1967) and Hart (1973). Both Clemens and WiThy (1967)

and Har t  ( 1973) r e p o r t e d  t ha t  sand sole c o n su m e  small

mollusc s as part of their diet , although this species is

mainly pisc iverous .

Teleosts

31. Since teleosts have been covered elsewhere

in  t h i s  repor t , l i t t l e  more needs  to  be w r i t t e n . By f a r

the most important f ish used as a foo d item for other f ish

was the northern anchovy . During the time when anchovies

( ju v e n i l e s)  were  demersa l  ( wi n t e r) , they  were consume d

frequently and in quantity ; in summer when an chovies are

more pe l ag ic , they were  ea ten  less.

32. The te leosts  encountere d as foo d ite ms

during this study were:

Unidentified teleost Cott idae :
Teleost parts Unid. cottids
Engraulidae : Cottid Juveniles

Engraulis mordax Pleuronectidae :
Osmenidae : Microstomus pacificus juv.

Unid. osmenids Isopsetta isolepis juv.
Osmer id larvae
Allosmerus  elongatus

33. Teleosts were consumed by the following

fish during the study :

Whiteb ai t sme lt P a c i f i c  sanddab
Longfin smelt Butter sole
Pacific tomcod English sole
Pacific staghorn sculpin San d sole
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31e~ Fish preying on o ther  f i s h  is r e l a t i ve ly

common in the marine e n v i r o n m e n t.  Clemens and Wilby (1967)

and Hart (1973) both reported that sand sole feed on

anchovies  and other  small f i s h .  Barn s  (1976) and Frey

(1971) repoi ~.d that English sole occasionally eat small

fish, and Forsber g et a]. (1975) commented about examining

Pacifi c staghorn scu].pin that had consumed juvenile English

sole. Frey (1971) agreed that sculpins do prey on fish.

Ag ain , the literature regarding food habits of fish in the

area is limited.

Others

35. This category includes the food items not

consume d as frequently as the items in the other major foo d

groups. Food items in this category consumed during the

study were :

Unident . vegetable mater~.al— Coleoptera part
including phytoplankton ~endraster sp. (echinoderm )

Uni dent , mineral material Liparid. eggs
Unident . animal material Unident. fish eggs
Unident. isopod Gastropod feet and opercula
Tecticeps sp. (isopod) O].ivella sp. (gastropod)

F ~ynidotea angulata (isopod) Nassarius sp. (gastropoa.)
Ophiurod

36. It has been reported that anchovies feed

on phytoplankton and small zooplankton although on occasion

a small fish is consumed (Frey , 1971). Alexander (1967)

wrote that the anchovy often feed by swimming forward with

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 pre datory on othe r anchovies . Flynn and Pro—

lander (1975) examined five anchovy stomachs from Ti].lamook

Bay and found planktoni c and epibenthic organisms including

calanoid copepods.

37. It was some of the larger flatfish that

consumed the gastropods whi le several spec ies of f ish ate

isopods. The liparid eggs were consumed by adult liparid

fishes.
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