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EXECUTIVE SUMMARY

The multi-agency Puget Sound Dredge Disposal Analysis  PSDDA!

Program has been delegated the task of evaluating, selecting, monitoring

and managing sites within the inland waters of Washington State for

long-term, unconfined disposal of uncontaminated dredged materials. The

Disposal Site Work Group  DSWG! of PSDDA was assigned the responsibility

of selecting unconfined, open ~ater disposal sites in central Puget

Sound. DSWG selected seven preliminary disposal sites within five Zones

of Siting Feasibility  ZSF's! in central Puget Sound  Saratoga Passage,

Port Gardner, Klliott Bay and Commencement Bay! based on 19 selection

factors covering physical parameters, human uses and historical

biological resource data. Final site selection is now dependent, in

part, on site-specific trawl investigations for biological resources in

and around each of the five ZSF's.

This document is the final technical report detailing the results

of trawl studies conducted in each of the five ZSF's during 1986. This

report is divided into two parts; Part I summarizes the results of

trawling conducted with a small 3-m research beam trawl especially

useful for capturing Dungeness crab, shrimp and small bottomfish.

Part II details the results of trawling conducted with a research

�.6 m! otter trawl primarily designed to capture bottomfish of all

sizes.

Enitial crawls in central Puget Sound identified three faunal

groups of specific importance to Puget Sound commercial and sport

fisheries: Dungeness crab, pandalid shrimp, and bottomfish  especially

flatfish, Pacific hake, cod, and rockfish!. Kach of these resources has

been analyzed in this report to provide the best possible biological



data base for the final site selection process and to provide a

"baseline" of information for future monitoring of these disposal sites.
It should be noted that the Port Gardner data presented in this report

are essentially abstracted from cruise reports from a closely related

project  Navy Homeport Project!. The final analyses of the Port Gardner

data will be available at a later date.

Generally, Dungeness crab were found to be absent from Commencement

Bay, of only minor concern in Elliott Bay and Saratoga Passage, and a

major resource  especially females! in Port Gardner, where this species

will be of primary concern in site selection and future monitoring.

Shrimp were ubiquitous throughout the areas sampled. Shrimp

populations were highly variable depending on such factors as site,

species, depth, season and habitat type. Shrimp populations were

generally insignificant as commercial or sport resources in all of the

five ZSF's with the possible exception of the inner Elliott Bay ZSF.

Shrimp in this particular area may prove to be a siting concern, although

this area is also heavily impacted by gillnet fishing for salmon, ship

navigation and anchorage, and toxic contaminants in the nearby Duwamish

Waterways.

Bottomfish were sampled by a research trawl and it is important to

understand that the data generated are not comparable to that generated

by commercial trawls, upon which the Washington Department of Fisheries

bases its "flatfish index."

Bottomfish were low in abundance, biomass and species diversity at

the Commencement Bay PSDDA sites. In contrast, bottomfish were highest

in abundance, biomass and species diversity at the PSDDA sites in



Elliott Bay, when compared with the other locations sampled in Elliott

Bay. Saratoga Passage PSDDA sites were not adequately sampled to make

a concluding statement, but WDF studies have previously indicated they

may be an important area to some commercial fishes. Preliminary analysis
of Port Gardner bottomfish indicates that biomass and abundance

decrease with depth and towards the mouth of Port Gardner, and are at

maximum values during the winter,

xvii



PUGET SOUND DREDGE DISPOSAL ANAL''SIS  PSDDA!
DISPOSAL SITE INVESTIGATIONS

PART I

Crab and Shrimp Studies

by

Paul A. Dinnel, David A. Armstrong, and Anthony Whiley

INTRODUCTION

In January 1986, the Disposal Site Work Group  DSWG! of the Puget Sound

Dredge Disposal Analysis  PSDDA! team, selected preliminary preferred and

alternative sites for the unconfined disposal of dredged materials in the main

basin of Puget Sound  Phase I area!. Initial site selections were based on

information gathered from limited field studies conducted within the ZSF's

 Zones of Siting Feasibility! and existing information from each ZSF.

Selection of final preferred and alternative disposal sites required more

detailed evaluations of important physical factors and biological resources in

and around the identified sites. One of the key factors in choosing final

sites will be an evaluation of important benthic and epibenthic fisheries

rescur -ee in"cluding Dungeness crab  Cancer ~aa ister!, ccruaercial  Pandalid!

shrimp and bottomfish.

The purpose of this report is to describe the findings of the trawling

studies conducted in and around each of the preliminary PSDDA disposal sites

during February, April, June and September of 19B6. The trawls conducted

during these seasons consisted of beam travls known to be effective for

capturing Dungeness crab but which also sampled shrimp and smaller bottomfish

incidental to crabs. Demersal fauna were additionally sampled by a medium-



sized otter trawl especially effective in capturi~g larger bottomfish and
shrimp ~

METHODS

Beam Trawl

All trawling was conducted aboard the 16 m research vessel Kittiwake.

Dungeness crabs were sampled with a 3 m beam trawl  Figure 1, top; Gunderson

and Ellis 1986! previously used elsewhere in Puget Sound  Dinnel et al. 1985a,
1985b, 1 986; Weitkamp et al. 1986!. The beam trawl was towed at each station

approximately 232 meters �/8 nautical mile! at a target ground speed and time

of 2.5 km/hr �.5 knots! for 5.5 minutes which yielded an area swept by the
net  opening 2.3 meters! of 534 m2. All crabs caught in the trawl were
measured, sexed, and assessed for molt condition  degree of shell softness!

and reproductive condition  females with or without eggs! and returned to the

water. Catches of shrimp and fish from the beam trawls were preserved for

later processing in the laboratory.

Otter Trawl

Bottomfish and shrimp were sampled with a 7.6 m otter trawl  Figure 1,

bottom! designed for the Southern California Coastal Water Research Project
 Mearns and Allen 1978! ~ The otter trawl waa towed approximately 370 m �/5
nautical miLe! at a target ground speed and time of 4.2 km/hr �.5 knots! for

5.3 minutes which yielded an area swept by the net  opening 6 m! of 2,220

m2. Incidentally caught crabs were processed on board as described above and

returned to the water. Bottomfish and shrimp were identified and counted on

board ship, and then at the end of the day, frozen for later processing in the

laboratory. Laboratory processing for shrimp included identification to



Figure l. Diagrams of the beam trawl  top! and otter trawl  bottom!
used in this study.



species  commercial species only!, measurement of carapace len ths md

assessments of reproductive condition  shrimp with or without eggs!.

Bottomfish processing included identification to species, measurements for

length and weight, and a check for obvious external abnormalities oz parasites

{primarily flatfish!. See ?art II for further' discussion of the bottomfish

methods and results.

Sam le Sites and Stations

Beam trawls. Beam trawl sampling was conducted in and around seven

preliminary preferred or alternative disposal sites in four general areas of

Puget Sound  Figure 2!. The Saratoga Passage site was surveyed in February

and June 1986, but not in September as the site was viewed as the second

alternative to the Port Gardner preferred site. The trawl stations in Saratoga

Passage consisted of three stations within the preliminary disposal site;

eight stations stratified by depth �0, 20, 40 and 80 -. below mean lower low

water ",MLLWj! along Transect 1 east and west of the disposal site; and three

stations along Transect 2 north of the disposal site  Figure 3!. Transect 2

was sampled only in June.

Beam trawl sampling in Port Gardner was conducted during four seasons

 February, April, June and September 1986! ~ Sampling was conducted at two

preliminary disposal sites and along seven north-south ,ransects crossing Port

Gardner  sample depths from 10 to 165 m!  Figure 4!. Three stations each were

sampled within PSDDA Sites 1 and. 2 during each season. The boundaries of

PSDDA Site L were moved slightly eastward prior to sampling in September

 dashed circle, Figure 4!. Thus, this new site included PSDDA 1 Stations

and 2, Transect 3 Station 130M and Station H  which was added in September to

provide better sampling coverage of the new site!  Figure 4!. The Transect



Figure 2. Nap of Puget Sound showing the general locations of the preliminary
PSDDA disposal sites in the Main Basin.
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40N Station was dropped from the sampling array after February 1986 due to

repeated gear damage at this location. Some additional beam trawl stations

 A-H; Figure 4! were also added in June and September to provide better

sampling coverage of the inner portion of the bay in relation to another

proposed  NAVY! disposal site  Dinnel et al. 'I987!.

Beam trawl sampling in Elliott' Bay was conducted during three seasons

 February, June and September 1986! at two preliminary disposal sites and

along two nearshore transects �0, 20, 40 and 80 m depths!  Figure 5!. Three

stations were sampled within PSDDA Site 1 in inner Elliott Bay during February

and June. The location of PSDDA Site 1 was relocated slightly eastward prior

to the September trawls; hence, two additional stations  Stations 4 and 5;

Figure 5! were added to better characterise the resources within the new site.

Three stations were trawled within PSDDA Site 2  off Fourmile Rock! during all

three seasons. The 40 m depth along Transect 2 off Fourmile Rock was deleted

due to a rough bottom and repeated gear damage.

Beam trawl sampling in Commencement Bay was conducted during three

seasons  February, June and September 1986! at two preliminary PSDDA disposal

sites and along two transects stratified by depth �0, 20, 40, 80 and 120 m

below NLLW!  Figure 6!. Three trawls each were made in PSDDA Sites 1 and 2 in

February. By June, PSDDA Site 2 had been relocated to the north of PSDDA Site

1 based on information about relative deposition/erosion potential from the

depositional analysis procedure. This new site  called PSDDA Site 2B' in this

report, Figure 5! was trawled together with PSDDA Site 1 in June. PSDDA Sites

1 and 2B were again sampLed in September except that a slight shift of PSDDA

Site 1 eastward resulted in the addition of one new station  PSDDA Site 1,

Station 4; Figure 6! during this season. As was the case in Elliott Bay,

rough bottom conditions resulted in the deletion of the 80 m station on the
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COMMENCEMENT BAY

FESRUA Figure 6. Haps of Commencement Bay
showing the beam trawl   ~ !
and otter trawl   Q ! sampling
stations by seasan in and
around the two preliminary
disposal sites in Commencement
Bay. The dashed line area
shows the Zone of Siting
Feasibility  ZSF!, The dotted
line areas show areas of

prior locations for the
~reliminary disposal sites
and the solid lines show the

present disposal site locations.



west end of Transect

.he exact locations, depths and trawl directions for all trawl stations

are recorded in Appendix Tables 1-4.

Otter trawls. Otter trawling was conducted at selected beam trawl

stations in Saratoga Passage in June, in Port Gardner in February, April, June

and September, and in Elliott and Commencement bays in June and September.

See Part lI of this report for further discussion of the otter trawl work and

the results of the beam trawl fish catches.

RESULTS

Sarato a Passa e. The overall average beam trawl catches of Dungeness

crab in Saratoga Passage were 1 ~ 2 and 42.8 crab/hectare  ha! for the February

and June cruises, respectively- Dungeness crab were never caught within the

preliminary PSDDA disposal site or at the deep Transect 2 stations north of

the PSDDA site  Figure 7!. All Dungeness crab were caught along Transect 1 on

both east and west sides of Saratoga Passage. Station 10E �0 meters deep-

east aide! had the highest catches of Dungeness crab in both February and

June. Only one Dungeness crab was caught by the otter travel in June, this

being at Station 20E on the Camano Island side of Saratoga Passage. Dungeness

crab catches for both trawl types and for both seasons are summarized in

Appendix Table 5.

Histograms of Dungeness crab carapace width-frequencies show thai about

954 of the crabs caught were mature animals ranging in sire from 100 to 165 mm

carapace width  CW!  Figure B!. Only two juvenile �0-$0 mm! crabs were

caught, this being in February. These two individuals undoubtedly belonged to
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the 1385 year group. Soft crabs  indi=ative of recent molting, were

found in June �24! and only one gravid female was caught during caen season.

Occasional rock crabs  ,Cancer productus and C. gracilis! were also caught

by beam trawl in Saratoga Passage. Once again, these crabs were all caught at

the inshore stations of Transect 1 ~

Port Gardner. Up to 63 stations in Port Gardner were sampled by beam

tzawl in February  n - 56!, April  n = ,5!, June  n = 55! and September  n

63! 1 386. The overall average numbers of Dungeness crab caughtjha  + 1

standard deviation! in Port Gardner and within each of the preliminary

disposal sites  n = 3 in each case! for each season were  Figure 9!:

Average 0 Crab/ha + 1 Standard Deviation

Season. Port Gardner NAVY PSDDA 2 PSDDA

February

April

June

September

106 ' 2 + 145 ' 3 297.8 + 103 ' 3 13.8 + 19.4 6 ' 2 + 14.5Average

Dungeness crab were also sampled by otter trawl  incidental to fish

catches! at selected stations in Port Gardner and at each disposal site  n =

3! duzing each season. Crab catches by otter trawl were usually less than the

beam trawl  based on equivalent area trawled! and substantially less at the

NAVY disposal site  Figure 9!. The average numbers  + 1 standard deviation!

126 + 150

85 + 127

114 + 178

100 + 119

225 i 98

388 + 141

502 + 103

76 + 51

6 + 11

19+ 19

+ 32

11 + 0

0 + 0

0+0

0+0

25 + 29
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figure 9. Comparative average densities ot Dungeness crab at
the Navy Disposal Site and the two control sites in
port Gardner hy season and bv trawl type,



of Dungeness crab caught/ha at the three disposal sites or each -eason were:

Average 4 Crab/ha + 1 Standard Deviation

:lA VY PSDDA 2 PSDDA 1Season

. ebruary 0+0

0+0

1+2

20+7

21+ 10

15 +

9+9

2+ 3

2 +

April

June

0+0

0+0

12 + 4September

5-2 + 3-611.8 + 7.5Average 3e5 + 2e5

stations  averge depth of capture for males = 29 m!. Female crabs were much

more plentiful, were found in abundance at deeper depths  down to 100 m;

average capture depth = 63 m!, and especially preferred the "nearshore slope"

area of Port Qardner instead of the deep, flat areas in the middle of the bay.

Dungeness crab catches for the beam trawl in Port Gardner are summarized in

Appendix Tables 8-12 ~ The otter trawl crab catches are summarized in. Appendix

Tables 14, 15 and 17.

Based on the beam trawl sampling efforts, the average annual abundance of

Dungeness crabs in Port Gardner was estimated to be 106 crab/ha within our

sampling grid. The estimated relative abundances at PSDDA Sites 1  = Control

1! and 3  = Control 2! were only 13$ and 6C, respectively, of this average

annual abundance for Port Gardner.

The distributions of male and female crabs illustrated in Figures 10 and

11 show that males were relatively scarce. Typically the males accounted for

only 10$ of the total crab catch and were generally found at the shallower
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This pattern is illustrated in greater detail in Figure 12 which shows that

the highest abundances of Dungeness crab occur above 100 m depth. Rarely were
crabs found at stations in the middle of the bay except during September when.
crabs may have "spread out" to deeper areas while foraging for foods

The average carapace width of all Dungeness crabs caught in Part Gardner

was 125 + 13 mm with little difference between males �32 + 21 mm! and females

�24 + 11 mm!. Histograms of carapace width-frequencies  Figure 13! shaw,
however, that the size range for male crabs was greater  80-180 mm! than that

for the females �00-150 mm! and that crabs less than about 2 years of age
were not caught in the trawls.

Size-frequency histograms  Figure 14! for male crabs by season show a

gradual increase in average size from 131 mm in February to 139 mm in

September with no recruitment of young crabs  i.e.,   100 m CV! after April ~

These histograms also suggest that larger legal-sized  > 160 mm! crabs

disappear from the population, probably due to removal by the commercial/sport
fishery.

Female size-frequency histograms  Figure 15! show a pattern different

than the males. Essentially no growth is evident based on the seasonal

average sizes �23-126 mm CV!, but close inspection of the histograms

indicates that growth of the smaller females  CW '100-130 mm! is occuring but

that this growth is counteracted by a decline in the proportion of females >

130 mm CW, possibly due to natural mortality or emigration to areas outside

our sampling grid.

N

Elliott Bay during all three sample seasons. None were caught by the otter

trawl. Two Dungeness crabs  both mature, non-gravid females! were caught in
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MACE OLIi'JGEiNEa"K "RAB SIZi:

PERCENT ~

130 140 150 160 170 180

PERCENT s

100 110 120 130 140 1$0 160 170 180

10

PERCENT ~

90 100 110 120 130 140 150 160 170 180

10

PERCENT 5

60 70 80 90 100 110 120 130 140 15Q 180 170 180

CARAPACE lIQTH  mm!

Figure 14. Carapace width-frequency histograms for all male
Dungeness crab caught by beam trawl in Port Gardner
during seasonal sampling in 1986.
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Figure 15. Carapace width-frequency histograms for all female
Dungeness crabs caught by beam trawl in Port Gardner
during seasonal samp3.ing in l986.
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June at the 10 and 20 m stations of Transect 1 off Duwamish Head  Figure 16!,
Two mature males were caught in September, also at the 10 m station of

Transect 1. Occasional rock crabs were also caught at the shallower stations
of Transects 1 and 2.

Commencement Ba . No Dungeness crab vere caught in Commencement Bay by
either trawl gear. Occasional rock crabs were again caught at the shallower

stations �0-40 m! in all three seasons.

Catch data were collected on six species of Pandalid shrimp of commercial

Coonstripe shrimp, P. danae; Humphaok shrimp, P. sinotus; Planed shrimp, P.
Honiurus; Pink shrimp P. h,eremite; Haooth pink shrimp, P. ~ordeals and

beam travl in Saratoga Passage in February and June was essentially the same

at 51 F 9 and 56.2 shrimp/ha, respectively. The largest shrimp catch �00

shrimp/ha! was at the 80 m station on the Whidbey Island side of Transect 1 in

June, folloved by the 100 m station �43 shrimp/ha! on Transect 2, also in

June  Figure 7!. The tvo most abundant shrimp species were the pink and

smooth pink shrimps  Appendix Table 6!.

The average shrimp catch within the preliminary PSDDA disposal site vas

46.8 and 68.7 shrimp/ha for February and June, respectively. Sidestripe

shrimp were the most abundant shrimp species caught by the beam trawl in the

disposal site in February, while pink shrimp were the most common species in
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June  Figure 9; Appendix Table 6!. However, the otter trawl in June caught

more sidestripe shrimp than pink shrimp and caught a total of > 26.2 shrimp/ha

for all species combined  Figure 17; Appendix Table 7!.

Port Gardner. The overall average number of shrimp/ha  + 1 standard

deviation; all species combined! caught by the beam and otter trawls in the 3

preliminary Port Gardner disposal sites during each season of 1986 were  n =

in each case!:

Average 4 Shrimp/ha + 1 Standard Deviation

PSDDA 2 PSDDA 1Season NAVY

Beam Trawl:

September

446.9 + 381.6 23.4 + 25.425.0 + 35 ' IAverage

Otter Trawl:

101 + 18

86 ' 3 + 48.4147.1 + 164. 2186. 9 + 175. 0Average

February

April

June

February

April

June

September

687 + '518

0+0

8+13

293 + 249

188 + 170

113 + 21

5+5

443 + 81

81 +

12+ 11

0+ 0

6+11

354 + 184

32 + 21

117 + 149

86 + 20

0 + 0

56 + 19

6+11

31 +

135 + 43

30+ 5

80 + 44
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For each gear type, the pattern of relative shrimp densities b.tw'.e~

disposal sites  based on annual averages! was "<AVY ! PSDDA 2 > PSDDA 1.

Plots of overall shrimp abundauces in Port Gardner by season  Figure ",3!

show that the nearshore slope area  including the NAVY site! was the most

important area for shrimp with relatively few shrimp occurring at the deeper

stations in the middle of the bay. Figure 18 also shows that there was a

distinct seasonality in general shrimp abundances with the highest densities

being present during the fall-winter period. The fate of these shrimp during

spring and summer is presently unknown.

Plots of shrimp distributions by depth  Figure 19! reinforce the finding

that the nearshore slope area provides the most important habitat- The great

majority of all shrimp caught by beam trawl in 1986 were found at stations

between about 20 and 100 m depth with the exception of April when very few

shrimp were caught  Figure 19! ~

The shrimp species most commonly caught within the three disposal sites

in Port Gardner varied with site, season and trawl gear  Figure 20! ~

Generally, sidestripe and pink shrimp were the most abundant at the disposal

sites with the smooth pink shrimp being fairly abundant at the NAVY site.

Coonstripe shrimp were never caught at these relatively deep stations and

humpback and flexed shrimp were scarce. The reasons for the sometimes extreme

differences in shrimp density estimates between the two trawl gears are

presently unknown and may be, in part, species-dependent. The Port Qardner

shrimp catch data for both trawls are summarised in Appendix Tables 15, 14 and

16-18.
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Bay dur ng February, June and September were 131, 66 and 135 shrimp/ha,
respectively' Generally, shrimp were most abundant in the beam trawls at

PSDDA Site 1  inner Elliott Bay! in February; most abundant at PSDDA Site 2
 Fourmile Rock! in June; and substantially more abundant at PSDDA Site 1 in
September  Figures 8 and 10; Appendix Table 6! Sidestripe and pink shrimp
were the most abundant shrimp in the beam trawls at the Fourmile Rock site

while pink and smooth pink shrimp were most common at the inner bay disposal
site  Figure 21 ! . The otter trawl catches generally showed the same pattern
of shrimp distribution except that spot prawn catches were higher than for the

beam trawl at the inner bay site in September and a few humpback shrimp were
caught in June and September  Figure 21; Appendix Table 7!.

A "t"-test was conducted to compare the mean catches of shrimp between

the twa Elliott Bay disposal sites  data from all seasons combined; Log10
transformation of catches!. The results showed that shrimp were caught in

significantly higher numbers  p ~ 0.0009! when data from both types of trawl

gear were combined, but that the level of significance was marginal for each

gear type alone  p = 0.054 for the beam trawl shrimp catches and p 0.050 for
the otter trawl catches!.

Commencement Ba . The overall average beam trawl shrimp catches in

Commencement Bay in February, June and September 1986 were 49, 29 and 128

shrimp/ha, respectively. The two largest shrimp catches in Commencement Bay
were off Hrowns Point in September where caonstripe shrimp were plentiful

�,067/ha! at the 10 m station and pink shrimp were relatively abundant
�02/ha! at the 80 m station  Figure 22; Appendix Table 6!.

Shrimp catches were very low at the PSDDA 2 site which was only sampled

in February  Figure 23!. Beam trawl and otter trawl shrimp catches at PSDDA

tes 1 and 23 were almost identical in bath June and September with pink and
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sidestripe shrimp being the dominant species ',Figure 23, Appendix Table 5 and

6!. "T"-tests conducted to compare the mean shr=mp catches  data from all

seasons combined; Log10 transformation of catches! between PSDDA Sites 1 and

2B showed that there were no significant differences  p = 0.05! in mean

catches regardless of travl type.

Shrim distributions b de th. The combination of all shrimp data from

all seasons and areas  except Port Gardner! shows that the different species

have specific depth preferences. Coonstripe shrimp preferred the shallowest

depths  <30 m!, often being associated with eelgrass  Zostera marina! and

various algas  Figure 24!, The mid-depths �0-100 m! were generally preferred

by spot prawns and pink, smooth pink and humpback shrimp. Sidestripe and some

pink shrimp were found at the deepest �00-150 m! depths.

Shrim size distributions. Coonstripe shrimp was the smallest species

caught with carapaces lengths  CL! between about 9 to 12 mm and were generally

larger with increasing depth  Figure 25! ~ Both species of pink shrimp were

small to moderate in size, averaging 13 to 18 mm CL with no trend in size with

depth. Sidestripe and humpback shrimp were moderately large in size �8 � 24

mm average CL!, trending to smaller sizes with increasing depth. The largest

shrimp, the spot prawn, averaged 26 tc 34 mm CI and also trended to smaller

sizes at depth.

Shrim len th-fre uencies. Spot prawn were not caught in any of the

PSDDA sites in February but showed indications of a slightly bimodal length-

frequency during June and September with one size group from about 25 to 38 mm

and a second size group from about 40 to 45 mm {Figure 26!. Sidestripe shrimp
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length-frequency patterns suggested a single size group in both February',16
24 mm! and June �0-30 mm! and a bimodal pattern in September �0-15 mm and
20-30 mm!  Figure 26!. Coonstripe shrimp length-frequencies suggested a
single size group in February and June  8-18 mm! and recruitment of young
shrimp in September �-10 mm!  Figure 27!. Relatively fev humpback shrimp
vere caught, but those that were suggested a single size group with sizes

between 22-30 mm  Figure 27!. Smooth pink shrimp length-frequencies gave a
suggestion of a slight bimodal size distribution with size groups from 10-14

mm and 17-20 mm in February vith both groups growing progressively larger in
June and September  Figure 28!. Pink shrimp also shoved a bimodal size

distribution with size groups from 9-13 mm and 15-20 mm in February. The

distinction of the two apparent size groups was less clear in June and

September but there was a hint of new recruitment in September with shrimp
between 9-12 mm  Figure 28! ~

DISCUSSION AND CONCLUSIONS

Dungeness crab were completely absent from all trawls conducted in

Commencement Bay in 1986. Although an occasional Dungeness crab has been

caught in other trawling operations in the shallow waterways  C. Eaton, pers.

comm.!, it is clear that this species will not be a factor in siting a
disposal site in Commencement Bay.

Only four Dungeness crab vere caught in Elliott Bay, all by beam trawl at

the shallov stations on the Duwamish Head Transect  Figure 16!. Commercial

crabbing operations were also observed in shallow water areas between Fourmile

Rock and Vest Point. However, the scarcity of' Dungeness crabs in the trawls

and the total lack of crabs in the travls from the preliminary disposal ." tee
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indicat s that this species is also not a factor n selecting a final:-1l ctt

Pay d sposal site location.

Dungeness crab were moderately abundant in the beam trawl catches from

Saratoga Passage  Figure 7!; however, all crabs were caught along .he

shoreward. slope areas at depths  90 m. 'Ao crabs were caught in the

preliminary disposal area nor in the deeper water areas north of the disposal

site. Hence, the .present location of the proposed. disposal site is probably

in the best location for avoiding impacts to c"a'o. However, evidence from the

trawls in Port Gardner suggests that some Dungeness crab move into deep water

 i.e., 100-150 m! during the late summer to early fall period. T"awls were

not made in Saratoga Pass during this periods Thus, care should be exercised

about any assumptions that crab are absent year-round.

Dungeness crab were found to be a very important resource in Port

Gardner, consistently averging about 100 crab/ha for all seasons sampled. Of

the crabs caught in the trawls, almost 90$ were mature "emales, 7Bg of which

were gravid during the February sampling- hus, Port :ardner appears to be an

important habitat area for the mature females.

The most important area of Port Gardner for the females is the nearshore

slope area with few crabs being found in the deeper mid-portion of the Bay

 Figures 9-12! ~ Figure 9 shows that, unlike the iXAVY disposal site, the two

preliminary PSDDA sites contain relatively few crabs. Of these two sites, the

PSDDA l site in the middle of the bay is far=. � .est from the

nearshore crab aggregations ~ A possible exception to this rule may be during

summer-early fall when crabs appear to "spread out" into the deeper areas, but

still at densities far less than the "slope" area.
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Commercially important species of shrimp were caught in all of the

preliminary PSDDA disposal sites. Summaries of the shrimp catches within the

disposal sites of each area  Table 1! show that the average shrimp catches by

weight for the combined otter trawl catches were 0.56, 0.06, 1.69 and 'l.22

kg/ha for Saratoga Passage, Port Gardner, Elliott Bay and Commencement Bay,
res pec tively.

Historically, shrimp have been the basis of a viable trawl fishery in

Puget Sound and Hood Canal. Annual landings of shrimp exceeded 400,000 pounds

during several years between 1904 and 1915 and averaged about 50,000 pounds

during the 1920's and 1930's  Smith 1937!. The averge landings between 1935

and 1982 have been highly variable  8 to 144 thousand pounds! and averaged

58,000 pounds  Figure 29!.

he historical shrimping grounds fished from the late 1800's through the

1930's included each of the areas in which a PSDDA disposal site is proposed

 Figure 30!. Saratoga Passage and Elliott Bay are shown as historical spot

prawn shrimping areas while Commencement Bay was trawled for smooth pink

shrimp. Our present trawls caught spot prawn in Elliott and Commencement Bays

but no spot prawn in Saratoga Passage. Relatively few smooth pink shrimp were

caught but the closely related pink shrimp was caught in small numbers in

Saratoga Passage and in moderate numbers in Elliott and Commencement Bays

 .able 1!.

Some perspective on the relative importance of shrimp resources in the

preliminary disposal sites can be attained by comparing the average otter

trawl catches in these sites with otter trawl catches of shrimp in other areas

of Puget Sound and Hood Canal. Chew  unpublished data! conducted shrimp

surveys during the winter of each year from 1967 to 1979 at about ten sites in
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Average shrimp catches, lengths and weights  wet biomass! tor all shrimp
caught by otter trawl in the proposed PSDDA disposal sites in Saratoga
Passage, Port Gardner, Elliott Bay and Commencement Bay during all
sample months  combined!, 1986,

Table l.

Port

Saratoga Passage Cardner Elliott Bay Commencement BaySpecies

~Sot Pravn

Ave. ¹/Ha
Ave. carapace length  mm!
Ave. weight/shrimp  g!
Total weight/Ha  kg!

Ave. ¹/Ha
Ave. carapace length  mm!
Ave. weight/shrimp  g!
Total weight/Ha  kg!

Smooth Pink

Ave. ¹/Ha
Ave. carapace length  mm!
Ave. weight/shrimp  g!
Total weight/Ha  kg!

Pink

Ave. ¹/Ha
Ave. carapace length  mm!
Ave. weight/shrimp  g!
Total weight/Ha  kg!

Ave. ¹/Ha
Ave. carapace 1ength  mm!
Ave. weight/shrimp  g!
Total weight/Ha  kg!

All S ecies Combined

362.0333 ' 324.2126.2

1 ~ 221.690.060 ' 56

Ave. ¹Ha

Total weight/Ha  kg!

54.1

23.2

6.2

0.33

72.1

16.5

3.2

0.23

0.8

19.0

5.0

0.00

6.2

18.0

5.0

0.02

17.2
14.4

2.5

0. 04

23.2

33.6

23.0

0.53

23.2

23.0

6.0

0.14

23,9
16.9

3.4
0.08

260.6
16.8

3.5

0 ' 91

2.4

26.4

12.0

0.03

1.5

26.8

12.0

0.02

53.3

15.3

1.9

0 ' 10

0.8
16.5

3.1
0.00

306.4

17.2

3.6

1.10
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Spot Humpback Smooth Pink

Figure 30. Nap of Western Washington showing areas of commercia1 shrimp
production from late 1800's to mid-1930'.s. The. Humpback shrimp



Hood Canal and Puget Sound. Summaries of Chew's data show that the average

shrimp catches/ha in four areas of Hood Canal and three areas of Puget Sound

all  except Seabeck, Hood Canal! exceeded the average catches in any of the
preliminary PSDDA disposal sites  Tables 1 and 2! ~ The one disposal site that

appeared to have a potential for commercial shrimp harvesting was the inner

Elliott Bay site where spot prawn, sidestripe, pink and smooth pink shrimp

were caught in reasonable numbers  Figure 10, Appendix Table 7!. Table 3

provides a breakdown of relative shrimp densities within the two preliminary

PSDDA sites in Elliott Bay and shows that the inner Elliott Bay site contained

about 3 to 7 times the density of shrimp that were caught at the Four mile

Rock site  data from June and September otter trawls!. However, this area is

also severely impacted by Indian salmon fishing, ship navigation lanes and

anchorage areas as well as toxic contaminants in the sediments of the nearby

Duwamish Waterways; hence, the value of these shrimp to a fishery is suspect.

The potential value of the reproductive capacity of these stocks for supplying

new recruits to other productive areas of Puget Sound is not presently known

but cannot be ruled out in the decision making process. The Commencement Bay

disposal sites also contained some sidestripe and pink shrimp, but both sites

contained essentially equal populations, hence, not affording a choice between

these two sites based on this factor.



Estimated average shrimp catches/Ha from otter trails
conducted in selected areas of Hood Canal and Fuget Sound
from 1967 to 1979. These estimates are derived from
unpublished data collected and summarized by Dr. Kenneth
Chew, School of Fisheries, University of Washington.

Table 2.

Location/Depth  m! Catch/Ha  kg!Number of 'trails

Pleasant Harbor

35 - 65
65 � 90

2.9
10.0

Seabeck

45 -80 0.8

Potlatch

6.870 - 90

Port Susan

25 - 70

80 - 120
12 ~ 8

5 7

13 5
11 .8

50-80
80 - 120

Carr Inlet

15.1
2 4

45-80
80 - 135

20 - 45

45 - 70

70 - 125

33
26

24

2.9

2.7

3.5



Shrimp weights/ha from the Elliott Bay preliminary disposal sites as
estimated from the otter trawl catches in. June and September 1986.
Shrimp weights for each species were calculated from length-weight
regressions developed from data collected by K. Chew  unpublished!.

Table 3.

Estimated Total Weight  Kg!/ha

June Se tember

Four-Mile Rock Inner ElliottFour-Mile Rock Inner ElliottSpecies

0 F 016

0.108

0.107

0.388

1.641

0. 064

0.010

0.265 0.141 3.004

0.064

4.7831,136 0.6360.389Total Weight

Spot Prawn

Sidestripe Shrimp

Smooth Pink Shrimp

Pink Shrimp

Humpback Shrimp

0. 210

0. 060

0.362

0.470

0.034
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Part

Demersal Fish Studies

by

Robert F. Donnelly, Bruce S. Miller, Robert R. Lauth, and Shelley C. Clarke

INTRODUCTION

This study investigated fish assemblages at preliminary Puget Sound

Dredge Disposal Analysis  PSDDA! disposal sites in the main basin of Puget

Sound and evaluates these assemblages prior to actual disposal of dredged

materials. Information obtained will be used in the final site selection

process and can be used as baseline data to monitor changes in fish

assemblages following disposal activities.

Disposal of dredged materials can affect fish habitats in many ways.

Sediment type has been shown to be particularly important for spawning  Morton

1977!. Alteration of substrate particle composition by dredged materials and

consequent alteration of spa~ning grounds could be detrimental to the

abundance of certain fish species.

Dredged materials can alter the species composition of fish at

disposal sites by causing changes in the benthic community upon which the fish

feed  Lunz and Kendall 1982! ~ A Rhode Island dredged materials disposal study

 Saila et al. 1972! suggests that covering the bottom with a uniform sediment

type would decrease the diversity of prey organisms and possibly decrease the

diversity of fish species. Desbruyeres et al. [1 980, in Thistle �981!! found

five times greater benthic faunal density six months after a disturbance at

2160 m; however, the fauna in the disturbed area was taxonomically different

from the surrounding fauna. At a deepwater disposal site in Puget Sound,

Bingham �978! showed a similar effect. Nine months after disposal, diversity
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of prey organisms was greater at the disposal site than at reference areas.

A d''sturbance caused by an oil spill in shallow water actually resulted in a

biomass increase six months to one year after the spill {Orensanz and Gallucci

1982!. .he work of Grassle �977!, however, cautions that the recovery after
disturbance may be depth dependent. Crassle's' study found that a deepsea site
{1760 m deep! had a colonization rate two orders of magnitude lover than a
comparable intertidal site.

Although it is important to be aware of the potential changes, it is

difficult to accurately predict what impact the disposal of dredged materials

will have on fish assemblages due to the individual nature of each disposal

site. Therefore, it is important to identify areas where fish resource

conservation is essential from a commercial or ecological perspective before a

decision is made regarding disposal. This report documents the benthic fish

assemblages of the preliminary main basin PSSDA disposal sites and adjacent

reference areas, and can aid in selection of sites where disposal of dredged

materials will have a minimal impact.

MATERLALS AND METHODS

Bottomfish  benthic and demersal fishes! were sampled in Commencement

13ay, Elliott Bay, Saratoga Passage and Port Gardner during 1986. Commencement

Bay waa sampled on June 13 and September 8; Elliott Bay was sampled on July 3

and September 9; and Saratoga Passage was sampled once on July 1. Port Gardner

was sampled during four seasons on February 12 and 13, April 18 and 21, June

30 and July 2, and September 11 and 15. Marine environmental data {salinity,

dissolved oxygen, vater temperature and water clarity! vere also collected'

A 7.6-m, single wire otter trawl  Mearns and Allen 1978! was the primary



sampling gear for bottomfish. The body of the net was made of 3 ~ 5 mm stretch

mesh and the cod end of 0.5 cm stretch mesh covered with 2-5 mm stretch mesh

to prevent chafing. The net waa deployed from the 16-m research vessel

Kittiwake. The effective fishing width of the otter trawl waa 6 m. Each

sample consisted of one otter trawl haul towed for a distance of 370 m at a

target ground speed of 4.2 km per hour. The total area swept  sampled! waa

2,220 m2. Fish were also collected incidentally by the beam trawl used to

sample crabs  see Appendix A!. The beam travl ia described elsewhere in the

crab and shrimp section  Part 1! of this report.

Sampling waa conducted both inside and outside of each preliminary PSDDA

site  Figures 1-4! ~ Three replicate samples vere collected inside each PSDDA

site and NAVY site  Port Gardner only! during each sampling cruise. One

sample was taken from each station outside of the PSDDA sites and at each of

the U.S. Army Corps of Engineers' established reference stations  Clarke 19S6!

during each cruise. Reference stations vere not sampled in Commencement Bay.

PSDDA sites and reference stations vere the only locations sampled in Elliott

Bay  Fig. 2!. In Commencement Bay, Saratoga Passage and Port Gardner the

PSDDA site s!, the reference station s! and several additional stations

stratified by depth were sampled.

Each trawl catch was brought onboard and fish vere sorted by species and

life history stage  adult or Juvenile!, counted and recorded; miscellaneous

observations  e.g., spawning condition! were also recorded. The catch vaa

then placed into plastic bags, labeled, put into ice chests and covered with

iced The samples were transported to the University of Washington and placed

into a OoC freezer until processed.

Surface water temperature, salinity and dissolved oxygen samples were

taken from a bucket of vater collected from the surface waters. Bottom water



Figure l. Map of Commencement Bay showing locations sampled for
bottomfish  %! on June l3  summer! and September 8
 autumn!. The large area enclosed by the dashed line
is the zone of siting feasibility  ZSF!. Circular areas
enclosed by solid lines are the preliminary PSDDA sites .
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Figure 2. Map of Elliott Bay shoving l -ations sampled, for bottomfish  N!
on July 3  summer! and September 9  autumn!. The areas enclosed
by the dashed. lines are the ZSFs. The solid lines enclose the
preliminary PSDDA sites.
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Figure 3. Map of Saratoga Passage showing locations sampled for bottom-
fish  Q! on July 1  summer!. The area enclosed by the
dashed line is the ZSF. The rectangular area enclosed by
the solid line is the PSDDA site.
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temperature, salinity and dissolved oxygen samples were taken from «ater

collected approximately 1 m above the bottom with a Scott-Richards water

bottle. Water temperatures were measured with a hand-held thermometer and

recorded in the field ~ Water samples for salinity determination were placed

into bottles for later measurement in the laboratory. Water samples for

dissolved oxygen determination were placed into acid washed glass bottles,

fixative added, the bottles glass stoppered, and the contents later processed

in the laboratory. Water clarity measurements were taken with a Secchi disc

from the lee side of the vessel and recorded in the field.

Laborato Processin of Fish

Fish samples were removed from the freeser and thawed. The contents were

separated by species and life history stage. Total length  mm! of each fish

and total weight  grams! of each life history stage were recorded on data

forms and then entered into electronic storage. Since the tips of ratfish

tails were often missing, a length from the snout to the posterior end. of the

second dorsal fin, as well as total length  when possible!, was recorded for

this species. Adult flatfish and ratfish were sexed.

Flatfish Diseases

Narine flatfishes in Puget Sound are known to b ected by blood worms

 the nematode,Philometra!, skin tumors, liver tumors and fin erosion  Amish

1 976; Angell et al. 1975; Miller and Wellings 1 971; Wellings et al. 1 976;

Nalins et al. 1982!.

Blood worms are clearly visible and typically located in the subcutaneous

areas near or at the base of the dorsal and anal fins  Amish 1976!. Skin

tumors  Angell et al. 1975; NcArn et al. 1968; Miller and Wellings 1971! are
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found as two main stages; angioepithelial nodules and epidermal papillomag.

All flatfish were externally inspected for blood worms and skin tumors'

Liver tumors are thought to be indicators of pollution  Malins et al.

1982!. In the advanced stage, liver tumors are characterized by small nodules

visible on the external surface of the liver. English sole caught in polluted

areas have often been shown to have liver tumors  Xalins et al. 1982; Tetra

Tech 1985! ~ Gross examination  non-microscopic! of the external surface of

the livers from about 20$ of all flatfish caught was done in the laboratory.

Another disease associated with flatfish in polluted areas is fin

erosion. Fin erosion typically affects the dorsal and anal fins and is

characterized by partial destruction of the fin s! in question. The severity

ranges from minor defects to extensive destruction of the fin s!  Wellings et

al. 1976!. All flatfish were examined in the field for fin erosion.

Environmental 1leasurements

Salinity samples were processed by the University of Washington, School

of Oceanography Technical Services group, by conductivity bridge  Paquette

1958!. Dissolved oxygen samples were processed by the University of

Washington, School of Fisheries Environmental Laboratory, using titration

techniques described in Standard Methods �980!.

Species richness, defined as the total number of species present at each

sample site or station, was determined for all stations in Commencement Bay,

Elliott Bay and Saratoga Passage.

Species diversity was calculated using the Shannon-Wiener species

diversity index H'  Pielou 1978! as follows:



P j was the proportion of the total sample that belonged to the i
species and n the number of species. As a consequence of the formu1a, H'
increases with an. increase in the number of sp'ecies and/or as the individuals
caught become more evenly distributed across all species presents

Abundance and biomass averages were calculated for the combined PSDDA

site samples. "Replicate" samples were taken only at the proposed PSDDA sites
and the NAVY site in Port Gardner; all other stations were sampled once per
season. Length-frequency histograms were constructed for the most abundant

species f rom the Elliott Bay, Commencement Bay and Saratoga Passage ot ter
trawl data.

The number of flatfish caught per hectare was caLculated for each site by
multiplying the abundance estimates for each flatfish species by the constant

4.5 I which is equal to 10,000 m2  one hectare! divided by 2,220 m2  the total
area swept by the otter trawl during each sample! j. Similarly, the reader can

also convert to biomass caught per hectare, or number caught per hectare, for

the remaining fish species by multiplying the given biomass or abundance
valves by the constant 4.5.

RESULTS

A total of 55 species of fish were collected by otter trawl during this

study  Table 1!. Common names are used throughout this report, although Table
1 lists both the common and scientific names of all fish caught. The

following results are from the otter trawl data only, since beam traw1 results

 Appendix A! did not add significant additional information for the purpose of



Table J, List ol bottamtish species caught by otter trawl during this study,
Spades are listed in alphabeticai order according ro their common name.

Rsh Speciee
Common Name Scientific Name

Amertcan shad
arrowtooth flounder
black eelpout
blackbeliy eelpout
blackffn starsnout poacher
blacktlp poacher
bluebarred prlckleback
biuespot.d poacher
canary rockflsh
CN sole
copper rocktish
Oover sole
English sole
flathead sole
Iingood
Iongfin smelt
krngrrrose skate
northern ronqull
northern spearnose poacher
Pacilic cod
Pacific hake
Pacific herring
Pacific lamprey
Pacilc sanddab
Pacific staghom sculpin
Pacilic tomcod
pallid eelpout
pile perch
plaint in midshipman
quillback rockttsh
ratflsh
red brotula
rex sole
rock sole
rockllsh UID
roughback sculpln
sabletish
salltln sculpin
sand sole
sctapin UID
shiner perch
shorttfn eelpout
slender sole
slim sculpin
snallflsh UID
snake prickleback
soft sculpin
speckled sanddab
spiny dogfish
splnyhaad sculpin
splltnose rockfleh
starry flounder
sturgeon poacher
tadpole sculpln
walleye pollock

Aloes eaptrtlasime
Alherwthea storm@a
Lycoctee caapterus
Lycodopsla paciNca
Bathyagonus nigrr'pr'nnir
Xeneretrnus larl&onr
Piectobranchus ev ctes
Xenetetrrrua triacanthua
Sebeetea pinniger
P/euronichthye coenoaua
Sebastes ceurlnua
Micnretornus pactNcua
Parophyrs vettus
H fcyoglosscicfes etsssodrrn
Ophkxkvt etonyatus
Spirinchua thaleichthys
Rata rtrtna
Ronrtuttua jorttsni
Agonopsls rsase
Gaahs nmee~sars
Mer/urbs productus
Ctupee harangue palest
Lampetra trtctenteta
Cithartchthya aorcNdue
Leptocottua armatw
Microgactue proxtmw
Lyrxxtapua manditrularts
RharectrrNus war
Portchthya notatus
Setrea&e malger
Hydrolagua coNet
Hroernotsrtyeis rnaryl'nate
Glyp~he aachlrus
Lepidopsela trtNneata
Sebeeee yx
Chilenotus pugetenala
Ancp+ome Nrntrrta
Nauttohthys octaotaSCtatus
Paetttchthys melanoatfctua
ArterNua ap.
Cyrnatogeatw'~ta
Lycodee trreHpes
Lyopeetta exiNa
RaduNnua aspreNus
Cyciopterldae
Lranpenus sagata
Giitrerttdla s/gatutee
Cithartchthys sdgrneeua
Srtuahe acanarttaa
Dasyotftus eetfger
Setreahe ~etna
PlaNclrthys stelfatw
Agonua actperreerinue
Psycttrolussa paredoxw
Theragra chakegramma



final site selections. Abundance, biomass, species richness and species
diversity were used to characterize the fish assemblage at each PSDDA
location.

Flatfish caught per hectare was calculated  Appendix E! at the request of
the U.S. Army Corps of Engineers because 6 flatfish/hectare was recommended as
a preliminary criterion by Washington Department of Fisheries  WDF! as a

minimum number of flatfish needed to support a commercial fishery  WDF t987!.
However, it must be understood that the 7.6 m research otter trawl used in

this study, and by other research groups  e.g., Southern California Coastal

Water Research Project!, is selective  as is all sampling gear! and it is

unknown how the 7.6 m trawl catches compare to the actual abundance of

flatfish present, or how the catches compare to the catches used by WDF to
compute the 6 flatfish/hectare criterion. For example, the 7.6 m research

trawl probably catches relatively more juveniles than adults compared to a
commercial trawl.

Commencement Ba

Abundance and biomass. Total abundance and biomass values showed

seasonal and depth differences between many of the catches  Figures 5 and 6! ~
The summer values vere lower than the autumn values. The deeper stations,

which included the PSDDA sites, had the lowest values regardless of season.

Total abundance and biomass values were highest at 40 m then declined at 20 m

 Figures 5 and 6!. English sole, Dover sole and ratfish were found in most

samples and generally the PSDDA sites contained the lowest abundance and

biomass of these three species when compared to the samples collected outside

the PSDDA sites. English sole abundance and biomass values were greatest at

40 m in both early summer and autumn, while at the deeper stations, including

the PSDDA sites, the English sole abundance and biomass values were lower than
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those of the Dover sole and ratfish  Figures 7, A and B and 8, A and B!. The

abundance and biomass of ratfish was greater at the deeper stations than at
either 20 m or 40 m.

depth  Figure 9!. Summer samples had lower values than the autumn period.
he deeper locations, which included the PSDDA sites, had the lowest values

for species richness.

throughout Commencement Bay, except for the 156 m station  Figure 10!. The

156 m station had a much lower value during the summer than the autumn.

the summer at 40 m were less than 205 mm  Figure 11, A and B!. These fish

were entirely missing from the autumn samples at the same station  Figure 11,

A and B!. English sole caught at 20 m during autumn sampling were larger than
the fish caught at 40 m  Figure 12 and 11B! ~

Fish health. English sole, Dover sole, rex sole and rock sole all showed

indications of blood worm infections. Incidences ranged from Qg to 100$

 Table 2!. English sole had consistently high infection rates, often as high
as 100$, although the sample aires associated with the highest incidence rates

were less than 5 fish each. Incidence of skin tumors and fin erosion were all

Og. Gross examination of flatfish livers did not reveal any evidence of liver
tumors.

Environmental measurements. Water temperature showed an inverse relation

to depth  Table 3! ~ Water temperatures were higher at the surface than at

depth, while salinities were lower at the surface and higher at depth. The

Secchi disc measurements were similar at all recording sites.
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Table 3. Environmental measurements of temPerature, salinity and water
clarity in Commencement Bay during autumn by station.

Surface

oC

o/oo

Secchi, m

PSDDA 1 �65 m!
PSDDA 2 �65 E!
40 m

PSDDA 1 �65 m!
PSDDA 2 �65 m!
40 m

PSDDA 1 �65 m!
PSDDA 2 �65 m!
40 m

1'5. 1

14 ~ 3
13 5

26.8

28.6

28-7

5.0

6.0
6 ' 0

11.3
11 ~ 2

12.0

30-9
30 9

30 3
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Abundance and biomass. The abundance and biomass values varied by

station and by season  Figures 13 and 14!. Abundance and biomass values were

higher for autumn than for summer at all stations except PSDDA 1 Reference
station.

Six species of fish dominated the catches in Elliott Bay: English sole,
Dover sole, Pacific hake, slender sole, ratfish and blackbelly eelpout,

although not every species was found at each site  Figures 15, A and B and 16,

A and B!. The PSDDA 1 site  inner Elliott Bay! was the shallowest and had the

largest abundance and biomass of Pacific hake, slender sole and blackbelly

eelpout. The PSDDA 2 site Fourmile Rock! had a greater abundance and biomass

of English sole, Dover sole and ratfish than the PSDDA 1 site. The PSDDA 2

site had lower abundance and biomass values compared with the values found at

the adjacent reference stations. Qenerally, abundance and biomass values

increased from the summer to the autumn sampling; specifically, English sole,

..ver sole, and ratfish. The shallower PSDDA 1 area had greater numbers of

the smaller fishes such as blackbelly eelpouts and slender sole in contrast to

the deeper PSDDA 2 area where the larger species dominated.

depth  Figure 17! ~ Species richness was generally lower during the summer

than the autumn, except for the PSDDA 1 reference station, where values were

the same. The PSDDA 1 site and the PSDDA 1 reference station generally had

larger values than the PSDDA 2 site and the PSDDA 2 reference stations, except

for the PSDDA 2 site during the autumn.

S ecies diversit ~ The values for species diversity, H', generally

diminished from the inner bay PSDDA 1 site and reference station to the

Fourmile Rock PSDDA 2 site and reference station  Figure 18! irrespective of
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season.

Len th-fre uenc ~ English sole data from the PSDDA 2 Reference Station 1

during autumn suggested a bimodal distribution of adults with no juveniles
present ',Figure !9!.

Fish healthy English sole, Dover sole anIi flathead sole showed evidence

of blood worm infections  Table 4! ~ Incidence in these three species ranged

from OC to 424. The PSDDA 2 area had the highest incidence of blood worm

infection in English sole and Dover sole with flathead sole showing only a

minor incidence. There were no indications of skin tumors or fin erosion.

Gross examination of flatfish livers did not show any indication of liver

tumors.

Environmental measurements. Temperature and dissolved oxy'gen values were

higher at the surface than at depth  Table 5!, while salinity was lower at the

surface than at depth. Dissolved oxygen and Secchi disc measurements showed a

seasonal pattern: dissolved oxygen was slightly lower in autumn than in summer

and Secchi disc valises were slightly higher in autumn than in summer.

Sarato a Passa e

Abundance and biomass. Only one sample cruise on July 1 was conducted in

Saratoga Passage. Abundance and biomass showed variation by depth and by

station  Figures 20 and 21!. Abundance relative to biomass was greater for

all stations except for the PSDDA site. The PSDDA site had an intermediate

abundance value and had the highest biomass value. The dominant species

included ratfish, English sole, Dover sole, slender sole and adult Pacific

hake. Pacific hake were found in the PSDDA site and the reference station,

while English sole were only found at the shallower locations. Dover sole

were confined to the 40 m west station. Ratfish and slender sole occurred at
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Table 5. Environmental measurements of water temperature, dissolved
oxygen, salinity and water clarity in Elliott Bay, by station
and season.

Summer

Surface Bottom

, oC

PSDDA 1 �5 m! 13.5
PSDDA 2 �72 m! 13 9

Dissolved Oz en, m /l  g saturation!

PSDDA 1 �5 m! 9.72 �104! 7-79  844!
PSDDA 2 �72 m! 9 77 �13$! 7-65  84$!

, o/oo

PSDDA 1 �5 m! 28.1
PSDDA 2 �72 EI! 28.8

29.9
30.2

30 7

Secchi,

Summer Autumn

7-0
PSDDA 1 �5 IB!
PSDDA 2 �72 m!

4.0

4 5

10-3
11 ~ 0

Autumn

Surface Bottom

18e5 11.9
12.9

8.36 �05$! 7 67  92$!
6.34 �3$!

28.9
30.1
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the deeper  PSDDA! stations and intermediate depths  Figures 22 and Z3!.

S ecies richness. Values for species richness fluctuated by depth; the

highest values occurred at the PSDDA site reference station  Figure 24!. All

other species richnees values were lower and showed no discernible pattern.

the deeper stations, including PSDDA, had the highest values  Figure 25!. No

pattern was apparent among the shallower stations.

Fish health. Incidence of blood worms, skin tumors and fin erosion were

all 0$  Table 6!. No evidence of liver tumors was found based on gross
examination of flatfish livers.

Environmental measurements. No environmental measurements were collected

in Saratoga Passage because of weather conditioas that forced an early

curtailment of sampling.

Port Qardner

Abundance and biomass. Abuadance and biomass fluctuated by time of year,

depth, and station. The NAVY site geaerally had the largest number and

biomass of fish throughout the year. During the winter the 40 m depth had

numbers of fish comparable to the NAVY site; however, the biomass values were

lower.  Figures 26 aad 27!. PSDDA 1 and PSDDA 2 sites had low values for

abundance and biomass for all seasons except winter when abundaace was at its

highest  compared with other seasons! aad biomass values were second oaly to

the NAVY site  Figures 26 and 27!. Five 'of the locations that were sampled

throughout the year were situated at depths of 100 m or more; these included:

PSDDA 1, PSDDA 2, 100m M, 110m S and 145m S. The 110m S and 145m S stations

had the lowest abundance aad biomass values of the 5 deep locations.

S ecies diversit . Species diversity, H', values showed seasonal and

depth differences between many stations, but showed no discernable pattern
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Table 6. Percent incidence and sample size  in parentheses! of
bloodworm  Philometra sp.! infection in flatfish caught at
Saratoga Passage during summer, shown by station and species'

O i7!

O�!

English sole
Slender sole
Dover sole
Rock sole

PSDDA 80m E 40m E 40m I 20m E
 >08 m!

0�! 0�! 0�! 0�!
0�!
0 <!
O i! 0�!
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 Figure 28! ~

Fish health. English sole, Dover sole, flathead sole, rex sole and rock

sole all showed indications of blood worm infections  Table 7!. Incidence

varied between species, seasons, depth and station but did not show a

discernable pattern. One skin tumor was noted on a slender sole caught at

Station 100 mN. Incidence of fin errosion was 0$. Gross examination of

flatfish livers did not reveal any evidence of liver tumors.

Environmental measurements. Water temperatures during winter and autumn

were higher at the bottom than the surface  Table 8!. Spring and summer water

temperatures were the reverse with the surface warmer than the bottom. In

general, salinities were lower at the surface than the bottom. Secchi disc

measurements showed that the best water clarity  higher Secchi disc

measurement! occurred in the winter while there were no differences between

the other seasons.

DISCUSSION AND CONCLUSIONS

The Research Otter Trawl For Documentin Fish Assembla e

The 7.6 m otter trawl has been the dominant sampling gear in Puget Sound

demersal fish research for about the last decade. This net is widely used by

many groups for similar research in other areas of the country'

Standardization of gear reduces the problems associated with comparing results

between studies. In addition, the small size of the net allows for ease of

use from a range of vessel sizes starting at about 6 m.

The 7.6 m otter trawl has limitations. The net is not fished

commercially and due to size, shape and other differences, catches are not

directly comparable to commercial otter trawl catches. Other limitations
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Table 8, Measurements of temperature, salinity and water clarity by
station and season at Port Gardner. W = Winter, SP Spring,
SU ~ Summer, AU ~ Autumn, NS not sampled.

Site Surface Bottom
Temperature 'C

SP SU AU W
10.5 11.9 14.0 7.5
10.0 'I5.2 1 5.0 8.0
10 2 15 0 14 4 7 5
10.8 18.1 15.0 NS
10.5 10.5 14.0 7.5
10.5 12.0 NS 8.0

o/oo

NS 29.73 NS 30.58
NS 29. 67 29. 81 30. 81
NS 29.85 24.99 30,56
NS 29.18 2958 30.07
NS 29.53 29. 77 30,33
NS 30,10 29.70 NS

Secchl Oiec m
3.00 3.00 5.00
4.25 4.50 4,00
7.25 4.50 NS
3.50 3.00 5.50
3.00 3.00 5.00

NS 3.50 NS

NAVY
PSDOA 2
PSODA 1
Tran 1 20mS
Tran 2 40mS
Tran 4 145mS

NAVY

PSQDA 2
PSDDA 1
Tran 1 20mS
Tran 2 40mS
Tran 4 145mB

NAVY
PSDOA 2
PSOOA 1
Tran 1 20mB
Tran 2 40mS
Tran 4 145mS

W

7.0

6.5
6.0

NS
6.5

6.0

29.85
21.23

NS
NS
NS

22.01

3.50
5.50
8.50

NS
3.50

4.50

Salinity
16.79 22.34 28.73
1 8.53 23.58 NS
22.98 24.99 28.23

NS 1 9.58 28.32
NS 29.81 NS
NS 23.58 NS

SP SU AU
9.5 11.0 12.0

9.0 11.0 13.0

9.3 9.9 12.0
9.5 11.5 13.0
NS 1 1.5 1 2.0
9.0 12.5 NS
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include: 1! current and wind conditions at the time of sampling, 2! gear
selectivity relative to each fish species and life history stage, and 3!
variability in area svept.

Several travling studies have previously been conducted in Commencement

Bay. These studies concentrated their efforts in the nearshore areas  Becker

1984; Weitcamp and Schadt 1981; Tetra Tech 1985! and in the inner part af
Commencement Bay  e.g., the old flood channels of the Puyallup River  Malins

et al. 1982; Tetra Tech 1985; Weitkamp and Schadt 1981!. Becker �984! and

Tetra Tech �985! used the same otter travl as the present study; however,

sampling depths only reached 32 meters in contrast to the 175 meter depths of

the proposed PSDDA sites. Veitkamp and Schadt �981 ! used a different smaller

otter travl and again only sampled the nearshore shallow portions of

Commencement Bay.

Data from Commencement Bay indicate that three of the four indices of

site utilization by fish varied inversely with depth. As depth increased,

species richness, total abundance and total biomass decreased. No correlation

between depth and species diversity vas evident. Hovever, Tetra Tech � 985!

found the species diversity in the inner harbor vaterways to be much higher

�.5! compared to study. Results of this study suggest higher catches

occurring in deeper vater during autumn, while Weitkamp and Schadt �981!

found abundance in shallower areas vas highest in summer and lower during

other seasons of the year. Becker  'l984! found that Dover sole were Located

at deeper stations while English sole vere typically found in shallower

waters, similar to the findings of the present PSDDA study.

Fish health was generally good for the flatfish caught in Commencement

Bay during this study. The only disease found vas blood worm infection in
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English sole. Incidence for this disease reached 100$ at some stations, but

the sample sizes were small  lees than five individuals per sample! for

locations with high incidence rates. Low incidences    1$! of fin erosion and

skin tumors have been previously found in flatfish inhabiting the inner

 shallov! portions of Commencement Bay in areas known to be contaminated with
industrial wastes  Malins et al. 1982, Tetra Tech 1985! ~ Histopathological

analyses of livers from flatfish found inhabiting these areas also revealed a

low incidence of liver tumors  Nalins et al. 1982, Tetra Tech 'l985!.

Environmental measurements were only available for the autumn period.

Dissolved oxygen, temperature, salinity and Secchi disc measurements were all

within the ranges fouad in other parts of Puget Sound  Stober and Chew 1 984!.

The preliminary PSDDA sites in Commencement Bay had the greatest depth

and the lowest abundance, biomass and species richness measures of the

stations sampled during this study. The number of adult and juvenile flatfish

captured in the preliminary PSDDA sites was lov in absolute terms and small

when compared to stations outside of the PSDDh sites.

Several studies have been conducted within and adjacent to Elliott Bay

 Bingham 1978; Miller et al. 1974; Miller et al. 1977; Miller 1980; Nalins et

al. 1982; Stober and Chew 1984! ~ Donnelly et al. �984! and Bingham �978!

were the only studies that sampled the same areas as the present PSDDA study-

The results of fish sampling in Elliott Bay revealed that the PSDDA sites

generally had higher values of species richness than their corresponding

reference stations. The PSDDA 2  Fourmile Rock! site and the adjacent

reference stations ezhibited a pattern much like PSDDA 1  inner Klliott Bay!:

summer season abundance, biomass and species richness figures were comparable,
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whereas the autumn values of biomass and species richness for the PSDDA 2 site

exceeded the reference stations. Species diversity did not show any clear

pattsra.

PSDDA 2 samples were taken in close proximity to samples collected for

the Henton Sewage Treatment Plant Project  Donnelly et al. '1984!. Donnelly et

al. found biomass values higher at the deeper sites in contrast to this study

where the PSDDA 2 site had higher biomass values than the deeper refereace

stations. Donnelly et al. �984! also indicated that species richness and

species diversity increased with depth to 50 m and then decreased. This would

suggest that the PSDDA 2 site would have higher species richneee and species

diversity values than the PSDDA 2 reference stations. Indeed., PSDDA 2 values

were either comparable to, or exceeded, the reference station values for

species richness aad species diversity. Neither study was conducted during

all four seasons, thus, results from this study should not be considered

indicative of conditions at the sample sites throughout the year.

The PSDDA 1 site was compared with a report on the effects of dredged

materials disposal oa benthic invertebrates in inaer Elliott Bay  Bingham

1978!. The 1978 report found ao substantial difference in infaunal

 invertebrate! species richness or biomass, but did find that the shallower

stations had the greatest species richness and biomass. The same observatioa

was made at the PSDDA 1 sites  for fish! where the deeper reference station

had lower species richness and biomass. Neither Bingham �978! aor this study

found any clear trend in species diversity versus depth.

Fish health was generally good. Blood worm infection in English sole was

the only disease noted. The incidence was somewhat lower than the findings of

Donnelly et al. �984!. Donnelly et al. also noted the presence of other

diseases: skin tumors and fia erosion. Fin erosion, skin tumors and liver



tumors have been found in Elliott Bay, but typically near the inner shore and

the Duvamish River  Nalins et al. 1982!. The present study sites were located

in the deeper regions away from the shore of Elliott Bay and may explain why
the disease incidence was found to be lower than at previous inshore sampling
locations'

Environmental measurements were available for both seasons. The

dissolved oxygen values were all near saturation. Dissolved oxygen,

temperature, salinity and Secchi disc measurements were all vithin the values

found elsewhere in Puget Sound  Miller et al. 1 977; Donnelly et al. 1984! ~

The preliminary PSDDA sites generally had, the highest values for

abundance, biomass and species diversity' of the locations sampled in Elliott

Bay. Dover sole and English sole, two commercially important flatfish, were

found in higher numbers and biomass at the PSDDA 2 site and adjacent reference

stations than at PSDDA 1. These results suggest that disposal of dredged

materials would have less impact on commercial flatfish at the PSDDA 1 site

than at PSDDA 2 site.

The Saratoga Passage PSDDA site ecological measures were generally higher than

the adj acent, shallover stations. A tagging study done by Day �976! suggests

that the deeper area of Saratoga Passage was a residence or spawning area for

English sole. Day captured English sole in the deep area of Saratoga Passage

vhere they were tagged and transported to other areas of Puget Sound. The

majority of tag recoveries vere within the deep area of Saratoga Passage,

suggesting a homing ability to a preferred feeding location or possibly a

spavning area. No English sole were caught at the PSDDA site during the

sampling cruise; however, English sole were caught nearby at 80 m. Sampling

was too limited to make any concluding statement about the Saratoga Passage



PSDDA site.

No diseases were found in any flatfish .

Port Gardner

English �979! and Washington Department of Ecology �976! sampled bottom
fish at several depths along a transect line very close to Transect 2 of the

PSDDA study. During the PSDDA study the catches of English sole less than

150 mm were lower than those found by English �979!. Each study used
different capture gear; the earlier study used a 3 m beam travl, while study
used the 7.6 m otter trawl. Other explanationa for the abundance differences

may be biological or environmental in origin. Shsphard et al. �984!

indicated three major reasons for variation in stock size from one year to the

next: 1! annual changes in environmental conditions, 2! ecological

interactions during early life history, and 3! variations in adult spawning
abundance.

The results of the fish sampling in Port Gardner shoved that the PSDDA

sites had low abundance and biomass values when compared to other stations for

spring, summer and autumn. Zn contrast, winter sampling at the PSDDA sitea

produced abundance values higher than moat stations except for the NAVY and

the 40 m depth. Furthermore, biomass values at the two PSDDA sites during the

winter were second only to the NAVY site. These data suggest that the larger,

older fish move into the preliminary PSDDA sites during the winter months .and

disperse during the rest of year.

Species diversity did not show any trends that could be related to

dif ferencea between stations or sites.

Fish health waa generally good. Nalina et al �982!, using microscopic

examination of flatfish livers, found only low levels of nonspecific

degenerative/necrotic lesions and intracellular storage disorders in Port
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Susan  adjacent to Port Gardner!. Gross examination of livers fox this study
showed nc evidence of tumors.

Washington Department of Fisheries  WDF! allows an annual commercial

flatfish harvest during the spring and early summer in Port Gardner. The

fishing area includes not only Port Gardner, but the adjacent main basin and

the area adjoining Port Gardner to Saratoga Passage. Catches from the

combined area contribute about 94 to the total annual Puget Sound flatfish

harvest. Catches within Port Gardner itself contribute only a small portion

of the 9$  WDF personal communication! .

The preliminary PSDDA sites may be subjected to low levels of commercial

trawling since they are located in the deeper portions of Port Gardner and,

for most of the year, had low values for abundance and biomass relative to

other stations. In contrast, winter abundance and biomass values at the

preliminary PSDDA sites were much higher and second only to the NAVY site.

The levels of abundance and biomass were very similar between the two PSDDA

sites during every season, thus equal consideration  relative to fish

resources! should be given to both preliminary PSDDA sites for disposal of

dredged materials. However, data from Transect 4, Station 145 S, vhich is

deeper and located more near the mouth of Port Gardner, shov much lower

abundance and biomass values than the PSDDA sites. The fish data from Port

Gardner has not been fully compiled and analyaed, but when completed, vill be

issued as part of the Port Gardner report to the U. S. Army Corps of Engineers.
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Dungeness crab catches/hectare in Saratoga passage during
February and June, 1986. The averages listed in the table
are means +1 standard deviation. The station numbers for
the transects indicate approximate trawl depth in meters
and location where N ~ north, K east and W west.
N.S. not sampled.

Appendix Table 5.

Dungeness Crab Catch/Hectare

June

Beam Trawl Otter TrawlStation Beam Trawl

PSDDA Site 2 �10M!:

Station 1

Station 2
Station 3
Station 4

0

0 0
N.S.

0
0

0

N.S.

Average

Transect g1:

74-9 + 152-5 1.1 + 2.21.9 + 3.9Average

Transect g2:

N.ST

N.S.
NaS ~

N.S.

N.ST

N.ST

0 0
0

100N

1 20N

115N

Average

0.6 + 1 ' 742.8 + 118 ' 31.2 + 3.2Saratoga Pace Average

1OE

20E

40E

8OE

80W

40W
20W

10W

11.2

0

0
0

1.9
0

0

1.9

449 4
0

56. 2
37-5
18.7

18.7

0

18.7

N-S.

4.5

0
0

N.S.

0
N.S.

N.S.
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-Gf mer ~a l shrimp dense ties oer nectare
in Port pardner calculated fram beam trawl
catches in February and Apri I, 1986.

Appendix Table 13.

STATION FEHRUARY APRIL

"«v Dis osal Site  80m!

95Station 1

1,069

935
7UQ + 528

76

76

95

BZ - 11

19

13 - 11

Station 1

Station 2

Station 3

Average

38

57

63 - 29

Transect fl

1O-S

20-S 0

5740-S

57

19

248

95

68 -87

80-S

100-~

80-N

40-N

Average

Transect 42

0

19

0

0

95

0

10- S

20- S

40- S

Station 2

Station 3

Average

PSODA Site 2 �10m!

Station 1

Station 2

Station 3

Average

PSDDA Site 1   130m!

0

0

0

38

57

0

N.S.

16 - 25
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Commercial shrimp densities per nectare
in Port Gardner calculated from beam trawl
catches in February and April, 1986.

Appendix Table Z3.

 Cont'd.!

STAT!ON FEBRUARY APRIL

Transect -"2

80-S

IIO-S

110-8
19

130-8
19

100-hl
k9

12 - 10
Average

Transect 43

10-S

20- 5

40-S

80-S

110-S

130-M

130-N

Average

Transect 04

10-S

20-S

40-5

80-5

110-5
115

38

0

145-S

135-N

22 + 43Average

229

57

38

76

267

95 - 100

0

0 0
0

134

76

57

38- 53

95

0

19

191

115

76

95

84 - 63

0 0 0
0

57

19

19

14 - 21
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Appendix Table J.3,

 Cont'd. !

.mmercial shrimp densities Der hectare
in Port Gardner calculated from beam trawl
atches in February and Aprii, 1986.

STATION FEBRUARY APRIL

Transect 45

10-S

40-S
38

115
80-S

110-S
30

19

33

165-S

14 5-M

Average
40 + 39

Transect 5'6

80-S

80-M

20-N

10-N

Average

Transect ~7

1OQ-S

100-M

100-N

80-N

20-l'l

10-N

Average

19+ 28Grand Average 123 + 218

1 Station numbers for the transects indicate depth in meters plus locations where
N = North, M = Middle, S = South.

229

897

153

38

38

0

226 - 340

57

172

76

19

0

65-67

267

57

210

195

0

19

0

107 - 113

39

0

19

0

0

11 + 17

0

19

38

0

0

0

0

8-15
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+
Mean - I Standar d Diviation

N.S. = Not Sampled

Appendix Table 13.

 Cont'd.!

Commercial snrimp censities cer 'ectar
in Port pardner caiculated fror beam trawl
catches in February and April, 1986,
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Appendix Table l!,

Densit Hectare
Station HalesFemales All crabs

414

Station '3

7 + 7 1+2Average 9 +

PSDDA Site 2 �10m!

Average 1+2

PSDDA Site 1 �50m!

20-S

40-S

18

6+10 9+123+2

20-S

40-S

14

6+7 6+7

Station 1

Station 2

Station 1

Station 2

Station 3

Station. 1

Station 2

Station >

Average

Transect 41

100-M

Average

Transect g2

110-S

Average

Dungeness crab densities per hectare =alculated f'rom ot ter
trawl catches in Port Gardner in June and early July,
1986.

0

1+2
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Appendix Table ] 5  Continued!

Females MalesStation

Transect k'4

All crabs

20-S

4a-S

145-S

Average

4 + 6Crand Average 4+7

1 Station numbers for the transects indicate depth in meters plus
locations where S ~ south and M middle.

Mean + 1 standard deviation.



Appendix .able lb ~ Commercial shrimp densities per hectare calculated
from beam and otter trawls in Port Gardner in June
and early July, 1986.

Denait ~Hectare
Station Beam trawl Otter trawl

Nav Dis osal Site  80m!

19

2
6+11 4+5Average

PSDDA Site 2 �10m!

228

41

Station 3

117 + 148Average

PSDDA S jte 1 �30m!

Station 1

19 59

50

80 + 44

10-S N.S.

20-S 19

40-S 19

75 N. S.

221

80-N N. S.

N AS.40-N N.S ~

Average 19 + 29 74 + 128

Station 1

Station 2

Station 3

Station 1

S tation 2

Station 2

Station 3

Average

Transect 41

80-S

100-8

0

6+11
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Beam trawl Otter trawlStation

Transect g2

10-S N.S.

20-S 19

40-S 19

80-S N.S4

75110-S

110-M

130-M

100-N

, Average

Transect 43

27

N.S ~

N AS.

N.S.

14 + 26 9+ 16

10-S N-ST

2O-S N.S.

4O-S N.S ~

80-S

110-S

1 30-M

130-N

Average

Transect W4

N-ST

N.Si

N AS.

N.S.

+ 7

1O-E N.S.

20-S

40-S

80-S N.S ~

Appendix Table l6  Cont].nued!



Beam trawlStation

Transect

Otter trawl

- Continned

145-8

135-N

Average

Transect P5

36

N.S.

5+14 13+ 20

20-8 N.S.

40-8 787 N. S.

28180-S

110-8

165-S

145-M

N.S.

N.S.19'

19 N.S.

N.Se

184 + 315Average

Transect k6

112 N.S ~80-8

19 N.S.80-M

N.S.40-N

20-N N.S.

N.S.10-N

30 + 47Average

Transect II'

N.S.100-S

100-M

100-N

80-N

40-N

N. S.

N.S.56

N.ST19

N.S.

Appendiz Table 16  Continued!
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Appendiz Table 16  Continued!

Beam trawlStation Otter trawl

Transect A - Continued

20-N
N.ST

N ~ S ~

Grand Average 50 + 82

Station numbers for the transecta indicate depth in meters plus
locations where N ~ north, N middle, and S south.

10-N

Average

Mean + standard deviation.

N.S. not sampled.

11 + 21

30 + 112
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Aopecdix Table ]y ~Shrim d-aeltiee ger hectare calculated from both ~am aod
otter trawl catches in Port Gardner during September, 1 986.
Station. numbers for the .ransects indicate depths in meters
and location where N North, S South, E East, and W =
Nest. he averages are means + 1 standard deviation.

sampled, Estimated ~a densities are also given
for the otter trawl.

Otter Trawl

Shrimp/hectare Crab/hectare

Beam Trawl

ShrizpfhectareStation

Nav Dis osal Site  SO m!

581
'1 69
131

387

536
405

5

0 0
Station 1

S+ation 2

Station. 3

294 + 250 443 + 81 2+3Average

PSDDA Site 2 �10 m!

19 0 0 77
72

108

14

18

27

Station 1

Stat=on 2

Station 3

20+786 + 20Average

FSDDA Site 1 �30 z!

81

104

117

9
14

5

19

38

38

Sta.ion 1

Station 2

Stat'on 3

12+4101 + 18+Average

ransect Nl

3 + 568 + 1134 1 + 648Average

10-S

20-S

40-S

BG-S
1 00-!t'I

80-N

40-N

0

' '60

:75
Q7

'J. S

N.ST

0

5

N.ST

198

N.S ~

N.S.

M.S.

0

9
N. S.

0

N. S.

N.S ~
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3eam Trawl Otter .rawl

Shrimp/hectare Crab/hectareShrimp/hectareStation

Transect P2

23 + 39 14+8+ 258190Average

Transect 83

72 + 74Average

Transect k4

5 + 51'7 + 25Average

Transect g5

215 + 359Average

Appendix Table 17  cant.j

10-S

20-S

40 S

80-S

110-S

110-M

1 30-N

100-N

10-S

20-S

40-S

80-S

110-S

130-M

130-N

10-S

20-S

40-S

80-S

110-S

145-S

135-N

20-S

40-S

80-S

110-S

165-S

145 M

0

300
356
730

38
19

38

38

0 0
131

206

38
75

56

0

56 0
75
56

56 0

0

150

936
131

0

75

N AS.

0
0

N.S.

68

V. S.

N. S.

N.S ~

N.ST

N.S.

V.S ~

N.S.

iV. S.

N. S.

N.ST

N-S-

0

5
N.ST
N ~ S ~

45
N.S.

N.ST

N.S.

N.S.

N.ST

N.S.

N.ST

N.S.

18

18

N AS.

5
N. S.

N. S.

H. S.

N.S.

N.S.

N.S.

N.S.

N.S.

N.S-

N.S.

N.S ~

9

5
N.S.
N.S-

0

N.ST

N.S.

N.ST

N.S.

N.S.

N.S.

N.ST
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Beam Trawl 0tter rawl

Shrimp/hectare Shrimp/hectare Crab/hectareStation

Transect 46

438 + 547Average

Transect k7

749 + 1106

269 + 527

Average

123 + 159

Appendix Table S7.  cont.!

80-S

80-M

40-N

20-N

10-N

100-S

100-M

100-N

80-N

40-N

20-N

10-N

Port Gardner Average

655
1292

243
0

0

262

412

393
1049
3127

0 0

N.S.

N. S.

N.S.

N.S.

N.S.

N-ST

N.S.

N.S.

N.S.

N.SI

N.S.
N.S.

N. S.

N.Se

N. S.

N.S.

N.S,

N.ST

N.ST

N-ST
N ~ ST
N.S.
N AS.
N.S.



Shrirp d ns ti s/he -. r sic~lao d =rc,
arId Gt+er trawl catches at ex a s at'Gns in P rt
Car".r.er dur ng Sep.e..be, ' 386. ihe aver ag s are
zeans ~ 1 standard deviant on. V.S. = not sampled.

Appendix .able lb.

Shr imp Dens i ty '! ec tz-

".".awlStation Gt ter t "awl

'lest of Vav. Site

68+040Average

ast of PSDDA Site 1

Station G �50 E!
Station H �30 m!

38

1$

V.S.

V AS.

CS + f3Ave"age

Between Ni~kilteo and Picn c Point

Ststion

Stat on

Stat' on.

Station
S t a. - 1. on

Station

S ~ a 1cn

Average

Station A �05 m!
Station B  IfC m!
S.ation -.  90 E!
Station D �05 E!
Stati on K  I I 5 m!
Station F �10 m!

�0 E!
~ �0 E!
3 ,'40 m!
4 �0 E!
4  �0 m!

 $0 m!
4  80 m!

0

94
75
38
'34

0 0 0 0 0 0
0

'J. S.

'.J. S.

pr 68
N. S.

V.S.

N,S.

V.S.

IJ ~ S ~

V.S.
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APPENDIX A

Analyses of fish data collected by

beam trawls in Commencement Bay, Elliott Bay

and Saratoga Passage during 1986.
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Commencement Ba

Abundance and biomass. The samples collected during the summer cruise

were the only ones available for analyses. Abundance values ranged from 1 to

4r individuals per location, while biomass values ranged from 45 to 4,191

grams per location  Appendix A, Table 1!. At locations where fish were

captured, the two PSDDA sites had by far the lowest value of either measure.

Sample sizes were too small to determine dominant species at each site.

S ecies richness. Species richness values ranged from 1 to 8 showing a

similar pattern to the abundance and biomass results. The deeper PSDDA sites

had the lowest values. The 20 m station had a much higher value  Appendix A,

Table 1!.

S ecies diversit . Species diversity values ranged from 0.0 to 0.71

 Appendix A, Table 1!. The distribution of values among sites was identical

to species richness. The deeper PSDDA sites had the lowest values, while the

20-m station had the highest value.

Abundance and biomass. Total abundance ranged from 3 to 22 fish per

location, and total biomass ranged from 69 to 1,595 grams per location

 Appendix A, Table 2! ~ The results did not suggest any patterns, seasonally

or by station.

S ecies richness. Species richness values ranged from 2 to 6  Appendix

A, Table 2!. The distribution among locations was similar to abundance and

biomass, and no seasonal or location patterns were evident.

S ecies diversit . Species diversity values ranged from 0.2 to 0.9

 Appendix A, Table 2!, and as with species richness, no pattern by season or

location was apparent.
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Sarato a Passa e

Abundance and biomass. Saratoga Passage was not sampled during the

autumn, therefore only the summer data were analyzed. Total abundance values

ranged from 3 to 12 fish per location; total biomass values ranged from 51 to

1,QQ4 grams per location  Appendix A, Table 3!. The PSDDA site was the

deepest and had the highest values of both abundance and biomass. The

abundance and biomass values diminished as station depth decreased.

S ecies richness. Species richness ranged from 1 to 7  Appendix A, Table

Appendix A, Table 3. Abundance, biomass, species richness and species
diversity of fish caught by beam trawl in Saratoga Passage
during summer.

Species
richness

Species
diversi ty

Location Biomass  gm!Abundance

07
3

3
1

PSDDA Site
SO m E Station
40 m E Station
20 m E Station

11.7
7.0

6.0

3.0

1, 004.2
109.5
51.0
52.0

0.46
0.41

0.38
0.00

3!. The pattern was the same as that of abundance and biomass: the deeper

PSDDA site had the highest values then values diminished as station depth

decreased.

S ecies diversit . Species diversity values ranged from 0.0 to 0.5

 Appendix A, Table 3!. The highest values vere at the deepest PSDDA location,

then values decreased with decreasing depth at all other locations.



APPENDIX B

Length frequency histograma of abundant,

non-coaunercially or recreationally important,

fish caught in Commencement Bay and Elliott Bay.
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F
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Appendix B, Figure 1. Length frequency of otter trawl caught ratfish,
shown by sex and life history stage, during suamer at
l56 m in Commencement Hay.

R

K I U I
E

C Y 75 95 115 135 155 175 195 215 235 255 275 295 315 335 355 375 395 415
LENS Tll

Appendix B, Figure 2. Length frequency of otter trawl caught ratfish,
shown bv sex, '- ring summer at PSDDA 1 in Coaunencement Bay,
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Appendix B, Figure 3. Length frequency af otter trawl caught ratfish,
shown by sex and life history stage, during autumn at
PSDDA 1 in Commencement Bay.

3
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Appendix B, Figure 4. Length frequency of otter trawl caught ratfish,
shown by sex and life history stage, during summer at
PSDDA 1 reference site in Elliott Bay.
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1 C 1.0
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Appendix B, Figure S. Length frequency of otter trawl caught ratfish,
shown by sex, during autumn at PSDDA 2, reference site I
in KIliott Bay.

F
R 2

E Q
U

E

1

C 1

Y 2'15 235 255 275 295 31$ 335 355 375 395
LE&TH ~

Appendix B, Figure 6. Length frequency of otter trawl caught ratfish,
shown by sex and life history stage, during autumn at
PSDDA 2, reference site 2 in Elliott Bay.
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Appendix B, Figure 7. Length frequency of otter travel caught slender
sole, shown by sex and life history stage, during autumn
at PSDDA I in Klliott Bay.

F 5

R
E

4

13

E c Y 2 'l05 125 145 165 185 205 225 245 285 285 X5
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Appendix B, Figure 8. Length frequency of otter trawl caught slender
sole males during summer at PSDDA 2 in Elliott Bay.
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105125 t4f 15$ >8$20$22$24$26$2$$3OS
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Appendix B, Figure 9. Length frequency of otter trawl caught slender
sole, shown by sex, during autumn at PSDDA 2 in Elliott Bay.
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APPZNDIX C

Abundance and biomass  and range at multiple

sample stations! of otter trawl caught fish

by station and. species in Commencement Bay,

Elliott Bay, Saratoga Passage, and

Port Gardner
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Appendix C, Table 1 ~ Abundance and range at multiple sample stations of otter
trawL-caught fish by station and species in Commencement
Bay on June 13, 1986.

Location

Species PSDDA 1

0-10-30-1

6.0

1.0

4.7 1-9 1.3

1.0

24.0
4.0

0.3 0-1

0. 3 0-1

1i0

3.00.3

Spiny dogfish- adult 0.3
juvenile

Longnose skate
Ratfish- adult

juvenile
Pacific herring
Longfin smelt
Plainfin mi,dshipman- adult

� juvenile
Pacific cod- adult

" - juvenile
Pacific hake- adult

� juvenile
Pacific tomcod- adult

- juvenile
Walleye pollock- adult

- juvenile
Red brotula

Pallid eelpout
Shortfin eelpout
Black eelpout- adult

- juvenile
Blackbelly eelpout- adult

- juvenile
Shiner perch- adult

� juvenile
Pile perch- adult

- juvenile
Bluebarred prickleback
Copper rockfish- adult

- juvenile
Splitnose rockfish
guillback rockfish« adult

- juvenile
Canary rockfish
Rockfish UID- juvenile
Sablefish- adult

- juvenile
Lingcod
Roughback sculpin
Spinyhead sculpin
So f t scul pin
Tadpole sculpin
Northern spearnose poacher

PSDDA 1 PSDDA 2 PSDDA 2 20 HL 40 EI 156 01
  range!   range!
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Appendix C, Table 1.  Continued!

Location

Species

Sturgeon poacher
Bluespotted poacher
Snailfish UID

Speckled sanddab- adult
� juvenile

Arrovtooth flounder
Rex sole- adult

" � juvenile
Flathead sole- adult

� juvenile
Rock sole- adult

" - juvenile
Slender sole- adult

" - juvenile
Dover sole- adult

" - juvenile
English sole- adult

" - juvenile
C-0 sole- adult

" - juvenile

6.0

2.0

0.30-21.0 0-1

5.0 6.0
1 .3 1-2 1.0

0-10.3 40.0

6.9 3-5Totals
91 13

PSDDA 1 PSDDA 1 PSDDA 2 PSDDA 2 20 m 40 m 156 m
  range!   range!
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Appendix C, Table 2. Biomass  in grams! and range at multiple sample stations
of otter trawl-caught fish 'by station and species in
Commencement Bay on June 13, 1 986 .

Location

PSDDA 1Species

0-50 456. 7 0-1, 37016.7Spiny dogfish- adult
juv ~

1, 357.7 940-2, 923 444. 0 0-1,01 2 2, 085.0
6.0

45.0

108.0

549 0

52.0
1'3.5 0-40.5

'1 ' 7 0-5.0

9»0

501.0643. J-970

Longnose skate
Ratfish- adult

juvenile
Pacific herring
Longfin smelt
Plainfin midshipman- adult

II ~ I
Juv»

Pacific cod- adult

- juvenile
Pacific hake- adult

- juvenile
Pacific tomcod- adult

- juvenile
Walleye pollock- adult

- juvenile
Red brotula

Pallid eelpout
Shortfin eelpout
Black eelpout- adult

� juvenile
Blackbelly eelpout- adult

juv»
Shiner perch- adult

� juvenile
Pile perch- adult

- juvenile
Bluebarred prickleback
Copper rockfish- adult

- juvenile
Spli tnose rockfish
Quillback rockfish- adult

I»
juv»

Canary rockfisb
Rockfish UID- juvenile
Sablefish- adult

- juvenile
Lingcod
Roughback aculpin
Spinyhead sculpin
Soft sculpin
Tadpole sculpin
Northern spearnose poacher

PSDDA 1 PSDDA 2 PSDDA 2 20 m 40 m 'l56
  range!  range!
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Appendix C, Table 2.  Continued!

Location

Species

161.0

114.0

0-174 40.2 0-92.574 ' 7

399.0 2,718.0

122.7 0-368 5,824.0

7762 48092052 2909.9
Totals

Sturgeon poacher
Bluespotted poacher
Snailfish UID

Speckled sanddab- adult
II I ~

Juvi
Arrowtooth flounder
Rex sole- adult

" - juvenile
Flathead sole- adult

� juvenile
Rock sole- adult

� juvenile
Slender sole- adult

" � juvenile
Dover sole- adult

" - juvenile
English sole- adult

" - juvenile
C-0 sole- adult

" - juvenile

FSDDA 1 PSDDA 1 PSDDA 2 PSDDA 2 20 8! 40 !R 156 ITL
 range!   range!

587 ' 7 360-1,013 1,203.0 0-2,700
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Location

PSDDA 1 PSDDA 1 PSDDA 2 PSDDA 2 20 m 40 m 156 m
  range!   range!

Species

Spiny dogfish- adult
juvenile

Longnose skate
Ratfish- adult

Juvenile
Pacific herring
Longfin smelt 0.3
Plainfin midshipman- adult

- juvenile
Pacific cod- adult 0.7

juvenile
Pacific hake- adult 0.3

- juvenile
Pacific tomcod- adult

- juvenile
Walleye pollock- adult

- Juvenile

8.0

0.3
5-13 5.0
0-1

3-8 1 2 26

7

0-1

0-10.30-1

0-1

0-10.3

7

34
0.7 0-2 0-10.7

Red brotula

Pallid eelpout
Shortfin eelpout
Black eelpout- adult

- juvenile
Blackbelly eelpout- adult

� juvenile
Shiner perch- adult

� juvenile
Pile perch- adult

- juvenile
Bluebarred prickleback
Copper rockfish- adult

- juvenile
Splitnose rockfish
guiIlback rockfish- adult

- juvenile
Canary rockfish
Rockfish UID- juvenile
Sablefish- adult

Juvenile
Lingcod.
Roughback sculpin
Spinyhead sculpin
Soft sculpin
Tadpole sculpin
Northern spearnoae poacher

0. 3 0-1

0-1 80.7

>6
0-10.7

0. 3 0-1

Appendix C, Table 3. Abundance and range at multiple sample stations of
otter trawL-caught fish by station and species in
Commencement Bay on September S, 1986.
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Appendix C, Table 3.  Continued!

Location

Species

Sturgeon poacher
Bluespotted poacher
Snailfish UID
Speckled sanddab- adult

� juvenile
Arrovtooth flounder
Rex sole- adult

- juvenile
Flathead sole- adult

- juvenile
Rock sole- adult

juvenile
Slender sole- adult

" - juvenile
Dover sole- adult

" - juvenile
English sole- adult

" - juvenile
C-0 sole- adult

- juvenile

0-10.3

16 10

3.7 0-6

8.3 5-10

0.7 0-1

1-2 121.3

1'5 12

3
19 182

1-8

23.6 12.6 51 307 59
Totals

PSDDA 1 PSDDA 1 PSDDA 2 PSDDA 2 20 ta 40 m 156 m
  range !   range!
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Appendiz C, Table 4. Biomass  in grams! and range at multiple sample
stations of otter trawl-caught fish by station. and
species in Commencement Bay on September 8, 1986.

Location

Species

Spiny dogfish- adult
II 'I ~

juv
Lcngnoae skate
Ratfish- adult

juvenile
Pacific herring
Longfin smelt
Plainfin midshipman- adult

tl II
Juvr

Paci f i c cod- adu1 t 'l, 573. 3
- juvenile

Pacific hake- adult 140.0
- juvenile

Pacific tomcod- adult

� juvenile
Malleye pollock- adult 53.3

- juvenile

1,830.0 720-3,610 1,533 t 3 850-2,550 635 290 3140 ~ 0
7.7 0-23 550 t0

0. 7 0-2

219.2

0-4,200 180

0-420

0-540

0.5 0-1.5
355
210

0-160 134 0-212

4 50-3 51+2

1 l6.5

57 22

300

820

301.7 0-565 1,190 2,480 1,180

12.5

Lingcod
Roughback sculpin
Spinyhead sculpin
Soft sculpin
Tadpole sculpin
Northern spearnose poacher

177 5
5.0 0-8.0

0-5 ' 51.8

33 ~ 4

Red brotula

Pallid eelpout
Shortfin eelpout
Black eelpout- adult

� juvenile
Blackbelly eelpout- adult

tt II
juvt

Shiner perch- adult
- juvenile

Pile perch- adult
� juvenile

Bluebarred prickleback
Copper rockfish- adult

- juvenile
Splitnose rockfish
Quillback rockfish- adult

- juv.
Canary rockfish
Roc kf i sh UID- juvenile
Sablefiah- adult

� juvenile

PSDDA 1 PSDDA 1 PSDDA 2 PSDDA 2 20 m 40 m 156 m
  range!  range!
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Appendix C, Table 4.  Continued!

Location

Species

21

330
308 ='8536.3 0-109

490 51 9

443 . 7 110

1,210 3975
50

4,890 29,865 855190 0-290

240

8,343 36,929.3 10,1176,821 ' 3 3,558 4Totals

Sturgeon poacher
Bluespotted poacher
Snailfish UID

Speckled sanddab- adult
II I~

Juv ~
Arrowtooth flounder

Rex sole- adult

juvenile
Flathead sole- adult

� juvenile
Rock sole- adult

" - juvenile
Slender sole- adult

juvenile
Dover sole- adult

" - juvenile
English sole- adult

" - juvenile
C-0 sole- adult

" � juvenile

PSDDA 1 PSDDA 1 PSDDA 2 PSDDA 2 20 m 40 m 156 m
 range!   range!

1 70 65-360 1 29. 3 98-1 90

28,533 1,970-4,460 1,238.3 390-2,810
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Spec tw PSDDA I

Range
SU AUT SU I Itf

PSDDI
Retaroaoe site PSDDA 2 PSDDl 2 PSDDA 2

Reference alto I 'Reference otto ll
Rshge

AVT SV AVT SU AVT AVTSU AVT ' SU

Spisr dogfish adult
J urea i le

IANlgww abate
Ratfieh- a4ult

Jsvee I le
Pacific borriag
Loagfl.a shalt
Plaiafia aidebipeaa- a4ult

jur
Pacific eed- adult

' - Jureoilo
Paeitie bake- adult

J'uveniie
Paei tie 92oseo4- a4ult

juvenile
Uallefe pollock- adult

juveai le
Re4 brotula
Paili4 oelpeut
Sbortfia eelpoet
Sleek wlpeut- adult

- Jureaile
Rlsektallp eel pout- adult

Juv.
Shtaer parob- adult

- juveaile
Pile Deroh adult

Jureai le
Rluebsrred prieklObsok
Ce'ppsr reekf Aeh adult

Jar salle
spit thew roekfieb
Quit!back Toekfiah- adult

Juv.
Caharp reekfieh
'Recktieh VID- Juvenile
Sahlefieh- adult

- Jureaile
Lihgcod
Rougbbaek ocul pie
Spinphead eeulpia
So f'I ocul pi a
Tadpole eau lpia
Rel theta epoalrlooe peeeher
Sturgooa pwehor
Riuespotted poacher
Saail ti ~ It UID
Sp eklod sanddab- adult

juv,
Arrouteeth flounder
R ~ T sole adult

- Juvenile
flathead solo adult

Jurohi le
Rock nolo- adult

- Juroailo
Slender eels adult

Juroaile
DeT or ee l o ed s 1 I

jurohi le
Rnglieh eels- adult

Jureaile
C-0 sole adult

Juvenile

1.0 15.3 0-! 2 42 '1.0 10.0

0.! 0 I
5.0 23 7 2-7 9-� 8,0 20.0
0.! 3.! 0-1 0-7 1,0

2.! 4 7 0-5 0-11
0.! 0.7 0 I 0-2

16.0 2.0 36,0
I.O

6.0 5-8

0. 3 0.'7 0-1 0-1 1.7 1-2
2.0 'l7,0 0-5 2-44

1.0 0-5
0 ! 5.3 0-1 0-12

2.0 2.0 0,3 0-1 0-1
2.0 0-6

0 4.0
0.7 I .! 0-2 0-4 I .0 7.0

2.0 05 2.0 t .0
t5.7 93 ~ 3 3-22 67-137 1!.0 2.0

t.! 0-4

2-7 9.7 0-5 8-'I! 3.0 1.0

'I, 0
6.0 2-12 '1.0 3.0 0 2

0 ! 1.! 0-1

0.7

1.0
0 I
0.t

0.3
0. ! 1.0

7.0

0.3
0 I

I,'! 2.3 0 4 0-7 1.0
0-3

5,7 24.7 0 12 15-42 15.0 I .0

0-1

15.7 46.7 14-11 55 54 t2.0 8.0
2.3 7.3 ~ 5-9 'I -0
2-3 2 ' 3 0-3 0-7 1.0
1.0
0.3 0-1

6.0 9.3 4-9 2-15 3.0 8.0 9.0

I '! 6.7 3-6 4-11 9.0 2.0 !.0

0.! 16.3 0-1 0-29 1.0 28.0 33,0

66.0 30.0 16. 9 69.9'51.8 248. I 30.0 67.0 95.0'total ~

Appendix C, Table 5. Abundance and range of multiple sample stations for
otter trawl-caught fish by station and species in
Elliott Bay on July 3, 19S6.
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.ppendix C, Table 6. Biomass  in grams! and range at multiple sample stations
for aeter trawl-caught fish by station and species in
Elliott Bay on July 3, 1986.

I'SDDl I PSDDl 'I
Reference Site

Range
AUT SU lo7 SU tot SV

PSDDI 2 PSDDl 2
Reference ~ ltr

Speci as

Range
SV

SV
SV lU7

615.0 1,675.0 0-1,845.0 270-4.230.0 448,5 IOQO.O

0 76.0
790, 0- I I 070 .0

O-ZOO. 0

27 ~ !
0 835,0 1195.7 550.0 1684.2 7066.7 t682,0-1707.'!
O-ln.o R5.8 IOO.O O-I7,5

423.3
16 .0

0-822. 0
0-36 5

318.2
12.2 1704.0 IIIO.O

20 .0

621.7 710.0 715,0

1958.!137,7 504,0 0 II !.0 0 1,090.0
O'IO.O-I005 0

IN.7
I.o

I�.4 3,788.3
12.5
22.7

0-204 ~ '! 490.0 10,210.0 II!.o
0-�.7

0-68.0
0-4'!.0

710,0 108 ~ 5 0-
5.5 0-!80. 0
0

0-7 ~ 5

292.0 770.0
1.5!.5 6.1 0-10.5 0-'lb.2

0-73, I19.1 'I I 0.0
224,8 t,641.0 100,3-462.0 690.0-2,733.0 407.0 67.0

29.8

9t.8 72.3 0-260.0 I'5.0-60.0 13.5 3.'5

Seo.o 2.045.0 330.0 I to.o'1,625.0
0- 1080.0

666.7 l,916.7 0 2,000 ~ 0 0 Ii >750,0

0-1750. 0

18.50.8
1.!

0 2.5
0 4,0 2.5

9.0 0-27
6.7 0 20.0

103.0 205 0
8.0

2,850-3
Cadt5.0 IRR.5
0-'15.0 Ito.o

I g860 0 Ip!I!.0 1,481 .0
O-t I .0

410 8 0-774, 5

0 14'J .0

85I.2 I ~ 770.0 461.5-1292,0 870.0-2320.0 441.0
17.2 56.5 0-39,5 
.0 72.0 6.'5

280. 7 361. 7 143 0-435.0 0- t >085. 0 138. 5
5-3 0-9.0

57,7 0-173 0
4.277.0 2.533.3 49t.0-2,132 0 980.0-5,300.0 4,291.0 620.0

5, 280,0
252. 0'Ioo.! 3,8'10.0 0 !O'I .0 0-6, 280. 0

Poial ~ 3. 969. 9 20,630 l,993 2,8ot 7,083,2 t7,496.8 8,790 12,255

Spiny dogfish adult
* Jure nl ir

Longncea elr ~ te
R ~ tfiah- adult

2 event le
Pacific herring
l,engfin aaelt
Plainfia uidahipaan- adult

Juv.
Pacific cod- adult

Jurani I ~
Pacific hake- adult

Juranile
Pacific teaeod adult

- Juvenile
Valleys pollock- adult

Juvenl le
Red brotula
Pal 114 oslpout
Shartfia oelpout
bleak rol pout- adult

- Jurrnil. ~
blaekbolly aelpout- adult

- Jur
Shiner Parch- adult

J IRYrni le
Ptlo perch- adult

Juvenile
bluebarred prieklrbnek
Copper roekfieh- adult

J uveni la
Spiitnaee roekfieh
Ouillbeck rnckflah- adult

Juv
Canary rockfish
Rockfiah UlD- Juvenile
Sablefioh- adult

- Juvent le
m n good
Roughbeck ecrlpia
Sptnyhead eculpia
Sof I ocul pin
7edpole acu1 pin
Rorthara opearnose poacher
Sturgeon puncher
blueepatted poacher
Snailfieh VID
Syockled sanddab- adult

Juv-
lrrertcoth flounder
Rat sole- adult

Jurenil ~
Plethaad aclr- adult

- Jureni le
Reck role- adult

- Jurentle
Slender sole- adult

- Jurraila
Dover sole- adult.

Juventle
Rngttsb sole- adult

' - Juvenile
C-0 solo- adult

' - Juvaail ~

445 0 893,9 6t!.3 2OO.O-II!.O 17O,O-I,O20.0 206,O 74!.O
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Appendix C, Table 7. Abundance and range at multiple sample stations of otter
trawl-caught fish by station and species in Saratoga
Passage on July 1, 1986.

Location

Species

0.3 0-1

2.3 0-4

0. 7 0-2

0. 3 0-1

0. 3 0-1

0-9

Spiny dogf ish- adult

juvenile
Longnose skate
Ratfish- adult

juvenile
Pacific herring
Longfin smelt
Plainfin midshipman- adult

� juvenile
Pacific cod- adult

juvenile
Pacific hake- adult

� juvenile
Pacific tomcod- adult

- juvenile
Walleye pollock- adult

Juvenile
Red brotula

Pallid eelpout
Shortfin eelpout
Black eelpout- adult

- juvenile
Blackbelly eelpout- adult

- juvenile
Shiner perch- adult

juvenile
Pile perch- adult

juvenile
Bluebarred prickleback
Copper rockfish- adult

- Juvenile
Splitnose rockfish
Quillback rockfiah- adult

- juvenile
Canary rockfish
Hockfish UID- juvenile
Sablefish- adult

juvenile
Lingcod
Roughback sculpin
Spinyhead sculpin
Soft sculpin
Tadpole sculpin
Northern spearnose poacher

PSDDA PSDDA PSDDA 20m E 40m E 40m W aom E
  range! reference
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Appendix C, Table 7.  Continued!

Location

Species

2. 7 0-7

Totals 10.60 6 15 19

Sturgeon poacher
Bluespotted poacher
Snailfish UID

Speckled sanddab- adult
- juvenile

Arrowtooth flounder

Rex sole- adult

juvenile
Flathead sole- adult

� juvenile
Rock sole- adult

juvenile
Slender sole- adult

" - juvenile
Dover sole- adult

" - juvenile
English sole- adult

" � juvenile
C-0 sole- adult

" � juvenile

PSDDA PSDDA PSDDA 20m E 40m E 40m W 80 m E
 rsnge! reference
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Appendix C, Table 8 ~ Biomass  in grams! and range at multiple sample stations
of otter trawl caught fish by station and species in
Saratoga Passage on July 1, 1986.

Location

Species

351.7 0-1055 978

441.7 255-695 142

741 ' 5 0-1,381.5 678

1.5

15.2 0-45 ' 5

56

34. 7 0-104

1,666.7 0-5,000
9 5

11 9. 0 0-357

Spiny dogfish- adult
juvenile

Longnose skate
Ratfish- adult

juvenile
Pacific herring
Longfin smelt
Plainfin midshipman- adult

� juvenile
Pacific cod- adult

" � juvenile
Pacific hake- adult

- juvenile
Pacifi.c tomcod- adult

- juvenile
Walleye pollock- adult

� juvenile
Red brotula

Pallid eelpout
Shortfin eelpout
Black eelpout- adult

- juvenile
Blackbelly eelpout- adult

juvenile
Shiner perch- adult

� juvenile
Pile perch- adult

- juvenile
Bluebarred prickleback
Copper rockfish- adult

- juvenile
Splitnose rockfish
Quillback rockfish- adult

- juvenile
Canary rockfish
Rockfish UID- juvenile
Sablefish- adult

juvenile
Lingcod
Roughback sculpin
Spinyhead sculpin
Soft sculpin
Tadpole sculpin

FSDDA

PSDDA PSDDA Reference 20m E 40m E 40m W 80m E
 range!
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Appendix C, Table 8.  Continued!

Location

PSDDA

PSDDA PSDDA Reference 20m E 40m E 40m W 80m E
  range!

Species

107

65 448
19

97 0-245 120 142

142

424 863 137 417

3,467.5Totals

Northern spearnose poacher
Sturgeon poacher
Bluespotted poacher
Snailfish UID

Speckled sanddab- adult
� juvenile

Arrovtooth flounder
Rex sole- adult

" - juvenile
Flathead sole- adult

- juvenile
Rock sole- adult

" - juvenile
Slender sole- adult

" � juvenile
Dover sole- adult

" - juvenile
English sole- adult

" - juvenile
C-0 sole- adult

guvenile

798 498.5 1,331. 5 137 1,984
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APPENDIX D

Abundance and biomass Iand range of multiple

sample stations! of beam travel-caught fish by

station and species in Commencement Bay,

Elliott Bay and Saratoga Passage.



Location

PSDDA 1 PSDDA 1
 range!

Species
PSDDA 2 PSDDA 2 20 m

  range!

0.67 0-1Ratfish- adult
- juvenile

Plainfin midshipman- adult
II II

Juv ~
Pacific cod- adult

juvenile
Pacific hake- adult

- juvenile
Pallid eelpout
Blackfin eelpout
Blackbelly eelpout
Snake prickleback
Bluebarred prickleback
guillback rockfish- adult

juvenile
Roughback sculpin
.adpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrowtooth flounder
Flathead sole- adult

- juvenile
Rock sole- adult

� juvenile
Slender sole- adult

- juvenile
Dover sole- adult

� juvenile
English sole- adult

- juvenile

0-10.3

0-10.3

0.3 0-1

0-10.'3

17

Total

Appendix D, Table 1. Abundance and range at multiple sample stations of beam
trawl-caught fish by station and species in Commencement
Bay during July 1986.
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Appendix D, Table 2. Biomass  in grams! and range at multiple sample
stations of beam trawl-caught fish by station and
species in Commencement Bay during July 1986.

Location

Species

143.7 0-381 770. 0

406. 5

106 .0

175.0

3 ~ 3

6.7 0-20

68. 3 0-205

304 5

52 5
35 . 0 0-105

7 5
2,369. 5

4,191 ' 5212.0 45.0Total

Ratfish- adult

- juvenile
Plainfin midshipman- adult

juve
Pacific cod- adult

" - juvenile
Pacific hake- adult

- juvenile
PalLid eelpout
Blackfin eelpout
Blackbelly eelpout
Snake prickleback
Bluebarred prickleback
guillback rockfish- adult

- juvenile
Roughback sculpin
Tadpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrowtooth flounder
Flathead sole- adult

- juvenile
Rock sole- adult

juvenile
Slender sole- adult

- juvenile
Dover sole- adult

- juvenile
English sole- adult

- juvenile

PSDDA 1 PSDDA 1 PSDDA 2 PSDDA 2 20 m
 range!   range!



EBS

Location

PSDDA 1 PSDDA 1 PSDDA 1-Ref PSDDA 2 PSDDA 2
 range!  range!

Species

Ratfish- adult

- juvenile
Plainfin midshipman- adult

II TI
juv,

Pacific cod- adult
� juvenile

Pacific hake- adult
- juvenile

Pallid eelpout
Blackfin eelpout
Blackbelly eelpout
Snake prickleback
Bluebarred prickleback
Quillback rockfish- adult

� juvenile
Roughback sculpin
Tadpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrowtooth flounder
Flathead sole- adult

� juvenile
Rock sole- adult

- juvenile
Slender sole- adult

� juvenile
Dover sole- adult

- juvenile
English sole- adult

- juvenile

2 ~ 7 2-4

0.3 0-1

0.3
0.7 0-2

1-7 0-4
1.0 0-3

0-10.3

2. 0 0-5
2 3 0-5

0-10.3

3 7Total

Appendix D, Table 3. Abundance and range at multiple sample stations
of beam trawl-caught fish by station and species in
Elliott Bay during June 1986.
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Appendix D, Table 4. Biomass  in grams! and range at multiple sample
stations of beam travL-caught fish by station and
species in Elliott Bay during June 1986.

Location

Species

632.3 386-1,102

0-13.0t 4.3

258.0

0-7.5
0-.13.1

0-13.3

41 .02.5

5 4

4 4

ile

1.0

147.0

58. 3 0-153.0 191 . 0
9.9 0-23.3

950.0 184 7 0-554

B23.7602.2 1595 0Total

Ratfish- adult

� juvenile

Flainfin midshipman- adul
TT tt

� juv.
Pacific cod- adult

" - juvenile
Pacific hake- adult

� juvenile
Pallid eelpout
Blackfin eelpout
Blackbelly eelpout
Snake prickleback
Bluebarred prickleback
Quillback rockfish- adult

- juven
Roughback sculpin
Tadpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrovtooth flounder

Flathead sole- adult

� juvenile
Rock sole- adult

� juvenile
Slender sole- adult

- juvenile
Dover sole- adult

- juvenile
English sole- adult

- juvenile

PSDDA 1 PSDDA 1 PSDDA 1-Ref PSDDA 2 PSDDA 2
 range!   range!
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Location

PSDDA 1 PSDDA 1 PSDDA 1-Ref PSDDA 2 PSDDA 2
 range!  range!

Species

Ratfish- adult
� juvenile

Plainfin midshipman- adult
Jul

Pacific cod- adult

juvenile
Pacific hake- adult

� juvenile
Pallid eelpout
Blackfin eelpout
Blackbelly eelpout 5.0
Snake prickleback
Bluebarred prickleback 5.'3
guillback rockfish- adult

- juvenile
Roughback sculpin
Tadpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrowtooth flounder
Flathead sole- adult 1.3

juvenile
Rock sole- adult

- juvenile
Slender sole- adult

- juvenile
Dover sole- adult

� juvenile
English sole- adult

- juvenile

0-2

0. 5 0-1
0.7 0-2

1-12

0-5

0-3

0. 3 0-1

0. P 0-1

2-9

0-14
0-1

5.3
7.0

0.3

2.722.$Total

Appendix D, .able 5. Abundance and range at multiple sample stations
of beam trawl-caught fish by station and species
at Elliott Bay during September 1986.
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Location

Species PSDDA 1 PSDDA 1 PSDDA 1-Ref PSDDA 2 PSDDA 2
  range!   range!

Ratfish- adult

� juvenile
Plainfin midshipman- adult

tl II
Juve

Pacific cod- adult
- juvenile

Pacific hake- adult
- juvenile

Pallid eelpout
Blackfin eelpout
Blackbelly eelpout 75.6
Snake prickleback
Bluebarred prickleback 15.9
guillback rockfish- adult

� juvenile
Roughback sculpin
Tadpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrowtooth flounder

Flathead sole- adult
� juvenile

Rock sole- adult

- juvenile
Slender sole- adult

� juvenile
Dover sole- adult

- juvenile
Engli.sh sole- adult

- juvenile

14 ~ 1 0-24. 9

1.7 0-5 .2
2.4 0-7.3

1-5-210

14.5-17.9

131 .3 0-330

26 ~ 5-175
0-45.6
0-212

24.8 0-74 5

68. 3 0-205

97.5
25.5
70 ' 7

7.6

68. 6 111.3416 ' 5Total

Appendix D, Table 6. Biomass  in grams! and range at multiple sample
stations of beam trawl-caught fish by station and
species in Elliott Bay during September 1986.
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Appendir D, Table 7. Abundance and range of multiple sample stations
of beam trawl-caught fish by station and species
in Saratoga Passage during June 1986.

Location

Species

0-3

0. 3 0-1

0. 3 0-1

0.3 0-1

0.3 0-1

1 0-2

8.0 4-13

0-3 0-1

1'1 .7Total

Ratfish- adult

� juvenile
Plainfin midshipman- adult

I'I I'I
Juv e

Pacific cod- adult
" - juvenile

Pacific hake- adult

� juvenile
Pallid eelpout
Blackfin eelpout
Blackbelly eelpout
Snake prickleback
Bluebarred prickleback
Quillback rockfi,sh- adult

- juvenile
Roughback sculpin
Tadpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrowtooth flounder

Flathead sole- adult

� juvenile
Rock sole- adult

� juvenile
Slender sole- adult

- juvenile
Dover sole- adult

� juvenile
English sole- adult

- juvenile

PSDDA

PSDDA range 80 m E 40 m E 20 m E
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Appendix D, Table B. Biomass  in grams! and range at multiple sample
stations of beam trawl-caught fish by station and
species in Saratoga Passage during June 1986.

Location

Species

421.7 0-1,265

228.7 0-686

4.3 0-13
27.0

19 5
65. 3 0-196

10.5

6 7 0-15

276.3 117-483 6jo0 21.0

21.5

1 ' 2 0-3.5

52.0

109 5 51 ' 0 52.0Total 1,004.2

Ratfish- adult

- juvenile
Plainfin midshipman- adult

II tl
juv ~

Pacific cod- adult

" � juvenile
Pacific hake- adult

- juvenile
Pallid eelpout
Blackfin eelpout
Blackbelly eelpout
Snake prickleback
Bluebarred prickleback
Quillback rockfish- adult

- juvenile
Roughback sculpin
Tadpole sculpin
Slim sculpin
Bigeye poacher
Blackfin poacher
Arrowtooth flounder

Flathead sole- adult

juvenile
Rock sole- adult

� juvenile
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- juvenile
Dover sole- adult

- juvenile
English sole- adult

- juvenile

PSDDA
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APPENDIX E

Number of flatfish per hectare

caught by otter trawl in Commencement

Bay, Elliott Bay, Saratoga Passage and

Port Gardner, shown by season, station

and species.
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