Submitted

Revised

FRI-UW-7604

February 1976

FISHERIES RESEARCH INSTITUTE
College of Fisheries .
University of Washington
Seattle, Washington 98195

PUGET SOUND BASELINE PROGRAM:

NEARSHORE FISH SURVEY

by

Bruce S. Miller,
Charles A. Simenstad,
and
Lawrence R. Moulton

ANNUAL REPORT
July 1974 - September 1975
to
Washington State Department of Ecology
Lacey, Washington
Contract No. 75-017

Approved
December 23, 1975
/"/ 7
February 27, 1976 /<j7<21\%ZZizii;¢4
' Y Director

Tl






TABLE OF CONTENTS

Introduction
Methods and Materials
Study Habitats and Sites
Sampling Techniques
Collection Information
Biological Information
Subsampling
Stomach Analyses
Sources of Sampling Error
Results
Environmental Conditions at Sémpling Sites
Nearshore Fish Assemblages
Fish Stomach Analyses
Variability of Nearshore Data
Discussion
Habitat-Associated Fish Communities
Food Web Associations
Summary
Literature Cited

Appendices

iii

WOWw O NN e

10
10
16
12
1z
19
31
33
46
46
56
60
62
63



10.

11.

12,

13.

LIST OF FIGURES

North Puget Sound sampling sites during Nearshore Fish Survey,
July 1974 -~ June 1975. o v ¢« ¢ ¢ ¢ ¢ o 4 e 4 4 e 4 s e e s s e o 3

Diagrammatic sketch of diving transects in rocky/kelp bed habitats.
Width of transect determined by visibility of the water (not to
SCALEY . v v v 4 e s e e e e e e e s e e e e e e e e e e e e 8

Physiochemical characteristics of nearshore surface water at San
Juan Island vicinity sampling sites. . . « « & « v « & « « « o +» o 13

Temperature of nearshore surface waters sampled during tow net surveys
in north Puget Sound. . + « « + ¢ ¢ ¢ o 4 ¢ ¢ o e s e e s s e s e+ 15

Salinity of nearshore surface waters sampled during tow net surveys
in north Puget Sound. . . « ¢ ¢ 4 4 ¢ b e e e e e v e e e e e s oo . 16

Physiochemical characteristics of subtidal waters sampled during
SCUBA transect observations in north Puget Sound . . . . . . . . . 18

Species richness, by habitat, of San Juan Island nearshore fish
assemblages, as sampled by (a) sinking beach seine and SCUBA surveys
and (b) floating beach seine SUrvVeYS. . + « + « « » « o+ o o « » &« « 20

Species richness, by habitat, of San Juan Island, Cherry Point, and
Anacortes vicinity nearshore surface fish assemblages, as sampled
BY LOW M@t ¢ o o o « o o o o o o o o o o o s o o o s o o s o o o o 21

Mean density (fish/mz) per collection by habitat of San Juan Island
nearshore fish assemblages, as sampled by (a) sinking and (b) float-
ing beach seines. . « ¢« « ¢ + ¢ o o s o o « o o o o o v o« o 0 o 23

Mean density (fish/m3) of fish per collection by habitat, of north
Puget Sound nearshore surface fish assemblages as sampled by tow

NEE. o o o o o o o o o o o » s 6 o s s o s s o o o s s s o & s o o 24

Mean density (fish/mz) of nearshore subtidal rocky/kelp bed habitat
as sampled by SCUBA transect observations, January 1974 to March
19750 ¢ v 4 b e e e e s e e s s s s s e e & s s s e e e e e o s o o 25

Standing crop, in mean wet weight (kilograms) per mz, for collections
(two samples) in San Juan Island vicinity fish assemblages as
sampled by (a) sinking and (b) floating beach seines. . . . . . . . 28

Standing crop, in mean wet weight (kilograms) per m3, by habitat,

for nearshore surface fish assemblages sampled during tow net
surveys in north Puget Sound. . . + « ¢« + ¢ + ¢ ¢ e e 4 0 o . . s o 29

iv




List of Figures, cont'd

14,

15.

16.

Estimated standing crop, in mean wet weight (kilograms) per mz,
for nearshore rocky/kelp bed habitat fish assemblages observed
during SCUBA transect dives in north Puget Sound. . . . . . . .
Contribution, in percentage of total biomass, of food organisms
and identifiable material to diet of 12 species of fish sampled
in Nearshore Fish Survey, July 1974 through June 1975. . . . .
Combined mean tow net catches over five habitats in three north
Puget Sound sampling areas: (a) Species richness, (b) abundance
(number of fish), and (c¢) standing crop (kilograms). One
standard deviation shown by line on either side of mean. .

. ° .

30

32

53



LIST OF TABLES

Nearshore Fish Survey study sites, habitats, and sampling me thod
and frequency. « « o o s o o o o + o o e s s e e 4 e s e e s s o

Temperature and salinity means, standard deviations, extremes, and
ranges among three sampling areas as measured during Nearshore
Fish SUTVEY. « o o « o o & o o o s o o o o s o o o s o o s o o o ©

Mean species richness, over all habitats, of nearshore surface fish
communities sampled by tow net in three north Puget Sound areas,
July 1974 through June 1975. ¢ ¢ ¢ « v v o o o o o o 0 s e e e e

Seasonal densities of fish observed in rocky/kelp bed habitat
(number of fish/1000 m2); values in parentheses indicate densities
excluding schooling species. Variance value is one standard
deviation. . + « o o ¢ o s s & e 4 s o 6 o s s s s o s s o & o o s

Prey organisms and their relative occurrence for fish analyzed for
stomach contents composition during Nearshore Fish Survey,
1974"19 75. - . . . 3 ° . . . ° . ° ° o . ° . ° . . . ° . . . e o °

Specific prey organisms identified from nearshore fish; frequency
of occurrence is listed for those fish species examined with
sample 8izes ¥5. . o ¢ 0 4 0 e e 4 e e e e e e e e e e e e e e

Coefficient of variation values for species richness (top),
abundance (middle), and biomass (bottom) for (a) beach seine and
(b) tow net catches, and (c) SCUBA observations. Values for fish
abundance without data for schooling species appear in parentheses.

Community dominants documented for five nearshore habitats in
north Puget Sound during Nearshore Fish Survey, 1974-75, C =
common to both demersal and pelagic sampling; P = pelagic only;
and D = demersal only. . « ¢« o o o o o o s s o e s e s s e s e s =

vi

17

22

27

34

36

43

55




1.IST OF APPENDICES

Nets utilized during the 1974-~1975 Nearshore Fish Survey. . . « .« . 63
Data forms utilized during 1974-1975 Nearshoxe Fish Survey. . . . . 67

Temperature, salinity, and dissolved oxygen values from 15 tow net
sites in north Puget Sounds « & « + & & o o + o o 4 o 4 e @ e o8 e e 73

Relative occurrence, according to habitat, of species captured

during beach seine, tow net, trammel net, and SCUBA surveys.

X signifies common occurrence, abundant (relative to that species)

in more than 50% of the samples; 0, uncommon occurrence, not abundant
(relative to that species) in more than 50% of the samples; and #,
uncommon occurrence but in abundance when encountered. . .« .« « « & & 77

Fish catches, 1974-1975 Nearshore Fish Survey. . « + « « ¢ o ¢ o = & &7
Temporal occurrence, by habitat, of nearshore fish species captured

over 15-month period, July 1974 - September 1975. Periods of peak
abundance are denoted by solid black lines. . . . « « + ¢ ¢ ¢ o o & 157
Composition and origin of Nearshore Fish Survey fish specimens whose
whole stomach contents have been analyzed, July 1974 through

June 1975. . - . o ° . o . ° ° L] * - L] *® °* » - - ° - . L] . - ° o ° 169

Stomach analyses data of the 1974-75 Nearshore Fish Survey . . . . 172

vii






Baseline Study: Contract #75-017
Annual Report, 30 September 1975

INTRODUCTION

Since July 1974, the Fisheries Research Institute's (FRI) Nearshore
Fish Survey project has conducted an ecological survey of the nearshore*
fishes of north Puget Sound. The primary objective of this project was
to document the seasonal occurrence, abundance, and distribution of the
marine and estuarine fishes frequenting the waters adjacent to the
shoreline. The survey was supported by the Washington State Department
of Ecology (DOE) under the auspices of its Baseline Study Program, a
comprehensive scientific and management research program designed to
evaluate the biological and economic risk of 0il and other pollution in
northern Puget Sound. Emphasis was placed upon biota of the nearshore
(less than 20 m depth) environs because pollutant effects, especially
those induced during oil spills, have been found to be most pronounced
there. Reliable measures of the composition, distribution, and abundance
of nearshore fishes permit both (1) evaluations of the economic and
ecologic importance of these regions and their associated fish fauna, and
(2) assembly of a data base (i.e., "pre-pollution') for future reference
against similarly documented samples after a pollution incident.

Fish data were collected monthly in representative intertidal and
shallow subtidal habitate using beach seines and SCUBA tramsect observa-
tions. Quarterly trammel net sampling also supplemented the SCUBA
observations. In addition, periodic surface tow net sampling was
conducted adjacent to the sampling sites about San Juan Island and sites
established by Western Washington State College along the eastern margin
of the north Sound.

This report discusses the characteristics of the type-habitats
sampled, the sampling techniques utilized, and the results of the 1974-
1975 collections and observations. Discussion of these results will
include description of the characteristic fish assemblages found in each
of the type-habitats, the variations inherent in the sampling and due to
seasonal changes in the assemblages, and a preliminary examination of
the trophic relationships between certain important members of these
assemblages and the habitats they characterize.

%"Nearshore" as used hereinafter refers to the littoral and inner
sublittoral (bottom) and neritic (surface) waters inshore of the 20m
depth level (see Hedgpeth, 1963).



METHODS AND MATERIALS

Study Habitats and Sites

In accordance with DOE Baseline Study guidelines, five representative
habitat types were chosen as characteristic of the physically and
biologically diverse shoreline environments in the region of concern,
north Puget Sound from the U.S.-Canada border to the southern end of
Rosario Strait. These included: (1) High gradient, exposed rocky shore-
line with adjacent subtidal kelp (Nereocystis) beds; (2) high to moderate
gradient, exposed beaches with substratum of large gravel to cobble;

(3) moderate gradient, protected gravel beaches; (4) low gradient,
protected sand beaches with eelgrass (Zostera) beds; and (5) low gradient,
protected mud flats with accompanying eelgrass beds.

Study sites typifying each of these habitats were chosen within
each of two "experimental regions' subject to existing chronic pollution
or potentially subject to acute oil pollution on the eastern margin of
the north Sound, and the "control region" on the west margin of the San
Juan archipelago (Fig. 1).

The rocky/kelp bed habitat surveyed in this study was characterized
by relatively steep contours, at times approaching vertical, with kelp
growing at depths of 2.0 to 7.5 m. All areas were swept by strong tidal
currents. The bottom was composed of scattered rock boulders or solid
rock ledges with soft bottom sediments seldom occurring in any of the
areas surveyed. The cobble habitat possessed high gradient beaches but
typically sloped out into a low gradient slope subtidally. Because of
the exposure to wave action at this habitat, the beach profile tended to
change, especially at the extremely exposed South Beach, San Juan Island,
site. During periods of inclement weather, this habitat was characterized
by the greatest turbulence in the nearshore region. The gravel habitats
selected were all moderate gradient beaches of gravel over or in a stable
beach substratum. These sites were protected enough that the beach
substrate did not usually change greatly with wave action. The beach
profile often sloped gradually to a drop-off in the inner subtidal
zone. Often the adjacent subtidal habitat was not composed of gravel
and on occasion a gradation into sand occurred. Both sand/eelgrass and
mud/eelgrass habitats were shallow beaches found in protected areas, the
latter usually found in highly protected embayments; in these
habitats, a large area of the intertidal is exposed during low tide periods
because of the gradual-sloping beach. Eelgrass beds occurred from
scattered bunches to a dense mat throughout the intertidal area.

Responsibilities of the Nearshore Fish Survey project included the
sampling of nearshore fish at (1) all rocky/kelp bed study sites,
(2) intertidal and shallow subtidal zones of the "control region' sites
around San Juan Island, and (3) surface waters adjacent to all study
sites (Table 1). Sampling frequency was maintained throughout the year
except for a few instances in the winter months when one or two sites
were bypassed because of inclement weather.
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Fig. 1. North Puget Sound sampling sites during Nearshore Fish Survey,
July 1974 - June 1975.
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Table 1. Nearshore Fish Survey study sites, habitats, and
sampling method and frequency.
Habitat Study Site Sampling Method Frequency
Rocky with Pt. George, SCUBA transect Monthly
kelp bed, Shaw Island Tow net Monthly (spring & summer)
exposed Bimonthly (fall & winter)
Collins Cove, Trammel net Quarterly
San Juan Island
Migley Point, Tow net Monthly (spring & summer)
Lummi Island Bimonthly (fall & winter)
Trammel net Quarterly
Barnes Island SCUBA transect Quarterly
Burrows Island Tow net Monthly (spring & summer)
Bimonthly (fall & winter)
Allan Island SCUBA transect Monthly
Cobble, South Beach, Beach seine Monthly
exposed San Juan Island Tow net Monthly (spring & summer)
Bimonthly (fall & winter)
Cherry Point Tow net Monthly (spring & summer)
Bimonthly (fail & winter)
Shannon Point, Tow net Monthly (spring & summer)
Fidalgo Island Bimonthly (fall & winter)
Gravel, Deadman Bay, Beach seine Monthly
protected San Juan Island Tow net Monthly (spring & summer)
Bimonthly (fall & winter)
Village Point, Tow net Monthly (spring & summer)
Lummi Island Bimonthly (fall & winter)
Guemes Island, Tow net Monthly (spring & summer)
south side Bimonthly (fall & winter)
Sand with Eagle Cove, Beach seine Monthly
eelgrass, San Juan Island Tow net Monthly (spring & summer)
.protected Bimonthly (fall & winter)
Birch Bay Tow net Monthly (spring & summer)
Bimonthly (fall & winter)




Table 1, cont'd

Habitat Study Site Sampling Method Frequency
Guemes Island, Tow net Monthly (spring & summer)
east side Bimonthly (fall & winter)
Mud with Westcott Bay, Beach seine Monthly (spring & summer)
eelgrass, San Juan Island Tow net Bimonthly (fall & winter)
protected
Lummi Bay Tow net Monthly (spring & summer)
Bimonthly (fall & winter)
Padilla Bay Tow net Monthly (spring & summer)
Bimonthly (fall & winter)
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As one might expect, such generalized habitat designations are
difficult to meet precisely when it comes to selecting sites which
conform to our simple definitions and which also meet sampling design
criteria at the same time. Accordingly, many sites did not precisely
meet these requirements. For example, Deadman Bay has some sand with
eelgrass in portions of the nearshore subtidal with rocky/kelp
outcroppings closely adjacent; and the South Beach site does not have
the larger cobble size characteristic of Cherry Point and other such
cobble sites on the southeastern end of the Strait of Georgia
characterizing Western Washington State College's study regions.

Sampling Techniques

Beach Seine. Two 37-m (120-ft) beach seine nets equipped with
18-m (59-ft) long, 3-mm (1-1/8-inch) mesh wings, and a 0.6-m x 2.4~-m X
2.3-m bag of 6-mm (1/4-inch) mesh, were utilized to sample fishes in the
nearshore waters of the cobble, gravel, sand/eelgrass, and mud/eelgrass
type-habitat study sites on San Juan Island (Appendix la). One net was
buoyant and swept the surface water layer over the nearshore region; the
other, a sinking net, sampled the bottom area. The nets were set 30 m
out from the beach from the stern of a rowed boat and retrieved to the
beach at approximately 10 m/min. The lines attached to the poles at the
end of each wing were initially hauled from positions 40 m apart
until 20 m of line had been retrieved; the net was then closed down to
a 12-m opening and the net retrieval completed. A conscious effort was
made during the retrieval to keep the leadline portion of the wings in
contact with the bottom at all times. Once the net was completely
retrieved upon the beach, the collected fish were "worked' from the
wings into the bunt or bag section of the net and the catch collected,
labelled, and bagged for later processing.

In the sand/eelgrass and mud/eelgrass habitats, only the sinking
net was utilized because in these shallow areas the cork line (top margin
of net) did not sink below the water's surface. Both net samples were
obtained in two replicate hauls during the lowest slack ebb tide period
of each month. This involved nighttime samples from September to March.
Typically, in the deeper water habitats, the first floating seine sample
was made just before ebb slack, the two sinking seine replicates at the
time of slack tide, and then the second replicate floating seine sample
was obtained as the flood tide began. Usually, except in cases of low
catches, at- least 30 minutes elapsed between consecutive samples. At
sites with sufficient beach area, the duplicate hauls were not fished
over the same area but were staggered so that true replicate samples
were obtained. '

Tow Net. A tow net is a large net towed at relatively high speed
along the surface of the water. In the Nearshore Fish Survey, a
3-m x 6-m (10x20-ft) tow net, with mesh sizes grading from 76 mm (3 inches)
at the opening to 6 mm (1/4 inch) at the bag (Appendix 1b), was towed at
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approximately 4 km/hr (2 knots) between the 12-m (38-ft) FRI vessel

R.V. MALKA and a purse-seine skiff. Two ten-minute tows were made at
each site. The first tow was made in one direction along the shoreline,
the second tow along the same transect line in the opposite direction.

Sampling was conducted at night to minimize net avoidance by highly
mobile pelagic species, and to optimize sampling of those species which
undergo nocturnal migration into nearshore surface waters from deeper or
offshore waters. An attempt was made to schedule tow net trips during
periods of minimal tidal currents in order to avoid excessive current
effects upon the net efficiency and resulting catch. The net was towed
as close to the shoreline as depth permitted; the net dragged bottom in
less than approximately 5 m (15 ft) of water. The towing system was
quite manoceuvrable and the net was worked along the shoreline contours
and kelp beds with relative ease.

Catches from each tow were bagged and labelled for later processing.

SCUBA Transect Observations. Quantitative observations were made
in rocky/kelp bed habitats by SCUBA-equipped divers swimming along
zigzag transects. Two divers swam across shoreline depth contours at
approximately a 45-degree angle to a depth of 15 m (Fig. 2), turnmed 90
degrees, and swam back up to the shoreline, then repeated until about
250 m were surveyed. The width of the path was determined by the
visibility which was measured with a standardized white board at 7.6 m
depth at the initiation of each tramsect dive. The effective visibility
is defined here as being one-~half of the total visibility.

The Allan Island and Pt. George sites were surveyed monthly from
June 1974 to March 1975 and seasonally thereafter. At both of these
stations, two dives were made, each on a different section of shoreline,
to measure variation within a site. The Barnes Island transect site was
surveyed with one dive quarterly. It was necessary to make
all dives on slack tides because of strong tidal currents in all study
areas.

Two techniques were used for determining the exact distance of the
transects (usually about 250 m)--permanent and temporary. Permanent
transects were placed at Allan Island and Pt. George. Initially, these
were 6-mm diameter yellow polypropylene lines anchored with rock-climbing
pitons; these were later changed to stainless steel cable when it was
found that currents pulled the buoyant polypropylene line loose. Before placing
the permanent transects, and also for all dives at Barnes Island,
temporary transects were used in which compass courses were followed.
At the end of each transect leg an anchored marker was released for
later surface measurement of the actual transect distance,

Trammel Net. A trammel net is a vertically-oriented set net with
a loosely-hung small mesh net panel hung between two tightly-hung
large mesh panels. Fish encountéring the net along the bottom continue
through the large mesh panel, forming a bag in the smaller mesh netting.
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The trammel net utilized during the Nearshore Fish Survey is a 45.7m x
1.8m (150x6-ft) net with two 5l-cm (20-inch) large mesh panels and a
S5-cm (2-inch) panel.

Two trammel nets are set parallel to each other and perpendicular
to rocky/kelp bed habitats from dusk until daylight and the fish are
removed for later processing. '

Collection Information

For all modes of sampling, the location, date, time, tide, weather,
and oceanographic and other pertinent environmental information are
recorded at the time of sampling at each site, and the sampling area or
volume is computed. Water depth was determined by direct measurement
in the shallow areas and by echosounder in deeper areas. Sampling
area for the beach seine is determined by the distance the net is set
from shore multiplied by the length of the net. Tow net sampling volume
is computed by the boat speed multiplied by the area of the net opening.

Water samples are obtained for salinity and dissolved oxygen
determination by either (1) laboratory chemical analyses (potentiometric
method and Winkler titration, respectively), or (2) in situ imstrument
readings (using a Beckman salinity-temperature probe and a ¥SIi-dissolved
oxygen meter). :

All information is initially recorded on computer—format forms
(Appendix 2a).%*

The catch obtained from each sample is bagged and labelled in its
entirety for later processing. If the catch is excessively large, it is
subsampled and the numbers and total catch weight estimated from this
subsample. This applies to an excessively large catch of one species
as well as the total diverse catch. The bagged samples are refrigerated
until processing can take place, usually from 1/2 hour to 8 hours later,
depending upon the sampling method and the eventual use of the specimens--
e.g., specimens for stomach analyses are processed as soom as practical.

Biological Information

Each procured fish sample is sorted according to species,
enumerated, measured, and weighed. A count or estimate of the total
number and biomass is made for each species as well as individual length
(total length) and weight (to nearest 0.1 g) measurements, sex and age
determinations, stomach contents and evidence of external disease,
parasites, or other external abnormalities for selected subsamples of
economically or ecologically important species (all those designated on
DOE's list of economically important species). All catch and individual
specimen data are recorded initially on computer-format forms for ease
of analysis (Appendices 2b and 2¢). The source utilized for identificatiom
of nearshore fishes was Hart (1973).

#A11 coding forms and instructions used during this study are
available from FRI upon request.
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Subsampling

Our sampling methods are designed to avoid subsampling, but there
were occasions when catches were too excessive to physically handle
within the available time. In those cases the catch was mixed to a
homogeneous state and successive scoops (using a scale or balance pan
or similar container) were removed, every-tenth scoop being retained
to make a combined subsample of approximately ten per cent of the
total. The total catch was then estimated from the subsample proportion
of each species, each life history stage count, and weights. When an
excessively large catch of one species is subsampled, a minimum of 50
(25 from each haul) of each life history stage is taken in a random
manner. Any three data of (1) total count, (2) total weight, (3) sub-
sample count, and (4) subsample weight allowed the estimation of the
total number and biomass.

Stomach Analyses

Intact stomach samples were removed from selected samples of
economically and ecologically important fishes obtained during the
course of Nearshore Fish Survey sampling. These were preserved in 10%
buffered Formalin and returned to FRI's Seattle laboratory for analysis.

A systematic, standardized procedure was developed for the examination
and documentation of the stomach contents. The source of the stomach
sample was identified by the collection number, date of collection, and
specimen number designated at the time of stomach removal. Total contents
weight (to nearest 0.1 g) was derived by subtraction of the empty stomach
weight from the weight of the intact, full stomach. Subjective numerical
evaluations of the stomach condition or degree of fullness (scaled from
1 to 7) and stage of digestion (scaled from 1 to 5) were made at this
time. The contents of the stomach were then removed and sorted according
to broad taxa and the sorted organisms counted and a total
weight (to nearest 0.1 g unless less than 0.5 g and then to nearest 0.01
g) obtained. After final sorting, the organisms were counted. The
groups were then further examined and sorted to the lowest identifiable
taxa; at this stage, an attempt was made to identify organisms to species,
genus, or family if at all possible. All data were initially recorded on
computer—format forms (Appendices 2d and 2e) for statistical summarization
using a computer program presently being assembled. Accordingly, all prey
organisms and taxa possess an established numeric code allowing the
digital storage, filing, retrieval, and analysis of prey organisms
according to any phylogenetic level desired.

Sources of Sampling Error

The selection of any specific sampling techniques and/or design is
accompanied by biases in the performance of the gear or the manner and
pattern of its utilization which must be assumed to influence the
collected data. This was especially true for certain aspects of the
Nearshore Fish Survey program where a variety of sampling tools is
intended to assemble similar, comparable information. Each possessed
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a certain degree of selectivity for and against certain types of fish;
and by our selected pattern of sampling we have often selected for and
against dissimilar groups of fishes. Our interpretations of the
collected data must be accompanied by these basic assumptions of
selectivity.

Characteristics of the sampling gear which influenced its selectivity
included shape, mesh size, type of net material, and fishing configuration.
Fish characteristiecs included the organism's shape, size, swimming
behavior, and ability to perceive and avoid the gear. Selectivity was
also an inherent aspect of sampling time and duration, since tidal stage,
diel period, and sun (or moon) light intensity are known to influence
fish availability and catchability. And such variable environmental
conditions as turbidity of water, bottom conditions, bioluminescence,
and intensity and direction of current influenced effectiveness of. the
sampling techniques. Although these are discussed specifically further
in the report, 1L Is worth while to describe some of the important bilases
in our chosen methods. '

The fine-mesh bag of the tow net and beach seines sampled larval
and post—-larval fish which passed through the larger mesh wings of these
nets. Thus, the collection of these pre-~juvenile or small juvenile
fishes cannot be considered as quantitatively precise as with the larger
fish.

The efficiency of the sinking beach seine decreased as the
irregularities of the bottom increased; the net swept the sand habitat
extremely efficiently as compared to over the more irregular cobble
habitat. Dense beds of eelgrass could not be sampled with the beach
seine owing to this net's tendency to roll up when set directly upon this
vegetation. Thus, any fish exclusively associated with dense eelgrass
vegetation were not well represented in our survey.

The speed of hauling the beach seines was not fast enough to
capture rapldly swimming fishes if they encountered the outer margins
of the net; nor could fish which rapidly surface upon contact with the
net's wings be captured as effectively as those slower-moving demersal
or benthic fishes. The tow net, however, as long as it did not
encounter excessive current speeds, was moving fast enough to capture
some rapid-swimming fishes as long as they did not encounter the wings
of the net long before they progressed into the net mouth.

The set (trammel) net captured only active nocturnal fishes
which were not too large to pass through the large-mesh panel and not

too small to pass through the center small-mesh panel. Of these fish,
the net also selected those which have spines and fins prone to being
entangled in the webbing.

SCUBA transect surveys had the advantage of placing the sampling
scientist directly in the fishes' environment. But the divers were
more likely to see larger, especially schooling, species which were
active within the field of observation. Small, sedentary, cryptic or
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hidden fishes, on the other hand, had a greater possibility of not
being observed. The diver himself, because of his breathing apparatus,
may have been an element of attraction or repulsion to certain types

of fishes.

Although detectable in the data, it should also be noted here that
severe weather conditions in the nearshore waters could have influenced
both the effectiveness of the sampling equipment and the occurrence and
behavior of the fish assemblage being sampled. A more obvious effect
of the saupling design was that all beach seining occurred during each
month's maximum low tide series. During October through February,
sampling took place at night. Thus, comparison with the diurnal samples
the rest of the year must take into consideration the potential diel
differences in fish distribution and occurrence as documented by this
data series.

The stomach contents analyses and interpretation of those results
also contained inherent biases. While most specimens were obtained
from active sampling, the stomach contents of those originating from
passive sampling methods such as trammel netting were prone to have
differential stages of digestion because the fish were captured over amn
eight to ten hour period when the net was fishing. Certain sampling
methods as well as certain species were also responsible for differing
degrees of regurgitation. Specimens showing any obvious regurgitation,
however, were not utilized for stomach analysis. In correlating the
diet of fish with the habitat of origin, there were several basic
assumptions which should also be considered: That the fish consumed
the analyzed ration within that habitat, and that its prey were not
imported into the habitat. These assumptions are probably valid for
those sedentary, dominant species characterizing each habitat, but less
valid for the more transitory, ubiquitous species. And one of the
most important aspects of these analyses, the sample size, was certainly
not sufficient (< 10) to represent valid interpretations of a fish's
overall diet. Again, the species' characteristic feeding behavior is
an important consideration in that an insufficient sample size from
opportunistic feeders would be more likely to produce error than from
specialized feeding fishes.

RESULTS

Environmental Conditions at Sampling Sites

Nearshore Intertidal Measurement. Surface water (0-1 m) temperatures
measured in the San Juan Island vicinity sites varied over a maximum
range of 10.5° C with a high of 14.8° C measured in July and a low of
4.3° C in January (Fig. 3a). The mud/eelgrass habitat exhibited the
maximum range and temperature extremes, the sand/eelgrass habitat the
second broadest range, and the remaining habitats generally a similar
6°C fluctuation. All type-habitat sites showed the same general trend,
with a gradual decline in surface temperatures from mid-summer to
January and then a rapid increase through April.
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Salinities fluctuated around an average of 29.9°/co with a high
value of 31.5°/eo recorded in November and December and a. low in
February of 25.6°/00. All habitats showed similar trends, increasing
from a fluctuating summer period to a less variable high salinity period
in mid-winter, and declining from December with increasing fluctuations
in the spring (Fig. 3b). There were no definitive differences detectable
between the five habitats.

Dissolved oxygen values as measured at the San Juan Island vicinity
sites indicated generally well saturated waters ranging from a peak of
129% saturation in May to a low value of 65% in October (Fig. 3c).

While the variation in surface dissolved oxygen values among habitats

was significant during some months, a definite trend was evident,
indicating a fall depression and winter (January-February) optimum.

The fall depression is apparently a function of upwelling of low-dissolved-
oxygen coastal water via the Strait of Juan de Fuca (Collias and Barmnes,
1966; Univ. Wn. Dept. Ocean, 1954). Such trends, however, should only

be examined bearing in mind that gas solubility is inversely related to
temperature and that the saturation level to which these values are
compared is both temperature- and salinity-dependent.

Nearshore Surface Water Measurements. Temperature and salinity
information obtained during tow net sampling, although not obtained
monthly, allows us to examine physical differences among the 15 sites,
five habitats, or three sampling areas. The dissolved oxygen measure-
ments were not complete enough to formulate a seasonal continuum. These
data are, however, included in the raw data tabulation in Appendix 3.

The San Juan Island sampling area represented a comparatively less
variable surface water environment than the two areas on the eastern
border of the north Sound (Figs. 4 and 5, Table 2). This area showed
iower and less variable temperature and higher and less variable salinity
values, presumably indicating the extent of mixing with oceanic water
from the Strait of Juan de Fuca and proximity to coastal freshwater
runoff, In fact, while the Cherry Point and Anacortes areas indicated
an unusual decline in salinity in the December sampling, this was not
evident in the San Juan Island area. Similar temperatures were, however,
evident at this time throughout the north Sound sampling sites.

While trends do not appear to be significant, there were indications
that the shallow, low gradient habitats undergo more severe physiochemical
variation and fluctuation than the deeper, higher gradient habitats.

Subtidal Measurements. Water samples obtained at an average depth
of 7.6 m in the course of the SCUBA transect observations provided a
relative index of the temperature, salinity, and dissolved oxygen regimes
characteristic of the nearshore subtidal waters along exposed rocky/kelp
bed type-habitats in north Puget Sound. The rocky/kelp bed habitat
exhibits a seasonal temperature regime similar to the surface waters
with perhaps a slightly lower minimum (Fig. 6). Salinity and dissolved
oxygen regimes showed trends generally similar to corresponding surface
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Table 2. Temperature and salinity means, standard deviations, extremes,
and ranges among three sampling areas as measured during
Nearshore Fish Survey.

San Juan Island Cherry Pt. Anacortes

Temperature (°C): x 9.1 10.1 10.0
8 2.0 3.4 2.5
X
Min-max 5.4-13.4 5.4-~18.5 6.2-18
Range 8.0 13.1 11.8
Salinity (°/oo): x 29.2 27.8 28.1
s 6.1 4.1 3.2
x .
Min-max 24.0-31.4 18.8-31.2 20.7-31.5

Range 7.4 12.4 10.8
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water measurements, indicating a well-mixed water colummn in the habitat
most prone to heavy current influences.

Nearshore Fish Assemblages

Specific raw catch data for each sampling site are appended (Appendix
4), providing the mean species richness, mean number of individuals, and
mean biomass for each collection. Species richness is defined as the
number of species; the number of individuals represents actual counts or
subsample proportion estimates; and biomass is actual welghts or subsample
proportion estimates thereof. Means are of two sample replicates
constituting each collection.

Seasonal occurrences of the documented nearshore fishes of north
Puget Sound are diagrammed by habitat in Appendix 6, indicating peak
abundance periods for those species or life history stages with fluctuat-
ing populations. Sampling frequency (see Methods and Materials) for the
different sampling methods applied to each habitat should be kept in mind
when interpreting these temporal distributions.

Species Distribution and Species Richness., Sampling for 15 months in
north Puget Sound resulted in the capture of 96 pogsitively identified
species of marine and estuarine fishes. The relative occurrence and
distribution of these species according to the different habitats samp led
by the different techniques are appended (Appendix 5).

A coarse indication of the diversity of a community of organisms,
species richness is illustrated for nearshore fish asgemblages in Figs., 7
and 8. The gravel habitat site yielded the highest and the rocky/kelp
bed the lowest number of species in demersal assemblages. The exposed,
cobble habitat typically contained fewer species than the two protected
embayment habitats. Maximum species richness generally occurred in the
fall after a late summer decline; minimum species richness occurred in
March and was most extreme in the more exposed habitats (cobble and gravel)
during the winter storm period. The SCUBA observations, however, indicated
a less variable abundance of species in the rocky /kelp bed habitat
throughout the sampling year.

The pelagic component of the nearshore fish assemblages was most
species-rich in the mud/eelgrass and cobble habitats, and the rocky/kelp
bed habitat the least. Among the three study areas, the two eastern
areas evidence slightly more species on the average than the San Juan
Island area (Table 3).

Abundance. The mean abundance (number of individual fish) per
collection, or the relative observed sbundance in the case of SCUBA
transect surveys, is included in the raw data tables (Appendix 5).
These data, transformed into density values, are illustrated as a
function of time for beach seine surveys (Fig. 9), tow net surveys
(Fig. 10), and SCUBA transect surveys (Fig. 11).
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Table 3. Mean species richness, over all habitats, of nearshore surface
fish commmities sampled by tow net in three north Puget Sound
areas, July 1974 through June 1975.

Date
Area July/Aug. Aug. Sept. Dec, Feb. Mar., Apr. May June
San Juan Island 6.4 5.0 5.8 3.8 1.6 7.0
Cherry Point 9.0 9.2 9.2 5.2 2.6 6.0 7.0

Anacortes 7.0 6.6 9.0 L.o g5 3.0
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Fluctuation is evident in the total density of nearshore fish during
these surveys. An important source of this variance is the occurrence of
schooling species in the collections. This is especially evident in the
case of the rocky/kelp bed SCUBA observations (Fig. 11) where schooling
rockfish and other species contribute to this varisbility. Exclusion of
these species (Sebastes emphaeus, S. flavidus, S. melanops, Embiotoea
lateralis, and Clupea harengus pallasi) from the data in Table 4
significantly reduces the variance estimates.

Densities of nearshore surface fish assemblages over cobble and
gravel habitats (Fig. 10) followed patterns similar to the bottom-
associated assemblages, illustrating similar fall increases and perlodic
fluctuations caused by the influx of sgbundant schooling species. In the
case of these surface assemblages, however, the winter densities
declined to basically zero without the fluctuations seen in the
corresponding bottom communities.

Comparison of the respective fish densities found in the nearshore
surface waters sampled in the three north Sound sampling areas (Fig. 10)
illustrated a relatively consistent pattern. From a moderate level
(higher in the Cherry Pt. and Anacortes areas than about San Juan Island)
in early August, there was a rapid increase in late August and September,
caused primarily by the influx of juvenile Pacific herring into nearshore
waters. These densities, as high as 1.8 fish/mB, declined to less than
0.004 fish/m3 by December and into mid-February. Not until mid-March
did the catches begin to increase, due not so much to the appearance of
adult fishes as to the influx of pelagic larvae into these surface waters.
The subsequent spring increases are basically due to the appearance of
larvae, juvenile salmonids, and schools of threespine stickleback. The
inshore movement of Pacific herring in the fall and the appearance of
herring, Pacific sandlance, and smelt larvae and post-larvae in the late
winter resulted in the highest fish densities in the two shallow embay-
ment environments-~the sand/eelgrass and mud/eelgrass habitats.

Standing Crop. The standing crop of nearshore fish assemblages,
expressed as the mean wet weight (kilograms) per unit area, is illustrated
for the San Juan Island assemblages sampled with beach seines (Fig. 12)
and as mean wet weight (kilograms) per unit volume sampled by tow net,
for collections in the San Juan Island, Cherry Point, and Anacortes
regions of north Puget Sound (Fig. 13). The estimated standing crop of
rocky/kelp bed habitat fish assemblages from SCUBA tranmsect observations
is also illustrated (Fig. 14).
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Standing crop generally corresponded to the trends observed in the
numbers of fish captured. There were, however, obvious differences.
In the beach seine samples and SCUBA transect observations from the San
Juan Island vicinity (Figs. 12 and 14), the ranking of several habitats
had reversed when mean abundance was compared to mean standing crop.
While the mud/eelgrass habitat typically indicated the greatest fish
abundances and densities, the standing crop in this habitat was typically
the lowest of the five habitats. Similarly, the standing crop of the
fish communities.in the sand/eelgrass habitat generally did not corres-
pond to the densities of the fish assemblages observed there. The high
winter densities observed in the gravel habitat were not accompanied by
an equivalent increase in standing crop. Deletion from the data of those
species which occur infrequently but as large dense schools (e.g., Pacific
herring) produced a standing crop measure of these fish assemblages that
was not so highly variable, averaging about 3 to 4 grams/m2 in the summer
and fall and dropping gradually to less than one gram/m during the
winter,

The situation of standing crop ranking according to habitat was
dramatically reversed in the case of the surface compcnents of the near-
shore fish assemblages. The protected, shallow, eelgrass-associated
habitats characteristically had the highest standing crop values, and
the surface waters adjacent to rocky/kelp bed habitats typically possessed
the lowest. While the seasonal trends in standing crop were similar among

the three north Sound sampling areas, the fall increase was of a generally
greater magnitude in the eastern north Sound than in the habitats in the
San Juan Island vicinity.

Fish Stomach Analyses

The stomachs of 205 specimens retained for analyses have been examined
for the composition and numeric and gravimetric contributions of prey
organisms found (Appendix 8). These analyses encompass the diet breakdown
for 30 species representing all habitats sampled on San Juan Island,
location of the western 'control" sampling area.

The composition of the investigated fish diets was itemized, both
in mean biomass consumed for each prey organism taxon and in percentage
composition by occurrence and biomass (Appendix 9). The overall
contribution to the diet of 12 species, in percentage of the biomass of
all food organisms and identifiable material contained in the stomachs,
was i1llustrated (Fig. 15). Sample sizes for the remaining 18 species
were inadequate to represent their general utilization of nearshore prey
resources and provide little more than a suggestion of their trophic
relationships with their San Juan Island habitats. Intercollection
variances and differences between habitats were examined.



-32~

mzquoﬁ\za\\\\\ﬁ SQISAW

SAOdIHANY |
mum:.:oz& Q389 |

i womZD%%mW__.%%m ,wx 904 snprav1f shygyopody sneorgead snsauodhy
SOITaNNVEEER  SOITaNNV | |
daHIO = 3 13VHOXIOd |
QlIY3dAH
w. _N7\<4<édmw | B

Sue25euInNd

HSI4 SAOdIHdWV

SOSNJJON§ SPOCOS]
:ON793 ]

edoupq au 82380qd3 snsoys13o spiredolg

% o’
o o
X
Y
y
»
.
o
e
e
o |

D32y SNYOUAYIOOUD yognsLy SnyoufyIoDUY

Thoesess ]
.......
.......
......
.....

N

\

\,

A SOSORS

sayoey>fieg Spodcs)

(I

SNULINDD 899 80GOS ‘gngpq1o28 sAyYo19VId snaouLIp 8n30003deT
P . 5 ™
\w 2 x.z F
. f T =
S | 4
\ \
\ /'
SEam | i - spodiydue |
| plj24deny spishyy~== B SRV T
spodiydimy dmLiys Sq&I) ‘seaoeplue] ‘SISTON 7 [eAdeT] Spodadoy EBAJE])

¢fonaing YSTJ4 oioysieay ul paydues ysiy jo seorcads gzl JO 19TP

*GL6T @unf ysnoayl y/eT AInr _
sewioIq [E31031 Jo @dwjuadaad ul ‘wOTINGIIIU0) Gl *STg

07 TBIio3jBW ITYEIJTIUSPT puB swsTuedio pooy Jjo ‘s



-33-

A preliminary listing of the identifiable prey organisms and their
relative occurrence in the stomachs of the fish analyzed was compiled
(Table 5). The occurrence of specific prey in the diet of some fishes is
furtheyr delineated in Table 6. Taxonomic verification of several species
(noted as sp. or unidentified) is presently being obtained from experts
in those taxa.

Malacostracan crustaceans and fish provided most of the biomass
contributing to the diets of the nearshore fishes investigated. The
most commonly represented taxon was the Amphipoda, itself an ecologically
and taxonomically diverse group. Natantian decapods (shrimps) were also
significant nearshore food organisms. Other than fish, the remaining
prey taxa were fairly restricted to specific fish predators.

Variability of Nearshore Fish Data

Potential sources of variability within the sampling design of the
Nearshore Fish Survey were discussed earlier. These and the natural
fluctuations of the organism populations in response to the environment
are combined within the observed variability of the survey data. Statistical
,,,,,, expression of this variability represented by the coefficient of variation*
(Table 7), indicates the relative constancy or predictability of an
organism's (or assemblage of organisms) occurrence, abundance, or standing
crop.

There are indications in the beach seine data that the exposed,
cobble habitat is characterized by the most variahle nearshore fish
assemblage, followed by the sand/eelgrass, mud/eelgrass, and the least
variable, the gravel habitat. The surface-dwelling fishes, dominated by
pelagic schooling species, exhibit a greater variability than the demersal
component of these nearshore assemblages, as indicated by the high
variability associated with the floating beach seine catches compared to
the sinking seine catches.

The tow net catch data also illustrate the higher variability
associated with surface fish fauna. In these data, the sand/eelgrass
habitat catches were generally the most variable, followed by the cobble
and gravel habitats, with the mud/eelgrass and rocky/kelp bed habitats
characterizing the lower coefficients of wvariation.

Another general indication from the tow net catch data is that the
surface fish fauna from the San Juan Island vicinity is characterized by
greater variation than that of the two eastern study areas.

Standard deviation
Mean

*Coefficlent of variation = ( ) 100




-3

Table 5, Prey organisms and their relative occurrence for fish analyzed
for stomach contents composition during Nearshore Fish Survey,
197u4-1975,

Prey organism Occurrence

Phylum Mollusca
Class Gastropoda
Transenella tantilla (?) rare

Class Bivalvia
(Small white clam) rare

Phylum Annelida
Class Polychaeta rare

Phylum Arthropoda
Subphylum Mandibulata
Class Crustacea
Subclass Copepoda
Order Calanoida :
Epilabidocera amphitrites common

Order Harpacticoida commorn
Subclass Malacostraca
Order Leptostraca

Nebalia pugettensis (?)  rare

Order Mysidacea

Holmesiella anomala abundant
Neomysis awatschensgis : rare
Order Cumacea rare

Order Tanaidacea
Leptochelia dubia (?) rare

Order Isopoda
Suborder Flabellifera

(> 3 types) commnon
Suborder Valvifera

(> 3 types) common

Order Amphipoda

Allorchestes sp 1 common
Allorchestes sp 2 rare
Amphithoe lacertoss - rare
Amphithoe sp. } same rare

Aorides sp. rare
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Table 5, cont'd

Prey organism Occurrence
Atylus sp. common
Calliopius laeviusculus rare
Eohaustorius sp. common
Eusirid sp. rare
Eyeiroides sp. (?) abundant
Gammaridae sp. unindentified rare
Hyale sp. rare
Hyperridae common
Ischyrocerus sp. rare
Lyssianasidae sp. unidentified rare
Paraphoxus spinosa (?) common
Paraphoxus (Trichophoxuslsp 1 common
Photis californica } " common
Photis sp. Same: commorn
Pontogeneia sp. 1 rare
Pontogeneia sp. 2 common
Synchelidiun sp. rare
Talitroidea sp. unidentified rare

Order Decapoda

Suborder Natantia

Section Caridea
Heptacarpus stimpsoni common
Heptacarpus tridens rare
Hippolyte clarki rare
Crangon sp. COMon

Suborder Reptantia

Section Anomura
Paguridae sp. rare

Section Brachyura
Cancer magister common
Cancer oregonensis common
Oregonia gracilis rare
Pugettia gracilis common
Pugettia richii (7) rare
Telmessus cheiragonus rare
Class Insecta
Order Diptera rare
. Phylum Chordata
Class Pisces

Clupea harengus pallasi (?) rare
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Table 6. Specific prey organisms identified from nearshore fish;
frequency of occurrence is listed for those fish species
examined with sample sizes 5.

Fish species

Prev organism

% Frequency
of occurrence

Hydrolagus colliet

(Crabs)

Cancer magister

C. oregonsis

Pugettia gractlis
Pugettia sp.

Oxyrhyncha sp. (juvenile)
Telmessus cheiragonus

(Shrimp)
Heptacarpus stirpsont

Hippolyte clarki

(Unident.)
Crangon sp.

(Amphipods)

Eusiroides sp.
Pontogeneia sp.
(Unident.)

Lyssiansidae sp.
Photis californica
Photis sp.

Paraphoxus spinosa
Aorides sp.

Aty lus

Synchelidium sp.
Idotea sp.

Synidotea sp. (2 types)
Flabellifera spp. (2 types)

(Molluscs)

Transenella sp.?
Lacuna carinata?l
Caprellidea spp.

(Cumaceans)
Unident. sp.

(Anomuran crabs)
Paguridae sp.

55
55

9
18
18
18

64

55
27
18

91
27
18
18

64
64

73
18

18
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Fish species

Prey organism

% Frequency
of occurrence

Oncorhynchus kisutch

Sebastes melanops

(Amphipods)
Eusiroides sp.
Atylus sp.
Allorchestes spp.
Eohaustorius sp.
Calliopius laeviusculus
Hyperiidea
Talitroidea sp.
Eusirides sp.
Hyale sp.
Paraphoxus spinosa
Paraphoxus sp.
Pontogeneia sp.
(Unident. spp.)

(Shrimp)
Heptacarpus stimpsoni
Crangonidae

(Mysids)
Holmesiella anomala

(Isopods)

Gnorimosphaeroma oregonense
Exosphaeroma sp.
Flabelifferan unident. sp.

(Copepods)
Fpilabidocera amphitrites
Calanoida unident. sp.

(Insects)
Unident. sp.

(Amphipods)

Pontogeneia sp. #1
Pontogeneia sp. #2
Pontogeneia unident. sp.
Eusiroides sp.
Ischyrocerus

66
38
34
31
3
21
3
3
3
3
24
7
28

34

58

83

100
33
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Fish species

Prey organism

% Frequency
of occurrence

Hyale sp.

Atylus

Paraphoxus spinosa
Photis califormica
Photis sp.
Amphithoe lacertosa
Amphithoe sp.
Unident. Gammaridae
Unldent. spp.
Caprellidea

(Shrimp)

Heptacarpus stimpsont

H. tridens
Crangon sp.
Hippolyte clarki
Unident. sp.

(Leptostracan)
Nebalia sp.

(Polychaete)

Unident. Errantiate sp.

(Fish)
Unident. sp.

(Crab)

Cancer oregonensis
C. magister
Pugettia gracilis
Oxyrhyncha sp.

Telmessus cheilragonus

Unident. Megalops
Unident. sp.

(Molluses)
Lacuna carinata?

(Insects)
Unident. sp.

(Isopods)
Flabellifera sp.

50
75
8
25
17
8
25
8
67
8

58
17
33

17
8

17

17

33
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Fish species

Prey organism

% Frequency
of occurrence

Leptocottus armatus

(Amphipods)
Allorchestes sp.
Eohaustorius sp.
Atylus sp.
Paraphoxus spinosa
Talitroidea sp.
Hyperiidea sp.
Unident. spp.

(Shrimp)
Crangon sp.

(Cumacean)
Unident. sp.

(Mysid)
Holmesiella anomala

(Isopods)
Flabellifera sp.
Valifera sp.
Unident. sp.

(Crabs)
Cancer magister
Oregonia gractlis

(Fish)
Unident. sp.

(Insect)
Unident. sp.

W W0 WO

45

27

18
36
18
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Table 6, cont'd

Fish species

Prey organism

Theragra chaleogramma juv.

Sebastes flavidus

Sebastes maliger

(Shrimp)
Heptacarpus tridens
Crangon sp.

(Amphipods)
Atylus sp.

(Amphipods)
Pontogeneia sp. #1
Pontogeneia sp. #2
Eusiroides sp.
Lyssianasidae sp.
Ischyrocerus sp.
Atylus sp.

Photis califormicus
Hyperiidea

(Shrimp)
Crangon spp.

(Mysid)
Neomysis awatschensis

(Leptostracan)
Nebalia sp.

(Shrimp)

Heptacarpus stimpsoni
H. tridens

Hippolyte clarki
Unident. sp.

(Amphipods)
Eusiroides sp.
Aty lus

(Isopods)

Idotea sp.
Synidotea sp.
Flabellifera spp.

(Mysid)
Unident. sp.

(Leptostracan)
Nebalia sp.
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Fish species

Prey organism

Hexagrammos decagrarmus

Hexagrommos stellerti

Blepsias cirrhosus

Enophrys bison

(Crabs)

Oxyhryncha sp.
Telmessus cheiragonus
Cancer magister
Pugettia gracilis
Oregonio gractlis

(Isopods)
Idothea sp.
Flabellifera sp.

(Shrimp)

Crangon sp.
Heptacarpus stirmpsont
H. tridens

Unident. sp.

(Amphipods)
Eusiroides sp.
Amphithoides sp.

(Molluscs)
Lacuna carinata?

(Amphipods)

Fusiroides sp.
Gammaridae unident. sp.
Amphithoe sp.
Unident. sp.

(Crabs)

Cancer oregonensis
Pugettia gracilis
Oxyhryncha sp.

(Shrimp)
Heptacarpus stimpsoni

(Shrimp)
Heptacarpus stimpsont

(Amphipods)
Amphithoe sp.
Unident. sp.

(Algae)
Ulva?
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Table 6, cont'd

Fish species

Prey organisms

Hemilepidotus hermilepidotus

Scorpaenichthys marmoratus

Platichthys stellatus

(Crabs)
Cancer magister
C. oregonensis

(Shrimp)
Heptacarpus stimpsoni

(Amphipods)
Eusiroides sp.
Atylus
Allorchestes sp.
Unident. spp.

(Crabs)
Cancer oregonensis

(Mysid)

Holmstiella anomala

(Isopod)
Flabellifera sp.

(Amphipods)
Aty lus
Unident. sp.

(Polychaete)
Unident. Errantiate sp.

(Insects)
Unident. spp.
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SCUBA transect data (Table 7c¢) indicate that these characteristics
of the subtidal fish assemblages in the rocky/kelp bed habitat are more
variable than those documented using beach seine and tow net methods.
Removal of data for schooling species, however, reduces this variation
considerably.

Seasonal variation in these data illustrates that, associated with
the winter declines in these assemblages, the winter - early spring
period is generally the most variable for nearshore fish fauna.

In all these data, the variability usually increases among the three
indices, species richness, abundance, and biomass.

Both the beach seine and tow net data were examined for indications
of variability resulting from our sampling techniques or design. There
was suggestion of a slight bias toward the first beach seine sample of
the two sample collections. 1In a number of instances schooling species
were captured in greater abundance in the initial sample than in the
second, especially in those habitats with restricted sampling area.

This evidence, however, is not definitive and does not appear to present
a significant error. The tow net data were similarly free of any
discernible biases.

DISCUSSION

Habitat-Associated Fish Communities

Animal and plant associations called "communities' are established
and maintained through a set of synergistic interrelationships among
organisms, i.e., predation, competition, and trophic interactions, and
between organisms and their physical environment. Ultimately, these
communities should be defined on the basis of the complex system of

biotic and biotic-abiotic relationships. However, on the initial level
of investigation of the Nearshore Fish Survey, we can discuss the near-
shore fish fauna only in terms of assemblages which occupy definable
nearshore habitats. It is anticipated that the associated stomach
analyses of the important members of these communities, examined in the
light of the invertebrate studies in the same habitat-sites, will begin

to establish a second important criterion, the trophic character of

these relationships. A statistical approach to defining communities
through the quantified associations between species occurring together
will also be applied to our existing ( and expanding) data base in the
next stage of the survey. In accordance with the goals of DOE's Baseline
Study program, the eventual objective of this approach will be to define
specific fish communities.which can be predictably identified with certain
habitats, seasons, and measurable environmental or biotic conditions.

The validity of this method will depend upon the resulting variance assoc-
jated with the sampling method and that inherent in the fish communities
as they are sampled over several years. As of this writing we have only
two or three months of data with which to document annual variation so it
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is too early to make any conclusions about the predictability of commu-
nity composition, abundance or standing crop during any month or season.
There are indications, at least for the three summer, late fall months
with two years of data, that between-habitat trends hold and that the
coefficient of variation may not be unrealistically high, depending upon
the incidence of abundant, schooling species.

Rocky/Kelp Bed. Of the 23 fish species documented in the SCUBA
transect study of the rocky/kelp bed habitat, 7 could be considered
community dominants by their occurrence in more than 40 per cent of the
dives. As mentioned, the survey technique was better suited to detecting
large species, so small species may be under-represented or even missed
altogether (e.g., gunnels, pricklebacks, and small sculpins). The kelp
greenling was the most frequently encountered fish (96 per cent of the
dives), and was third in total abundance, behind two schooling rockfish
species (black and yellowtail); it was the only fish which showed
relatively constant abundance in the study areas throughout all seasons.

The densities of fish in the rocky region varied with season.
Densities were highest in the summer, dropped in the fall and winter,
and rose again in the spring. These seasonal fluctuations, however, were
not as severe as observed in the shallower fish assemblages sampled by
beach seine and tow net. Both the kelp bed influence and the deeper
waters may account for a more benign winter environment than in the
shallower beach habitats. The control area (Pt. George) indicated
consistently higher densities than the main study area (Allan Island).
Barnes Island, surveyed by one dive quarterly, showed the highest
density with comparable seasonal fluctuations.

Four rockfish species--copper, quillback, black, and yellowtail--—
were found consistently in the Pt. George and Allan Island study areas.
The first two species are solitary bottom dwellers, the second two are
schooling pelagic species. Because of the schooling behavior of the
latter two species, they were the dominant species in terms of number of
fish seen. Both species occurred very seasonally, being absent from the
areas in winter and spring, and consistently present during only the
summer and fall; the two species probably moved to deeper water during
the winter months. Neither of the schooling species was seen at Barnes
Island. Of the two bottom-dwelling species, the copper rockfish was more
abundant overall and seen more frequently.

The longfin sculpin (third in frequency of occurrence and fourth
in overall abundance) rarely exceeded 100 mm and is probably much more
common than the data indicate. The lingcod, a large predator, was
sighted on half the dives. The total number and densities of lingcod
were not high, although this is not surprising as top predators, such as
this species, require larger territories than species at lower trophic
levels. Egg masses guarded by males were found in the February-to-April
period in depths of 3 to 12 m (10 to 40 ft).
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Dogfish and ratfish are two species which did not appear during the
daylight SCUBA observations but which apparently made diurnal migrations
into the habitat at night, as indicated by the trammel net catches
(Appendix 5d). The striped seaperch also appeared dominant at night,
although this may have been a site-associated occurrence rather than a
diel change characteristic of the SCUBA transect sites. The other
dominant species in the nocturnal composition of the community, kelp
greenling, buffalo sculpins, and black rockfish, were also commonly
observed during SCUBA dives.

An interesting indication from the data is that none of the fish
observed seemed to be uniquely associated with the kelp (Nereocystis);
fish were seen in apparently equal densities in areas with and without
kelp beds. A major reason for this is probably the shallow depth range
of the kelp in the northern Puget Sound region. Water depth may be a
more important criterion than kelp coverage in determining fish
distribution.

The surface component of the rocky/kelp bed fish assemblage was
typically the least species-rich when compared to the other habitats,
dominated by large schools of juvenile Pacific herring, threespine
sticklebacks, and juvenile salmonids. It must be kept in mind, however,
that the tow net was not capable of sampling through the kelp bed canopy,
only adjacent to it on its outer deeper margins. Therefore, those
species using the kelp canopy for refuge and food will not have been
effectively sampled. Thus, the surface component of this habitat's
fish assemblage should be considered generally underestimated in these
data.

Cobble. Of the five habitats investigated, the exposed, cobble
habitat proved to possess the most variable fish fauna. The associated
nearshore fish community was characteristically the poorest in species,
and usually low in abundance and biomass. Only in cases of intermittently
abundant pelagic schooling species (i.e., juvenile Pacific herring, chum.
and coho salmon) was this community comparable to the others.

More than in any other habitat, the exposed, cobble community was
greatly influenced by the physical aspects of the habitat. While the
habitat's physiochemical enviromment was probably the most stable of the
five examined, perhaps due to a high degree of mixing of the water
column in this habitat, the high degree of exposure made this habitat
the most physically stressed to fishes inhabiting the nearshore environs.
During fall and spring, wave forces tended to keep the beach substrate
unstable, also affecting the presence of demersal fishes associated with
the shallow nearshore. The occurrence of these species, which depend
upon the substrate for food and protection, varied with the degree of
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turbﬁlence in the beach region. At such times of nearshore disturbance,
it was primarily the pelagic species which composed the better part of
the fish assemblage.

Dominant* demersal fishes of the assemblage comsisted of juvenile
Pacific tomcod, padded sculpins, sharpnose sculpins, buffalo sculpins,
shiner perch, ratfish, juvenile walleye pollock, and ringtail snailfish.
Species characteristic of the habitat's nearshore surface waters as
sampled by the floating beach seine were juvenile Pacific herring, and
on a less frequent basis, surf smelt, juvenile coho salmon, and juvenile
chum salmon. Those associated with the surface waters in the nearshore
vicinity of the cobble habitat as sampled by tow net are dominantly
pelagic schooling species-~Pacific herring, juvenile coho, chum, and
chinook salmon, threespine stickleback, Pacific sandlance, surf smelt,
and longfin smelt. The staghorn sculpin, a demersal fish, was also
frequently captured in the nearshore surface waters during nighttime
sampling, especially in the two eastern north Sound sampling areas.
Other than these, the some thirty other species are generally not abundant
or are transients from outside the community which occurred on an infre-
quent basis. Fishes such as juvenile English sole, rock sole, and
starry flounder are examples of species from the more offshore sand and
mud habitats which are often adjacent to the nearshore cobble habitat
areas in north Puget Sound.

The composition of the assemblage maintained at a relatively constant
level of 15 to 19 species through October, thereafter declining with the
initiation of the fall storm period and declining water temperatures.

The community is apparently dispersed in the winter and essentially
nonexistent in the intertidal and nearshore surface waters except for the
pelagic larvae of surf smelt, Pacific herring, and Pacific sandlance

which begin occurring in February. Pelagic schools of threespine stickle-
back and chum salmon are also periodically found in the nearshore surface
waters of this habitat in late winter and spring. :

There is no pronounced difference in the composition of the nearshore
surface component of the assemblages in the three study areas. The Cherry
Point and Anacortes areas were more prone to having chinook salmon, stag-
horn sculpins, surf smelt, and longfin smelt than the more oceanic-
influenced San Juan Island area. And, as documented earlier in the
report, species richness, abundance, and standing crop of the community
in the two eastern north Sound areas were typically greater than in the
western area. This reflects, we feel, both the additional estuarine
influence and reduced exposure characterizing the eastern study areas.

Gravel. The most complex assemblage sampled was that associated
with the gravel habitat, especially as reflected in the nearshore fish
fauna documented at Deadman Bay, San Juan Island. As mentioned earlier,
this reflects the complex habitat at this site which may be anomalous

*Dominant members of a community here are defined as species
occurring in 50 per cent or more of the collections in that habitat.
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when compared to the characteristic gravel habitats sbout Puget Sound
proper; the gravel beaches characteristic of the San Juan Island archi-
pelago are typically like that at Deadman Bay--narrow, usually moderately
exposed, and confined by kelp beds on adjoining rocky promontories. Thus,
at least for the San Juan Island "control” sampling area, the composition
and nature of the associated fish assemblage could be considered
representative.

Of the some fifty-eight species captured from the area using the
two beach seines, some twenty-one species could be considered dominants
in the intertidal component of the habitat's fish assemblage. These
include copper rockfish, kelp greenling, silverspotted sculpins,
tubesnouts, juvenile Pacific tomcod, buffalo sculpins, white-spotted
greenling, padded sculpins, staghorn sculpins, Pacific herring, English
sole, tidepool sculpins, crescent gumnels, great sculpins, smoothhead
sculpins, spiny lumpsuckers, threespine sticklebacks, and bay pipefish,
approximately in that order. Of these, shiner perch, tubesnouts, and
Pacific herring, by their occurrence in the surface beach seine collec~
tions, appeared to occupy the surface waters more than the other fishes.
The tidepool sculpin appeared dominantly in the surface seine samples,
but because of its observed behavior, it was assumed that the flrst
seine, usually a surface set, captured most of these bottom—associated
cottids as it swept the bottom close to the beach.

In addition to the common adult mewbers of the assemblage, the early
1ife history stages of several species, including larvae and/or juveniles
of copper rockfish, Pacific sandfish, surf smelt, and chum salmon, commonly
utilize the nearshore portion of this habitat for food and protection
during brief periods (two to three months) of the year. Rockfish juveniles
were found throughout the late summer and fall.

Though the intertidal fauna undexwent vavious shifts in composition,
this element of the assemblage sustained a significent abundance and
standing crop throughout the sampling period. Copper rockfish, Pacific
tomcod, and tidepool sculpins had generally migrated out of the community
by December., Pacific herring had departed by February. Dominant species
such as great and smoothhead sculpins, spiny lumpsuckers, threespine
sticklebacks, and bay pipefish were present only in late fall and early
winter, not appearing until September-October, and many had left the
community by February. Several species, however, maintained relatively
stable populations through the winter, i.e., kelp greenling, buffalo and
padded sculpins, and English sole, and several species--notably, shiner
perch and tubesnouts--increased significently during the winter. The
movement of the latter two species was probebly correlated with behavior
oriented to their March-April spaming pevieds.

The pelagic fish fauna captured in the surfsce waters adjacent to
the gravel habltat were characterized by juvenile Pacific herring,
juvenile chum znd chinock salmon, threespine stickleback, and Pacific
sand lance. The San Juan Island site typically possessed the poorest
fauna, the salmon juveniles essentially disappearing after late July -
early August, with just the dominaemt juvenile Pacific herring population

i
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persisting through December. On the other hand, both eastern north

Sound gravel habitats had populations of most of these species into
Decenber, and a greater diversity of incidental species accompanied

these dominants than was found at San Juan Island. The difference
between the nearshore pelagic fish in eastern and western north Sound
study areas may be either a factor of distance in the case of the juvenile
salmonids, since these may be differentially imtroduced into marine
waters from river systems both in northwestern Washington and British
Columbia, or of exposure which allowed the fish protection ovr food in

the less exposed sites of the eastern areas.

Both demersal and pelagic components of the gravel habitat's fish
assemblage were typically highest in species richness and fish densities.
1f the data for transient, schooling species are removed from the beach
seine catch results, however, the demersal fauna densities fall below
that of the mud/eelgrass habitat.

Sand/Eelgrass. The assemblage of fishes found associated with
sandy beaches and eelgrass beds, while generally the least species-rich
of the five habitats under study, maintained a relatively high abundance
and standing crop compared to the other assemblages. This generalization
also appeared to hold into the second year's data, although there are
only three comparable months and such conclugions cannot be made until
two full years of data have been accumulated. The results for the first
two months of beach seine sampling were not strictly comparable because
the first two areas sampled, False Bay and Cattle Point, were found to
be atypical of the habitat. False Bay especially was of such a config~
uration that at low tide the majority of the bay's nearshore fish were
intensely concentrated in the only location available for beach seine
sampling. Eagle Cove was finally established as the site for this habi-
tat and the data for that assemblage were continuous from September.

Except for during early winter periods of storm action and wave
turbulence in the nearshore region (preventing any sampling in December),
the composition of the asgemblage remained relatively comstant through
January (minimum surface water temperatures were encountered). Part of
the reason for this phenomenon ie that the incidence and sbundance of
gsurf smelt increased significantly during their January-February spawning
period. Once this period had passed, the overall assemblage diminished
until June when, with the occurrence of gbundant juvenile chum salmon,
it began to re-establish itself.

Dominants of the nearshore demersal fauna include surf smelt,
staghorn sculpins, starry flounders, juvenile English sole, and sand
sole, with the latter three specles maintaining some representation in
the community throughout the year. Owing to the early sampling
irregularity, several other species may not be represented in the July-
August data equivalent to their actual role in the assemblage. Hence,
Pacific sand lance, juvenlile walleye pollock and Pacific tomecod, and
shiner perch should also be considered as potentially important,
although more intermittent, members of the assemblage. As mentioned,
juvenile chum salmon are very abundent in the habitat in May and June,
while coho salmon juveniles are commonly encountered from July through
October,
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That portion of the assemblage in the nearshore surface waters
adjacent to the sand/eelgrass habitat is analogous to the demersal fauna
in many respects. Pacific sand lance, starry flounders, surf smelt,
shiner perch, and staghorn sculpins are well represented in the nighttime
tow net catches; typically pelagic species captured include Pacific
herring, threespine sticklebacks, and occasional spiny dogfish. Juvenile
chum salmon began appearing in abundance in May, especially in the
eastern north Sound study areas. The Cherry Point and Anacortes study
sites additionally proved to be more species-rich and productive in terms
of the abundance and biomass of nearshore pelagic fish fauna as compared
to the San Juan Island study site. This may, however, be a consequence
of the sizable sand/eelgrass habitat at the Birch Bay and Guemes Island
East sites relative to the confined sand/eelgrass area at Eagle Cove on
San Juan Island. This is further manifested in our ability to tow net
over the sand/eelgrass habitat at the two eastern sites while we can only
sample adjacent to the habitat on San Juan Island. Additionally, Eagle
Cove is distinctly more exposed than either Birch Bay or Guemes Island
East suggesting another influence upon the composition and dimension of
the pelagic portion of this habitat's nearshore fish fauna during the
seasons of inclement weather.,

An important phenomenon observed in the tow net data from the
protected embayment habitats--the sand/eelgrass and mud/eelgrass-- is
that while fish abundances and standing crops of the more exposed habitat
assemblages declined in the fall, they increased significantly during the
fall sampling period in the protected habitats (Fig. 16). While it cannot
be verified within the scope of the Nearshore Fish Survey sampling design,
the implication is that nearshore pelagic fish fauna congregate in the
protected embayments at this time of the year. The cause of this poten-
tial migration has yet to be determined. This phenomenon was essentially
repeated in the spring when the pelagic larvae of several dominant members
of the nearshore surface assemblages were captured in abundance in these
embayments, suggesting that if they are not optimum habitats for food and
protection for the adult populations in the fall, they apparently offer
an advantageous environment for spawning fish or aggregations of their
early life stages.

Mud/Eelgrass. In this general examination, it was apparent that
the demersal component of the nearshore fish assemblage characterizing
mud flats with abundant eelgrass beds, such as sampled at Westcott Bay,
San Juan Island, was second only to the gravel habitat assemblage in
species richness, fish abundance, and standing crop. Considering the
unusually heterogeneous character of the gravel habitat sampled at Deadman
Bay, the mud/eelgrass assemblage may indeed be comparable or superior to
that associated with less diverse gravel habitats.

Dominants in the demersal component of this assemblage included
juvenile English sole and starry flounders, threespine sticklebacks,
staghorn sculpins, tidepool sculpins, spiny lumpsuckers, snake prickle-~
backs, shiner perch, sharpnose sculpins, saddleback gunnels, and surf
smelt.
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The nearshore demersal fish fauna was maintained at a remarkebly
stable number of species, sbundance, and standing crop biomass from a
July peak through December. Coincident with a sharp declime in nearshore
surface water temperatures to below 5.5°C in January, the assemblage
diminished to a minimum in March and April. Im April, the larvae and
juveniles of Pacific herring, surf smelt, Pacific sand lance, and kelp
greenling began appearing in the nearshore regions; by May, juvenile stag-
horn sculpins were also sbundant and several of the dominant species were
again recurring.

When comparing the nearshore surface fish fauna from the mud/eelgrass
habitat with that of the other communities, it is apparvent that this
habitat generally supported the richest, most sbundant pelagic fish
fauna of those sampled. Dominant species included Pacific herring,
threespine stickleback, surf smelt, and staghoran sculpins with less
frequent abundances of shiner perch and chinoock salmon. The other 16 or
18 species infrequently captured im pelagic waters were usually immigrants
from adjacent habitats or from the demersal component of that assemblage.
Peak catches occurred in this habitat in September with the suspected
inshore movement of pelagic fish into the protected embayments. As with
all habitats, the pelagic component of the assemblage was sparsSe during
December through February, and began increasing in April with the appear-
ance of larval Pacific herring end Pacific sand lance and schools of
threespine sticklebacks.

Consistent differences in composition of the assemblage were not
apparent among the three areas wherein the pelagic fauma in the mud/eelgrass
habitat was sampled. Abundance and standing crop, however, are extremely
variable with the San Juan Island site typically being the most productive.

Summarizing the composition of the nearshore fish assemblages in the
five north Puget Sound shoreline habitats (Table 8), it is apparent that
the habitats possessed distinctive fish faunas. Most of those species
specifically associated with one habitat were demersal forms which ave
distinctively adapted to the habitat's characteristic substrate and
associated benthic flora and fauna.

A Few pelagic species were confined to any specific habitat. Instead,

Pacific herring, threespine stickleback, surf smelt, Pacific sand lance,
and juvenile salmonids ranged the nearshore surface waters common to the
north Sound shoreline environment, though their populations seasonally
congregated in preferred habitats. Thelr early life history stages were
also characteristically found in these same habitats. Widely distrib-
uted demersal specles were rare, including the shiner perch and staghora
sculpin.

In addition to those fishes which maintained resident populations
in the nearshore waters, the juvenile forms of several common offshore
species utilized the nearshore environs. Pacific tomcod, walleye pollock,
and juvenile English sole were all dominant members of the shallow-water
communities characterizing the five habitats. Juvenile English sole,
however, was the only one Species that was widely distributed among the five.
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Table 8. Community dominants documented for five nearshore habitats in
north Puget Sound during Nearshore Fish Survey, 1974-75.
C = common to both demersal and pelagic sampling; P = pelagic
only; and D = demersal only.

HABITAT
Rocky/ Sand/ Mud/
Species kelp bed Cobble Gravel eelgrass eelgrass

Kelp greenling

Copper rockfish

Longfin sculpin

Quillback rockfish

Black rockfish

Lingced

Yellowtail rockfish

Pacific tomcod (juveniles)
Pacific herring (juveniles)
Padded sculpin

Sharpnose sculpin

Buffalo sculpin

Shiner perch

Ratfish

Walleye pollock (juveniles)
Ringtail snailfish
Silverspotted sculpin
Tubesnouts

Whitespotted greenling .
Staghorn sculpin p* P*
English sole (juveniles)

Tubenose poacher

Tidepool sculpin

Crescent gunnel

Starry flounder

Surf smelt P
Sand sole

Snake prickleback

Threespine stickleback P P P P
Saddleback gunnel

Spiny lumpsucker

Longfin smelt P
Chinook salmon (juveniles) P
Pacific sand lance

Chum salmon (juveniles)

Spiny dogfish P

D
D (juveniles)
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%*Refer to text for discussion of pelagic occurrence of staghorn sculpin.
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Juveniles of Pacific herring and the prevalent Pacific salmon
utilized the north Sound nearshore during their first year in marine
waters before migrating out of Puget Sound into oceanic areas to feed
until returning as adults years later. While they have not been captured
in Nearshore Fish Survey sampling, spawning populations of adult Pacific
herring have been documented throughout the north Sound region including
sampling sites at Westcott Bay, Birch Bay, Cherry Point, Lummi Bay, and
Pt. Migley (Millikan, et al., 1974). To a great extent, Pacific salmon
spawning habitat is limited in the Puget Sound archipelago (small chum
and pink salmon runs occur in scattered stresms, including several
artificial runs). The waters of the north Sound are, however, along the
principal migration routes of both outmigrating juveniles and returning
adults from northwestern Washington and British Columbia spawning grounds.
Although juvenile sockeye salmon are present in great abundance during
the spring outmigration, they typically occupy the offshore pelagic waters
and are not as common to the nearshore environs as the other species of
Pacific salmon. And while the juvenile chum and pink salmon schools
appear to pass quickly through the inshore waters of the Sound, chinook
and coho juveniles are common in nearshore waters through the summer of
their migration into late fall. Pink salmon, it should be noted, were
not captured in any ebundance through the first year of the survey
which occurred during an off-peak year (even-numbered vear) in pink
salmon spawning in Puget Sound. Peak spawning should oeccur during the
following year and the relative occurrence and sbundance of pink juveniles
should be determined during the next sampling vear.

Food Web Associations

With some knowledge of the ecoclogy of the specific prey organisms
cccurring in the diets of north Puget Sound nearshore fish, the feeding
behavior and trophic relationships between the fish and the habitat's
available prey resources may be illustrated. While bearing im mind the
insufficient sample size for the nuwmber of stomachs examined and the very
preliminary nature of these results, the following qualitative species-
specific discussions of diet composition provide some beginning indica-
tions of the role of the analyzed fish in the nearshore food web about
north Puget Sound.

Juvenile Coho Salmon. Juvenile coho salmon apparently were feeding
in the pelagic surface waters immediztely adjacent to the shoreline, their
diet emphasizing pelagic and epibenthic crustaceans and small
fishes. The dominant food organisms were epibenthic amphipods, Eusiroides
sp., Allorchestes spp., and Atylus sp., which comprised the majority of the
amphipods in the diet. The swarming, epibenthic mysid, Holmesiella
anomala, was the second most important single food item. Fish, which
contributed heavily to the total diet composition, were rarely found in
an identifiable state, although small, juvenile herring were included in
that category. The copepods and igopods were pelagic forms.

Juvenile Chum Salwon. In their early months (April-May) in nearshore
marine waters, juvenile chum fed dominantly on epibenthic harpscticoid
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copepods. Later into their summer residence in nearshore waters, thelr
diet began to include a higher proportion of larger epibenthic or pelagic
crustaceans, i.e., amphipods, mysids, cumaceans, and euphausiids, and
larval fish.

Staghorn Sculpin. In accordance with being the species most
universally distributed among the nearshore habitats gtudied, the
staghorn sculpin also appears to be the universal ommivore. Its
principal food organisms are diverse benthic crustaceans and fish, the
latter contributing the greatest proportion of the biomass consumed. The
fish consumed were primarily shiner perch, crabs were Cancer magister,
shrimp were dominantly Crangon sp., and amphipods typically Atylus sp.

Starry Flounder. The diet of this large flatfish indicates that it
is an omnivorous benthic predator, consuming fish, polychaete amnelids,
and benthic crustaceasns and molluscs.

Copper Rockfish. Copper rockfish (mostly from the gravel habitat
gite at Deadman Bay) also fed dominantly on benthic organisms~-demersal
fish, polychaete annelids, and crustaceans.

Silverspotted Sculpin. As sampled from Deadman Bay, this small
cottid was found to have a highly specialized diet emphasizing shrimp
(Heptacarpus stimpsoni (?)) and gammarid emphipods (Amphithoe sp.).

Black Rockfish. A pelagic schooling species, black rockfish
contained both benthic pelagic crustaceans and fish in its diet. A
significant proportion of the decapod crustacesns consumed in late summer
was in the form of megalops stages of both shrimp and crabs. The most
prevalent amphipod by far was the epibenthic species, Eusiroides sp. and
Atylus sp., the shrimp, Heptacarpus stimpsoni, and the crab, Cancer
oregonensis.

Juvenile Pacific Herring. All Pacific herring examined had consumed
the pelagic calanoid copepod, Epilabidocera amphitrites.

Ratfish. Because of the unique spiral valve structure of the ratfish
digestive organ, stomach contents examinations were more difficult for
this species and the results most preliminary. Indications are that this
nocturnal predator in nearshore waters emphasizes its feeding upon fish=--
primarily Pacific herring--crabs (Cancer magister, C. oregonensis, and
Telmessus cheiragonus), and a diverse assortment of amphipods, specializ-
ing on Paraphoxus spinosa (?), molluses, polychaetes, and both valviferan
and flabelliferan isopods.

Kelp Greenling. The large contribution of detritus to the total
stomach contents biomass suggests that this species feeds along the
bottom: the diverse composition of its diet suggests that it is typically
omnivorous. The fish were not identifiable. Crabs were usually Oxyrhyncha
. sp., Telmessus cheiragonus, or Cancer magister, the epipelagic amphipods
Fusiroides sp. and Amphithoides sp., and the shrimp Heptacarpus stimpsoni (7).
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Surf Smelt. The pelagic, schooling surf smelt appeared to concentrate
on an unidentified annelid species and both harpacticoid and calanoid
copepods.

Tubesnout. Other than a small contribution from benthic isopods
and molluscs, tubesnouts fed upon epibenthic amphipods.

Snake Prickleback. Apparently focusing their feeding on the benthic
epifauna, the diet of this species emphasized annelids, bivalve molluscs
(giphon tips), annelids, and tanidaceans.

Whitespotted Greenling. Like the kelp greenling, whitespotted
greenling diet is primarily composed of benthic or epibenthic crustaceans.
Decapods included three crab species--Pugettia gracilis, Cancer oregonensis,
and Oxyrhyncha sp.--and dominantly one shrimp, Heptacarpus stimpsoni (?).
The prevalent amphipod was again the epibenthic form Fusiroides sp. Fish
found in the whitespotted greenling stomachs were not positively
identifiable but resembled juvenile rockfish, Sebastes sp.

Shiner Perch. Shiner perch stomachs contained approximately equal
biomass proportions of polychsete amnelids, cumaceans, and caprellid
amphipods, and to a lesser extent, gemmarid amphipods, indicating feeding
on bottom-associated fauna. Considering the habitats involved and the
ecological characteristics of these prey organisms, it is likely that this
species is feeding upon organisms attached or assoclated with eelgrass
or algal vegetation.

Rock Sole. As a benthic feeder, rock sole appear to consume
dominantly benthic amphipod forme, snnelids and cumaceans.

Threespine Stickleback. This pelagic schooling species was the only
fish found to prey selectively or to any significant degree on the pelagic
euphausiid populations. Cumaceans, typlically benthic or epibenthic
organisms, contributed a small percentage of the overall consumed biomass.

Striped Seaperch. The stomachs of the few specimens examined all
contained a diverse assemblage of epibenthic amphipods.

Pacific Sand Lance. The Pacific sand lance, like the herring a
pelagic schooling species, fed exclusively upon the dominant calanoid
copepod, Epilobidocera amphitrites.

C-0 Sole. A demersal flatfish, the C-0 sole stomachs contained
predominantly annelids and a scattering of gemmarid amphipods, shrimp,
molluses, and mysids, all benthic or epipelagic organisms,

Juvenile English Sole. Juvenile English socle stomachs contained
only an unidentified polychaete annelid.

Buffalo Sculpin. Two buffalo sculpin stomachs were almost completely
filled with an ulvoid type of alga. It iz doubtful that this species is
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herbivorous and it is more likely that the algae were consumed in
conjunction with the predation upon orgenisms attached to or hiding
within the algae. Many more stomachs will have to be analyzed before
any conclusive evidence of this species' diet cam be verified.

Yellowtail Rockfish. The bulk of this rockfish's diet was amphipods,
principally Pontogeneta sp. (type 2) and Busiroides, both epibenthic
forms, and a number of less sbundant species. The mysid, Neomysis
awatschensis, also contributed a small proportion to the diet.

Red Irish Lord. Cancer oregonensis was the prevalent prey organism
for this demersal sculpin; benthic amphipods accounted for the remaining
prey biomass.

Saddleback Gunnel. This benthic, almost sedentary, intertidal
species appeared to feed upon henthiec amphipods, both gammarid and
caprellid, and valviferan isopods. The presence of detritus in the form
of sand grains and annelid tubes also suggests that this gunnel preys
upon tube-building annelids.

Cabezon. This large predaceous sculpin preyed upon Heptacarpus
stimpsoni, the epibenthic amphipod Fusiroides sp., and a crab, Cancer
oregonensis.

Smoothhead Sculpin. Stomach contents from one sculpin examined
contained one mysid, one amphipod, and one shrimp, all specifically
uvnidentifiable.

Great Sculpin. One great sculpin examined had been feeding upon an
unidentifisble shrimp, possibly Heptacarpus.

Quillback Rockfish. One examined quillback rockfish had consumed
a variety of shrimp (Heptacarpus stimpsoni (1), H. tridens (7), and
Hippolyte elarki (?)), amphipods, Eusiroides sp. and Atylus sp., and
both £labelliferan and valviferan (Idotea sp., Synidotea sp.) isopods.

Juvenile Walleyve Pollock. Prey from the stomach of one juvenile
walleye pollock included the shrimps Heptacarpus tridens and Crangon sp.
and an amphipod, Atylus sp.

Examining the distribution of prey organisms occurring in fish from
the different nearshore habitats, several distinctions were evident. In
the rocky/kelp bed community, fish were important as prey in rockfish,
hexagrammid (greenling), and ratfish diets. The cobble habitat provided
mysids important in the diets of feeding juvenile coho salmon and fish
for both juvenile coho salmon and ratfish. Amphipods and shrimp were
dominant prey organisms for many fish appearing in the gravel habitat.
Decapod crabs and shrimp also occurred im the diets of demersal feeders
common to that habitat. Juvenile chum galmon utilized the gravel habitat
to exploit the harpacticoid copepod populations there; later in their
early marine residence they include larger epibenthic crustaceams,



G

amphipods, and cumaceans in their diet. In the sand/eelgrass habitat,
annelids, especially polychaetes, become somewhat more important in the
diet of community dominsnts. The mud/eelgrass habitat contributes an
sbundance of annelids to fishes from this community as well as crustaceans
associated with the eelgrass. Calanoid copepods and larval fish were the
only significant prey organisms common to pelagic fishes except for one
species, the threespine stickleback, which exploited the planktonic
euphausiid populations.

SUMMARY

1. The marine environment at five nearshore habitats--rocky/kelp
bed, cobble, gravel, sand/eelgrass, and mud/eelgrass—-under study in
north Puget Sound exhibited particular physical and chemical character-
istics over an annual period. Nearshore water temperatures declined
gradually from mid-summer (10.5°C max.) to January (4.3°C min.) and
increased sharply through the spring. Salinities fluctuated during the
late summer (average 29.9°/c¢), sustained high stable values in mid-winter
(31.5%°/¢0), and declined from December with increasing spring fluctuations,
Dissolved oxygen values indicated well saturated waters, with a fall
depression (65%) and optimums in January-February (129%). The shallow,
low gradient habitats illustrated more extreme physiochemical variation
and fluctuation than the deeper, higher gradient habitats.

2. Nearshore intertidal fish assewblages associated with these
habitats indicated distinct compositions and seasonal trends; pelagic
fish fauna of the nearshore, however, were not characteristically
associated with particular habitats. The survey documented 92 species
from the nearshore environs with the number of species (species richness)
reaching a maximum during the fall and deelining to & minimum in March.
Maximum demersal species richness typically oceurred in the gravel
habitats; surface assemblages were richest in the mud/eelgrass habitats;
in both cases the rocky/kelp bed habitat typically possessed the least
fish fauna.

3. The existence of schooling fishes complicated comparisons of
fish abundence between habitats and areas. The protected, shallow
habitats~-mud/eelgrass and sand/eelgrass—-gupported the highest fish
densities, peaking in the fall with an influx of juvenile Paclific herring
into those nearshore waters, reaching densities close to 1.8 fish/m3; and
again in the spring when the larval and early juvenile forms of Pacific
herring, Pacific sand lance, and surf smelt congregated in the protected
embayments.

4, Standing crop (biomass) values for nearshore intertidal
assemblages ranged from 3 to 4 grams/mz in the summer and fall, dropping
to less than one gram/m? in the winter, with the highest values exhibited
in the rocky/kelp bed assemblage and the lowest in the shallow habitats.
Surface fish fauna, however, illustrated the reverse vanking in standing
CTOp.
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5. Stomach analyses of 30 species of important nearshore fighes
indicated the importance of malacostracan crustaceans and fish as prey
for nearshore fish communities. Epibenthic amphipods and copepods and
shrimps were the most significant food organisms.
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APPENDIX 1

Nets utilized during the 1974-1975
Nearshore Fish Survey
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Appendix 1b. Surface tow net utilized during Nearshore Fish Survey,
July 1974 - June 1975,

Surface Trawl - 2.1 m x 3.1 m mouth
15 m long

f 6.1l m f 3.1lm 1< 6.1 m >¥ 3.1m

|st. mesh
measure

m Bottom Side

3.8 m

7.62 cm

3.1m l.6m

3.8l cm
#1u7

2.1 m l.2m

1.91 cm
#126

0.8 m

All seams of 3.8l cm and smaller mesh reinforced with heavy 2.54 cm nylon
tape including center lines of bottom and top panels. Rib-lines of

0.95 cm diameter polypro on four corner seams full length. Mouth of

net double twine and hung on 0.35 cm polypro single braid with mimbles at
each corner. A 0.9 m nylon coil zipper shall be sewn into cod-end and
liner in the top panel. Six U4-o0z. leads shall be spaced evenly along the
faot line. 5,08 cm rings shall be sewn on top panel at 1.91 cm - 0.64 cm
seam.

0.64 cm
#63

0.8 m

0.64 cm

- #63

@ith
0.32 cm
line#



-66—

outer walls--50.8 cm. st. mesh, #9 walling 1?8 n
inner wall--5.1 cm. st. mesh, #139 gillnetting + .

[

45.8

floatline: 1.3 cm. polycore with one B-2 float every
7th hanging
leadline: 34 kg. leadcore

Appendix lc. Trammel net used in Nearshore Fish
Survey.
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APPENDIX 2

Data forms utilized during 1974-1975
Nearshore Fish Survey
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ECOLOGY o DISTRIBUTION oF PUGET SOUND FISHES
COLLEGE oF FISHERIES / FISHERTES RESEARGH INSTITUTE
UNIVERSITY oF WASHINGTON
DAY MONTH YEAR

CoLLECTION NUMBER [:D:[I; HauL Nuvger EL;] e L1 10 [T

13
SUBXREA JISITE

LocATION CopE L_L3J5 [_LLEJ
LaTITUDE LonGITUDE

Has1TAT TYPE Cope f—gr;]

BotTom Type Cope [2._1_1 EXPOSURE

Bortom Depti L T 1 meters  CoLiECTION DEPTH D:D;}g me ters
25 .

GEAR |YPE Cope ] lsgl
Line Our____ m.WIRE ANGLE° SpEED.___ lo/hr

DisTANCE Fisrep [ L 1 1 ] metersTime: sTaRTL_L I | JhoursDURATION ED:%I minutes
36 40
Area FisHepl T 1 T 1 meters?  Voruve Stratnenl L1 1 [ | meters®
48 54

WeATHER: WIND SPEED____ km/mAIRECTION__ VISIBILITY_ _ kilometers
% CLoup cover ___PRECIPITATION
AIR TEMPERATURE °c
SEA: SURFACE TEWERATLRED:I;;"CTIDE: STAGE Q HEIGHT D:[;J] meters
VISIBILITY(SECCHI) m-DEPTHD:;g;meterSSEA STATE
Coror___ CURRENT: DIRECTION VELOCITY_____ lm/hr
WATER SAMPLES: DEPTH_________ m.TEMPERATURE D:]% °c
DEPTH _____W-SALINITYU:[;;WW BOTTLE NUMBER
DEPTH m.ozl ] lmlz sat.  BOTTLE NUMBER
PERSONNEL
HanpLING OF FIsH CATCH Cope EW];
REMARKS

ForM TypE @ '
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ECOLOGY AND DISTRIBUTION OF PUGET SOUND FISHES Form S240.4
College of Fisheries/Fisheries Research Institute Stomach exam.-prey freq.
University of Washington Appendix 2e.
Collection Date Species s species %
s |, £ S 5
— 5 .
0 .
Number 2 e g © &3 Code i
o a = | > b= 3
5 7 9 11 13 15 1889
Prey organism taxa (initial sorting) ’ Organism code &
E 0 >0 S | o
S uHl v o=
@Bl Q) 3 g e
23|25 5| &l
m Otuf O »' 1A
214 23 25 27128
Prey species Organism code o
(final determination) 7
£ > g |+ =]
SuaAl 0 =+ | WiNumber o
—~ 0 Q- 3 O . o
2H2El 5| &7 E
EOom| & ] 2
Ho o
52 &
hiu ©
6[:]80
L g7
+0
2
B4 -
76 Jeo
u 177
1O
52
U
76_Jso
b g7
10O
52
ol
o[ Jso
4 77
0
b2
bu
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APPENDIX 4

Relative occurrence, according to habitat, of species
captured during beach seine, tow net, trammel net,
and SCUBA surveys. ¥ signifies common occurrence,
abundant (relative to that species) in more than
50% of the samples; 0, uncommon occurrence, not
abundant (relative to that species) in more than
50% of the samples; and #, uncommon occurrence but
in abundance when encountered
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APPENDIX 5

1974-1975

Nearshore Fish Survey

Fish catches,

South Boach, San Juzn Islend

July

Cobble exposod Ro. e,
Specioes:
Miorogadus proximus fuveniles 5.0 5.0
Clipea harengus pallast juveniles 1.0 0.5
0.5 0.1
Artedius fensotralio 22.0 8.5
2.8 4.0
Parophrye vetulus juveniles 2.0 1.0
Lepidopaetta bilineata 1.0 238.0
Onooriymohus keta juveniles 19.0  143.5
2.0 18.0
0. kieutch juvenilos 3.0 150.5
Agonws acipenserinus 3.0 1.0
1.0 0.6
Clinocottus acuticspe 3.5 1.0
Lo 0.4
Asoslichthye rhedorus 1.0 0.6
Platichthys etellatus 3.0 2645.5
Inophrys biaon 7.5 4.0
1.6 2.0
Leptocottus armatus 2.0 1.0
.0 0.3
Liparis oallyodon 0.5 0.3
Pleuronichthye cosnosus 0.5 3.0
Myozoasphalus polyasanthoosphalus 0.5 0.5
Ammodytes hexapterus 0.5 0.5
2.0 11.0
Onoorymehug gorbuscha juveniles 1.0 8.0

Seorpasnioh m.,—i marmoratus

Oligooottus maculosus
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Appendix S5a, cont'd

.0
0

.5

Desdman  Bay, San Juen lolemd July
Q@ravel, protoctod fo. .
Species:
Sebastes caurimus »ww -wguw
Hexagrasmos dsoagramms 3.5 33
gezs a6 es -- 0 zo 0 00 . oy Qyratogaster aggragata 0.5 10
. — . %1 0 g8 ;
““n mnoa nu ¢ nun k4 [+] t ! Blapeias of rrhoous MM ww.w
. € 6oL $°Z9 8 1ze .o .
1°90t8 L 0gS Mmuﬂ mm. hnmw u N . st 9 MA Aulorhynohus flavidus 1
$°092 L - ° 9
oz 9 o n ! o . 0 Hiorogadus prosimus fuveniles Quw N.mo
Bnophrys bisom 1.0 1.0
1,5 1.0
Hexagrameoa atelleri 9.5 3.5
1°28 ¢°%2 1 I
. . Sebastee juveniles
67202 962 T e 3 s o
Arteding femeotralis
2°0  $'0
MH" M“M. Apodichthys flavidus 5.0 304.0
5 Remi lapidotus hemilepidotia 0.5  432.5
s‘8 "0
Onoorymohus keta juveniles 1.5 12.0
10 5°0
O_J Leptocottus armatus 2.0 1.5
1z 5°9
w
! Lurpenus sagitta 0.5 0.5
L 5°LY .
1 20 Lepidopsetta bilineata 0.5 83.0
10 Pleuronichthys coemosus 0.5 109.0
0 Ammodytes hezaptarus 1.0 o
1.0 3.0
Clupea harengus pallasi juveniles 3.0 0.5
8.5 33.0
Platimhthus eta?laben .
. 9°0 g9
e ! 10 s$°0
80 s°e z°0 50
6T $°0
»o $0
£°2 i
~ B y £ F
. . 73§ %
0°S S0 Y ) w. e
* . m. 3 ° m.
N A ] $°0 & W. k] M.
bid
b9 $*0 £°08 Q..u A m-' s b3
gror 1 FAL] 5°0 811 §'T % 3 3 o
R &
. =
o
42 2 + 90
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€0 §s°0
2z 1 ) 1T o'¢ e 02
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SLL ST

$'%  §'0 . Clupoa harengus pallasi larvae
Sebaotes auriculatus
g'eon  $%0 ophiodon olongatus
. 0'g8 §°'s Blepotas juveniles
, g0 10 st
Raxagrawmos decagrawmus juveniles
10 §°0 ”
#l. stellari juveniles
&0 s‘o
Sebastes oaurinus juweniles
0 $'0
30 $°2 Ammodytes hezapterus juveniles
) %0 0%
) . Mvoslichthys rhodorus
. : T §'0
Phytichthys chirus
008 ‘o
Cottid unidentified
. g8t $'o
Gadus maerocephalua juvenilas
T $°0
T $*0
Ny phalua poly hoosphalus
o 0 §°0 9T 50 juweniles
e r ) .
8 T (Al 14 0T
- oo bez g0
. . 0 $°r 981
"8 S'TE 8¢ o' Tt stz
()8 ]
[ 351 s*o s'e
A4 14 s°0
Key: sinking seine
floating seine
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Appendix 5a, cont'd

Wescott Bay, Jan Juan Islasnd
Mud with eelgrass protected

opecies:

laptorottus armotun
fymatogas ter agaregata
lwmpenus sagitta
Platichthys atellatua ‘uveniles
Parophrys vetulua Suveniles
onterosteus aculeatus
Giligorottus maculosus
Blepsias etrrhosun
Apodichthus flavidun
Aulorhynohus flavidus
Enophrys hison

FPholia amata

Clinocot tus acuticrps
}allanina hartata aix
Artodiua femestralia
Anoplarchus purpureacens
Liparia callyodon
Paettichthys melonosticus Suv.
Fumicrotremus orbis
learpaenichthys marmoratus
liparia florae

Hypomeaus pretiosus

Raja hinoculata
Fhamphocottus vacca

Clupea harengua pallasi iuveniles

Microgadus proxims

Agomus aetipenserinus

Theragra chalcogramma iuveniles
lycodea palearis

Liports cyclopus

Clevelandia tos

lepidogobius lepidus

Hupomgsus larvas
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APPENDIX 5b

Tow net catches (species, numbers,
and weight), July 1974 through
February 1975. Values given for
numbers and weight are the average
of two tows per month per sample
site
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
Values given for numbers and weight
are the average of two tows per month per sample site -

through February 1875.

continued

Birch Bay
Sand/Felgrass, Protected

Species

July/Aug.
31-7-74 to
2-8-74
No. Wt

August.
20-8~74 to
22-8-74
No, Wt.

September
10-9-74 to
12-9~74
No. Wt.

Clupea harengus pallasi juveniles
Gasterosteus aculeatus
Onecovrhynchus kisutch juveniles
0. tshawytscha juveniles
Platichthys stellatus
Cymatogaster aggregata
Hypomesus pretiosus
Leptocottus armatus

Pholis ornata

Aulorhynchus flavidus
Syngnathus griseolineatus
Rhacochilus vacea

Lycodes sp.

Cottld sp.

Rlepstias eirrhosus
Pleuronectid sp.

Clupea harengus pallasi larvae
Hexagrammos decagrammus
Hypomesus pretiosus larvae
Ammody tes hexapterus

Ammodytes larvae

Hexagrammid juveniles

Unident. Agonid juv.

Sebastes sp. larvae
Psychrolutes paradoxus juv.
Unidentified larvae

Parophrys larvae

Clupea larvae

Lepidogobius

Unident. Cottid larvae
Pleuronectidae larvae
Gasterosteus aculeatus juveniles
Hypomesus pretiosus juveniles
Spirinchus thaleichthys
Lumpenus sagitta juveniles
Ammodytes hexapterus juveniles
Lamptera ayresti juyveniles
Engraulis mordax

Cymatogaster aggregata juveniles
Oncorhynchus kisutch
Lepidogobius lepidus (?) larvae
Lumpenus sagitta larvae
Pleuronectidae sp. larvae
Psychrolutes paradoxus juveniles
Unknown sp. (3) larvae

Squalus acanthias

Pagllasina barbata
Onecorhynchus keta juveniles
Hexagrammos sp. juveniles
Agonidae sp. juveniles
Stichaeidae sp. larvae

Totals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

276 937.5
105.5 47.5
1.5 12

41

394
1335

1650 6651.5
30 37

.5 32
.5 475
9.5 146
2.5 596.5
.5 78
5 2.5

1779
8018.5

1626.5 5548
219 74
0.5 12
13 433.5
0.5 305
165 1686
75.5 692.5
3 64

.5 2.5

15
2136.5
9000.5
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Appendix 5b, Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
Decémber February March
Birch Bay (cont'd,) 4-12-74 to 14~2-75, 10-3-~75 to
5-12-74 19-2-75 12-3-75
Species Yo. Wt No. Wi, No. Wi,

Clupea harenqus pallasi juveniles

Gasterosteus aculeatus 3.5 3 1 0.4
Oncorhynchus kisutch juveniles

0. tshawytscha juveniles

Platichthys stellatus 0.5 207.5
Cymatogasier agaregara

Hypomesus pretiosus

Leptocottus armatus

Pholis ornata

Auloriynchus flavidus

Syngnathus eriseolineatus

Rhacochilus vacea

Lyeodss sp.

Cottid sp.

Blepsias cirrhosus

Pleuronectid sp.

Clupea harengus pallasi larvae 21.5 3
Hexagrammos decagrammus 1 0.5 27.5 11.6
Hypomesus pretiosus larvae 4.5 1 40.5 5.4

Armmodytes hexapterus

Ammodytes larvae

Hexagrammid juveniles

Unident. Agonid juv.

Sebastes sp. larvae
Psychrolutes paradoxus juv.
Unidentified larvae

Parophrys larvae

Clupea larvae

Lepidogobius

Unident. Cottid larvae
Pleuronectidae larvae
Gasterosteus aculeatus juveniles
Hypomesus pretiosus juveniles
Spirinchus thaleichthys
Lwmpenus sagitta juveniles
Ammodytes hexapterus juveniles
Lamptera ayresi juveniles
Engraulis mordax

Cymatogaster aggregata juveniles
Oncorhynchus kisutch
Lepidogobius lepidus (?) larvae
Lumpenus sagiita larvae
Pleuronectidae sp. larvae
Psychrolutes paradoxus juveniles
Unknown sp. (3) larvae

Squalus acanthias

Pallasina barbata

Oncorhynchus keta juveniles
Hexagrammos sp. juveniles
Agonidae sp. juveniles
Stichaeidae sp. larvae

Totals

Species richness (No. of species) 3 2 3
Mean number of individuals 25.5 5.5 69

Mean wet weight (grams) 213.5 1.5 17.4
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1874
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -
continued

. April May June
Birch Bay (cont'd.) 14-4-75 to 12-5-75 to 24-6-75 to
17-4-75 15-5-75 26-6-175

Specles No. Wt. No. Wt . No.

Clupea harengus pallasi juveniles 182.5 17
Gasterosteus aculeatus 2 5.3 25.0 82.5 1.0
Oncorluymchus kisutch juveniles

0. tshavytscha juveniles

Cymatogaster aggregata 1.5 37.5

Hypomesus pretiosus 1 26.0

Leptocottus armatus

Pholis ormata

Aulorhynchus flavidus

Syngnathus criseolineatus 0.5 . 0.1

Fhacochilus vaceca

Lycodes sp.

Cottid sp.

Blepsias cirrhosus

Pleuronectid sp.

Clupea harengus pallasi larvae 6819.0 285.6

Hexagrammos decagrammus

Hypomesus pretiosus larvae

Ammodytes hexapterus 0

Ammodytes larvae 3

Hexagrammid juveniles 0

’ 0

0
5

w
N
.

170.5 17.5

.
i DO AD f i OV i e BN N

Unident. Agonid juv.
Sebastes sp. larvae
Psychrolutes paradoxus Juv.
Unidentified larvae 4
Parophrys larvae 0.
Clupea larvae 85
Lepidogobius 0
Unident. Cottid larvae 0
Pleuronectidae larvae 0
Gasterosteus aculeatus juveniles 0
Hypomesus pretiosus juveniles 2
1
0
1

.

0.5

“« o

.

SO0 O0O0CWLWOOE
.

.

Spirinchus thaleichthys 9.0 30.5
Lumpenus sagitta juveniles
Ammodytes hexzapterus juveniles
Lamptera ayresi juveniles
Fngraulis mordax

Cymatogaster aggregata juveniles
Onecorlymchus kisutch
Lepidogobius lepidus (?) larvae
Lumpenus sagitta larvae
Pleuronectidae sp. larvae
Psychrolutes paradoxus juveniles
Unknown sp. (3) larvae

Squalus acanthias

Pallasina barbata

Oneorhynchus keta juveniles
Hexagrammos sp. juveniles
Agonidae sp. juveniles
Stichaeidae sp. larvae

v .

. .,
U U (n

. Ns »

O OO WL B o

.

OO OONDO O
. .
nmoOoOowWwunn
-

O = N WHOOD OOy

-

Totals

Species richness (No. of species) 18 20 9
Mean number of individuals 184 7049.0 199.0
Mean wet weight (grams) 1154.2 3019.8 1097.1

Platichthys stellatus 1.5 1140 1.5 1400 2.5 903.6
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975, Values given for numbers and weight
are the average of two tows per month per sample site -

continued
Birch Bay (cont'd.) July. August
23-7-75 to 21-8-75
25-7-75

Species No. Wt. llo. Wt,
Clupea harengus pallasi juveniles 4360.0 11447.0 1325.5 4394.5
Gasterosteus aculeatus 8.0 17.0 2 0.6
Oncorhynchus kisutch juveniles 3.5 45.0
0. tshavytscha juveniles 3.5 71.0
Platichthye stellatus 3.0 2010.0
Cymatogaster agaregata
Hypomesus pretiosus 1.0 6.0 177 2856
Leptocotius armatus 4.0 253.0 2 81.9

Prolis ormata

Aulorlynchus flavidus

Syngnathus oriseolineatus

Fhacochilus vacca

Lyoodes sp.

Cottid sp.

Blepsias cirrhosus

Pleuronectid sp.

Clupea harengus pallasi larvae

Hexagrammos decagrammus

Hypomesus pretiosus larvae

Ammody tes hexapterus 0.5 1.4
Ammodytes larvae

Hexagrammid juveniles

Unident. Agonid juv.

Sebastes sp. larvae

Psychrolutes paradoxus juv.

Unidentified larvae

Parophrys larvae

Clupea larvae

Lepidogobius

Unident. Cottid larvae

Pleuronectidae larvae

Gasterosteus aculeatus juveniles

Hypomesus pretiosus juveniles 0.5 0.1
Spirinchus thaleichthys
Lumpenus sagitta juveniles
Ammodytes hexapterus juveniles
Lamptera ayresi juveniles
Engraulis mordax

Cymatogaster aggreagata juveniles 9.5 85.1
Oneorhynchus kisutch 3 94.7
Leptdogobius lepidus (?) larvae '
Lumpenus sagitta larvae

Pleuronectidae sp. larvae

Psychrolutes paradozus juveniles

Unknown sp. (3) larvae

Squalus acanthias

Pallasina barbata

Oncorhynchus keta juveniles

Hexagrammos sp. juveniles

Agonidae sp. juveniles

Stichaeidae sp. larvae

SO0~
o O
s
fe]
.
fe)

Totals

Species richness (No. of species) 10 v
Mean number of individuals 4395.0 1520
Mean wet weight (grams) 13920.2 7514.3
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
: through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
Burrows Island July/Aug. August September
Rocky w/Kelp, Exposed 31-7-74 to 20-8-74 to 10-9-74 to

2-8-74 22-8-74 12-9-74

Species . No. Wt. No. Wt. No. Wt.
Gasterosteus aculeatus 7 25 33 10 71.5 57.5
Oncorhynchus keta juveniles 6.5 124 0.5 27.5
0. tshawytscha juveniles 1.5 22.5 4 62.5 2 66.5
0. gorbuscha juveniles 0.5 5

Clupea harengus pallesi juv. 233 369.5 5 35
Leptocottus armatus 1 15

Ammodytes hexapterus 0.5 1.5 0.5 1.5
Psychrolutes paradoxus 0.5 1

Pholis ornata 0.5 3.5

Spirinchus thaleichthys 0.5 0.5
Eumicrotremus orbis

Hypomesus pretiosus larvae
Gilbertidia sigalutes
Psychrolutes larvae
Fhamphocottus juveniles
Ammodytes larvae

Unidentified species
Oncorhynchus kisutch juveniles
Hypomesus pretiosus

Clupea harengus pallasi larvae
Ammodytes hexapterus juveniles
Cottidae larvae

Pleuronectidae larvae

Lumpenus sagitta

Psychrolutes paradoxus juveniles
Unknown spp. (3) larvae

Totals:
Species richness (No. of species) 4 7 6
Mean number of individuals 15.5 272.5 80

Mean wet weight (grams) 176 .5 463 188.5
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
Values given for numbers and weight
are the average of two tows per month per sample site -

through February 1975.

continued

December

Burrows Island (cont'd) 4-12-74 to
. 5-12-74

Species No.

Wt. No.

February
14-2-75,
19-2-75

Wt.

March
10-3-75 to
12-3-/5

No. Wt.

Gasterosteus aculeatus
Oncorhynchus keta juveniles

0. tshavytscha juveniles

0. gorbuscha juveniles

Clupea harengus pallasi juv. 3
Leptocottus armatus ’
Ammodytes hexapterus

Psychrolutes paradoxus

Prolis ornata

Spirinchus thaleichthys
Eumicrotremus orbis 0.5
Hypomesus pretiosus larvae
Giilbertidia sigalutes
Psychrolutes larvae

Fheamphocottus juveniles

Ammodytes larvae

Unidentified species

Oncorhynchus kisutch juveniles
Hypomesus pretiosus

Clupea harengus pallasi larvae
Ammodytes hexapterus juveniles
"Cottidae larvae

Pleuronectidae larvae

Luwmpenus sapitta

Psychrolutes peradoxus juveniles
Unknown spp. (3) larvae

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

0.5

24 0.5

1.5

[oATNR =~
oo n

0.5

4.5

= O
.

(Inclement
weather
prevented
sampling)
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974

through February 1975.

Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Burrows Island (cont'd.)

Species

14-4-75 to

No.

April

17-4-75

Wt o

May

12-5-75 to

15-5-75
No.

WE,

June
24-6-75 to
26-6-175

Gasterosteus aculeatus
Oncorhynchus keta juveniles

0. tshawytscha juveniles

0. gorbuscha juveniles

Clupea harengus pallasi juv.
Leptocottus armatus

Ammodytes hexapterus
Psychrolutes paradoxus

Pholis ornata

Spirinchus thaleichthys
Eumierotremus orbis

HBypomesus pretiosus larvae
Gilbertidia sigalutes
Psychrolutes larvae
Rhamphocottus juveniles
Ammodytes larvae

Unidentified species
Oncorhynchus kisutch juveniles
Hypomesus pretiosus

Clupea harengus pallasi larvae
Ammodytes hexapterus juveniles
Cottidae larvae
Pleuronectidae larvae

Lumpenus sagitta

Psychrolutes paradoxus juveniles

Unknown spp. (3) larvae

Totals:

Species richness (No. of species)

Mean number of individuals
Mean wet weight (grams)

W = -t OO

w

w

loNeNole)
=

0.5

1.5

27.5
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12.0
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50.0
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1.5
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
Burrows Island (cont'd.) 23—g3%§~to
25-7-75

Species No. Wt.

Gasterosteus aculeatus 17 54.5

Oncorhynchus keta juveniles

0. tshawytscha juveniles 4,5 80.1

0. gorbuscha juveniles 3 51.5

Clupea harengus pallasi juv. 2.5 6.2

Leptocottus armatus

Ammody tes hexapterus

Psychrolutes paradoxus

Pholis ornata : 0.5 4.0
. Spirinchus thaleichthys

Eumicrotremus orbis

Hypomesus pretiosus larvae

Gilbertidia sigalutes

Psychrolutes larvae

Rhamphocottus juveniles

Ammodytes larvae

Unidentified species

Oncorhynchus kisutch juveniles

Hypomesus pretiosus 1.0 2.8
Clupea harengus pallasi larvae
Ammodytes hexapterus juveniles 3 5.9

Cottidse larvae

Pleuronectidae larvae

Lumpenus sagitta 1 2.0
Psychrolutes paradoxus juveniles

Unknown spp. (3) larvae

Totals:
Species richness (No. of species) 8
Mean number of individuals 34.5

Mean wet weight (grams) 206.8
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Appendix 5b.  Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight

are the average of two tows per month per sample site -
continued

Cherry Point

J .
Cobble, Exposed uly/Aug August September

31~-7-74 to 20-8-74 to 10-9~74 to
2-8-T4 22-8~T4 12-9-74
Species No, Wt. No, Wt. No. Wi,

Clupea harengus pallasi juv. 2475 3510 171 1005.5 160 1686
Oncorhynchus tshawytscha juv. 11.5 131 18 304 5 178
Oncorhynchus kisutch juv. 1.5 30 0.5 11

Gasterosteus aculeatus 752 258.5 125 25.9 9 67.5
Platichthys stellatus 0.5 267.5 3 16

Leptocottus armatus 18.5 T24,5 16.5 751 8 324
Cymatogaster aggregata 107.5 868.5 0.5 2.5

Lampetra ayrest 0.5 3

Lumpenus sagitta 0.5 20

Pallasina barbata aix 0.5 <0.5

Hypomesus pretiosus u7 252.5 17 46 2 16
Spirinchus thaleichthys 33.5 268 24 51 6 B4.5
Oneorhynchus keta juv. : 0

Ammodytes hexapterus 0
Aulorhynchus flavidus 0.
Microgadus proximus juv. 1
Pholis ornata 1
Pholis laeta

Clupea harengus pallasi larvae

Hypomesus pretiosus larvae

Hexagrammos decagrammus juveniles

Gilbertidia sigalutes

Unidentified larvae

Clevelandia tos

Syngnathus griseolineatus

Agonis acipenserinus

Hypomesus juvenile

Ammodytes larvae

Hexagrammid juveniles

Parophrys larvae

Psuchrolutes larvae

Unidentified larvae

Hezagrammos sp. juvenile

Spirinchus thaletchthys juv.

TLumpenus sagitta larvae

Unknown spp. (2) larvae

Psychrolutes paradoxus juv.

Leptocottus armatus

Agonidae sp. larvae

Engraulis mordax

Gasterosteus aculeatus juv.

Hypomesus pretiosus juv.

Pleuronectidae larvae

Ammody tes hezapterus juveniles

Lamptera ayresi juveniles

Oncorhynchus keta juv,

0
1 9 114
7

0. gorbuscha juv.
Gasterosteus aculeatus juveniles
Theragra chalcogramma juv.

Totals

Species richness (No. of species) 12 14 8
Mean number of individuals 3449.5 379 199.5
Mean wet weight (grams) 6335 2233.9 2455
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
) through February 1875. Values given for numbers and weight
are the average of two tows per month per sample site -
continued

Cherry Point, cont'd December February March
4-12-74 to 14-2-75, 10-3-75 to
5-12-74 19-2~75 12-3-75

Species Vo. Wt. o, Wt. No. Wt

Clupea harengus pallasi juv. 10 39.5 2 13
Oncorhynchus tshawytscha juv.

Oncorhynchus kisutch juv.

Casterosteus aculeatus 4,5 3.5 1l 0.3
Platichthys stellatus

Leptocottus armatus 0.5 54 2.5 137.5
Cymatogaster aggregata

Lampetra ayresi

Lumpenus sagitta

Pallesina barbata aix

Hypomesus pretiosus 0.5 1 5.5  107.5
Spirinchus thaloichthys 3 3.5

Oncorhynchus keta juv.

Ammodytes hexapterus

Aulorhynchus flavidus

Microgadus proximus juv.

Pholis ornata 0.5 0.5
Pholis laeta 0.5 2

Clupea harengus pallasi larvae 1 0.1
Hypomesus pretiosus larvae

Hexagrammos decagrammus juveniles

Gilbertidia sigalutes

Unidentified larvae

Clevelandia ios

Syngnathus griseolineatus

oo
.
ol o n
[N
- O
.

[ R )
o O
-
W

Agonis acipenserinus
Hypomesus juvenile
Ammocdytes larvae
Hexagrammid juveniles
Parophrys larvae
Psychrolutes larvae
Unidentified larvae
Hexagrarmos sp. juvenile
Spirinchus thaletchthys juv.
Luwmpenus sagitta larvae
Unknown spp. (2) larvae
Psychrolutes paradoxus juv.
Leptocottus armatus
Agonidae sp. larvae
Engraulis mordux
Gasterosteus aculeatus juv.
Hypomesus pretiosus juv.
Pleuronectidae larvae
Ammody tes hezapterus juveniles
Lamptera ayresi juveniles
Oncorhynchus keta juv.

0. gorbuscha juv,
Gasterosteus aculeatus juveniles
Theragra chaleograrma  juv.

Totals

Species richness (No. of species) 6
Mean number of individuals 20
Mean wet weight (grams) 103.6

5 15
.8 261.2

O W
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Tow net catches (species, numbers, and weight), July 1974
through February 1975.

Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Cherry Point, cont'd

Species

Clupea harengus pallasi juv.
Oncorhynchus tshawytscha juv.
Oncorhynchus kisuteh juv.
Gasterosteus aculeatus
Platichthys stellatus
Leptocottus armatus
Cymatogaster aggregata
Lampetra ayresti

Luwmpenus sagtitta

Pallasina barbata aix
Hypomesus pretiosus
Spirinchus thaleichthys
Oncorhynchus keta juv.
Ammodytes hexapterus
Aulorhynchus flavidus
Microgadus proximus juv.
Pholis ornata

Pholis laeta

Clupea harengus pallasi larvae
Hypomesus pretiosus larvae
Hexagrammos decagrammus juveniles
Gilbertidia sigalutes
Unidentified larvae
Clevelandia ios

Syngnathus griseolineatus
Agonis acipenserinus
Hypomesus juvenile

Ammodytes larvae

Hexagrammid juveniles
Parophrys larvae
Psychrolutes larvae
Unidentified larvae
Hexagrammos sp. juvenile
Spirinchus thaletchthys juv.
Lumpenus sagitta larvae
Unknown spp. (2) larvae
Psychrolutes paradoxus juv.
Leptocottus armatus

Agonidae sp. larvae
Engraulis mordax
Gasterosteus aculeatus juv.
Hypomesus pretiosus juv.
Pleuronectidae larvae
Ammodytes hexapterus juveniles
Lamptera ayresi juveniles
Oncorhynchus keta juv.

0. gorbuscha juv.
Gasterosteus aculeatus juveniles
Theragra chalcogramma juv.

Totals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

April May June
14=4-75 to 12-5-75 to 24~6-75 to
17-4-75 15-5-75 26-6-75
No. Wt. No. Wt.  No. Wt

1.0 17.0  1954.0 649.5
2.5 5.4 106.0 338.0 4.5 16.0
0.5 132
0.5 8.5
12.0 64.0
7.5 7.9
127.5 2.4 8.5 0.4
14.5 0.2
0.5 26.3
1.5 1.1
35.5 0.9  10.0 0.7
1.5 0.5
1 0.1 0.5 0.1
5.5 0.4
0.5 0.4
4.0 13.5
10.5 1.4
4 0.4
7.0 1.3
0.5 22.0
0.5 0.1
2.0 10.7
0.5 0.5
8.0 0.5
0.5 0.1
11 13 8
62.5 272.5 1998.0
34.9 405 .6 846, 4
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -
continued

Cherry Point, cont'd July August
23-7~75 to 21-8-~75
25-7-75
Species No, Wt. No. Wt.

Clupea harengus pallast juv. 2905.5 8222.1 - 242.5 766.1
Oncorhynchus tshavytscha juv. 1.5 73.5

Oncorhynchus kisutch juv.

Gasterosteus aculeatus 4.5 14.5 28.5 74.2
Platichthys stellatus

Leptocottus armatus 6 378.7
Cymatogaster aggregata

Eampetra ayresi

Lumpenus sagitta 2.5 25.0

Pallasina barbata aiz

Hypomesus pretiosus 18.0 151.0 2 25
Spirinchus thaleichthys 5.0 43.0 4.5 39.8
Oncorhynchus keta juv.

Ammodytes hexapterus 0.5 1.2
Aulorhynchus flavidus 0.5 1.0
Mierogadus proximus juv.

Pholis ornata

Pholis laeta

Clupea harengus pallasi larvae

Hypomesus pretiosus larvae

Hexagrammos decagrammus juveniles

Gilbertidia sigalutes

Unidentified larvae

Clevelandia ios

Syngnathus griseolineatus

Agomis acipenserinus

Hypomesus juvenile

Ammodytes larvae

Hexagrammid juveniles

Parophrys larvae

Psychrolutes larvae

Unidentlified larvae

Hexagrammos sp. juvenile

Spirinchus thaleichthys juv. 446 272.7
Lwpenus sagitta larvae 0.5 10.0

Unknown spp. (2) larvae

Psychrolutes paradoxus juv.

Leptocottus armatus 9.0 710.5

Agonidae sp. larvae
Engraulis mordox 2
Gasterosteus acculeatus juv. 0.
Hypomesus preticsus juv.
Pleuronectidae larvae

Ammodytes hexapterus juvenlles 9.5 12.0

Lamptera oyresi juveniles

Oneorhyrnichus keta juv. 0.5 1.0 1 7.5

0. gorbuscha juv. 1.0 50.0
Gasterosteus aculeatus juveniles 31 10.3
Theragra chalcogramma juv. 2.5 4.6

Totals

Species richness (No. of species) 13 9
Mean number of individuals 2961 773
Mean wet weight (grams) 9422 .5 1831.4
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through February 1975.

~111~

Tow net catches (species, numbers, and weight), July 1974
Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Deadman Bay, San Juan Is.
Gravel, Protected

Species

July /Aug.
31-7-74 to

No.

2-8-74

Wt.

August
20~-8~74 to
22-8~74

Yo,

Wt.

September
10-9~74 to
12-9-74

No.

Wt.

Clupea harengus pallasi juv.
Oncorhynchus kisuteh juv.
0. keta juv.

0. gorbuscha juv.

0. tshawytscha juv.
Leptocottus armatus
Gasterosteus aculeatus
Ammodytes hexapterus

Pholis ormata

Sebastes sp. larvae
Sebastes sp. juv.

Hypomesus pretiosus larvae
Hexagrammos sp. juvenile
Cottid larvae

Pallasina barbata
Gilbertidia sigalutes
Psyechrolutes paradoxus juv.
Gobiidae sp. larvae

- Clupea harengus pallasi larvae
Ammody tes hexapterus juv.
Pleuronectidae larvae
Clupea harengus pallasi

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

11
182

11
53.5
67.5

15
27.5

7.5

30.5

8.

15

<1

5

[ewl \S ]
. e
W

239.5

23.5

204
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
Values given for numbers and weight
are the average of two tows per month per sample site -

through February 1975.

continued

December
4-12-74 to
4-12-74

Deadman Bay (cont'd.)

Species No.

Wt.

February

14-2-75,

19-2-75
No.

Wt.

March

10-3-75 ¢

12-3-75
No.

e}

Wt.

Clupea harengus pallasi juv. 1
Oncorhynchus kisutch juv.

0. keta juv.

0. gorbuscha juv.

0. tshawytscha juv.

Leptocoiius armatus

Gasterosleus aculeatus 1.5
Ammody tes hexapterus

Pholis ornata

Sebastes sp. larvae 0.5
Sebastes sp. juv,.

Hypomesus pretiosus larvae
Hexagrammos sp. juvenile

Cottid larvae

Pallasina barbata

 Gilbertidia stgalutes

Psychrolutes paradoxus juv.

Gobiidae sp. larvae

Clupea harengus pallasi larvae

Ammody tes hexapterus juv,
Pleuronectidae larvae

Clupea havengus pallasi

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

~N W W
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0.5
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1874
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued

Deadman Bay (cont'd.)

.Species

May June August
12-5=75 to 24-6~75 to 20-8-75
15-5-75 26-6-75
No. Wt. No. Wt. No. Wt.

Clupea harengus pallasi juv.
Oncorhynchus kisutch juv.
0. keta juv.

0. gorbuscha juv.

0. tshawytscha juv.
Leptocottus armatus
Gasterosteus aculeatus
Ammodytes hexapterus
Pholis ornata

Sebastes sp. larvae
Sebastes sp. juv.

Hypomesus pretiosus larvae
Hexagrammos sp. juvenile
Cottid larvae

Pallasina barbata
Gilbertidia sigalutes
Psychrolutes paradoxus juv.
Gobiidae sp. larvae '

Clupea harengus pallasi larvae .

Ammody tes hexapterus juv.
Pleuronectidae larvae
Clupea harengus pallasi

Totals:

Species richness (No. of species)

Mean number of individuals
Mean wet weight (grams)

9.0 25.2

2.5 0.1

O = N
* o e
wn oo
OO ™
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -
continued

Fagle Cove July/Aug.* August®* September##*
Sand w/Felgrass, Protected 31-7-74 to 20-8-74 to 10-9-74 to
2-8-74 22-8-74 12-9-74
Species No., Wt. No. Wt. No. Wt.

Clupea harengus pallasi juv. 24 67.5 73.5 93  430.5 1813
Oncorhynchus keta juv. 1.5 67.5 0.5 17.5
Gasterosteus aculeatus juv. 1.5 <0.8

Microgadus proximus juv. 0.5 <0.5

Ammodytes hexapterus 0.5 <0.5 2 5 3.5 7
Pholis ornata 0.5 -

Pholis laeta 0.5 -

Engraulis mordax

Psychrolutes paradoxus

Trichodon trichodon

Aulorhynchus flavidus

Hypomesus pretiosus larvae

Hexagrammos sp. juvenile

Unidentified larvae

Clupea harengus pallasi larvae

Hydrolagus colliei juv.

Cottidae larvae

Agonus acipenserinus juv.

Ammodytes hexapterus juv.

Pleuyronectidae larvae

Psychrolutes paradoxus juv.

Rhamphocottus richardsoni juv.

Hexagrammos sp. larvae

Ammodytes hexapterus larvae
Totals:
Species richness (No. of species) 5 4 3

Mean number of individuals 28 76 .5 434.,5
Mean wet weight (grams) 136.8 98 1837.5

*False Bay
#%Cattle Pt.
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Appendix 5b. Tow net catches (species, numbers, and weight), July 187k

through February 1975.

Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Eagle Cove (cont'd.)

Species

December February
4-12-74 to 14-2-75,
5-~12-74 19-2-75

"' No. Wt. No.

Wi,

10

NOe

March

-3-75 to

12-3-75
Wt.

| Clupea harengus pallasi juv.

Oncorhynchus keta juv.
Gasterosteus aculeatus juv.
Microgadus proximus juv.
Ammodytes hexapterus
Pholis ornata

Pholis lacta

Engraulis mordax

Psychrolutes paradoxus

- Prichodon trichodon

Aulorhynchus flavidus
Hypomesus pretiosus larvae
Hexagramnos sp. juvenile
Unidentified larvae

Clupea harengus pallasi larvae
Hydrolagus colliei juv.
Cottidae larvae

Agonus acipenserinus juv.
Ammody tes hexapterus juv.
Pleuronectidae lérvae
Psychrolutes paradoxus juv.
Fhamphocottus richardsont juv.
Hexagrammos sp. larvae

Ammodytes hexapterus larvae

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

2 8.5

4 2.5

0.5

19

11.5

115.5

127

0.5

0.5
2.5
0.5

4.5
0.6
0.2
0.1

~ L
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -
continued

May June - August
12-5-75 to 24-6-75 to 20~-8-75
15-5-75 26-6-75

Eagle Cove (cont'd.)
’ Species NO. Wt. No. Wt. No. Wt,

Clupea harengus pallasi juv. 4.0 1.4
Oneorlynchus keta juv.

Gasterosteus aculeatus juv.

Mievogadus proximus juv.

Ammodytes hexapterus

Pholis ornata

Pholis laeta

Engravulis mordax

Psychrolutes paradoxus

Trichodon trichodon

Aulorhynchus flavidus

Hypomesus pretiosus larvae

Hemugremmos sp. juvenile

Unidentified larvae J 1.5

" Clupea harvengus pallasi larvae 4.5 0.1 9.5 0.5

Hydrolagus colliel juv. . 0.5 2.8

Cotzidae larvae 2.5

Agonus acipenserinus juv. 0.5 0.1

Ammodytes hexapterus juv. 0.5

Pleuronectidae larvae 0.5 0.1

Psychrolutes paradoxus juv. 9 1.9

Bhesphocottus richardsoni juv. 0.5 0.1

Hexagrammos sp. larvae 0.5 0.1

Ammodytes hexapterus larvae 0.5 0.1

Gasterosteus 0.5 0.3
Clupea 1.5 6

Totals:

Species richness (No. of species)
Hean number of individuals 1
Viean wet weight (grams)
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
ave the average of two tows per month per sample site -~
continued

Guemes Island, E. July/Aug. August September
Sand/Felgrass, Protected 31-7-/4 to 20~-8~74 to 10-9-74 to
2-8-/4 22-8-/4 12-9-74
Species v No., Wt. No, Wt. No. Wt.

75.5 4845

15
5 0.5
5 240
34.5

Clupea harengus pallasi juv. 7.5 28.5 704.5 3090 9
Gasterosteus aculeatus 2.5 10 75 26 5
Psychrolutes paradoxus 0.5 1 0
0.5 0
0.5 1

-

Squalus acanthias 140 390
Oncorhynchus tshawytscha juv. 18.5

0. kisutch juvenlles 1 25

0. keta juveniles 0.5 7.5

Leptocottus armatus 1 11 .5 150.5

1 2

0 12

1

.5 1

Spirinchus thaleichthys . 5.5
Pholis ornata .5 3
,,,,, Microgadus proxirus juveniles
Ammodytes hexapterus
Pholis laeta
Gilbertidia sigalutes
Hypomesus pretiosus larvae
Sebastes sp. juveniles
Unidentified larvae
Gilbertidia juveniles
- Anoplagonus inermis
Liparis fucensis
Clupea harengus pallasi larvae
Ammody tes hexapterus larvae
Unknown spp. (3) larvae
Pleuronectidae sp. larvae
Engraulis mordax
Cottidae larvae
Astrotheca sp. larvae
Oncorhynchus gorbuscha juv.
Ammody tes hexapterus juveniles
Micerogadus proximus

O =

Totals

Species richness (No. of species) 5 8 10
Mean number of individuals 11.5 784.5 991.5
Mean wet weight (grams) 198 3558 5301.5
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Appendix S5b.

through February 1975.

Tow net catches (species, numbers, and weight), July 1974
Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Guemes Island E. (cont'd.)

December

4-12-74 to

5-12-74

Species No.

Wt.

February March
14-2-75, 10-3-75 to
19-2-75 13-3-75

No. Wt. No. Wt.

Clupea harengus pallasi juv. 6.5
Gasterosteus aculeatus 2
Psychrolutes paradoxus

Squalus acanthias

Oncorhynchus tshawytscha juv.

0. kisutch juveniles

0. keta juveniles

Leptocottus armatus 0.5
Spirinchus thaleichthys

Pholis ornata

Mierogadus proximus juveniles

Ammodytes hexapterus

Pholis laeta 1
Gilbertidia sigalutes 0.5
Hypomesus pretiosus larvae

Sebastes sp. juveniles

Unidentified larvae

¢ilbertidia juveniles

Anoplagonus inermis

Liparis fucensis

Clupea harengus pallasi larvae
Ammodytes hexapterus larvae

Unknown spp. (3) larvae

Pleuronectidae sp. larvae

Engraulis mordax

Cottidae larvae

Asirotheca sp. larvae

Oncorhynchus gorbuscha juv.

Armody tes hexapterus juveniles
Mierogadus proximus

Totals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

55
2

24

(Inclement
weather
prevented
sampling)

OO0
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
April May June
14-4-75 to 12-5-75 to 24-6-75 to
Guemes Island E. (cont'd.) ‘ 17-4-75 15-5-75 26-6~75
Species No. Wt. No. Wt. No. Wt.
Clupea harengus pallasi juv. 0.5 4,7
Gasterosteus aculeatus 15.5 48.0 3.5 16.5

Psychrolutes paradoxus

Squalus acanthias

Oneorhynchus tshawytscha juv.

0. kisutch juveniles

0. keta juveniles

Leptocottus armatus

Spivinchus thaleichthys 0.5 2.6
Pholis ornata

Mierogadus proximus juveniles

Armody tes hexapterus

Pholis laeta

Gilbertidia sigalutes

Hypomesus pretiosus larvae 0.5 0.1 : 21.5 1.3
Sebastes sp. juveniles

Unidentified larvae

Gilbertidia juveniles 2 0.6 1.5 0.2

Anoplagonus inermis 0.5 1
iparis fucensis . 0
Clupea harengus pallasi larvae 1 64.5 1.3
Ammody tes hexapterus larvae 1
Unknovm spp. (3) larvae 4.
Pleuronectidae sp. larvae 0
Engraulis mordax 0
Cottidae larvae

dstrotheca sp. larvae
Oncorhynchus gorbuscha juv.

- Ammodytes hexapterus juveniles
Mierogadus proximus

oo
(S IR
o O

e

Totals

10 7
25.0 97.0
o7 52.1 26.5

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

b= 2
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1874
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
July : August
e Teland E. (cont'd.) 23-7-75 to 22-8-75
Guemes Islan E. (cont ! . 25-7-75
Species No. Wt. lo. Wt.
Clupea harengus pallasi juv. 107.5 219.9 162.5 114.8
Gasterosteus aculeatus 1.5 3.1 1.5 2.7
Psychrolutes paradoxus '
Squalus acanthias
Oncorhynchus tshawytscha juv. 3.0 60.0
0. kisutech juveniles
0. keta juveniles 0.5 1.0

Leptocottus armatus
Spirinchus thaleichthys
Pholis ornata

Microgadus proximus juveniles
Ammodytes hexapterus

Pholis laeta

Gilbertidia sigalutes
Hypomesus pretiosus larvae
Sebastes sp. juveniles
Unidentified larvae
Gilbertidia juveniles
Anoplagonus inermis

Liparis fucensis

Clupea harengus pallasi larvae
Ammodytes hexapterus larvae 2.5 5.0
Unknown spp. (3) larvae
Pleuronectidae sp. larvae
Engraulis mordax

Cottidae larvae

Astrotheeca sp. larvae

Oncorhynchus gorbuscha juv. 4.0 50.0
- Ammody tes hexapterus juveniles
Mierogadus proximus 0.5 1.5
Oncorhynchus kisutch 0.5 14.5
Totals
Speclies richness (No. of species) 7 3
Mean number of individuals 119.5 164.5

Mean wet weight (grams) : 340.5 132
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
Guemes Is., S. July/Aug. August September
Gravel, Protected 31-7-74 to 20-8-74 to 10-9-74 to
- 2-8-74 22-8-74 12-9-74

Species No. Wt. No. Wt. No. Wt.
Clupea harengus pallasi juv. 34.5 27.75 92 367 107 705
Oneorhynchus tshawytscha juv. 2.5 56.25 0.5 13.5 2 44,5
0. keta juveniles 1.5 8.5 0.5 29
Spirinchus thaleichthys 1 10 1 1
Leptocottus armatus 2 81.5 0.5 9
Pholis laeta 0.5 4.5
Gasterosteus aculeatus 87.5 111 284 98.5 41 29
Squalus acanthias 0.5 275 1 2820
Hypomesus pretiosus 1 12.5
Ammodytes hexapterus 2 4

Hexagrammos decagrammus juv.
Unidentified larvae
Nautichthys oculeofasciatus
Hypomesus larvae

Lycodopstis (?) larvae
Lyconodes (?) larvae
Anoplarchus larvae
Psychrolutes larvae
Sebastes sp. larvae
Rhamphocottus juveniles
Ammodytes larvae
Gilbertidia sigalutes juv.
Clupea harengus pallasi larv.
Trichodon trichodon larvae
Psychrolutes paradoxus juv.
Platichthys stellatus juv.
Oncorhynchus kisuteh juv.
Ammodytes hexapterus juv.
Lumpenus sagitta juveniles
Xeneretmus sp. juveniles
Cottidae larvae

Oneorhynchus nerka juveniles
Pleuronectidae larvae '
Oncorhynchus gorbuscha
Astrotheca

Gasterosteus aculeatus juv.

Totals

Species richness (No. of species) 7 4 9
Mean number of individuals 129.5 377 156

Mean wet weight (grams) 299.5 754 3654
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Appendix 5b.

Tow net catches (species, numbers, and weight), July 1974

through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued

December
4-12-74 to
5-12-74

Guemes Island S. (cont'd.)

Species No. Wt.

February March

14-2-75, 10-3-75 to

19-2-75 12-3-75
No. Wt. No. Wt.

Clupea harengus pallasi juv.
Oneorhynchus tshavytscha juv.
0. keta juveniles

Spivinchus thaleichthys
Leptocottus armatus

Pholis laeta

Gaoterosteus aculeatus
Squalus acanthias

Bypomesus pretiosus

Ammody tes hexapterus
Hexagrammos decagrammus juv.
Unidentified larvae
Nautichthys oculeofasciatus
Hypomesus larvae

Lycodopsis (?) larvae
Lyeconodes (?) larvae
Anoplarchus larvae
Psychrolutes larvae
Sebastes sp. larvae
Fhomphocottus juveniles
Ammodytes larvae
Gilbertidia sigalutes juv.
Clupea harengus pallasi larv.
Trichodon trichodon larvae
Psychrolutes paradoxus juv.
Platichthys stellatus juv.
Oncorhynchus kisutch juv.
Ammodytes hexapterus juv.
Lumpenus sagitta juveniles
Zeneretmus sp. juveniles
Cottidae larvae
Oncorhynchus nerka juveniles
Pleuronectidae larvae '
Oneorhynchus oorbuscha
Astrotheca

Gasterosteus aculeatus juv.

(Inclement
weather
prevented
sampling)

Totals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

0.5 6.5
(Inclement
weather
prevented
sampling)

0.5 0.5

oo
v\
oo
- .

PP

~NOB
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Tow net catches (species, numbers, and weight), July 19?4
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

Guemes Island S. (Cont'd.)

Specles

Clupea harengus pallast juv.
Oncorhynchus tshawytscha juv.
0. keta juveniles
Spirinchus thaleichthys
Leptocottus armatus

Pholis laeta

Gasterosteus aculeatus
Squalus acanthias

Hypomesus pretiosus

Ammody tes hexapterus
Bezagrammos decagrammus  juv.
Unidentified larvae
Hautichthys oculeofasciatus
Hypomesus larvae

Lycodopsis (?) larvae
Lyconodes (?) larvae
Anoplarchus larvae
Psychrolutes larvae
Sebastes sp. larvae.
Bhamphocottus juveniles
Ammodytes larvae

Gilbertidia sigalutes juv.
Clupea harengus pallasi larv.
Trichodon trichodon larvae
Psychrolutes paradoxus juv.
Platichthys stellatus juv.
" Oncorkynchus kisuteh juv.
Ammodytes hexapterus juv,
Lumpenus sagitta juveniles
Zeneretmus sp. juveniles
Cottidae larvae

Oneorhynchus nerka juveniles
Pleuronectidae larvae '
Onecorhynchus gorbuscha
Asirotheca
Gasterosteus aculeatus juv.

continued
April
14-4-75 to 12-5-75 to 24<6~75 to
17-4-75 15~5-~75 26-6-75
No, Wt. No. Wi, No. Wt.
5.5 10.6  25.1 4.8
3.5 4.1
0.5 18.5 0.5 68.5
3.5 11.8 14.5 48,1
34 0.4 7 0.7
0.5 0.1
9 0.2 24,5 0.5
9.5 0.7
7 0.4
3 0.1
1.5 0.3
0.5 0.1
0.5 0.1 0.5 0.1
13.5 0.3 1 0.5
2.5 0.4
8 0.3 54.5 1.0
2.0 0.9
0.5 0.1 1.0 0.4
0.5 0.1
7.0 220.5
7.5 12.9 16. 10.4
0.5 0.1
0.5 0.1
7.5 0.1
4.6 2.0
7.5 0.1

Totals

Specles richness (No. of species)

Mean number of individuals
Mean wet weight (grams)

67.C
60.9

164.1
436.8
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Tow net catches (species, numbers, and weight), July 1874
through February 1975. Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Guemes Island S. (cont'd.)

Species

July . August
23-7-75 to
25-7-175
No. Wt. No. Wt.

Clupea harengus pallasi juv.
Oncorhynchus tshawytscha juv.
0. keta juveniles

Spirinchus thaleichthys
Leptocottus armatus

Pholis lacta

Gasterosteus aculeatus
Sgualus acanthias

Hypomesus pretiosus
Aranodytes hexapterus
Bexagrammos decagrammus juv.
Unidentified larvae
Beutichthys oculeofasciatus
Hypomesus larvae

Lyecodopsis (?) larvae
Lyeconodes (?) larvae
Anoplarchus larvae
Pgychrolutes larvae
Sebastes sp. larvae
Fhamphocottus juveniles
Amsnodytes larvae
Gilbertidia sigalutes juv.
Clupea harengus pallasi larv.
Trichodon trichodon larvae
Psychrolutes paradoxus juv.
Piatichthys stellatus juv.
Oncorhynchus kisuteh juv.
Ammodytes hexapterus juv.
Legmpenus sagitta juveniles
Keneretmus sp. juveniles
Cottidae larvae
Oneorhynchus nerka juveniles
Pleuronectidae larvae '
Oneorhynchus gorbuscha
Astrotheca

Gasterosteus aculeatus juv.

Tetals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

2 3.1

15 42.5 10.6

0.5 0.8

O O
. .
(S, IV, Jre)
O N
-

e

11.5 2.8
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Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -
continued

Lummi Bay

Mud/Eelgrass, Protected

July/Aug.
31-7-74 to

August
20-8-74 to

September
10-9-74 to

2-8-74

Species No. Wi, No.

22-8-74

W,

12-9-74
No, Wt.

138.5
207
6.5

642 .5
57.5 126.5
31.5 20

Q.5

13.5
125.5 7
5 —_—

Clupea harengus pallasi juveniles
Gasterosteus aculeatus

Hypomesus pretiosus

Aulorhynchus flavidus 1
Lumpenus sagitta 0.5
Leptocottus armatus 6
Onecorhynchys spp. juveniles 2.
Cymatogaster aggregata 0
Porichthys nototus 0
Ammodytes hexapterus 1
Cncorhynchus tshawytscha juv. 6
Spirinchus thaleichthys 1
Pallasina barbata aiz 0
Mierogadus prowimus juveniles

Cottid juveniles (Triglops sp?)

Synmathus oriseolineatus

Parophrys larvae

Porephrys vetulus

Hypomesus larvae

Psychrolutes paradoxus

Gilhertidia sigalutes (?) larvae

Pholis laeta

Xeneretmus latifrons

Odentopyris trispincsa (7)

Hexagrarmos decagrommus juveniles

Unidentified larvae

Platichthys stellatus

Armodytes larvae

Psychrolutes larvae

Unident. Pleuronectid larvae

Unident. Cottid larvae

Lycodopsis (?) larvae

Leridogobius (?) larvae

Unident. Osmerid larvae

Unident. Sebostes sp. larvae

Unident. Bathymasteridae (?)larv.

Clupea harengus pallesi larvae

Agomus acipenserinus

Xeneretmus sp. juveniles

Oneorhunchus kisutch juveniles

Q. porbuscha

Mmaraulis mordon

Oypomesus pretiosus juveniles

Ophiodon elongatus juveniles

Cottid larvae

Ammodytes hexapterus juveniles

Saualus acanthias

fumpenus sogitta juveniles

Pleuronectidae larvae

Lompatra ayresi juveniles

Oncorhynchus kisutceh

0. tshawutscha

Clupea harengus pallasi

Gasterosteus juveniles

Theragra chalcogramma

Spirinchus thaleighthys juv.

Pgychrolutes paradorus juv.

Oncorhynchus keta juv.

Hexagrammos sp. juv,

Fharmphocottus richardsoni larvae

Unknown spp. (3) larvae

Lumpenus sapitia larvae

Leptocottus armatus

Pholis ormata

Agonidae larvae

Totals
Species richness (No. of species) 7 10

Mean number of individuals 362 411
Mean wet weight (grams) 871 1663

247.5 1160.5

39.5
182.5

187

- OV
000w RN
[GRCRE RV

.5

1053.5 4866

400.5 168

1 5.5
0.5 1.5
6 159
1.5
.5 1
5 144.5
20.5
5 13.5
2 4.5

0.5 0.5

12
1478.5
5386
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through February 1975.
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Tow net catches (species, numbers; and weight), July 1974
Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Lummi Bay (cont'd.)

Species

Clupea harengus pallasi juveniles
Gasterosteus aculeatus
Hypomesus pretiosus
Auloriynchus flavidus
Lumpenus sogitta

Leptocottus armatus
Oneorhynchus spp. juveniles
Cymatogaster aggregata
Porichthys notctus

Ammodytes hexapterus
Oncorhiynchus tshavytscha juv.
Spirinchus thaleichthys
Pallasina barbata aiz
Mierogadus proximus juveniles
Cottid juveniles (Triglops sp?)
Syngnathus griseolineatus
Parophrys larvae

Parcphrys vetulus

Hypomesus larvae

Psychrolutes paradorus
Gilbertidio sigalutes (?) larvae
Pholis laeta

Xeneretmus latifrons
Odontepy=is trispinosa (?)
Hezagrammos decagramms juveniles
Unidentified larvae
Platichthys stellatus
Ammodytes larvae

Pgychrolutes larvae

Unident. Pleuronectid larvae
Unident. Cottid larvae
ILyeodopsis (1) larvae
Lepidogobius (1) larvae
Unident. Osmerid larvae
Unident. Sebastes sp. larvae
Unident. Bathymasteridae (?)larv.
Clupea harengus pallasi larvae
Agonus acipenserinus
Xeneretmus sp. juveniles
Oneornynchus kiswtch juveniles
0. gorbuscha

Engraulis mordax

Hypomesus pretiosus juveniles
Ophiodon elongatus juveniles
Cottid larvae

Ammodytes hexapterus juveniles
Squalus acanthias

Lwmpenus sagitta juveniles
Pleuronectidae larvae
Lampetra ayresi juveniles
Oncorhyrichus kisutch

0. tshawytscha

Clupea harengus pallast
Gasterosteus juveniles
Theragra chalcogramma
Spirinchus thaleighthys juv.
Psychrolutes paradoxus juv.
Oncoriynchus Keta juv,
Hexagrammos sp. juv.
Fhamphecottus richardsoni larvae
Unknown spp. (3) larvae
Lwmpenus sagitta larvae
Leptocottius armatus

Pholis ornata

Agonidae larvae

Totals

Species richness (No. of speciés)
Mean number of individuals
Mean wet welght (grams)

December February March
4=12-74 to 14-2-75, 10-3~75 to
5-12-74 19-2-75 12-3-75
No, Wt, No. Wt, No, Wt,
47 275 0.5 1.5 0.5 2.2
3 3.5 1 0.7
0.5 22.4
2 14.5
9.5 77.5 1 1.5
0.5 0.1
0.5 n,s 2.5 1.8
3.5 0.3
1 138.1
0.5 0.1
2 6
13 1.1
0.5 2
0.5 0.5
0.5 0.1
0.5 0.3 1.5 0.8
0.5 0.1 2 0.2
8 3 14
65 2 27
379.5 138.5 31.3
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Appendix 5b.  Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
April May June
Lummi Bay (cont'd.) 14~4-75 to 12-5-75 to 24=6~75 to
17~4~75 15-5-75 26-6-~75
Specles No. Wt. No. WE. No. Wt.
,,,,,, Clupea harengus pallasi juveniles 1.5 90.0 5074.5 7460.0
Gasterosteus aculeatus 5.5 13.5  243.0  771.0 22.0 85.5

Hypomesus pretiosus

oo Aulorlynchus flavidus

Lumpenus sagitta 0.5 1.5

Leptocottus armatus

Oncorhynchus spp. juveniles

Cymatogaster aggregata 2.5 . 28.0

Poriehthys notatus

Ammodytes hezapterus

Oncorhynchus tshauytscha juv.

Spirinchus thaleichthys 1 0.1 1.5 8.5

Pallasina barbata atz

Mierogadus prozimus juveniles

Cottid juveniles (Triglops sp?)

Syngnathus griseolineatus

Parophrys larvae 1.5 0.1

Parophrys vetulus

Hypomesus larvae

Psychrolutes paradozus

Gilbertidia sigalutes (?) larvae

Pholis laeta

Xeneretmus latifrons

Odontopyxis trispinosa (?)

Hexagrammos decagrammus juveniles 1.0 1.0

Unidentified larvae

Platichthys stellatus 1

Ammodytes larvae 135

Paychrolutes larvae 697

Unident. Pleuronectid larvae 3

Unident. Cottid larvae 1

ILycodopsis (2) larvae Q.5

Lepidogobius (?) larvae 0.5
1.5
1
0

w

R A

.

=~

OO OOOO W

.

-

Unident. Osmerid larvae

Unident. Sebastes sp. -larvae
Unident. Bathymasteridae (?)larv.
Clupea harengus pallasi larvae 84.5 2.0
Agonus acipenserinus

Xeneretmus sp. juveniles

Oncorhynchus kisutch juveniles 0.5 14.0
0. gorbuscha

Engraulis mordax

Hypomesus pretiosus juveniles

Ophiodon elongatus juveniles

Cottid larvae

Ammodytes hexapterus juveniles

Squalus acanthias

Lumpenus sagitta juveniles

Pleuronectidae larvae 0.5
Lampetra ayresi juveniles
Oncorhynchus kisutch

0. tshawytscha

Clupea harengus pallasi
Gastercsteus juveniles

Theragra chalcograrmma
Spirinchus thaleighthys juv.
Peychrolutes paradoxus juv.
Oncorhynchus keta juv.
Hexagrammos sp. juv.
Bhamphocottus richardsoni larvae
Unknown spp. (3) larvae
Lumpenus sagitta larvae
Leptocotius armatus

Pholis ornata

Agonidae larvae
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Totals

Species richness (No. of species) 12 18 16
Mean number of individuals 847.5 465.0 5157
Mean wet weight (grams) 521.8 4177.2 7912.0
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued
July “August
Lummi Bay (cont'd.) 23-7-75 to 21-8~75
25-7-75
Species No. Wt. No. ;/t.
Clupea harengus pallasi juveniles 10127 27766.5 95 191
Gagterosteus aculeatus - 5.5 16,2

Hypomesus pretiosus

Aulorhynchus flavidus

Lumpenus sagitta

Leptocottus armatus 0.5 23.0
Oncorhynchus spp. juveniles

Cymatogaster aggregata

Porichthys notatus

Ammodytes hexapterus 1.0 2.5
Oncorhynchus tshawytscha juv.
Spirinchus thaleichthys 1.5 9.0

Pallasina barbata aix

Mierogadus proximus juveniles

Cottid juveniles (Triglops sp?)

Syngnathus griseolineatus

Parophrys larvae

Parophrys vetulus

Hypomesus larvae

Psychrolutes paradoxus

Gilbertidia sigalutes (?) larvae

Pholis laeta

Xeneretmus latifrons

Odontopyxis trispinocsa (?)

Hexagrarmos decagrammus juveniles

Unidentified larvae

Platichthys stellatus

Ammodytes larvae

Psychrolutes larvae

Unident. Pleuronectid larvae

Unident. Cottid larvae

Lycodopsis (?) larvae

Lepidogobius (?) larvae

Unident. Osmerid larvae

Unident. Sebastes sp. larvae

Unident. Bathymasteridae (7)larv.,

Clupea harengus pallesi larvae

Agonus acipenserinus

Xeneretmus sp. juveniles

Oncorhynchus kisutch juveniles

0. gorbuscha

Engraulis mordax 1.0 7.5 4.5 3.6
Hypomesus pretiosus juveniles
Ophiodon elongatus juveniles
Cottid larvae

Ammodytes hexapterus juveniles
Squalus aconthias

Lumpenus sagitta juveniles
Pleuronectidae larvae
Lampetra ayresi juveniles
Oncorhynchus kisutch

0. tshawytscha

Clupea harengus pallasi
Gasterosteus juveniles 85 28
Theragra chaleogramma 0.5 0
Spirinchus thaleighthys juv. 10 3
Psychrolutes paradoxus juv.

Oncorhynchus keta juv,

Hexagrammos sp. juv.

Fhamphocottus richardsoni larvae

Unknown spp. (3) larvae

Lumpenus sagitta larvae

Leptocottus armatus

Pholis ornata

Agonidae larvae

D

Totals

Speciles richness (No. of species) 7
Mean number of individuals 10132.5

Mean wet weight (grams) 1575

27883.5 259.6
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974

through February 1975.

continued

Values given for numbers and weight
are the average of two tows per month per sample site -

Migley Pt., Lummi Is.
Rocky w/Kelp, Exposed

Species

J
31

No.

uly /Aug
~7=-74 to
2-8-74

Wt.

August
20-8-74 t
22-8~74
No.

0

Wt.

September
10-9-74 to
12-9-74
Ho. Wt.

Clupea harengus pallasi juveniles
Gasterosteus aculeatus
Oncorhynchus tshawytscha juv.
Squalus acanthias

Leptocottus armatus

Microgadus proximus juveniles
Hypomesus pretiosus

Spirinchus thaleichthys
Entosphenus tridentatus
Hexagrammos decagrammus

Agonus acipenserinus
Oncorhynchus kisutch juveniles
Ammodytes hexapterus

Pholis ornata

P. laeta

Unidentified larvae

Hypomesus larvae

Gilbertidia sigalutes (?) larvae
Clupea harengus pallasi
Psychrolutes larvae

Ammodytes larvae

Unidentified Sebastes larv.
Oncorhynchus gorbuscha juveniles
Engraulis mordax

Cottidae larvae

Pleuronectidae larvae

Clupea harengus pallasi larvae
Lumpenus sagitta

Ammody tes hexapterus juveniles
Hypomesus pretiosus juveniles
Oncorhynchus tshawytscha
Gasterosteus juveniles
Oncorhynchus kisutch
Psychrolutes paradoxus juv.
Lumpenus sagitta larvae
Unknown spp. (2) larvae
Platichthys stellatus

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

131

o~
o

o

O+ O WO i QW
s o o
LUt

°

.5 494
63
66
130
6
0.5
21
5
12.5
90

10
95.75
888

119.5
68.5
1.5

197
657

412
114
60

134.5 612.5
169.5 101.5

0.5 10

305.5
726
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974

through February 1975.

Values given for numbers and weight

are the average of two tows per month per sample site -

continued

December
Migley Pt. (cont'd.) 4-12-74 to

Species No.

5-12-74

Wt.

February

14-2-75,
19-2-75
No.

Wt.

March
10-3-75 to

12-3-75
No. Wt.

Clupea harengus pallasi juveniles 2.5
Gasterosteus aculeatus 1
Oncorhynchus tshawytscha juv.
Squalus acanthias

Leptocottus armatus

Microgadus proximus juveniles
Hypomesus pretiosus

Spirinchus thaleichthys 3
Entosphenus tridentatus

Hexagrammos decagrammus

Agonus acipenserinus

Oncorhynchus kisutch juveniles
Ammodytes hexapterus

Pholis ornata 0.5
P. laeta 0.5
Unidentified larvae

Hypomesus larvae

Gilbertidia sigalutes (?) larvae
Clupea harengus pallasi

Psychrolutes larvae

Ammodytes larvae

Unidentified Sebastes larv.
Oncorhynchus gorbuscha juveniles
Engraulis mordax

Cottidae larvae

Pleuronectidae larvae

Clupea harengus pallasi larvae
Lumpenus sagitta

Ammodytes hexapterus juveniles
Hypomesus pretiosus juveniles
Oncorhynchus tshawytscha

Gasterosteus juveniles

Oncorhynchus kisutch

Psychrolutes paradoxus juv.

Lumpenus sagitta larvae

Unknown spp. (2) larvae

Platichthys stellatus

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

19
1.5

4.5

W

0.5

0.5

N

0.2

0.5 4.5

0.5 40

oo
CRTRT
coo
- -

W

2.5
45




Appendix 5b.

through February 1975.
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Tow net catches (species, numbers, and weight), July 1974
Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Migley Pt. (cont'dy)
Species

Clupea harengus pallasi juveniles
Gasterosteus aculeatus
Oneorlynchus tshawytscha juv.
Squalus acanthias

Leptocottus armatus

Mierogadus proximus juveniles
Hypomesus pretiosus

Spirinchus thaleichthys
Entosphenus tridentatus
Hexagrammos dgecagrammus

Agonus acipenserinus
Oncorhynchus kisutch juveniles
Ammodytes hexapterus
Pholis ornata

P. laeta .
Unidentified larvae
Hypomesus larvae
Gilbertidia sigalutes (?) larvae
Ctupea harengus pallasi '
Peychrolutes larvae

Ammodytes larvae ,

. Unidentified Sebastes larv
Oneorhynchus gorbuscha juveniles
Engraulis moruax

Cottidae larvae

Pleuronectidae larvae

Clupea harengus pallasi larvae
Lwsmpenus sagitta

Ammodytes hexapterus juveniles
Hypomesus pretiosus juveniles
Oncorhynchus tshawytscha
Casterosteus juveniles
Onecorhynchus kisutch
Psychrolutes paradoxus juv.
Lumpenus sagitta larvae

Unknown spp. (2) larvae
Platichthys stellatus

.

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet welght (grams)

April
14-4-~75 to
17-4~75
. No, Wt,
0.5 1.4
0.5 0.9
10 14.6
11.5 8.7
0.5 2.4
1 0.1
2.5 0.1
0.5 0.1
9
27

21.4

May June
12-5-75 to 24-6-75 to
15-5-75 26-6-75
No. Wt. No. Wt.
147.0 219.6

13 34 202.5 857.5
1.5 0.7

0.5 T 2.0
4.5 0.3

1.5 0.2
2.0 20.5
1.0 7.4
0.5 0.4
3.5 0.7

1 0.1 53.5 4,2
0.5 0.2
1.5 1.0
0.5 3.2

13.5 1.9

1 0.1

1.5 0.1

0.5 775.0

8 10
32.5 418.5
813.0 1120.1



Appendix 5b.

Tow net catches (species, numbers, and weight), July 1974

through February 1975.

Values given for numbers and weight

are the average of two tows per month per sample site -

continued

Migley Pt. (cont'd.)

Species

Clupea harengus pallasi juveniles
Gasterosteus aculeatus
Oncorhynchus tshawytscha juv.

Squalus acanthias
Leptocottus armatus

Mi.crogadus proximus juveniles

Hypomesus pretiosus

Spirinchus thaleichthys
Entosphenus tridentatus
Hexagrammos decagrammus

Agonus acipenserinus

Oncorhynchus kisutch juveniles

Ammodytes hexapterus
Pholis ornata

P. laeta

Unidentified larvae
Hypomesus larvae

Gilbertidia eigalutes (?) larvae
Clupea harengus pallast

Psychrolutes larvae
Ammodytes larvae

Unidentified Sebastes larv.
Oncorhynchus gorbuscha juveniles

Engraulis mordax
Cottidae larvae

Pleuronectidae larvae
Clupea harengus pallasi larvae

Lumpenus sagitta

Ammodytes hexapterus juveniles
Hypomesus pretiosus juveniles
Oncorhynchus tshawytscha
Gasterosteus juveniles

Oncorhynchus kisutch

Psychrolutes paradoxus juv.
Lumpenus sagitta larvae
Unknown spp. (2) larvae
Platichthys stellatus

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

July
23-7-75 to
25-7-75
No, Wt.

August
21-8~-75
I‘]Oo Wt‘

77.0 200.0
1.0 3.5

0.5 2.0

1.0 9.5

0.5 11.0

82.0
230.0

0.5 1.3

19.5 63.1

2.6
35

O W
w U

29
102
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and welght
are the average of two tows per month per sample site -

continued
Padilla Bay July /Aug. August September
Mud/Eelgrass, Protected 31-7-74 to 20-8-74 to 10-9-74 to
2-8-~74 22-8-74 12-9-74

Species No. Wt. No. Wt. No. Wt.
Clupea harengus pallasi juv. 170 664 158 659 2030.5 8671.5
Hypomesus pretiosus 4 32.5
Gasterosteus aculeatus 68 55.5 511 205.5 186.5 98
Oncorhynchus tshawytscha juv. 0.5 9 2 86 0.5 16
Leptocottus armatus 2 41 7 113.5
Psychrolutes paradoxus 1 1
Squalus acanthias 8 1935 0.5 315
Cymatogaster aggregata 62 312.5
Lumpenus sagitta 1 9
Pholis ornata 0.5 5
Pallasina barbata aix 0.5 0.5
Ammodytes hexapterus 0.5 1

Pholis laeta

Spirinchus thaleichthys
Apodichthys flavidus

Syngnathus griseolineatus
Hypomesus larvae

Unidentified larvae

Gi lbertidia juveniles
Gilbertidia adults

Iiparis callyodon

Fhamphocottus richardsoni juv.
Oncorhynchus keta juveniles
Psychrolutes paradoxus juv.
Unknown spp. (3) larvae
Ammodytes hexapterus larvae
Clupea harengus pallasi larv.
Nautichthys oculeofasciatus larv.
Pleuronectidae sp. larvae
Engraulis mordax

Oneorhynchus kisuteh juv.
Ammodytes hexapterus juv.
Lumpenius sagitta larvae

Cottidae larvae

Stenobrachius leucopsarus (?) juv.
Oncorhynchus nerka juv.
Gasterosteus aculeatus juveniles
" Onecorhynchus kisutch

0. keta

Totals

Species richness (No. of species) 4 6 10
Mean number of individuals 242.,5 682 2289.5

Mean wet weight (grams) 761 2927.5 9542
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and welght
are the average of two tows per month per sample site -

continued

December
Padilla Bay (cont'd.) 4-12-/4 to
5~12-74%
Species No. Wt.

February

14-2-75,

19-2-75
lo.

Wt.

March
10-3-75 to
13-3-75
Jo. Wt.

Clupea harengus pallasi juv.

Hypomesus pretiosus

Gasterosteus aculeatus 1 2
Oncorhynchus tshawytscha juv.

Leptocottus armatus 1 68
Psychrolutes paradcxus

Squalus aeanthias

Cymatogaster aggregata

Lwnmpenus sagitta

Pholis ormata 1 5
Pallasina barbata aix

Ammodytes hexapterus

Pholis laeta

Spirinchus thaleichthys
Apodichthys flavidus

Syngnathus griseolineatus
Hypomesus larvae

Unidentified larvae

Gilbertidia juveniles

Gilbertidia adults

Liparis callyodon

Fharphocottus richardsomi juv.
Oncorhynchus Keta juveniles
Psychrolutes paradoxus juv.
Unknown spp. (3) larvae

Ammodytes hexapterus larvae
Clupea harengus pallasi larv.
‘Nautichthys oculeofasciatus larv.
" Pleuronectidae sp. larvae
Engraulis mordax

Oncorhynchus Kisuteh juv.
Ammodytes hexapterus juv.

Lumpenus sagitta larvae

Cottidae larvae

Stenobrachius leucopsarus (?) juv.
Oncorhynchus nerka juv,
Gasterosteus aculeatus juveniles
Oncorhynchus kisutch

0. keta

b b N OV
oUW

Totals

Species richness (No. of species) 7
Mean number of individuals 13
Mean wet weight (grams) 100

*Extrapolated from two S5-minute tows.

(Inclement
weather
prevented
sampling)

0.5 0.8

o O
-0

BN L0
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

April May June
Padilla Bay (cont'd.) ' 14-4-75 to 12-5-75 to 24-6-75 to
: e 17-4~-75 15-5~75 26~6-75

Species No. Wt. No. Wt. No. Wt,
Clupea harengus pallasi juv. 1.5 16.5 46.0 1.2
Hypomesus pretiosus
Casterosteus aculeatus 0.5 1.5 16 54,0 180.5  488.0
Oncorhynchus tshawytscha juv. ’ 2.5 17.7

Leptocottius crmatus

Psychrolutes paradoxus

Squalus acanthias 0.5 585.0

Cymatogaster aggregata

Lumpenus sagttta

Pholis ornata

Pallasina barbata aix

Ammodytes hexapterus

Pholis laeta ‘ 0.5 8.0

Spirvinchus thaleichthys

Apodichthys flavidus

Syngnathus griseolineatus

Hypomesus larvae

Unidentified larvae

Gilbertidia juveniles 3.5

Gilbertidia adults 1

Liparis callyodon

Fhamphocottus richardsoni juv.

Oncorhynchus keta juveniles

Psychrolutes paradoxus juv.

Unknown spp. (3) larvae

Armodytes hexapterus larvae

Clupea harengus pallasi larv.

‘Newtichthys oculeofasciatus larv.

.- Pleuronectidae sp. larvae
Engraulis mordax

Onecorhynchus kisutch juv.

Ammodytes hexapterus juv.

Lumpenus sagitta larvae

Cottldae larvae

Stenobrachius leucopsarus (?) juv.

Onecorhynchus nerka juv.

Gasterosteus aculeatus juveniles

Oncorhynchus kisuteh

. keta
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Totals

Species richness (No. of species) 3
Mean number of individuals : 6.
Mean wet weight (grams) 22

15 13
5 46.0 293.0
1 76 .4 1291.0
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974

through February 1975. Values given for numbers and
weight are the average of two tows per month per sample

site continued

Padilla Bay (cont'd.)

Species

July

23-7-75

25-7-
No.

to
75
Wt.

August
22-8-75

Wt.

Clupea harengus pallasi juv.
Hypomesus pretiosus
Gasterosteus aculeatus
Oncorhynchus tshawytscha juv.
Leptocottus armatus
Psychrolutes paradoxus
Squalus acanthias
Cymatogaster aggregata
Lumpenus sagitta

Pholis ormata

Pallasina barbata aix
Armodytes hexapterus

Pholis laeta

Spirinchus thaleichthys
Apodichthys flavidus
Syngnathus griseolineatus
Hypomesus larvae

Unidentified larvae
GLilbertidia juveniles
Gilbertidia adults

Liparis ecallyodon
Fhamphocottus richardsoni juv.
Oneorhynchus keta juveniles
Psychrolutes paradoxus juv.
Unknown spp. (3) larvae
Ammodytes hexapterus larvae
Clupea harengus pallasi larv.
‘Nautichthys oculeofasciatus larv.
Pleuronectidae sp. larvae
Engraulis mordax

Oncorhynchus kisutch juv.
Ammodytes hexapterus juv.
Lumpenus sagitta larvae
Cottidae larvae

Stenobrachius leucopsarus (?) juv.
Oneorhynchus nerka juv.
Gasterosteus aculeatus juveniles
Oneorhynchus kisutch

0. keta

Totals

Species richness (No. of species)

15.1
192.0
29.0
0.5

1.0

]
[ E]

195.0

90.2
524.7
276.2

8.2

1000

[N

55.5

Mean number of individuals
Mesn wet weight (grams)

434.1
1959.3

0.5

0.5

32
29.8
15

11.5

1.7

10
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Appendix 5b. Tow net catches (species, numbers, and weight), July 197k

through February 1975. Values given for numbers and

weight arve the average of two tows per month per sample

site continued

Shannon Pt., Fidalgo Is. July/Aug. August
Cobble, Exposed 31~7-74 to 20-8-74 to
2-8-74 22-8-74

Species No. Wt. No.

September

Wt. No.

10-9-74 to
12-9-74

Wt.

2.1 273.5
112.5

78.8 0.5
2.9

18.1

250.6 29.5

Clupea havengus pallasi juv.
Oneorhynchus keta juv.

0. tshawytscha juv.

0. gorbuscha juv.

0. kisutch juv.

Gasterosteus aculeatus
Leptocottus armatus
Psychrolutes paradoxus
Ammodytes hexapterus
Lampetra ayresi

Lumpenus sagitta

Seorpaent chthys marmoratus
Agontis acipenserinus

Pholis laeta

Gilbertidia sigalutes
Pholis ornata

Microgadus proximus juv.
Spirinchus thaleichthys
Hypomesus pretiosus
Porichthys notatus
Pallasina barbata aix
Cymatogaster aggregata
Eexagrammos decagrammus
Liparis rutteri
Oncorhynchus kisutch
Parophrys larvae

Ammodytes larvae
Psychrolutes larvae
Hypomesus larvae

Lycodopsis (?) larvae
Sebastes sp. larvae
Spirinchus juveniles
Unidentified Pleuronectid larvae
Unidentified larvae
Ammodytes hexapterus juveniles
Psychrolutes paradoxus juv.
Clupea harengus pallasi larv.
Unknown spp. (4) larvae
Rhamphocottus richardsoni juv.
Agonidae sp. juvenile
Cottidae sp. larvae
Lumpenus sagitta juveniles
Gasterosteus juveniles
Theragra chalcogramma
Oncorhynchus keta

o
;oo

o
K
o
o
o

3

e

o o
[S200 e ]
(e}
°
[3)]

° ¢« o
°

o o °
gy gron
A A A

OO UM EON
e o o
[S BN RN S N

WOO OO OMNMONODNDIO
°

O O O
°
T

Totals

Species richness (No. of species) 15 8
Mean number of individuals 124 306
Mean wet weight (grams) 549.6 4058

4016.5

12.5

11.5
12

35.5

o O o
°
[SeRNes IS}

10
343.5
631

221
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

December February April
Shannon Pt. (cont'd.) 4~12-74 to 14-2-75, 14~-4-75 to
. : 5-12-74 19-2-75 17-4-75
Species flo. Wt. No. Wt. No. Wt.
Clupea harengus pallasi juv. 13 92 0.5 2.5 1.5 9.3

Oncorhynchus keta juv.

0. tshawytscha juv.

0. gorbuscha juv.

0. kisuteh juv.

Gasterosteus aculeatus

Leptocottus armatus

Psychrolutes paradoxus

Ammodytes hexapterus 1 3.5
Lampetra ayrest

Lumpenus sagitta

Scorpaent chthys marmoratus

Agonus acipenserinus

Pholis laeta 0.5 5
Gilbertidia sigalutes 2 1.5
Pholis ornata

Mierogadus proximus juv.

Spirinchus thaleichthys

Rypomesus pretiosus

Porichthys notatus

Pallasina barbata atz

Cymatogaster agoregata 0.5 10
Hexagrarmos decagrammus 0
Liparis rutteri 0
Oncorhynchus kisutch

Parophrys larvae

Ammodytes larvae

Psychrolutes larvae

Hypomesus larvae

Lycodopsis (?) larvae

Sebastes sp. larvae

Spirinchus juveniles

Unidentified Pleuronectid larvae
Unidentified larvae

Ammodytes hexapterus juveniles
Psychrolutes paradoxus juv.

Clupea harengus pallasi larv.

Unknown spp. (4) larvae

Rhamphoeottus richardsoni juv.
Agonidae sp. juvenile

Cottidae sp. larvae

Lumpenus sagitta juveniles

~ Gasterosteus juveniles

Theragra chalcogramma

Oncorhynchus keta

O
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Totals

Species richness (No. of species) 2 5 16
Mean number of individuals 13.5 4.5 44
Mean wet weight (grams) 102 9.3 55 .4
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Appendix &b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

May - July August
Shannon Pt. (cont'd.) 12-5-75 to 23-7-75 to \
: » e , 15-5~75 25-7-75

Species No. Wt.  lNo. W, No. _Wt.
Clupea harengus pallasi juv. 0.5 0.7 1.5 6.8 0.5 2.1
Oncorhynchus keta juv. 1.5 2.3
0. tshawytscha juv. 4.0 29.7
0. gorbuscha juv. 2.0 18.3
0. kisutch juv. 0.5 15.5 0.5 4.6
Gasterosteus aculeatus 2 5.5 7.0 25.0 5 13.3
Leptocottus armatus 0.5 28.9
Psychrolutes paradoxus 0.5 0.9

Ammody tes hexapterus

Lampetra ayrest

Lumpenus sagitta 0.5 0.7

Seorpaentchthys marmoratus

Agonus acipenserinus

Pholis laeta 2.5 3.7

Gilbertidia sigalutes

Pholis ornata

Mierogadus proximus juv.

Spirinchus thaleichthys

Aypomesus pretiosus 0.5 2.3

Porichthys notatus

Pallasina barbata aix

Cymatogaster aggregata

Hexagrammos decagrammus

Liparis rutteri

Onecorhynchus kisutch 5.5 88.8

Parophrys larvae

dmmodytes larvae

Psychrolutes larvae

Hypomesus larvae

Lycodopsis (?) larvae

Sebastes sp. larvae 0.5 0.1

Spirinchus juveniles '

Unidentified Pleuronectid larvae

Unidentified larvae

Ammodytes hexapterus juveniles 9

Psychrolutes paradoxus juv. 1

Clupea harengus pallasi larv. 2

Unknown spp. (4) larvae 7
0
0
1

0.5 0.5 2 4.4

Ehamphocottus richardsoni juv.
Agonidae sp. juvenile
Cottidae sp. larvae

Lumpenus sagitta juveniles 0.5 0.6

Gasterosteus juveniles 4.5 1.5
Theragra chalecogramma 0.5 1.1
Oneorhynchus keta 0.5 7.2
Totals

Species richness (No. of species) 16 9 7

Mean number of individuals 57.0 14.5 19

Mean wet weight (grams) 33.3 113.1 119.3
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974

through February 1975.

Values given for numbers and

weight are the average of two tows per month per sample

site continued

South Beach, San Juan Island July/Aug.
Cobble, exposed 31-7-74 to
2-8-Tu4

Species No.

Wt.

No.

August
20-8-74 to
22-8-T74

Wt.

September

10~9~-74 to
12-9-74

No. Wt.

Clupea harengus pallasi juveniles  20.5
Oncorhynchus gorbuscha juveniles 3.5
Oncorhynchus keta juveniles 2.5
Oncorhynchus kisuteh juveniles 0.5
Oncorhynchus tshawytscha juveniles 0.5
Gasterosteus aculeatus 0.5
Microgadus proximus juveniles

Ammodytes hexapterus

Parophrys vetulus

Trichodon trichodon

Hypomesus pretiosus

Leptocottus armatus

Pholis ornata

Sebastes sp. larvae

Artedius lateralis
Hypomesus larvae

Parophrys larvae

Cottid larvae
Psychrolutes paradoxus juv.

Pholis laeta

Agonidae sp. juvenile

Clupea harengus pallasi larvae
Ammodytes hexapterus larvae
Unknown spp. (3) larvae
Ammodytes hexapterus juv.
Pleuronectidae sp. larvae

Blepsias cirrhosus juveniles

Totals:

Species richness (No. of species) 6
Mean number of individuals 28
Mean wet weight (grams) 167

65

- 51.5

32.5
12.5

<0.5

107

0.5

0.5
122

+5

235
1045

240

666.5
L,5
89

35

98.5 86y

1 12.5
0.5 27.5
1 85
0.5 0.5
1 6.5
1 2.5

104.5
1108.5
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974

through February 1975.

Values given for numbers and

weight are the average of two tows per month per sample

site continued

south Beach, San Juan Island Decenber
(cont'd.) Y1274 tO
oo o 5=12-74

Species No,

Wt No.

February March
14=-2-75, 10~-3-75 to
19-2=-75 12-3-75

Wt. No. Wt.

i

Clupea harengus pallasi juveniles 3.5
 Oncorhynchus gorbuscha juveniles
Oncorhynchus keta juveniles
Oncorhynchus kisutch juveniles
Oncorhynchus tshawytscha juveniles
Gasterosteus aculeatus 2
Microgadus proximus juveniles

Ammodytes hexapterus 0.5
Parophrys vetulus

Trichodon trichodon

Hypomesus pretiosus

" Leptocottus armatus

Pholis ornata

. Sebastes sp. larvae . 0.5

Avtedius lateralis
Hypomesus larvae

Parophrys larvae

Cottid larvae
Psychrolutes paradoxus juv.

Pholis laeta

Agonidae sp. juvenile

Clupea harengus pallasi larvae
Ammodytes hexapterus larvae
Unknown spp. (3) larvae
Ammodytes hexapterus juv.
Pleuronectidae sp. larvae

Blepsias cirrhosus juveniles

Totals:

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

17.5 i

OQl
0.5

8

1.5

2.5
1.5 0.5
0.5 0.1
0.5 0.1

BN W
(=3 LW
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~ v



~142-

Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

South Beach, San Juan Island May ’ August
(cont'd.) 12-5-75 to 21-8-75
o 15-5-75
Species No. Wt. No. Wt.
i
Clupea harengus pallasi juveniles 1 9.0

Oncorhynchus gorbuscha juveniles

Oncorhynchus keta juveniles 0.5 0.8
Oncorhynchus kisutch juveniles

Oncorhynchus tshawytscha juveniles

Gasterosteus aculeatus 2.5 5.3
Microgadus proxzimus juveniles

Ammodytes hexapterus |

Parophrys vetulus

Trichodon trichodon . 0.5 22.0
Hypomesus pretiosus

Leptocottus armatus

Pholis ornata

Sebastes sp. larvae : 0.5 0.1

Avtedius lateralis
Hypomesus larvae

Parophrys larvae | 1 0.1

Cottid larvae

Psychrolutes paradoxus juv. 2.0 4.5

Pholis laeta - 0.5 1.2

Agonidae sp. juvenile 1 0.1

Clupea harengus pallasi larvae 11.5 0.4
Ammodytes hexapterus larvae 3 0.1

Unkniown spp. (3) larvae 3.5 0.2

Ammody tes hexapterus juv. 5 13.2
Pleuronectidae sp. larvae 1 0.1

Blepsias eirrhosus juveniles 1 0.1

Totals:

Species richness (No. of species) 16 0
Mean number of individuals 52.0 0

Mean wet weight (grams) 61.3 0
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through February 1975.
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Tow net catches (species, numbers, and weight), July 1974
Values given for numbers and

weight are the average of two tows per month per sample

site continued

Village Pt., Lummi Is.
Gravel, Protected

Species

July /Aug.
31-7-74 to
2-8-74
No. Wt.

August
20-8-74 to
22-8-74
No. Wt.

September
10-9-74 to
12-9-74
No. Wt.

Clupea harengus pallasi juv.
Oncorhynchus gorbuscha juv.
0. tshoawytscha juvenile

0. keta juvenile
Gasterosteus aculeatus
Ammodytes hexapterus
Leptocottus armatus
Entosphemus tridentatus
Spirinchus thaleichthys
Hypomesus pretiosus

Pholis ornata

Squalus acanthias

Hypomesus pretiosus larvae
Ammodytes hexapterus larvae
Gilbertidia

Gilbertidia juvenile
Psychrolutes larvae
Unidentified Hexagrammid
Unidentified Sebastes larvae
" Pleuronectid larvae
larvae

Psychrolutes paradoxus juv.
Clupea harengus pallasi larv.
Lumpenus sagitta larvae
Agonidae larvae

Unknown spp. (2) larvae
Ammodytes hexapterus juveniles
Cottidae larvae
Pleuronectidae larvae
Oncorhynchus gorbuscha
Engraulis mordax

Liparis sp.

Lumpenus sagitta
Gasterosteus aculeatus juv.

i

Totals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

42.5
1 10
42.5
5.5 49
117.5
0.5 2.5
1.5 15
0.5 5

8
210
284

258 1459.5
2 16
2 44.5
37.5 38
25.5

7.5

301.5
1591

70.5 612.5
1 14.5
0.5 10
107.5

6.5

319
747.5
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and

weight are the average of two tows per month per sample
site continued

December February March
. 4-12-74 t 14~2-75 10-3-75 t
Village Pt. (cont'd.) 5.12~74 ° 19_2-75’ 12-3—75o
Species No. Wt. No. Wt. No. WE.
Clupea harengus pallasi juv. 7.5 30.5 1 21
Oncorhynchus gorbuscha juv.
0. tshawytscha juvenile
0. keta juvenile
Gasterosteus aculeatus 0.5 0.5 5 3
Ammodytes hexapterus
Leptocottus armatus 0.5 17.5 0.5 37.5
Entosphemus tridentatus
Spirinchus thaleichthys - 0.5 1

Hypomesus pretiosus
Pholis ornata
Squalus acanthias 0.5 101
Hypomesus pretiosus larvae 1.5
Ammody tes hexapterus larvae

Gilbertidia

Gilbertidia juvenile

Psychrolutes larvae

Unidentified Hexagrammid

‘Unidentified Sebastes larvae

" Pleuronectid larvae

larvae

Pgychrolutes paradoxus juv.

Clupea harengus pallasi larv.

Lumpenus sagitta larvae

Agonidae larvae

Unknown spp. (2) larvae

Ammodytes hexapterus juveniles

Cottidae larvae

11

. Pleuronectidae larvae

Oneorhynchus gorbuscha
Engraulis mordax

Liparis sp.

Lumpenus sagitta
Gasterosteus aculeatus juv.

Totals

Species richness (No. of species) 4 2
Mean number of individuals 9 2

O W
« .
w

Mean wet weight (grams) 49.5 101.3 6
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample

site continued

April
14-4-75 to
17-4-75

Village Pt. (cont'd.)
Species No. Wt

12-5-75 to

June
24-6-75 to
26~6-75

Clupea harengus pallasi juv. 3 33.5
Oncorhynchus gorbuscha juv.

0. tshawytscha juvenile

0. keta juvenile 0.5
Gasterosteus aculeatus 2.5
Ammodytes hexapterus
Leptocottus armatus
Entosphemus tridentatus
Spivinchus thaleichthys
Hypomesus pretiosus

Pholis ornata

Squalus acanthias

Hypomesus pretiosus larvae
Ammodytes hexapterus larvae
Gilbertidia ,
Gilbertidia juvenile
Psychrolutes larvae
Unidentified Hexagrammid
Unidentified Sebastes larvae

" Ppleuronectid larvae

larvae

Psychrolutes paradoxus juv.
Clupea harengus pallasi larv.
Lumpenus sagitta larvae
Agonidae larvae

Unknown spp. {(2) larvae
Ammodytes hexapterus juveniles
Cottidae larvae
Pleuronectidae larvae
Oneorhynchus gorbuscha
Engraulis mordax
Iiparis sp.

Lumpenus sagitta
Gasterosteus aculeatus juv.

ur O
o W

.

e .
v b

°

. o W
-
w

.
vt U Ln

b b R BN 0

i

OO0 OO

o @

NOOODO OOHN

Totals

Species richness (No. of species) V 10
Mean number of individuals 26,5
Mean wet weight (grams) 50.3

BN pd et DO
OO0
- N

-

OO WUt

- No. Wt.

29.0 13.7

12.0 85.7
5.5 16.2

3.0 0.2

0.5 0.
32.0 1

o

<

w
o OO
(o 200 I

96.5
117.6
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

. July
Village Pt. (cont'd.) 23-7-75 to
25-7-75

Species No. Wt.

Clupea harengus pallasi juv. 276.5  759.5

Oncorhynchus gorbuscha juv.

0. tshawytscha juvenile 0.5 7.5

8. keta juvenile 0.5 3.0

Gosterosteus aculeatus 23.5 74.5

Ammodytes hexapterus
Leptocottus armatus
Entosphemus tridentatus
Spirinchus thaleichthus 0.5 1.0
Bypomesus pretiosus
Phrolis ornata
Squalus acanthias
Hypomesus pretiosus larvae
Ammodytes hexapterus larvae
Gilbertidia
Gilbertidia juvenile
Psychrolutes larvae
Pnidentified Hexagrammid
Unidentified Sebastes larvae
* Pleuronectid larvae
®  larvae
Psychrolutes paradoxus juv.
Clupea harengus pallasi larv.
Lygrpenus sagitta larvae
Agonidae larvae
Boknown spp. (2) larvae
Ammodytes hexapterus juveniles 46 .0 82.5
Cottidae larvae
. Pleuronectidae larvae
Oncorhynchus gorbuscha
Engraulis mordax
Iiparis sp.
ELammpenus sagitta
Gasterosteus aculeatus juv.

O st OO W
MO wu i

FTotals

Species richness (No. of species) 7
Hean number of individuals 361.5
Bean wet weight (grams) 980.7
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1875. Values given for numbers and
weight are the average of two tows per month per sample
site continued

Westcott Bay, San Juan Island July /Aug. August September
Mud/Eelgrass, Protected 31-7-74 to 20-8-74 to 10-9-74 to
2-8-74 22-8-74 12-9-74
Species No. Wt. No. Wt. No. Wt.

|

7

~J

5478.5 1601.5 5899.5 5815.5 16866
54 13 240.5 1 8.5
12.5

Clupea harengus pallasi juveniles

Leptocottus armatus

Oncorhynchus kisutch juveniles

Oncorhynchus gorbuscha juveniles

Blepsias ci.rrhosus

Hypomesus pretiosus

Syngnathus griseolineatus

Gasterosteus aculeatus

Pholis ornata

Oncorhynchus tshawytscha juv. ' 0.5 35 1.5 60.5

Microgadus proximus 2 10

Cymatogaster aggregata 70.5 346.5 6

Aulorhynchus flavidus 5

Embiotoca lateralis _ 0.
0
0

v e
(G IS, IO, VN

.

.« ®
(G, IRV, RO

0.8 28 128

COHOWOOOoM
L]
O OOCU W0
Ut W
[

Ammodytes hexapterus

Sebastes sp. larvae
Fumicrotremus orbie

Pholis laeta

Parophrys vetulus larvae
Unidentified larvae

Clupea harengus pallasi larvae
Squalus aconthias

Ammodytes hexapterus juveniles
Unident. sp.

Clupea harengus pallasi
Theragra chalcogramma

Lumpenus sagitta

Pallasina barbata
Oncorhynchus keta

Gilbertidia sigalutes

Unknown sp. larvae

Totals

Species richness (No. of species) , 9 7 10
Mean number of individuals 1725.5 1691.5 5861
Mean wet weight (grams) 5557.3 6548.3 17139.5
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Appendix 5b. Tow net catches (species, numbers, and weight), July 13974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

December February March
Westcott Bay (cont'd.) 4-12-74 to 14-2-75, 10-3-75 to
5-12-74 19-2-75 12-3~75
Species No. Wt. No. Wt. No. Wt.
Clupea harengus pallasi juveniles 2.5 24,5
Leptocottus armatus 0.5 3.
Oncorhynchus kisutch juveniles
Oncorhynchus gorbuscha juveniles
Blepsias cirrhosus
Hypomesus pretiosus 0.5 5.5
Syngnathus griseolineatus 0.5 0.3
Gasterosteus aculeatus 3.5 4.5 0.5 0.5

Pholis ornata

Oncorhynchus tshawytscha juv.

Mierogadus proximus

Cymatogaster agaregata

Aulorhynchus flavidus 0.5 1.5
Embiotoca lateralis

Ammodytes hexapterus

Sebastes sp. larvae

Eumicrotremus orbis 1 5.5

Pholis laeta _ 0.5 1

Parophrys vetulus larvae 0.5 0.1
Unidentified larvae 1.5 0.2

Clupea harengus pallast larvae
Squalus acanthias

Ammodytes hexapterus juveniles
Unident. sp.

Clupea harengus pallasi
Theragra chalcogramma
Lumpenus sagitta

Pallasina barbata
Oncorhynchus keta

Gilbertidia sigalutes

Unknown sp. larvae

Totals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

o
bt et DN
.
N W
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

May
Westcott Bay (cont'd.) 12~5-75 to
15-5-75
Species No. Wt.

Clupea harengus pallasi juveniles
Leptocottus armatus
Oncorhynchus kisutch juveniles
Onecorhynchus gorbuscha juveniles
Blepsias cirrhosus
Hypomesus pretiosus
Syngnathus griseolineatus
Gasterosteus aculeatus 4.5 13.5
Pholis ornata

 Oncorhynchus tshawytscha juv.
Microgadus proximus
Cymatogaster aggregata
Aulorhynchus flavidus
Embiotoca lateralis
Ammodytes hexapterus
Sebastes sp. larvae
Eumicrotrems orbis
Pholis laeta
Parophrys vetulus larvae
Unidentified larvae
Clupea harengus pallasi larvae
Squalus aconthias ‘
Ammodytes hexapterus juveniles
Unident. sp.
Clupea harengus pallasti 3.0 67.5
Theragra chalcogramma
Lumpenus sagitta '
Pallasina barbata
Oncorhynchus keta

Gilbertidia sigalutes 0.5 2.0

Unknown sp. larvae 0.5 0.1
Totals

Species richness (No. of species) 4

Mean number of individuals 8.5

Mean wet weight (grams) 83.1
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Appendix 5b. Tow net catches (species, numbers, and weight), July 1974

through February 1875.

Values given for numbers and

weight are the average of two tows per month per sample

site continued

Westcott Bay (cont'd.)

Species

Clupea harengus pallasi juveniles
Leptocottus armatus
Oneorhynchus kisutch juveniles
Oneorhynchus gorbuscha juveniles
Blepsias cirrhosus

Hypomesus pretiosus
Syngnathus griseolineatus
Gasterosteus aculeatus

Pholis ornata

Oneorlynchus tshavytscha juv.
Mierogadus proximus
Cymatogaster aggregata
Aulorhynchus flavidus
Embiotoca lateralis

Ammodytes hexapterus

Sebastes sp. larvae
Ewnicrotremus orbis

Pholis laeta

Parophrys vetulus larvae
Unidentified larvae

Clupea harengus pallasi larvae
Squalus acanthias

Ammodytes hexapterus juveniles
Unident. sp.

Clupea harengus pallasi
Theragra chaleogramma
Lwmpenus sagitta

Pallasina barbata
Oneorhynchus keta

Gilbertidia sigalutes

Unknown sp. larvae

Totals

Species richness (No. of species)
Mean number of individuals
Mean wet weight (grams)

June July August
24-6~75 to 23-7-75 to 20~8-75
26-6-75 25=-7-175
No. Wt. PNo. Wt.  No. Wt.
2050.0 7065.5  3633.5 10577.5
1.0 2.8 0.5 7
0.5 10.6
0.5 5.5
2.5 14.5
0.5 1.5 0.5 0.2
13.5 64.5
1.0 0.3 0.5 0.4
l 6‘5
11.5 0.4
0.5 650.0
7.5 1.7 6.5 41.0
0.5 1.2
1753.5 6147
1.5 -6
5 11.5
0.5 1.5
1 24.1
7 4 11
2072 3641.5 1780
7735.1 10648.0 6283.2
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Appendix 5c., Fish sighted at Barnes Island during SCUBA
transect study - continued

Species 26 Aug 25 Sep 17 Dec 23 Mar 6 May
Spiny dogfish 1
Striped seaperch 6
Blackeye goby 1 1
Copper rockfish 10 12 3 5 9
Quillback rockfish 10 30 L 3
Tiger rockfish 1
Kelp greenling 4 17 12 6
Lingcod 3 2 1 1
Painted greenling 2
Scalyhead sculpin 1 2
Longfin sculpin 9 6 1 3 1
Sailfin sculpin
Cabezon 3 2 2
Number of fish 38 72 25 20 23

Number of species 7 8 7 6
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Trammel net catches

Collins Cove, San Juan Island

30-10-74 30-3-75
no. wt. no. wi.
Hexagrammos decagrammus 6.0 87u8.0 3.0 1581.0
Sebastes melanops 1.0 157.5
Embiotoca lateralis 1.0 364.5 1.0 113.5
Hydrolagus colliei 1.0 638.0
Squalus acanthias 0.5 2000.0 0.5 4000.0
Hexagrammos stellert 0.5 113.3
Sebastes melanops 0.5 81.0
Sebastes flavidus 0.5 43.0
Myoxocephalus polyacanthocephalus 1.0 509.5
Nautichthys oculofasciatus 0.5 14,0
Species richness (no. of species) 5 8
Mean number of individuals 3.5 7.5
Mean wet weight grams 8951.5 6455.3
Migley Pt., Lummi Island
5-12-74 11-3-75
no. wt. 70, wt.
Hexagrammos decagrammus 2.0 930.0 2.0 1u435.0
Hydrolagus colliei 2.5 23u5.0 0.5 318.5
Squalus acanthias 7.5 3862.5 0.5 112.8
Cymatogaster aggregata 1.0 60.0
Enophrys bison 0.5 35.0 0.5 31.7
Seorpaenichthys marmoratus 1.0 957.5
Species richness (no. of species) 5 5
Mean number of individuals 10.5 1.5
Mean wet weight grams 7202.5 2855.5
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Appendix 53f. Frequency of sightings and percentage of total
number of fish observed (2,241) during 52 SCUBA
transect dives

Percent of

Percent total number
Species occurrence observed

Hexagrammos decagrammus 96 12.4
Sebastes caurinus 83 8.7
Jordania zonope 77 8.0
Sebastes maliger 65.8 5.2
*Sebastes melanops 52 16.1
Ophiodon elongatus 52 2.0
*Sebastes flavidus 52 31.3
Artedius harringtoni 42 1.5
*Embiotoca lateralis 27 8.4
*Sebastes emphaeus 18 3.2
Coryphopterus nicholst 18 1.0
Hemilepidotus hemilepidotus 12 0.3
*Clupea harengus pallasi 13 +
Enophrys bison 9 0.3
Seorpaenichthys marmoratus 9 0.4
Oxy lebius pictus 6 0.1
Anarrhichthus ocellatus 4 0.09
Squalus acanthias 2 0.04
Fhocochi lus vacea 2 0.04
Sebastes nigrocinctus 2 0.04
Nautichthys oculofasciatus 2 0.04
Fhamphocottus richardsoni 2 0.04
Gadidae larvae 2 0.3

*Schooling species.
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APPENDIX 6

Temporal occurrence, by habitat, of nearshore
fish species captured over 15-month period,
July 1974 - September 1975. Periods of peak
abundance are denoted by solid black lines:

Habitat legend:

Gravel A
Mud/eelgrass VA AT
Sand/eelgrass =mwae
Cobble BEEEEEEEE
Rocky/kelp bed ==
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APPENDIX 8

Stomach Analyses Data of the
1974~75 Nearshore Fish Survey
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