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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 estuaririe 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 oil 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
shallaw subtidal habitats using beach seines and SCUBA transect observa
tions. Quarterly trammel net sampling also supplemented the SCUBA
observations. In addition, periodic surface t~ 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 2Oin
depth level (see Hedgpeth, 1963),
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NETHODS 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 sub tidal
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 usuafly 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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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 F, summer)
exposed Bimonthly (fall F, winter)

Collins Cove, TraTrn~el net Quarterly
San Juan Island

Migley Point, Tow net Monthly (spring F, summer)
Lummi Island Bimonthly (fall F, winter)

Trammel net Quarterly

Barnes Island SCUBA transect Quarterly

Burrows Island Tow net Monthly (spring F, summer)
Bimonthly (fall F, winter)

Allan Island SCUBA transect Monthly

Cobble, South Beach, Beach seine Monthly
exposed San Juan Island Tow net Monthly (spring F, summer)

Bimonthly (fall F, winter)

Cherry Point Tow net Monthly (spring F, summer)
Bimonthly (fail F, winter)

Shannon Point, Tow net Monthly (spring F, summer)
Fidalgo Island Bimonthly (fall F, winter)

Gravel, Deadinan Bay, Beach seine Monthly
protected San Juan Island Tow net Monthly (spring F, summer)

Bimonthly (fall £ winter)

Village Point, Tow net Monthly (spring F, summer)
Lummi Island Bimonthly (fall F, winter)

Guemes Island, Tow net Monthly (spring F, summer)
south side Bimonthly (fall F, winter)

Sand with Eagle Cove, Beach seine Monthly
eelgrass, San Juan Island Tow net Monthly (spring F, summer)
protected Bimonthly (fall F, winter)

Birch Bay Tow net Monthly (spring F, summer)
Bimonthly (fall F, winter)
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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.

Saiupli~g Techniques

Beach Seine. Two 37—rn (120—f t) beach seine nets equipped with
18—rn (59—f t) long, 3—mm (1—1/8—inch) mesh wings, and a 0,6—rn x 2.4—rn x
2.3—rn bag of 6—mm (1/4—inch) mesh, were utilized to sample fishes in the
nearshore waters of the cobble, gravel, sand/eelgrass, and rnud/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 rn
out from the beach from the stern of a rowed boat and retrieved to the
beach at approximately 10 rn/mm. The lines attached to the poles at the
end of each wing were initially hauled from positions 40 m apart
until 20 ni of line had been retrieved; the net was then closed down to
a 12—rn 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—in x 6—rn (lOx2O—ft) tow net, with mesh sizes grading from 76 mm (3 inches)
at the opening to 6 nun (1/4 inch) at the bag (Appendix lb), was towed at
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approximately 4 km/hr (2 knots) between the l2-~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 manoeuvrable 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 ptvce~sing.

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 in (Fig. 2), turned 90
degrees, and swam back up to the shoreline, then repeated until about
250 in were surveyed. The width of the path was determined by the
visibility which was measured with a standardized white board at 7.6 in

depth at the initiation of each transect 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 encountering 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 51—cm (20—inch) large mesh panels and a
5—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 instrument
readings (using a Beckman salinity—temperature probe and a YSI—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 soon 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 biotnass 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 exte~rnal 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 2c), The source utilized for identification
of nearshOre fishes was Hart (1973).

*All coding forms and instructions used during this study are
available from FRI upon request.
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Subs ampling~

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 sto~age, filing, retrieval, and analysis of prey organisms
according to any phylogenetic level desired.

~

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 characteristics 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 repoll, ii is worth while to describe some of the important biases
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 rapidly 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 detnersal
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 saiupling 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 an
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.

RES ULTS

Environmental Conditions at Satnpling Sites

Nearshore Intertidal Measurement. Surface water (0—1 in) 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°/oe with a high
value of 3L5°/oo recorded in November and December and a. low in
February of 25.6°/~~. 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 Barnes,
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
lower and less variable temperature and higher and less variable salinity
values, presumably indicating the extent of mixing with oceania 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. Ariacortes

Temperature (°C): x 9.1 10.1 10.0

s 2.0 3.4 2.5
x

Mm—max 5.4—13.4 5.4—18.5 6,2—18

Range 8.0 13.1 11.8

Salinity (°/o~): x 29.2 27.8 28.1

s 6.1 4.1 3.2
x

Mm—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 column 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 weights 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 M~tliods 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 positively identified
species of marine and estuarine fishes, The relative occurrence and
distribution of these species according to the different habitats sampled
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 assemblages 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 abundance 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. lO), and SCUBA transect surveys (Figs 11).
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Table 3. 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.

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 4,0 4,5 3,0
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and (b) floating beach seines,
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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 variability. Exclusion of
these species (Sebaates emphaeus3 S. flavidus, S. mela,wps, Embiotoca
iateralis, and Clupea harengus paZ.Zasi) 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 periodic
fluctuations caused by the influx of abundant 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 conununities.

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/rn3, declined to less than
0,004 fish/rn3 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 salrnonids, 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 transect observations
is also illustrated (Fig. 14),
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Fig. 12. Standing crop, in mean wet weight (kilograms) per m2, for
collections (two samples) in San Juan Island vicinity fish
assemblages as sampled by (a) sinking and (b) floating
beach seines.
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Fig. 13. Standing crop, in mean wet weight (kilograms) per ~ by
habitat, for nearshore surface fish assemblages sampled
during tow net surveys in north Puget Sound.
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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/rn2 in the summer
and fall and dropping gradually to less than one gram/rn2 during the
winter.

The situation of standing crop ranking according to habitat was
dramatically reversed in the case of the surface components 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 hthitats sampled on San Juan Island,
location of the western Bcontrol~ 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 illustrated (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.
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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
further delineated in Table 6. Taxonomic ver~ification 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 Aniphipoda, 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 variable 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 variation.

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
*Coeffjcjent of variation C ) 100Mean
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Table 5. Prey organisms and their relative occurrence for fish analyzed
for stomach contents composition during Nearshore Fish Survey,
l97’4—1975.

Prey organism Occurrence

Phylum Mollusca
Class Gas tropoda

Transeneiia tantiila (?) rare

Class Bivalvia
(Small white clam) rare

Phylum Annelida
Class Polychaeta rare

Phylum Arthropoda
Subphylum Mandibulata

Class Crustacea
Subclass Copepoda

Order Calanoida
Epi~iabidoeera cimphitritea common

Order Harpacticoida common

Subclass Malacostraca
Order Leptostraca

Nebalia pugettenais (?) rare

Order Mysidacea
Hoimesielia anomala abundant
NeomysiB oioatechensis rare

Order Cuinacea rare

Order Tanaidacea
Leptooheiia dubia (?) rare

Order Isopoda
Suborder Flabellifera

(> 3 types) common
Suborder Valvifera

(> 3 types) common
Order Axnphipoda

Aliorches tee sp 1 common
Ailorehestes sp 2 rare
Amphithoe iacertoes ‘~ rare
A~hithO~ ~. same. rare
Aoridee sp. rare
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Table 5~ ~

Prey organism Occurrence

AtyLus sp. common
Caiiiopius Zaeviuscuius rare
Eohau8torius sp~ common
Eusirid sp. rare
Eyeirot.dea sp~ (?) abundant
Gammaridae sp. unindentified rare
Hyaie sp. rare
Hyperridae common
Isehyrocerus sp~ rare
Lyssicazasidae sp~ unidentified rare
Paraphoxus spinosa (?) common
Paraphoxus (Trichophoxue)sp 1 common
Photis caZifornica 1 common
Photis sp j same? common
Pontogeneia sp • 1 rare
Pontogeneia sp. 2 common
Synaheiidiwn sp. rare
Talitroidea sp. unidentified rare

Order Decapoda
Suborder Natantia

Section Caridea
Heptacarpus stimpsoni common
Heptacarpus tn dens rare
HippoZyte cLarki rare
Crangon sp. common

Suborder Reptantia
Section Anomura

Pagunidae sp. rare

Section Brachyura
Cancer magis ten common
C(moer onegonensis common
Ore gonia graciiis rare
Pugettia graciZ.is common
Pugettia nichii C?) rare
Te imessus cheiragonus rare

Class Insecta
Order Diptera rare

Phylum Chordata
Class Pisces

CZupea harengus paflasi (?) 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.

% Frequency

Fish species Prey organism of occurrence

Hydrolczgus colliei. (Crabs)
Cancer magister 55
C. oregonsis 55
Pugettia gracilis 9
Pugettia sp. 18
Oxy~iyncha sp. (juvenile) 18
TeZmessus cheiragonus 18

(Shrimp)
Fleptacarpus stiripsoni 9
Hippolyte clarki 9
(Unident.) 18
Crangon sp. 9

(Amphipods)
Eusiroides sp. 64
Pontogeneia sp. 9
(Unident.) 55
Lyssiansidae sp. 27
Photis californica 18
Photis sp. 9
Paraphoxus spinosa 91
Aori~des sp. 27
Atylus 18
Synchelidium sp. 18
Idotea sp. 9
Synidotea sp. (2 types) 64
Flabellifera spp. (2 types) 64

(Molluscs)
Transenella sp.?
Lacuna carinata? 73
Caprellidea spp. 18

(Cumaceans)
Unident. sp. 9

(Anomuran crabs)
Paguridae sp. 18
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Table 6, cont’d

% Frequency

Fish species Prey organism of occurrence

Oncorhynchus kisutch (Amphipods)
Eusiroides sp. 66
Atyius sp~ 38
Allorchestes spp. 34
Eohaustor~us ~ 31
Calliopius laeviusculus 3
Hyperiidea 21
Tczlitroidea sp. 3
Eusirides sp.
Hyale sp. 3
Paraphoxus spinosa 3
Paraphoxus sp. 24
Pontogeneia sp. 7
(Unident. spp.) 28

(Shrimp)
Heptacarpus stimpsoni 3
Crangoriidae 3

(Mysids)
Holmesiellcz anomala 48

(Isopods)
Gnor~mosphaeroma oregonense 3
Exosphaeroma sp. 3
Flabelifferan unident. sp. 41

(Copepods)
Epi2-ahidocera cvnphitri-tes 17
Calanoida unident. sp. 3

(Insects)
Unident. sp. 34

Sebastes meZanops (Amphipods)
Pontoqeneia sp. #1 58
Pontogeneia sp. #2 83
Pontoqeneia unident. sp. 8
Eusiroides sp. 100
Ischyrocerus 33
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Table 6, cont’d

% Frequency
Fish species Prey organism of occurrence

Hyale sp. 50
AtyZ~us 75
Paraphoxus spiriosa 8
Photis californica 25
Photis sp, 17
Amphithoe Zacertosa 8
Amphithoe sp. 25
Unident. Gammaridae 8
tjnident. spp. 67
Caprellidea 8

(Shrimp)
Heptacarpus stimpsoni 58
H. tr~-defl8 17
Crafigon sp. 33
Hippolyte clarki 17
IJnident. sp. 8

(Leptostracan)
Nebalia sp. 17

(Polychaete)
Unident. Errantiate sp. 17

(Fish)
Unident, sp. 33

(Crab)
Ccmcer orecionensis 25
C. magister 8
Pugettia gracilis 17
Q.’ryrhyncha sp. 8
Telmessus cheiragonus 8
Unident. Megalops 8
Unident, sp. 17

(Molluscs)
Lacuna carinata? 8

(Insects)
Unident. sp. 8

(Isopods)
Flabellifera sp. 8
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Table 6, cont’d

% Frequency
Fish species Prey organism of occurrence

Leptocottus armatus (Ainphipods)
AilorchesteS sp. 36
Fohaustori~us sp~ 9
Atyius sp.
Paraphoxus spinosa 9
Talitroidea sp. 9
Hyperiidea sp. 9
Unident. spp. 9

(Shrimp)
Crongon sp. 45

(Cumacean)
Unident. sp. 9

(Mys i a)
Holmesiell-a a,wmala 27

(Isopods)
Flabellifera sp. 18
Valifera ~p. 36
Unident. sp. 18

(Crabs)
Ccmcer maqister 28
Oregonia gracilis 9

(Fish)
Unident, sp. 9

(Insect)
Unident. sp. 9
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Table 6, cont’d

Fish species Prey organism

Theragr~a chalco~yramrna juv. (Shrimp)
Heptaoarpus tridens
Crangon sp.

(Atuphipods)
AtyZus sp.

Sebastes flavidus (Ainphipods)
Pontc’geneia sp. #1
Pontoqeneia sp. #2
Eusiroides sp.
Lyssioncisidae sp.
Ischyrocerus sp.
Atylus sp.
Photis califo~-iicus
Hyperiidea

(Shrimp)
Crangon spp.

(Nysid)
iVeornysis awatschensis

(Leptostracan)
ZVebalia sp.

Sebastes maliqer (Shrimp)
Heptacarpus stirnpsoni
H. tridens
Hippo lyte clarki
Unident. sp.

(Amphipods)
Eusiroides sp.
Atylus

(Isopods)
Idotea sp.
Synidotea sp.
Flabellifera spp.

(Mys i d)
Unident. sp.

(Leptos t racan)
Nebalia sp.
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Table 6, cont’d

Fish species Prey organism

He~agr~nmOS decagrc#nmus (Crabs)
O~yhryncha sp.
Te imessus cheiragonus
Concer magister
Pugettia grac~lis
Oreaonia araci~lis

(Is opo ds)
Idothea sp.
Flabellifera sp.

(Shrimp)
Crongon sp.
Heptacarpue stirnpsoni
H. tr~tdens
Unident. sp.

(Amphipods)
Eusiroides sp.
Arnphithoides sp.

(Nollus cs)
Lacuna car~nata?

Hexaarojnmos steller~ (Amphipods)
Eusiroides sp.
Gammaridae unident, sp.
Anrphithoe sp.
Unident. sp.

(Crabs)
Conce r oreqonensis
Pugettia graci us
Oxyhrpncha sp.

(Shrimp)
Heptacarpus s timps oni

Blepsiczs cirr~wsus (Shrimp)
Rep tacarpus s timps oni

(Amphipods)
Amphithoe sp.
Unident. sp.

Enophrys bison (Algae)
Ulva?
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Table 6, cont’d

Fish species Prey organisms

1TZem~Zepidotus herniZepidotus (Crabs)

Cancer maqister
C. ore ganens is

Scorpaeni ch thys mar~noratus (Shrimp)
Heptacarpus s timpsoni

(Amphipods)
Ew3iroides sp.
Aty1~us
Allorchestes sp.
Unident. spp.

(Crabs)
Cancer oreaonensis

Platichthys stellatus (Mysid)
Hoimsiella anomala

(Isopod)
Flabellifera sp.

(Amphipods)
Atylus
Unident. sp.

(Polychae te)
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. In 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 he 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 oblective 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
iated 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 cornmu—
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, pricklehacks, 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 f~r 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 in (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 he 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
stickiebacks, 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 environment 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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turbulence 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 consisted 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 Lthe 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—
hack 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 about 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 hthitat~s fish assemblage0 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 gunnels, great sculpins, smoothhead
sculpins, spiny lumpsuckers, threespine sticklebacks, and bay pipefish,
approximately in that order0 Of these, chiner 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 first
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 members of the assemblage, the early
life 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 unde~ent various shifts in composition,
this element of the assemblage sustained a significant abundance and
standing crop throughout the sampling period. Copper rockfish, Pacific
tonicod, 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 luapsuckers, 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 significantly during the winter. The
movement of the latter two species was probably correlated with behavior
oriented to their March—April spawning periods.

The pelagic fish fauna captured in the surface waters adjacent to
the gravel habitat were characterized by juvenile Pacific herring,
juvenile chum and chinook 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 dominant juvenile Pacific herring population
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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
December, 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
8tudy areas may be either a factor of distance in the case of the juvenile
salmonids, since these may be differentially introduced into marine
waters from river systems both in northwestern Washington and British
Columbia, or of exposure which allowed the fish protection or 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.
If 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 conclusions cannot be made until
two full years of data have been accumulated. The result.s 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 themajority 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 assemblage remained relatively constant through
January (minimum surface water temperatures were encountered). Part of
the reason for this phenomenon is that the incidence and abundance of
surf 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 abundant 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 species 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, juvenile walleye pollock and Pacific tomcod, and
shiner perch should also be considered as potentially important,
although more intermittent, members of the assemblage. As mentioned,
juvenile chum salmon are very abundant 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, EagIe
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 remarkably
stable number of species, abundance, and standing crop biomass from a
July peak through December, Coincident with a sharp decline in nearshore
surface water temperatures to below 5.5°C in January, the assemblage
diminished to a minimum in March and April. In 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 abundant 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 apparent that this
habitat generally supported the richest, most abundant pelagic fish
fauna of those sampled. Dominant species included Pacific herring,
threespine stickleback, surf smelt, and staghorn sculpins with less
frequent abundances of shiner perch and chinook salmon. The other 16 or
18 species infrequently captured in 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 enibaynients. As with
all habitats, the pelagic component of the assemblage was sparse during
December through February, and began increasing in April with the appear
ance of larval Pacific herring and 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 fauna 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 are
distinctively adapted to the habitat’s characteristic substrate and
associated benthic flora and fauna.

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. Their early life history stages were
also characteristically found in these same habitats. Widely distrib
uted demersal species were rare, including the shiner perch and staghorn
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, l97~4—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 0 0
Copper rockfish D 0 (juveniles)
Longfin sculpin 0
Quiliback rockfish 0
Black rockfish P
Lingcod 0
Yellowtail rockfish 0
Pacific tonicod (:juveniles) 0 0
Pacific herring (~uveni1es) P C C P P
Padded sculpin 0 0
Sharpnose sculpin 0
Buffalo sculpin 0 0
Shiner perch 0 0 P 0
Ratfish 0
Waileye poilock (juveniles) 0
Ringtail snailfish 0
Silverspotted sculpin 0
Tubesnouts 0
Whitespotted greenling . 0
Staghorn sculpin P* P* 0 C C
English sole (juveniles) 0 0 0
Tubenose poacher 0
Tidepool sculpin D 0
Crescent gunnel 0
Starry flounder C 0
Surf smelt P C C
Sand sole 0
Snake prickleback 0
Threespine stickleback P P P P C
Saddleback gunnel V
Spiny lumpsucker V
Longfin smelt P P
Chinook salmon (luveniles) P P P
Pacific sand lance p P P
Chum salmon (juveniles) P
Spiny dogfish P

*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 streams, 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 abundance through the first year of the survey
which occurred during an off—peak year (even—numbered year) in pink
salmon spawning in Puget Sound, Peak spawning should occur during the
following year and the relative occurrence and abundance of pink juveniles
should be determined during the next sampling year.

Food Web Associations

With some knowledge of the ecology of the specific prey organisms
occurring 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 in mind the
insufficient sample size for the number 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 immediately adjacent to the shoreline,their

diet emphasizing pelagic and epibenthic crustaceans and small
fishes. The dominant food organisms were epibenthic amphipods, Eus~raides
sp., Allorcheates spp,, and Aty7~us sp., which comprised the majority of the
amphipods in the diet, The swarming, epibenthic mysid, HoZmesieLla
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 isopods were pelagic forms,

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

In accordance with being the species most
universally distributed among the nearshore habitats studied, the
staghorn sculpin also appears to be the universal omnivore. 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 perth, crabs were Cancer magiater,
shrimp were dominantly Cro.ngon sp., and amphipods typically Aty Zua sp

The diet of this large flat fish indicates that it
is an omnivorous benthic predator, consuming fish, polychaete annelids,
and benthic crustaceans and molluscs,

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

Silver~potted Sculpin. As sampled from Deadman Bay, this small
cottid was found to have a highly specialized diet emphasizing shrimp
(Heptacarpue 8timp8Ofli (?)) and ganamarid amphipods (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 crustaceans 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
Aty Z~us sp., the shrimp, Heptacarpu8 Bti7flpaOfli, and the crab, Cancer
oregonensis.

~All Pacific herring examined had consumed
the pelagic calanoid copepod, Epilabidocera arwphitrites.

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 rnagia tar, C. oregonensia, and
TeZmessus cheiragonus), and a diverse assortment of amphipods, specializ
ing on Paraphoxus apinosa C?), molluscs, polychaetes, and both valviferan
and flabelliferan isopods.

~~e~lin, 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., Teimeasus cheiragonua, or Cancer magi8ter, the epipelagic amphipods
Eusiroides sp. and Amphithoide8 sp., and the shrimp Heptacarpus stirirpaoni (?).
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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
(siphon tips), annelids, and tanidaceans.

Whitesp~otted Greenling. Like the kelp greenling, whitespotted
greenling diet is primarily composed of benthic or epibenthic crustaceans.
Decapods included three crab species——Pugettia graciiis, Cancer oreganensis,
and Oxyrhyncha sp,--and dominantly one shrimp, Heptacar’pus stimpsoni (?),
The prevalent amphipod was again the epibenthic form Euciroidae 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 polychaete annelids, cumaceans, and caprellid
amphipods, and to a lesser extent, gammarid 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 associated with eelgrass
or algal vegetation.

Rock Sole. As a benthic feeder, rock sole appear to consume
dominantly ben thi c amphipod forms, anne lids and cumace ans.

~ This pelagic schooling species was the only
fish found to prey selectively or to any significant degree on the pelagic
euphausiid populations. Cumaceans, typically 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, EpiZabidocera ainphitrites.

C—O Sole. A demersal flatfish, the C—O sole stomachs contained
predominantly anne lids and a scattering of gammarid amphipods, shrimp,
molluscs, and mysids, all benthic or epipelagic organisms.

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

Buffalo Sculpin. Two buffalo sculpin stomachs were almost completely
filled with an ulvoid type of alga. It is doubtful that this species is



herbivorous and it is more likely that the algae were consumed in
conjunction with the predation upon organisms attached to or hiding
within the algae. Many more stomachs will have to be analyzed before
any conclusive evidence of this species~ diet can be verified.

Yellowtail Rockfish, The bulk of this rockfish’s diet was aniphipods,
principally Pcmtogeneia sp. (type 2) and Eusiroidea, both epibenthic
forms, and a number of less abundant species. The mysid, Neomysia
~)at8Chefl8i8, also contributed a small proportion to the diet.

Red Irish Lord. Cancer oregonensia 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 henthic amphipods, both ganmiarid 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 HeptacarpUa
Btimp8Ofli, the epibenthic amphipod Euairoides sp., and a crab Cancer
oregonenaia.

§~hhe!j~ulin. Stomach contents from one sculpin examined
contained one mysid, one amphipod, and one shrimp, all specifically
unidentifiable.

~g~g~Sculin. One great sculpin examined had been feeding upon an
unidentifiable shrimp, possibly Heptacar’pua.

One examined quiliback rockfish had consumed
a variety of shrimp (Heptacaz?ua atimpeoni (?), H. tridens (2), and
Hippolyte oZarki (2)), amphipods, Eusiroidea sp, and Atyiua sp., and
both flabelliferan and valviferan (Idotea ap., Synidotea ap.) isopods.

~ Prey from the stomach of one juvenile
walleye pollock included the shrimps Heptacarpus tridens and Crangan sp.
and an amphipod, Atyius 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,
hexagraminid (greenling), and ratfish diets. The cobble habitat provided
mysids important in the diets of feeding juvenile colic 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 in the diets of demersal feeders
common to that habitat. Juvenile chum salmon utilized the gravel habitat
to exploit the harpacticoid copepod populations there; later in their
early marine residence they include larger epibenthic crustaceans,
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amphipods, and cumaceans in their diet. In the sand/eelgrass habitat,
annelids, especially polychaetes, become somewhat more important in the
diet of community dominance. The mud/eelgrass habitat contributes an
abundance 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 miii,) and
increased sharply through the spring. Salinities fluctuated during the
late summer (average 29,9°/oo), sustained high stable values in mid—winter
(3l,5°/oo), 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 assemblages 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 declining to a minimum in March.
Maximum demersal species richness typically occurred 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 abundance between habitats and areas. The protected, shallow
habitats——mud/eelgrass and sand/eelgrass—supported the highest fish
densities, peaking in the fall with an influx of juvenile Pacific 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/m2 in the summer and fall, dropping
to less than one gram/ui2 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 ranking in standing
crop.
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5. Stomach analyses of 30 species of important nearshore fishes
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 lb. Surface tow net utilized during Nearshore Fish Survey,
July 1974 — June 1975.

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

All seams of 3,81 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 miinbles at
each coraer. A 0,9 in nylon coil zipper shall be sewn into cod-end and
liner in the top panel. Six 4-oz. leads shall be spaced evenly along the
f~hot line. 5,08 cm rings shail be sewn on top panel at 1.91 cm - 0.64 cm
seam.

6,1 m~1~3,l m~6.l m~1~3.l

Bottom

mesh

Top 7.62 cm

3.81 cm
#147

1.91 cm
#126

0.8 m 0,8 in

0,64
#63

cm

0.8 in 0.8 m

pith
0.32 cm
liner

0,64 cm
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outer walls--50.8 cm. St. mesh, #9 walling 1 8 m
inner wall——5.l cm. st. mesh, #139 gilinetting

r ~45.8 m. ~1
floatline: 1.3 cm. polycore with one B-2 float every

7th hanging
J.eadline: 34 kg. leadcore

Appendix ic. 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 ~ DISTRIBUTIC~ OF PIJGET SOUND FISHES

COLLEGE OF FISHERIES / FISHERIES RESEARCH INSTI11J1E

UNIVERSIV( OF WASHINGT(~

__________ DAY MONTh YEAR

COLLECTION NL~ER I I I I HAUL N~ER [II DATE [II EEl EL]
5 7 9 11 13

SUBAREA SITE

LOCATION ________________________ CoDE ELI El I]
15 18

LATITUDE_____________________ LONGITUDE _____________________

HABITAT TYPE __________________________________ CODE L[I
20

BorroM TYPE __________________COI~ LI EXPOSURE_______________
21

BOTTOM DEPTH I I I I meters COLLECTION DEPTH I I I I meters
25 29

GEARIYPE _____________ CODE1!!1
32

LINE OUT m.WIRE N~1GLE ° SPEED__________ km/hr

DIsTANcE FISHED I I I I I metersTlME: STARTI I I I Ih0UrsDIJRATION r I I 1 minutes
36 40 44

AREA FISHEDI I I meters2 VOL1#~1E STRAINEDI I I I meters3
48 54

WEATHER: WIND SPEED km/hrOIRECTION ________ VISIBILITY kilometers

% CLOUD COVER PRECIPITATION __________________________

AIR TEMPERATURE ______

SEA: SURFACE MPERA~ruREI .1 !‘cTu~: STAGE __________ LI HEIGHT I I .1 I meters
57 58 61

VIsIBILvrY(SEccI1I)~ m.DEPTHH .1 lmetersSEA STATE ______________

64

CoL.oR___________ C1.rRREF’rr: DIRECTION VELOCITY_________ km/hr

WATER SAMPLES: DEPTH m.TFJ~1pEpATURE I .1 I
67

DEPTH m.SALINITYr I .1 I°/~~ BOTTLE NIJ~1BER___________
70

DEPTH m. Q.,I I I 1% sat. BOTTLE N1R~tBER___________
73

PERSONNEL

HANDLING OF FISH CATCH CODE LI
74

REMARKS

Foi~ti TYPE
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APPENDIX 4

Relative occurrence, according to habitat, of species
captured during beach seine, tow net, tranm~el net,
and SCUBA surveys. X signifies common occurrence,
abundant (relative to that species) in more than
50% of the samples; O~ 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 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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Birch Bay
Sand/Eelgrass, Protected

1650 6651.5 1626.5
30 37 219

0.5
2.5 32 13
0.5 475 0.5
19.5 146 165
72.5 596.5 75.5
3.5 78 3
0.5 2.5

(L5
0.5
0.5

5548
74
12

433.5
305

1686
692.5

64

Totals

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

15
2136.5
9000.5

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

SDecies

July/Aug.
31—7—74 to

2—8—711
No. Wt.

August.
20—8—74 to

22—8—74
No. Pit.

September
10—9—74 to

12—9—74
No. Wt.

276
105.5
1.5
3
0.5
0.5
5.5
1.5

937.5
47.5

12
41

175
17.5

87
17.5

20 37
3.5 2.5
8 144.5
0.5 ——

1.5

Ciupea haren~us paliasi juveniles
Gas terosteus acuieatus
Oncsrhynchus kisutch juveniles
0. tshoi~ytscha juveniles
Piatichthys ste liatus
Cyrnatogaster aggregate
Hypomesus pretiosus
Leptocottus armatus
Pholis oreata
Auiorhynchus fiavidus
Syn~mathus griseoiineatus
Rhacochil.us vacca
Lycodes sp.
CoLtJ.d sp.
Piepsias cirrhosus
Pleuronectid sp.
Ciupea harengus paiiasi larvae
Hexagroinmos de cagranvnus
Hypornesus pretiosus larvae
Ammodytes hexapterus
Anvnothjtes larvae
Hexagrammid juveniles
Unident. Agonid juv.
Sebastes sp. larvae
Psychroiutes paradoxus juv.
Unidentified larvae
Parophrys larvae
Ciupea larvae
Lepidogohius
Unident. Cottid larvae
Pleuronectidae larvae
Gasterosteus aculeatus juveniles
Hypomesus pretiosus juveniles
Spirinchus thaieichthys
Lumpenus sagitta juveniles
Ammodytes hexapterus juveniles
Lamptera ayresi juveniles
Enaraulis mordax
Cymatogaster aggregate juveniles
Oncorhynchus kisutch
Lepidogobius lepidus (?) larvae
Lump enus sagitta larvae
Pleuronectidae sp. larvae
Psychroiutes paradsxus juveniles
Unkn~n sp. (3) larvae
Squalus acanthias
Paliasina barb ata
Oncorhynchus keta juveniles
Hexagrammos sp. juveniles
Agonidae sp. juveniles
Stichaeidae sp. larvae

8
394

8
1779
8018 • 51335
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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
Birch Bay (contTd.) 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 haren~ius pailasi juveniles
Gasterosteus aculeatus 3.5 3 1 0.4
Oncorhynchus kisutch juveniles
0. tshai~ytscha juveniles
Piatichthys steiiatus 0.5 207.5
Cymatogaster aggregava
Hypomesus pretioszis
Leptocot tus a~natus
Pholis ornate
Auiorhynchus flavidus
Syngnathus prfseolineatus
Rhacochi Z~us vacccz
Lycodas sp.
Cottid sp.
Biepsias cirrhosus
Pleuronectid sp.
Ciupea harengus paZiasi larvae 21.5 3
Hexaqrammos decaara’irrnus 1 0.5 27.5 11.6
Rypomesus pre tiosus larvae 4 .5 1 40.5 5 .4
Ara’nodytes hezavterus
Ammody tea larvae
Hexagrammid juveniles
Unident. Agonid juv.
Sebastes sp. larvae
Psychroiutes paradaxus juv.
Unidentified larvae
Parophrys larvae
Clupea larvae
Lepidogobius
Unident, Cottid larvae
Pleuronectidae larvae
Gasterosteus acuLeatus juveniles
Hypomesus pretiosus juveniles
Spirinchus thaZeichthys
Lwnpenus sagitta juveniles
Ammodytes hexarterus juveniles
Lccnptera ayresi juveniles
Engrau us mordax
Cymatogaster aggregate juveniles
Oncorhynchus kisutch
Lepidogobius lepidus (?) larvae
Lwnpenus sagitta larvae
Pleuronectidae sp. larvae
Psychrolutes paradoxus juveniles
Unknown sp. (3) larvae
Squalus acanthias
Paliasina 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) 2)3.5 1.5 17.4
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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

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—75

_______ No. Wt. No. Wt. No. Wt.

CZupea hcrengus paflczsi juveniles 182,5 178.3
GasterosteUs acuZeatus 2 5 • 3 25 .0 82.5 1~ 0 0.3
Onoorhynchus kisutch juveniles
0. tshawytscha juveniles
Plcztichthys stellatus 1.5 1140 1.5 1400 2.5 903.6
cymatogaster aggregate 1.5 37.5
Hypornesus pretiosus 1 26.0
Leptocottus arrnatu8
Pho Lie create
Aulorhynchus fiavi due
Syngnathus griseolifleatU8 0.5 0.1
1~hacochiius vacca
L~Jc~od~?8 ~.p.
Cottid sp.
Biepsias cirrhosus
Pleuronectid sp.
Ciupea harangue paliasi larvae 6819.0 285.6
Hexagrczmmos de cagram’nus
Hypomesus pretiosus larvae
Amnodytes hexapterus 0.5 2.2
Ammodytes larvae 36.5 1 170.5 17.5
Ilexagrammid juveniles 0.5 0.4
Unident. Agonid juv. 0.5 0.1
Sebastes sp. larvae 0.5 0.1
Psychroiutes paradoxus juv. 50.5 3.6 0.5 0.4
Unidentified larvae 4 0.1
Parophrys larvae 0.5 0.1
Ciupea larvae 85.5 0.9 6.5 8.4
Lepidogobius 0.5 0.2
Unident. Cottid larvae 0.5 0.1
Pleuronectidae larvae 0.5 0.1
Gasterosteus aculeatus juveniles 0.5 0.1
Hypomesus pretiosus juveniles 2.5 0.1
Spirinchus thaieichthys 9.0 30.5 1.0 5.6
Lwnpenus sagitta juveniles 0.5 0.1
Anmodytes hexapterus juveniles 1.0 0.1
Lamptera ayresi juveniles
Engrauiis mordax
Cymatogas ter aggregate juveniles
Oncorhynthue kisutch
Lepidogobi-us Zepi-dus (?) larvae 6.5 7.6
Lwnpenus sagitta larvae 0.5 0.1
Pleuronectidae sp. larvae 0.5 0.1
Psychroiutes paradoxus juveniles 2 0.4
Unknown sp, (3) larvae 6 0.5
Squaius accmthias 0.5 1125
PaLl.asina barbata 0.5 3.5
Oncor’hynthus keta juveniles 0.5 2.0
Hexagrammos sp. juveniles 2.0 1.0
Agonidae sp. juveniles 2.0 1.0
Stichaeidae sp. larvae 0,5 0.1

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
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Appendix 5h. 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. Jo. Wt.

CLupea harengus pailasi juveniles 4360.0 11447.0 1325.5 4394.5
Gasterosteus cwuleatus 8.0 17.0 2 0.6
Oncorhynchus kisutch juveniles 35 45.0
0. tshawytscha juveniles 3,5 71.0
PLatichthys steliatus 3.0 2010.0
Cyrrr~togaste r aggregate
Hypornesus pretiosus 1.0 6.0 177 2856
Leptocottus armatus 4.0 253.0 2 81.9
Pholis ornate
Aulorhynchus flavidus
Synqnczthus criseolineatus
Rhacochilus Vacccz
Lycode~ st~.
Cottid sp.
Biepsias cirrhosus
Pleuronectid sp.
Ciupea harengus pallasi larvae
Flexagrammos de cagra~w7us
Hypomesus pretiosus larvae
Ammodytes hexapterus 0.5 1.4
Aznmodytes larvae
Hexagrainmid juveniles
Unident, Agonid juv.
Sebastes sp. larvae
Psychrolutes paradoxus JuV.
Unidentified larvae
Parophrys larvae
Clupea larvae
Lepidogohius
Unident, Cottid larvae
Pleuronectidae larvae
Gas terosteus aculeatus juveniles
Flypomesus pretiosus juveniles 0.5 0.1
Spirinchus thaZe-tchtkys
Lwnpenus sagitta juveniles
Aimnodytes hexapterus juveniles 7.0 9.0
Lanrptera ayresi juvenileS 0.5 10.0
Engraulis mordax 4.5 52.2
Gyrnatogaster aggreaata juveniles 95 85.1
Oncorhynchus kisutch 3 94.7
Lepidogobius lepidus (?) larvae
Lwrrpenus sagitta larvae
Pleuronectidae sp. larvae
Psychrolutes paradozus juveniles
Unknown sp. (3) larvae
SquaZus acco~thias
Pallasina barb ata
Oncorhynchus keta juveniles
Hexagrammos sp. juveniles
Agonidae sp. juveniles
Stichaeidae sp. larvae

Totals

Species richness (No. of species) 10 7
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 197~
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.

Gas teros teus acu leatus 7 25 33 10 71.5 57.5
Oncorhynchus keta juveniles 6.5 124 0.5 27.5
0. tsho~ytscha juveniles 1.5 22,5 4 62.5 2 66.5
0. gorbuscha juveniles 0.5 5
Clupea harengus paiZasi juv. 233 369.5 5 35
Leptocottus ar~natus 1 15
Ammodytes hexapterus 0.5 1.5 0.5 1.5
Psychrolutes paradoxus 0.5 1
Phoiis ornata 0.5 3.5
Spiri.nchus thaieichthys 0.5 0.5
Ewnicrotremus orbis
Hypomesus pretiosus larvae
Gilbertidia sigalutes
Pszjchrolutes larvae
Rhainphocottus juveniles
Arnmodytes larvae
Unidentified species
Oncorhyrichus kisutch juveniles
Hypomesus pretiosus
Clupea harengus paZiasi larvae -

Ammodytes hexapterus juveniles
Cot tidae larvae
Pleuronectidae larvae
Lwnpenus 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
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued

December February March
Burrows Island (Cont’d) 4—12—74 to 14—2—75, 10—3—75 to

5—12—74 19—2—75 12—J—/5
— S~cies No. Wt. No. Wt. No. Wt.

Gasterosteus aculeatus 0.5 0.5 (Inclement
0n~rhynthus keta juveniles weather
00 tshc~ytscha juveniles prevented
Oe gothuscha juveniles sampling)
Ciupea harengus pallasi juv. 3 24 0.5 4.5
Leptoccittus arrnatus
Ariimodytes hexa-pterus
Psychro Lutes paradoxus
PhoLis orriata
S~pirinthus thaZeichthys
Eumicrotremus orbis 0.5 1.5
Hypornesus pretiosus larvae 0.5 0.3
Giibertidia si~alutes 3 1.5
Peychro Lutes larvae
Ehcan-phocottus juveniles
Airirnodytes larvae
Unidentified species
Oneorhynchus kisutch juveniles
Hypornesus pre tiosus
CZzzpea harengus p~illasi larvae
Art~rrodijtes herrapterus juveniles
Cottidae larvae
Pleuronectidae larvae
Lwmpenus sa~iitta
Psychrolutes paradDxus juveniles
Unknown spp, (3) larvae

Species richness (No. of species) 2 4
Mean number of individuals 3.5 4.5
Mean wet weight (grams) 25.5 6.8
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Appendix 5b.

Species

Tow net
through
are the
continued

CaB tero8 teus acu Ze atus
Oncorhynchus keta juveniles
0. tshcaôytstha juveniles
0. go~uscha juveniles
Ciupea harengus palkmi juv.
Leptocottus armatus
Ammody tes hexapte rus
Psychro Z~utes paradoxus
Pholis ornata
~pi~nchus thaieichthys
Ewr~icrotremUS orbis
Hypomesus pretiosus larvae
Giibertidia sigalutes
PsychroZutes larvae
RhonphocottUs juveniles
Arnmo4j tea larvae
Unidentified species
Oncorhynchus kisutch juveniles
Hypomesus pretiosus
CLupea harengus pallasi larvae
Ammodytes he~rapterus juveniles
Cot tidae larvae
Pleuronectidae larvae
Lwnpenus sagitta
Psychroiutes paradoxus juveniles
Unknown spp. (3) larvae

Totals:

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

catches (species, numbers, and weight), July 197’4
February 1975. Values given for numbers and weight
average of two tows per month per sample site —

12.0 2.1
4 0.2

Burrows Island (cont’d.)

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.

0.5 1.5 1.0 3.1
7.5 76.5

1 1.5 43.3 8.4
0.5 68.5

1.5 3.0
8.5 0.9
1 0.1
1.5 0.1 2 0.1
3 0,1

4.0 78.7
0.5 3.0

27.5 3.8 69.0 2.7
6.5 2.7

0.5 0.1 1.5 0.1
1.0 0.1 1.0 0.1

5 10 9
14 50.0 135
1.2 12.2 243.6
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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
Burrows Island (cont’d.) 23—7—75 to

25—7—75
No. Wt.

Ga~tero8teu8 acuZeatus 17 54.5
Oncaz*ynthus keta juveniles
0. tshc~ytstha juveniles 4.5 80.1
0. gorbuscha juveniles 3 51.5
Clupea harengus pal-Zcz3i juv. 2.5 6.2
Leptocottus ar’matus
Ammody tes hexapterus
Psychro Zutes paradoxus
PhoZis ornata 0.5 4.0
Spirinczus thaZeichthys
Eurincrotremus orbi,s
Hypomesus pretiosus larvae
GiZbertidia sigalutes
Psychrolutes larvae
Rhainphocottus juveniles
Ammodytes larvae
Unidentified species
Oncorhynchus kisutch juveniles
Hypomesus pretiosus 1.0 2.8
Clupea harengus palZczsi larvae
Ammodytes hexapterus juveniles 3 5.9
Cot tidae larvae
Pleuronectidae larvae
Lumpenus saaitta 1 2.0
Psychroiutes 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 July/Aug. August September
Cobble, 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.

Clupea harerzgus pallasi juv. 2475 3510 171 1005.5 160 1686
Oncorhynohus tshcsuytscha 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 19.5 724.5 16.5 751 8 324
Cyrnatogaster aggregata 107.5 868.5 0.5 2.5
Lanrpetra ayresi 0.5 3
Lwnpenus sagitta 0.5 20
Pa1Z,asina bczrbata aix 0.5 <0.5
Hypomesus pretiosus 47 252.5 17 46 2 16
Spirinchus thaleichthys 33.5 268 24 51 6 64.5
Onoorhynchus keta juv. 0~5 IT
Arnmodytes hexz~ipterus 0.5 1.5
Aulorhynchus flavidus 0.5 0.5
Microgadus proximus juv. 1 1 9 114
Pholis ornata 1 7 0.5 5
Pholis laeta
Clupea harengus palZasi larvae
Hypomesus pretiosus larvae
Hexagranrnos decagramrnus ~ uven lies
Gilbertidia siga lutes
Unidentified larvae
Clevelctndia ios
Syngnathus griseolineatus
A gonis acipenserl-nUS
FlyvomesuS juvenile
Arnmodytes larvae
Hexagrammid juveniles
Parophrys larvae
Psuchro lutes larvae
Unidentified larvae
Hexagrcunmos sp. juvenile
Spirinchus thaleichthys juv.
Lumvenus sacitta larvae
Unknown spp. (2) larvae
Psychrolutes paradoxus juv.
Leptocottus armatus
Agonidae sp. larvae
Enqraulis mordax
Gasterosteus aculeatus juv.
H:ipomesus pretiosus juv.
Pleuronectidae larvae
Anrnothdtes hezapterus juveniles
Lar~ptera ayresi juveniles
Oncorhynchus keta juv.

(I. gorbuscha juv.
Gasterosteus aculeatus juveniles
Theraara chalcoararnma 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 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued

(‘harry 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 No. Wt. No. Wt, No. kit —

Clupea harengus paZlasi juv. 10 39.5 2 13
Oncorhynchus tshoz~’ytscha juv.
Oncorhynchus kisutch juv.
Gasterosteus aculeatus 4•5 3•5 1 0.3
Piatichthys stel latus
Leptocottus armatus 0.5 54 2.5 137.5
Cy7rntogaster aggregata
Lanrpetra ayresi
Lwnpenus sagitta
Pailasina barbata aix
Hypornesus pretiosus 0.5 1 5.5 107.5
Spirinchuc thaloiohthyo 3 3.5
Oncorh~1’nchus keta j uv.
Ammody tes hempterus
AuZorhynchus flavidus
Microgadus proxirnus juv. 0 5 0 5
PlwZis ornata
Pholis Zaeta 0.5 2
Clupea harengus palZasi larvae 1 0.1 0 3 0.5 0.1
Hypoinesus pretiosus larvae 1 2 1 5
Hexagrarn’nos decagrarnmus juveniles 0.5 0.3
Gilbertidia sigalutes 0.5 0.
Unidentified larvae 1.5 0.1 0 5 0 3
CZevelandia ios 05 05
Syngnathus griseolineatus
Agonis acipenserinus
Hypomesus juvenile
Ammodytes larvae
Hexagrainmid juveniles
Pci’ophrjs larvae
PsychroZutes larvae
Unidentified larvae
Hexaarojnrnos sp. luvenile
Spirinchus thaleichthys juv.
Lumoenus sacitta larvae
Unknown spp. (2) larvae
Psychrolutes paradoxus juv.
Leptocottus arrnatus
Agonidae sp. larvae
Engraul-is mordax
Gasterosteus acuZeatus juv.
Hypornesun pretiosus juv.
Pleuronectidae larvae
Arraiothjtes hempterus juveniles
Loinptera ayresi juveniles
Oncorhynchus keta juv.

0. gorbuscha ~uv.
Gasterosteus aculeatus juveniles
Theragra chalsograsma juv.

Totals

Species richness (No. of species) 6 4 9
Mean number of individuals 20 3.5 15
Mean wet weight (grams) 103.6 0.8 261.2
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Appendix 5b. Tow net catches (species, numbers, and weight), July j97L~

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 April May June
14—4—75 to 12—5—75 to 24—6—75 to

17—4—75 15—5—75 26—6—75
Species No. Wt. No. Wt. No. Wt.

Clupea haren~us pallasi juv. 1.0 17.0 1954.0 649.5
Oricorhynchus tshawytscha joy.
Oncorhynchus kisutch juv.
Gasterosteus aculeatus 2.5 5.4 106.0 338.0 4.5 16.0
Platichthys stellatus 0.5 132
Leptocottus arnatus
Cymatogaster aggregate 0.5 8.5
Lampetra ayresi
Lz&npenus sagitta
PalZa.gina barbata aix
Hypomesus pretiosus
Spirinchus thaleichthys 12.0 64.0
Oneorhynchus keta joy.

Ammodytes hexrzpterus ~ 7.9
Aulorhynchus flavidus
Microgadus proximus juv.
Pholis ornate
Pholis leeta
Clupea harengus paliasi larvae 127.5 2 .4 8.5 0.4
Hypomesus pretiosus larvae
Hexagrainmos decagrammus juveniles
Gilbertidia siga lutes
Unidentified larvae 14.5 0.2
Cievelandia i-os
Syng-nathus gri-seolineatus
Agonis acipenserinus 0.5 26.3
Hypomesus juvenile 1.5 1.1
Ammodytes larvae 35,5 0.9 10.0 0.7
Hexagrammid juveniles 1.5 0.5
Pczrophrys larvae 1 0.1 0.5 0,1
Psychrolutes larvae 5.5 0.4
Unidentified larvae
Hexagrasimos sp. juvenile 0.5 0.4
Spirinchus thaleichthys joy. 4.0 13.5
Lurnvenus saqitta larvae 10.5 1.4
Unknown spp. (2) larvae 4 0.4
Psychroiutes paradoxus joy. 7.0 1.3
Leptocottus armatus 0.5 22.0
Agonidae sp. larvae 0.5 0.1
Engraulis mordax 2.0 10.7
Gasterosteus acuZeatus juv. 0.5 0.5
Hypornesus pretiosus joy. 8.0 0.5
Pleuronectidae larvae 0.5 0.1
Arnmodytes hexapterus juveniles
Lamptera ayresi juveniles
Orzcorhynchus keta joy.

0. gorbuscha juv.
Gas terosteus aculeatus juveniles
Theragra chalcogramma joy.

Totals

Species richness (No. of species) 11 13 8
Mean number of individuals 62.5 272.5 1998.0
Mean wet weight (grams) 34.9 405.6 846.4
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Appendix 5b. Tow net catches (species, numbers, and weight), July l97~
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 Nc’. Wt. No. Wt.

Clupea harangue pallasi juv. 2905.5 8222.1 242.5 766.1
Onc,orhynchus tshaiiytscha juv. 1.5 73.5
Oncorhynchus kisutch juv.
Gasterosteus aculeatus 4.5 14.5 28.5 74.2
Platichthys Ste 1 letus
Leptocottus ar~natus 6 378.7
Cyrnatogaster ag~wegata
Lampetra ayresi
L&rnpenus sagitta 2 .5 25.0
Pal,Zasina barbata ai.r
Hypomesus pretiosus 18,0 151.0 2 25
Spz’inohua thale(.chthys 5.0 ~i3.0 4.5 39.8
Oncsrhynchus keta juv.
Amnodytes hempterus 0.5 1.2
Aulorhynchus flavidus 0.5 1.0
Microgadus proxitnus juv.
Pholis ornata
Phol..is Laeta
Clupea harengus pal Zasi larvae
Hypomesus pretiosus larvae
Hemgrammos decagra.mmus ~ uven lies
Giibertidia siga lutes
Unidentified larvae
Clevelcoidia joe
Syngnathue griseolineatus
Agonis aciperiserinuS
Hypomesus juvenile 2 25.4
Amniody tee larvae
Hexagrammid juveniles
Parophrye larvae
Psychro lutes larvae
Unidentified larvae
Heaiaaro2ivnos sp. juvenile
Spirinchus thaleiththys juv. 446 272.7
Lui’nvenus sacitta larvae 0.5 10.0
Unkn~in spp. (2) larvae
Psychrolutes paradoxus juv.
Leptocottus armatus 9 .0 710.5
Agonidae sp~ larvae
Engraulis rnordax 2.0 26.0
Gasterosteus aculeatus juv. 0.5 0.2
Hypomesus pretiosus juv.
Pleuronectidae larvae
Anrnothdtes hexapterus juveniles 9.5 12.0
Lamptera ayresi juveniles
Oncorhynchus ketajuv. 0.5 1,0 1 7.5

0, porbuscha juv. 1.0 50.0
Gas terosteus aculeatus juveniles 31 10.3
Theragra chalcogranrma juv. 2.5 4.6

Totals

Species richness (No. of species) 13 9
Mean number of individuals 2961 773
Mean wet weight (grains) 9422~ 1831,3
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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

Deadman Bay, San Juan Is, July/Aug. August September
Gravel, Protected 31—7—74 to 20—~S--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. 2.5 11 30.5 8.15 5 23.5
Oncorhynchus kisutch juv. 2.5 53.5
0. keta juv. 3.5 67.5
0. gor~uscha juv. 1 15
0. tshai~ytscha juv. 1 27.5 2 204
Leptocottus armatus 0.5 7.5
Gasterosteus aculeatus 1 < 1
Anrmodytes hexapterus 2 .5 2
Pholis ornata 0.5 10
Sebastes sp. larvae
Sebastes sp. juv.
Hypomesus pretiosus larvae
Hexagrammos sp. juvenile
Cottid larvae
Pallasina barbata
Ci lbertidia siga lutes
Psychro lutes paradoxus juv.
Gobiidae sp. larvae
Clupea harengus pallasi larvae
Ammodytes hexapterus juv.
Pleuronectidae larvae
Clupea harengus pallasi

Totals:

Species richness (No. of species) 6 2 4
Mean number of individuals 11 31.5 8
Mean wet weight (grams) 182 81.5 239.5
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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

~ ..-..-.-

Cliçea hcirengus paliasi juv,
Oncorhynehus kisutch juv.
0, keta Juv.
0. gothuscha juv.
0~ tshawytscha juv.
Leptocottus armatus
Gas teros Leus aculeatus
Air~nody tes hexapte rus
Pholis ornata
Sehastes sp. larvae
Sebastes sp. juv.
Hypomesus pretiosus larvae 0.5
Hexagraririnos sp. juvenile 0.5
Cottid larvae 0.5
Pallasina barbata 0.5
Gi Zbertidia siaa lutes
Psychrolutes paradoxus juv.
Gobiidae sp. larvae
Clupea harengus pailasi larvae
Ammodytes hexapterus juv,
Pleuronectidae larvae
Clwpea harengus pallasi

Totals:

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

Deadman Bay (cont’d.)

Species No. Wt. No. Wt.

December February March
4—12—74 to 14—2—75, 10—3—75 to

4—12—74 19—2—75 12—3—75
No. wt,

1 4 0.5 4,5

1.5 2.5 1 1
0.5 2

0.5 1

1.6
0.3
0.2
1.5

0.5 0.5

3 1 7
3 0.5 10.5
7,5 0.5 11.1
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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

Deadman Bay (cont’d.) 12—5—75 to 24—6—75 to 20—8—75
15—5—75 26—6—75

Species No. j’~ No. Wt. No. Wt.

CLupea harengus paZlasi juv, 9.0 25.2
Oncorhynchus kisutch juv.
0. keta juv.
0. gor~uscha juv.
0. tshawytscha juv.
T~eptoc~ottuE armcztus
Gasterosteus acu leatus
Aninoth~tes hexapterus 1 3
Pholis ornata
Sebastes sp. larvae
Sebastes sp. juv.
Hypomesus pretiosus larvae
Hexagrairimos sp. juvenile
Cottid larvae 2.5 0.1
PaZ jasina barbata
Giibertidia sipalutes 2.0 6.5
Psychroiutes parczdoxus juv. 1.0 0.3
Gobiidae sp. larvae 0.5 0.1
Clwpea harengus pczZlasi larvae 7.0 0 .8
Ammo4j tes hexapterus j uv. 1.0 0.2
Pleuronectidae larvae 1.0 0.1
CZupea harengus paZlasi 19.5 73

Totals:

Species richness (No. of species) 3 4 2
Mean number of individuals 4.0 25.0 20.5
Mean wet weight (grams) 6.9 26.9 76



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

Eagle Cove July/Aug,* August** September**
Sand wlEelgrass, Protected 31—7—74 to 20—8—74 to 10—9—74 to

2—8—74 22—8—74 12—9—74
~p~cies 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 beta 0.5

En~raulis mordax

Psychro lutes paradoxus

Tricho don trichodon

Auborhynchus flavidus

Hypomesus pretiosus larvae

Hexaarormios sp. juvenile

Uni~entified larvae

Clupea harengus pallasi larvae

Hydrolag-us colliei juv.

Cottidae larvae

Aganus acipenserinus juv.

Ammodytes hexapterus juv.

F Ieuronectidae larvae

P~ychrolutes paradoxus juv.

HF ~riphocottus 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
*xCattle Pt,
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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
Eagle Cove (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.

Ciupea harengus paZiasi juv. 2 8.5

Oncorhynchus keta juv.

Gasterosteus acuieatus juv. 4 2,5

Microgadus proximus j uv.

Anrino4jtes hexapterus 1 4 1 11.5

Pholis or~iata

PhoZis Zaeta 0.5 2

Engraulis mordax 1 2

Psychroiutes paradoxus 0.5 2

Trichodon trichodon 0.5 115.5

Aulorhynchus fiavidus 0.5 4.5

Hypomesus pretiosus larvae 2.5 0.6

Hexagrczmrnos sp. juvenile 0.5 0.2

Unidentified larvae 1 0.1

Ciupea harengus paiZasi larvae

Hydroiagus coliiei juv.

Cottidae larvae

Agonus acipenserinus juv,

Arrunoth~jtes hexapterus juv.

Pleuronectidae larvae

Psychroiutes paradoxus juv.

Rhamphocottus richardsoni juv.

Hexagra.7nrnos sp. larvae

Ammoth~tes hexapte rue larvae

Totals:

Species richness (No, of species) 5 2 5
Mean number of individuals 8.5 1.5
Mean wet weight (grams) 19 127
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Appendix 5b. Tow net catches (species, numbers, and weight), July l97~
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued

May June August

Eagle Cove (cont’d.) 12—5—75 to 24—6—75 to 20—8—75
15—5—75 26—6—75

_~pecies No. Wt. No, Wt. No. Wt.

Cl.ztpea harengus pallasi juv. 4.0 1.4

Oncorhynchus keta j uv.

Gasterosteus acuZeatus juv.

Mrcrogath4s prozirnus juv.

Ammodytes hezapte rue

Phoiis ornata

Thoiis laeta

Engrcruiis mordax

Psychroiutes paradozus

~ichodon tr~chodon

Auiorhynchus flavidus

Hypomesus pretiosus larvae

Hexagrcomnos sp. juvenile

Unide~t1fied larvae 1.5 0.1

Clu~aea h~rengus paiZasi larvae 4.5 0.1 9.5 0.5

H~dr~iag-as coLliei juv. 0.5 2.8

C-”-~idae larvae 2.5 0.1

4g ~us acipenserinus juv, 0.5 0.1

~m~,dytes hexapterus j uv. 0.5 0.1

~~onectidae larvae 0.5 0.1

‘s:~c~roZutes paradoxus juv. 9 1.9

Fi’tomphocottus richardsoni juv. 0.5 0.1

Hexagrccrmos sp. larvae 0.5 0.1

Arirriodyves hescrpte rue larvae 0.5 0.1

(~asterosteus 0.5 0.3

CZupea 1.5 6

Totals:

S3ecies richness (No, of species) 6 6 2
~ number of individuals 16,5 9,5 2
!‘ean ~;et weight (grams) 2.2 4.6 6.3
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Appendix 5b. Tow net catches (species, numbers, and weight), July l97~
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued

Guemes Island, E. July/Aug. August September
Sand/Eelgrass, Protected 31—7—/4 to 20—8—74 to 10—9—74 to

2—8—14 22—8—/4 12—9—74
No. Wt. No. Wt. No. Wt.

Clupea harengus pallasi juv. 7.5 28.5 704.5 3090 975.5 4845
Gasterosteus aculeatus 2.5 10 75 26 5 15
Psychrolutes paradoxus 0.5 1 0.5 0.5
Squalus accmthias 0,5 140 1 390 0.5 240
Oncarhynchus tshoi~ytscha juv. 0,5 18.5 1 34.5
0. kisutch luveniles 1 25
0. keta juveniles 0.5 7.5
Leptocottus armatus 1 11 4.5 150.5
Spirinchus thaleichthys 1 5.5 2 2
Pholis ornate 0.5 3 1 12
Mi-crogadus proximus juveniles 1
Ammodytes hexapterus 0 .5
Pholis laeta
Gi Zbertidia siga lutes
Hypomesus pretiosus larvae
Sebastes sp. juveniles
Unidentified larvae
Gilbertidia juveniles
Anoplagonus inermis
Lipens fucensis
Clupea harenus pallasi larvae
Ammodytes hexapterus larvae
Unknown spp. (3) larvae
Pleuronectidae sp. larvae
Engraulis mordax
Cottidae larvae
Astrotheca sp. larvae
Oncorhynchus gorbuscha juv.
Ammodytes hexapterus juveniles
Micragadus proximus

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 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 Island E. (cont’d.) February March

5—12—74 19—2—75 13—3—75
Species Nø. Wt. No. Wt. No. Wt.

Ciupea harengus pallasi juv. 6.5 55 (Inclement
Gasterosteus aculeatus 2 2 weather
Psychro lutes parado.zus prevented
Squalus accrnthias sampling)
Uncorhynchus tshawytscha juv.
0. kisutch juveniles
0. keta juveniles
Leptocottus armatus 0.5 24
Spirinchus thaleichthys
Phoiis ornate
Microgczdus proximus juveniles
Arninodytes hexapterus 0.5
Pholis la.eta 1 3
GiThertitha siaalutes 0.5 0.5
Hypomesus pretiosus larvae 0.5 0.1
Sebastes sp. juveniles 0.5 0.3
Unidentified larvae 0.5 0.1
G~Zbertidia juveniles
Anoplaganus inermis
Lipar~s fucensis
Clupea harenpus pallasi larvae
Ammodytes hexapterus larvae
Unknown spp. (3) larvae
Pleuronectidae sp, larvae
Engrau7-is mordax
Cottidae larvae
Aa~rotheca sp. larvae
Ctoorhynchus gorbuscha juv,
Auimiathj tes hexapte rus juveniles
Mi~crogadus praximus

Totals

Species richness (No. of species) 5 4
Mean number of individuals 10.5 2
Mean wet weight (grams) 84.5 1.5



-11•9-•

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.

Ciupea harengus paliasi juv. 0.5 4.7
Gasterosteus aculeatus 15.5 48.0 3.5 16.5
Psychrolutes paradoxus
SquaLus acanthias
ancorJzynchus tshai~ytscha juv.
0, kisutch juveniles
0. keta juveniles
Leptocottus arr4atus
Spirinchus thaZeichthys 0.5 2.6
Phoiis ornata
MThrogadus prexcimus juveniles
Aii~nody tes hexczpte rus
Pho Lie Zaeta
Giibertidia sigalutes
Flypomesus pretiosus larvae 0.5 0.1 21.5 1.3
Sebastes sp. juveniles
Unidentified larvae
G~Lbertidia juveniles 2 0.6 1.5 0.2
Anopiagonus inerznis 0.5 1
Liparis fucensis 0.5 0.4
Ciupea hczrengus pczllasi larvae 1 0.1 64.5 1.3
Anrrnodytes hexapterus larvae 1 0.1
Unkn~n spp. (3) larvae 4.5 0.3
Pleuronectidaa sp, larvae 0.5 0.1 5.5 0.2
Engrczu Z.is mordax 0,5 3.0
Cottidae larvae 0.5 0.1
Astrotheca sp. larvae 0.5 0.1
Oncorhynchus gorbuscha juv.
Ammoth~jtes hexapterus juveniles
Microgadus proximus

Totals

Species richness (No, of species) 3 10 7
Mean number of individuals 3 25.0 97.0
Mean wet weight (grams) 1,7 52.1 26.5
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Appendix Sb. Tow net catches (species, numbers, and weight), July l97~-i-
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site —

continued

July August

Guemes Island E. (cont’d.) 23—7—75 to 22—8—75
25—7—75

Species No. Wt. iVo. Wt.

Ciupea harengus pallasi juv. 107.5 219.9 162.5 114.8
Gasterosteus aculeatus 1.5 3.1 1.5 2.7
Psychro lutes paradoxus
Squczlus acanthias
Oncorhynchus tshcn~~ytscha juv. 3.0 60.0
0. kisutch juveniles
0. keta juveniles 0.5 1.0
Leptocottus armatus
Spirinchus thaZeichthys
Pholis ornate
Microgadus proxin7us juveniles
Anvnody tes hexapte rus
Phoiis Za.eta
Gilbertidia siga lutes
Hypomesus pretiosus larvae
Sebastes sp, juveniles
Unidentified larvae
Gilbertidia juveniles
Anop lagonus iner’inis
Liparis fucensis
Clupea harengus pallasi larvae
Arrunodytes hexapterus larvae 2.5 5.0
Unkn~.in spp. (3) larvae
Pleuronectidae sp. larvae
F~zgrauUs mordax
Cottidae larvae
Astrotheca sp. larvae
Oncorhynchus gorbuscha juv. 4.0 50.0
Ammodytes hexapterus juveniles
Microgadus proximus 0.5 1.5
Oncorhynchus kisutch 0,5 14.5

Totals

Species richness (No. of species) 7 3
Mean number of individuals 119 5 164
Mean wet weight (grams) 340:5 132



-121-

Appendix Sb. Tow net catches (species, numbers, and weight), July l97~
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site
continued

~. •. ~.•.•. ._ •.•..~ j... ~ ~.• ._ .•. .__..

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
Oncorhynchus 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
Leptocottus armatus 2 81.5 0.5 9
Pholis laeta 0.5 4.5
Gasterosteus czculeatus 87.5 111 284 98.5 41 29
Squalus acayithias 0.5 275 1 2820
Hypomesus pretiosus 1 12.5
Ammod~ijtes hexapterus 2 4
Hexagrcvnmos decagroinmus j uv.
Unidentified larvae
Nauti chthys ocule ofasciatus
Hypomesus larvae
Lycodopsis (?) larvae
Lyconodes (?) larvae
Anoplarchus larvae
Psychrolutes larvae
Sebastes sp. larvae
Rhajnphocottus juveniles
Ammothdtes larvae
Gilbertidia sigalutes juv.
Clupea harengus paiiasi larv.
Trichodon trichodan larvae
Psychrol-utes paradoxus juv.
Platichthys steilatus juv.
Oncorhynchus kisutch juv.
Ammod,dtes hexapterus juv.
Lumpenus sagitta juveniles
Xeneretmus sp. juveniles
Cottidae larvae
Oncorhynchus nerka juveniles
Pleuronectidae larvae
On corhyn chus gorbuscha
Astrotheca
Gasterosteus ocuieatus 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 February March
Cuemes Island S. (cont’d.) 41274 to 14—2—75, 10—3—75 to

5—12—74 19—2—75 12—3—75
Species — No. Wt. No. Wt. No. Wt.

CLzipea harenpus pallasi juv. 0.5 6.5
Oneorhynchus tshc&iytscha JUV. (Inclement (Inclement
O~ keta juveniles weather weather
Spirinchus thaleichthys prevented prevented
Leptocottus crr~natus sampling) sampling)
PhoZis laeta
Gasterooteuc acuZeatus 0.5 0.5
Squalus acanthias
Hypomesus pretiosus
Anmiody tes hesapte rue
Hexagrammos decagrcm~nus j uv • 0.5 0.4
Unidentified larvae 0.5 0.1
Ncathi.~chthys ocu Zeofasciatus
Hypornesus larvae
Lycodopsis (?) larvae
Lyc~onodes C?) larvae
Mo~ Zarchus larvae
Psychro lutes larvae
Sebastes sp~ larvae
Rhcuriphocottus juveniles
Ammody tee larvae
GiZbertidia sigalutes juv,
Ciupea harengus pal Zasi larv.
Triehodon trichodan larvae
Psychz’o lutes paradoxus juv.
Platichthys stellatus juv.
Oneorhynchus kisutch juv.
Arrrinothjtes hexapterus juv.
Lumpenus sagitta juveniles
leneretmus sp. juveniles
Cottidae larvae
Oncothynchus nerka juveniles
Pionectidae larvae
Oiz~ rhynchus gorbuscha
As trothe ca
Gasterosteus aculeatus juv.

Tot~1~

Species richness (No. of species) 4
Mean number of individuals 2
Mean wet weight (grains) 7.5
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April
14—4—75 to

17—4—75

May
12—5—75 to

15—5—75

Ciupea harenpus palla8i juv.
Oncorhynchus tshai~’ytscha juv.
0. keta juveniles
Spir~nchus thaZeichthys
Leptocottus arnatus
Pho Lie laeta
Gas teros teus ecu Zeatus
Squalue acanthias
Flypomesus preti as us
Ammody tes hexapterus
Hexaprcmvnos decaqrammus 3 uv.
Unidenti fied larvae
liautiehthys ocu leofasciatus
Hypornesus larvae
Lycodopsi8 (?) larvae
Lyconodes (?) larvae
Anopiarchus larvae
Psychro lutes larvae
Sebastes sp. larvae
f4lcrftrph000ttus juveniles
Ammothdtes larvae
Gilbertidia sigalutes juv,
ciwpea harengus paliasi larv.
Trichodan trichodon larvae
Psychrolutes paradoxus juv.
Piatichthys stellatus juv.
Oncorhynchus kisutch juv.
Artinodytes hexapterus juv,
Lumpenus sagitta juveniles
leneretmus sp. juveniles
Cottidae larvae
O4eorhynchus nerka juveniles
Pleuronectidae larvae
Oizcorhynchus gorbuscha
As trothe cc
Gczsterosteua aculeatus juv,

14
79
2,7

54,5

1.0

7.0
12.9 16.0

0.5
0.5
7.5

12
67.C
60.9

4.6
7.5

11
164. 1
436.8

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 Island S. (Cont’d.)

Species No. No.

June
24—6—75 to

26—6—75
No. Wt.

5.5 io.~; 25.1

3.5 4.1

0,5 18.5 0.5

3.5 11.8 14.5

7 0.7

24.5 0.5

34 0.4
0.5 0.1
9 0.2
9.5 0.7
7 0.4
3 0.1
1.5 0.3
0.5 0,1
0.5 0.1
13.5 0.3

4.8

68.5

481

1.0

0.4

220.5
10 .4
0.1
0.1
0.1

72.0
0.1

0.5
1
2.5
8
2.0

0.5
0.5

7.5

0.1
0.5
0 .4

0.9
0,1
0.1

Totals

Species richness (No. of species)
Ilean number of individuals
Mean 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
are the average of two tows per month per sample site -

continued

July August
Guemes Island S. (cont’d.) 23—7—75 to

25—7—75
Species No. Wt. No. Wt.

CZwpea harengus pallasi juv. 2 3.1
Uezcorhynchus tshawytscha juv.
O~ keta juveniles
Spir7.nchus thaZeichthys
Laptocottus arnatus
E4wZis Zaeta
Gasteros teus acu Ze~rtus 15 42.5 4 10.6
Squalus aeonthia$
Hypomesus pretiosus
Aiiino4j tes hexapterus
Hexagrainmos decagrammus j uv.
Unidentified larvae
N~mtichthys ocu Ze ofasciatus
Hypc#ne8us larvae
Lycodopsis (?) larvae
Lyconodes (?) larvae
Anop Zarehus larvae
Paychro lutes larvae
Sebastes sp, larvae
Ftlwinphoeottus juveniles
Awrnoc4j tea larvae
Gi~Thertidia sigalutes juv.
CZi~pea harengus pallasi larv,
Tz’iehodon trichodon 1~rvae
Paychro lutes paradoxus juv.
PZatichthys ste 1 lotus juv.
Oncorhynchus kisutch juv.
Awinothj tea hexapterus j uv • 0.5 0.8
Lumpenus sagitta juveniles
leneretmus sp. juveniles
~ottidae larvae
ckcorhynchus nerka juveniles
Pleuronectidae larvae
Oneorhynchus gorbuscha 1.0 11.1
Astrotheca 0.5 2.6
Gasterosteus aculeatus juv. 0.5 0.1 11.5 2.8

Totals

Species richness (No. of species)
Mean number of individuals 19.5 15.5
Mean wet weight (grams) 62.5 13.4
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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

Lummi Bay
Mud/Eelgrass, Protected

Species

Clupea harenpus pallasi juveniles
Cc7sterosteus aculeatus
iltipornesus pretiosus
Au Zorbynchus flavidus
Lurnpenus saqitta
Leotocottus armatus
Oncorhynahus spp. juveniles
Cpn’atogaster apprepata
Pariah thys notatus
Aremodytes hexapte rue
C~zcorhynchus tshc-zwytscha juv.
Lpirinchus thaZeicbthys
Pallasina barbata aix
Micropadus proxinus juveniles
Cottid juveniles (Triplops sp?)
~3~n’rnathus ariseolineatus
Pararh rye larvae
Parow7ir,s ~‘~tn1ns
Rypamesus larvae
Pay chro lutes paradoxus
Gilbertidia siaalutes (?) larvae
Pholis Zaetcz
Xenere tmus latifrans
()dcntapyxis trispinasa (2)
Po.raararvnos decaorajirmus juveniles
Unidentified larvae
Platichthys ste liatus
Anmody tee larvae
Psychrolutes larvae
Unident. Pleuronectid larvae
Unident. Cottid larvae
Lycodopsis (2) larvae
Lecidoaohius (2) larvae
Unident. Osmerid larvae
Unident. Seb~st~s sp. larvae
Unident. Bathymasteridse (?)Jarv.
Clupea barenous pallasi larvae
Aponus acipenseninus
Xeneretrnus sp. juveniles
Oncor~vrnabus kisutch juveniles
C. ‘,orbuscho
7A~rauZis r”ordax
Hyocresus pretiosus juveniles
3phiodo~ elan7atus juveniles
Cottid larvae
Ae-rnadytes hexapterus juveniles
Snualus acanthias
T,wsrenua saaitta juveniles
Pleuranectidae larvae
Lampetra ayresi juveniles
Oncorhynahus kisutch
0. tshautsahc
Clupea harenpus sallasi
Gasterosteus juveniles
The ragra chaicopramma
Sqirinchus thaleiphthys juv.
?sycbrolutes paradoxus juv.
Oncorriynchus keta juv.
iiexa,ara’7P7oS sp. juv.
Rhcr’xhocottus riahardsoni larvae
Unknown spp. (3) larvae
Lwnpenus sapitta larvae
Lertocot toe armatus
Pha lie rn-nato
Agonidae larvae

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

247.5 1160.5
126.5 39.5
20 182.5

7 187 6 159

0.5
0.5
1.5
6
1
0.5

2 1.5 1.5
6.5
3.5 0.5 1

68.5 5.5 144.5
12.5 2 20.5

1
5 13.5

2 4.5

0.5 0.5

July/Aug.
31—7—74 to

2—8—74
No. Wt.

August
20—8—74 to

22—8—74
No. Pt.

September
10—9—74 to

12—9—74
No. Pt.

138.5
207
6.5
1
0.5
6
2.5

642 .5
57.5
31.5
0.5

13.5
125 .5

1053.5
400.5
1
0.5

4866
168
5.5
1.5

Totals

7 10 12
362 411 1478.5
871 1663.5 5386
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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
Lummi 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.

CZzq~ea haren~-n~s pallasi juveniles 47 275 0.5 1.5 0.5 2.2
Garsterosteus aculeatus 3 3.5 1 0.7
Hyporresua pretiosus
Auior~7ynchus fiavidus
Lwnpenus sapitta
Leptocottus arrnatus 0.5 22.4
neorhynchus spp. juveniles

Cyiratoc’as ter aacreaata
Pariah thys notatus
Ariwiodytes herar,terus 2 14.5
Oncorhynchus tsbczwytseha juv.
Spirznchus thaleichthys 9.5 77.5 1 1.5
Pal lasina barhata ai~
Microcadus proxirrus juveniles
Cottid juveniles (Triglops sp?) 0.5 0.1
Sipiatbus crz’iseoZ~nootus 0,5 fl~S 2.5 1.8
Przrophrys larvae 3.5 0.3
Parophr~us vetu ins 1 138.1
Hyponesus larvae 0.5 0.1
P8ychroiutes paradoxus 2 6
GiThertidia siaciutes (?) larvae 13 1.1
Phojis iaeta 0.5 2
leneretmus latifrons 0.5 0.5
Odontopyxis trisoinosa (7) 0.5 0.1
Hexaararvres decaarcwvnus juveniles 0.5 0.3 1.5 0.8
Unidentified larvae 0.5 0.1 2 0.2
Piatichthys ~te ilatus
Ammady tea larvae
Psyahroiutes larvae
Unident. Pleuronectid larvae
Unident. Cottid larvae
Liycodcpsis (7) larvae
Lepidogobius (7) larvae
Unident. Osmerid larvae
Unident. Sehastes sp. larvae
Unident. Bathymasceridae (?)larv.
Ciupea harencn~s pailasi larvae
Aganus acipenserinus
Xeneretrnus sp. juveniles

orhynelius kisutch juveniles
0. aorbuscha
Ehgrauiis mordom
Hyporsesus pretiosus juveniles
Ophiodon elongatus juveniles
Cottid larvae
Ansnodptes hexapterus juveniles
Squaius aeon thias
Lzanpenus saaitta juveniles
Pleuronectjdae larvae
Lonpetra ayresi juveniles
Oncoi*ynehus kisutob
0. tshoioutscha
Ciupea harengus pal lasi
Gasterosteus juveniles
Theragra ehaZcogra~nma
Spirinchus thaieighthys juv.
Psychro lutes paradoxus juv.
Oncorhynahus /<eta juv.
Hexaqrommos sp. juv.
Rhomphacottus richardsani larvae
Unknown app. (3) larvae
Lwnpenus sagitta larvae
Leptocottus armatus
Pholis ornata
Agonidac larvae

Totals

Spectes richness (No. of specids) 8 3 14
Mean number of individuals 65 2 27
Mean vet weight (grams) 379.5 l38.s 31.3
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Appendix Sb. Tow net catches (species, numbers, and weight), July l97~
through Februery 1975. Values given for numbers end weight
are the average of two tows per month per sample site -

cent inued

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

Species No. Wt. ilo. Wt. No. wt.

Clupea harenç,rus pallasi juveniles 1.5 90.0 5074.5 7460.0
GasteroSteUE aouieatus 5.5 13.5 243.0 771.0 22.0 85.5
Hypornesus pretiosus
Aulorhynchw? flavidus
Lwnpenus sagitta 0.5 1.5
Leptooottus armatus
Oncorhynchus spp. juveniles
Cymatogaster aggregate 2.5 28.0
Porichtnys nototus
Ammodytes hesapte rue
Onc~orhynahus tshczwytscha juv.
Spirinchus thaleichthys 1 0.1 1.5 8.5
Pailasina barbata air
Microgadus proxirnus juveniles
Cottid juveniles (Triglops sp?)
Syngnathus grise olin eatus
Parophrys larvae 1.5 0.1
Parophrys vetulus
Hypomesus larvae
Psychro lutes paradoxus
Gilbertidia siaalutes (2) larvae
Pholis laeta
Xeneretmus lati frons
Odontopyxis trispinosa (?)
Hexagraranos decagrommus juveniles 1.0 1.0
Unidentified larvae
Platiohthys stellatus 1 454
Ammodytes larvae 135 3.2 6.5 1.0
Psychrolutes larvae 697 47.9
Unident. Pleuronectid larvae 3 0.1
Unident. Cottid larvae 1 0.1
Lycodopsis (2) larvae 0.5 0.1
Lepidogobius (2) larvae 0.5 0.4
Unident. Ostuerid larvae 1.5 1.9
Unident. Sebastes sp. larvae 1 0.i
Unident. Bathymasteridse (?)larv. 0.5 0.2
Clupea harengus pallasi larvae 84.5 2.0 21.5 1.0
Aganus aaipenservnus 1.0 21.0
Xeneretmus sp. juveniles 0.5 0.1
Oncorhynchus kisutch juveniles 0.5 14.0 4.0 66.0
0. gorbusoha 1.0 12.5
Enqrarlis mordo.x 1.0 5.5
Hypornesus pretiosu9 juveniles 18.0 2.6
Ophiodon eic’ngatus juveniles 0.5 1.7
Cottid larvae 1.0 0.1
Ammodytes hexapterus juveniles 2.0 3.5
Squalus acanthias 0.5 242.5
Lunrpenus sociitta juveniles 0.5 0.2
Pleuronectidae larvae 0.5 0.1 2.0 0.1
Lampetra ayresi juveniles 0.5 1.5
Onoorhynchus kisutch
0. tshojeytsoha
Clupea harangue pallasi
Gasterosteus juveniles
Theragra cha icogromma
Spirinchus tholeighthys joy. 5.5 u.n
Psyohroiutes raradoxus juv. 74.0 11.4
Onoorhynchus keta juv. 2.5 6.6
Hexograrsnos sp. joy. 1 1.0
Rhanphocottus richardsoni larvae 1.0 0.1
Unknown spp. (3) larvae 7.0 0.3
Lumpenus sagitta larvae 29 4.3
Leptooottus ormatus 1.5 151.5
Pholis oruata 0.5 2.5
Agonidae larvae 1.5 0.1

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, end 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 i~ugust
Lummi Bay (cont’d.) 23—7—75 to 21—8—75

25—7—75
Species No. Wt. No. Wt.

Clupea havenpi~s pallasi juveniles 10127 27766.5 55 191
Gasterosteus aculeatus 5.5 le.2
Hypomesus pretiosus
Aulorhynchus flavidus
Lumpenus soqitta
Leptocottus ar~natus 0.5 23.0
Oncorhynchus app. juveniles
Cymatogoster aggregata
Porichtbys notatus
Ansnothjtes hexapterus 1.0 2.5
Gncorhynahus tshawytscha juv.
Spirz~nchus thaleichthys 1.5 9.0
Pallasima barbata aix
Microgadus proxirnus juveniles
Cottid juveniles (Triplops sp?)
Syngnathus gri~eoZinsatu~
Parophrys larvae
Parophrys vetulus
Hypoinesus larvae
Pay chro lutes paradoxus
Gilbertidia siaalutes C?) larvae
Pholis laeta
Keneretmus latifrons
Odontopyxis trispinosa (?)
Hxagrarnmos decogrammus juveniles
Unidentified larvae
Platichthys ste liatus
Anvnodytes larvae
Psychro lutes larvae
Unident. Pleuronectid larvae
Unident. Cottid larvae
Lycodopsis (?) larvae
Lepidocobius (?) larvae
Unident. Osmerid larvae
Unident. Sebastes sp. larvae
Unident. Bathymasteridse (fllarv.
Clupea haremgus pallosi larvae
Agenus acipenserinus
Xeneretmus sp. juveniles
Un.corhynchus kisutch juveniles
0. gorbuscha
Engraulis mordax 1.0 0.5 3.6
Hypornesus pretiosus juveniles
Ophiodon elongatus juveniles
Cottid larvae
Ammodytes hexapterus juveniles
Squalus acanthias
Lumpenus sapitta juveniles
Pleuronectidme larvae
Lampetra ayresi juveniles 6 0
Onco!*4nchus kisutch 635 1 16.7
0. tshawytscha 1.
Clupea harangue palbasi
Gaeterosteus juveniles 85 28,3
Theragra chalcogramma 0.5 0.4
Spirinchus thaleighthys juv. 10 3,4
Psychrolutes paradoxus juv.
Oncorhynchus keta juv.
Hexagrcsnmos sp. juv.
Rharnvhocottus richardscmi larvae
Unknown app. (3) larvae
Lumpenus sagitta larvae
Leptocottus arrnatus
Phobia or’nata
Agonidae larvae

Totals

Species richness (No. of species) 6
Mean number of individuals 10132.5 157 5
Mean wet weight (grams) 27883.~ 259.6
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Appendix 5b. Tow net catches (species, numbers, and weight), July 197~
through February 1975. Values given for numbers and weight
are the average of two tows per month per sample site -

continued

Migley Pt,, Luinmi Is. 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. r7o. Wt.

CZupea haren~us pailasi juveniles 131.5 494 119.5 412 134.5 612.5
Gasterosteus aculeatus 48 63 68.5 114 169.5 101.5
Oncorhynchus tsh~oytscha juv. 3.5 66 1.5 60
Squalus acanthias 0.5 130
Leptocottus armatus 1.5 6 1.5 45 0.5 10
Mi~rop~’idus proximus juveniles 0.5 0.5
[lypomesus pretiosus 3.5 21 0.5 12.5
Spirinchus thaleichthys 0.5 5 4 1.5
Entosphenus tridentatus 1.5 12.5
He~aqrainmos decagramrtius 0.5 90
Agonus acipenser~nus 0.5 1
Uncorhynchus kisutch juveniles 1 11
Amn2odytes hezczpterus 1 2
Pholis ornata
P. lczeta
Unidentified larvae
Jh,’pomesus larvae
Gilbertidia sigalutes (7) larvae
Clupea harengus pal lasi
Psychrolutes larvae
Ammodytes larvae
Unidentified Sebastes larv.
Oncorhynchus gorbuscha juveniles
Engraulis mordax
Cottidae larvae
Pleuronectidae larvae
Clupea harengus pallasi larvae
Lwnpenus sagitta
Arnmodytes hexapterus juveniles
Hypomesus pretiosus juveniles
Oncorhynchus tshawyts cha
Gasterosteus juveniles
Oncorhynchus kisutch
Psychrolutes paradoxus juv.
Lwnpenus sagitta larvae
Unknown spp. (2) larvae
Platichthys ste 1 latus

Totals:

Species richness (No. of species) 10 8 4
Mean number of individuals 95.75 197 305.5
Mean wet weight (grams) 888 657 726
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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 February March
Migley Pt. (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 harenpus paZZ.asi juveniles 2.5 19 0.5 4.5
Gasterosteus aculeatus 1 1.5
Oncorhynchus tsh~ytscha juv.
Squaius acanth~as
Leptocottus armcztus 0.5 40
Micropadus proximus juveniles
Hypomesus pre ticsus
Spirinchus thaleichthys 3 4.5
En tosphen us tn den tatus
Hexagraminos de ca~qramrnus 0.5 0.1
Agonus acipenserinus
Oncorhynchus kisutch juveniles
Amnioth~ites hexapte rue
Pholis o2mata 0.5 3
P. laeta 0.5 5
Unidentified larvae 0.5 0.1 0.5 0.1
Hypomesus larvae 0.5 0.3
GiThertidia siqaLutes (?) larvae 0.5 0.1
Clupea harenpus paZlasi
Psychroiutes larvae
Amrnody tee larvae
Unidentified Sebastes larv.
Oncorhynchus qorbuscha juveniles
Engraulis mordax
Cottidae larvae
Pleuronectidae larvae
Clupea harengus paliasi larvae
Lumpenus sagitta
/dmmodytes hexapterus juveniles
Hypomesus pretiosus juveniles
Oncorhynchus tsh-ri~’ytscha
Gasterosteus juveniles
Oncorhynchus kisutch
Psychrolutes paradoxus juv.
Lumpenus sag’ttta larvae
Unknown spp. (2) larvae
Platichthys stelZ~ztus

Totals:

2 5
Species richness (No. of species) -, 1 2 5
Mean number of individuals 1.5 0 2 45
Mean wet weight (grams)
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Appendix Sb. Tow net catches (species, numbers, and weight), July l97~
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’.)

-~ __________

Ciupea harengus pa7i~asi juveniles
Gas terosteus acu leatus
Oneorhynchus tshawytscha juv.
SquaZus acanthias
Leptocottus ar~natus
Microgadus pro.~cimus juveniles
Hypomesus pre tiosus
Spirin thus thaleichthys
Entosphenus tri.dentatus
Rexagrainmos de caçyral7vnus
Agc’nus acipenseri~nus
oncorhynchus kisutch juveniles
Ammodytes hexapte rus
Phoii-s ornata
P~ 7,aeta
Unidentified larvae
Hypomesus larvae
GiThertidia siqalutes (?) larvae
Clupea harengus paliasi
Psychrolutes larvae
Amrnodytes larvae
Unidentified Sebastes larv.
Oncorhynchus gorbuscha juveniles
Engraulis morcax
Cottidae larvae
Pleuranectidae larvae
Clupea harengus pal Zasi larvae
Lumpenus sagitta
Anmiody tes hexcwte rus j uveni les
Hypomesus pretiosus juveniles
Oncorhynchus tshc~ytscha
Gasterosteus juveniles
Oizeorhynchus kisutch
Psyehro7-utes parczdoxus juv.
Lzmrpenus sagitta larvae
Unknown spp. (2) larvae
Piatiththys stellatus

Totals:

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

April
14—4—75 to

17—4—75
No. Wt.

0.5 1.4

0.5 0.9

May June
12—5—75 to 24—6—75 to

l5—~—75 26—6—75
No. Wt. No. Wt.

147.0 219.6
13 34 202.5 857.5

1.5 0.7

0.5 2.0
10
11.5

0.5
1
2.5
0.5

14.6
8.7

2,4
0.1
0,1
0.1

0.3

20.5
7.4
0.4
0.7
4.2
0,2
1.0
3.2

4.5

0.2

2.0
1.0
0.5
3,5

0.1 53.5
0.5
1.5
0.5

1.9
0.1
0.1

775.0

1

13.5
1
1.5
0.5

9 8 10
27 32.5 418.5
21.4 813.0 1120.1
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Appendix Sb. 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

Species

Ciupea harengus pallasi juveniles
Gasterosteus acu Zeatus
OneorhynchU8 tshawytscha juv.
SquaZus acanthias
Leptocottus ar~natus
Micrôgad?m proxirnus juveniles
Hypornesus pretiosus
Spir&ichus thaZeichthye
En tosphenus tn den tatus
Hexagraminos de cagrammus
Agonus acipensennus
o~corhynchus kisutch juveniles
Ammbthj tea hexapterus
Pho7~is ornata
P. Zaeta
Unidentified larvae
Hypomesus larvae
GiThertidia sigaiutes (?) larvae
Ciupea harengus paZiasi
PsychroZ.utes larvae
Arnmothjtes larvae
Unidentified Sebastes larv.
oncorhynchus gorbuscha juveniles
Engraulis mordax
Cottidae larvae
Pleuronectidae larvae
Clupea harengus pailasi larvae
Lwnpenus sagitta
Aiwnothjtes hexapterus juveniles
Hypomesus pretiosus juveniles
Oncorhyn thus tsh~ôy ts cha
Gasterosteus juveniles
Oncorhyn thus kisutch
PsychroZutes paradoxus juv.
Lwnpenus sagitta larvae
Unknown spp. (2) larvae
Piatichthys steliatus

Totals:

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

July
23—7—75 to

25—7—75
No. Wt.

77.0 200.0
1.0 3.5

6
82.0

230 .0

Migley Pt. (conttd.)

0.5 2.0

1.0 9.5

2.0 4.0

0.5 11.0

August
21— 8—75

No. Wt.

0.5 1.3

19.5 63.1

8.5 2.6
0.5 35

3
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 weight
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 pailasi juv. 170 664 158 659 2030.5 8671.5
Hypomesus pretiosus 4 32.5
Gasterosteus aeul_ecztus 68 55.5 511 205.5 186.5 98
Oncorhynchus tshco~ytscha 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 czggregata 62 312.5
Lumpenus sagitta 1 9
Pholis ornata 0.5 5
Pal lasina barbata aix 0.5 0.5
Ainmodytes hexapterus 0,5
Pholis laeta
Spiri~nchus thaieichthys
Apodi chthys flavidus
Syn~nathus ç~’riseolineatus
Hypomesus larvae
Unidentified larvae
Gi Zbertidia juveniles
Gilbertidia adults
Lipari~s callyodon
Rhairiphocottus richardsoni juv.
Oneorhynchus keta juveniles
Psychro lutes paradoxus juv.
Unknown spp. (3) larvae
Ammodytes hexapterus larvae
Cluea harengus paliasi larv.
Nautichthys oculeofasciatus larv.
Pleuronectidae sp. larvae
Snqrauiis mordax
Oncorhynchus kisutch juv.
Ammody tea hexapterus juv.
Lumpenus sagitta larvae
Cottidae larvae
Stenobrachius leucopsarus (?) juv.
Oncorhynchus nerka juv.
Gasterosteus aculeatus juveniles
Oncorhyn chus kisutch
0. keta

Totals

Species richness (No, of species) 4 6 10
Mean number of individuals 242,5 682 2289.5
Mean wet weight (grains) 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 weight
are the average of two tows per month per sample site -

continued

December February March
Padilla Bay (cont’d.) 4—12—/4 to 14—2—75, 10—3—75 to

5_12_74* 19—2—75 13—3—75
Species iVo. Pit. No. Pit. i/o. Pit.

Ciupea harengus paiLasi juv.
Hypomesus pretiosus ( nclement
Gasterosteus acuZeatus 1 2 weather 0.5 0.8
Oncorhynchus tshcaôytscha juv. pit

Leptocottus czrrnatus 1 68
Pay chro Lutes paradoxus
SquaLus acanthias
Cymatc’gaster aggregata
Lunrpenus actg~i tta
Pholis ornata 1 5
PaL Lasina barbata aix
Airmody tes hexapter~s
PhoLis laeta 6 13
SpiriZnchus thaZeichthys 2 5
Apodichthys flavidus 1 6
Syngnathus ciriseoLineatus 1 1
Hyporaesus larvae 1 0.3
Unidentified larvae 0.5 0.1.
Gi ibertidia juveniles
GiThertidia adults
Liparis caZZyodon
Rhcrnphocottus r~chardsoni juv.
Oncorhynchus keta juveniles
Psychrolut4~s paradoxus juv.
Unknown spp. (3) larvae
Amnody tea hexapterus larvae
CZuea harengus paiZasi larv.
Nautichthys ocuZeofasaiatus larv.
Pleuronectidae sp. larvae
Engrauiis mordax
c~corhynchus kisutch juv.
Ammodytes hexapterus juv.
Lwnpenus sagitta larvae
Cottidae larvae
Stenobrachius Zeucopsarus (?) juv.
Oncorhynchus nerka juv.
Gasterosteus aculeatus juveniles
Oncorhyn chus kisutch
0, keta

Totals

Species richness (No. of species) 7 3
Mean number of individuals 13 2
Mean wet weight (grams) 100 1.2

*Fxtrapolated from two 5—minute tows.
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Appendix 5b. Tow net catches (species, numbers, and weighO, July l97l~l~
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—15 to 125—75 to 24—6—75 to

17—4—75 15—5—75 26—6—75

~ No. Wt. No. Wt. No. Wt,

Ciupea haren~rus paiiasi- juv. 1.5 16.5 46.0 1.2
Hypomesus pee tiosus
Gasterosteus acuZeatus 0.5 1.5 16 54.0 180.5 488.0
Oncorhynchus tshc~ytscha juv. 2.5 17.7
Leptocottus arrnatus
Psychro l~uten par’adoxus
Squaius accrnthias 0.5 585.0
Cymatogas tee aggregata
Lwnpenus sag-z-tta
Pho7,is or~ata
Pa7,7~asina barbata aix
Ar7mo4Jtes hexapte rue
Phoiis Zaeta 0.5 8.0
Spiri~nchus thaieichthys
Apodichthys fiavithAs
Syngnathus griseoUneatus
Hypornesus larvae 5.0 0.1 12.0 0.6
Unidentified larvae
Gilbertidia juveniles 3.5 1.6 1 0.2
Giibertidia adults 1 2.5 0.5 1.5
Liparls cailyodon 1.5 10.5
Rhconphocottus richardsoni juv. 2.5 0,2
Oneorhynchus keta juveniles 0.5 0.5
Psychro Zutes paradoxus j uv • 4.5 0.7
Unknown spp. (3) larvae 7 0.5
Arm’nodytes hexapterus larvae 1.5 0.1
CLupea harengus paZZasi larv. 4.5 0.1 23.0 69.4
Nautichthys ocuZeofasciatus larv. 0.5 0.2
Pleuronectidae sp. larvae 0.5 0.1 5.5 0,1
Engrccul-is mordax 8.0 39.4
Uncorhynchus kisutch juv. 5.0 72.2
Ammo4jtes hexapterus juv. 5.5 0.7
Lwnpenus eagitta larvae 0.5 0.1
Cottidae larvae 3.0 0.1
Stenobrachius Zeucopsarus C?) juv. 0.5 0.2
Oncorhynchus nerka juv. 0.5 16.5
Gasterasteus aculeatus juveniles
oncorhynchus kisutch
0. keta

Totals

Species richness (No. of species) 3 15 13
Mean ntmiber of individuals 6.5 46.0 293.0
Mean wet weight (granis) 22.1 76.4 1291.0
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Appendix 5b. Tow net catches (species, numbers, and weight), July 197L1.

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

July August

Padilla Bay (cont’d.) 23—7—75 to 22—8—75

Species No. Wt. No. Wt.

Clzçea harengus paliasi juv. 15.1 90.2 10 32
Hypcrnesus pretiosus 3 29.8
G~terosteus acuieatus 192.0 524.7 5 15
cnex~rhynchus tshawytschcz juv. 29.0 276.2
Leptocottus armatus 0.5 8.2
P8ychro Zutes paradoxus
Squalus accmthias 1.0 1000
Cymatogczster aggregata
Lwnpenus sagitta

Us oi~ata 0.5 11.5
PalZasina barbata aix
Arimody tea hexapterus
PhoZis Zaeta
Spirf..nchus thaieidzthys
Apodichthys fiavithAs
Syngnathus grisea Uneatus
Hypomesus larvae
Unidentified larvae
Gz ibertidia juveniles
Gi Thertidia adults
Liparis cailyodon
FJzc~riirphocottus richardsoni juv.
Oneor~zynchus keta juveniles
PsychroZutes paradoxus juv.
Unknown spp, (3) larvae
Aiwnody tea hexapterus larvae
Ciupea harengus paiiasi larv.
~Nautichthys ocuZeofasciatus larv.
Pleuronectidae sp. larvae
EngrauUs mordax
Oncorhynchus kisutch juv. 0.5 2.9
Aimnodytes hexapterus juv.. 1.0 1.6 0.5 1.7
Lumpenus sagitta larvae
Cottidae larvae
Stenobrachius Zeucopsarus (?) juv.

orhynchus nerka juv.
Gasterosteus acuZeatus juveniles 195.0 55.5 37.5 10
Oncorhynchus kisutch 1 17.1
O~ keta 1 9.5

Totals

Species richness (No. of species) 7 7
Hean number of individuals 434.1 58.5
Mean wet weight (grams) 1959.3 126.6
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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

Shannon Pt,, Fidalgo Is. July/Aug. August September
Cobble, 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.

Clupea harengus pallasi juv. 6 2,1 273.5 4016.5 35,5 221
Oncorhynchus keta juv. 7.5 112.5
0. tshoi~ytscha juv. 6,5 78.8 0.5 12.5 5 86,5
0. gorbuscha juv. 0.5 2.9
0. kisutch juv. 2.5 18.1
Gasterosteus aculeatus 91 250,6 29.5 11.5 281 205
Leptocottus artnatus 1.5 64.5 0,5 12 3.5 90
Psychrolutes pcu’adoxus 2,5 2,5 5,!
Ammodytes hexapterus 0.5 0.5 0.5 2.5 1 2
Lo~npetra ayresi 0.5 4
Lumpenus sagitta 0.5 5,5 0.5 1.5
Scorpaenichthys marmoratus 0.5 <0,5
Agoni~s acipenserinus 0.5 ~0.5
Pholis laeta 0,5 ~0.5
Gilbertidia siqczlutes 3 6
Pholis ornata 0,5 0.5
Microgadus proximus juv. 0.5 2
Spirtnchus thaleichthys 0,5 ‘0.5
Flypomesus pretiosus 0,5 6
Porichthys notatus 0.5 12
Paflasina barbata aix 0.5 0,5
Cymatogaster aggregate
flexagramrnos de cagrczmmus
Liparis rutteri
Oncorhyn chus kisutch
Parophrys larvae
Ammodytes larvae
Psychro Zutes larvae
Hypomesus larvae
Lycodopsis C?) 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
Lwnpenus 8agitta juveniles
Gasterosteus juveniles
Theragra chalcogramma
Oncorhynchus keta

Totals

Species richness (No. of species) 15 8 10
Mean number of individuals 124 306 343.5
Mean wet weight (grams) 549.6 4058 631
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Appendix Sb. 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;~7~4t0 14—2—75, 14—4—75 to

Species No. Wt. No. Wt. No. Wt.

CZzcpea harenqus pallasi juv. 13 92 0.5 2.5 1.5 9.3
Oncorhynchus keta juv.
0. tshowytscha juv.
0. gorbuscl-ia juv.
0. kisutch juv.
Gasterosteus acu leatus
Leptocottus armatus
Psychro lutes pcrr’adoxus
Anrnzothjtes hexapterus 1 3.5
Lampetra ayresz
Lunipenus saqitta
Scorpaeni chthys marmoratus
Agonüs acipenserinus
Pholis 7,aeta 0.5 5
Gilbertidia sigalutes 2 1.5
Pho lie ornata
Microgadus prox-tmus juv.
Spirinchus tha Zeichthys
Hypomesus pretiosus
Porichthys notatus
Pallasina barbatcz aix
Cymatogaster aggregate 0.5 10
Hexagrarvnos d~ cagralrimus 0.5 0.3
Liparis rutteri 0.5 1.5
Oncorhynchus kisutch 1 35.8
Parophrys larvae 0.5 0.9
Anvnothjtes larvae 4.5 0.2
Psychrolutes larvae 19 2.2
Hypomesus larvae 1 0.1
Lycodopsis (?) larvae 1 0.1
Sebastes sp. larvae 1 0.1
Spirinchus juveniles 0.5
Unidentified Pleuronectid ‘larvae 0.5 0.1
Unidentified larvae 13 0.6
An~nody tee hexapte rue juveniles
Psychrolutes paradoxus juv.
Clupea harengus pallasi larv.
Unknown spp, (4) larvae
RhcDrrphocottus richardsoni juv.
Agonidae sp. juvenile
Cottidae sp. larvae
Lw~rpenus saqitta juveniles
Gasterosteus juveniles
Theragra chalcogran-ona
Oncorhynchus keta

Totals

Species richness (No, of species) 2 5 16
Mean number of individuals 13.5 4.5 44
Mean wet weight (grams) 102 9,3 554
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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. July August

Shannon Pt. (cont’d.) 12—5—75 to 23—7—75 to
15—5—75 25—7—75

Species No. Wt. No. Wt. No. Wt.

Clupea harengus paliasi 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.. goithuscha 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
Psychrol.utes pa.rczdoxus 0.5 0.9
Alrc7zody tea hexapte rus
Lcwrpetra ayresi
Lumpenus sagi tta 0.5 0.7
Scorpaeni chthys marmoratus
Agon2th acipenserinus
PhoZis i,aeta 2.5 3.7
Gi ibertidia sigaLutes
Phoiis ornata
Microgadus proximus juv.
Spirinchus thaZeichthys
Hypomesua pretiosus 0.5 2.3
Porichthys notatus
PalZasina barbata aix
Cymatogas ter aggregate
Hexagrainrnos de cagrammus
Liparis rutteri
Oncorhynchus kisutch 5.5 88.8
Pcrr~ophrys larvae
Amrno4j tea larvae
Paychro 2.utes larvae
Hypornesus larvae
Lycodopsis (?) larvae
Sebastes sp, larvae 0.5 0.1
Spirinchus juveniles
Unidentified Pleuronectid larvae
Unidentified larvae
Amnody tea hesap te rus juveniles 9 .5 1. 3 0 .5 0 .5 2 4 4
Psychrolutes paradoxus juv. 10,0 2.3
CZwpea harengus pallasi larv. 2.0 0.9
Unknown spp. (4) larvae 7.5 0.4
Rheimphocattus richardsoni juv. 0.5 0.1
Agonidae sp. juvenile 0.5 0.1
Cottidae sp. larvae 1.0 0.1
Lwnpenus sagitta juveniles 0.5 0.6
Gasterosteus juveniles 4.5 1.5
Theragra chaZcogrcvnma 0.5 1.1
Oncorhynchus 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. August September
Cobble9 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.

Clupea harengus pallasi juveniles 20.5 65 107 240 98.5 864

Oncorhynchus gorbuscha juveniles 3.5 51.5

Oncorhynchus keta juveniles 2.5 32.5 0.5 6 1 12.5

Oncorhynchus kisutch juveniles 0.5 12.5 0.5 27.5

Oncorhynchus tshawytscha juveniles 0.5 5 1 85

Gasterosteus aculeatus 0.5 <0.5 0.5 1 0.5 0.5

Microgadus proximus juveniles 122.5 666.5 1 6.5

Arnmodytes hexapterus 3 4.5 1 2.5

Parophrys vetulus 0.5 89

Trichodon tr-tchodon 0.5 35

Hypomesus pretiosus 0.5 3

Leptocottus armatus 0.5 7.5

Pholis ornata 0.5 2.5

Sebast’~s sp. larvae

Ai~tedius lateralis

Hypomesus larvae

Parephrys larvae

Cottid larvae
Psy&irolutes paradoxus juv.

Pholis Z~aeta

Agonidae sp. juvenile

Clupea harengus pal lasi larvae

Arnmoaytes hexapterus larvae

Unknown spp, (3) larvae

Ammothjtes hexapterus juv.

Pleuronectidae sp. larvae

Blepsias cirrhosus uveniles

Totals:

Species richness (No. of species) 6 8 9
Mean number of individuals 28 235 104.5
Mean wet weight (grams) 167 1045 1108.5



—141-

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 December February March
(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.

---~

Ciupea harengus pallasi juveniles 3,5 17.5 1 8

Oneorhynchus gorbuscha juveniles

Oncorhynchus keta juveniles

Oncorhynchus kisutch juveniles

Oncorhynchus tshawytscha juveniles

Gas terosteus acui-eatus 2 2

Microgadus proximus juveniles

Aminodytes he~apterus 0,5 0.5 1.5

Parophrys vetulus

Trichodon trichodon

ilypomeSus pretiosus

Lept000ttl4S armatus

Phoiis ornata

Sebastes sp. larvae 0,5 0,1

A~tedius Zatera~is 0.5 2.5
Hypomesus larvae 1,5 0.5

Parophrys larvae 0,5 0.1

Cottid larvae 0.5 0.1
Psychrolutes paradoxus juv.

Phoiis iaeta

Agonidae sp. juvenile

CZupea harengus palZ~zsi larvae

Ammodytes hexapterus larvae

Unknown spp. (3) larvae

Ammodytes hexapterus juv.

Pleuronectidac sp. larvae

BZ.epsias cirrhosus juveniles

Totals:

Species richness (No. of species) 4 3 3
Mean number of individuals 6,5 2 2.5
Mean wet weight (grams) 23.6 12 0.7
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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 May August
(cont’d.) 12—5—75 to 21—8—75

15—5—75
Species iTo. Wt. No. Wt.

Ciupea harengus pallasi juveniles 1 9.0

Oncorhynchus gorbuscha juveniles

Oncorhynchus keta juveniles 0.5 0.8

Oncorhynchus kisutch juveniles

Oncorhynchus tshawytscha juveniles

Gasterosteus acuieatus 2.5 5.3

Microgadus proximus juveniles

Ammodytes hexczpterus

Parophrys vetulus

Trichodon trichodon 0.5 22.0

Hypomesus pretiosus

Leptocottus armatus

Pholis ornata

Sébastes sp~ larvae 0.5 0.1

k?tedius Zateralis
Hypomesus larvae -

Parophrys larvae 1 0.1

Cottid larvae
PsychroZutes paradoxus juv. 2.0 4.5

PhoZis iaeta o.s 1.2

Agonidae sp, juvenile 1 0..l

Clupea harengus paliasi larvae 11.5 0.4

Aminc’dytes hexapterus larvae 3 0. 1

Unknown spp. (3) larvae 3.5 0.2

Anvnothjtes hexapterus juv. s 13.2

Pleuronectidae sp. larvae i 0.1

Biepsias cirrhosus juveniles i 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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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

Village Pt., Lummi Is. July/Aug. August September
Gravel, Protected 31—7—74 to 20—8—74 to 10—9—74 to

2—~—/4 22—8—74 12—9—74
~peci~S _____ No. Wt. No. Wt. No. Wt.

Clupea harengus pallasi juv. 60.5 42.5 258 1459.5 70.5 612.5
Oncorhynchus gorbuscha juv. 1 10
0. tshoi~ytscha luvenile 2 .5 42.5 2 16 1 14.5
0. ketcz juvenile 5,5 49 2 44.5 0.5 10
Gasteroste7A$~ aculea±us 138 117.5 37.5 38 245.5 107.5
Anrinothjtes hexapterus 0.5 2.5 0.5 25.5 0.5 0.5
Leptocottus arinatus 1.5 15
Entosphemus tridentatus 0,5 5
Spirinchus thaleichthys 1.5 7.5
Hypomesus pretiosus 0.5 2.5
Pho us o~ata 0.5 <1
Squalus aconthias
HypomesuS pretiosus larvae
Ammodytes hexapterus larvae
Ci lbertidia
GiTher~idia juvenile
Psy chro lutes larvae
Unidentified Hexagraxnmid
Unidentified Sebastes larvae
~‘ Pleuronectid larvae
~ larvae

Psychro lutes paradoxus juv.
Clupea hczrengus pallasi larv.
LwirpenuS sagitta larvae
Agonidae larvae
Unknown spp. (2) larvae
Arnmodytes hexapterus juveniles
Cot tidae larvae
Pleuronectidae larvae
Oncorhynchus gorbuscha
Ehgraulis mordax
Liparis sp.
LwnpenuS sagitta
Gas terosteus aculeatus juv.

Totals

Species richness (No. of species) 8 6 7
Mean number of individuals 210 301.5 319
1~1ean wet weight (grams) 284 1591 747.5



Appendix Sb. 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 to 14—2—75, 10—3—75 to

Village Pt. (cont’d.) 5—12—74 19—2—75 12—3-75

Species No. Wt. No. Wt. No. Wt.

Clupecz harengus paliasi juv. 7.5 30.5 1 21
Oncorhynchus gor~ustha juv.
0. tshawytscha juvenile
0. keta juvenile
Gasterosteus aculea±us 0.5 0,5 5 3
Ammodytes hesapterus
Leptocottus ar~natus 0.5 17.5 0.5 37.5
Entosphemus tn dentcitus
Spirinchus thaleichthys 0.5 1
Hypomesus pretiosus
P1w us ornata
Squalus acanthias 0.5 101
Hypomesus pretiosus larvae 1.5 0.3
Ammodytes hexapterus larvae
Gi ibertidia
Gilbertidia juvenile
Psyehro lutes larvae
Unidentified Hexagrammid
Unidentified Sebastes larvae
“ Pleuronectid larvae
“ larvae
Psychro lutes paradoxus juv.
Clwpea harengus pauiasi larv.
Lumpenus sagitta larvae
Agonidae larvae
Unknown spp. (2) larvae
Ar~vnodytes hexapterus juveniles
Cot tidae larvae
Pleuronectidae larvae
Oncorhyn chus gorbuscha
Engraulis mordczx
Liparis sp.
Lurripenus sagitta
Gas terosteus aculeatus juv.

Totals

Species richness (No. of species) 4 2 3
Mean number of individuals 9 2 6.5
Mean wet weight (grams) 49.5 101.3 61.5
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Village Pt. (cont’d.)

Species

Ciupea harengus paliasi juv.
OncorhynchUs aorbuscha juv.
0.. tshciioytscha juvenile
0. keta juvenile
Gaste roe teus acu le ~ztu8
Ainmody te8 hexczpte rue
Leptocottus armatus
Entosphemus tn dentatus
Spirin chus thajeichithys
Hypornesus pre tiosus
Pho1~is ornata
Squalus accmthias
HypomesuS pretiosus larvae
A~nody tee hexapterue larvae
G~I Therti di~a
GiThertidia juvenile
Psychro lutes larvae
Unidentified Hexagrammid
Unidentified Sebastes larvae
‘~ Pleuronectid larvae
~‘ larvae

Psychro lutes paradoxus juv.
Clupéa harengue pallasi larv.
LwrçenuS sagitta larvae
Agonidae larvae
Unknown spp. (2) larvae
Airunodi~jtes hexapterus juveniles
Cot tidae larvae
Pleuronectidae larvae
Oncorhynchus gorbuscha
Engraulis mordax
Liparts sp.
LumpenuS sagitta -

GasterosteuS aculeatus juv.

Appendix 5b. Tow net catches (species, numbers, and weight), July 19714
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

17—4—75 15—5—75 26—6—75
No. Wt. Nc~ Wt~

33.5 29.0 13.7

0.8
333.5

2.5

12.0
5.5

3

0.5
2.5

2
13.5
0.5
0.5
0.5
0.5
0,5
0.5
2

85.7
16.2

0.2

0.3 0.5
5.8 102

0.5

7.5
0,5
1.8
0.2
0.2
0.2
0.1
0.1
0.1

3 0.6 3.0

29.5
2.5
1.5
1.0
2 .0

4.1 0.5 0.1
0.1 32.0 1.1
0.2
0.1
0.1

1.5 0.2
0.5 0.1
12.5 0.6

Totals

Species richness (No. of species) 10 9 7
Mean number of ~ndividua1s 26.5 142.5 96.5
Mean wet weight (grams) 50.3 341.8 117.6
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Appendix Sb. 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.

Ciupea harengus paliasi juv. 276.5 759.5
Oncorhynchus ~wr~~’uscha juv.
0 tshr~wytscha juvenile 0.5 7.5
O~ keta juvenile 0.5 3.0
Gasterosteus acuZea~us 23.5 74.5
Amizodyteo h exapterus
Leptocottus crnnatus
Entosphemus tn dentatus
Spirinchus thaieichthus 0.5 1.0
~ypomesus pre tiosus
Phoiis ornata
Squalus aco~zthias
lijjpc~nesus pretiosus larvae
Arivnodytes hexapterus larvae
G~ Zbertitha
GiThertidia juvenile
Ps~jchroZutes larvae
Unidentified Hexagrammid
Unidentified Sebastes larvae
~ Pleuronectid larvae

larvae
Psychroiutes paradoxus juv.
CZupea harenguspailasi larv.
Lwnpenus sczgitta larvae
Agonidae larvae
Unknown spp. (2) larvae
1si~nodytes hexapterus juveniles 46.0 82.5
Cot tidae larvae
Pleuroriectidae larvae
Oicorhynchus gorbuschcz 3.5 45.0
Engrauiis mordax 0.5 2.5
Lipar~s sp. 0.5 1.0
Lumpenus sagitta 1.0 2.0
Gasterosteus aculeatus juv. 8.5 2.4

Totals

Species richness (No. of species) 7
Kean number of individuals 361.5
!3ean wet weight (grams) 980.7
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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

-~.... !. ~. .- ~

Westcott Bay, San Juan Island July/Aug. August September
Mud/EelgraSS, Protected 31—7—74 to 20—o—74 to 10—9—74 to

2—8—74 22—8—74 12—9—74
Syecies No. j~ No. j~ No. Wt.

Clupea hczrengus pail.asi juveniles 1717 5478.5 1601.5 5899.5 5815.5 16866
Leptocottus arrnatus 1.5 54 13 240.5 1 8.5
oncorhynchus kisutch juveniles 0.5 12.5
Oncorhynchus gorbuscha juveniles 0.5 5
BZeps~ias cirrhosus 0.5 1
HypomesuS pretiosUs 3 5 3 16 2.5 15
SyngnathuS griseolinec~tUS 0.5 0,3
GasterosteuS aculeatus 1.5 0.5 1 0.8 28 128
Pholis ornata 0.5 0.5
Oncorhynchus tshai~ytscha juv. 0.5 35 1.5 60.5
Microgczdus proximus 2 10
Cymatogaster aggregata 70.5 346.5 6 45.5
Aulor~’iyflChUS flavidus 5 10.5
Embiotoca lateralis 0.5 5
Ammodytes hexapterus 0.5 —-

Sebastes sp. larvae 0.5 0.5
EwnicrotremUS orbis
Pholis laeta
Parophrys vetulus larvae
Unidenti fied larvae
Clupea harengus pa2~Zasi larvae
Squalus accoithias
Ammodytes hexapterus juveniles
Unident. sp.
Clupea harengus pailasi
The ragra chalcogra’nma
Lumpenus sagittcz
Pajiasina barbata
Oncorhynchus keta
Ci ibertidia 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 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
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.

Ciupea harengus paiZasi juveniles 2.5 24.5
Leptocottus ar~natus 0.5 13.5
Onco~tynthus kiswtch juveniles
Oncorhynchus gorbuscha juveniles
B Zepsias cirrhosus
Flypomesus pretiosus 0.5 5.5
Syngnathus ~jriseelineatus 0.5 0.3
Gasterosteus aculeatus 3.5 4.5 0.5 0.5
Pholis cn~nata
Oncorhynchus tshawytscha juv.
Microgadus proxirnus
Cymatoaczs ter aggregczta
Auiorhynchus flavidus 0.5 1.5
Embiotoca lczteralis
Aminodytes hexapterus
Sebastes sp. larvae
Eurnicrotremus orbis 1 5.5
Pholis laeta 0.5 1
Parophrys vetulus larvae 0,5 0.1
Unidentified larvae 1.5 0.2
CZupea harengus palZasi larvae
Squalus acctnthias
Ainmodytes hexapterus juveniles
Unident. sp,
Clupea harengus paZlasi
The ragra cha lcogranvna
Lwnpenus sczgittcz
PaZ1~crnina barbata
Oncorhynchus keta
Gilbertidia sigalutes
Unknown sp. larvae

Totals

Species richness (No. of species)
Mean number of individuals 5 2 5
Mean wet weight (grams) 5 1.5 2.1
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Appendix Sb. 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

C1..upea hcirengus paiiasi juveniles
LeptocottuS arqnatU8
Oncorhynchus kisutch juveniles
Oncorhyncfrus gôrbuscha juveniles
Biepsias cirrhosus
HypomeSus pretic’SUS
syngnathus grise o lineatus
Gasterosteus acuZeCZ~tuS 4.5 13.5
Pholis or,zata
Oncorhynchus tsha.wytscha juv.
Microgadus proximus
Cymatogaster aggregata
Aulorhyflchus fiat’idus
Embictoca ZateraZis
Ammody tes hexapte rus
Sebastes sp. larvae
Eumicrot remus orbis
Pholis Zaeta
Parophrys vetuZus larvae -

Unidentified larvae
Clupea harengus paZZasi larvae
Squalus acmthias
Ammodytes hexapterus juveniles
Unident. sp.
Ciupea harengus pailasi 3.0 67.5
The ragra cha Zcoç~roiivna
Lumpenus sagitta
Palkzsina barbata
Oncorhynthus keta
Gilbertidia sigaiutes 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 l97~-i-
through February 1975. Values given for numbers and
weight are the average of two tows per month per sample
site continued

June July August

Westcott Bay (cont’d.) 24675 to 23—7—75 to 20—8—75
26—6—75 25—7—75

Species No. Wt. No. Wt. No. Wt.

Ciupea harengus pail-asi juveniles 2050.0 7065.5 3633.5 10577.5
Leptocottus armatus 1.0 2.8 0.5 7
G~acorhynchus kisutch juveniles 0.5 10.6
Oncorhynchus gorbuacha juveniles 0.5 5.5
B Zepsias cirrhosus
Hypomesus pretiosus 2.5 14.5
Syngnathus grLsee linecr~us
~asterosteus aculeatus 0.5 1.5 0.5 0.2
Phoiis orriata
Oncorhynchus tshai~’ytscha juv.
Microgadus proximus
Cymatoaaster aggregata 13.5 64.5
.4uiorhynchuS flavidus 1.0 0.3 0.5 0.4
Embiotoca lateral-is
Ammoth-jtes hexapterus 1 6 .5
Sebastes sp. larvae
Eunricrotremus orbis
Pholis laeta
Pcrophrys vetuius larvae
Unidentified larvae
C7~wLiea harenpus pallasi larvae 11.5 0.4
Squalus acanthias 0.5 650.0
Ammodytes hexapterus juveniles 7.5 1.7 6.5 41.0
D~ident. ~ 0.5 1.2
Clupea harengus paiiasi 1753.5 6147
T~ragra chalcogran~na 1.5 6
Lumoenus sagitta 5 11.5
PalZasina barbata 0.5 1.5
orteorhynchus keta 1 24.1
GiZbertidia siga lutes
Un1~nown sp. larvae

Totals

Species richness (No. of species) 7 4 11
Mean number of individuals 2072 3641.5 1780
Mean wet weight (grams) 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

Quiliback rockfish 10 30 4 3

Tiger rock fish I

Kelp greenling 4 17 12 6 8

Lingcod 3 2 1 1

Painted greenhing 2

Scalyhead sculpin 1 2

Longfin sculpin 9 6 1 3 1

Sailfin sculpin 1

Cabezon 3 2 2

Number of fish 38 72 25 20 23

Number of species 7 8 7 6 7
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Appendix 5e. Trammel net catches

Collins Cove, San Juan Island

30—10-44 30—3—75
no. ~t. no. wt.

Hexagrammos decagraminus 6,0 8748.0 3.0 1581.0
Sebastes meknwps 1.0 157.5
Embiotoca lateralis 1.0 364.5 1.0 113.5
Hydrolagus co7~iiei 1.0 638.0
Squa1~us acanthias 0.5 2000.0 0.5 4000.0
Hexagramiflos stelleri 0.5 113.3
Sebastes me7~anops 0.5 81.0
Sebastes fiavidus 0.5 43.0
Myoxocephalus polyacanthocephCtil48 1.0 509.5
Nautichthys oculofasciatus 0,5 14.0

Species richness (no. of species) 5 8
Mean number of individuals 9.5 7.5
Mean wet weight grains 8951.5 6455.3

Migley Pt., Luinmi Island

5—12—74 11—3—7 5
no. wt. no. wt.

Hexagrainrnos decagrcmvnus 2.0 930.0 2.0 1435.0
Hydi’olagus coZ1~iei 2.5 2345.0 0.5 318.5
Squal.us 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
Scorpaenichthys marmoratus 1.0 957.5

Species richness (no. of species) 5 5
Mean number of individuals 10.5 41.5
Mean wet weight grains 7202.5 2855.5
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Appendix 5f. 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

Flexczqrcrjnmos cle caqrcvnmus 96 12.4

Sebastes caurinus 83 8.7

ejordania zonope 77 8.0

Sebastes maliaer 65.8 5.2

*Sebas tes me ion ops 52 16 . 1

Ophiodon eiangatus 52 2.0

*Sebastes fiavidus 52 31.3

Artedius harr~ngtoni 42 1.5

*Ey~jo~oca lateralis 27 8.4

*Sebastes emphaeus 18 3.2

Coryphopterus nichoisi 18 1.0

Hemilepidotus hemitepidotus 12 0.3

*CizWea harengus paiiasi 13 +

Enophrys bison 9 0.3

Scorpaenichthys marmoratus 9 0.4

Qxyiebius pictus 6 0.1

Anarrhichthus oceliatus 4 0.09

Squalus aconthias 2 0.04

Rhocochilus vacca 2 0.04

Sebastes niarocinctus 2 0,04

Nautichthys oculofasciatus 2 0.04

Rhai7rphocottus 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
Mud/eelgrass ~
Sand/eelgrass ~
Cobble
Rocky/kelp bed —
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