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ABSTRACT

I
A seasonal survey of nearshore fishes was made in the Strait of Juan

de Fuca from May 1976 to June 1979 A beach seine was used for sampling
nearshore demersal fishes and a townet for nearshore pelagic fishes inter

tidal fishes were sampled with the use of anesthetic and a hand net During
1976 1978 the maeroinvertebrates caught incidentally in the beach seine

and townet were also recorded Data recorded for fish and macroinvertebrates

were species present life history stage from size abundance biomass

food habits and presence of external abnormalities or disease

I

I

I

The total number of nearshore demersal and pelagic fish species decreased

from east to west in the Strait of Juan de Fuca but the total number of inter

tidal species increased however it was postulated that this opposite trend

was due to the same habitat relationship species diversity increased as

habitat heterogeneity increased Nearshore demersal and pelagic fish catches
were dominated by juvenile and larval life history stages while intertidal
collections were primarily adults and juveniles There is little overlap
between the nearshore demersal pelagic fish assemblages and the intertidal

fish assemblages and there is no evidence that the rocky intertidal is sig
nificantly utilized by the common subtidal species as a spawning or nursery
area

D

I

I Common nearshore demersal fishes were the flatfish and sculpins while

herring clearly predominated in the nearshore pelagic zone although smelt and

Pacific sand lance were also important The common rocky intertidal fishes

were the sculpins and pricklebacks 1e eel blennies

I
Seasonal trends were pronounced in the nearshore demersal and pelagic

fishes but largely absent in the rocky intertidal fishes Nearshore demersal

species were generally at their maximum number of species abundance biomass
in the summer and at their minimum in the winter although at the protected
sites the maximum often extended from spring through fall Nearshore pelagic
species were at their maximum in the spring summer and at a minimum in the
winter

I

I

I
The common fish species found in this survey were categorized into nine

functional feeding groups based on their stomach contents The most impor
tant food item found was epibenthic zooplankton for nearshore demersal fishes
while pelagic nearshore fishes fed primarily on pelagic zooplankton Size

selection was indicated by fish preying on zooplanktonI

I

This study was set up as a first time survey of the fishes of the Strait

of Juan de Fuca However it also demonstrated that there is a great deal
of variation from year to year season to season from site to site and

between hauls How much of this is sampling variation and how much is natural

biological variation was not determined although we believe most is natural

biological variation To statistically use the data attained in this study
to assess the result of a perturbation on nearshore fishes in the Strait of
Juan de Fuca would require that the abundance of nearshore demersal fishes be
decreased by about 75 to be detected and would require that the nearshore

pelagic fishes be decreased by about 95 to be detected We believe the in

formation is better used to help in predicting the results of various man

induced alterations proposed for the Strait of Juan de Fuca
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SECTION 1 I
INTRODUCTION

I
The possibility of transport of Alaskan North Slope oil to proposed

refinery and transshipment sites in the Strait of Juan de Fuca or Puget
Sound has increased the probability of oil pollution in these waters

Under proposals presently being considered oil could be transferred to

refinery holding or pipeline facilities at one of a number of sites on the

Strait of Juan de Fuca or the eastern shore of Rosario Strait

I

I
The State of Washington and the federal government concerned with

minimizing the incidence and impact of oil pollution have conducted a number

of programs designed to evaluate the detrimental effects of oil pollution on

the biological and economic resources of Puget Sound One of these the

Washington State Department of Ecology s DOE Northern Puget Sound Biologi
cal Baseline Study 1974 76 focused on documenting biological communities

in the nearshore habitats of northern Puget Sound Miller et al 1977

I

I
When the eastern Strait of Juan de Fuca came under consideration as a

possible oil transshipment ter inal site the National Oceanic and Atmospheric
Administration s NOAA Marine Ecosystem Analysis MESA Puget Sound Project
initiated similar biological baseline studies in the Strait of Juan de Fuca

in spring 1976 and along the west coast of Whidbey and Fidalgo Islands in

spring 1977 An important part of the NOAA studies is the ecological survey
of nearshore fishes and their food habits Nearshore as opposed to offshore

fishes were emphasized because 1 Nearshore habitats are more likely to be

adversely affected by spilled oil than offshore habitats and 2 fish provide
a potential link to man for the transfer of hydrocarbons

I

I

I
The principal objectives of this study were to document 1 The

occurrence abundance and distribution of nearshore fishes 2 food habits

of abundant and economically important species and 3 occurrence and

distribution of macroinvertebrates collected incidentally with the fishes

I

I
Results of the first two years of investigation May 1976 June 1978

were summarized in a previous progress report Cross et al 1978 The

present report summarizes the combined results of the three years of study
May 1976 June 1979

I

I

I

1 I
I
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SECTION 2

CONCLUSIONS

A total of 94 species of fish more than 200 000 individuals was

collected by beach seine townet and intertidal sampling between May 1976

and June 1979 The species richness of beach seine and townet catches

decreased during the study largely because of the absence of rare species
and was not regarded as significant In general the species richness of

beach seine and townet catches decreased from east to west while species
richness of intertidal collections increased In beach seine and townet

collections this trend was attributed to decreasing habitat heterogeneity
and relief and increasing exposure to ocean storms The opposite trend in

intertidal collections was attributed to increased habitat heterogeneity and

relief which provide suitable refugia from turbulence

The assemblage of nearshore fishes sampled with the beach seine was

quite diverse 81 species collected over three years but consisted largely
of juvenile fishes reflecting the extensive utilization of nearshore

habitats as nursery areas by many species inhabiting the region Demersal

species accounted for 69 56 species of the species collected Sculpin
32 of the demersal species 18 species and flatfish 16 of the demersal

species 9 species predominated in frequency of occurrence abundance and

biomass Pelagic species accounted for 31 25 species of the fishes

collected Pacific herring and Pacific sand rance often predominated in
abundance and biomass while seaperch 20 of the pelagic species 5 species
and gad ids 12 of the pelagic species 3 species occurred more frequently

Seasonal trends in species richness density and standing crop of
fishes in beach seine collections were more pronounced at the exposed sites

Kydaka Beach Dungeness Spit than at the protected sites maxima generally
occurred in summer and minima occurred in winter At the protected sites
maxima occurred from spring through fall and minima occurred in winter The
abundance and biomass of fishes collected by beach seine were poorly predicted
when regressed against temperature salinity and dissolved oxygen measured
at the time of collection

The assemblage of neritic fishes sampled with the townet 60 species
collected over three years was not as diverse as the assemblage sampled with
the beach seine and consisted largely of larvae and juveniles Demersal

species accounted for 62 37 species of the species collected Pelagic
species while accounting for 38 23 species of the species collected

composed more than 95 of the total number and more than 90 of the total
biomass of fish collected Pacific herring collected at all sites
accounted for 76 of the total number and 75 of the total biomass of fish

caught Longfin smelt accounted for 16 of the numbers and 11 of the biomass

2



I
of fish collected and occurred almost exclusively at Pillar Point and Twin
Rivers 99 of all smelt caught The remaining 58 species composed 8 of
the total number and 14 of the total biomass of fish caught

I

Seasonal trends in species richness density and standing crop of
fishes in townet collections were similar across all sites maxima occurred
in spring and occasionally summer and minima occurred in winter The

presence of Pacific herring exerted the largest influence on this trend
Less than one percent of all herring were collected in fall and winter The
abundance of fishes collected by townet was poorly predicted when regressed
against temperature salinity and dissolved oxygen measured at the time of
collection However biomass was predicted fairly well by temperature
significant at six of the seven sites but not by salinity or dissolved

oxygen

I

I

I

I
The assemblage of fishes collected in the rocky intertidal was composed

solely of demersal species 26 species Sculpin predominated in the

assemblage 50 of the species 13 species followed by prickleback 19
5 species Seasonal trends in species richness density and standing crop
of intertidal fishes were largely absent Unlike the nearshore and neritic
fishes intertidal fishes do not move into the subtidal during fall and
winter but remain in the intertidal throughout the year Furthermore the
fishes sampled by beach seine and townet were primarily juveniles the
adults of these species generally inhabit deeper water than the juveniles
The majority of intertidal species collected inhabit the intertidal as

adults The only evidence of seasonal trends in the intertidal species was

the appearance of recently metamorphosed juveniles in late winter and spring
but their numbers were not sufficient to produce seasonal peaks in density
or standing crop

I

I

I

I
Significantly the rocky intertidal is rarely utilized as a nursery

area by the common subtidal species probably because the environmental

fluctuations experienced in the intertidal require specialized adaptations
that would be of limited value to later life history stages spent in

subtidal habitats

I

I
The ability to detect decreases in the abundance and biomass of

nearshore fishes was analyzed using power curves It was found that the

beach seine data were better than the townet data for detecting decreases
For the beach seine data decreases must be in general 75 or more before

they can be reliably detected for the townet data they must be 95 or more

Using the beach seine data it is easier to detect changes in numbers than

changes in biomass and changes that occur in spring will be more difficult

to detect than changes occurring in other seasons

I

I

I
The 36 nearshore fishes composing the most common or abundant species

encountered along the strait were categorized into nine functional feeding
groups The most prominent feeding mode was the obligate epibenthic
planktivore accounting for 15 species 42 Facultative epibenthic
planktivores included another eight species 22 Thus epibenthic zooplank
ton appear to constitute the trophic base of the majority of the nearshore

fishes of the region As most epibenthic zooplankton are either detritivores

or herbivores on macroalgae the annual cycle of production of nearshore

I

I
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macrophytes and seagrasses and conversion into detritus is the most

important process determining nearshore food web structure and energy flow

in the region

Examination of variability in prey composition by year and habitat for

14 nearshore fish species indicated that although a limited number of prey
taxa may be important in the diet spectrum of a species the proportional
contributions among the prey taxa vary considerably This suggests that prey

switching is probably a common occurrence but may be limited to a narrow

component of the available prey community In general diet overlap was more

consistent between years than between habitats sites although overlap
values were equally variable in both cases

Coincident sampling of epibenthic zooplankton during the August 1978

beach seine and tidepool fish collections indicated that while harpacticoid
copepods predominated at virtually every site and microhabitat sampled
nearshore fish tended to feed upon the larger prey of the assemblage
available to them Accordingly overlap between the plankton composition
and prey composition of the co occurring nearshore fishes was higher in

comparisons of biomass than in comparisons of numerical composition Even

within a prey taxon such as gammarid amphipods size selective predation
upon the largest available amphipods was evident

Conclusions regarding the composition abundance and biomass of rnacro

invertebrates collected incidentally during beach seine and townet collections

must consider that these collection methods were not designed to provide
quantitative data for the macroinvertebrate assemblages Accordingly
comparisons between years sites and seasons can be considered as only
relative qualitative differences in the macroinvertebrate assemblages

In both years species richness abundance and biomass of collected

epibenthic beach seine caught macroinvertebrates were generally highest at

the more protected sites Beckett Point and Port Williams In many cases

this was due to the abundance and diversity of crangonid especially Crangon
alaskensis hippolytid especially Eualus sp and Hippolyte clarki and

pandalid especially Pandalus danae shrimps and gammarid amphipods at these
two sites The two new sites located at the eastern end of the strait

Alexander s Beach and West Beach had epibenthic macroinvertebrate catches

similar to Dungeness Spit and in Rivers except that gammarid amphipods
especially Atylus tridens were more abundant Over the four quarters

catches were lowest and least diverse in winter and generally highest in

October the high autumn catches however may be an artifact of the
nighttime collections

Neritic macroinvertebrates captured incidentally by townet indicated
fewer distinct trends and a patchier distribution than the epibenthic macro

invertebrates Mysids specifically Archaeomysis grebnitzki and Neomysis
rayi were the major cause of the high fluctuations in abundance and standing
crop occurring abundantly at all Strait of Juan de Fuca sites at one time or

another and during all seasons except summer They were not however

significantly abundant in the catches from the two sites at the eastern end
of the strait In several instances there was a slight increase in the
contribution by mysids to the diet spectra of several fish during periods of

4
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high mysid abundance but there were also several instances where no such
relationship was evident
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SECTION 3

MATERIALS AND METHODS

3 1 STUDY SITES AND SAMPLING FREQUENCY

A major consideration in determining sampling sites and sampling design
was the desire to make the results of the nearshore fish studies of the MESA

Puget Sound Project comparable to data generated during the DOE Northern

Puget Sound Biological Baseline Study Miller et al 1977 thus facilitat

ing between area comparisons Further considerations used to determine

sampling sites were 1 The desire to sample throughout the Strait of Juan

de Fuca and Whidbey and Fidalgo Islands 2 sites had to be accessible to

both the land based beach seine operation and the ship based townet operation
3 sites were chosen to reflect the variety of habitats encountered in the

Strait of Juan de Fuca

Six beach seine sites and seven townet sites were established along the

Strait of Juan de Fuca in 1976 An additional beach seine and townet site

was established on Whidbey Island and on Fidalgo Island in 1977 and seven

tidepool sites were established along the Strait of Juan de Fuca in 1977

Collections on Whidbey and Fidalgo Islands were made only during the sampling
year 1977 78 intertidal collections were made during 1977 78 and 1978 79

The sampling dates are presented in Appendix 6 1 Sampling sites were

characterized by habitat and sampled with three methods designed to capture
nearshore demersal beach seine neritic townet and intertidal tidepool
fishes Fig 1 Table 1 Collection periods were quarterly winter

December January spring May summer August and fall October

3 2 SAMPLING TECHNIQUES

3 2 1 Beach Seine

A 37 m 120 ft beach seine was used to sample demersal fish occurring
within 30 m of shore during slack water at low tide The beach seine
consisted of two wings with 3 cm mesh joined to a 0 6 m x 2 4 m x 2 3 m bag
with 6 mm mesh see Miller et al 1977 for a diagram of the beach seine
A weighted lead line kept the seine on the bottom Floating sets were made
with seven floats attached to the cork line at regular intervals The net

was set 30 m from the stern of a rowed skiff Polypropylene lines 30 m long
and 2 cm diameter were used to retrieve the net Two person teams situated
40 m apart hauled the net at about 10 m min For the first 20 m of hauling
the teams remained 40 m apart the final 10 m was hauled with the teams 10 m

apart When the net was entirely on the beach fish and invertebrates were

removed placed in plastic bags and labeled for later processing Replicate

6
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Table 1 Characterization of study sites along the Strait of Juan de Fuca BS

TN townet TP tidepool

Site Habitat

beach seine

1 Neah Bay

2 Kydaka Beach

3 Slip Point

4 Pillar Point

5 Twin Rivers

6 Observatory Point

7 Morse Creek

8 Dungeness Spit

9 Jamestown

10 Port Williams

11 Beckett Point

12 North Beach

13 West Beach

14 Alexander s Beach

Moderate gradient high energy direct exposure
boulder beach abundant algae

Moderate gradient high energy direct exposure
sand substrate no algae little detritus

Moderate gradient high energy direct exposure
rock substrate abundant algae

Moderate gradient moderate energy moderate exposure

rocky kelp bed with adjacent sandflats

Low gradient moderate energy moderate exposure
sand and cobble beach abundant algae and kelp

High gradient high energy direct exposure rock
substrate abundant algae
Low gradient moderate energy moderate exposure
sand and cobble beach abundant algae and kelp

High gradient high energy high exposure sand
and gravel beach no algae little detritus

Low gradient low exposure low energy mudflat with
extensive eelgrass beds

Low gradient low exposure low energy mudflat with
extensive eelgrass beds

Moderate gradient low exposure low energy sand and
gravel beach abundant algae and eelgrass

Low gradient low energy low exposure sand and cobble
beach some algae

Moderate gradient high energy direct exposure sand

gravel substrate little algae
Low gradient low energy low exposure sand substrate
little algae

Sampling Method

TP

BS TN

TP

TN

BS TN TP

TP

BS TN TP

BS TN

BS TN

BS TN

BS TN

TP

BS TN

BS TN



hauls were made at each site except when weather conditions made that

impossible Care was taken so that the area swept by one set was not

included in the replicate Time between sets was at least 30 minutes

At sites where the depth of water was less than 3 m only sinking sets were

made Where water depth exceeded 3 m two sites both floating and sinking
sets were made Beach seining was conducted during slack water at low tide

which involved sampling at night between October and March and during the day
between March and October

3 2 2 Townet

A two boat surface trawl townet was utilized to sample neritic fish

occurring in the upper 3 5 m of the water column adjacent to the shoreline

The townet measured 3 m x 6 m 10 x 20 ft with mesh sizes grading from

76 mm 3 inches at the brail to 6 mm 1 4 inch at the bag see Miller

et al 1977 for a diagram of the townet The net was towed at 800 rpm

about 3 7 km hr between the l2 m 39 ft FRI research vessel MALKA and

a 3 7 m 12 ft purse seine skiff At each site two 10 minute tows were

made One tow was made with the prevailing tidal current along the shore

line and the other tow was made in the opposite direction

To reduce net avoidance by pelagic species and to optimize sampling of

those pelagic species which migrate into shallow water nocturnally sampling
was conducted at night We also sought to sample during periods of minimal

tidal currents and moonlight to reduce sampling variation but this was not

always possible

The net was towed as close to the shoreline as depth kelp growth and

flotsam would allow The net dragged bottom in 5 m 15 ft of water

I

I

I

I

I

I

I

I

I

I
Seldom were we able to follow a consistent transect over the same depth

distance from shore and length at the townet sites conditions during the

Icollection periods varied because of tide flotsam weather etc However

the towing setup proved to be quite maneuverable allowing us to work along
the shoreline rather easily Townet sampling was generally conducted within

one week of beach seine collections II
3 2 3 Intertidal

Two types of intertidal habitat were sampled during low tide Tidepools
and the area beneath large rocks Both types of habitat were encountered at

most intertidal sites The sites were categorized as rocky headlands

Observatory Point Slip Point Neah Bay and cobble beaches North Beach

Morse Creek Twin Rivers according to their geomorphology

Tidepools were randomly selected at various heights to ensure sampling
over the entire vertical range of the fish Each tidepool was partly
drained to concentrate fish into a small area a small amount of quinaldine

10 solution in ethyl alcohol was added to narcotize the fish facilitating
the collection of secretive and elusive species Rocks were also randomly
selected over the vertical range of the fish The rocks were rolled and the

fish beneath them were captured by hand Fish were preserved in 10

buffered formalin immediately after capture
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3 2 4 Macroinvertebrate Cataloguing

Epibenthic macroinvertebrates were collected at the eight beach seine

sites and pelagic macroinvertebrates were collected at the nine townet sites

during the first two years of the study The macroinvertebrates were hand

picked from the beach seine and townet and placed in 10 buffered formalin

except for large readily identifiable crabs and asteroids which were

measured or the size estimated and released at the tin e of collection

Preserved samples were brought to the laboratory and identified weighed
and measured Species were sorted using a dissecting microscope For

species occurring in numbers greater than 100 subsamples of 50 individuals

were weighed and measured the remainder of the sample was counted and a

total weight taken

Weights were taken to the nearest 0 01 g and lengths were measured to

the nearest millimeter Carapace lengths eye to posterior edge of carapace

were taken on the shrimp In the laboratory crabs were measured at their

widest point carapace width The remainder of the invertebrates were not

measured

Species identifications were made using a variety of dichotomous k ys
illustrated references descriptions and an existing reference collection

of verified species The principal references used for taxonomic identifi

cation were Banner 1947 1948 1950 Barnard 1969 Barnes 1974

Johnson and Snook 1955 Kozloff 1974 Ricketts and Calvin 1968

Schultz 1969 Smith and Carlton 1975 and Staude et al 1977 A

reference collection was organized and maintained for the purpose of compar

ing prey organisms to verified specimens Amphipods were identified by Craig
Staude at the Friday Harbor Laboratories

3 3 COLLECTION INFORMATION

The following data were recorded for all sampling methods Location

date time tide stage and height weather conditions air temperature wind

speed and direction visibility precipitation and cloud cover sea surface

temperature salinity and dissolved oxygen sea state and color bottom depth
area sampled beach seine volume sampled townet distance fished

sampling duration compass heading light intensity and current direction

and velocity All information was recorded on computer data forms

Water samples were obtained for salinity and dissolved oxygen measure

ments For beach seine samples salinity was determined by the

potentiometric method and dissolved oxygen by Winkler titration During
townet collections salinity Was measured with a Beckman salinity temperature
probe and dissolved oxygen Was determined by Winkler titration

3 4 BIOLOGICAL INFORMATION

Catches from the beach seine and townet were bagged labeled and placed
on ice until processing Fish retained for stomach analysis were separated
from the catch and preserved in 10 formalin immediately after collection

10



Generally catches were taken in their entirety It became necessary
to subsample when the catch of one or more species was too large to permit
proper handling within the available time The less abundant species were

sorted from the catch and saved The abundant species were thoroughly mixed
and a known volume greater than or equal to 10 of the sample was removed
and saved The volume of the remaining sample was measured and the fish
were discarded

3 5 PROCESSING THE CATCHES

Fish samples were sorted to species and individuals were counted
measured total length and weighed to the nearest 0 1 g wet weight
Where possible the following information was taken for an individual Sex
life history stage external diseases parasites and other abnormalities
When the number of individuals of a species in a sample exceeded 100 50 or

more individuals were weighed and measured the remaining fish were counted
and an aggregate weight was taken All information was recorded on computer
data forms Hart 1973 was used as a reference for identification of the
fishes

Fish to be used for stomach analysis were dissected the stomach was

removed tagged and preserved in 10 formalin In those fish without
well defined stomachs the first one third of the intestine was removed and

preserved

3 6 STOMACH ANALYSES

Whole fish specimens or intact stomach samples of economically important
fishes were examined according to a systematic standard procedure Terry
1977 which identifies the numerical and gravimetric composition of prey
organisms the stage of digestion of the contents and the degree of stomach

fullness In the laboratory the stomach samples were removed from the

preservative or from the preserved whole fish and soaked in cold water for

at least two or three hours before examination The stomach was then

identified according to information on the label and then processed
Processing involved taking a total damp weight to nearest 0 01 g

removing the contents from the stomach and weighing each taxonomic category

including unidentifiable material Subjective numerical evaluations of the

stomach condition or degree fullness scaled from 1 empty to 7 distended

and stage of digestion scaled from 1 all digested to 5 no digestion were

made at this time The stomach contents were then sorted and identified as

far as was practical the sorted organisms were counted and a total damp
weight of each taxon was obtained to nearest 0 001 g If a sorted taxon

was represented by too many individuals to count the number was estimated

using a random grid counting procedure

3 7 POSSIBLE SOURCES OF ERROR

A major source of sampling error was gear selectivity Each gear type

possessed its own selectivity which must be taken into account when comparing
results of different gear types Sample variation also resulted from bottom

conditions weather conditions light intensity diurnal nocturnal sea

conditions bioluminescence turbidity and sampling duration

11
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Density and standing crop estimates for both beach seine and townet

were biased because we assumed 100 gear efficiency e g all fish occurring
in the 11 SOO m3 section sampled by the townet were assumed captured The

large mesh wings of the townet and beach seine were not as effective in

retaining larvae and small juveniles as the bag so that quantitative results

concerning small fish were likely to be underestimates Also certain fast

swimming and fast reacting species probably were able to avoid the sampling
gear

The topography of the substrate affected the performance of the beach
seine Smooth substrates were swept more efficiently than uneven substrates
Furthermore large quantities of algae or eelgrass reduced sampling
efficiency

Sampling at Jamestown was discontinued after the first year of the study
because of insufficient water depth on zero or minus tides Port Williams
east of Jamestown near the entrance to Sequim Bay was added to the sampling
plan

Species identifications may constitute a source of error All adult

specimens and the vast majority of juvenile specimens were readily identifi
able Some species of larval fish and macroinvertebrates presented
identification problems so in some instances species richness number of

species may have been underestimated

Sample bias was also introduced by the crew during the picking of the
net Transparent larvae and small fish may have been overlooked

particularly when sampling was conducted at night in inclement weather

Beach seining was conducted on the lowest tides of the sampling period
During October through January sampling occurred at night whereas in May
through August it occurred during the day Comparison of these two periods
must take into consideration potential diel changes in the fish fauna

Bias also occurred in sampling the macroinvertebrates collected with the
fish The more fish and algae present in the net the less efficient the
invertebrate sampling effort because of the difficulty in finding inverte
brates among the algae and also because of time constraints involved in

setting and retrieving the net

3 8 DEFINITIONS AND STATISTICS

3 8 1 Definitions

Occurrence or occurrence means the number or percentage of discrete
samples e g stomachs or hauls in which a species was present Abundance
means the total number of individual organisms caught Biomass means the
total wet weight of the organisms caught

Density means the ratio of the total number of organisms to the sampling
area beach seine or volume townet and tidepool collections in a discrete
sample and is expressed as number m2 or number m3 In the special case of

12



I
tidepool collections made beneath single rocks it is expressed as

number rock I
Standing crop is the ratio of the total biomass of organisms to the

sampling area beach seine or volume townet and tidepool collections

in a discrete sample and is expressed as grams m2 or grams m3 In the

special case of tidepool collections made beneath single rocks it is

expressed as grams rock

I

Species richness is the number of species present in a sample or group
of samples

I

3 8 2 Statistics I
3 8 2 1 IRI trophic diagrams A modification of Pinkas et al 1971

Index of Relative Importance IRI was used to rank the importance of prey

organisms The IRI values for prey taxa are displayed both graphically and
in tabular form where justified by sample size n 25 The three axis IRI

graphs illustrate frequency of occurrence the proportion of stomachs con

taining a specific prey organism plotted sequentially on the horizontal

axis and percentage of total abundance and percentage of total biomass

plotted above and below the horizontal axis respectively Fig 2 All

prey groups including those assigned to a broad taxonomic level family
order class because of inability to assign a more specific identification

have been arranged from left to right by decreasing frequency of occurrence

Prey taxa in differing stages of digestion e g partly digested shrimp
Natantia unidentified as opposed to family Pandalidae or species
Pandalus borealis are graphed separately

I

I

I

I

The IRI value was computed s follows
I

IRI Frequency of

occurrence

Numerical

composition GraVimetricJcomposition

I

I
and is equivalent to the area encompassed by the bar for each prey category i

composing the IRI diagrams In order to compare the IRI values between prey

spectra with different sample sizes the overall importance of general prey

taxa e g all shrimp including unidentified Natantia and those

identified to family and species added together has been discussed as a

percentage of the total combined IRI areas of the different prey taxa

Table 2 illustrates an example of the IRI values and percentages of total IRI

generated from the data diagrammed in Fig 2 The advantage of the IRI value

is that the more representative prey are not dominated by numerically rare

but high biomass prey e g preys Fig 2 by infrequently occurring but

abundant or high biomass when eaten taxa nor by numerically abundant or

frequently occurring taxa which contribute little in the way of biomass

e g preYl Fig 2

I

I

I

I
3 8 2 2 Trophic diversity and dietary overlap Four quantitative

indices of the composition and overlap of predator diets were used to describe

trophic diversity
I
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I



I

I
PREDATOR 8755010202 ONCORHYNCHUS KETA

CHUM SALMON ADJUSTED SAMPLE SIZE 9

LENGTH MM x 50 0 T GMS x 5 00
100

w
z 80CI
0
Z
J
co
CI

60
co

z
0

40

en
0
L

20w

W
L

0

is 20
LU
3

co

z 40
0

en

SO0
L

0

w

80 N

w

L

100
0 20 40 60 80 100 120 140 160 180

I

I

I

I

I

I

I

g

I CUMULATIVE FREQUENCY OF OCCURRENCE

Fig 2 Example of index of relative importance I R I diagram

I

I Table 2 IRI table
J

r i t iIC M
ft oJ Jut vr i v

u CJ OMP LG r
ii Y tRCENI
lr i JCTAl lR

I preYl
preY2
Prey3
Prey4

Preys
preY6
Prey

Y8
preYg

5 5b 70 71 1 1 399
33 J 1J 7 ii tJo 591 0
Z2 l2 2 02 011 45 2
il l1 4 0 00 9

lLll 2 02 3 ii4 65 1
1i 115 0 J 2 57 4

ll ll 2 0 lC 0 43
i ll 5 5i 72 o C 8

l li 2 02 i 54 i6i

6 5

l O 1
70

77

1 12

Q6

2 6
O til

4 9

I

I t L l in r REQ
Ch U o l L rhAf J A lD 1 l d rdCL ilu C i Av M T lC

CJ 1rJ 1Ti u li Lt 111 1 1 t t i LJuc u o LJIl rne 1 Ac1LC I j PliT
d U1 lOT rkuh CALCLiL AllJi L F Jl E ITY I uICt SI

I L CE i T rliii CC Lft
Sri UO N2 ClwE lT i
tV Ei lij tS iliDt 511lJ

4

J

1

tl

49

164
5

I
14



I
Dominance E p

2
1

where p is the ratio of the number or biomass of prey to the total prey
abundan e or biomass

1

1 Percent dominance index

I
2 Shannon Wiener diversity index I

H

s

E
i l

P Ln2P1 1 I
where p is the same as in the percent dominance index and s is the total
number 6f species H incorporates both the number of prey taxa present and
the evenness of the distribution either numbers or biomass among these
taxa and is relatively insensitive to sample size

I

3 Evenness index e H Lns I
where H is the Shannon Wiener index and s is the total number of species I

4 Dietary overlap Sanders 1960 Index of Affinity similarity

S E min p
1 I

was used as an index of diet overlap where p is the percentage of the total
IRI which each prey taxon constituted Silvef 1975 suggested that 80

similarity was a reasonable significance level
I

3 8 2 3 Linear regression The relationship between abundance and
biomass and the oceanographic parameters measured at each site was investi

gated with a stepwise linear regression model and analysis of variance
Abundance and biomass values were transformed with logarithms base 10 to

normalize the variance Zar 1974

I

I
3 9 DISPOSITION OF DATA

I
All data were initially recorded on computer sheets

by MESA specification Codes utilized in data recording
the National Oceanographic Data Center NODC The data
errors keypunched on 80 co1umn IBM cards and verified

were systematically organized transferred onto magnetic
to NODC quarterly

in format required
were developed by
were checked for

All data cards

tape and submitted

I

I
3 10 SPECIES NOMENCLATURE

Unless otherwise noted all names of fishes both scientific and common

are based on the American Fisheries Society list 1970 The only change that

has appeared subsequent to that list is for the bay pipefish which has been

changed from Syngnathus griseo1ineatus to S leptorhynchus according to

Miller and Lea 1972

I

I

I
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SECTION 4

RESULTS AND DISCUSSION

4 1 OCEANOGRAPHIC CONDITIONS

Temperature salinity and dissolved oxygen data are presented in

Appendix 6 2 for beach seine townet and tidepool collections

4 1 1 Beach Seine

The relationship between abundance and biomass and the oceanographic
parameters measured at each site was investigated with stepwise linear

regression and analysis of variance Log abundance and log biomass were

poorly predicted by the oceanographic parameters measured only 10 out of

the possible 48 parameters 20 8 were significant Table 3 The

conclusion is that while some of the oceanographic parameters may be locally
important in determining the abundance or biomass of nearshore fish e g
temperature at Dungeness Spit there is no predictable relationship across

all sites

4 1 2 Townet

A regression analysis of variance was also performed on abundance and
biomass measurements from townet catches Table 4 Log abundance was poorly
predicted by the oceanographic parameters measured log biomass was poorly
predicted by salinity and dissolved oxygen but was predicted fairly well by
temperature Temperature was significant at six of the seven sites and was

always positively related to biomass i e an increase in temperature was

correlated with an increase in biomass The amount of variance in biomass

explained by the regression r2 ranged from 17 to 48 mean 36

4 2 NEARSHORE FISH SPECIES COMPOSITION

A total of 94 species was collected from May 1976 to June 1979 during
sampling operations Tables 5 6 A decrease in the number of species
collected by beach seine and townet was observed as the study progressed
This was largely a result of absence of rare species in the catches during
the second and third years of sampling Some species e g rock greenling
Pacific sandfish plainfin midshipman and kelp perch were represented by
fewer than five specimens in a particular year and none in others The

presence or absence of rare species in the catches is stoichastic and not

regarded as significant

16



Summary of stepwise multiple linear regression of log abundance
and log weight against temperature salinity and dissolved

oxygen for beach seine catches NS not significant the

significance level is given where appropriate the coefficient
of determination r2 is given in parentheses The equations
are in the form

Table 3

Y a bX t s
y x

where s standard error of the regression
y x

I

I

I

I

I

I

I
Site Temp

Log abundance Log weight

Sal DO

I

I
Kydaka Beach

Twin Rivers

Morse Creek

Dungeness Spit
sinking

I

Dungeness Spit
floating 2

Port Wi lliams 3

Beckett Point

sinking

Beckett Point

floating5

lLog nos

Log wt

2Log nos

3Log nos

4Log nos

SLog nos

Log wt

NS

NS

NS

0 012

0 33

0 008

0 38

NS

NS

NS

Sal DO Temp

NS NS NS

NS

NS

0 015

0 14

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS NS NS

0 023

0 30

NS

0 004

0 33

0 007

0 50

NS

NS NS

NS NS

0 030

0 33

NS 0 002

0 50

0 137 1 0 194 temp 0 5273

1 603 0 238 temp 0 165 DO 0 6197

2 393 0 407 temp 0 7918

9 129 0 463 DO 0 936 sal 0 3715

3 737 0 119 DO 0 5109

12 503 0 479 sal 0 5254

19 647 0 772 sal 0 864 DO 0 5079

17

NS

NS

NS

0 049

0 20

NS

I

I
I

I

I

I

NS

NS

0 043

0 16

I

I
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Table 4 Summary of stepwise multiple linear regression of log abundance

and log weight against temperature salinity and dissolved

oxygen for townet catches NS not significant the signifi
cance level is given where appropriate the coefficient of

determination r2 is given in pa entheses The equations
are in the form

Y a bX s
1 1 y x

where s standard error of the regression
y x

Log abundance Log biomass

Site Temp Sal DO Temp Sal DO

Kydaka Beach NS NS NS 0 002 NS NS

0 40

Pillar Point2 0 009 NS NS 0 001 NS NS

0 30 0 48

Twin Rivers3 NS 0 001 NS 0 015 0 002 NS

0 48 0 17 0 36

Horse Creek4 i S NS NS 0 001 NS 0 001
0 33 0 27

Dungeness SpitS 0 046 NS NS NS NS NS

0 19

James town 0 001 0 001 0 001 0 001 0 022 NS

Port Williams 0 13 0 14 0 34 0 46 0 13

Beckett Point7 NS 0 001 NS 0 006 NS NS

0 44 0 32

Log

2Log
Log

3Log
Log

4Log
SLog
6Log
Log

7Log
Log

wt 0 711 0 243 temp OC 0 5454

nos 2 268 0 477 temp 0 8711
wt 4 181 0 697 temp 0 8566

nos 37 640 1 089 sa1 0 9720
wt 22 437 0 726 sa1 0 347 temp 0 7667

wt 3 542 0 725 DO 0 521 temp 0 8672

nos 1 288 0 377 temp 0 9498

nos 37 657 0 541 temp 0 923 sa1 0 064 DO 0 6008
wt 13 2 fi 0 594 temp 0 315 sa1 0 5762

nos 63 267 1 915 sa1 0 3360

wt 1 270 0 321 temp 0 9958
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Table 5 Number of species collected by each sampling method

Gear 1976 77 1977 78 1978 79 Total

Beach seine 69 59 60 81
Townet 48 42 34 60

Intertidal 24 25 26

Total 76 76 69 94

4 2 1 Dominant Species Beach Seine

I

I

I

I
The rank order of the most abundant species summed across all collec

tions at all sites is presented in Table 7 The general consistency of

rankings among years suggests that at least for the abundant species
occupation of a particular habitat is fairly constant from year to year and
that quarterly sampling with a beach seine is effective in documenting major
trends in the nearshore fish assemblages

I

I
Between year differences in the rank order abundances were largely a

result of the sporadic occurrence of a few large individuals e g spiny
dogfish and chinook salmon which greatly influenced biomass measurements
and schooling species e g Pacific herring Pacific sand lance and
Pacific tomcod which because of their mobility were not collected

consistently The presence of the tidepool sculpin in 1977 78 and 1978 79

rankings is a result of substituting Port Williams for the Jamestown site

Tidepool sculpin inhabit a large rock outcrop adjacent to the area sampled
with the beach seine at Port Williams on an ebbing tide the sculpins move

off the outcrop and into the area sampled

I

I

I
Variations in the strength of year classes within a species can affect

the rankings or even presence or absence in the table There is some

evidence that this is the case for speckled sanddab During the first two

years of the study only a few speckled sanddab were collected on two beaches

Kydaka Beach Beckett Point during the last year of the study sanddab
were collected at every site and were ten times as abundant as in previous
years

I

I

I
A list of the regularly occurring and abundant species by season and by

site for each year of the study is presented in Table 8 Beach seine catches
were dominated by juveniles of three species Pacific staghorn sculpin
English sole and sand sole They were present on all beaches during most

of the sampling periods The similarity of substrates among the sampling
sites accounts for their widespread occurrence Sand sole were more abundant

on pure sand and coarse sand substrates with little vegetation or detritus

Kydaka Beach Dungeness Spit while English sole and Pacific staghorn
sculpin were more abundant on mixed sand and mud substrates with more

vegetation and detritus All three species appeared on the beaches in the

spring as metamorphosing larvae or as recently metamorphosed juveniles
They remained on the beaches throughout the summer and fall By winter they
had largely disappeared probably moving into deeper water in response to

I

I

I

I
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Table 6 Nearshore fish species collected by beach seine BS townet TN

and tidepool TP

Species GearCommon name

Squalus acanthias
Raja binoculata

R steUulata
Hydrolagus colliei

Clupea harengus pallasi
Engraulis mordax

Oncorhynchus gorbuscha
O keta
O kisutch
o tshauJytscha
Salmo clarki

S gairdneri
Hypomesus pretiosus
MaUotus viUosus

Spirinchus thaleichthys
porichthys notatus

Gobiesox maeandricus
Gadus macrocephalus
Microgadus proximus
Theraqra chalcogramma
Aulorhynchus flavidus
Gasterosteus aculeatus
Syngnathus leptonhynehus
Amphistichus rhodoterus

Cymatogaster aggregata
Brachyisticus frenatus
Embiotoca lateralis
Rhacochilus vacca

Trichodon trichodon

Anoplarchus purpurescens
Chrolophus nugator

Lumpenu8 sagitta
Phytichthys chirus

Xiphister atropurpureus
X mucosus

Apodichthys flavidus
Phalis laeta

I

P ornata

Anarrhichthys ocellatus

Ammodytes hexapterus
sebastes entomelas
S flavidus
S melanops
Hexagrammos decagrammus
H lagocephalus
H steUeri

Ophiodon elongatus
Artedius fenestralis
A harringtoni
A latera lis

BS TN

BS

BS

BS TN

BS TN

BS TN

BS TN

BS TN

llS TN

IlS TN

BS

BS

BS TN
TN

BS TN

BS

llS TN TP

BS

BS TN

BS TN

BS TN

BS TN

BS TN

BS

BS TN

BS TN

BS TN

BS TN

BS TN

BS TN TP
TP

BS TN

TP
TP

TP

BS TN TP

BS TN TP

BS TN TP

TN

BS TN

BS TN

BS

TN

BS TN

BS TP

BS

BS TN

BS TN TP

BS TP

BS TP

spiny dogfish
big skate

starry skate

ratfish

Pacific herring
northern anchovy
pink salmon

chum salmon
coho salmon

chinook salmon

cutthroat trout

railbow trout

surf smelt

capelin
longfin smelt

plainfin midshipman
northern clingfish
Pacific cod

Pacific tomcod

walleye pollock
tube snout

threespine stickleback
bay pipe fish

redtail surf perch
shiner perch
kelp perch
striped sea perch
pile perch
Pacific sandfish

high cockscomb

mosshead warbonnet

snake prickleback
ribbon prickleback
black prickleback
rock prickleback
penpoint gunnel
crescent gunnel
saddleback gunnel
wolf eel

Pacific sand lance
widow rockfish

yellowtail rockfish

black rockfish

kelp greenling
rock greenling
whitespotted greenling
lingcod
padded sculpin
scalyhead sculpin
smoothhead sculpin
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Table 6 Contd

Species Common name

Ascelichthys rhodorus

Blepsias cirrhosus
Chitonotus pugetensis
Clinocottus acuticeps
C embryum
C globiceps
Enophrys bison

Hemilepidotus hemilepidotus
Leptocottus armatus

Myoxocephalus polyacanthocephalus
Nautichthys oculofasciatus
Oligocottus maculosus
O rimensis
O snyderi
Radulinus boleoides

Rhamphocottus richardsoni

Scorpaenichthys marmoratus

Synchirus giHi
Gilbertidia sigalutes
Psychrolutes paradoxus
Agonopsis emmelane

Agonus acipenserinus
Bathyagonus nigripinis
Occella verrucosa

Odontopyxis trispinosa
Pallasina barbata
Xeneretmus latifrons
Eumicrotremus orbis

Liparis callyodon
L cyclopus
L dennyi
L florae
L TTIUCOSUS

L pulchellus
L rutteri

Citharichthys stigmaeus
C sordidus

Isopsetta isolepis
Lepidopsetta bilineata

Parophrys vetulus

Platichthys stellatus

Pleuronichthys coenosus

Psettichthys melanostictus
Microstomus pacificus

rosylip sculpin
silverspotted sculpin
roughback sculpin
sharpnose sculpin
calico sculpin
mosshead sculpin
buffalo sculpin
red Irish lord

Pacific staghorn sculpin
great sculpin
sailfin sculpin
tidepool sculpin
saddleback sculpin
f1uffy sculpin
darter sculpin
grunt sculpin
cabe zon

manacled sculpin
soft sculpin
tadpole sculpin
northern spearnose poacher
sturgeon poacher
blackfin poacher
warty poacher
pygmy poacher
tubenose poacher
blacktip poacher
Pacific spiny lumpsucker
spotted snailfish

ribbon snail fish

marbled snail fish

tidepool snail fish

slimy snail fish

showy snailfish

ringtail shailfish

speckled sanddab

Pacific sanddab

butter sole

rock sole

English sole

starry flounder

C O sole

sand sole

Dover sole
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Table 7 Rank order of the most abundant fishes in beach seine collections

Occurrence Abundance Biomass

76 77 7778 7879 76 77 7779 78 79 76 77 7778 7879

Pacific staghorn sculpin 1 5 15 1 5 4 8 5 2 3

English sole 15 15 2 8 8 6 7

Sand sole 3 2 5 2 5 7 6 3 8 7 4

Starry flounder 4 5 3 5 2 3 5

Buffalo sculpin 5 6 7

Striped perch 6 9 10 9 7 9 6

Pacific tomcod 7 5 10 9 10

Padded sculpin 7 5 2 5 3 5

N Redtail surfperch 10 5 9 10 7 1 6 1
N

Herring 10 5 9 2 9

Surf smelt 10 5 10 9 5 5 8

Tubesnout 10 5 10 4 7 4

Shiner perch 7 3 3 1 4 4 2

Rosylip sculpin 6 5

Chinook salmon 3

Spiny dogfish 6

Sand lance 1 1 10 1

Tidepool sculpin 2 2 8 9

Silverspotted sculpin 8

Speckled sanddab 5 5 10 10



Table 8 Regularly occurring and abundant species in beach seine collections by site and by season for

each of the study years F few 10 individuals C common 10 25 A abundant 26 100

AA very abundant 100 Data based upon two seine hauls at each site in each season

KYDAKA BEACH

Species 1976 77 1977 78 1978 79

SP SU F W SP SU F W SP SU F W

Pacific herring AA A F

Redtail surfperch F F F C F F C

sand lance
0 0

Pacific C AA F F
w w

Pacific staghorn
J J

sculpin F F A F C
i i

Speckled sanddab
i i
0 A 0 A AA C
J J

English sole A 0 F F C F 0 F F

Starry flounder F C F F F F C

Sand sole A A C C A A A AA A

N TWIN RIVERSco

Redtail surfperch F A AA A F AA C C A AA AA C

Striped seaperch AA F C C F F F F

Penpoint gunnel A F A F F A F

Crescent gunnel F A F F F

Saddleback gunnel A C F F

Padded sculpin F A C F A A C F F F

Rosylip sculpin F AA F F F AA AA F A F

Silverspotted sculpin F AA A C F C F C A C F

Buffalo sculpin F F A F F F F

Pacific staghorn sculpin F C A F F F F F F F F

Tubenose poacher A F F F F C C

English sole F AA A A F A F C A A A

Starry flounder F F C F F F F C F F F

Sand sole F C C A C A AA A F A AA F
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Table 8 Conrd

MORSE CREEK

Species 1976 77 1977 78 1978 79

SP SU F W SP SU F W SP SU F W

Surf smelt F AA C C A F AA

Pacific tomcod C F F A A

Tube snout F F F A F F AA F

Striped seaperch F F F F F F F C 0

Silverspotted sculpin F F F F F C A F cJ
OJ

Pacific staghorn sculpin F F F F C F F F F C
0
cJ

N English sole F A F F F A F F C A F
0

Starry flounder F F F F F F F F

and sole C F F F A AA A F A A

DUNGENESS SPIT

Spiny dogfish F C F F

Pacific herring C AA F F F F

Surf smelt F F AA F
0

Pacific tomcod A F AA C
cJ

OJ
Pacific sand lance AA F F

0
Pacific staghorn sculpin F C C F F F cJ F A C F

0

English sole F A F C F C F F

Sand sole AA A C F A F A AA AA A

II II



Table 8 Contd

JAMESTOWN PORT WILLIAMS

Species 1976 77 1977 78 1978 79

SP SU F H 51 SU F W SP SU F W

Shiner perch l F AA A F F F

Padded sculpin F F F F F A

Sharpnose sculpin F 0 0 C AA F F A CM M

Pacific staghorn sculpin F A u u
F AA AA F A A A COJ OJ

I I

Tidepool sculpin
I F AA AA AA A AA AA A0 0
u u

English sole A A 0 0 F AA F A A A A C

Starry flounder C F C A F F F C F
N

en BECKETT POINT

Pacific tomcod F F A AA F A A A AA

Tube snout F C AA A AA C F AA

Shiner perch AA AA AA AA AA AA AA AA A

Striped seaperch F C F F F F A C F F A

Padded sculpin F A F F A F F C A F

Roughback sculpin F A F F F F F F F

Buffalo sculpin F F C F F F A C C F A A

Pacific staghorn sculpin AA A A A C A A A A A AA A

Great sculpin F A C F F F F F C F F F

English sole A C A C F C A C AA A

S tarry flound er F F F F F F F F F F F
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lowered temperatures and reduced food availability in the nearshore

environment

The list of predominant species collected by beach seine in northern

Puget Sound Miller et a1 1977 is quite similar to the list compiled for

the Strait of Juan de Fuca Noticeably absent from northern Puget Sound

collections but abundant in the strait collections were sand sole and

redtai1 surfperch Small schooling species e g Pacific herring Pacific

sand lance Pacific tomcod surf smelt shiner perch and tube snout were

ranked generally higher in northern Puget Sound collections than in Strait

of Juan de Fuca collections

4 2 2 Dominant Species Townet

Pacific herring and to a lesser extent 10ngfin smelt predominated in

townet catches Tables 9 10 Pacific herring accounted for 76 of all fish

by number and 75 of the total biomass of fish caught Longfin smelt

accounted for 16 of all fish by number and 11 of the total biomass The

remaining 58 species contributed only 8 to the number of fish caught and

14 of the total biomass Caution is therefore recommended in attributing
significance to variations in the rank order of species beyond Pacific

herring and 10ngfin smelt

Pacific herring were most abundant during the spring and summer when

they occurred as larvae and juveniles respectively Less than one percent

of all herring were caught in the fall and winter reflecting their movement

out of the nearshore waters No adult herring were captured during the

study while juveniles occurred at all sites and in the majority of

collections 88 The size of catches at a particular site varied between

years and no consistent pattern could be discerned This is most likely a

result of the schooling nature of Pacific herring and the fact that the

schools are patchily distributed Thus while it is clear from the data

that Pacific herring are most abundant during spring and summer it is

difficult to separate out variations in year class strength and preference
for a particular area from the bias introduced by sampling patchily
distributed fishes

More than 99 of all longfin smelt collected were captured at Pillar
Point and Twin Rivers Summer and fall were the periods of greatest abun

dance Most of the longfin smelt were young of the year but a few adults

some ripe were also captured The restricted distribution of young of
the year smelt probably reflects the proximity of suitable spawning grounds
the Pysht River and Twin Rivers Curiously few long fin smelt were captured
during the 1978 79 sampling year Two possible reasons are offered

1 There simply was a poor year class in 1978 79 and 2 sampling was too

limited to catch the patchily distributed longfin smelt

Although numerically not abundant catches of juvenile sa1monids deserve

some mention because of their economic importance A total of 117 juvenile
sa1monids from four species 49 chum 33 chinook 32 pink 3 coho was

collected 55 came from collections at Beckett Point and 27 from Jamestown

Port Williams Eighty nine percent of the sa1monids occurred in summer

collections
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Table 9 Rank order of the most abundant fishes in townet collections

Occurrence Abundance Biomass

76 77 7778 78 79 76 77 7778 78 79 76 77 7778 7879

Pacific herring 1 1 1 1 1 1 1 1 1

Surf smelt 2 5 3 5 4 3 9 7

Tadpole sculpin 3 3 5 5 7 9 5
Crescent gunnel 4 11 5 5 10

Pacific sand lance 5 5 2 2 8 3 2 5

Walleye pollock 5 5 4 8

Longfin smelt 7 2 2 4 2

Tubesnout 8 5 5 5 5 9 6 6 5

English sole 9 10

Shiner perch 115 5 5 3 5 8 5 2 4

Pink salmon 11 5

N Northern anchovy 115 7 5 4 7 4
J

Manacled sculpin 11 5 7 5

Pacific tomcod 3 5 6 6 7 10 5 8

Spiny dogfish 11 9 5 3 3 2

Starry flounder 5 4

Coho salmon 6

Pile perch 8

Striped perch 10

Chinook salmon 11 9 9 5 8 10

Pacific staghorn sculpin 9

Wolf eel 10 5

Kelp greenling 3

Threespine stickleback 9

Sailfin sculpin 9

Widow rockfish 6 5 7 7

Chum salmon 9 8 5 6

Bay pipefish 6 5

Pacific sandfish 9



Table 10 Regularly occurring and abundant species in townet collections by site and by season for each

of the study years F few 10 C common 10 25 A abundant 26 100 AA very
abundant 100 Data based upon two townet hauls at each site in each season

KYDAKA BEACH

Species 1976 77 1977 78 1978 79

SP SU F W SP SU F W SP SU F W

Pacific herring A C C F AA AA F AA A F

Surf smelt F F AA F

Longfin smelt AA

Pacific sand lance C F AA F C F

PILLAR POINT

N Pacific herring AA A AA F AA AA F AA AA F
00

Surf smelt F F F F C F C F

Longfin smelt AA A AA

TWIN RIVERS
0

Pacific herring
J

AA AA A F AA A A ll AA A

Surf smelt AAA AA A F 0 AA
J

Longfin smelt C AA AA AA A AA 0

Pacific sand lance A AA AA

MORSE CREEK

Pacific herring AA C AA AA AA A F AA A

Pacific sand lance A F AA AA F A F



Table 10 Contd

DUNGENESS SPIT

Species 1976 77 1977 78 1978 79

SP SU F W SP SU F W SP SU F W

Pacific herring AA AA C AA AA AA F AA A

Surf smelt A F F F AA

Pacific sand lance A F F AA r C F AA F

JAMESTOWN PORT WILLIAMS

Pacific herring A A F F AA AA A C AA C C

N Pacific sand lance C AA A

BECKETT POINT

Pacific herring AA AA F F AA F AA F AA F

Shiner perch F AA AA F F A C F

Pacific sand lance F C AA F
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As in the Strait of Juan de Fuca Pacific herring ranked first in

occurrence abundance and biomass in northern Puget Sound Miller et al

1977 Longfin smelt were more abundant in the strait while threespine
stickleback were more abundant in northern Puget Sound

4 2 3 Dominant Species Intertidal

Tidepool and beneath rock collections were dominated by tidepool
sculpin northern clingfish and high cockscomb Tables 11 12 They
occurred at all sites but composed a greater proportion of the collections

on the cobble beaches Twin Rivers Morse Creek North Beach than on the

rocky headlands Neah Bay Slip Point Observatory Point this was a

result of the greater number of species found on the rocky headlands

Tidepool sculpin occurred almost exclusively in tidepools while northern

clingfish and high cockscomb occurred beneath rocks both in and out of

tidepools

The year to year consistency in occurrence abundance and biomass

rankings Table 11 is not altogether surprising The assemblage of inter
tidal fishes consists of 16 species a rather limited number compared to

nearshore areas accessible to a beach seine There are therefore a iimited
number of combinations of the 10 most abundant species Additionally inter

tidal fish are microhabitat specialists so their numbers are probably limited

by the amount of their proper habitat which varies little from year to year
Finally ranking fish by occurrence abundance or biomass obscures the

magnitude of the differences between them which in some years may be great
and in others small but the overall ranking remains the same

4 3 NEARSHORE FISH SPECIES RICHNESS

4 3 1 Beach Seine

A yearly summary of the species richness number of species caught at

each site is presented in Table 13 and Appendix 6 3 Species richness

generally increased from west to east in the Strait of Juan de Fuca includ

ing sites at Whidbey and Fidalgo Islands Exposed sites yielded fewer

species than nearby more protected sites For example Twin Rivers yielded
more species than Kydaka Beach and Morse Creek yielded more species than

Dungeness Spit The causes of this trend are likely the interrelationships
between exposure and habitat complexity Homogeneous low relief beaches

Kydaka Beach Dungeness Spit offer neither a wide variety of habitats

necessary to attract a wide array of species nor abundant refuges from
turbulence generated by storms consequently few species coexist there

Between year variations in the number of species capt4red were low
less than 25 with the exception of Dungeness Spit in 1977 78 Low be

tween year variations are surprising if one considers that while some species
are present at a particular site every year i e the predominant species
rare species tend to occur erratically This is reflected in the total
number of species captured at a site over all three years which was always
greater than the number of species collected in anyone year
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Table 11 Rank order of the most abundant fishes in intertidal collections

Occurrence Abundance Biomass

Species 77 78 7879 77 78 78 79 77 78 78 79

Tidepool sculpin 1 1 1 1 1 2

Northern clingfish 2 3 3 5 5 6

High cockscomb 3 2 2 2 4 4

Black prickleback 4 5 4 4 2 3

Rosylip sculpin 5 10 6 6 10
w

Hosshead sculpin 6 4 5 3 7 5

Fluffy sculpin 7 8 7 8 8 9

Rock prickleback 8 6 9 6 3 1

Calico sculpin 10 7 8 7 9

Smoothhead sculpin 10 9 9 10 8

Tidepool snailfish 10

Sharpnose sculpin 10

Ribbon prickleback 10 7



I

I Table 12 Regularly occurring and abundant species in intertidal collections

by site and by season for each of the study years F few 10

individuals C common 10 25 A abundant 26 100 Data based

I upon varying amounts of effort but regarded as typical for each

session at each site

I 1977 78 1978 79

Species Su F W Sp Su FSp w

I NEAR BAY

Northern clingfish C F C C

I
High cockscomb C C C C

Black prickleback F F F F

Rock prickleback F F F

Tidepool sculpin C C A C

I Fluffy sculpin A C C C

SLIP POINT

I
Northern clingfish C C F C F F C F

High cockscomb A A A A A A A A

Black prickleback A C C F C F F

I
Rock prickleback C F F F F F F

Smoothhead sculpin F F F F F

Sharpnose sculpin C C C C C C F C
Mosshead sculpin C C C C C C C C

I Tidepool sculpin A A A A A A A A

TWIN RIVERS

I
Northern clingfish C C F F C F F

High cockscomb F F C F C F F F

Black prickleback F F F F

I
Rock prickleback F F F F F

Tidepool sculpin C C C C C C C C

OBSERVATORY POINT

I Northern clingfish C C C C C C C C
High cockscomb A A A A A A A A
Black prickleback F F F F F F F F

I
Rock prickleback F F F F

Sharpnose sculpin C C C F C F F F
Mosshead sculpin C F C F F C F F

I
Tidepool sculpin A A A A A A A A

MORSE CREEK

Northern clingfish C C F C C C C C

I High cockscomb C C C C C A C C
Tidepool sculpin A C A A A A A A

I
NORTH BEACH

Northern clingfish C F F F C C F F
High cockscomb F F F F F F F F

I
Tidepool sculpin C F F C C F F C
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Table 13 Number of species yearly total and three year total

collected by beach seine at the sampling sites I
Site 1976 77 1977 78 1978 79 Total

Kydaka Beach 17 14 14 25
Twin Rivers 23 21 20 28
Morse Creek 28 29 29 42

Dungeness Spit 24 14 27 33
Jamestown Port Williams 11 35 28 41
Beckett Point 51 46 42 65
West Beach 32
Alexander s Beach 35

I

I

I

I
Species richness exhibited similar seasonal trends in all years of the

study Maxima occurred in the summer and sometimes the fall minima were

recorded in the winter Fig 3 The most exposed sites Kydaka Beach
Dungeness Spit exhibited the greatest variations between seasons Seasonal
patterns in maximum and minimum species richness and the number of species
collected within a season were quite similar at these sites The most
protected sites Jamestown Port Williams Beckett Point Alexander s Beach
exhibited the least seasonal variation in species richness but the number
of species collected was not comparable among the sites the shallower sites

Jamestown Port Williams Alexander s Beach yielded fewer species than the

deeper site Beckett Point Sites of intermediate exposure Twin Rivers
Morse Creek exhibited some seasonal variation species richness was lower
in winter and spring than in summer and fall and produced a comparable
number of species

I

I

I

I
Species richness values recorded in this study were similar to species

richness values recorded in the San Juan Islands by Miller et al 1977
with the exception of Beckett Point The number of species collect d at
Beckett Point was greater in all seasons than the number of species collected
in comparable habitats in northern Puget Sound e g Deadman Bay The high
values at Beckett Point may have been the result of one or more of the

following 1 High abundance diversity and availability of food
2 utilization of Discovery Bay as a nursery area by many species 3 the

proximity of two dissimilar habitats a steep sand slope and an eelgrass
covered mudflat

I

I

I
Seasonal variation in the number of species collected in the San Juan

Islands was similar to the variation observed at all but the most protected
sites in the Strait of Juan de Fuca high spring summer values and low
fall winter values

I

I
4 3 2 Townet

IA yearly summary of the number of species caught at each site is
presented in Table 14 and Appendix 6 4 Collections at sites in the eastern

Strait of Juan de Fuca generally produced more species than sites in the
western strait Between year variations in species richness at a particular I
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Table 14 Number of species collected yearly total and

three year totaD by townet at the sampling sites

Site 1976 77 1977 78 1978 79 Total

Kydaka Beach

Pillar Point

Twin Rivers

Morse Creek

Dungeness Spit
Jamestown Port Williams

Beckett Point

West Beach

Alexander s Beach

14

18

20

25

25

20

25

18

21

11

18

14

13

17

23

28

22

34

31

31

30

11
16

11

20

20

19

15

19

23

site were generally the result of capturing juvenile individuals of demersal

species usually rare in townet catches

Seasonal trends in species richness are evident Fig 4 Maxima

usually occurred in the spring and occasionally in the summer and fall

minima occurred in the winter The occurrence of high values in the spring
and summer represented the influx of larvae and juveniles into nearshore

surface waters

Seasonal trends in species richness in the Strait of Juan de Fuca

paralleled the seasonal trends observed in northern Puget Sound Miller

et al 1977 The number of species collected in the strait was generally
higher than the number of species collected in the San Juan Islands but

comparable to the number of species collected around Cherry Point and

Anacortes see Miller et al 1977 for locations of northern Puget Sound

sampling sites

4 3 3 Intertidal

Species richness was higher on the rocky headlands Neah Bay Slip Point

Observatory Point than on the cobble beaches Twin Rivers Morse Creek

North Beach Table 15 Appendix 6 5 This is probably a result of the

predictability of the habitat e g tidepools on rocky headlands are

discrete and persist for long periods of time at least three years and

probably much longer while tidepools on cobble beaches are less well

defined and may change in size and shape or disappear altogether several

times a year after storms Cross unpubl data

Table 15 also presents the number of transient species collected at

each site On the rocky headlands they were primarily juveniles of subtidal

cottids e g red Irish lord buffalo sculpin scalyhead sculpin while on

the cobble beaches they also included juvenile flatfish English sole rock

sole and larvae of schooling species Pacific sand lance Pacific herring
On all beaches the transient species were encountered only infrequently
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I
Table 15 Number of resident and transient species collected

at intertidal sampling sites Data based on

abundance numbers of fish collected over two

years of sampling 1977 1978

I

Site

Number of

resident species
Number of

transient species

I

Neah Bay
Slip Point
Twin Rivers

Observatory Point

Morse Creek

North Beach

16

16

11

16

9

6

I
3

3

3
6

6

9

I

I
4 4 NEARSHORE FISH DENSITY I
4 4 1 Beach Seine

IThe density of fishes number of fish per m2 at the exposed and

moderately exposed sites exhibited marked seasonal trends while at the

protected sites the trends were less distinct Fig 5 Appendix 6 3
Maximum densities at the most exposed sites Kydaka Beach Dungeness Spit
were recorded in the summer low values 0 2 fish per m2 typified the

remainder of the year Schooling species juvenile Pacific herring Pacific
sand lance were responsible for the high summer densities Seasonal trends

at the exposed Whidbey Island site West Beach were not evident probably
because of the limited amount of data collected

I

I

Densities at the moderately exposed sites Twin Rivers Morse Creek
were generally highest in the summer and occasionally in the fall Species
responsible for the high densities were most frequently demersal rosy lip
sculpin English sole sand sole or pelagic but associated with the bottom

redtail surfperch and less frequently small schooling species surf

smelt tube snout

I

I

Densities at the most protected sites were always among the highest
recorded xima occurred in summer and fall and occasionally in some

winter and spring collections The high densities resulted from large
catches of demersal species Pacific staghorn sculpin tidepool sculpin
English sole and small schooling species tube snout shiner perch
Pacific tomcod

I

I

I
The highest densities recorded during the study occurred at the most

exposed sites and were the result of pure catches of either Pacific herring
or Pacific sand lance The fact that large numbers of these species were

not captured every summer at the exposed sites reflects the patchy distribu

tion of the small schooling species and suggests a low probability of

capture under a quarterly sampling scheme The high densities at Beckett

Point second only to those recorded at the most exposed sites were more

I

I
39

I



D
18 36

D 150
J

Kydaka IIill 1976 77

D
125

0 1977 78

100

D
1978 79

0 75

D
0 50

0 25

D 0 00
w Sp Su F

n 1

50J Twin Rivers

0
1

251N

0
100c

J I

0
r

0 75J
0 50

U
r i i lIi
J Ii Ii Iil IIll

0 25
III

l
co 11i 1

i

liiili0
il ill 1II I 1 1111o ooJiillLb iill I

w Sp Su F

0 1

50J lorse Creek

I 1 25

I

LOClI 0 75

I 0 50c
I

I

I
0 25

I
0 00 i

w Sp Su F

I Fig 5 Density of fish II fish m2 of seasonal beach

seine collections 1976 1979

I 40



150

125

100

0 75

0 50

0 25

0 00
W

Dungeness Spit Sinking

Sp F

2 16

1ili II i 1 Floating
I

iil i ii 1lI I
1

1 1 il
liil iil

1 I il i 11 1 1

iiH il
I

Ihl I

i i i jil i
II III
111 1 11

i
I II

Su F
1 81
J

I
Williams I

I
I

n I

u
c

i
i

F

IIIIII

o

I

I

I

I

E

I
N

S

c
Ul
N

150

l
125 i
100

I0

75l
0 50 J

I
I

I
0 25

I

Su

1976 77

1977 78

1978 79

I

I

I

I

I

I

I

I

I

I

I

Fig 5 Contd Density of fish fish m2 of seasonal

beach seine collections 1976 1979

Dungeness
Spit

N
Ul

OJ
Q

W Sp

15

J
Jamestown Port

1

251100

0 75J
I

0 50

I
I I0 25

I Ii
ji0 00 I n

W Sp

41



nlI I r
Ii

I il I
h

I I

OilI il i i i
W S S F W S S F

Density of fish fish m2 of seasonal

beach seine collections 1976 1979

I

I

I

I

I

I

I

I

I

I

I

I

I

I

D

n

D

n

Beckett Pt Sinking
9J

n
174 1811 50JiliID 170

I
125 I

I

1001
I

0 75 IIIi
O 50 ill III
0 2

11111
Su F

1

50l Beckett Pt Floating

i I125
N

I iil i
g lilliIII Ic 1OO 11 1
Ul 1I ill jlliii ir

4 I illllli Wiii
0 751 II IIIII II

I illiil 1 i II
I IIUl 0 50 1 1

I ii ii il Ii
OJ I lill 111 il ilp I

lillill
I ill

0 25 iii f
l lilli
1 IIi

0 IIII 1

W Sp Su F

1

501
1 2sJ

i West
1

001 Beach

jFloating0 751
0 50J

West

Beach

Sinking

Alexander s

Beach

0 25

oL
W S S F

Fig 5 Contd

42

DIIlJ

o
mffi
tilliill

1976 77

1977 78

1978 79



varied in composition The mixed catches of pelagic and demersal fish at
Beckett Point reflect the variety and perhaps the quality of habitats at
that site

Both the seasonal trends and the magnitude of fish densities in the
Strait of Juan de Fuca were comparable to the seasonal trends and magnitudes
in northern Puget Sound Miller et al 1977 although densities at Beckett
Point tended to be greater in spring than densities from similar habitats in
northern Puget Sound Utilization of nearshore habitats by demersal and

schooling species was similar in the Strait and northern Puget Sound

Schooling species were primarily responsible for the highest densities at
the exposed sites while demersal species were of equal and in some

instances greater importance at the more protected sites

4 4 2 Townet

Fish densities number per m3 in townet collections were highest in
the spring and summer Fig 6 Appendix 6 4 although at every site there
was considerable within season variation between years The high densities
at all sites were a result of large catches of post larval and juvenile
Pacific herring and to a lesser extent Pacific sand lance and longfin
smelt While Pacific herring and Pacific sand lance occurred at all sites

over 99 of the longfin smelt were collected at Pillar Point and Twin Rivers
The apparent proximity of spawnimg grounds suspected to be the Pysht River
and East and West Twin Rivers to the sampling sites probably accounts for the
localized occurrence of the longfin smelt Interestingly longfin smelt
were captured only during the first two years of sampling their absence in
the third year cannot be explained

The marked within season variation between years may have been caused

by the patchy distribution of the fish resulting in a low probability of

capture or by variations in year class strength between years It is
therefore difficult to attach significance to these variations

Minimum densities 0 6 fish per m3 were recorded at all sites in

fall and winter Larval fish which appeared in the water column in spring
and had reached the juvenile stage by summer had largely disappeared from

the nearshore surface waters by fall

Unlike beach seine collections obvious trends in townet collections

between sites were largely absent i e exposed sites exhibited densities

equal to or greater than the protected sites With the exception of the

previously discussed longfin smelt the conclusion is that Pacific herring
and Pacific sand lance are not associated with particular habitats but

probably wander freely along the shoreline using it as a nursery area and

perhaps as a refuge from predation during the spring and summer of their
first year of life

Fish densities in the Strait of Juan de Fuca tended to be greater than

densities in the San Juan Islands and around Anacortes but comparable to

densities recorded in the vicinity of Cherry Point Miller et al 1977
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A marked difference between the Strait of Juan de Fuca and northern

Puget Sound was the virtual absence of threespine stickleback from collec

tions in the strait In northern Puget Sound townet catches stickleback

ranked second in occurrence second or third in abundance and in the top

ten in biomass and occurred in all habitats from exposed to protected The

reason for its absence from the strait is unknown With the exception of

threespine stickleback the composition of townet catches in northern Puget
Sound was quite similar to townet catches in the strait

4 4 3 Intertidal

Two types of habitat were sampled in the intertidal during low slack

water Tidepools and the beneath rock habitats Intertidal fish densities

are presented as number of fish per m2 tidepools and number of fish per
rock beneath rock habitats Fig 7 Appendix 6 5 Sculpin were generally
the most abundant group in tidepools followed by prickleback and gunnel

blennies and clingfish and snailfish others Prickleback and gunnel
were generally the most abundant groups in the beneath rock habitat

followed by cottids and others The occasional high densities of cottids

beneath rocks from late winter to early spring may have been spawning

aggregations Cross unpubl data

The density of sculpin in tidepools was generally comparable among

sites The densities of blennies and others were similar at all sites

except North Beach where densities were consistently lower This is probably
a result of the paucity of hiding places beneath or among rocks in the tide

pools at North Beach The intertidal at North Beach is heavily sedimented

during late winter and spring The sand may remain on the beach for months

filling holes and crevices otherwise used by blennies and others reducing
the available habitat and resulting in lowered fish densities Sand is

present on the other cobble beaches Morse Creek Twin Rivers but accumula

tions are neither as great nor do they remain as long as on North Beach

Densities of fish beneath rocks varied between sites densities on the

rocky headlands were generally greater than densities on the cobble beaches

This was most pronounced at North Beach where fish densities beneath rocks

never exceeded one per rock The abundance of sand on North Beach was

undoubtedly the cause of the low densities

Distinct seasonal trends in the density of fish in tidepools and

beneath rocks were largely lacking although a few generalizations can be

made Sculpin tended to be more abundant in tidepools from late winter to

early summer primarily because of an influx of juvenile sculpin from the

plankton The abundance of blennies in tidepools paralleled that of sculpin
for the same reasons but to a lesser degree The density of blennies
beneath rocks generally exhibited an increase from late winter to early
summer again for the same reasons
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4 5 NEARSHORE FISH STANDING CROP

4 5 1 Beach Seine

Seasonal trends in standing crop although apparent were not dramatic

Fig 8 Appendix 6 3 At the most exposed sites Kydaka Beach Dungeness

Spit maximum biomass values were recorded in summer and fall and were

highly influenced by the presence or absence of neritic species Pacific

herring Pacific sand lance and to a lesser extent by large demersal

species sand sole and neritic species spiny dogfish Minimum biomass

values at the exposed sites occurred in winter and spring

Trends at the moderately exposed and protected sites were more varied

High values were recorded in all seasons however low values occurred in

the winter Morse Creek Jamestown Port Williams or spring Twin Rivers

Beckett Point Contrary to the situation at the exposed sites Pacific

herring and Pacific sand lance contributed little to the standing crop at the

moderately exposed and protected sites High standing crop values at these

sites were the result of large catches of small demersal species juvenile
Pacific staghorn sculpin tidepool sculpin rosy lip sculpin large demersal

species adult Pacific staghorn sculpin starry flounder or loosely
aggregating pelagic species shiner perch redtail surfperch striped perch

The lowest standing crop values 2 g per m2 occurred at the most

exposed sites Low standing crop values particularly in winter and spring
were probably the result of high turbulence generated by storms and tidal

currents and the homogeneous low relief character of the substrate Food

abundance and availability may also be reduced at such sites

Standing crop values were greater at the moderately exposed and protected
sites Within season variations between years were common The highest
standing crop values were recorded at a moderately exposed site Twin Rivers

redtail surfperch and to a lesser extent starry flounder sand sole and

Pacific staghorn sculpin were responsible for the high values

Standing crop values recorded in the Strait of Juan de Fuca were

comparable to values recorded in northern Puget Sound Miller et al

1977

4 5 2 Townet

The standing crop of neritic fishes was usually greatest in summer

large catches were occasionally recorded in spring and fall Fig 9

Appendix 6 4 Pacific herring generally contributed the most to the

standing crop at all sites Spiny dogfish because of their large size

contributed greatly to biomass estimates at three sites Pillar Point

Dungeness Spit and Jamestown Port Williams Some species were locally
abundant and contributed significantly to biomass estimates Longfin
smelt at Pillar Point and Twin Rivers surf smelt at West Beach and Alexan

der s Beach and shiner perch striped seaperch and pile perch at Beckett

Point
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Because of the patchy distribution of neritic fishes and consequently
their unpredictable occurrence in townet catches some minimum standing crop

values occurred in all seasons The within season variations between years

reflect this situation e g standing crop values recorded in the summer

were often as low as or lower than values recorded in the winter

The other extreme is illustrated by the summer 1977 78 catch at Morse

Creek In two tows more than 120 000 juvenile Pacific herring weighing
nearly 300 kg were captured which obviously exerted a substantial influence

on standing crop estimates

Nevertheless standing crop values recorded in the Strait of Juan de

Fuca were generally comparable to standing crop values recorded in northern

Puget Sound by Miller et al 1977 Standing crop values at the exposed
sites in northern Puget Sound were not as high as at the protected sites

but this trend was not apparent in the Strait of Juan de Fuca In both areas

the sporadic occurrence of large individuals e g spiny dogfish st rry
flounder and Pacific staghorn sculpin often contributed significantly to

standing crop estimates

4 5 3 Intertidal

Standing crop values in tidepools exhibited marked variations and no

consistent seasonal pattern Fig 10 Appendix 6 5 Sculpin and blennies

were responsible for maxima in standing crop but at different times of the

year The others usually lower in biomass than either sculpin or blennies

occasionally exhibited high standing crop values There were no apparent
differences in the magnitude of standing crop between the rocky headlands

and cobble beaches although the composition of the fauna was often different

Standing crop beneath rocks was generally dominated by blennies sculpin
and others contributed less to standing crop but were usually equally repre

sented There were no consistent seasonal patterns in standing crop Unlike
the tidepool situation there were differences in the magnitude of standing
crop between the rocky headlands and cobble beaches standing crop values

were generally lower on the cobble beaches This is exemplified by North

Beach which had the lowest standing crop of any site As previously men

tioned the reason for the low beneath rock values was the high sediment
accumulations which reduced the amount of available habitat and consequently
the standing crop of the fishes

4 6 OCCURRENCE OF FIN ROT LESIONS TUMORS AND PARASITES

No fin rot lesions or tumors were observed on any species of fish
collected in the Strait of Juan de Fuca during the three years of study
Five English sole 70 182 mm TL from beach seine collections and one English
sole 112 mm TL from townet collections at Alexander s Beach and West Beach

August and October 1977 had skin tumors epidermal papillomas The tumor

incidence however was less than one percent in collections with tumored
fish No fin rot or lesions were encountered on any species collected on

Whidbey or Fidalgo Islands in 1977 78
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Table 16 Summary of parasitized fish caught by beach seine during the three years of study

Life history Number

Species stage parasitized Station Season Year Parasi te Location

Langfin smelt juvenile 1 Dungeness Spit spring 76 77 capepad external

Cutthraat trout adult 1 Pt Williams spring 77 78 leech external

Chinook salmon adult 1 Dungeness Spit spring 76 77 cestode intestine

Pacific tamcad juvenile 1 Becke tt Pt winter 77 78 capepad external

juvenile 3 Morse Ck winter 78 79 capepad gill chamber

Redtail surfperch adult 4 Twin Rivers winter 76 77 capepad external

adult 4 Twin Rivers winter 78 79 capepad external

Striped seaperch adult 1 Beckett Pt spring 76 77 capeped external

adult 1 Merse Ck spring 76 77 capeped external
0

juvenile 1 Twin Rivers winter 76 77 capeped external

adult 2 Dungeness Spit winter 77 78 cepeped external

adult 1 Twin Rivers winter 78 79 cepF ped external

Penpaint gunnel adult 1 Pt Williams spring 77 78 capepad external

Padded sculpin juvenile 1 Dungeness Spit winter 77 78 capepad external

Silverspatted sculpin juv adult 4 Twin Rivers winter 76 77 capepad external

adult 1 Pt Williams spring 77 78 capepad external

Buffalo sculpin adult 2 Jamestown summer 76 77 nematodes intestine

juvenile 1 Beckett Pt winter 77 78 capepad external

juv adult 2 Twin Rivers summer 78 79 leech external

juvenile 8 Morse Ck winter 78 79 capepad gill chamber



Table 16 Contd

Life history Number

Species stage parasitized Station Season Year Parasite Location

Sharpnose sculpin juvenile 1 Pt Williams summer 77 78 copepod gill chamber

adult 3 Pt Hilliams fall 77 78 copepod external

adult 2 Morse Ck winter 77 79 copepod gill chamber

Pacific staghorn juvenile 1 Twin Rivers winter 76 77 nematode intestine

sculpin adult 1 Twin Rivers spring 77 78 copepod external

cr adult 1 Beckett Pt spring 77 78 copepod external

adult 1 BeOkett Pt fall 77 78 nematode intestine

Cabezon adult 2 Beckett Pt spring 77 77 copepod external

Great sculpin adult 2 Pt Williams spring 77 78 leeches external

copepod
Tidepool snailfish adul t 1 Pt Williams fall 77 78 copepod gill chamber

English sole juvenile 1 Pt Williams summer 78 79 copepod external

Sand sole juvenile 1 Kydaka Beach spring 77 78 copepod external
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The summary of parasitized fish caught by beach seine is presented in

Table 16 Nineteen species in eight families were found with parasites the

incidence of parasitism exceeded one percent in a sample only once The

incidence of internal parasitism is not considered representative since only
a small proportion of each catch were dissected The incidence of external

parasites is probably also underestimated because only those individuals

having conspicuous parasites were discovered during processing

Parasitized fish occurred at all sites in all seasons but were most

frequently encountered in winter and spring External parasitic copepods
were observed most often because of their high visibility Copepods were

found on fishes possessing a variety of modes of life Schooling species

longfin smelt Pacific tomcod aggregating species redtail surfperch
striped seaperch and a variety of demersal forms sculpins and flatfish

Few parasites were observed in the intertidal fish collections Table 17

The low incidence of external parasites may be a function of a small

surface area of the potential hosts the two parasitic copepods observed

were in the gill chambers or possibly the fact that intertidal fish which

are highly thigmotactic dislodge external parasites during their close

contact with the substrate

Table 17 Summary of parasitized fish from intertidal collections

during 1977 and 1978

Number

Species infested Station Date Parasite Location

Rosylip sculpin 1 Observatory Winter 1978 Copepod Gill
adult Point chamber

Saddleback sculpin 1 Slip Point Winter 1978 Copepod Gill

juvenile chamber

Ringtail snailfish 1 Morse Creek Winter 1978 Copepod Gill

juvenile
chamber

4 7 DETECTING CHANGES IN FISH ABUNDANCE AND BIOMASS AFTER A PERTURBATION

One of the primary objectives of most baseline surveys is to provide
information composition abundance biomass etc about a community that
will enable researchers to detect alterations caused by subsequent perturba
tion e g an oil spill The first step toward the goal of providing
reliable pre perturbation information is the assessment of the variability
of the baseline data Our approach in this study is based on statistical

hypothesis testing of data fitting a normal distribution For example if
one is interested in testing for differences between the means of two samples
a null hypothesis is constructed expressing no difference between means as is

an alternative hypothesis expressing a difference between means Knowing
the variance of the two sample distributions allows a comparison of the two means

statistically The objective criterion for rejecting the null hypothesis in
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a statistical test is the significance level denoted by a which is

generally a probability of 0 05 Occasionally a true hypothesis will be

rejected this is called Type I error and occurs with a frequency of a

Alternatively if the null hypothesis is actually false the test may not

detect it and one accepts a false hypothesis which is called Type II error

denoted by B The power I B of a statistical test is the probability of

rejecting the null hypothesis when it is in fact false and should be rejected
Zar 1974 In this study power was used to answer the following question

After an oil spill what is the probability of detecting a change in the

number or biomass of the fish at a particular site in a particular season

Number and biomass were chosen because they are easily measurable with the

techniques employed in this study and because communities respond to

perturbations with changes in these parameters

I

I

I

I
The number and biomass of fish caught seasonally at a particular site

over the three years of the study represented the distribution of the catches
The data were transformed by taking the logarithm to homogenize the variance

Mean and standard deviations of the transformed data were calculated The

next step in computing power was to make two assumptions 1 The result of

an oil spill would be a decrease in the number and biomass of fish at the
affected site and 2 the variance of the catches would not change before

and after the oil spill The first assumption is reasonable the second is

more open to question Finally a series of hypothesized post perturbation
catches number and biomass were constructed The hypothesized values

corresponded to decreases of 50 75 90 and 95 of the mean number and
biomass of catches at a particular site in a particular season recorded

during this study For example if the mean number of fish caught at Twin

Rivers in the winter for all three years was 100 the hypothesized mean

abundances after an oil spill were 50 25 10 and 5 these values were

assumed to be the mean of several sets and were log transformed before

calculating power Recalling the assumption o equal variances this
r sults in two normal distributions with means Xl and X2 and variance Sl
iXl corresponds to the mean of the six sets completed during this study and

X2 corresponds to the mean of several sets made after an Qil spill The

null hypothesis was that there was no difference between Xl and X2 the

alternative was that there was a difference

I

I

I

I

I

I

I
Power was calculated Sokal and Rolf 1969 for number and biomass at

every site in every season for the beach seine and townet data Tables 18

19 The tidepool data were not amenable to this operation because the

sampling design did not permit estimates of number and biomass for the

intertidal collections as a whole An impQrtant point to bear in mind when

analyzing the results is that when Xl and X2 are close the ability to detect

differences i e po er is reduced

I

I

I4 7 1 Beach Seine

The probability of detecting decreases of 75 or more in numbers and

biomass during any season at a particular site was fairly high For numbers

it was generally high in summer fall and winter collections for biomass

it was high in summer and fall collections Spring was the most variable

greatest range of probabilities season for both numbers and biomass

probably because of the influx of fish into shallow water

I

I
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Table 18 The probability of rejecting the null hypothesis that there has been

m no dec ease in numbers or biomass in beach seine collections when in

fact the null hypothesis is false i e there has been a decrease

The decrease is percent decrease from the mean numbers and biomass

m
of fish collected during the three years of the study Blanks

indicate insufficient data for the analysis

Season Site Biomass decrease Numbers decrease

Hnk Uft 50 75 90 95 50 75 90 95
oa 1 g

m Spring Kydaka Beach 770 999 999 999 405 965 989 999

Twin Rivers 064 397 919 999 722 913 999 999

m
Morse Creek 028 174 636 905 038 302 867 992

Dungeness Spit S 040 224 712 941 026 215 767 970

Dungeness Spit F 152 560 956 999 038 174 564 841

Jamestown Port 1Jilliams 023 117 456 752 397 851 996 999

0 Beckett Po int S 019 119 512 826 026 251 844 989

Beckett Point F 056 312 832 980 670 999 999 999

D
Summer Kydaka Beach 788 999 999 999 012 109 560 883

Twin Rivers 363 962 999 999 999 999 990 999
Morse Creek 743 999 999 999 883 999 999 999

D
Dungeness Spit S 468 984 999 999 227 883 999 999

Dungeness Spit F

James town Port Villians 095 386 855 981 417 946 999 999

R Beckett Point S

Fall Kydaka Beach

R
Twin Rivers 705 999 999 999 599 997 999 999

Morse Creek 979 999 999 999 295 875 999 999

Dungeness Spit 8

D
Dungeness Spit F 824 999 999 999 145 595 974 999

James town Port lVilliams 212 699 988 999 127 472 908 999
Beckett Point S

Beckett Point F 421 967 999 999 305 898 999 999

0 Winter Kydaka Beach 433 966 999 999 797 999 999 999
Twin Rivers 947 999 999 999 712 999 999 999

0
Morse Creek 000 000 999 999 992 999 999 999

Dungeness Spit S 149 716 997 999 195 552 925 999

Dungeness S it F 009 066 359 695 233 871 999 999

n
Jamestown Port lilliams 258 819 999 999 034 508 946 999

Beckett Point S 176 791 999 999 258 900 999 999
Beckett Point F

0
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Table 19 The probability of rejecting the null hypothesis that there has been
I

no decrease in numbers or biomass in townet collections when in fact

Ithe null hypothesis is false i e there has been a decrease the

decrease is percent decrease from the mean numbers and biomass of

fish collected during the three years of the study Blanks indicate

insufficient data for the analysis I
Season Site Biomass decrease Numbers decrease I

50 75 90 95 50 75 90 95

Spring Kydaka Beach 037 309 887 994 006 063 401 761 I
Pillar Point 044 274 805 976 192 595 955 998

Twin Rivers 081 386 883 990 079 386 883 990

Morse Creek 176 684 983 999 051 184 528 791 I
Dungeness Spi t 149 674 992 999 082 460 946 999

Jamestown Port Williams 047 425 963 999 140 614 983 999

Beckett Point 026 179 666 927 149 742 998 999 I
Summer Kydaka Beach 056 326 853 986 127 618 986 999

Pillar Point 024 099 352 622 006 036 187 421

ITwin Rivers 003 047 371 758 005 050 319 666

Morse Creek 001 005 026 071 000 001 003 009

Dungeness Spit 005 034 212 492 834 999 999 999

Jamestown Por W 11iams 367 948 999 999 152 742 998 999 IBeckett Point 003 024 218 492 001 003 027 095

Fall Kydaka Beach 119 618 988 999 532 993 999 999

IPillar Point 015 049 305 583 043 274 811 978

Twin Rivers 011 038 138 284 016 062 230 444

Morse Creek 017 053 164 312 017 061 209 401

IDungeness Spit 012 102 512 844 048 413 955 999

Jamestown Port loi11iams 156 692 994 999 066 367 883 991

Beckett Point 000 001 006 021 000 003 023 081

Winter Kydaka Beach 032 145 448 782 066 302 782 962 I
Pillar Point 071 198 484 719 156 375 722 900

Twin Rivers

IMorse Creek

Dungeness Spit
Jamestown Port Williams 047 166 488 752 050 201 587 849

IBeckett Point 012 051 203 413 057 076 245 444

I
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Decreases of 90 or greater in numbers and biomass should be detectable

at virtually every site in summer fall and winter spring again exhibited

the most variation but all probabilities exceeded 0 50

On the whole changes in numbers would be easier to detect than changes
in biomass The rare occurrence of large individuals in the catches

although not greatly influencing numbers drastically affects biomass

The most consistent site in terms of variability of numbers and biomass

of the catches between seasons was Twin Rivers This was reflected in the

consistently high probability of detecting changes in all seasons It is

somewhat surprising when one considers the high number of large fish

primarily red tail surfperch and Pacific staghorn sculpin that occurred in

the catches in every season The most variable sites were Morse Creek and

Dungeness Spit but their v riability was only moderate and only in winter

and spring

4 7 2 Townet

Because of the great variability of numbers and biomass in the townet

catches it would be difficult to detect a decrease of 90 or less in any

season at any site In the most extreme case over 120 000 Pacific herring
were caught in two tows durin summer 1977 at Morse Creek but in other

years less than 100 fish were caught per haul The probability of detecting
a change after an oil spill based upon catches of such great variability
is very small

Of all the seasons spring catches were the most consistent in numbers

and biomass therefore the probability of detecting a decrease was greater
and more consistent than in other seasons Winter catches were relatively
consistent primarily because of the low number and biomass of fish caught The

fact that many winter tows did not yield any fish resulted in the exclusion
of three sites from the analysis interpretations based on limited data are

themselves of limited value Summer and fall catches were quite variable

particularly at Morse Creek and Beckett Point Of all the sites Jamestown

Port Williams exhibited the most within season consistency throughout the

year in both numbers and biomass

The overall conclusions of the power analysis are 1 The beach seine
data are better than the townet data for detecting decreases in numbers and
biomass of the fish after an oil spill However even the change in

beach seine data numbers or biomass must in general be 75 or more

Townet data changes must in general be 95 or more 2 With the
beach seine data it is easier to detect changes in numbers than in biomass
and decreases are more difficult to detect in the spring than in other

Twin Rivers is a very complex site The fishes collected there are

characteristic of the wide variety of habitats present rocky intertidal

kelp beds sand flats and probably move into the shallow lagoon sampling
area in search of food and or refuge The attractiveness of this

site to fishes in summer and fall may be related to the high densities of
Crustacea inhabiting the algal fragments and terrestrial plant detritus
that accumulate in the lagoon
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seasons However for townet data spring is the season when a change is

most likely to be detected

I
4 8 MACROINVERTEBRATES

A total of 191 species of macroinvertebrates was identified from the

1976 1978 nearshore fish collections Appendix 6 6 There was an increase

in the number of species collected in 1977 78 The 1976 77 collections took

83 species by beach seine and 77 species by townet whereas the beach seine

yielded 92 species and the townet 95 species in 1977 78 Decapod crustaceans

amphipods and gastropod molluscs constituted the most diverse taxa collected
followed by isopods mysids polychaetes euphausiids and other less common

taxa Abundance data for the macroinvertebrates are included in Appendix 6 7

I

I

I
Beach seine samples consisted of demersal and shallow water epibenthic

species whereas townet samples contained pelagic as well as epibenthic
invertebrates Asteroids an echinoid and the majority of the crab species
were taken only by the beach seine Euphausiids an ophiuroid chaetognaths

bryozoans and the majority of the cephalopods were collected exclusively by
the townet Amphipods isopods and shrimp were commonly collected by both

net types

I

I

Errantiate polychaete worms were collected by both net types five

species by beach seine and ten species by townet Two nereid species and an

unidentified polychaete species were collected by both

I

The parasitic isopod Argeia pugettensis was found parasitizing Crangon
stylirostris Other bopyrid isopods were found parasitizing Crangon
alaskensis Heptacarpus pictus taylori and Pagurus granosimanus
However the overall amount of parasitism was low and occurred mainly in

spring

I

I
The differences in species composition between 1976 77 and 1977 78

Tables 20a b are difficult to interpret as no definite trends are apparent
in the data particularly since in many instances it was not possible to

obtain invertebrate samples In addition species of gammarid amphipods are

not comparable between years because in 1977 only the obvious gammarid
amphipod species were recorded the rest being identified only to family
whereas in 1976 they were more thoroughly identified

I

I

Some of the species that were found both years were not always found at

the same sites Other taxa were much more widely distributed in 1977 78 than

in 1976 77 especially shrimp and euphausiids For example euphausiids were

found almost exclusively in townet samples from Pillar Point in 1976 77 but

were found at several locations in 1977 78 Appendix 6 7

I

I

Species richness in 1976 77 collections generally increased from west

to east Data for 1977 78 however indicate comparable species richness

values at all sites except Beckett Point Port Williams and Whidbey Island

where richness was nearly twice that of the other sites Table 21 These

comparisons should not be considered quantitative however because of the

grouping of the two gear types and the effect of missing data points
especially with the townet Seasonal species richness values for 1976 77

I

I

I
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Table 20a Number of macroinvertebrate species collected seasonally by beach seine during nearshore
fish sampling along the Strait of Juan de Fuca and Whidbey Island May 1976 February
1978 NS not sampled

Site

Spring
May

1976 1977

Summer

August
1976 1977

Autumn

October
1976 1977

Winter

Dec Feb

76 7777 78

Kydaka Beach 3 2 3 9 NS 4 6 NS

Twin Rivers 7 5 10 8 1 7 5 5

Morse Creek 15 3 10 8 6 12 13 5

Dungeness Spit 12 3 13 7 9 11 500 NS

James town 19 NS 8 NS NS NS NS NS

Port Wi 11 iams NS 17 NS 20 NS 12 NS 15

Beckett Point 35 26 15 13 7 17 22 15

Alexander s Beach N 5 NS 10 NS 6 NS 9

West Beach NS 17 NS 15 NS NS NS 3

As a result of sampling difficulties at Jamestown in 1977

operations were shifted to Port Williams in 1978



Table 20b Number of macroinvertebrate species collected seasonally by townet during nearshore fish

sampling along the Strait of Juan de Fuca and Hhidbey Island May 1976 February 1978

NS not sampled

Spring Summer Autumn Hinter

May August October Dec Feb

Site 1976 1977 1976 1977 1976 1977 76 77 77 78

Kydaka Beach NS 11 NS 6 NS 12 12 5

Pillar Point 16 24 7 2 NS 12 NS 14

Twin Rivers 5 11 8 4 NS 2 17 NS

Morse Creek 11 19 4 3 NS 16 13 NS

0

Dungeness Spit 11 16 17 7 NS 11 23 3

Jamestown 8 NS 10 NS 16 NS 8 NS

Port Williams NS 21 NS 9 NS 11 NS 9

Beckett Point 6 10 1 1 NS 5 NS NS

Alexander s Beach NS 13 NS 10 NS 14 NS 17

Hest Beach NS 17 NS 6 NS 11 NS 17

As a result of sampling difficulties at Jamestown in 1977

operations were shifted to Port Hi11iams in 1978
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Table 2 Total number of macroinvertebrate species according to general taxonomic groUpt collected

during nearshore fish sampling May 1976 February 1978 along the Strait of Juan de Fuca

and lhidbey Island

Amphipods Mysids Misc Total II of Total 1
Decapods Gas tropods isopods euphausiids Groups species of species

Site 76 77 77 78 76 77 77 78 76 77 77 78 76 77 77 78 76 77 77 78 76 77 77 78 76 77 77 78

Kydaka Beach 4 12 0 4 8 6 4 4 3 5 19 31 15 21

Pillar Point 5 9 0 2 5 11 11 5 3 14 24 41 19 28

Twin Rivers 13 13 0 0 9 8 11 5 2 4 35 30 28 20

Morse Creek 14 19 3 1 14 11 8 4 0 6 39 41 31 28

Dungeness Spit 14 14 0 1 20 8 10 4 6 4 50 31 40 20
0

Jamestown 26 0 13 6 7 52 41

Point Williams 32 6 13 8 12 71 48

Beckett Point 29 29 8 9 12 5 0 5 7 8 56 56 44 38

Alexander Beach 18 3 11 6 12 50 34

West Beach 16 5 12 13 10 56 38

Total species 1976 77 126 total species 1977 78 148

As a result of sampling difficulties at Jamestown in 1977

operations were shifted to Point Williams in 1978



exhibited a minimum in fall and a maximum in spring Data for 1977 78
exhibited a maximum in spring and similar numbers of species through the
other seasons There were no consistent seasonal trends in species richness
based on habitat exposure or geographical location The spring maximum

may be a result of species moving inshore to reproduce since the greatest
number of gravid females was encountered in spring samples

Although the data are not quantitative macroinvertebrate abundance
and biomass for both beach seine and townet catches appear to peak in fall
and winter Size frequency distributions pooled by season of collection
were plotted for the most common species Appendix 6 8

4 9 FOOD WEB RELATIONSHIPS

Stomach contents were analyzed from specimens of nearshore fish collected
by beach seine and townet in August 1978 and from intertidal collections

during January through August 1978 Sixty two fish species were included in
these analyses Appendix 6 9 Of the 1 754 stomachs examined 304 17 3
were empty providing a sample size of 1 450 stomach samples containing food
material

A summary of the prey spectra for fishes collected in 1978 is included
in Appendix 6 10 prey spectra for fishes collected in previous years were

included in Simenstad et al 1977 for 1976 77 and in Cross et al 1978
for 1976 1978 The following discussions of trophic structure annual and
seasonal variation and diet overlap with documented invertebrate communities
are based on the combined results of the three years of investigations

4 9 1 Functional Feeding Groups of Predominant Nearshore Fishes

Thirty six species of nearshore fish occurred commonly or abundantly
enough along the Strait of Juan de Fuca to be categorized into functional

feeding groups Table 22 The neritic assemblages those characteristically
caught in the townet are evenly divided among obligate planktivores i e

those which exclusively exploit pelagic prey organisms and facultative

planktivores i e those which have prey spectra including both pelagic and

epibenthic prey organisms Although the sampling design for fish collections
could not verify such an interpretation it might be assumed that the obligate
planktivores Pacific herring Pacific sand lance and pink salmon tend to

feed throughout the surface waters while the facultative planktivores
chinook salmon surf smelt and longfin smelt rnay be more concentrated in

shallow water along the shoreline where epibenthic organisms are more

available

We were able to distinguish several feeding groups in the rocky and
cobble intertidal which includes the tidepool habitats characteristic of the

rocky headlands Slip Point Observatory Point and Neah Bay and cobble

beaches Morse Creek Twin Rivers and North Beach In some cases the

results from the beach seine collections made adjacent to cobble beaches

Twin Rivers and Morse Creek when compared with sites without adjacent
cobble indicate those species which probably originate from the cobble
habitat Fifteen species were evenly divided among obligate epibenthic
planktivore facultative epibenthic planktivore and facultative benthivore
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Functional feeding groups of 36 species pro inent in the near

shore fish ass blages characterizing the Strait of Juan de Fuca

L larvae J juvenile A adult

Table 22

I Habitat Feeding
mode

I

Predator

species
life history
stages

Principal prey taxa

Obligate
planktivore

leritic

I Facultative
planktivore

I

I
Grave 1 sandI

eelgrass and
mud eelgrass
littoral and

sublittoral

Oblif ate

epibcnthic
planktivore

shallow

I

I
Facultative

epibenthic
planktivore

I Facultative
benthivore

I Omnivore

I Rocky and

cobble littoral
Obligate
epibcnthic
planktivore

I
FaCilitative

epibenthic
planktivore

I

I
Facultative
benthivore

I

I

Pacific herring L J

Paei fie sand lance

L J A pink salmon J

Chinook salmon J

surf smelt L J A

longfin smelt L J

Chum salmon J 10ng
fin smelt J A Pacific
tomcod J walleye

pollock J tube snout

A sturgeon poacher J

Aj shiner perch J Aj
striped seaperch J Aj
redtail surfperch J A

sand sol e J

Padded sculpin J Aj
Pacific staghorn
sculpin J Aj rough
back sculpin A

Rock sole J Englist
sole J starry
flounder A

Buffalo sculpin J A

Sharpnose sculpin J A

tidcpool sculpin J Aj
saddlehack sculpin
J A fluffy sculpin J

A tidepool snailfish
J A

Northern clingfish
J A smoothhead scul
pin J A rosylip scul

pin J A silverspotted
sculpin J A mosshead

sculpin J A

High cockscomb J A

black prickleback J A

rock prickleback J A

penpoint gunnel J A

crescent gunnel J A

72

Calanoid copepods
larvaceans crustacean

and fish larvae

hyperiid amphipods

Calanoid copepods
larvaceans crustacean

and fish larvae

hypcriid amphipods
shrimp drift insects
ostracods harpacti
coid copepods mysids

Harpacticoid copecods
gammarid amphipods
sphaeromatid isopods
mysids cumaceans

shrimp calanoid

copepods tanaids

Harpacticoid copepods
gammarid amphipods
polychaete annelids

gastropods crabs
shrimp mysids

Polychaete annelids

gammarid amphipods
isopods harpacticoid
copepods holothur

oideans

Algae gamma rid

amphipods polychaete
annelids sphaero
matid isopods

Harpacticoid copepods
gammarid amphipods
sphaeromatid isopods

Harpacticoid copepods
gammarid amphipods
polychaete annelids

isopods gastropods
crabs shrimp

Polychaete annelids

gamma rid amphipods
isopods harpacti
coid copepods inci
dental algae



D
feeding groups No obligate benthivores ie fish preying exclusively on

Ibenthic organisms were identified In all cases the utilization of

epibenthic crustaceans harpacticoid copepods gammarid amphipods isopods
was common to all feeding groups Taxonomically the epibenthic planktivores
were sculpin Cottidae snailfish Liparidae and clingfish Gobiesocidae Dwhereas the benthivores were prickleback Stichaeidae and gunnel Pholidae

Fishes characterizing intertidal and shallow subtidal gravel sampled Dby beach seine sand and mud habitats have been put in four feeding
categories however many of these species are found in more than one

habitat The majority 10 of 17 of these fishes can be described as

obligate epibenthic planktivores i e those species that feed almost IIexclusively on crustaceans inhabiting the water column immediately above the
bottom Three other species are also epibenthic planktivores but have more

catholic feeding modes which include benthic organisms in their diet Only Dthree species all flatfish Pleuronectidae were true benthivores and even

they fed facultatively since epibenthic crustaceans also appeared as important
components in their diets One species buffalo sculpin might be considered

Dan omnivore because of the importance of algae especially DIva in its diet
this phenomenon has been reported in too many other regions to be incidental
Miller et al 1977 Fresh et al 1979 As in the intertidal feeding

groups no obligate benthivores were identified D
4 9 2 Variations in Diet Spectra of Predominant Nearshore Fish

When considering the importance of various prey organisms to fishes or

when documenting the relative flow of organic carbon through a portion of the
marine food web the researcher should give some thought to the variability
in trophic linkages Such variability involves temporal seasonal and annual
fluctuations in prey populations as well as spatial habitat differences in
the relative abundance or productivity of prey populations An assessment

of variability will also indicate the general predictability of prey in a

particular habitat Because of the sampling design used in the MESA baseline
studies most nearshore fish species were not consistently available for
stomach analyses over the three years of quarterly sampling Seasonal
annual and between habitat variability in diet was described for some

species in Cross et al 1978 Stomach samples were not retained on a

seasonal basis in 1978 Stomach samples from 14 species were retained from

August 1978 collections We have utilized the prey composition frequency
of occurrence numerical composition gravimetric composition and percent

age of total IRI of these coinciding samples to provide indications of

variability in the diets of the nearshore fish communities in the Strait of
Juan de Fuca Because of the low sample sizes in some species and the bias

associated with a single point sample representing a three month season

these examples should be considered only as illustrations

The prey composition of the most abundant neritic fish juvenile Pacific

herring substantiates its grouping with the obligate planktivores Table 23

There was no instance over the three year collection at five townet sites
in whichcalanoid copepods ere not overwhelmingly the predominant prey

organism Only in one sample 1978 Port Williams did the percentage of the

total IRI drop below 90 and crustacean larvae became important Annual

dietary overlap measured by Sanders Index of Affinity was over 95 in
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Table 23 P ey composition of juvenile Pacific he ing during three years
of MESA collections for August 1976 1977 1978 F O freq
uency occurrence N C n e ica1 composition G C gravi
metric composition IRI percent total Index of Relative

Importance

Prey i F O N C G C 1R1 F G N C G C I1U F G N C G C 1R1

Jamestown port Ililliams 1976 n 1977 n lS 1978 n7

Calanoid copcpods 100 0099 26 99 66 99 82 6 67 93 75 98 94 96 34 28 57 68 63 60 71 78 55

lIarpatico1d copepods 33 33 0 74 0 34 0 18 6 67 1 56 0 35 0 96

Mysids 6 67 3 13 0 35 1 74

Gammarid amphipods 6 67 156 0 35 0 96

Crustacean larvae 14 29 31 37 39 29 21 45

Morse Creek 1976 nS 1977 n 20 1978 nlO

Calanoid copepods 100 00 99 90 99 89 99 98 100 00 96 00 94 45 97 73
Caridean shrimp 20 00 0 10 0 11 0 02 All contents

Mysids unidentifiable 90 00 1 05 1 13 1 01
Gammarid amphipods 70 00 0 43 0 60 0 37

Crustacean larvae 70 00 0 85 0 17 0 36

Polychaete annelids 10 00 0 37 3 15 0 18

Ostracods 50 00 0 62 0 03 0 17

Cumaceans 50 00 0 37 0 03 0 10

Hyperiid amphipods 50 00 0 16 0 03 0 05

Brachyuran crab larvae 10 00 0 16 0 39 0 08

Pillar Point 1976 n 4 1977 n 20 1978 n 10

Calanoid copepods 100 00 100 00 100 00100 00 60 00 100 00 100 00 100 00 80 00 96 27 99 48 98 34

Ostracods 70 00 3 56 0 05 1 58

Euphallsiids 20 00 0 10 0 46 0 07

Hyperiid amphipods 10 00 0 02 0 01 0 00

Crustacean larvae 10 00 0 05 0 01 0 00

111in Rivers 1976 n 8 1977 n 25 1973 n lO

Calanoid copepods 100 00 100 00 100 00 100 00 90 00 95 38 95 65 97 35

Ostracods All contents 100 00 3 95 0 24 2 37

Euphausiids unidentifiable 10 00 0 52 4 09 0 26

Hyperiid amphipods 20 00 0 13 0 02 0 02

Crustacean larvae 10 00 0 02 0 01 0 00

I
Kydaka Beach 1977 n 30 1978 n 10

Calanoid copepods 100 00 100 00 100 00 100 00 100 00 9119 99 48 95 51
Ostracods 100 00 8 30 0 28 4 30

Euphau iids 60 00 0 33 0 18 0 15

Hyperiid amphipods 40 00 0 16 0 02 0 04

Unidentified detritus 10 00 0 02 0 04 0 00
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seven of nine comparisons and over 75 in the other two Table 24 Similarly
dietary overlap was very high in August collections at the five sampling sites
Table 25

Juvenile chinook salmon was the only salmonid collected consistently at

any site over the three years and then only at Beckett Point In contrast
to the Pacific herring this facultative neritic planktivore indicated some

variability among the prominent prey organisms composing its diet in the
three years Table 26 Sample sizes in 1976 and 1978 however restrict the

applicability of these comparisons Polychaete annelids and crustacean

brachyuran crab larvae predominated in the prey spectrum in 1976 dipteran
insects shrimp and ostracods predominated in 1977 and insects and nereid
polychaetes predominated in 1978 Dietary overlap was thus quite low during
the three years Table 24 The surprising consistency in the contr ibution
of drift insects suggests that these food items may be a much more predictable
and abundant food resource than has been thought

As one of many obligate epibenthic planktivores occurring in several
habitats along the strait juvenile Pacific tomcod illustrated considerable
annual and between habitat variability in prey composition Tables 24 25
27 Samples from Morse Creek and Dungeness Spit indicated that mysids and

gammarid amphipods were alternately important prey but when available
calanoid copepods were also preyed on Annual prey overlap values therefore
were less than 50 and between habitat overlap values were less than 15
The August 1978 collections at these two sites and at Beckett Point indicated
that different prey may constitute the major dietary item in different
habitats at the same time Despite the importance of mysids and gammarid
amphipods at Dungeness Spit and Morse Creek respectively hippolytid shrimp
completely dominated the prey spectrum at Beckett Point As will be pointed
out later hippolytid shrimp are one of the most important epibenthic organisms
available to fish at Beckett Point Simenstad et al 1980

Northern clingfish were one of the most common species in the intertidal
collections especially i cobble habitats Sample sizes from August
collections in specific habitats were not large enough to provide between
habitat comparisons Prey spectra from the combined stomach samples in each
year indicated some variability among the three most important prey taxa

sphaeromatid isopods acmaeid limpets and gammarid amphipods which resulted
in low indices of dietary overlap Tables 24 28 Despite the greater
potential similarity between the August intertidal samples as opposed to
combined annual samples the dietary overlap was actually 10 lower between
the August samples reflecting the almost complete absence of acmaeid

limpets in the diet in 1978

Rosylip sculpin were present in comparable collections for the last

two years of the study Unlike northern clingfish rosylip sculpin had very
similar dietary compositions in the two years because of the apparent
specificity toward gammarid amphipods Table 29 Although the dietary
overlap was almost 85 in the two years samples the overlap in the August
collections was appreciably less Table 24 the low sample size for August
1978 may have contributed to this difference
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Table 24 Year to year overlap Sanders Index of Affinity tetween the diet

compositions pooled over year of twelve prominent nearshore fish

species along the Strait of Juan de Fuca Unless otherwise noted

all samples are from August collections 1976 1977 1978

1976 vs 1977 1977 vs 1978 1976 vs 1978

Pacific herrini
Jamestown Port Williams

l10rse Creek

Pillar Point

Twin Rivers

Kydaka Beach

x
Chinook salmon
Beckett Point

78 5396 52 78 53

97 73

98 34

97 35

100 00 98 34

95 51

90 79 92 9998 26

6 90 27 97 4 93

Pacific tomcod

Morse Creek

Dungeness Spit

48 6715 80 4159

9 73

Northern clingfish
All tidepool
August tidepool

66 32 40 95

33 71

4169

Rosylip sculpin
All tidepool
August tidepool

84 20

63 89

Silverspotted sculpin
Twin Rivers 84 61

Sharpnose sculpin
All tidepool
August tidepool

86 21

45 98

Staghorn sculpin
Beckett Point
Horse Creek

Jamestown Port Williams

Twin Rivers

12 80

37 64

20 25

34 54
26 06

15 45

40 59

63 27

16 34
26 06

2 24

4 25

13 48

14 61

3 65x
Tidepool sculpin
All tidepool
August tidepool
Jamestown Port Williams August

x
Redtail surfperch
Twin Rivers

82 39 49 38

24 96

13 84

29 39

39 94

78 73 67 02 54 35
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Table 24 Contd

1976 vs 1977

High cockscomb

All tidepool
August tidepool

71 92

English sole

Jamestown Port Williams
Twin Rive s

Horse Creek

Dungeness Spit
Kydaka Beach

47 34

32 65

27 53

19 75

55 49

36 55

Starry
Kydaka

x
flounder

Beach

Sand sole

Dungeness Spit
Morse Creek

Kydaka Beach

Twin Rivers

20 40

59 23

83 92

54 52x

77

1977 vs 1978

35 11

23 20

54 37

74 42

57 89

40 59

56 82

2 22

1112

31 63

2 24

92 84

O Al

1976 vs 1978
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34 79

78 26

7 13

53 82

19 96

39 79

78 75

26 67

92 10
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Table 25 Geographical Overlap Sanqers Index of Affinity between the diets
of five nearshore fish species at sampling sites along the Strait of

Juan de Fuca in August 1976 1977 and 1978

Pacific herring juvenile

Morse

Creek

Pillar Twin

Point Rivers

99 82 99 82

96 34

78 55 78 55

99 98 99 98

97 90 97 54

100 00

99 00

Kydaka
Beach

Jamestown

Port Williams

1976

1977
1978 78 91

96 34

78 55

9S 82

Morse Creek 1976

1978 95 72

Pillar Point 1976

1977

1978

100 00

97 16

Twin Rivers

1978

X J94 S2 95 82

98 05

94 3089 37

Pacific tomcod juvenile

Morse

Creek
Dungeness

Spit

Beckett Point 1978 0 31 0 85

Morse Creek 1976

1978

x

1186

13 66

8 79

78
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Table 25 Contd

Staghorn sculpin I
Horse Jamestown Twin DCreek Point TNi11iams Rivers

Beckett Point 1976 4 39 27 20 23 42 D1977 23 88 50 53 18 25

1978 21 61 19 10 24 96

Morse Creek 1976 7 69 0 00 D
1977 23 92 31 78

1978 2 25 11 25

Jamestown 1976 13 49 I
Port Williams 1977 16 75

1978 7 90 Ix 16 63 21 78 16 42

English sole juveni1e

I
Twin Morse Dungeness Kydaka

Rivers Creek Spit Beach

Jamestown 1976 31 57 9 16 8 22 7 81
I

Port Wi 11 iams 1977 4 98 25 56 34 89 15 93

I1978 7 13 32 82 2 23

Twin Rivers 1976 69 99 5193 51 65

1977 32 70 11 02 33 05 I1978 7 13 58 57

Morse Creek 1976 49 95 52 08

I1977 47 41 58 39

1978 199

Dungeness Spit 1976 6130 I1977 56 98

1978

Xl 14 56 1 19 561 29 581 I 4L15 I

I
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Table 25 Contd

Sand sole juvenile

Norse Twin Kydaka
Creek Rivers Beach

Dungeness Spit 1976 73 13 40 40

1977 64 64 24 64 10 68

1978 9 03 86 84 21 36

Norse Creek 1977 44 63 17 64

1978 50 17 53 90

Twin Rivers 1976 42 19

1977 6 79

197R 43 97

x 36 84 55 88 29 62
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Table 26 Prey cOJDposition of juvenile chinook salmon during three years

of MESA collections August 1976 1977 1978 F G frequency
occurrence N C numerical composition G C gravimetric com

position IRI percent total Index of Relative Importance

m

I

I
F 0 N C e c IRl F O N C G C IRI F O N C G C IRIPrey

Beckett Point 1976 n 4 1977 n 18 1978 n 5

Syllid Plllychactcs 25 00 46 91 70 54 53 98
annelids 50 00 70 13 88 16 16 66 67 2 20 5 67 3 68 40 00 1 88 5 59 2 38Polychlcte

Brachyurnil crab larvae 25 00 17 28 6 21 10 80 5 56 0 04 0 15 0 01 20 00 2 50 0 99 0 56
Larvaceans 25 00 16 05 0 18 7 46
Fish 25 00 8 64 4 63 6 10 n ll 0 09 24 14 1 89

Clrid ail shrimp 25 00 1 23 3 10 1 99

25 00 1 23 3 10 1 99 11 11 0 22 0 46 0 05 100 00 18 13 43 45 49 06Insects

Nematodes 25 00 2 47 0 43 1 33
GlQm Irid amphipods 25 00 2 47 0 30 1 27 66 67 3 29 9 78 6 34

Dipteran insects 88 89 50 15 22 94 45 54 60 00 42 50 10 90 25 53
atantian shrillp 83 33 28 49 2121 29 03

Ostracods 77 78 11 93 10 91 12 45

Potamogctonaceae plant 16 67 0 79 3 55 0 51
Calanoid copcpods 27 78 1 81 0 44 0 44
Hyper i id amph ipods 11 11 0 13 0 42 0 04

5 56 0 04 0 25 0 01 20 00 1 25 153 0 44Coleopteran i nsects

Hysids 5 56 0 09 0 04 0 01

Brachyrhynchan crab

larvae 5 56 0 00 0 00 0 00
Cumaceans 5 56 0 04 0 02 0 00

Hymcnoptenlns 5 56 0 04 0 02 0 00

40 00 24 38 24 77 15 66Nereid polychaetes
40 00 7 50 10 36 5 69Chlorophyta algae
20 00 0 63 1 81 0 39Hynenopt ran insects

20 00 1 25 0 60 0 30Arachnid insects

0 00Unidentified algae 5 56 0 04 0 00
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I Table 27 Prey composition of juvenile Pacific tomcod during three years of

MESA collections August 1976 1977 1978 F O frequency occur

rence N C numerical composition G C gravimetric composition
IRI percent total Index of Relative ImportanceI

I

I

u

Prey F O N C G C IRI F e N C G C IRI F O N C G C IRI

Beckett Point 1978 0 19
Hippolytid shrimp 100 00 67 42 98 63 98 94
Tanaids 5 26 0 76 0 01 0 02
Gammarid amphipods 5 26 0 76 0 05 0 03

Polychaete annelids 5 26 30 30 0 01 0 95
Crangonid shrimp 5 26 0 76 1 30 0 06

Horse Creek 1976 06 1977 0 7 1978 010

Mysids 66 67 9 65 75 10 48 26 14 29 3 85 18 83 4 52

Calanoid copepods 50 00 83 11 11 28 L 0 31 30 00 66 67 0 28 30 16

Gammarid amphipods 66 67 6 58 13 23 11 28 42 86 88 46 62 34 90 19 60 00 1167 42 36 48 67

Cumaceans 16 67 0 66 0 39 0 15 40 00 6 67 11 97 1119

Hippolytid shrimp 14 29 7 69 18 83 5 29

Gammaridae 10 00 1 67 23 94 3 85
Harpilcticoid copepods 20 00 5 83 0 18 1 81

Caridean shrimp 10 00 0 83 9 21 1 51

Aty1idae 10 00 0 83 3 68 0 68
Eusiridae 10 00 1 67 2 76 6 67
Tanaids lD DD 0 83 1 84 0 40

Ostracods 10 00 0 83 1 84 0 40
Polychilcte annelids 10 00 0 83 0 92 0 26

Insects 10 00 0 83 0 92 0 26

Brachyrhynchiln crabs 10 00 0 83 0 09 0 14

Dunleness Spit 1976 n 15 1978 nll

Gammarid amphipods 86 67 78 25 38 79 85 81 9213 30 2 23 9 26

Sphaeromatid isopods 53 33 5 52 8 14 6 16
Cumaceans 46 67 7 14 3 33 4 14 9 09 0 28 0 02 0 02
Holluscs 6 67 0 32 39 97 2 27

Idoteid isopods 20 00 0 97 3 21 0 71

Mysids 6 67 3 57 4 07 0 43 90 91 78 95 52 06 86 85
CaprJ11id amphipods 6 67 0 32 1 50 0 10 9 09 0 28 0 02 0 02

Ostracods 11 33 0 65 0 23 0 10

Caridean shrimp 13 33 0 65 0 21 0 10

Oedoc rol i dae 6 67 0 97 0 11 0 06

Brachyrhynchan crab 1arv 6 67 0 65 0 32 0 05

Harpacticoid copepods 6 67 0 65 0 01 0 04
Unid debris 6 67 0 32 0 11 0 02

Pleuroncctidae 9 09 0 28 32 31 2 16
llippo1ytid shrimp 9 09 0 55 1186 0 82

Eusiridae 18 18 3 88 0 13 0 53

Phoocepha1idae 18 18 1 11 0 04 0 15

Callianassid shrimp 9 09 0 28 1 2 0 10

Oedtcerotidae 9 09 0 55 0 0 0 04
Va1viferan isopods 9 09 0 28 0 06 0 02

Cancrid crabs 9 09 0 21j 0 02 0 02
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T ble 28 Pxey compos t on o northern clingfiah during three yeara of MESA
collections Auguat 1976 1977 1978 F O frequency occurrence
N C numerical composition G C gravimetric composition IRI

percent total Index of Relative Importance

I

I

I

I
Prey f O i N C G G 1R1 F O N C G G 1R1 LO N C G C 1R1

All tineroal 1976 n 118 1977 n102 1978 n47
Sphaeromatid isopods 36 44 32 47 21 80 46 36 33 33 16 08 12 92 21 32 25 53 2 07 6 40 6 90

Acm1cld lJmpet 251 2 19 32 2 43 2Slf8 28 43 11 54 24 80 22 79 40 43 5 89 50 69 72 98
Gilffi llrltl amphipods 33 05 20 13 3 90 18 62 48 04 37 76 5 80 46 16 40 43 3 26 1 97 6 75
Vnid gastropods 15 25 6 82 2 40 3 30 7 84 2 27 0 35 0 45
Tdotdd isopods 6 78 1 62 14 93 2 63 10 78 2 62 17 93 4 89 4 26 0 24 17 28 2 38
Vnid debris 6 78 1 46 6 83 1 32 3 92 1 22 1 02 0 19

Ostracods 8 47 3 90 0 04 0 78 3 92 1 22 0 01 0 11 6 38 0 56 0 01 0 12

Fishes 2 54 0 49 5 59 0 36 1 96 0 35 3 07 0 15

Ischnochitonirlae 1 69 0 32 4 83 0 20 0 98 0 17 1 29 0 03

Hippo1ytid shrimp 0 85 0 16 2 94 0 06 2 13 0 08 2 16 0 15
Vnid isopods 1 69 1 14 0 08 0 05 I
Barnacle cirri 0 85 1 46 0 01 0 03 5 88 1 75 0 03 0 23
Harpacticoid copepods 4 90 11 36 0 03 1 23 14 89 1 83 0 02 0 88
Polychaete annelids 7 84 1 40 2 02 0 59 2 13 79 62 9 03 6 02

Grapsid crabs 1 96 0 35 9 36 0 42 2 13 0 08 1 47 0 11
Cancrid crabs 3 92 0 70 8 02 0 38
Sabe11arid polychaetes 3 92 2 27 0 12 0 21 10 64 3 11 0 37 1 18

Littorine snails 3 92 1 40 0 39 0 15 8 51 0 40 3 48 1 05
Pagurid crabs 1 96 0 35 1 59 0 08 6 38 0 32 4 44 0 97

August tidcpool 1977 n 13 197ii n lO

Acmaeid limpets 53 85 23 75 61 26 60 38 12 50 2 04 0 01 0 55

Sphacromatid isopod 0 77 0 00 12 49 17 25 25 00 16 33 25 20 22 22

Gammarid amphipods 46 15 20 00 2 27 13 56 37 50 26 53 2 83 23 56
Barnacle cirri 0 77 8 75 0 02 56

Idoteid isopods 15 38 3 75 6 57 2 09 12 50 4 08 63 45 18 07

Bangiales 7 69 1 25 10 34 118
Hopaliidae 7 69 1 25 4 04 0 54
Crustacean larvae 15 38 2 50 0 38 0 29

Hesogastropoda 7 69 2 50 0 11 0 26 12 50 6 12 1 33 1 99
Polychaete annelids 7 69 1 25 0 11 0 26
Balanidae 7 69 1 25 0 65 0 19

Nemerteans 7 69 1 25 0 16 0 14
Harpacticoid copepods 37 50 36 73 0 04 29 52

Valviferan isopods 12 50 4 08 3 85 2 12

Ulotrichales 12 50 2 04 1 78 1 02

Pagurid crabs 12 50 2 04 1 48 0 94
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r ey CO Po t on o osy1ip sculpin du ing two yea s o MESA

collections August 1977 1978 r o f equency occur ence

N C nu erica1 composition G C grav etric co position
IRI percent total Index of Relative Importance

Prey F 0 N C G e 1Rl F O N C i G e 1R1

All titierool 1977 n 116 1978 042

Gammarid amphipods 63 79 65 27 11 71 75 49 50 00 55 86 19 71 71 17

Sphaeromatic isopods 32 76 11 98 7 27 9 69 16 67 11 72 12 34 7 55

ldoteid isopods 15 52 3 14 28 53 7 56 2 38 0 69 6 46 0 32

Polychaete annelids 15 52 2 84 18 30 5 04 21 43 14 48 20 14 13 98

pagurid crabs 8 62 1 65 4 71 0 84

Unidentified decapods 2 59 0 90 7 28 0 3

Oxyrhynchan crabs 4 31 0 90 2 40 0 22

Caridean shrimp 3 45 0 90 2 49 0 18

Hippolytid shrimp 3 45 0 60 2 52 0 17

lys ids 0 86 4 34 4 49 0 12 2 38 3 45 5 13 0 38

Cumaceans 3 45 1 20 0 02 0 06
Nereid polychaetes 1 72 0 30 196 0 06

Hydroids 0 86 0 15 2 78 D 4

Pinnothcrid crabs 0 86 0 15 160 0 02

Gnathostomata 0 86 0 15 1 68 0 02

Brachyrhynchan crabs 9 52 2 76 27 08 5 35

Unid flabellifer ln

isopods 7 14 2 07 0 75 0 38

Gammaridae
l 76 1 38 0 41 0 16

Fish l 1rvae 2 38 3 45 6 79 0 46

August tidepool 1977 n 107 1978 n 12

Gammarid ampbipods 65 42 16 73 14 80 63 30 66 67 66 67 22 00 70 77

Sphaeromatid isopods 30 84 7 85 21 70 27 97

ldoteid isopods 5 61 0 60 13 77 2 47

Crustacean larvac 0 93 69 70 0 43 2 01

Cattidae 2 80 0 14 10 98 0 96
Caridcnn shrimp 2 80 0 14 9 77 0 85

Unidentified debris

so1np and alpflc 3 74 0 19 4 69 0 56

Polychaete annelids 5 61 0 37 2 06 0 42 16 67 8 33 6 75 3 01

Crnngonid shrimp 1 87 0 09 5 63 0 33

Gammaridae 3 74 0 37 1 12 0 17 16 67 5 56 1 09 1 33

Mysids 2 80 0 93 6 14 0 27

pagurid crabs 1 87 0 09 2 34 0 14
Fishes 1 87 0 28 156 0 11

Unid mtified decapods 187 0 09 155 0 09

Oxyrhynchan crabs 1 87 0 09 1 39 0 08

Unidentified flilhclllferan

isopods 16 67 5 56 0 44 1 20

Brachyuran crab larvae 8 33 2 78 1 09 0 39

Tanaids 8 33 2 78 0 02 0 28
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The single comparison available for silverspotted sculpin August 1976
and 1977 samples from Twin Rivers illustrated high dietary overlap almost
85 due to the relatively constant proportions of mysids and gammarid
amphipods Tables 24 30

Variability in the prey composition documented for sharpnose sculpin in
intertidal collections showed a trend consistent with that shown by rosylip
sculpin i e high dietary overlap 85 for the combined annual samples
but considerably less for the August samples Tables 24 31 because the

principal prey taxa gammarid amphipods and sphaeromatid isopods were

reversed in importance

Staghorn sculpin is one of the most widely distributed and commonly
encountered nearshore fishes along the Strait of Juan de Fuca The important
prey taxa were seldom consistent either between years Tables 24 32 or

between habitats Table 25 and dietary overlap values were generally less
than 50 The highest annual dietary overlap values though not considered

significant were in the 1977 and 1978 samples at Jamestown Port Williams
The opportunistic use of patchily distributed large prey organisms fishes

seaperch sand lance flatfish shrimp crabs and mysids is probably the
reason for such high variability Low sample sizes may have biased the
estimate of this variability

Tidepool sculpin a common sculpin in all intertidal and some beach

seine collections ate mostly epibenthic crustaceans Prey taxa often varied
between samples Table 33 for example while gammarid amphipods were

equally important in the combined tidepool samples for 1976 and 1977

harpacticoid copepods contributed more to the total prey composition in 1978

Whether this reflects a general increase in availability of harpacticoid
copepods over the three years or a bitis of the sampling design cannot be
answered without quantitative samples of epibenthic zooplankton during these

years The importance of harpacticoid copepods is even more pronounced in

the August 1978 tidepool collections and 1978 Port Williams beach seine
collection In both cases the increased importance of harpacticoid copepods
resulted in even lower diet overlap values Table 24 than for the combined

annual tidepool collections

Redtail surfperch were consistently caught over the three years only at

Twin Rivers While gammarid amphipods dominated the prey composition in all
three years their relative importance declined between 1976 77 and 1978
with increased contribution by flabelliferan isopods Table 34 It is

impossible to determine whether or not this increased utilization reflects

actual increased availability of flabelliferan isopods

High cockscomb were chosen as representative of the facultative benthi
vores of the intertidal rocky headlands and cobble habitats While prey
compositions for combined intertidal collections in 1976 and 1977 were

similar Tables 24 35 1978 collections were less so because of the

decreased representation of nemerteans and increased contribution of poly
chaetes This was further examplified in the comparison between 1977 and

1978 August tidepool collections which had a dietary overlap value of 23 20

Similar to the diet of tidepool sculpin harpacticoids were more important
in 1978 than in 1976 or 1977
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Prey compos t on o s lverspotted sculp n during two years of

MESA collect ons August 1976 1977 F O frequency occur

rence N C numer cal composition G C grav metr c compo

s tion IRI percent total Index of Relative Importance

Prey i F O N C G C X rRl F O N C G C IRl

Twin Rivers 1976 0 10 1977 n 7

tlysids 80 00 68 03 48 57 76 29 85 71 53 85 64 1 68 41

Gammarid amphipods 80 00 13 93 10 82 16 20 57 14 46 15 35 69 3159

Idoteid isopods 20 00 1 64 1 67 0 54

Cad dean shrimp 20 00 14 75 15 08 4 88

Crangonid shrimp 10 00 1 64 23 87 2 09

Prey composition of sharpnose sculpin during two years of

MESA collections August 1977 1978 F O frequency occur

renee N C numerical composition G C gravimetric com

position IRI percent total Index of Relative Importance

Prey F G N C G C IRl F 0 N C e c 1R1

All tidcpool 1977 0 61 1978 0 26

Gammarid al phipods 60 66 38 15 41 30 52 29 57 69 30 94 44 46 56 96

Spha romatid isopods 52 46 23 99 45 53 39 57 42 31 17 27 31 97 27 28

Dipteran insects 22 95 9 25 3 78 3 24 23 08 15 83 0 95 5 07

Harpacticoid copepods 16 39 20 23 0 84 3 75 15 38 12 95 0 12 2 63

Idoteid isopods 9 84 2 02 5 20 0 77 15 38 19 42 18 71 7 68

Cumaceans 6 56 2 02 0 09 0 15

Ase110tan isopods 4 92 1 16 0 50 0 09

Polychaete annelids 3 28 0 58 1 13 0 06

Ostracods 164 173 0 02 0 03
Unidentified gastropods 3 85 0 72 3 17 0 20

u ust tidepool 1977 023 1978 n 9

Gammarid amphipods 56 52 68 50 79 98 77 68 22 22 25 00 1 90 23 71

Sphaeromatid isopods 47 83 30 71 19 60 22 27 11 11 12 50 95 24 47 48

Harpacticoid copepods 11 11 37 50 0 95 16 95

Ostracods 1111 12 50 0 95 5 93
Unidentified debris

sand and algae 11 11 12 50 0 95 5 93
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Table 32 Prey composition of staghorn sculpin during three years of MESA
collections August 1976 1977 1978 F O frequency occurrence
N C numerical composition G C gravimetric composition
oIRI percent total Index of Relative Importance

Prey F O N C G C 1R1 F Q N C G C 1R1 i F C N C i G C 1R1

Beckett Point 1976 0 10 1977 n 14 1978 0 11

Fishes 30 00 97 73 33 34 77 22 7 14 1 32 12 22 2 33
t lecyclid c 3hs 30 00 0 14 15 42 9 17 14 29 2 63 7 36 3 43

Crangonid shrimp 30 00 0 19 4 17 2 57 28 57 9 21 2 83 8 28 9 09 0 74 0 50 0 19

Hippolytid shrimp 30 00 0 48 2 41 1 70 28 57 5 26 0 73 4 12 9 09 1 47 0 09 0 24
Pandalid shrimp 10 00 0 39 13 04 2 64 7 14 132 4 26 0 96

Pleocycm ta 10 00 0 05 1189 2 34

Grapsid crabs 10 00 0 10 6 94 1 38
PcrciformCS 10 00 0 05 5 05 1 00
Cancrid crabs 10 00 0 05 4 73 0 94 14 29 6 58 14 09 7 10 18 18 2 94 60 76 19 23
Caridean shrimp 20 00 0 19 1 21 0 55 7 14 3 95 0 88 0 8 27 27 2 94 0 24 1 44

Void detritus 10 00 0 43 120 0 32 7 14 2 63 1 44 0 70 18 18 5 88 0 24 185
Flabelliferan isopods 10 00 0 05 0 57 0 12
Nemntodcs 10 00 0 10 0 02 0 02
Gammarid amphipods 50 00 30 26 2 17 39 01 9 09 0 74 0 00 0 11

Embiotocid fisbcs lLI 29 5 26 49 09 18 68
Brachyrhynchan crnbs 21 43 7 89 2 11 5 16 18 18 6 62 0 14 2 04

Mysids 21 43 5 26 0 08 2 76
Tanl1ids 21 43 5 26 0 01 2 72 72 73 50 00 0 09 60 48

Potamogetonaceae 7 14 3 95 0 38 0 74 9 09 13 24 16 95 4 56

Bivalves 7 l 1 32 0 43 0 30 36 36 9 56 0 10 5 83
Majid crabs 7 14 1 32 0 15 0 25 9 09 0 74 6 03 1 02

Polychaete annelids 7 14 1 32 0 00 0 23 9 09 3 68 0 22 0 58

Pagllrid crl1bs 9 09 Q 74 0 03 0 12

Gadidl1e 9 09 0 74 14 60 2 31

UlotrichaJes 14 29 5 26 1 75 2 41

Horse Creek 1976 n 5 1977 n 9 1978 08

Crangonid shrimp 40 00 44 00 70 84 65 57 22 22 8 11 2189 14 17 25 00 3 33 1 45 2 19
F1iibellifcran isopods 40 00 20 00 5 05 14 30 33 33 24 32 5 09 ZO 8t

Gammarid amphipods 40 00 8 00 2 40 5 94 22 22 13 51 0 44 6 59
Hippo1ytid shrimp 20 00 4 00 1106 4 30

Mysids 20 00 12 00 0 18 3 48

Polychaete annelids 20 00 8 00 3 31 3 23 22 22 5 41 3 97 4 43 12 50 1 67 0 10 C 40
Va1vifcratl lsopods 20 00 4 00 7 15 3 18 25 00 3 33 0 30 1 66

Plellroneclid C 22 22 8 11 36 55 21 10 25 00 10 00 46 49 25 83
Fishes 22 22 5 41 20 67 1232 37 50 5 00 12 35 1190
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I
Table 32 Contd

I

I

I

I

Prey F O N C G C IRI LG N C G C IRI LG N C G C IRI

Twin Rivers 1976 0 1977 n 7 1978 n 4

Unidentified detritus 66 67 50 00 Q 77 33 73 42 86 20 83 5 12 20 46 25 00 22 22 0 56 7 37

Pleuronecti ormes 66 67 20 00 30 30 33 41
Fishes 33 33 20 00 48 86 22 87 42 86 16 67 33 77 39 76 25 00 5 56 16 82 7 24

Brachyuran crabs 33 33 10 00 20 07 9 99

Brachyrhynchan crabs 28 57 12 50 4 98 9 18
Cottidae 14 29 4 17 28 97 8 71

Canerid crabs 14 29 8 33 18 32 7 00

Polychaete annelids 14 29 20 83 4 42 6 6lo

Chlororhytil 28 57 8 33 1 95 5 40

Crangonid hrimp 14 29 4 17 2 44 1 73 50 00 11 11 1 62 8 24

Flabellifcran isopods 14 29 4 17 0 03 1 10

Embiotocidae 50 00 16 67 79 52 62 27

Potamogctonaceae 25 00 33 33 1 116 1126

GammariJ iJmplllpoJs 25 00 11 11 0 03 3 61

Unidentified algae 22 22 13 51 1 72 7 20
lrloteid isopods 22 22 10 81 3 87 6 94
Cuncrid crabs 22 22 5 111 5 18 5 00 37 50 13 33 10 99 16 68
Caridean shrillp 11 11 2 70 0 49 0 75

Unidentified isopods 11 11 2 70 0 12 0 67

Brachyuran crabs 25 00 3167 11 56 19 77
Ulotrichalcs 50 00 15 00 0 30 14 00

Brl chyrhynchan crabs 12 50 1 67 12 56 3 25

Potamog tollaceae 12 50 6 67 1 30 1 82
Panda1id shrimp 12 50 1 67 2 05 0 85
Majid crabs 12 50 1 67 0 50 0 50
Nysids 1250 1 67 0 03 0 39
1 00d 12 50 1 67 0 03 0 39
Bivalves 12 50 1 67 0 01 0 38

JamestOlJ Port Williams 1976 n6 1977 nl7 1978 n 15

Polychaete annelids 50 00 55 26 13 61 52 15 11 76 0 89 4 08 0 65 20 00 0 86 4 28 1 00

Callianassid shrimp 16 67 2 63 49 13 13 06
Unidentified decapods 33 33 5 26 14 24 9 84 5 88 0 18 1 72 0 12

Unidentified detritus 33 D 13 16 3 13 8 22 47 06 3 56 7 34 5 69 33 33 9 77 2 11 3 88
Fishes 16 67 2 63 18 26 5 27 17 65 0 53 49 92 9 87

Gammarid amphipods 33 33 7 89 0 94 4 1 6 88 24 39 86 5 72 44 60 73 33 18 39 12 63 22 29
Tanaids 33 33 7 89 0 06 11 01 29 111 20 28 0 111 6 75 1 6 67 21 71 6 04 14 06

Bivalves D 33 5 26 0 63 2 98 11 76 0 36 0 01 0 05 13 33 0 57 0 1 5 0 13
Mysids 76 47 30 60 2 61 2B 17 80 00 39 91 22 13 48 66
Pandalid shrimp 11 76 0 36 16 110 2 19
Dipterans 6 67 0 29 0 25 0 04

Hippolytid shrimp 17 65 0 71 3 13 0 75 26 67 2 30 25 35 7 22

Crangonid shrimp 1176 0 36 5 18 0 72 6 67 0 29 6 01 0 41

Cancrid crabs 5 88 0 89 2 41 0 22 6 67 0 29 13 73 0 92
Flabel1iferan isopods 1176 0 36 0 411 0 10 20 00 1 15 4 07 1 02

Caridcan shrimp 5 88 0 71 0 46 0 08

Pinnothcrid crabs 5 88 0 18 0 10 0 02

Caprel1id amphipods 5 88 0 18 0 05 0 01
Ostracods 13 33 0 57 0 50 0 14

Brachyuran crabs 6 67 0 86 2 41 0 21

I

I

I

I

I

I

I

I

I

I

I

I
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I
Prey composition of tidepool sculpin during three years of MESA

collections for August 1976 1977 1978 F O frequency occur

rence N C numerical composition G C gravimetric composi
tion IRI percent total Index of Relative Importance

Table 33

Prey F O N C e C IRI

All tidcoool

Ga marid amphipods
Sphacronw tid isopods

Baronelcirri

Harpacticoid copepods
Polychaete annelids

Crustacean larvae

ldoteid isopods
Dipteran insects

Ostracods

Pagurid crabs

Gnidentified insects

Nemerteans

Unidentified debris

sand algae
Acmaeid limpets
Cottidae

Turbellarj ans

Caridean shrimp
Nudibranchs

lysids
Grapsid crabs

Fishes

Cumaceans

Calliallussid shrimp
Chi tons

Glycerida
Asselotan isopods
Coleoptera
Gammaridae

Ilyalida
Brachyrhynchan crab juv
Isacidae

Ilippolytid shrimp
Fishes

Archaeogastropods
Ampithodae

ALl lSt t ld pool
Sphaero at id isopods

GlrrJllarid nmphipod
Pagllrid crabs

Harpacticoid copcpods
Barnacle cirri

Polycha te annelids

Callianassiu shrimp
Terebellidai

Dipteran insects

Ostracods

Asselotan isopods
Gamrr 8ridle

Coleoptera
Hyalidae
Asselotan isopods
Isaeidae

ArchacogastroPOds
Br3chyrhynchan cr3b juv

Brachyuran crab juv

Hippolytid shrimp
Acmaeid 1 impcts

Ampithodac
fisbcs

Unidcntili d debris
sand 6 algae

Port lillialns

Gamnarid amphipods
Hysids
Polychaete annelids

Tanaids

SphacronlR t id isopods
Harpacticoid copepods
Hippo1ytiu shrinp
Calanoid copepods
Unidentified debris

Va1viferan isopods
Isaeidac

1976 n 230
53 04 23 81

37 39 14 48

18 26 19 44
15 22 15 67

7 83 2 78
1 74 12 25
2 17 0 30
7 83 1 24

5 22 1 54
2 17 0 25
4 35 1 19
2 61 0 79

1 30 2 43
0 87 0 64
0 43 0 05
0 87 0 15
0 4 0 05
0 43 0 15

2198
32 13

2 31

0 58
9 48
0 42

7 85
0 32
0 14
3 64
0 27
1 71

48 44
34 76

7 92
4 93
1 91
0 44

0 35
0 24
0 17

0 17

0 13

0 13

F O N C G C IRI

1977 n 223
5112 27 29
36 77 10 16
17 04 6 74
20 18 34 46
18 83 2 48

2 24 0 33

9 87 2 48

3 59 0 56
4 48 2 01

0 09
0 04

0 04
0 03

0 02
0 02

3 14 0 37

19 96
21 63
1 06
0 70

15 51
167

48 95
23 69

2 69
14 37

6 87

0 10

B
F O N C G C IRI D

1978 n 137
45 99 6 25
27 74 4 29
13 87 3 88
42 34 72 21
12 41 1 04

0 55 10 95 2 56
13 14 2 24

2 19 0 12
6 57 0 76

12 06
20 40

11 87
5 00

12 00

74 90

3 21
0 21

3 09

23 83

2 91

15 62
12 71

4 05
60 66

3 00
D

0 89
1 40
4 49
1 75
1 62
2 08

3 14 1 54
2 24 0 42

2 24 1 59
179 1 12

0 90 0 09
0 90 0 09
0 90 0 2

1977 n 9
4103 21 77

43 5J 29 03

12 82 3 63

17 95 26 21

15 38 12 10

7 69 1 61

2 56 0 40

2 56 0 40

1977 n l1

81 82 80 33
45 45 9 84

9 09 1 64
18 18 6 56

9 09 1 64

89

0 27

10 04
0 49

2 65

6 66
2 34
1 12
0 04
4 10

1 28

3 05

34 14

4 50

41 94

0 29

0 53
6 50
7 48

2 08

44 83
28 56

1142

9 29

3 79
1 22
0 39

0 12

0 77

0 23

0 19 2 92 0 36

4 10
2 67
1 03
1 23
0 96
1 09

0 96
0 21
0 14

0 27

0 27
0 07

0 14

0 07
0 07

1 06

0 10

1 7

2 2

1 74

5 81

0 97

3 39
9 68

15 49

136
2 90
1 94
2 23
2 71

0 52
0 12

2 72
0 17

D

82 43
3 74

13 25
0 05

0 53

93 72
4 34

0 95
0 85

0 14

0 52
0 13
0 12

0 04

0 08

0 02
0 06

2 92 0 16

12 20
5 68

10 66

0 48

2 39
26 34

30 45

3 28

4 57

174
1 09

0 63
0 58
0 12

0 11

1 06 I

8 03 0 72
5 84 0 56
5 84 0 72

5 H 0 64
4 38 0 64
2 19 0 12
1 46 0 08
1 46 0 08

146 0 08
0 73 0 04

1978 n73
10 96 0 89
45 21 5 40

41 10

17 81
4 11

16 44

13 70

12 33
10 96
10 96

9 59
5 48

4 11

2 74

4 11

5 48
1 37

137
1 37

1 37

1 7 0 07

1978 n 29
37 93 4 00
20 69 2 19
10 34 0 39
10 34 0 39

3 45 0 13
44 83 86 19

3 45 0 13
6 90 4 65
6 90 0 77

3 45 0 13

3 45 0 13

0 08

I
2 45 0 14

m
0 79
0 83
1 11

2 77

9 46

161
194
2 77

4 61
1 06

0 23
0 15

0 20

0 32
0 82
0 07
0 05
0 08
0 13
0 01

m

E
4 36
8 01 E123

10 38

68 40

10 28
0 27 I
1 81

0 81

0 63

0 83
0 63

1 41

0 23

0 32
0 57

38
0 19
0 09
0 06

0 07
0 08

I

E
1 55 0 05

9 96
2 64

185
0 15

0 14
8178
1 71

0 89
0 60
0 10
0 07

I

I

I
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I Table 34 Prey compos t on of red tail surfperch during three years of MESA
collection August 1976 1977 1978 P O frequency occurrence

N C numerical composition G C gravimetric composition IRI
percent total Index oLRelative ImportanceI

I

I

I

I

Prey F Q N C G C IRI F O N C G C IRI 1 0 7 N C e c 7 IRI

Twin Rivers 1976 0 10 1977 n l0 1978 n 13

Gammarid amphipods 90 00 71 27 81 15 78 15 50 00 75 32 86 81 86 63 84 62 42 73 39 55 53 83

lysids 90 00 24 04 11 33 19 67 10 00 1 30 0 65 0 21 7 69 0 91 1 37 0 14

Hyperiid amphipods 10 00 1 49 0 71 0 13

Flabelliferan isopods 30 00 0 34 0 21 0 09 40 00 16 88 1110 11 96 69 23 29 09 48 15 4135

Natantian shrimp 10 00 0 06 0 68 0 04
Fish 10 00 0 06 0 08 0 01
ldoteid isopods 20 00 2 60 0 72 0 71 0 77 6 36 4 66 2 62

Polychaete annelids 10 00 1 30 0 65 0 21 7 69 0 91 0 76 0 10

Talitridae 7 69 10 00 4 04 0 84

Dipteran insects 23 08 2 73 1 07 0 68

U1otricha1 s 7 69 1 82 0 01 0 11

Atylidae 7 69 0 91 0 08 0 06

Unidentified algae 60 00 2 75 2 84 1 91 10 00 2 60 0 07 0 28 7 69 4 55 0 31 0 29

I

I

I

I

I

I

I

I

I

I
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Table 35 Prey cOl11position of high cockscol11b during three years of MESA Dcollections August 1976 1977 1978 F O frequency occur

rence N C nUl11erical composition G C gravimetric COl11pO
sition IRI percent total Index of Relative Importance I

Prey k F O N C G C lR1 F O N C G C IRI F O N C G C 1R1

IAll tidcpool 1976 1 118 1977 1 155 1978 n 53

Nemertcans 42 37 27 02 26 03 52 81 27 74 5 13 25 18 34 07 7 5 0 39 4 26 1 23

Polycll1ctc annelids 22 88 10 62 27 64 20 57 21 94 5 34 16 91 19 77 32 08 10 11 31 ti8 46 61

Gammarid amphipods 30 51 16 17 7 05 16 64 34 19 16 32 6 52 31 64 28 30 2 07 7 50 9 47

IUnidentified debris

sand algae 11 86 5 31 3 99 2 59 3 23 0 51 114 0 22 15 09 1 10 19 79 11 02

Rhodophyta 9 32 4 85 5 2lo 2 21
Sabellaridae 6 78 8 31 0 38 1 38 4 52 1 95 0 18 0 39

Gastropods 6 78 2 31 4 39 1 07 3 23 0 62 4 34 0 65 1 89 0 06 9 29 0 62

IHarpacticoid copepods 4 24 2 08 0 02 0 21 12 26 5 13 0 12 2 61 16 98 17 30 0 24 10 41

Sphaeromntid isopods 4 24 3 00 2 55 0 55 6 45 1 03 1 29 0 61

Sabellidnc 3 39 9 93 1 76 0 93 0 65 1 03 0 26 0 03

Ch1orophytll 3 39 0 92 3 56 0 36 5 81 2 26 2 73 1 17

Dipteran insects 2 54 1 15 0 11 0 08

ICumaceans 0 85 0 23 1 16 0 03
lereidae 0 85 0 23 4 91 0 10 1 89 0 06 2 92 0 20

Lumbrineridae 0 85 0 23 3 82 0 08

Crangonid shrimp 0 85 0 23 1 16 0 03 0 65 0 10 4 43 0 12

Echinoid 0 85 0 23 1 09 0 03

Ulotr icha1es 5 81 0 92 8 51 2 22 3 77 0 13 2 65 0 37

mOstracods 3 87 1 23 0 07 0 20

Bnngia1es 3 87 0 62 5 11 0 90
Barnacle cirri 3 117 1 64 0 66 0 36 7 55 66 56 149 17 94

Terehell idne 3 87 1 03 9 21 1 60 1 89 0 06 6 90 0 46

ScytosiphonacealC 1 29 0 21 2 36 0 13

ICrustaccnn larvae 1 29 45 79 1 46 2 47

Aulacopoda 0 65 1 64 0 22 0 05

Desmarestiaceae 0 65 0 21 2 73 0 08

Caridelllsllrimp 0 65 0 10 164 0 05

As11otan isopods 7 55 0 45 0 93 0 36

IValviferan isopods 5 66 0 26 0 16 0 08

Bivalves 3 77 0 13 1 73 0 24

Ganmaridae 3 77 0 19 1 19 0 18

Hippolytid shrimp 1 89 0 06 7 03 0 47

AIIrIlSt tidepool 1976 1977 0 29 1978 n 29 I
Nmertellns 44 83 14 58 33 15 50 62 6 90 0 43 7 54 116

CUrlmarid amphipods 3 3 15 63 2 45 14 7 1 38 3 46 9 40 1122

Bangialls 20 69 6 25 21 85 13 75

IPolychaete annel ids 17 24 5 21 8 68 5 67 37 93 31 10 37 37 54 77
Harpacticoid copepods 13 79 10 42 0 04 3 41 20 69 55 94 0 38 24 57
Ulotrichalcs 10 34 3 13 8 68 2 89 6 90 0 43 5 01 0 79
Barnncle cirri 10 34 7 29 1 12 2 0b 6 90 1 51 0 05 0 23

Sphaeroffiltid isopods 6 90 2 08 3 74 0 95

ISabellidae 3 45 10 42 1 12 0 84

Asel10tan isopods 6 90 4 17 0 84 0 82 10 34 1 30 0 75 0 45
Ostracods 10 34 3 13 0 20 0 81
Gastropods 3l 5 2 08 4 67 0 55

Chlorophyta 6 90 2 03 0 76 0 46

IT r bel1 iduil 3 45 l 04 4 58 0 46

Rhodophyta 6 90 2 08 0 10 0 36

Phaeophyta 3 45 1 04 2 99 0 33
Scytosiphonaceae 3 45 1 04 2 99 0 33
Bivalves 3 45 3 13 0 19 0 27 6 90 0 43 3 26 0 54
Ampllaretidae 3 45 2 08 1 03 0 25

Bungiaceae 3 45 1 04 0 56 0 13
lIirudinea 3 45 1 04 0 19 0 10

Insects 3 45 1 04 0 09 0 09
Valviferan isopods 10 34 0 86 0 30 0 25

IUnidentified debris

sand algae 10 34 1 51 18 05 4 27
Nematodes 6 90 0 43 0 05 0 07

Gammaridac 6 90 0 65 2 26 0 42

lIippolytid shrimp 3 45 0 22 13 28 0 98

I
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Juvenile English sole were classified as facultative benthivores

This species is a good illustration of prey variability because of its broad

distribution over a number of shoreline habitats along the strait Samples
are available from August collections at five of the seven beach seine sites

excluding Beckett Point over the three years Table 36 In general
variability between habitats is greater than between years Tables 24 25

although both show considerable differences in prey composition Tanaids

and polychaete annelids were most important in the mud eelgrass habitat at

Jamestown Port Williams although gammarid amphipods predominated in 1977

Polychaete annelids and gammarid amphipods were the main prey in the sandt
cobble habitat at Twin Rivers and Morse Creek except for the occurrence of

holothuroideans at Twin Rivers and harpacticoid copepods at Morse Creek in

1977 Except for the contribution by cumaceans prey compositions from

Dungeness Spit were the least similar among the three years gammarid amphi
pods mysids and cumaceans predominated in 1976 cumaceans gammarid amphi
pods and harpacticoid copepods in 1977 and holothuroideans and cumaceans

in 1978 The principal difference between 1976 and 1977 prey compositions
at Kydaka Beach was the appearance of polychaete annelids in the 1977

sample The relative contributions of the seven principal prey taxa varied

considerably among the 14 separate samples

Starry flounder the only large adult flatfish captured in the near

shore region along the Strait of Juan de Fuca were not caught in high
enough numbers to warrant comparison of diet spectra Two beach seine

samples August 1977 and 1978 at Kydaka Beach indicated low dietary
overlap Tables 24 37

Sand sole were the only flatfish classified as obligate epibenthic
planktivores Except for the series from Twin Rivers the diet spectra
from four sites differed between years Tables 24 38 While mysids were

often predominant in the prey spectrum they occurred so sporadically that

other prey organisms fishes gammarid amphipods cumaceans hippolytid
shrimp assumed predominance Variability was equally extensive for most

between habitat comparisons Table 25

In conclusion examination of the variability in prey compositions
among years and habitats for 14 representative nearshore fish species
indicated that although a few prey taxa may be important to the diet of a

species the proportionai contributions among the prey taxa vary considerably
In general diet overlap was more consistent between years than between

habitats although the overlap values were equally variable Trends in

increasing contributions of several prey taxa over the three years of the

study were noted but could not be verified without corresponding indications
of trends in prey abundance at those sites over the three years

4 9 4 Overlap Between Diet Spectra of Nearshore Fish and Documented
Invertebrate Assemblages

The basic problem associated with determining the relative importance
of a particular prey taxon to a predator i e the selectivity of the

predator is the measurement of actual prey availability The lack of

concurrent sampling of prey abundance and predator stomachs in the MESA

studies along the Strait of Juan de Fuca limits our ability to either

92



Prey composition of juvenile English sole during three years of
MESA collections August 1976 1977 1978 F O frequency occur

rence N C numerical composition G C gravimetric composi
tion IRI percent total Index of Relative Importance

Table 36

Prey

Jamestown Port Williams

Tanaids

Polychaete annelids

Bivalves

Cumaceans

Gamrnarid amphipods
Ilarpacticoid caperods
Glycerid polychaetes
Phoronids

Ostracods

Twin Rivers

Polychaete annelids

Gammarid amphipods
Harpaclicoid copepods
lysids

CU1ilCCanS

Tanaids

Flabelliferan isopods
Valvi eran isopods
Bivalves

Euphausiids
Fish

lIo1othuroidea

Chlorophytll
Potamogetonaceae

Jrsl Creek

Gammarid amphipods
Polychaete annelids

CUmaceans

Idot id i5opods
Harpacticoid coperods
Holothuroidcnns

lilotrichnles
Mysids
Caridcan shrimp
Brachyuran crabs

Calanoid c0pepods
Ampeliscidae

Isaetdll

Bivalves

Oungctll SS S lt

Gamrr nid amphipods
Hysids

Cumaccanll

Po1ycha tc annelids

Holothuroide1

Unidentified detritus
sand and algae

Ostracods

Harpacticoid copepods
Tunicates

Kvdaka BCilCh

Cammarid amphipods
Cumaceans

lIarpacticoid copepods
Polychaete annelids

Ostracods

llo1othuroidea
Bivalves

Nemerteans

Valvifernn isopods

Decapodunid

Hysids
F1abe11iferan isopods

F O N C C C IRI

1976 n 10
80 00 44 97
70 00 30 20

40 00 4 70

30 00 14 09

20 00 2 68
10 00 0 67
10 00 2 68

1976 n 5
60 00 7 54
60 00 70 35
20 00 2 76

20 00 8 29
20 00 2 51

20 00 4 52
20 00 1 01

20 00 0 25
20 00 0 25

20 00 2 26

20 00 0 25

1976 n 4

100 00 84 71
75 00 5 88
50 00 4 71
25 00 1 18

50 00 3 53

1976 n 15

80 00 49 34

60 00 25 11

60 00 15 42

20 00 7 93
6 67 0 44

6 67 0 44

6 67 0 44

6 67 0 44
6 67 0 44

1976 n 10
90 00 28 54
90 00 49 02

30 00 17 43
30 00 2 83
40 00 1 09
10 00 0 22
20 00 0 44

10 00 0 22

10 00 0 22

21 90
51 59
11 48

1 38
4 59

56 96
29 24

0 71
2 76
1 85
7 08
0 91
0 46
0 02

38 83
32 83

1 62
4 00

11 36
0 12

11 24

54 33

35 76
2 05

4 40

2 28

0 06
1 13

38 99
38 28

0 01

6 67
1 43

0 22

2 08

0 86
0 65

0 14

10 68

27 35

63 86
0 54
2 93
0 77

0 93

0 60

0 22

0 18
0 47

2 14

88 96
7 10

1 89
1 42

91 68
5 14

1 7ll

0 34

0 63

46 69
37 70

13 22

1 52

0 27

8 94
0 11

0 01
0 01

0 51

0 03

0 02

0 02

49 08
44 93

3 47
1 07

0 75
0 47

0 17

0 04
0 02

F O N C G C IRI

1977 n9
55 56 57 69
11 11 2 31

55 56 5 38
66 67 33 85

1111 0 77

1977 n 15
46 67 48 69 9 56
33 33 14 66 6 82

6 67 0 52 0 01

6 67 0 52 0 14

60 00 35 08 83 16
6 67 0 52 0 29

1977 n 12
58 33 12 95
66 67 7 38

66 67 3 08

d 67
8 3

8 33
8
8 33
8 33

1 10 8 33 0 06

1977 n 12

33 33 15 75

25 00

16 67
8 33

50 00

3 94
0 39

25 00 29 92

1977 n 10
60 00 15 09
70 00 48 11

10 00 0 94
80 00 10 38
40 00 3 77
10 00 1 89

10 00
10 00

10 00

3 77

15 09
0 94

93

76 26

0 06
0 06
0 12

0 06
0 06

17 49 411 72

66 03

6 21

5 08

6 52
15 23

0 02
43 46
0 45
2 44

27 42

4 26
0 20

20 80 40 11
8 00 1 05

2 24 3 90
52 96 53 23

16 00 1 71

25 79
6 79

67 29
0 05

25 35
60 52

6 97

20 61

4186

6 19

4 46

114

0 73
0 10
0 10
0 10

31 10

0 09
0 06
0 02
0 01
0 01

0 52

56 86
3 31

0 89

5 19 17 21

12 03
4115

0 09
39 97
157
0 40

2 89

180
0 11

I

m

m

F O N C G C IRI
m

1978 n 21

90 48 69 17

52 38 13 28

9 52 0 23
38 10 5 43
71 4J 8 55

14 29 2 19

14 29 0 58

40 25
42 30

0 04

2 010
14 88

0 06

I66 80

19 65

0 02

192
11 29

0 22 I
0 100 0 09

1978 n 20

40 00 18 05 9 43 7 13 I
0 03

0 04 I
85 00 79 42 88 55 92 63 I
10 00 1 08 1 55 0 17

1978 n 21
7143 7 5 08
71 43 11 43
42 86 2 93

9 52

0 04

28 57

14 29

9 52

19 05

57 63

0 30

1 72

0 51

1978 n9
44 44 9 90

1111 0 99

44 44 72 28

1111 0 99
55 56 13 86

11 11 0 99

1978

48 26

4J 93

1 97

0 20

3 98
0 02

5 49

0 02

90 47

46 83
35 35

1 88
I

I
0 51 0 06

1 94

2 20

1 01

0 12

I
15 22

0 32
0 2J

0 11

6 22

0 11

34 86

0 11

58 46

I

0 02 0 22
I

I

I

I

I
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Table 37

I

I

I

I

I

I

R

I

I

I

I

I

I

I

I

Prey composition of starry flounder during two years of MESA

collections August 1977 1978 F O frequency occurrence

N C numerical composition G C gravimentric composition
IRI percent total Iridex of Relative Importance

Prey F G N C G C 1R1 F G N C G C 1R1

1977 n 6 1978 n 7

Ammodytidac 66 67 89 47 93 88 97 78

Cancrid crabs 16 67 5 26 5 36 1 42 7143 35 00 83 77 75 21

Unidentified detritus

sand and algae 16 67 5 26 0 76 0 80 42 86 15 00 2 23 6 55

Gammarid amphipods 42 86 17 50 1 14 7 08

Holothuroidea 28 57 15 00 10 29 6 41

Cumaceans 28 57 10 00 0 68 2 70
Flabclllferan isopods 28 57 5 00 1 86 1 74
Polychaete annelids 14 29 2 50 0 02 0 32
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Table 38 Prey composition of sand sole during three years of MEsA col

lections August 1976 1977 1978 F O frequency occurrence
N C numerical composition G C gravimetric composition
IRI percent total Index of Relative Importance

Prey f O c G C 1R1 F O N C G C IRI F 0 N C G C 1R1

Dungeness Spit 1976 u12 1977 n 14 1978 nZ2

lysids 666775 68 33 73 72 99 14 29 IO On 0 74 5 36 86 36 8166 76 02 90 19

GlPlmarid amphipods 50 00 15 32 4 20 9 77 28 57 40 00 2 91 42 87 68 18 10 45 2 30 5 76

Crangonid shrimp 33 33 4 50 40 73 15 09 7 14 10 00 1l 12 5 27

Natantian shrimp 8 33 1 80 5 78 0 63
ldoteid isopods 8 33 0 90 0 43 0 11

Holothuroideans 8 33 0 90 0 18 0 09
t ffill oJytidac 8 33 0 90 14 94 1 32

Clmaccaas 2143 30 00 0 4B 22 84 27 27 5 10 0 98 110

Clupeldac 7 14 5 00 51 90 14 21

Fish larv juv 7 14 5 00 32 84 9 45 22 73 0 64 18 07 2 82

Unidentified detritus 4 55 2 04 2 44 0 13

lIorse Creek 1976 1977 nool2 1978 noo21

Gammarid amphipocls 50 00 40 54 2 09 44 44 33 33 26 42 6 24 3131

Iysid s 33 33 32 43 4 18 25 44 9 52 0 94 0 24 0 32

C1upeidae 8 33 2 70 91 77 16 41

Hlppolytid shrirll 25 00 24 32 1 96 13 70

Fish larvae 19 05 2 36 70 04 39 66

l arvacearlS 14 29 50 47 0 30 20 86

Pleu onectidae 4 76 0 94 14 16 2 07

Unidentified detritus 9 52 6 13 133 2 04

Polychaete annelids 9 52 0 94 1 58 0 69

Aty1idae 4 76 3 77 1 09 0 67

BrachyrhYlchan crab

larva8 9 52 1 89 0 26 0 59
U10trichales 4 76 0 47 3 34 0 52
Cilrl kan hriHlP 4 6 1 B9 0 47 0 32

usiridilC 4 76 1 42 0 04 0 20

T in Kivcrs 1976 noo5 1977 n O 1978 n 16
lysidf 80 00 98 35 69 68 85 57 80 00 78 71 21 04 78 74 68 75 92 16 6 89 78 26

Fishes 80 00 0 51 26 40 13 71 10 00 1 12 45 70 4 62 18 75 1 96 82 67 20 39

Caridean shrimp 20 00 0 21 3 09 0 42 10 00 0 56 8 97 0 94

Unidentified detritus 0 00 0 51 0 15 0 17

Crangonid shrimp 20 00 0 10 0 41 0 07 5 00 0 28 1 58 0 09 6 25 0 65 0 18 0 06
Gammarid lmphipods 20 00 0 31 0 27 0 07 70 00 17 65 3 45 14 57 25 00 3 27 0 18 9 90

Polychaete annellds 5 00 0 28 15 58 0 78

Ulotrichales 5 00 0 28 3 39 0 18

Atylidae 12 50 1 96 0 09 0 29

lk1 Beach 1976 n 7 1977 n 10 1978 n lO
Fisll S 57 14 7 50 67 59 5 75 60 00 50 00 48 32 85 20

Hysids 28 57 62 50 11 37 27 92 20 00 5 93 32 56 15 30
Gammarid amphipods 28 57 27 50 2 59 11 37 10 00 8 33 0 15 1 23 40 00 17 80 25 07 34 07

Crangonid shrimp 14 29 1 25 13 08 2 71

Caridean shrimp 14 29 1 25 5 37 125 10 00 8 33 0 40 1 26
Arnrncdytidae 10 00 25 00 50 77 10 96
Unident lfid detritus 10 00 8 33 0 37 1 26 10 00 1 69 3 37 1 01

Ulotricha1 s 10 00 12 71 23 95 7 28

Bivalves 10 00 0 85 7 86 1 73

Calliopiidae 10 00 1 69 0 37 0 41
Eusiridac 10 00 0 85 1 12 0 39
Gammaridae 10 00 0 85 0 75 0 32
Flabelliferan isopods 10 00 0 85 0 75 0 32
Isaeidae 10 00 0 85 0 04 0 18
Cumaceans 10 00 0 85 0 04 0 17
Larvaceans 20 00 55 08 4 21 23 53
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I

I

I

I

I

I

I

I

I

I

I

I

I

I
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I
appraise the feeding selectivity of the fishes or to establish the importance
of different nearshore habitats to the fishes This latter problem the
need to evaluate shoreline habitats in the context of the nearshore food web
is further hindered by the lack of appropriate sampling methodology for

effectively documenting prey organismsI

I
In the case of neritic plankton communities the MESA sponsored investi

gations by NOAA s Pacific Marine Environmental Laboratory PMEL of the

phytoplankton zooplankton and ichthyoplankton community in the strait
Chester et al 1977 Chester et al 1980 provide seasonal

documentation of zooplankton composition and estimates of abundance for nine
sites Unfortunately these sites are in the deepwater regions of the strait
and quite distant from the nearshore environs where the neritic townet fish
collections were made This does not necessarily preclude comparisons with
the prey composition of obligate planktivores such as juvenile Pacific herring
and Pacific sand lance which tend to feed exclusively on pelagic calanoid

copepods If assumptions about advection of these zooplankters from deep
water into shallow water can be made then the data from the PMEL study may
be descriptive of the prey community available to these neritic fishes

I

I

I

I
The epibenthic plankton assemblages exploited by the facultative

planktivores have not been documented on a seasonal basis by quantitative
sampling and were only crudely sampled large forms only during the townet
collections of neritic fish Since epibenthic crustaceans such as mysids
and shrimp are important some quantitative documentation of their composi
tion and distribution in neritic waters will be necessary before evaluation
of the available prey resources in different nearshore habitats can be made

I

I Other MESA studies include quantitative surveys of the intertidal and
shallow subtidal benthos along the Strait of Juan de Fuca Nyblade 1979
Webber 1979 which have been conducted concurrently with the nearshore fish
collections since 1976 These data provide the best index of infaunal

organisms available to nearshore fish in the specific habitats surveyed
Polychaete annelids bivalve molluscs gastropod molluscs and a number of
other organisms which typic lly remain within or upon the sediment were

available for quadrat core or Van Veen grab sampling at low tide when the

surveys were conducted Many organisms however were not adequately
sampled either because they actively move with the tide or bec use they
were too small to be retained by the l mm mesh sieve Some of these e g
gammarid amphipods cumaceans mysids harpacticoid copepods were known to
be important components of the diets of many fish Cross et al 1978
Subtidal sampling with a Van Veen grab possesses many of the same biases
inherent in intertidal surveys because of the avoidance capability of
epibenthic zooplankton

I

I

I

I

I

An experiment was conducted under the sponsorship of MESA to attempt
quantitative documentation of epibenthic zooplankton in the intertidal and
shallow subtidal regions when the tide was in and the organisms were available
to predation by nearshore fish Simenstad et al 1980 Sampling of the

epibenthic zooplankton was coordinated with the sampling of nearshore fish

during August 1978 and was designed to provide data directly comparable with
the results of the stomach analyses conducted on the predominant nearshore
fish collected at that time Sampling of the epibenthos described inI

I 96



Simenstad et al 1980 utilized a suction pump and sampling cylinder
designed to reduce zooplankton avoidance and enable the sampling of micro
habitats within the various sampling sites Sampling was conducted directly
upon the shallow subtidal or intertidal area sampled for nearshore fishes by
beach seine or in tidepool collections Discrete samples were taken however
in distinct microhabitats found within these areas Depths of the sampled
microhabitats varied between 0 1 and 3 0 m

The results of this survey provided in detail in Simenstad et al

1980 are summarized in Table 39 as the percentage composition of

invertebrate taxa by abundance and biomass and in Fig 11 indicating the
total abundance and total biomass wet weight of the epibenthic fauna at

the six sampling sites and the various microhabitats sampled therein

Comparable prey spectra from concurrently sampled nearshore fish were

described previously for predominant species in Appendix 6 1 Overlap of

the numerical and gravimetric composition of the epibenthic fauna and the
diet of the prevalent nearshore fish sampled at the various sampling sites
has been estimated using Sanders Index of Affinity Table 40

The most impressive result of the epibenthic survey is the abundance

and numerical dominance by harpacticoid copepods at virtually every site and

microhabitat sampled In one sample Port Williams eelgrass harpacticoids
even dominated the fauna on the basis of total biomass Although seemingly
too small 0 250 1 50 mm to constitute preferred prey for most nearshore
fishes harpacticoids were important in the diets of sharpnose sculpin
tidepool sculpin high cockscomb and juvenile English sole Harpacticoid
copepods are probably important prey of primary carnivores including
polychaete annelids shrimp and crabs which are preyed on by nearshore
fishes Simenstad et al 1979 Differences in total epifauna density
and biomass among the sites and microhabitats Fig 11 are primarily a

function of the abundance and biomass of the harpacticoid copepods

Overlap values in the stomach contents of the nearshore fish and the

epibenthic plankton samples were generally low for most species principally
because of the discrepancies between the presence of harpacticoid copepods
in the microhabitat and their presence in the stomach contents of the fishes

Several species including tube snout tidepool sculpin tubenose poacher
juvenile English sole and speckled sanddab preyed heavily on the harpacti
co ids and therefore exhibited higher overlap in their diet spectra and the

environment In general overlap values were appreciably higher in comparisons
of biomass than in comparisons of numerical composition of the prey organisms
Table 40 This may be a result of two related phenomena 1 The high

numerical contribution of the harpacticoid copepods in the diet is not reflected

in the total biomass thus other prey organisms contribute higher percentages
to the overlap value based on biomass 2 Prey selection by the fish is most

likely to be based on size of prey rather than density Griffiths 1975 Eggers
1977 therefore overlap in larger prey organisms based on biomass tends to be

higher than overlap based on density This suggests that within certain size

ranges the standing crop weight area or volume of particular prey organisms
may provide a more appropriate measure of the importance of a habitat to near

shore fish than the density
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Table 39

B

I

I

I

I

I

I

g

I

I

I

I

I

I

I

Composition by abundance and biomass of epibenthic zooplankton
in various microhabitats at six sites along the Strait of Juan
de Fuca August 1978 Detailed descriptions of microhabitats

appear in Simenstad et al 1980

cliett Poillt

lar uad 0 Eel na 1 Wac

110111 AbllQdaacI 110 AblMaZlC4l BtOlU

Karp cUcoid copepoda 79 88 6 31 72 9 20 69 71 50 28 70
Calanoid copepodl 4 4 9 16 2 09 1 18 0 45 0 23
Cyclopoid copepoda 3 01 6 01 3 52 1 47 1 40 0 44
Blvllv 1 40 6 31 0 41 0 32 0 15 0 22
C4lIIlllUd amphlpod 0 74 13 51 0 36 2 06 0 26 164
A elIot n i opod 0 02 0 15 0 59 0 30 0 41 0 50
CwnacelUlI 0 03 0 15

Hlppolyttd IhrUlp 0 03 6 01 0 60 SloSS 0 68 50 14
Neogaltropoda 0 05 12 01
C tropoda 0 48 10 66 1 30 12 40 0 36 8 26
Splonid polych tu 0 68 3 00 0 01 0 01 0 05 0 11

Polychuu Ud 0 49 3 90 6 59 1 09 S 2l 7 84
tod 2 83 6 16 0 30 0 22

o trlcodl 1 02 6 01 144 0 60 0 81 0 34
Itarpac t1coid eggs 3 75 6 01 4 44 0 59 5 48 0 22
CaridUIl shrimp 131 0 29 0 00 0 01
Cruatseeau ells 11 81 3 89
Tsaaids 0 75 3 30 2 34 0 62 0 32 0 28

ShlUlOta Wietl r Div nity
Itldn H 1 41 4 30 1 88 2 65 1 73 2 29

Harpac tieoid eopepods
C eean

Ostracoda

Hlppolytid ahrilllp
Biv41vea

rpacticoid egla
G utropoda
Calanoid copepoda

Tanaid

Sbanaou W1ener Diversity Ind8ll H

RarpacUcoid copepoda
C ceana

NllUtodea

Oatracoda
Harpacticoid copepod egg
Hydroida
Gauropoda

Polychfete alUlelida

Guaarid amphtpocla
Caprellid amphlpoda
Cahnolc1 copepoda
Tanaida

Shanooo W1enn Oiversity Indel a
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Table 39 Contd

IIorM Crut

Ian Cobbl cobble

AbWtdaDcI 110M Ii A 1

Harpactlcoid copepoda 53 5 16 19 91 26 6 11 51 61 14 11
Cd noLi copepoda 39 90 27 15 153 3 36 30 21 34 80

Hysidl 0 24 15 92 0 04 0 15 0 24 10 14

Cyclopoid copepoda l 84 10 44 7 43 13 85
Cumacean 0 05 0 26 0 25 3 21
Heatode 0 92 5 22

Bivalv 0 92 5 22

Chaetogaaths 0 92 5 22

G tid aJqIhipodl O J 3 91 1 a3 44 41 0 12 0 34
Plmwtherid craba 0 05 2 61 0 12 0 34
c tropodl 0 18 0 52 0 41 21 00 0 12 0 34

Caprell1d amphipodl 0 04 4 59

Polycbalu annelids 0 73 06
BarnaclA larv o n 3 06

CnatacQtl ess 0 7 3 06
uellotD hopod 0 01 1 68

tdGta1d isopod 0 04 1 53
aett coch 2 56 7 09
8al pac tlcaid copepoda 268 7 09

Spionid polychtu 0 84 3 21 2 44 6 76
Tanaida 0 96 5 48

SMaDOQ Wienar DivInity
IIIdu Jl 2 05 4 01 0 4 03 2 29 3 56

1

I

I

I

I

I

II IMclt Mil U

r ad n

AbundAnce lio A li

K rl cticoid coplpod 17 92 U1 t1at Pau 1co1d t Op 42 63 I 44

Copepod naUllii 16 73 7 S7 Copepod naup1ii 1S 00 SSi

Spionid po1ychaat 16 74 11 81 Calaoo1d copep04a 5 12 5 69
Calanoid copelOd 7 15 12 60 OUaochaat 2 75 2 91
BerMcle larvae 3 35 11 81 PycDOloald 2 50 2 77

CrulItacun ella 5 58 7 87 Oatracoda 2 50 2 77

Nematode a 4 46 7 88 Cyclopoid eopepoda 2 50 2 77

Harpeeticotd e8 a 2 23 3 94 BanlCl naupl1i 250 2 17

CyetapoLi copc p 3 3S 71 14 2 48 43 12

Epicariel a bopod 1 12 3 94 eu 2 0 2 77

euarid qphllOd 0 40 10 05 c rLl pbipod 6 11 10 12

Ouidaatif1ad ell 2 14 3 050

ShanDan W1el1ar Oiveraity Index 8 3 2 440 Coid r1au 0 7 n

ShaQQaaVu Dtn1ty IDda 8 3 0 U

I

I

I

IauhlK U l

IIln uoU laM c l tl eo u Ioo1deo b lQl 1 b

o1onu D l1 toDhdl n al n

Vo1 0 010 1 0 076 0 lU
1

0 0
1

0 116 0 061
0 1U lab tI Ol 0 0 j J 101 1 01 H 19

AlIoua4uoc It AlIoua4C 10 AlIoUDdaDc I Atound DC IID Abu tdnc Ua u 1h uI u

6 pac cotl pal O SJ 11 S1 2 U 10 11 19 41 4 86 SI ll 12 191
co rll 1 9 01 21 51 12 51 24 41 nu 21 15 6 41 4 9S 6 42 10 41 5 14 1l OJ

O DC O OJ 2 41 0 61 2 60 4 U 111 0 9 0 05

lIacpa t oU I 2 U o n S 4S 1 U 1 61 0 11 2 tJ 111
Ddu 139 O B 2 91 1 ll O n 4 9 J2 0 9 10 1 91

ucbaao nnlpocla 0 01 U l 0 16 6 n 141 0 2 2 21 1 U J 2

l iUlIan 0 l6 25 26 0 62 32 U 5 66

OII ID u O IS 4 J1 O OJ O OJ 0 24 0 2 G 51 132 G O G n

Splau Ull J n 0 22 nn 0 20 J n o n 0 2J 0 1 O GS
u 0 15 20 IJ

h II cub O OJ 1 61 0 05
UIoIl tliad o n 1 25 0 05 0 05

U dd te U 2 23 0 02 0 65 0 05 0 1

I c u 1 J4 lJ n 3 61 64 6J nn 0 24 9 11 51 21 6 U 42

0 03 1 01
1 rl4 1 0 12 O S 125 2 12 0 51 0 89

adlau 1 0 31 0 51 0 11 13J 1 61 0 12 o n 2 5 5 U

t 0 01 LOS 125 0 01 I 0 11 2 31 o n J ll
0 25 G O 0 11 111 0 2 o n 0 11 0 89 1 91

ctr lealollaoapocla 0 01 1 7

a1ppoly nd O OJ 0 62 0 11 n 41 0 02

Ge t 0 01 0 111 0 21 2 40 6J O OS

Ih lv o n 0 11 0 12 0 01 0 25 l n 2 n 1 11

CnooItK o n 0 11

M CJ I a 1 41 1 11 1 tl 4 01

I
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Table 40

I

I
Percent overlap Sanders Index of Affinity between epibenthic
zooplankton and diet of nearshore fish at seven sites 17 distinct
microhabitats along the Strait of Juan de Fuca August 1978

I

I
Beckett Point

Pacific rameod juv
Tube snout

Widow rockfish juv
Padded sculpin
Pacific staghorn sculpin
Tidepoo sculpin

Tubi nose poacher

Pile perch
Crescent gunnel
Speckled sanddab

Jamestown Port Williams
Pacific staghorn sculpin
Tidepool sculpin
English sole juv

Dungcness Spit
Pacific tomcad juv
Pacific staghorn sculpin
Speckled sanddab

English sole juv
Sand sole juv

HOtsCreek

Pacific tamead juv
Tube snout

Jldow rockfish juv
Silverspotted sculpin
Pacific staghorn sculpin
Tubenose pOilcher
Speckled sandJab

English sole jllV
Sand salt juv

10 Rivers

I added sCldpin

Rosylip sculpin
Silverspotted culpin
Pac f ie tilghorl1 sculpIn
TidepuoL clllpin

Tub nospoacher
f l dtail surrJ reh

Striped stCaperch
l enl oint gunni l

S ck eJ s111duab

English sole

SatJ so lilt iuJ

Abl ndnnce Biomass

Bare sand

0 52 6 02
52 69 6 51

1 80 9 36
2 17 15 42

3 41 0 50
9 26 24 63
0 03 6 01

1 05 23 62

11 25 76 57

3 41 7 62

Coarse sand

0 97 1153
69 06 38 32

8 11 2 63

COA rse sand gravel
4 05 2 46

0 24 0 79
14 32 12 10
15 52 17 95

8 59 3 28

Rare sand

46 99 22 45
79 38 37 24

0 67 7 50
0 62 7 57
1 16 0 04

53 73 h 20

0 38 91
40 84 6 23

0 62 4 14

Bare s l1ld

6 11 1 18
8 59 15 46
8 59 53 24

6 11 0 01

42 80 18 5

8 59 46 5

7 02 11 l 9
8 38 10 16
8 59 10 20

8 59 34 7

0 00 0 00
1 1 1 4C

101

Abundance Biomass

0 3m

7 19
58 72

73

2 68
8 70

10 67

1 91

1 87

1140
8 59

Eelgrass
51 56

52 05

51 61

39 7
0 74
4 24

9 97
13 25
54 02

6 41

1m Eelgrass
1 16 3 66

85 52 29 52

6 19 3 0

Cobble
10 17 49 00

74 86 10 69
2 89 43 78
187 44 56
0 81 0 55

62 15 50 69
2 56 44 69
4 14 5138
2 60 1170

Abundance Biomass

1m Eelgrass
5 89 50 15

51 22 50 64
1 81 50 20

1 10 38 93
1 46 0 40

6 54 10 32

0 68 50 15

0 82 8 77

5 30 58 92

4 98 6 03

Sand

36 99

78 65
0 36
0 36
0 24

52 74

0 12

0 33

0 36

I

I

I
cobble

2 64
35 24

4 77
4 00

0 13

6 63

0 4
2 28

0 57

I

I

I

I

I

I

I

I

I

I
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I Table 40 Coatd

I
lorse Creek Bare sand Cobble Sand CObble

Pacific tomcod juv 46 99 22 45 10 17 49 00 36 99 2 64
Tube snout 79 38 37 24 7tl 56 10 69 78 65 35 24

idorockfish juv 0 67 7 50 2 89 4 78 0 36 4 77

Silverspottcd sculpin 0 62 7 57 1 87 44 56 0 36 I OO

Pacific stafhorn sculpin 1 16 0 04 0 81 0 55 0 24 0 13

Tubenose poacher 53 73 10 20 62 15 50 69 52 74 6 63

Speckled sanddab 0 38 3 91 2 56 44 69 0 12 0 34

English sole juv 40 84 6 23 4 34 51 38 30 33 2 28
Sand sole juv 0 62 4 14 2 60 11 70 0 36 0 57

Twin Rivers B1re sand
Padded sculpfn 6 11 1 18

Rosylip sculpin 8 59 15 46

Silverspotted sculpin 8 59 5 24
Pacific staghorn sculpin 6 11 0 03

Tidepool Sculpin 42 80 18 56
Tubenose pancher 8 59 46 35

Recltail surfperch 7 02 1149
Striped selperch 8 38 10 16
Penpoint gunnel 8 59 10 20

Speckled sanddlb 8 59 34 73
English sole 0 00 0 00

Sand sole juv 7 71 7 46

Kvulk l Beach Bare sand

Lingcod juv 0 00 0 00

Pacific staghorn sculpin 1 52 3 27
Redtail surfperch 172 7 90

Speckled ilnddab 154 7 44

Starry flounder 4 02 3 02
Silnd sole juv 1 25 13 99

Tidepool Number

Slip Point
1 2 3 4 5

Abund Biom Abund Biorn Abund Biom Abund Biom Abund Biom Abund Biom

Tidepool sculpin 10 46 32 00 13 32 26 40 28 39 29 26 80 20 13 66 66 54 15 35 39 85 10 51

High cockscomb 13 29 25 78 35 97 41 75 0 24 9 49 14 34 30 42 16 73 22 22

I

I

I

I

I
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I

I
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The epibenth c pump sampling appeared to be appropriate for the sampling of
several important prey organisms in addition to harpacticoid copepods The
best example is that of hippolytid shrimp which due to their size contributed
significantly to the prey spectra of juvenile Pacific tomcod juvenile widow
rockfish tubenose poachers and several other species in certain habitats
especially those at Beckett Point Other prey taxa which indicated relatively
high correlation with epibenthic fauna at different sites included tanaids
cumaceans calanoid copepods especially at Morse Creek and polychaete
annelids

Several taxa of epibenthic crustaceans which are important in the prey
spectra of nearshore fishes may not have been effectively sampled during the
survey The two most notable taxa are sphaeromatid isopods and mysids
Although sampled by the suction pump they did not represent the proportion
of the total epibenthos which was reflected by their occurrence in the stomach
contents of the predators This was especially true at the exposed sites of
Dungeness Spit and Kydaka Beach where mysids formed an important component
of the prey spectra of such species as juvenile Pacific tomcod juvenile
English sole and sand sole and yet were not sampled at all This suggests

1 extensive selection of these taxa by nearshore fishes 2 ineffective

sampling using the suction pump or 3 differential occurrence of the organisms
in the water column between the time of the beach seining and the time of the

epibenthic pump sampling In the case of the mysids it is suspected that
their patchy distribution and probable diel aggregation in the water column
also contribute to the lack of sample overlap Systematic diel sampling
perhaps coordinated with nearshore epibenthic sled sampling or plankton net

sampling by SCUBA diver would have to be conducted before the question of
mysid availability will be resolved

Results from the epibenthic pumping of tidepools at Slip Point indicated
that sphaeromatid isopods were available to the pump at least in the situa
tion of a contained volume of water which was completely filtered Sphaero
matid isopods are mainly associated with rocky nearshore habitats and are

preyed on by the fishes found in that habitat prickleback gunnel and some

sculpins

The lack of overlap in epibenthic pump samples and stomach samples in
some instances was associated with the inability of the suction pump to

capture large epifauna such as crabs true infauna such as bivalves some

polychaete annelids and fish Diets of predators utilizing these organisms
such as staghorn sculpin cannot be adequately assessed using only this

methodology even though they can be considered to be principally epibenthic
carnivores Similarly sessile organisms such as barnacles often contribute

measurably to the diets of fish inhabiting rocky nearshore areas overlap in
the epibenthic assemblage will also be low in these cases

Gammarid amphipods although not always a prevalent group numerically
usually contributed significantly to the total biomass of the stomach contents

of many nearshore fish species and were especially prominent in the tidepools
sampled in the rocky intertidal habitat at Slip Point

According to occurrence in the diets of predominant nearshore fish
collected at all nearshore sites along the strait Table 41 Appendix 6 10
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Table 41 Gammarid amphipod species consumed by 12 common species of

nearshore fish collected along Strait of Juan de Fuca

August 1978 occurrence abundant number is mean

wet weight in grams

I

I

I

Smooth Redeail 1l1bbQn 31
Cr tPad c lido r3d d head RosyHp riJclOol fluffy 1J i liigh pricUe rJd l

Prey t cod rod fish sculpin scul in sculpin sculpin sculpin pHch cockscomb back b d g

Ga dca

OphithoJae
Atphitho

0 0230

Aorid

0 0008 0 0010 0 0010

Atylidae
tTidens

0 004 0 0207 0 0070 0 0010 0 0310 0 0137
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0 0000

Eustridae
0 0070

Acc do1lllHa

0 0006 0 00L5 0 0003

Ponto neia Ivanov

0 0190

Gamma idae

Aniso aLllarus pueettcnsis
0 0130 0 0180

e1iu lilornia

0 0020

n dcsdichata

0 0070 0 0025 0 0014 0 0030

Hya1elllda
con5illorlum

0 0030

nyalidae 0 0018 0 0001

0 0015 0 0020

rubra
0 0040 0 0024 O OOl 0 OOl4

Parallorchestc oehotensis
0 0020 0 0040 0 a1aO a a03a

bacidae

PhorLssp
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O OOJ

PodoeHoP ls
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the prevalent amphipods included Aoroides columbiae Atylus tridens Accedo
moera vagor Melita californica desdichata Hyale rubra and Parallor
chestes ochotensis There was considerable overlap in amphipods in stomach con

tents and those in plankton pump samples especially with Aoroidescoluniliiae and
Melita desdichata both exclusively collected in tidepools and Hyale rubra
and Ischyrocerus sp There were more cases where the epibenthic pump sampled
species were not utilized by the nearshore fish Amphilocus littoralis

Gitanopsis vilordes Amphithoe sp simulans lacertosa Calliopius sp

Corophium s baconi Pontogeneia rostrata Maeya simile Megaluropus sp
Eohaustorius washingtonianus Allorchestes angustus Jassa falcata Lepide
pecreum gurianovae Orchomene sp Paraphoxus sp and spinosus To a

lesser extent species occurred in stomach contents which had not been

sampled during the epibenthic survey Melita californica Najna consiliorium
and Orchestia sp Alfhough we cannot verify the actual availability of
these amphipod species to the fish predators it would appear that 1 the

pump quantified the majority of the amphipods preyed on by the fish and

especially the more common prey species and 2 the fish used only a fraction
of the species and numbers of amphipods potentially available to them By
examining the characteristic habitat types of the species consumed by the
fish we see that the majority of the consumed species are algae associated
as compared with those which which are not preyed on which are typically
sediment associated Simenstad et al 1980 There is also good
evidence for selectivity by the fish for the larger species and sizes within

species of amphipods available to them in almost all cases the prevalent
amphipods among the stomach contents had a higher mean wet weight Table 41
than those collected by the epibenthic pump Table 42 If there are no

size related avoidance biases by amphipods during pump sampling we can

theorize that the fish are optimizing their energy intake per prey organism
by selectively feeding on the large species and groups available in the
environment Griffiths 1975 The implication of such selective feeding is
that only a portion of the available assemblage of prey organisms constitutes

optimum food sources for nearshore fish and that habitats where the abundance
of epibenthos has been reduced by seasonal phenomena or unnatural perturba
tions or where the prey species or size composition has been altered may
not support an equivalent density or composition of nearshore fishes

4 10 POTENTIAL EFFECTS OF PETROLEUM HYDROCARBONS ON THE NEARSHORE FISH

COMMUNITIES ALONG THE STRAIT OF JUAN DE FUCA

There is little doubt that major releases greater than 42 000 gallons
1 000 barrels or 150 tons of petroleum hydrocarbons adversely affect marine

environments Recent evidence has documented the conditions under which

petroleum is toxic to aquatic organisms Baker 1978 Am Inst BioI Sci
1976 Wolfe 1977 Malins 1977 McIntyre and Whittle 1977 Fish Res Board

Can 1978 In most cases acute toxicity has been stressed problems of

sublethal and chronic toxic effects have only recently been addressed

There is still considerable controversy about the significance of

petroleum induced perturbations to biological communities i e the

longevity of the impact the effect of significant reduction of prey

populations of important consumer species the transfer of hydrocarbons or

metabolites from prey to predator and the rates of biological succession in

determining the recovery of a damaged ecosystem Furthermore the ability to

detect actual changes in density productivity or community structure which
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I

I
r maridamphipod

Occurrence and relative size of gammarid amphipods collected by

epibenthic plankton pump sampling in the Strait of Juan de Fuca

August 1978 Number below occurrence values is relative size in

grams wet weight per individual
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can be attributed to increased hydrocarbon concentrations in the environment
is often lacking

A discussion of the potential effects of petroleum on the marine food
webs and nearshore communities of northern Puget Sound and the Strait of Juan
de Fuca is presented in Simenstad et al 1980 The following is a

discussion of the results of the three years of nearshore fish surveys along
the strait as they relate to the vulnerability of nearshore fish assemblages
to the effects of petroleum A discussion of the quantitative usefulness of
the nearshore fish data to detect measurable changes in fish density and
biomass has been presented earlier in this report

The effect of petroleum on the neritic fish assemblage may vary with
the species involved The juveniles and adults of the species especially
Pacific herring Pacific sand lance and longfin smelt appear to be
transient in the nearshore region Since they have the ability to detect
low concentrations of petroleum hydrocarbons in the water neritic fishes may
be capable of seeking uncontaminated areas Certain species in the neritic
fish assemblage however are strongly associated with the nearshore region
particularly the juveniles of several species of Pacific salmon the most

economically important food fish in the region The use of drift epibenthic
and pelagic prey organisms by those species ensures the transport of hydro
carbons to higher levels in the food web

Because of its lack of mobility and high sensitivity to hydrocarbons in
low concentrations the ichthyoplankton component of the neritic fish

assemblage may be especially vulnerable to oil spills It has been demon
strated that the success of neritic fish larvae in locating and feeding on

patchily distributed food organisms determines their survival past this
critical life history stage Arthur 1976 Hunter and Thomas 1974 Lasker
et al 1970 Laurence 1974 May 1974 O Connell and Raymond 1970 Rosenthal
and Hempel 1973 Disruption of the phytoplankton and microzooplankton
preyed on by the larval fish during the first few weeks of their pelagic
life even though only local may result in significant larval mortalities

The nearshore demersal fish assemblages may be vulnerable to the toxic
effects of petroleum present in intertidal and shallow subtidal regions
because of their restriction to these regions Although demersal fishes may
have the same capability as neritic species to detect water contaminated by
petroleum hydrocarbons they may not be able to avoid contaminated waters
Juveniles of many species e g English sole sand sole Pacific tomcod
chum salmon use the nearshore environment as a nursery ground In a sense

they are ecologically constrained to the nearshore environment If these
fishes did behaviorally avoid contaminated areas by moving into deeper water
they would probably suffer increased mortalities as a result of increased
predation and lack of appropriate food resources

Among the habitats studied during the three years of nearshore fish
surveys the protected bays such as Beckett Point and Port Williams would
seem to possess the greatest potential for damage to the biotic community
Not only were species richness density and standing crop of the nearshore
fishes typically highest in these habitats but also the reduced exposure to
wave action would prolong the period required to weather spilled petroleum
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beyond a toxic state Investigators of the 1969 West Falmouth oil No 2

fuel spill found that in fine sediment saltmarsh habitats petroleum became

incorporated into the sediments where it was preserved in a moderately toxic

state until recycled by benthic infaunal organisms or physically removed by
wave action and erosion Blumer and Sass 1972a b Krebs and Burns 1977 Teal

et al 1978 Although the water over oiled sediments may not reach toxic

levels through the leaching process sublethal but deleterious levels may be
maintained for many years and the prey organisms used by the fish may
continue to act as transporters of petroleum hydrocarbons from the sediments

to the fish

The results of the food habits studies of the predominant nearshore fish

species described in this and other reports Simenstad et al 197 Cross

et al 1978 Simenstad et al 1979 document the importance of detri

tivorous organisms especially epibenthic crustaceans to the nearshore fish

in the region Eelgrass Zostera marina may be one of the most important
sources of detritus in the nearshore ecosystem McRoy and Herfferich 1977

and may also act as sediment traps serving to entrain detrital particles
where they can be utilized by the abundant detritivorous crustaceans in this

habitat Kikuchi and Peres 1977 The epibenthic plankton pump sampling in

August 1978 this report Simenstad et al 1980 revealed that the

density and standing crop of epibenthic organisms were higher in eelgrass
beds than in other habitats From this evidence it appears that both as a

habitat for invertebrates and fishes and as a major organic carbon source

in nearshore areas eelgrass is a key feature in the production and diver

sity of nearshore fishes A substantial reduction of the eelgrass habitat or

decrease in productivity would alter the community structure and energy flow

in the nearshore zone Petroleum suills are likely to inhibit the rate

processes and structure of detritus based food webs Adsorption of petroleum
hydrocarbons by detrital particles will introduce hydrocarbons directly into

the base of this food web High concentrations of unweathered petroleum
adsorbed by detritus may inhibit bacterial decomposition although some

bacteria which can utilize petroleum will probably be enhanced But through
the combined processing of detritus and petroleum by bacteria hydrocarbon
components or metabolites can be transferred to detritivorous epibenthic
organisms and ultimately to the nearshore fish that prey on them This

process of active pollutant transfer is however mediated often in a very

short time by depuration and metabolic losses of the toxic components

One of the more important contributions of the nearshore fish investiga
tions along the strait has been the first comprehensive survey of the inter

tidal tidepool and beneath rock fish assemblages of rocky and cobble

habitats These habitats make up a large proportion of the shoreline in the

Strait of Juan de Fuca and northern Puget Sound region Although the rocky
intertidal may not be as vulnerable to the long term effects of an oil spill
as the soft sediment habitats the fish assemblages and the prey resources

are extremely vulnerable to short term effects because of their confinement

in pools and beneath rocks at low tide Unlike sand and gravel beaches where

the fish move up and down the beach with the tide rocky intertidal fishes

would be constantly subjected to high concentrations of petroleum hydrocarbons
as they accumulated in the intertidal zone with each tidal influx The prey

resources of the rocky intertidal fishes mainly epibenthic crustaceans

associated with algae would also suffer high mortalities during the initial
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event Because of weathering of petroleum and lack of incorporation into
the substrate in rocky intertidal habitats the long term recovery would

probably be quicker than in the soft bottom eelgrass habitats

Of all the habitats studied the exposed sand gravel beaches e g

Dungeness Spit West Beach are probably the least vulnerable to oil spills
Because of wave action most of the fish species which occur at these sites
are rather transient and are often virtually absent during winter The

weathering of petroleum would be more rapid in habitats exposed to wave

action than in the protected habitats However juvenile salmon principally
coho and chinook may be abundant in the exposed habitats from spring through
late summer As mentioned previously these neritic fishes may be able to

detect and avoid contaminated waters but it is conceivable that an extensive

petroleum spill could reduce the populations of prey organisms important to
the juvenile salmon especially mysids and transfer petroleum hydrocarbons
to an economically important group of fish utilized by man

The time of year of an oil spill may determine the extent of its
effects on the nearshore fish assemblages Midwinter through late Summer

appears to be critical from several standpoints Fish eggs and larvae are

most abundant in the neritic waters between February and May and the survival
rate of entire year classes could be affected by a petroleum spill at that
time This period is also an important time for the decomposition of
detritus in the nearshore zone and the corresponding increase in epibenthic
zooplankton reduction of this detrital source inhibition of the decomposi
tion process or reduction of the first reproductive generation of epibenthic
crustaceans would tend to depress or delay production of many important prey
resources for the nearshore fish Spring and summer represent the periods
of maximum density and standing crop of nearshore fish and more important
the period of recruitment of many species to nearshore habitats Their

dependence on these habitats for growth and protection from predation
emphasizes the potential for deleterious effects from the introduction of
petroleum into the nearshore ecosystem
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Appendix 6 1 Dates of beach seine townet and intertidal sampling

Beach seine collection dates month day Townet collection dates month day

Kydaka
76 77

77 78

78 79

Beach

5 17 8 10 1 15
5 7 8 28 10 1
5 8 8 18 1 12

Kydaka
76 77

77 78

78 79

Beach

5 22

5 14

5 14

8 13
8 31

8 26

10 2 12 30
10 22 12 29
10 22

Twin Rivers

76 77 5 16 8 9 10 26 1 18
77 78 5 5 8 27 10 16 1 21
78 79 5 9 8 19 10 17 1 13

Pillar Point
76 77 5 22 8 13 10 2 12 30
77 78 5 14 8 31 10 22 12 29
78 79 5 14 8 26 10 22

Twin Rivers
76 77 5 23 8 13 10 2 12 30
77 78 5 13 8 31 10 22 12 29
78 79 5 14 8 26 10 22

Morse Creek
76 77 5 23 8 14 10 3 12 29
77 78 5 15 8 30 10 21 12 28
78 79 5 15 8 27 10 21

Dungeness Spit
76 77 5 24 8 14 10 3 12 29
77 78 5 15 8 30 10 21 12 28
78 79 5 15 8 27 10 21

Morse Creek

76 77 5 15 8 8 10 25 1 17
77 78 5 6 8 26 10 13 1 22
78 79 5 6 8 14 10 16 1 8

Dungeness Spit
76 77 5 13 8 6 10 23 1 14
77 78 5 3 8 24 1 20
78 79 5 7 8 15 10 18 1 10

Jamestown Port Williams

76 77 5 12 8 5
77 78 5 4 8 25 10 17 1 24
78 79 5 11 8 16 10 15 1 9

Beckett

76 77

77 78
78 79

Paint

5 14 8 7 10 24 1 19
5 8 8 23 10 15 1 23
5 10 8 17 10 14 1 11

Jamestown Port Williams
76 77 5 24 8 14 10 3 12 29
77 78 5 15 8 30 10 21 12 28
78 79 5 15 8 27 10 21

Alexander s Beach
77 78 5 17 8 26 10 18 2 22

Beckett

76 77

77 78

78 79

Point

5 24

5 15

5 15

8 14

8 30

8 27

10 3 12 29

10 21 12 28
10 21West Beach

77 78 5 18 8 23 10 17 2 23

Alexander s Beach
77 78 5 16 9 1 10 24 12 30

West Beach
77 78 5 16 9 1 10 24 12 30
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Appendix 6 1 Contd

Tidepoo1 collection dates month day

Neah Bay
77 78 6 2 8 15

78 79 4 27 6 7 6 25 8 19 11 16

Slip Point

77 78 11 19 2 14 4 8 5 22 7 31 9 16 11 14 12 11

78 79 1 9 2 6 3 6 4 26 5 24 6 22 7 5 8 18 11 15

Twin Rivers

77 78 11 21 2 13 4 9 5 20 6 1 7 4 7 29 8 1 8 16 11 13 12 10

78 79 1 8 2 5 3 5 4 25 5 26 6 5 6 21 6 24 8 17 11 14

Observatory Point

77 78 2 12 4 7 5 21 5 31 7 3 7 28 8 14 11 12 12 9

78 79 1 7 2 4 3 4 4 24 4 28 5 22 6 4 6 19 8 15 11 13

Morse Creek

77 78 2 11 4 10 5 19 5 30 7 1 7 26 8 13 11 11 12 8

78 79 1 6 2 3 3 3 4 29 6 18

North Beach

77 78 12 20 4 6 5 18 6 30 8 12 11 10

78 79 4 23 5 21

U8



Appendix 6 2 Oceanographic data from beacg seine townet and tidepool collections
a Beach seine temperature C summary

Location

Kydaka Beach

Twin Rivers

Horse Creek

Dungeness Spit 9 6

AutumnSpring Summer

76 77 77 78 78 79 76 77 77 78 78 79 76 77 77 78 78 79

11 5 11 6 10 5 10 4 11 0 12 0 9 3

13 5 9 2 14 0 12 2 11 5 12 5 7 7 9 0 10 2

11 5 100 10 5 10 6 11 3 12 0 8 3 10 0 10 0

2 11 0 10 4 11 2 12 5 8 4

Jamestown

Port Williams 10 4 10 0 14 5 12 6 11 5 13 0 10 0 10 3

West Beach

Beckett Point 13 5 13 6 12 0 13 8

10 0

Alexander s

Beach

5 9 J4 0 9 8 10 1 10 0

Winter

76 77 77 78 78 79

76 77

X SD

Totals

77 78

X SD

7879

X SD

8 5

9 D

8 5

9 0 7 5

8 0

7 0 10 1 1 24 10 6 1 19 9 8 2 57

6 2 10 6 2 34 9 4 1 48 10 7 3 40

11 5 12 0

7 7

7 5 6 5 9 7 1 36 9 7 1 59 9 8 2 33

13 4 13 6 9

9 0 6 5 9 0 1 11 9 8 1 22 9 8 2 60

7 0 6 0 11 5 1 10 9 6 1 89 11 0 73

7 0 6 0 11 2 2 56 10 2 3 30 10 5 3 42

9 0 10 6 1 38

8 0 110 2 89

X 11 7 11 1 12 1 11 7 11 7 12 7 8 6 9 6 9 9 8 2 7 9 6 4

SD 1 45 1 76 1 77 1 29 0 83 0 75 0 77 0 49 0 52 0 62 0 84 0 38

Appendix 6 2 Contd b Beach seine salinity ppt summary

Location

Spring Autumn Winter 76 77
Totals

7778 78 79Summer

x x so x

31 3 29 9 30 4 30 8 31 5 30 9 32 0

76 77 7778 7879 76 77 77 78 7879 76 77 77 78 7879 76 77 7778 7879

31 1 30 8 0 45 31 3 1 10 30 8 0 36

SD

Kydaka Beach

Twin Rivers

Morse Creek

26 8 19 4 28 0 29 6 31 0 30 3 29 7 30 2

31 4 31 4 30 2 28 8 29 7 30 1 31 2 30 9

Dungeness Spit 31 3 31 3 31 5 30 4 31 1 30 1 31 3

29 9

Jamestown

Port Williams 24 4 12 1 27 1 27 3

Beckett Point 30 2 31 1 29 9 30 7 29 7 32 0 31 2 31 4

29 3West Beach

Alexander s

each

x

SD

29 6 30 5

30 2

23 2 14 3 29 2 27 3 2 65 23 7 8 21 29 2 1 15

30 7 27 2 31 3 30 5 1 03 29 8 1 87 30 5 0 67

23 3 313

30 9 29 7 32 2 31 0 0 37 30 7 0 87 31 3 1 07

26 2 2 95 23 6 10 13

30 8 30 1 31 9 30 7 0 36 30 6 0 81 31 3 1 18

28 6

24 2

29 6 25 3 31 2

2 99 5 52 1 05

29 5 0 79

27 9 2 9026 9 29 7 30 6

30 2 28 0 27 0 30 1 29 9 30 1 30 9 30 8

1 76 4 25 7 40 0 76 1 39 1 56 0 67 0 72

SD
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Appendix 6 2 Contd c Beach seine dissolved oxygen saturation summary

Location

SPrin

76 77 77 78 78 79 76 77

AutumnSummer Winter

109 0 72 4 76 4 94 0

77 78 78 79 76 77 77 78 78 79

101 3 72 3 105 2 3 90 84 5 11 03 87 1 22 18Kydaka Beach

76 77

X SD

Total
7778

X SD

78 79

X SO

Twin Rivers

Morse Creek

7778 78 79 76 77

87 1 112 6

113 0 64 7 128 7 719 54 9 106 2 107 1 109 2

95 0 59 5 140 5 84 9 45 7 139 1 89 8 106 9

Dungeness Spit 110 0 103 5 154 1 107 2 112 2 131 7 58 5

78 8

Jamestown
Port Williams 116 0 106 5 128 6 93 8 76 2 90 8

West Beach

Beckett Point 153 0 156 0 144 6 104 1 66 5 140 2 66 2 91 1

94 0

Alexander s

Beach

x

SO

113 5

140 6 131 9

100 8 98 0 102 5 98 215 79 81 726 01 112 4714 18

94 5 106 7 87 9 91 1 4 09 79 731 80 122 5 29 97

98 0 117 1 94 5 93 4 20 65 110 9 6 89 126 77 30 10

95 4 91 0 104 9 11 10 89 2 14 32 103 47 21 77

101 1

82 6 63 0 78 8 101 5 32 64 94 2 43 09 121 2 36 79

102 9 9 87

101 1

95 4 97 5 87 8

6 86 16 78 10 89

124 520 75

116 0 102 1 128 8 92 4 83 6 120 1 80 4 96 0

17 81 35 12 27 47 12 92 28 98 20 04 19 25 12 42

Appendix 6 2 Contd d Townet surface temperature oC summary

Location

Kydaka Beach

Pillar Point

Twin Rivers

Morse Creek

Dungeness Spit 9 5

Jamestoffi

Port Williams

SprinR Summer Autumn Winter

76 77 7778 7879 76 77 7778 7879 7677 7778 7879 7677 77 78 78 79

9 4 9 0 9 5 13 2 12 4 8 29 08 2

8 6 8 6 9 4 12 0 8 68 4 9 8 8 9

8 9 8 8 10 7 9 4 12 0 9 7 8 18 5

8 4 9 8 10 0 9 6 8 48 8 9 4 12 8

8 5 9 4 10 0 9 3 10 7 8 59 3

9 3 8 9 10 0 10 1 10 0 8 68 9 8 9

9 4 13 5 12 1 10 7 10 8 9 7Beckett Point 12 4 10 2

8 8 10 6 9 4West Beach

Alexander a

Beach 8 9 10 2 9 8

8 9 7 18 5

9 1 8 5 7 2

8 7 7 9 7 4

8 8 7 5 7 0

8 9 7 7 6 2

9 1 7 1 6 7

9 7 7 3 6 1

7 1

6 8

X 9 5 8 8 9 1 10 5 10 4 11 5 9 5 8 8 9 0 7 8 6 8 5 7

SD 1 34 0 58 0 42 137 137 1 04 0 68 0 65 0 33 0 55 0 44 0 27

76 77

X SD

Total

7778

X SD

7879
X SD

5 8 9 1 0 45 9 2 2 73 9 0 2 70

5 9 8 9 0 59 8 4 0 91 8 9 2 50

5 2 9 3 1 19 8 4 0 83 8 7 2 78

5 9 8 9 1 14 8 4 1 02 9 3 2 85

9 1 0 99 8 1 1 34 917 0 93

5 8 8 8 1 23 8 6 1 41 8 5 1 83

5 8 11 0 2 70 9 5 2 51 8 9 2 14

8 9 1 46

8 9 1 52
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Appendix 6 2 Contd e Townet surface salinity ppt summary

Location

Kydaka Beach

Pillar Point

Twin Rivers

Morse Creek

Spring 76 77
Total

7778 78 79Summer Autumn Winter

76 77 77 78 7879 76 77 77 78 7879 7677 77 78 7879 76 77 77 78 78 79 x xsn x snSD

32 6 33 1 31 6 32 4 33 1 32 2 32 6 33 0 33 4 28 3 32 7 32 3 31 5 2 12 33 0 0 19 32 4 0 75

32 5 32 8 32 9 32 2 33 4 32 4 32 7 32 3 34 6 31 6 32 8 32 4 32 3 0 48 32 8 0 45 33 1 1 04

31 9 33 1 32 8 31 9 33 4 32 5 32 6 32 9 34 2 31 5 33 1 33 1 32 0 0 46 33 1 0 21 33 2 0 74

28 1 31 6 30 9 31 8 33 4 32 2 32 2 32 9 32 3 31 8 33 0 32 9 31 0 1 93 32 7 0 78 32 1 0 84

Dungeness Spit 31 0 32 4 32 1 32 2 33 3 32 3 32 5 33 3 32 0 32 7 33 2 32 1 0 76 33 1 0 44 32 1 0 15

Jamestown

Port Williams 30 5 32 3 32 2 31 7 32 8 32 5 32 7 32 8 29 6 32 2 32 7 32 1 31 8 0 94 32 7 0 24 31 6 1 34

West Beach

Beckett Point 31 3 32 2 32 0 31 6 32 4 32 3 32 0 32 5 32 2 33 1 32 6 32 1 31 7 0 32 32 4 0 17 32 2 0 13

31 2 31 4 31 31 2 0 21

Alexander s

Beach

x

30 9

31 1 31 4 310 31 2 0 1831 3

SD 1 54 0 76 0 69 0 30 0 89 0 13 0 27 0 71 1 67 1 57 0 97 0 42

31 1 32 2 32 1 32 0 32 7 32 3 32 5 32 5 32 6 31 6 32 6 32 5

Appendix 6 2 Contd f Townet dissolved oxygen saturation summary

Location

Spring Summer Autumn Winter

76 77 77 78 7879 7677 77 78 78 79 76 77 7778 7879 76 77 7778 78 79

76 77

X SD

Total

77178

X SD

78tH

X SD

97 0 92 3 87 5 75 3 105 5 106 9 68 0 71 3 100 1 101 6 88 2 85 0 84 5 2 12 89 3 14 10 94 9 10 39Kydaka Beach

Pillar Point

Twin Rivers

Morse Creek

84 0 100 6 90 9 82 2 74 5 102 1 64 9 71 5 100 0 96 3 86 3 71 0 81 9 0 48 83 2 13 23 91 0 14 19

90 0 88 6 93 6 84 8 74 1 65 2 75 9 63 2 100 0 95 5 83 3 29 0 86 6 0 46 77 3 11 15 72 0 32 38

86 0 92 9 104 3 82 6 62 7 106 0 69 9 79 4 100 0 87 6 84 2 70 0 81 5 1 93 79 8 12 70 95 1 16 91

75 9 0 76 82 0 11 28 90 4 8 49Dungeness Spit 86 0 89 8 87 1 72 6 66 3 84 n 74 6 60 6 100 0 80 3 81 3

94 0 97 9 81 8 76 8 68 9 74 0 62 8 65 2 100 0 78 3 85 2 79 0 78 0 0 94 79 3 15 14 83 7 11 34
Jamestown
Port Williams

Beckett Point 136 0 137 0 95 0 116 0 92 6 81 8 92 3 104 3 102 2 81 9 89 6 84 0 106 6 0 32 105 9 21 7 90 8 9 57

85 6 713 82 5 79 8 7 52West Beach

Alexanderfs

Beach

X 96 1 97 5 91 5 84 3 76 7 88 6 71 3 74 1 100 3 88 8 85 2 69 7

92 7 68 9 80 2 86 0 82 0 10 09

SD 18 19 15 50 7 19 14 64 14 73 16 57 10 27 13 13 0 83 9 10 2 68 20 90

IIIlII Ell
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Appendix 6 3 Biological data from beach seine collections 1976 1978

a Summary of species richness number of species

Location

Kydaka Beach

Twin Rivers

Morse Creek

Dungeness Spit

Jarnestown

Port Williams

Beckett Point

West Beach

Alexander s

Beach

Sprint Autllmn WinterSummer

7677 77 78 78 79 7677 7778 78 79 7677 7778 7879 76 77 77 78 78 79

4 13 1013 10

10 16 12 16 141216 16 1312 18

9 15 19 1221 11 2011 15

8 12 5 512 17 175 12 13

16 6 16 817 14 1717

19 27 31 30 172228 2516 23 30

14 16 17 13

10 13 10

X 10 0 115 13 0 15 8 15 5 17 3 16 3 17 0 18 4 13 2 12 0 10 8

11

SD 4 6 4 9 6 2 8 0 5 3 6 1 6 4 6 9 2 5 9 9 4 9 6 8

76 77

X SD

Total

7778

X SD

78 79

X SD

4 9 0 3 5 8 0 3 5 8 0 4 6

8 13 0 3 5 14 8 1 5 13 0 3 8

11 8 2 5 13 0 5 2 16 0 7 8

11 10 8 5 3 7 3 4 0 13 0 2 7

9 6 5 0 7 16 8 1 0 14 3 3 8

22 26 0 5 2 22 8 7 4 23 8 2 9

15 0 1 8

110 1 4

Appendix 6 3 Contd b Summary of fish density fish m2

Location

Kydaka Beach

Twin Rivers

Morse Creek

Spring Summer Autumn Winter

76 77 7778 7879 76 77 77 78 7879 76 77 77 78 7879 76 77 7778 78 79 X

0 05 0 01 0 05 175 18 36 0 14 0 020 05

7677
Total
77 78 78 79

so so x SDx

0 04 0 61 0 99 6 14 10 58 0 08 0 06

0 13 0 02 0 07 0 74 0 58 0 48 0 19 0 64 0 20 0 14 0 12 0 04 0 30 0 29 0 34 0 32 0 20 0 20

0 01 0 02 0 05 0 38 0 13 0 02 0 03 0 15 0 24 0 02 0 03 0 11 0 18 0 08 0 07 0 10 0 12

Jamestown

Port Williams

Dungeness Spit 0 01 0 01 0 13 0 76 0 11 0 12 0 08 0 17 0 01 0 01 0 02 0 22 0 36 0 04 0 06 0 11 0 06

Beckett Point

West B ach

Alexander s

Beach

0 04 0 07 0 12 0 10 0 64 0 49 1 81 0 47 0 40 0 06 0 07 0 04 0 73 0 76 0 29 0 23

0 02 0 07 0 54

0 50 0 03 0 06 1 18 1 74 0 98 1 66 0 30 1 12 2 03 0 34 0 44 1 34 0 66 0 60 0 77 0 65 0 49

0 20 0 240 17

X 0 12 0 11 0 08 0 82 2 75 0 37 0 49 0 55 0 44 0 44 0 22 0 12

0 73 0 33 0 75 Q 12

SO 0 19 0 25 0 04 0 59 6 33 0 36 0 78 0 61 0 40 0 89 0 20 0 18

0 48 0 31
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Appendix 6 3 Contd c Summary fish standing crop g m

Total

ing Summer Autumn Tinter 76 77 1 78 79

Location 76 77 77 7H 78 79 7677 7778 7879 7677 7778 78 79 76 77 7778 78 79 X sn X sn X SO

Kydilka Be i1ch 0 39 0 35 1 28 6 39 52 07 166 1 49 1 23 1 58 2 67 3 25 17 97 29 54 1 51 0 20

Twin Rivers 0 32 1 49 4 32 7 06 7 08 17 92 17 85 5 67 6 65 12 61 9 31 8 12 9 46 7 52 5 89 3 29 9 25 5 99

Morse Creek 1 70 3 18 O 27 2 03 2 17 2 83 4 09 1 95 3 86 0 36 0 20 2 05 1 54 1 8 1 24 2 32 185

Dungeness Spit 0 33 0 08 0 43 2 89 0 48 0 12 1 52 3 36 0 11 0 04 0 22 121 1 28 0 20 0 24 103 1 56

JaOlcstown

Port Williams 0 12 4 09 0 20 0 38 5 47 0 95 8 93 2 58 1 01 0 28 0 25 0 18 4 88 3 28 1 00 1 10

Beckett Point 10 35 161 0 48 6 36 12 16 0 98 17 00 3 78 10 36 13 25 2 31 1 81 1174 4 50 4 97 4 88 3 41 4 67

West Beach 4 78 3 30 4 38 1 74 3 55 1 36

Alexander s

Beach 129 1 91 7 92 1 43 3 14 3 20
N
w

X 2 20 2 11 1 16 4 19 10 58 4 08 10 12 4 87 5 36 5 51 2 29 2 40

SD 4 03 1 72 1 59 2 78 17 17 6 84 8 51 2 82 3 19 6 79 3 20 3 28
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Appendix 6 4 Biological data from townet collections 1976 1978

a Summary of species richness number of species

IliiiIliI IIIiIliI

Location

Kydaka Beach

Pillar Point

Twin Rivers

Morse Creek

Dungeness Spit

Jamestown

Port Williams

Beckett Point

West Beach

Alexander s

Beach

x

so

SprinK Summer Autumn Winter 76 77

X so

Total

77 78

X SO

7879

X SD

2 4 0 1 83 2 3 1 5 6 5 3 7

o 6 7 3 10 4 0 1 6 6 8 4 8

76 77 77 78 78 79 76 77 77 78 78 79 76 77 77 78 78 79 76 77 77 78 78 79

o 9 0 3 16 3 3 2 5 3 0 4 1

4 11 6 6 6 3

3 11 0 5 83 6 5 3 9 6 0 4 2

2 3

o 9 0 2 45 7 5 3 4 5 3 4 6

11 4 6 4 2

3 9 0 2 94 5 5 2 7 5 5 2 6

4 11 5 9

1 9 8 4 35 6 0 2 2 5 5 5 7

10 9 6 o

6 8 3 6

9 7 3 0

1 3

1 4

Appendix 6 4

1 6

76 77

X SD

Total
77 78 J

X SD X SD
Location

3 2

Kydaka

Pillar Point

Twin Rivers

Horse Creek

4 13

0 01 0 32 0 04 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 08 0 16 0 01 0 02

0 01 0 01 0 03 0 03 1 66 0 13 0 01 0 01 0 01 0 01 0 01 0 0 0 01 0 01 0 42 0 83 0 04 0 06

0 11 0 90 0 72 0 20 0 01 0 01 0 01 0 01 0 01 0 01 0 0 0 0 0 09 0 10 0 23 0 45 0 18 0 36

0 01 0 23 0 01

0 09 0 01 0 03 0 30 0 01 0 01 0 06 0 01 0 01 0 01 0 01 0 01 0 12 0 01 0 01 0 01 0 01 0 01

0 06 0 110 01

Alexander s

Beach

X 0 05 0 29 0 20 0 08 0 84 0 02 0 01 0 01 0 01 0 01 0 01 0 01

0 04 0 32 0 01

19 12 10 5 28 6 11

0 09 0 76 0 09 0 01 5 28 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 02 0 04 1 51 2 54 0 02 0 04

Jamestown

Port Williams

Dungeness Spit 0 01 0 41 0 41 0 04 0 01 0 07 0 01 0 01 0 01 0 01 0 01 0 01 0 02 0 02 0 11 0 20 0 11 0 20

Beckett Point

West Beach

10

9 10 9 3 4612 8 1286

10 9 12 4 59 6 49

9 13 6 1 514 9 44 12

12 4 6

13 11 9 6

10 4 9 0 6 4 3 6 3 24 774 9 3 7 15 7 10 7

4 2 2 9 2 2 1 1 2 23 3 2 315 3 0 2 94 1

Contd b Summary of fish density fish m3

Spring Summer Autumn Winter

7677 7778 78 79 7677 7778 7879 7677 7778 7879 76 77 77 78 7879

0 02 0 12 0 07 0 01 0 03 0 01 0 01 0 01 D G1 0 01 0 01 0 01 0 01 0 01 0 04 0 06 0 02 0 03

0 03

so 0 44 0 34 0 27 0 12 1 75 0 05 0 02 0 01 0 01 0 01 0 01 0 01

0 10 0 15



Appendix 6 4 Contd of fish
3

c Summary standing crop g m

Total

Spring Summer Autumn Winte 7677 77 78 78 79

Location 76 77 77 78 78 79 7677 7778 78 79 7677 77 78 78 79 76 77 n 78 78 79 X SD X SD X SD

Kydaka Beach 0 01 0 02 0 01 0 01 0 02 0 04 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 01 0 02

Pillar Point 0 01 0 01 0 01 0 16 2 29 0 40 0 01 0 01 0 04 0 01 0 01 0 01 0 05 0 07 0 57 1 14 0 11 0 19

Twin Rivers 0 01 0 04 0 01 0 27 0 01 0 02 0 02 0 03 0 01 0 01 0 0 0 0 0 08 0 13 0 02 0 02 0 01 0 01

Morse Creek 0 01 0 03 0 01 0 01 12 31 0 01 0 04 0 01 0 01 0 01 0 01 0 01 0 02 0 01 3 09 6 15 0 01 0 01

Dungeness Spit 0 01 0 02 0 01 0 29 0 32 0 01 0 08 0 04 0 01 0 01 0 01 0 0 0 09 0 14 0 09 0 15 0 01 0 01

Jamestown

Port Williams 0 03 0 01 0 01 0 17 0 13 0 18 0 01 0 02 0 01 0 01 0 01 0 01 0 05 0 08 0 04 0 06 0 05 0 09

Beckett Point 0 04 0 01 0 02 0 92 0 03 0 02 0 38 0 03 0 01 0 01 0 01 0 01 0 34 0 43 0 02 0 02 0 01 0 01

West Beach 0 01 0 93 0 07 0 01 0 26 0 45

N
Alexander sU
Beach 0 03 1 50 0 20 0 02 0 44 0 71

X 0 02 0 02 0 01 0 26 2 06 0 10 0 08 0 05 0 01 0 01 0 0l 0 01

SD 0 01 0 01 0 01 0 3l 3 92 0 15 0 14 0 06 0 01 0 01 0 01 0 01
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I Appendix 6 5 Summary of biological data from intertidal collections

1977 1978 a Species of fish collected at each site

residents 0 transients

I

I
Neah Slip Twin Observatory Morse North

Species Bay Poin t Rivers Point Creek Beach

I Gobiesox maeandlieus 0 0 0 0 0 0

Al tedius fenestra lis

I
A harringtoni
A iateYaZis 0 0 0 0 0

I
Asee liehthys rhodoYus 0 0 0 0 0 0

3lepsias cir2 hosus

CZinocottus acutice s 0 0 0 0 0 0

I c emJryum 0 0 0

c globiceps 0 0 0

I Enophrys bison

HemiZepidotus hemiZepidotus

I
Migoeottus maeulosus 0 0 0 0 0 0

o rimensis 0 0 0

o snyder i 0 0 0

I Ano lal ehus purpureseens 0 0 0 0 0 0

Phytichthys ehilus 0 0 0

I Xiphistel atlopurpuleus 0 0 0 0

X nrucosus 0 0 0 0

I A od chthy s flavidus 0 0 0 0 0

Pholis laeta 0 0 0 0 0 0

I
P OPnGta

Liparis florae 0 0 0 0 0

L eyclopus

I L rut teyi

I

I

I
126



Appendix 6 5 Contd b Density of fish Above density of fish in tidepoo1s
2

number m

below density of fish beneath rocks number rock

Feb Apr May Ju1 Aug Nov

Location 77 78 77 78 77 78 77 78 77 78 77 78

North Beach
10 3 3 0 18 8 14 1 7 2 20 3 40 0

2 9 0 4 0 9 0 6 0 1 0 6 0 5 17

Morse Creek
20 0 118 14 9 15 4 7 5 34 4 25 3 35 0 10 7 30 8

10 13 2 1 0 7 2 2 14 2 3 4 6 18 9 0

Observatory 28 0 28 5 27 5 214 23 3 78 9 18 8 26 1 47 8 23 3 60 7 22 8

Point 12 0 4 7 6 8 16 2 6 18 2 5 3 3 5 7 3 9 13

Twin Rivers
23 2 20 4 51 1 15 3 43 3 32 2 21 1 23 3 32 0 16 7 35 1

11 0 6 2 1 14 0 9 2 7 2 5 0 5 0 6

13 0 510 15 2 17 4 11 9 10 4 17 8tv

Slip Point
28 4 27 9 43 3 24 9 9 4

16 2 5 16 19 2 1 3 5 3 7 17 6 7 11

Neah Bay
113 65 8 37 8 13 22 9 9 1
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Appendix 6 5 Contd c Standing crop of fish Above standing crop of tidepoo1 fish g m

below standing crop of fish beneath rocks grock

Feb Apr May Ju1 Aui Nov

Location 77 78 77 78 77 78 77 78 77 78 77 78

North Beach
18 7 10 4 30 1 30 0 4 4 64 6 126 7

9 4 0 6 3 7 4 5 0 4 3 0 0 9 9 2

Morse Creek
32 1 22 8 25 9 18 8 11 3 98 2 78 8 92 2 119 53 2

2 9 3 1 10 5 5 6 12 8 2 2 10 3 33 8 5 0 12 3

Observatory 31 9 22 6 48 6 37 0 415 114 0 44 0 22 5 73 5 52 1 66 1 48 4

Point 28 8 12 8 17 1 15 10 2 2 4 10 0 25 2 19 2 9 3 28 9

Twin Rivers
33 7 19 5 60 8 10 4 62 9 37 3 25 8 6 8 33 0 29 4 64 7

3 6 0 6 12 7 47 1 5 6 41 0 29 2 2 5 5 7

29 4 57 9 219 30 2 315 50 9 80 9 33 3 47 2 98 1 79 5 18 7
00

Slip Point
10 9 15 0 12 4 14 3 12 4 16 0 18 5 8 2 10 7 11 3

Neah Bay
33 0 107 0 90 7 15 73 7 214



m
Appendix 6 6 Summary of macroinvertebrates collected incidentally to beach seine

and townet samples a May 1976 January 1977 B Beckett Point ID Dungeness Spit J Jamestown K Kydaka Beach M Morse
Creek P Pillar Point T Twin Rivers

Organism

Phylum Cnidaria

Class Hydrozoa
Aequolea aequol ea

Hydromedusae sp
Medusa

Class Anthozoa

AnthopZeura eZegantissima
Phylum Ctenophora

Bero spp

Phylum Platyhelminthes
Class Turbellaria

Turbellaria sp
Phylum Nemertea

Nemertea sp

Phylum Mollusca

Class Gastropoda
Amphissa aoZumbiana
Littolina sautuZata
L sitkana
M a1ites pupiZZus
Nassa1ius mendiaus
PoZZiniaes Z isi
Hermissenda a1 assiao1nus

MeZibe Zeonina
Class Bivalvia

CZinoaardium nuttaZZi
C1yptomya aaZifo1nica

Class Cephalopoda
Octopus sp
O dofZeini

Phylum Annelida

Class Polychaeta
GZycela aapitata
PZatyneleis bicanaZicuZata
Po Zychaeta sp

Po Zunowea sp

Tom ptelis septentl ionaZis

Phylum Arthropoda
Class Crustacea

Order Mysidacea
Aaanthomysis davisi
A maaropsis
A nephrophthaZma
A sauZpta
A sauZpta val nuda
A1ahaeomysis glebnitzkii
Bol eomysis miC1ops

Beach seine Townet I
J

P J D B
I

I
K D

B

D I
B

I
J

B

M B

B

B

B
B

M B

M B

I

I

o
B

J

B

K

I

I

J B

J

P
K T

J

P D

o

I

I
M

T D M

D M

D M

T

K P T D M J

P D M

T D M J

D J
K P T D M J

T

I

I
129

I
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Appendix 6 6 Contd a May 1976 January 1977

I Organism Beach seine Townet

Mysis oeuZata T D

I Neamysis sp P D
N kadiakensis K P T
N mereedis T

I
N rayii D M K P T D M

Proneomysis waiZes D T D J

Mysid sp K D

Order Cumaeea

I Diastyis ap T
Order Isopoda

Argeia pugettensis K D T

I Bopyroides hippoZytes B

Gnolimosphaeroma ap J
G olegonensis K D M J D M T

I
Idotea fewkesi D M J B
I 1Ufeseens D

Ligia paUasi M

Pentidotea monteleyensis K M

I P leseaata D J B J P D N T
P wosnesenskii K T M D
RoeineZa beUiaeps T M J D K M T

I
Synidotea anguZata J

S bieuspida K P D J B

Teatieeps pugettensis D

I
Order Amphipoda

AmpheZisaa agassizi D
A pugetiea D

Amphithoe ap P

I
A hwneraUs B J D
A Zaaeltosa T J B

Anisogamma1Us eonfervieoZus T

I
A pugettensis J M

Anonyz tatiaorae D M B J D K M

AtyZus ooUingi T
A tridens T D M B M J D K P B T

I CapreZta ZeviuseuZa D

Corophiwn blevis M
Gammaridae sp P B

I
HyaZe pZumuZosa B
MeHta dendata J B
Me taeapreZ ta kenne1lyi B

I
Orehestoidea pugettensis D

pontogenia ivanovi M D M
P rost1ata D M
WestwoodiZta eaeauta D M

I Order Euphauaiaeea
Euphausia ap T M

Euphausia pacifica P

I
Thysanoessa inermis p
T Zongipes P
T rasehi

p
T spinifela p

I 130



Appendix 6 6 Contd a May 1976 January 1977

Organism Beach seine

Order Decapoda
CaLLianassa caUforniensis
Crangon sp
C aLaskensis
C cormrunis
C franciscolUf1l
C nigricauda
C styUrostris
EuaLus alIinus
E fabricii
E pusioLus
E sucHeyi
E townsendi

Heptacarpus brevirostris
H kincaidi
H paLudicola
H sitchensis
H stimpsoni
H styLus
H tauLori
H te uissimus
PandaLus danae
P montaguitridens
P stenoLepis
SCLerocrangon alata

Spirontocaris arcuata

S snyderi
Upogebia pugettensis
Cancer mlgister

C oreaonensis
C productus
Fabia subquadrata
Lophopanopeus bellus
Megalops

Oregonia gracilis
Pagurus armatus

P beringanus
P fP4110 simanus
P hirsutiusculus
Petrolisthes eriomerus

Pugettia graciLis
P producta
P richii
Telmessus cheiraaonus
Zoea

v

Phylum Echinodermata

Class Asteroidea

Evasterias trosch Lii
Henricia leviuscula

Class Echinoidea

Dendraster excentricus

T

T D M J B

B

D M

T D M J B
K T D M

M

T B

T J B

J

J B

B

M B

M B

D B

B

B

B

J
K T D M J B

1 B

D B

B

J B

B

J B

B

B
B

P M J B

J B

M B

J B

D

D

B
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Townet

I

I
J

J

J D K P B M T

IJ D M T

D
J

J

T D M J

T

J

D

M

I

I
J M

J

K P M T

D B

I

gT D M J
D J

I
I

I

I

I

I

D

P D J

J B

P

T D J B

u

n

I



I

I
Appendix 6 6

I

I

D

D

D

g

g

I

g

g

g

I

m

I

I

I

Contd b May 1977 February 1978 A Alexander s Beach
B Beckett Point D Dungeness Spit J Jamestown
K Kydaka Beach M Morse Creek P Pillar Point PW
Port Williams T Twin Rivers W West Beach Note
Jamestown and Port Williams are equivalent sites

SPECIES 148 total REACH SElm 92 SPtl TONET 95 spp

D D PW P

M

K M

J P

P
T M B A W

P

P M

B B K A W
T A

PW

Phylum Cn1daria

Class Hydrozoa
Aequorea aequorea
Aurelia auIita
Cyanea capiLZata

Gonionenus vertens

Fbluorchis penicillatus
Unidentified jellyfish
Unidentified hydt oids

Phylum Ctenophora
BeroOe spp
Pleurobranchia spp
Unidentified ctenophore

Phylum Nemertinea

Unidentified nemertean

Phylum Mollusca

Class Gastropoda
Aglaja diomeciia B

CaZlioBtomr ligatwn
ColliselLa instabiZis
ColZisdla Delta B

Haminoea spp B

Haminoea virescens
Hermis8er a c 8sicorni8 B
Littorir spp J W

L plarais J B
L 8cutulata B
L sitkana
Melibe leonina B

Notoamaea pel sora J W

Notoac aea 8CUtwn J

Nudibranch spp B K
PhiZine spp
PolZiniceo lwsi K B

Pteropod spp
Trais lamello8a A W

Unidentified snail
Class Bivalvia

Clinocardiu nuttalli J W

MytiZus edulis B
Tre8u8 capax B

K

P

K M A W

A

D

PW

PW W

P

P

132



Appendix 6 6 Contd b May 1977 February 1978

Class Cephalopoda
GonatJs fablicii

Loliao o aZe8cen8
Octovus sPPo

Phylum Annelida
Class polychaeta

Flabelligera infurdibutaris
HaZosyana brevisetosa
Lepida8 henia intel rupta
Nereis veri nosa
Nereid spp
Nothl ia eZeqanB
Phyllodoc id spp
Polychaeta spp
TO oDtel i8 septentl ionalis

Class Hi udinea

Unident ified leech

Phylum Arthropoda
Class Crustacea

Order ysidacea
Acantrromysis co lumbiae
AcantrorrT dsiB Cavisi

A macropsia
A neDnrophtraZma
A ps udo aClOp8is
A 8culvta

Alchaeo usis glebnitzkii
A macu l ta

Hysid spp
Mysis oC4lata

Neom 8i8 awatscnenensis
N Kadiakersis
N l ayii

Order Cumacea

Unidentified spP
Order Isopoda

DynamenelZa gZabra
DynameneZla sheQ1i
Gr l imo8phaeroma

oleaonen sis
Idotea spp

ldotea fewkesi
pentidotea a uleata
P montereyensis
P resecata

P wosneser sKi i
Rocinela bellicevB
RocineLa propodialis
Sur idotea anauZata
SYnidotea Di uspida
Tec ticep8 pUflettersis

A

B J

B

B A W

B

A

J

M W

T W

M

M J A o1
J B

T M J

M D A

133

I

m

P Po1 A W

P PW A W
A

I

A

P

K

a
K A

PW
m

P M D W m

W

T M PW

K P PW B W

T Po1 B

I

I
K D

K P H D PW A W
D W M

nPW

W

W

l p T M PW B A W I I
P T D PW A W

P

P I
K M D W

A
K P T M D PW A W

P

K P M PW B A W

T D A

P PW B

A

M

I

D

I

I

I

I

I
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I

I

D

I

o

m

m

g

I

g

g

g

I

I

I

I

Contd b May 1977 February iJ

Order Amphipoda
AnrohithOe 51 1
AmvhithOe humeraZis
A ZacertosQ

Anonuc Zaticorae

AtyZ 8 coZlingi
AtyluB trwens
CaZliopius 511

CaprelLa penantis
Gammaridae S1 1

HyperUdae 51 1
Westwood ilIa caecula

Order Euphausiacea
Euphausid 511
EUphnusia pacifica
Thusanoessa raschii
T spinifera

Order Decapoda
Callianassa californiensis
C aiaas
Can e oraC l is
Cancer magister
C ol eaonensis
c productu8
Crangonidae 51 1
Cranaon alaskensis
Cran on niaricauda
cr on stylirostris
Eualus 81 1
Eualus avinus
Dualus fabricii
Dualu pusiolus
Eualus tGWnsendi
HemiarQDSUS oroeaonensis
HeptacaPpus breVirostl is
H flexus
H kincaidi
H valudicola
H rictus
H stirrrDsoni
H stuZ us
H ta lori
H t ui8Sirrru8
H trwens

Hippo lyte c Zalki
Hippolytidae spp
Lebbeus grandimanus
Megalops
Oreaonia ara ili8
pa rus b ringanus
P capilZatu8

W

J B A

K M D J

T

T M J A W
W

K T M J A W

W

B A W

K T X D J B A W
D B

T J B

K T M D J B A W
K T H J B
K T M D
B

J A W

W

B

T
K T 1 D J A
M B

B

J

J

B

B

T J B A

W

J B
B

B

J B
B

J B

134

M

K P

K P M D PW A

K P M D PW B A W

T

K p T M n pw B A W

D A

P A W

A

PW A W

P D B W

P T B A W

PW

PW

PW

K P M D PW A W

K PW

PW

A W

K P T D PW B A W

P M PW A

A

T M

T PW

M

K P M D PW B

P

K H n W



Appendix 6 6 Contd b May 1977 February 1978

P hirsutisculus
P granosimanus
Pagurus spp
Pandalidae 5t1

Pandalu8 danae
P goniupus

P montaaui triden s

P platy eros

P stenoleDis
Pinnotheres ouaettensia
P tatLori
Pugettia gracilis
P OIOducta

P ichii
Sclerocrancon aZata
SviTontocdJ is m

T lme88u8 cheiraaonu8
Upogebia pugett sis

Zoea

Phylum Echinode uata

Class Asteroidea

PerPicia leviuscula
Leptasterias h ctus

Class Echinoidea

Dendraster excentricu8
Class Ophiuroidea

Ophiopho Zis aati leata
Phylum Chaetognatha

Unidentified chaetognaths
Phylum Bryozoa

Unidentified bryozoans

J B A W

J B A W

M

B

T X D J B A

A

B

M J B A

J B

B A W

T J B

J

D

J

w

135

I

I

I
K P H D PW

K M D PW B W

K M D A Y

P H PW B A

B

M

P D

D
D

I

I
P toJ

A I
T A W

u
P

P T M IW A l n
K P

g

D

D

o

R

I

I

I

I



IiiiiiiiI Iiiiiiil Iiiiiiil iiiii IiIiiII IiiiiiiiI IiiiiIiiiI IiiiiiiiI Iiiiiiiii IiiiiiiiI IiiiiiiiiI 11IIII IIiiiI EiiIIiI iiiiiI iiiiiiI

Appendix 6 7 Macroinvertebrate abundance and biomass raw data May 1976 January 1977
a Beach seine samples biomass in g size in mm

B E A C H 5 E I N E 5

Hay 1 76 August 1976 October 1976 January 1977
Biomass

She
Biomass

Si e Size SizeBiomass BiomassSpecies No gr x Range No Cgr x Ran No gr x Range No gr x Range

Site Jamestooll

CrangOll alaskensis 17 5 0 6 4 5 0 9 0

c nigricauda 10 5 7 8 3 5 0 10 0 25 23 0 7 3 2 0 13 0

HeptaCQFpu B br8virostris 9 6 5 7 3 4 0 11 0 0 1 3 0 3 0

H paludioola 9 1 5 4 5 3 0 4 5

H sitchensis 15 17 3 1 2 0 4 5

Upogebia pugettensis 0 4 2 8 SITE NOT SAMPLED SITE NOT SAMpLED

Amphi thoe lacertosa 9 1 0 16 1 2

AnisogammaIus pugettensis 1 0

Melita dendJita 3 0
W

Idotea felJ kesi 1 0

Pentidotea resecata 6 1 6

Synidotea angulata 2 0

Nernertean sp 1 0

Polynoidae po 10 0 7

Platyne1eis bicanalicuZata 8 0 4

Cancer magister 5 1

Oregonia gracilis 1 2 1 14 0

Pugettia gracilis 15 2 12 2 8 0 29 0 2 8 13 0 10 0 16 0

PUgettia producta 2 9 5 21 0 18 0 24 0

Telmessus cheiragonus 19141 84 3 22 1 15 0 35 0 6 0 2 0 7 6
Clyptomya californiaa 0 2

Total 137 135 6 57 30 1

IThe first number indicates the total number of individuals collected the number in parentheses indicates the number of individuals used to calculatethe average size or weight



Appendix 6 7 Contd a Beach seine samples

B E A C H

lay 1 76 August 1976 October 1976 January 1977
Size

Biomass Biomass
Size Size Size

Biomass Biomass
Species No gr Rimge No gr f M No gr Range No gr x Range

Site Dungeness Spit 00 sample size

Clangon alaskencis 13 6 7 8 0 6 O IO O 18 J5 0 8 6 4 5 13 0

C flanciscorWll 0 8 0 11 18 6 12 1 8 0 15 0

C niglicauda I 0 3 10 5 10 10 6 10 1 8 0 15 0 21 43 4 12 5 8 0 17 0

C styliIostl is 48 91 4 10 4 6 0 1 0 18 32 3 10 1 5 0 15 0 27 40 6 12 7 9 0 17 0 12 28 8 14 3 9 0 22 0

Pandolus danae 6 6 5 9 6 8 0 16 0 2 6 6 5 32 35

AmpneliscQ pugetica 0

Anonyx laticoxae 6 6 20 5 0 2 20

Atylus tIidens 0 16 0 7 O 15 0

Capre Ua leviuseula 0

Olchestoidea pugettensis 0

W Argeia pugettensis 0 0 2 2

Gnolimosphaeroma o1 eg 0 38 3 2

Pentidotea resecata 0

Cancer magister 8 J7 5 6 3 2 5 14 0 24 16 18 7 17 08 10 2 25 0 12 0 26 210 32 0

C productus 1 10 16

PaguruB beringanus I 5 8
57 1 0 11 72 10 13

Acanthomysis sculpta 126 2 5 49 0 7 13 14 10 15

A sculpta val nuda 1 0 II

Archaeomysis glebnitzkii 0

Neomysis l ayii 16 0 0 1 22

Proneomysis wailesi 1 0 17

Mysid sp 0

Evasterias troscheli 21 6

Henricia leviuscula 38 6

Medusa sp 1 0 1 21

Total 75 128 7 258 116 1 9J 86 4 150 86 3

IlIlllIlI 11III IiiiiiI Iiiiiiil IIilII IlIIIl
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Appendix 6 7 Contd a Beach seine samples

B E A C H 5 E 1 N E 5

Hay 1976 August 1976 October 1976 January 1977

Biomass
Size

Bior1ass Size SizeBiomass BiomJssSpecies No gr x Range No gr x Range No gr x R mge No gr x Range
Site Morse Creek

Crangon alaskensis 2 6 9 0 9 0 8 1 9 5 5 0 6 5

C fl anciscol um
6 10 5 12 8 9 0 16 0 10 8 9 0 12 0

C niglicauda 7 6 10 7 9 0 12 0 6 6 7 8 1 5 0 12 0

C styZirostIis 9 2 9 7 8 0 15 0 5 6 5 9 1 6 5 13 0 13 16 4 12 2 9 0 17 0 7 13 6 13 1 10 0 J5 0

Eualus avillus
5 6 11 0 10 0 14 0

HeptaCQlpUB stylus 0 U
H tenuissimus

17 0 15 0 19 0

Anisogarruno l s pugettolsis 0 1

Anonyx Zatiooxae
0 2

Atylus tl idens 7 1 0 1 0 2W 0 1
00 Argeia pugettensis

0

Pontogenia ivanovi
0 1

GnOlimosphaeroma 018g 0

Idotea fewkesi 5 1 1 1 0 1

p LJosnesenskii 6 2 1 2 0 27 7 23 0 310
Lig a paUasi 0 1

0 5
Pentidotea montereycr sis

0 5
RocineZa beZliceps 2 0

0 3
Cancer magister

103 12 6 2 7 7 62 40 0
C oregonensis

5 2

Pugettia gracilis 0 1 6 5
P richii

0 7 10 0



Appendix 6 7 Contd a Beach seine samples

2

Hay 1976 Allgust 1976 October 1976 January 1977

Size Size
Biom lss

Size Size
liomass lHomnss Biomass

Species No R nge No gr Range No gr Rlnge L E Range

LittOYina 8cutulata 0

Acanthomysis daviai 0

A sculpta
293 8 4

A scu 1pta lH1P nuda 29 0 5

Archaaomysis grebnitzkii 20 0 4
0 3 19 5 17 0 23 0

Neomysis rayii
5 0

Hermissenda Classicomis 29

Melibe leorJirlQ 41

Total 179 23 0 328 25 8 25 33 8 42 414

Site Beckett P

W Crangan alaskensis 13 7 1 7 6 3 0 13 0

3 5 2 5 4 5
C communis 6 0 7

C nigY icauda
15 8 0 10 5 5 0 15 0

Eualu8 pusiolus
13 4 5 12 9 6 0 11 0

HeptacarpU8 brevirostris 30 10 3 4 7 2 5 8 5

H sitehensis 42 6 3 3 9 2 5 5 0

H stimpsoni 41 2 7 3 4 2 0 5 0

H stylus 9 l3 5 0 3 0 7 5

HeptacarpU8 tenuissirm s 198 18 6 4 2 2 0 6 0
18 4 3 10 8 5 0 17 0

Panda lUB danae 7 7 1 11 3 3 0 14 0 14 36 7 29 6 22 0 38 0 13 32 5 32 2 24 0 40 0 1 9 18 21 8 15 0 35 0

P montagui tlidens 0 1 3 0 0 2 13 0 9 0 6 9 3 8 0 11 0

Spilontoaalis alcuata
0 6 12 0

S snydeli 0 1 4 0

Amphithoe humepalis 1 0

A laaertosQ 2 0

II1II II1II iiiiiilI IiiiiiiiI IillIII IlIIIIII
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Appendix 6 7 Contd a Beach seine samples

B E C H 5 E I N E 5

llay 1976 August 1976 October 1976 January 1977

Size Size
Biomass

Size
Biomass

Size
Biomass Biomass

Species No gr x RRnge No gr x Range No gr x Rl No gr x Range

Anonyx ZatiQxae 0 2

Atylu6 tl idens 5 0

GillnIn amphi pod po 2 0

HyaZe plu ulosa 0

Melita dendata 0

Metacaprella kennerlyi 0

Bopyroides hippolytes 0

Idotea fewkesi 1 0

Pentidotea resecata 20 7 7 1 1 37 32 0 42 0 9 3 1 30 7 25 0 40 0

Platyneleis bicanali ulatQ 6 0 1

TUlbellaIia sp 6 0 4
0

Cancel magister 6 B 6 4 7 6 4 14 6 10 2 17 8 3 1 19 15 04 8 89 213

C oI egonensis 0 2 16 0

C productus 3 2 2 12 3 9 0 15 0

Lopnopanopeus beZlus 0 2 1l 0

Oregonia gracilis 24 25 5 10 2 7 0 14 0 2 0 3 5 0 4 0 6 0 2 0 9 B O B O

Pagulus Q atu8 0 9

P ber inganus 9 56 3

P granosimcmus 5 1 1

P hirsutiuseuZus 3 0 2 1 3 19 12 7

Petrolisthes eriomerU8 0 4 8

Pugettia gracilis 10 6 0 10 5 6 5 17 0

P producta 13 4 23 0 22 0 24 0 3 54 8 32 3 28 0 40 0 4 21 4 16 8 8 29

P richii 20 0 22 3 22 0 23 0 O B 11 0 5 6 0 12 4 11 14



Appendix 6 7 Contd a Beach seine samples

B E A C II

Hay 1976 August 1976 October 1976 Jafluarv 1977
Size 1iBiomass Biomass Biomass

Size Size
Biomass

Species Lgr R ln r x Nc gr x Range No gr Range

Telmessw cheil agar us 6 2 7 S O 2 J O 7H l 26 3 20 0 49 0 7 7 23

HCI misstmcla crass 29 20

Melibe leonina 37 6 8

Amphissa columbiana 0

ClillocaJdium nuttalli

Littorint scuZata 0 1

L sit kana 1 0 1

Mwgaroites pupillus 32 3 8

Nassarius mendious 4 0 2 0 6

PolZinices Zewisi

D2ndrastel etcel1tpicus 0 1
po

Anthopleula elegant 0 9

Octopus po

Total 541 99 4 58 76 1 31 167 3 147 160 7

Site Twio Rivers

Crangon po 14 0

C a laskensis 2 3 8 10 0 10 0

C nigriMuda 11 11 9 8 5 7 0 12 0 47 64 4 8 7 4 0 14 0 10 18 1 13 3 12 17

c styliostY is 10 2 10 3 8 5 12 0 2 1 4 1 5 5 0 10 0 6 6 14 7 13 8

Eualus pusiolus 4 2 4 7 3 5 0 8 0

Heptacarpus brev 5 3 9 7 1 6 0 7 5 5 2 5 8 3 0 8 0

Amphithci lacertOSQ 0

Anisogam confervicoluB 0

Atylus tl idens 2 0 15 0

I11III liliiii II1II liliiii iiiiiii1 IiiiiiiiI IiiiiiiiiI
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Appendix 6 7 Contd a Beach seine samples

ci

Algeia puget tens is

ldotel fewkesi

uos wscnskii

Rocinela belZiceps
Cancel magis tel

Acanthomysis 8culpta
Total

N

Site Kydaka Pt

Clangon stylirostlis

Algeia pugettensis
Gnolimosphaeloma oreg

P WOSelt8 nskii
Pentidotea monteleyensis

Cancer magister
Medusa sp

Unident mysid
Total

1I 9L6
llionClsii 5J

url x y nr

30

28

5

3S

31 2

65 0

o

2 5 3 5 0 5 5

65 0

B r r 11 J l L S

ut s XU6
Si c

Bjn1bs

l sr x n

1

1

o

0 3

0 1

86 10 9 5 1 17 8

9 0 1

170 71 5

20 34 4 10 0 5 5 15 0

0 1

0 4

23 34 9

lJiPoLSS

E 1

1 l u L1
977

Size

xiLl

9 r t b r 1 9752
Sioe

Bionl l

No UrJ Hdl1lc



Appendix 6 7

ecie2
Site Jamestown

Callianassa califoPniensis

Crangon s p 1

C alaskeilsis 85

W

C franciscorum

C stylirostris
Eualus avinu8

E fablicii

E townsendi

Heptacarpus stylus
H taylol i

PandaluB stenolepis

Sclerocrangon alata

Amphithoe humeraZis

Anonyx laticoxae

A ty Ius tl idens

Gnorimosphaeroma sp

G oregonensis
Pentidotea 18secata

Rocinela belliceps
Synidotea bicuspida
GlycerQ capitata
Fabia subquadlata

Crab megalops

IiiiiiI iiiii iiiilIii5iiI

94

3

Iiiiii

Macroinvertebrate
b Townet samples

l

D 1 l01 1Zc

0 1 5 5

16 8 5 4 2 5 7 0
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Appendix 6 7 Contd b Townet samples

T 0 W N E T S A P L E s

ll 1l sl December 1976 tober 1976
Hiomlss S1 Riom3 S

Si S 7
iOm ISS Biomlss

Species 1g J ill0 R T 5 5 sEL x
Crab zoea

Aequorea aequol ea 0 5 24 23 25 2 7 55 4 3 0 48 5 38 55
HydIomedusQ po 200 0 3

ACQnthomysis macropsia
A Bculpta 6 0 1 11 8 10 13
A 8culpta Jar nuda

0

Alohaeomysis grebnitzkii
3 0 2 17 7 17 18

Pr oneomysis Iliailesi
6 0 4 15 5 13 21

Totals 464 28 4 83 17 2 181 39 1 197 59 6

Site Dungeness Spit

Clangon aZaskensis 2 7 6 8 5 0 8 0 50 16 0 7 8 7 11

C franciscorwn 13 1 5 5 6 3 8

C nigl icauda
1 0 2

ELtaZUS fabrioii 12 2 1 10 2 6 21 71 18 1 13 7 9 19

HeptacarpU8 bIeviIostlis 3 0 5 5 4 7
Panda lus dana

1 0 9 22

P stenolepis 0 5 18

Salerooclangon alata 0 3 6

Upogebia pugettensis 0 1

AmphiZisca agassizi 1 0

Amphithoe hwneralis 0 1 10 3 0 4 20 19 21

Anonyx Zatiaoxae 1 0 1 15 1 0 2 21

AtyZus tlidens 24 1 1 184 15 6 16 4 1 21 39 4 9 18 6 11 23



Appendix 6 7 Contd b Townet samples

l rips

Pontogenia ivanovi

P I ostpata

WestwoodiUa caecula

Gnorimosphaeromu oregonensis 2

p
en

Idotea r ufeflcens

Pentidotea resecata

P Losenaenski

Rocinela bellicepa

Synidotea bicuspida

Tecticeps pugettensis

TomopteriB septentrionalis

Fabia subquadIata

Crab zoea

Hydromedusa
Beroe sp

ThysanoeSBG inenmis

Acanthomysis macpopsis
A nephrophthalma
A Bculpta
A Bculpta val nuda

Archaeomyais grebnitzkii

Myais oculata

Neomyaia sp

Neomysis myii

Proneomysis Llailesi

Mysid unidentified
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Appendix 6 7 Contd b Townet samples

TOWNET S AMPLES 1 9 7 6

May August Uecember

Biomass
Size

Biomass
Size

Biomass
Size

Species No g x Range No x Pange No l x Range

Pugettia gracilis 2 12 5 19 5 11 28
P ploducta 1 14 8 31

Hydromedusa 71

EuprlLlusia pacifica 6 0 1

ThysanoeBBa Zongipes t6 13

T raschii 22 0 3

T spinifera 7 0

AaanthonnJsi macropsia 3 0

A nephi ophthalma 1 0

Alchaeomysis grebnitzkii 1 0

Neomysis sp 4 0 2 20 8 15 24

N kadiakensis 2 0

N t ayii 3 0

Total 139 18 12 29 7

Site Beckett Point

Clangon alaskensis 11 0 9 4 3 2 0 5 0 NOT SAllPLED
Pandalu s danae 4 5 3 210 18 25

Atylus tridens 3 0

Synidotea bicuspida 5 0

Crab megalops 1 0

Crab zoea 26 0

Hydromedusae 112 0

Total 158 0 9 4 5 3



Appendix 6 7 Contd b Townet samples

TOWNE S AMPLES 1 9 7 6

May August December
Biomass

Size Size SizeBiomass Biomass
ecies No ee x Ran e No e x Range No eeSite Kydaka

x Range

CranSon aLaskensia 9 19 6 3 2 18
HeptacGl pus tenuissirrlI8 6 0 4 8 3 5 11

Ana IYx Zaticoxae
1 0 2 20

Atylus tlidcns
7 0 5 19 7 12 21

Rocinela belliceps NOT S A M P LED NOT S A l P LED 1 0 2 16

Synidotea bicuspida 1 0 7

Polychaeta 1 0

Acanthomysis macropsis 60 2 3 17 S 12 21

Archaeomysis gl eunitzki i 9 0 2 14 6 11 16

Neomysis kadiakensis
10 0 3

NeomJ3is rayii
17 1 14 22

c 10 0 4 19 3

Octopus dofleini
14 22

1 0 7 12

Total
116 7 1

Site Pillar Point

Crangon alaskensis 1 0 1 7 0

HeptaCQlpU8 tenuissimu8 2 11 16 5 12 21

Amphi thol sp 1 0 5 34

Atylus triden8 2 0

Garn amphipod sp 1 0 4
Pentidotea 1esecata 1 0 6 39

Synidotea bicuspida 1 0

PZatynereis bicanaliaulata 1 0

Tomopteris septentrionalis 1 0 NOT SAM P LED
Fabia subquadrata 1 0 1 S

IlIIlI
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Appendix 6 7 Contd b Townet samples

TOW N ET S A HPLES 1 9 7 6

l1ly August December

Biomass
Size

l3iomass
Size

alomass
Size

Species No g x Range No g x Range No x Range
Site Morse Creek

Crangon aLaskensis 3 0 6 9 6 5 7 0 80 24 4 10 2 2 14
C flanciscorun 3 0 5 5 3 3 8

Euc lus fabl ic i i

HeptaCal pU8 kincaidi 19 1 4 8 5 6 10 1 0 5 8
H stylus 40 6 6 5 10 4 8

H tenuissirrrus 13 19 5 7 4 8
Pandalus stenolepis 2 18 24

Anonyx laticoxae 6 12 22 3 20 24

Atylus tr idens 6 0 3 0 2 16 3 16 17 23 2 3 19 2 15 23
COlophium brevis 1 0 15

00

pontogenia rostrata 1 0

fvestwoodiLZa caecula 7 0 2 12 11 13

Gnorimosphaeroma oregonensis 4 0 1

Pentidotea resecexta 3 0 1

Rocinela belliceps 1 0 1 0 1 15

Euphausid untdent 1 0 1 18

Acanthomysis macropsia 4 0 14 5 12 17
A neph1ophthalma 1 0

A sculpta 6 0

Archaeomysis gr elmitzkii 159 6 4 317 16 6

Neomysis rayii 3 0 214 5 8
Beroe sp 2 0 5 25 20 30

Total 227 13 2 27 3 9 670 53 6



Appendix 6 7 Contd b Tmmet samples

T 0 tv NET S A H P L E S 1 9 7 6

May August December

Biomas
Size

Biomass
Size Size

B omase

Species No g x Range No g x Ran e No g x Range

Site Twin Rivers

Crangon ataskensis 5 1 3 6 6 2 11

C franaiscorwn 2 0 3 5 5 4 7

Eualus fabricii 237 410 12 8 10 19

E suckleui

Heptacarp s tenuissimus 39 8 7 6 2 11

Pandalus stenolepis
Atylus cotlingi 1 0 11

A tridens 1 0 2 3 0 2 14 1 12 18 4 0 2 17 3 10 20

Gnorimo phae oma oregonensia 3 0 1 8 1 0 7

Pentidotea reDecata 2 0 3 18 5 12 25 6 0 8 J9 1 29

RocineZa belZiceps 1 0 2 18

Polychaeta sp 2 0 2

Crab zoea 1 0

Euphausid sp
2 0 2 21 5 19 24

Acwdhomysis davisi 7 0 1

A macropsis 40 18 52 14 15 8 10 22

A sculpta 8 0 1 11 1 10 12

Arcnaeomysis grebrlitzkii 4 0 2 22 14 30

Boreomysis micYops 3 0 1 19 3 18 21

Mysis ocuZata 2 0 1 20 5 20 21

Neomysis kadiakensis 19 0 1

N mel cedis 4 0 2 18 3 15 20

N 2 ayii 2555 919 30 4 8 22 4 20 25 1856 61 6

ProneomysiB waileBi 57 3 4 18 9 11 25

Diastylus sp 3 0 6 3 5 9

Total 2634 94 1 99 9 3 2229 116 1

IIJIiI
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Appendix 6 7 Macroinvertebrate abundance and biomass raw data biomass in g
c Beach seine and townet samples 1977 1978

Site KvdakA HlY 1977 Ilgu t 1977 October 1977 OtC 977 Jan lWL
BeRch Seine Townf t Beach SeinE TOWflet Reach Seine Townet Beaeh Seine Townet

Species No Biomass No BiollklS8 No Bioffil5S No Biomass No Bioma 55 No Biomass No Btoma 59 No BtorMSS

Cyan ea 1 h

Plcurob anchia spp
CaZUontoma liaa tum 04
Haminoea vire8 ens 07
Mud ibranch spp 56
lollinices LfMisi b
Lepidasthenia

interrupta 3 2R

Nereid srp 2 08
Acanthomysis macro psis 3 03
A 8culpta 1 01

Archaeomysis grebnitzkii 6 21
fo Neomysis rayU 3 10 4 08 856 36 66
V Gnorimo8phaeroma0

oregonensis I 01
Pentidotea resecata 2 95 2 16
Rocinela belliceps 2 28

Amphithoe humeralie 3 08 17 3 11

Anonyx laticoxae 14 1 09 2 16 11 28
Atylu8 trwens 2 04 12 60
Gammaridae spp 6 07 3 116
Cancer magister 60 33a 55 99 3ge 174 28

Crangon alaskensis 9 3 45 5 128 116 177 08 2 03 05
C nigrioQuda 1 30
C styLirostri8 7 10 35 5 6 81
Eualu8 abricii 97 21 09

Heptacarpu8 brevilOstria 32
H flexU8 15 3 34 2 23
Hlppolytldae
Megalops 2 06 11 27
Pandal idae 2 03

Pandalu8 danae 142
P gon urus 1 78
Unidentified bryozoans 1 27

Total 8 10 95 24 178 65 68 52 120 23 04 15 9 352 52 64 10 97
4

872 37 38

Immature C magister filled the wings too numerous to count size approximately 2025 mm

cCyanea bell mealUred 200 mm not weighed measured in field PolZinicea
62 C magister ere measured but only 39 Weighed 23 were measured in field and released
Present but not enumerated or weighed



Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site West Beae h May 1977 Au st 1917 October 1977 Dec 1917 Feb 1978

Beach Seine Tovnet Beach Seine Townet Beach Seine Tmmet Beac h Seine Townet

Species No Biomass No Biomass No Bl omaS5 No Biomass No Biomass No Biomass No Biomass No Bi omass

Jellyfish
PteuI oZ r mlehia sp 2 56

Haminoea vircocenn 24 2 45

Littorina app 107 04

Notoacmaea persona 15

Ptera pod 15

ThaiB lamellosa 3 34 07

Clinoealdium nu ttalli I 5 85

Gonatu8 fabricii 116

Loligo opalcscens 6 18 89 3 72

polychaeta
TomopteriB

septentrioralis 02

V Acantr Y8i8 columbiae 06

A macropsia 8 44

A pscudomacropsis 1 02

A Bculpta 10 19 35 66

Archaeomysis
grebnit2kii 06 OJ 43 178

A maculata 102 2 64

Mysld 33 18

NCOmYBiB awatBchensis 7 43

N kadiakensis 120 5 08

N rayii 32 100 24 131 70 2 92

Cumaccan

Gnorimosphaeroma
o1cgonensis I 15 2 06

Jdotea sp 3 01

Idotea f keBi I 02

Pentidotea montereyensis 50

P rcsccata 13

Rocinela bellicep6 46 3 138 3 78
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Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site West Reach May 1977 AII ust 1977 October 1977 Ollc 1977 Feb 1978

Beach Seine TOmet Beach Seine Townet Belle h Seine ToWnct Beach Seine Townet

Species No Biomass No Biomass No Biomass No Biomass No Biomass No 8iomass No Biomass No Biomass

Synidotea bwuspida 04 2 04

Amphithoe spp

AtyluB tridens 280 I 76 12 09 13 90 15 1 08 117 7 33

Calliopiu8 spp 1 01
Gammaridae 1230 7 19 8 12 4 08 23 69
West1JOodi lla caecula 10 32

Euphausia pacifica 25 73

ThyeanoeS8Q raschii 20 135

T spirtife1o 104 8 60 08 07 IS 96

Cancelgracilis 1 10 50

C magister 10 13 37 1 68 3 46 75

Crangon alaskensis 16 8 92 7 3 08 23 10 29 16 13 15 68 7 85

EuaZus avinUB 10 6 26
E fabricii 1 61

In
N HeptacaPpuB bl evirostliB 16 74

H flexuB 14

H tenuissimus 21

Hegalo ps 6 14

Pagurun hirsutiu8culu8 61

P granoeUnam8 154

PandaluB danae
P goniU1U8 1 86

Pugettia richii 2 4 10

Scleroerangon alata 2 08

Zoea

DendrastelexcentricUB 53 55

ChaetoRnath
Total 1402 90 76 684 34 48 90 68 57 19 3 22 77 23 39 20 60 51 401 30 54

Present but not quantified



Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site Alexllndfr Bench Hay 1977 AURU st 1977 Octoner 1977 Dec 1977 Feb 1978

Beach Seine Townet Bench Seine T01o11ct Beach Seine Townet Beach Seine Townet

Spec i es No Biomass No Biomass No TliOm1SS No Biomass No Biomass No Biomass No Biomass No Biomass

Je 11 yf ish

Plew oJJOallchia 5p 100 23 73

Ctenophora 2

Haminoea vire8cens 42

Littorina 8ity na 88

Thais Zamillosa 4 63 11
Gonatus fabricii 29 61

Lotigo opalcscens 9 79
OC tOpu8 spp 29

PlalieUigerQ infundibulCU is 32

Nereis vexilwsa 2 68

Nereid 1 26
l olychueta 26

Acan t homy B is 8culpta
en Archaeomysis Jlebnitzkii 3 07 12 31
w

NeormJds rayii 2 06 10 3 12 9 35

Cumaceans 1 02

Pentidotea montereyensis 5 2 24 2 08

P l esecata 1 31

Rocinela hellicepB 3 105 3 75 08 1 03

R propodialis 2 66

Syniaotea bicu8pida 5 16

WesttJoodilla caecula 3 06

Amphithoe lac8rto8Q 5 40

Anonyx laticoxae 1 04 155 14 53

Atylus tridens 1560 81 80 11 95 17 122 56 3 80 08 41 9 13

Gammaridae 02 25 31 4 04 2 32

Hyper 1idae 1 02 I 04

Euphausid 2 02

Euphausia pacifica 41 1 11

Thysanoessa spinifepQ 3 15

IIII
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Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site Alexander Beach May 1977 AtI l1st 1977 October 1977 Dec 1977 Feb 1978

Beach Seine Townet Beach Seine Townet Beach Seine Townet Beach Seine Towner

Spec ies No lliomasR No Biomass No Biomass No Biomass No BiolM ss No Biomass No Biomass No Biomass

Canael gracilis 2 9 93
C magin tel 6 11 70 2 19 14

Crangon alaskensis 3 1 16 21 15 33 70 25 56 3 79 30 12 41 23 28 14 88 7 1 11
Fualu8 mJ1 nutl 5 1 10

HeptacarpU8 bJevi 8tJi8 46 19 24 2 17

H flexus 2 96
H hncaidi I 52
H stimpsoni 1 11
H taylori 5 2 00 2 2 61

Paguru8 hiJ8utiu8culuB 3 27 70 2 17 5

P grCUlosimanu8 2 2 35 1 31 4 10 77

Pandalu8 danae 2 94

P goniUlU8 8 3 84

P montagui tlidens 2 198 1 46 4 18 33 11 18 58
Pugettia glaeilis 1 47

0 P richii 3 18

Spirontocaris spp 05

Zoea

Ch1 etoFnaths

Total 10 31 23 1627 131 50 103 115 47 130 41 12 58 34 69 89 24 53 87 71 23 283 28 67

Present but not enumerated



Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Eite Beckett Point May 1977 AllRHst 1977 Oc taber 1977 Dec 1977 Jan 1978

Beae h Seine TOom et Beach Seine Townet Beach Seine Townet Beach Seine Tovnet

Spec i es No Biomass No Biomnss No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass

Jellyfish 50 3 18

Plc urbnmch1 a sp 15 6 89 50 2 04

A laja diomedia 2 56
CoZZiaeZZa petta I 06
Haminoea spp 3 29
Hermi8senda

crQssicornia 2 2 91
Littorina planaxis 10 18
L 8cutulata 1 05
MeLibe leonina 1 19 67
Nudibranch 2 16
Pollinices lewisi 4
MytiZU8 eduliB 02
Tre8uB capax 2 92 61

en Nereid 2 11
en Phyllodocid I 02

Polychaeta 2 03

Leeeh 1 02

Acanthomysis macropsia 5 06

A nephrophthalma 1 02

Neomysis rayii 9440 768 40
Pentidotea resecata 8 3 75 3 I26 3 46
Rocinela bellicep8 36

Synidotea angulata 03

Amphithoe lacertosa 2 13

Atylu8 tridens 10 64

Ganunaridae 7 10

Thysanoe8SQ l Qschii 20 44
1 bsanoe88a spini erG 5 24
Cancer gracitia 10 9 75 3 I7 9 2 136 60
Cance rrugister 8 20 19 4 2 43 I3

lIB
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Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

SHe Beckett Point May 1977 Allpust 1977 Octoher 1977 Dec 1977 Jan 1978

Beach Seine Townet Bese h Seine Townet Beach Seine Townet Beach Seine Townet

Species No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass

Cancel oleamlenais 3

C product 8 I 9078 73 2 140 20

Crangon alaakensia 14 23 95 1 1 16 13 12 75 42 40 33
C niglicauda 3 I78

EuaZ uB spp 14 6 98
E tormsendi I 24

J t aC HpW lleruls 41 12 60 3 I26
H kincaidi 9 81 2 31 I 08
H stmpsoni 8 87
H stylus 1 22
H taylol i 8 5 76 127

HippoZyte c l ki ISO II98

Hippolytidae 2 01

Lebbeu8 grandimanus 01 1 14
01egonia gracilis 9 94U

Pagurus bel inganus 3 97 20
P capilZatu8 1 11
P hi1 8util48C1J ZUB 10 3 21 1 21 144 14 6 96
P g1anosimanuB 7 98 2 180
Pandal idae

PandaZu8 danae 66 77 70 182 580 86 7 9 38 2 7 60
P rnmtagui tridens 11 23 20
P platycero8 59 220 80 2 9 81

lugettia gracilis 4 8 10 1 102
P ploducta 4 18 45 I 3 50 8 22 68
P l ichii 3 21

1e Zme88uB cheirMonu8 55 52 135 12 25 306 00

Total 274 112 70 151 6 77 110 318 85 36 308 1419 88 9501 823 39 94 314 93

Telmessus 55 caught but only 52 weighed 135 12g C productls 9 caught but only 3 weighed
Present but not enumerated



Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site Point Williams Hty 1977 August 1977 Octoher 1977 Dec 1977 Jan 1978

Beach Scine Townet Beach Seine Townet Bene h Seine Townet Beach Seine Townet

Species No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass

Aequorea aequorea 21 16 34

Conionemis vertens 3 2 15

Ncmertenn 40

l ittorina epp 02

L planaxis I 03

Notoacmaea persona 2 07

N ocutlln 2 17
Phi line Bpp 2 60

Pteropod 2 1

Clinocandium nuttalli 65 88

Gonatus fabricii 5 11 48

Loligo opaleflcens 2 123

Nereid 28

Nothria eleJa118 I 11
V

Acantnomysis davisi 1 01
oJ

A macropsia 5 00 2 02

A nephrophthalma 1 01

A pscudomaclopois 2 10

Alchaeomyaio grebnitzkii 5 19

Mysis ocuZata I 03

Neomyais rayii 1 04 03

Cumaceans

Pentidotea montcleyensis 19 13 2 20

P l esecata 9 6 03 14 4 54
P wosneserwkii 3 80

Rocineta belZiceps 07 I 54

Synidotea angulata 3 12

AmpJI1 thoe lacel tosa 2 05

Anonyr laticoxae 20 51 12 55
A tylU8 tridens 1 11 52 3 05 6 24 I 05 1 13 3 41

Gamrnaridae 4 04 116 2 02 3 02 3 41 2 13 5 57 04 17
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Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site

Point Jilliams M1y 1977 August 1977 October 1977 Dec 1977 Jan 1978

Beach Seine TOoTll ct Beach Seine Townet Beach Seine Townet Beach Seine Townet

Slec tea No Biomass No 810ma ss No Bioma ss No B1nm ass No Biomass No Biomass No Biomass No 810ma S8

Euphausia pacifica 4 17

Callianassa californiensis 2 05
C giga 8 5 2 62
Cancer magister 2 2 65 37 289 44 16 14 97
C prOdUItu8 1 3 I 4 22

CranRon idae

Crangon alaskert 8is 1 57 10 3 93 3 151 67 101 92 153 66 50 38 2 1 25
C nigricauda 1 4 23

lUaZua avinuB 27 16 36

E fahricii 11
E pusiolu8 04

HeptaearpU8 breviro8tris 30 25 09 30 18 60
H flexus 82 45 62 2 31
H kincaidi 3 I71
H paZudieola 24

00
H pictuB 2 22
H taylori 19 47 14 88 3 176

llippolyte clarki 10 114

Hlppolytidae 3 58

Oregonia gracilis 44 4 101

Paguru8 capiUatu8 I 2 04
P h rsutiu8culu8 I95 4 2102 5 8 13 5 6 76

PagUlUB JfmOsimanu8 14

Pandalidae

PandaluB danae 64 58 80 2 6 40 37 72 27

P mmtagu1 tridens 1 20 25 49 36

Pugettia gracilis 23 26 77 14 17 37 2 53 7 3 88

P prooducta 1 23 73

Telme8Bu8 cheiragonu8 9 145 77 13 78 16 2 6 18 8 60

Upogebia pugettensis 104

Leptasterias hexactu8 2 01

Chaetognaths
Total 93 227 52 207 3194 164 201 73 15 3 67 166 440 36 183 192 22 137 112 38 70 10 23

Prestnt but not qu mtHied

816 ere measured but only 2 weirroed The two weighed 6 18



Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site Duny enesB Spit May 1977 AURust 1977 October 1977 Dec 1977 Jan 1978

Beach Seine Townet Beach Seine Tovnet Beach Seine TOJl1et Beae h Seine TOollet

2Eec f es No Riomnss No BiomnR No 1 tom 158 No 810m 88 No BiomOfl9 No IHomOlBs No Btoml68 No Biomass

Aeqltorea aequorea 26 16 02

MeZibe leonina I I79

7omopteris neptentrionalis I 03

Acanthomysis Bculpta 60 83

Archacomysis grebnitzkii 45 3 33 06 202 9 90

A mQCulata 398 13 54

Cumlceans 3 03

GnorLmo8phaeroma
oregonentJis 10 37 3 24

Pentidotea rcsecata I 25

RocineZa bel liceps 31

R propodiaLis 2 09

Anonyx laticoxae I 04 15 5 31 4 99

AtyllJ8 tridena 43 185 09 32 6 18

Gammarjdae 12 21 51 4 36

Hyper i idae I 01

en ThysanoC8CQ raschii 7 17

Cancer magister 42 29 41 10 33 156 87

C oregonfmals 1 04

Crang on alaakensie 8 12 49 13 6 64 68 127 4 II 5 07 45 21 23 120 184 29 I 6 l

C styZirostrie 5 11 29 3 75

HeptacarpU8 brevirostria 3 2 77

H flaxus 337 29 97 8 2 l7

Hippol ytidoe
Hegalops 8 13

pandaltdae
Pandalus danae 3 3 79 51 169 2 74 153 24

P goniu1Us
2 3 80

PinnothePes pugettensis 3 18

P taylori 6 17

Pugettia gracilis 10 12

Henricia lcViuncula 4 16 97

Total 16 39 06 541 27 30 170 355 46 28 6 02 772 256 62 172 349 55 lt 51

29 41 lere weighed therefore 29 weighed 41 10g
Present but not quantified
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Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

SHe Morse Creek Hay 1977 August 1977 Oc toher 1977 Dec 1977 Jan 1978

Beach Seine Townet Beach Seine Townet Beach Seine Tovnet Beach Seine Townet

Species No BioTTlLl ss No BiomASS No Biomass No Biomass No BiomAss No Biomass No Biomass No 810ma 88

Aurelia Qurita 4 2 03
Cyanea capillata 1 62

Jellyfish I I
Beroe spp 4 28
Haminoea vireB en8 72
Tomopteris septer trioralis 3 OB
Acanthomysis davisi 4 05
Arehaeomysis grebnitzkii 71 2 94 52 1 46
A maculata 17 39
Neomysis rayii 29 50

Gnorimosphacnoma
oregonerlsis 02 6 88

Pentidotea aculeata 4 2 65
P mmteyensis 2 37
P reseeata 7 175 12 3 40

7 P wosnesenskii 66
0 Rocinela beZliceps 05 2 60 2 73

Tecteceps pugettensis 03
AlIlphithoe spp 1 02
Anonyx laticoxae I 11 2 27 43 5 97
AtyZ U8 tlidens 51 138 4 22 27 98
Ganunaridae 38 47 02 1 27 12 110
Cancel magister 4 16 50 5 3731 49 95 51 45 175 79
Cranaon aZaskensis 1 123 54 52 61 25 20 44 123 157 24
C nigl icauda 4 2 25
C stylirostlis 4 9 06 9
Eualu8 fal r iaii 50 8 22

Heptaaarpua brevirostria 1 12
H flexus 2 63 57 110 28 70 4 2 53
H kinaaidi 47 16 05
H stylU8 13
H tridens 14 2 99 79



Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site Morse Creek Hav 1977 August 1977 oc tober 1977 Dec 1977 Jan 1978

Reach Seine Toot Beach Seine Townet Beae h Seine Townet Beach Seine Townet

Species No B omlss No Biomass No Biomass No Blom ss No Bion135S No Biomass No Biomass No Biomass

Hippolytidae 1 04

Megalops 2 10

lagUlUil spp 10

pandal1dae I I
Panda tun danae 4 31 98 11 28 46

P goniUTUB 4 3 96

P montagui t iden8 22 39 08

P stenolepis 10 20

Puaettia gracilis 168 3 79
Ch1etognaths 14 1 46

TCltal 16 27 81 227 10 05 27 4 71 52 8 29 114 144 19 412 139 50 181 336 72

Present but not quantified
Measured in field and released not weighed

3137 ere weiKhed 31 weighed 49 95g 4515 eighed 45 oleighed 175 79



Iiiii Iiiii iiii Iiiiiiil Iiiiiiil IiiiiiiI Iiiiiiil IiiiiiiI IiiiiiiI Iiiiiiil IlIIIiil

Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

SHe Twin Rivers M y 1977 August 1977 Dc tober 1977 Dec 1977 Jan 1978

Beach Seine Townet Beach Seine Townet Reach Seine TOlllet Beae h Seine Townet

Sped es No Biomass No Biomass No Biomass No Biomass No Bloms8S No 810ma 88 No Biomass No Biomass

Jellyfish 2 137 20
Ctenophore
ACari OlOmyaio davisi 1 01
A nephIophthalma 7 22
A poeudomacfopsis 2 04
Neorrrysi6 rayii 7 2 BMO 521 44
Cumaceans

ldotea ewkesi 19
lentidotea l esecata 04
P lJo8nesenakii 35
Rocinela propodiaZis 2 03
AtyluB colZingi 14 25
Atylu8 trwena 2 21

CapreZla penantis 03
Ganunar idae 9 14 41

0 Thysanoessa Bpinifera 1 09N
Cancer magister 4 52 21 2
c ploductus I
ClarIgon alaskensis 24 31 41 9 4 98 163 198 37 51 128 80
c niwicauda 107 69 39
c otyliloBtlio 10 16 56 10 2 81

lIemigrapfJu8
oregonensiB 5 46

HeptoCarpu8
brevirostlis 21 31

H flcxus 3 104 36 15 24
H stylus 4 I49
H tat loroi 70 5 20 17 87
Panda tUB danae 11 20 60
1elme88uB cheiragonu6 3 29 02
Zoea

ChaetojlnathR

Total 41 48 88 32 23 29 195 77 99 II 39 231 253 86 8676 536 68 57 267 06

Measured and reIeased oot vc1ghcd



Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

Site Pi11nr Point May 1977 Aur lIst 1977 October 1977 nee 1977

Beat h Seine Townet Bench Seine TOoTnet Beach Seine Townet Beach Seine Townet

Species No Biomass No Blom lSg No BiomaHs No Biom1GS No Biomass No Biom18G No Biomass No Biomass

Aequorea aequorea 5 21 50
Gonwnemus tJertens 191 29 95

Polyorchis penecillatuB I 18

Hydro ids la 55

BeI oe 6pp 12 l IS

ColLisella in8tabilis I 22

Unidentified snllU I all

CZino ardium nuttalli 2 07

GonatuB ant iaii 10 4 7

ligo opaleacens III

HalosydnQ brevilJetosa 13 194

Tomopte1is aeptentr wna Lis 3 05

AcanthomYJi macropD is 13 12

Ardzaeomysis grebnitzkii 07

Neomysis rayii 53 I 63 08 22 I21 248 17 70

Cumaceans

Dynarncnella glabraw I 01

D sheari I 06

l ntiJotea reaccata 08 3 09 03

P LJOsnese1tskii I 09

Rocincla belliceps 2 21

Eynidotea angulata 1 03

WestLJoodilla caecula 6 17

Amphithoe humcralis 9 41

Anonyx laticoxae 2 04

Atylus tridens 10 03

Gammaridae 21 46 12 5 25

Thysanoessa raschi 16 43

Thysanoessa spinifera 2 22 6 16

Cl angon alaaJ cn8i8 I 26 17 61 I 04

Heptacarpu8 fZexu8 I 5 5 59 82 11 93
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Appendix 6 7 Contd c Beach seine and townet samples 1977 1978

IIIlillI Illiiiiiil IiIiiilI Iiiiiiiiil iiiiiiiil

Beach Seine ToWnet Townet

Site Pillar Point May 1977 AIJRust 1977

Townet Beach Seine

Species No BioTlil ss No Biomass

H kincaidi
Hippolytjdae 02

Lebbeu8 grandimanu8
pandalidae 4 07

pandalu8 montagui tridens
Pinnotheres pugettensis 3 11

Saleroaranaon alata

Ophiopholis aculeata 1 84

Chaetognaths
Bryozoans 1 2 88
Total 144 1178 11 44 82

Beach Seine

October 1977

Townet

nee 1977

Beach Seine

No Biomass No Biomass No Biomass No Biomass No Biomass No Biomass

Present but not quantified
sA clump of organisms was counted as 1

4 1 67

178

78 7 72

28

03

559 85 32
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I
Appendix 6 9 Fish stomach samples a Sources and numbers of stomach

Isamples analyzed from nearshore fish collections in the
Strait of Juan de Fuca 1978 1979

Beach seine TOlTlet Intertidal

I
i

I0

c
u u 0

1
0

1
0 u u

0 0 0

u u 0 u0 0

I
0 u

0 0 0 00 u 0 u

0 0 0 0 0 0 0
Species A A u z 0 z

Spiny dogfish SQualus acanthias 5

IBig skate Raia binoculata 1

Pacific herring juv
Clupea harengus pallasi 10 10 10 10 10 10

Chum sillmon juv Oncorhynchus keta 1 12

ICoho salmon juv j kisutch

Chinook salmon juv 0 tshawytscha 1 2

Rainbow trout steelhead

Salma galrrlneri

INight smelt Spirinchus starks 10

Plainfin midshipman
Porichthys natntus

Northern clingEish

IGobiesox maeandricus 2 6 22 6 17

Pacific tomcod juv
Hicrogadus pacificus 11 12 20

Tl1rll spine stickleback

ICasterosteus aculeatus

Tube snout Aulorhvllchus flavidus 10 1 13

Bay pip fish

YE C riseolineatlls

Iidow rockfish juv
Sebastes entomelas 10 9 15

Kelp greenling juv
1Hexarammos dec ai ra7lmUD

IRock greenling juv li lagocephalus 2

vhitespotted greenling H stelleri

Lingcod juv Ophiodon elongatus 9

Padded sculpin Artedius fenestralis 11 15 IScalyhead sculpin A harringtoni 8

Smoothhead sculpin A lateralis 12 30 5 6 2

Rosylip sculpin
13 1 IAscelichthvs rhodorus 22 9 24 1 13

Silverspotted sculpin
Blepsias cirrhosus 1 14 13

Sharpnose sculpin
2 13 5 IClinocottus acuticeps 3

Calico sculpin C embryum 3 13 14

Hosshead sculpin f globiceps 2 32 28

Buffalo sculpin Enophrys bison 2 4 2

IRed Irish lord juv
Hemilepidotus hemilepidotus

Pacific staghorn sculpin
LeptocottU armatus 11 4 8 16 15 11

IGreat sculpin
Myoxocephalus polyacanthocephalus 4

173
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I Appendix 6 9 Contd a Sources and numbers of stomach samples analyzed

I Tidepool sculpin
Oligocottus maculosus 29 10 78 29 20 12 9

Saddleback sculpin Q rimensls 2 13 12

D Fluffy sculpin Q snyded 17 56 6 15 2

Manacled s ulpin 5ynchirus gilli

Cabezon juv

I
Scorpaenichthys marmoratus 1

Roughback sculpin
Chitonotis pugetensis 1

Tadpole sculpin
Psychrolutes paradoxus 1

I Warty poacher DcelIa verrucosa 1 4

Tubenose poacher Pallasina barbata 11 10 2 6

Ribbon snailfish Liparis eyelopus
1

I
Tidepool snailfish b fIcrae 1 20 6 5

Ribbon snailfish rutteri 1

K lp perch Brachyistius frenatus 10

Shiner perch Cymatogaster g egata 1 15

I Striped seapereh juv
Embiotoca lateralis 8 2 3

Pile perch Rhacochilus 1 20

I
Redtail surfperch

Amphisticus hadoterus 24

Pacific sandfish Trichodon trichodon 1

High cockscomb

Anop1archus purpurcscens
43 12 16 6

I Ribbon prick1eback
Phytichthys chirus 9

Black prickleback
Xiphister atropurpureus 39 12

I Rock prickleback 2 mucosus 16 6 6

l enpoint gunnel Apodichthvs flavidus 15 9 2 6 16

Crescent gunnel Pholis 1aeta 4 17 16 11

I Saddleback gunnel 1 2

Pacific sand lance juv
Ammodytes hexapterus 2 4

I
Speckled sanddab

Citharichthys stigmaeus 20 9 12 11 3

English sole juv
Parophrys vetu1us 16 9 25 20

I
Starry flounder

P1atichthys stellatus 11 3 2 1 1

c o sole Pleuronichthys coenosus

Sand so e juv
Psettichthys melanostictus 18 17 18 23

m To tal number of species 62

Subtotal 86 147 143 89 82 214 12 22 10 11 15 19 24 56 434 161 103 109

I
Total 761 89 904

No identifiable organisms

I

m
174



Appendix 6 9 Contd b Fish stomach contents statistics for nearshore fish collections
in the Strait of Juan de Fuca 1978 1979 See Methods and Materials for a

description of condition and digestion factors Statistics were generated
from samples itemized in previous table

f

J

Spiny dogfish ualus acanthias

Big Skate Raja binoculata

Pacific herring juv
Clupea harengus pal1nsl

Chum salmon juv Oncorhynchus ketn

Coho salmon juv O kisutch

Chinook salmon juv O tsh l ytschii
Rainbow trout steelheaJ

SaImo gairdneri

Night smelt Spirinchus starksi

Plainfin midshipman
Porichthys notatus

Northern c 1 ingfish
Gobiesox maeandricus

Pacific tomcod juv
Microgadus ifjcLls

ihreespinc stickleback
Gasterosteus aculcatu

Tube snout AuIorhynchus flavi dus

Bay pipcfish
Syngnathu griseol incatus

Widow rockfish juv
Sebastes entomclas

Kelp greenling juv
Hcxagrammos dccaJ rammtls

Rock greenling juv H lagoccphillus

Whitespotted greenling H ste11eri

Lingcod juv Qphiodon elongntus

Padded sculpin Artcdius fenestral is

Scalyhead sculpin A harringtoni

Smoothhead sculpin A lutcrulis

liliiii

Total

sample
size

n

Number

elpty

stomachs

5

1

1 20 0

0 0

67

13

4 6 0

10 76 9

0 0

1 8 312

10

0 0

770 0

1100 0

58 915 5

43 0 0

1

24

1100 0

6 25 0

6 85 7

34 0 0

6

2

2

9

31

8

66

0 0

0 0

1 50 0

3 33 3

6 19 4

2 25 0

9 13 6

Adjust
srunple
size

n

Condition

factor

X 1 SD

4 2 0 0 0

4 0

63 5 22 0

4 31 5

4 0

5 5 4

1

11

1

3

7 0

3 31 5

o

49 4 21 4

4J 5 31 7

o

18 4 1 2 0

1 4 0

34 5 3 1 7

6

2

1

6

25

6

57

4 81 7

6 0H 4

5 0

3 7H 0

5 2 1 4

4 SiO 8

4 9 1 7

Digestion
factor

X SI

4 5 0 6

5 0

3 41 6

2 72 1

3 0

4 5 0 7

5 0

2 72 1

3 711

4 41 0

4 4i1 2

4 0

4 6 0 6

3 71 5

2 0 Q 0

3 0

3 S 0 8

4 0il 4

3 8iQ S

4 2H 1

Total

contents

weight
X 1 SD

0 70 0 86

1 17

0 12 0 10

0 37 0 30

0 25

0 41 0 34

Total

contents

bundance
X 1 SIl

39 5 53 7

2 0

298 2 274 6

140 7 241 0

7 0

39 527 1

1 90 5 0

0 02 0 02 1 2 1

0 100 17 27 1142 1

0 22 0 53 14 3 19 1

0 02 2 0

0 020 02 6 9 7 3

0 110 10 70 6 149 7

0 350 26 11 3 7 0

0 120 10 1 00 0

9 14 10 0

0 23iO 16 1 2iO 4

0 150 21 3 2 2 S

0 02iO 03 6 5 3 9

0 180 41 3 3 4 1

Diet diversity
Shlnnon iener

Index

Numbers Biomass

1 68

0 00

0 57

3 11

l 00

0 00

2 24

4 15

1 95

3 78

1 39 2 23

0 48

0 15

0 99

2 97

0 29

0 15

0 99

2 7B

1 37

1 92

0 16

1 61

1 81 3 71

3 12 2 27

0 32

0 00

1 68

2 62

0 44

0 00

2 03

3 52

1 64

3 40
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Appendix 6 9 Contd b Fish stomach contents statistics for nearshore fish

Rosylip sculpin
Ascelichthys rhodorus 83 19 22 9 64 4 6 L6 3 3i1 5 Q OHO I0 3 2i3 3 3 82 4 25

Silverspotted sculpin
Blepsias cirrhosus

32 0 0 32 6 2il O 3 81 1 5 O lOQ 07 8 3 8 4 2 62 2 99

Sharpnose sculpin
Clinocottus acuticeps 30 2 6 7 28 4 4 1 6 3 6 1 4 0 010 02 5 0i6 2 3 30 2 84

Calico sculpin c embryum 30 0 0 30 5 7il 2 4 3 1 2 O OliO Ol l105HZ S 3 24 3 09

Mosshead sculpin c globiceps 72 9 12 5 63 5 3H 4 3 9 n 4 a OliO OJ 9 6i14 9 3 56 2 55

Buffalo sculpin Enophrys bison
11 436 4 7 5 6i1 9 4 6 Q 8 1 75i2 50 9 QilO 191 0 81

Red lrish lord juv
lemj ler e0117 Q O 1 5 0 5 0 0 18 5 0 1 92 0 91

Pacific stagharn sculpin
Leptocottus armatlls 65 1 1 5 64 5 6 1 4 4 3i11 2 303 97 4L8tB1 5 2 13 4 19

Great sculpin
lyoxoccrhJ liS polyacanthoccphal us

4 2 50 0 2 5 0 14 5 010 0 O 35iO 34 7 5D 5 0 91 0 53

Tidepool sculpin
Oligocottus maculosus 73 7 180 5 4t1 1 3 9 tL2 Q OL tO OS 18 3 26 2 2 72 06

187

Saddleback sculpin o rimensis 4 511 2 4 1iQ g Q OU O Ol 9 t8 1 2 18 1 78
J 28 27 1 26

Fluffy sculpin o snyderi 33 1 93 4 911 5 5tl 5 0 030 05 12 6 29 5 2 37 3 44
96

Manacled sculpin SYllchirllS Eili 1 0 0 1 3 0 5 0 0 0 13 0 0 00 0 00

Cabezon juv
scurpren1cnrh ysniarmoratus 1 0 0 1 6 0 3 0 0 20 120 1 04025

Roughbuck sculpin
Chitonotis pugetensis 1 0 0 1 6 0 5 0 0 18 4 0 0 81 0 79

Tadpole sculpin 0 32Psychrolutes paradoxls 1 0 0 6 0 5 0 0 04 3 0 0 92

Warty poacher OcetIn verrucosa
5 0 0 6 2iO S 5 O Q Q a OSiO 05 lL 4 S 3 1 74 44

Tubenose poachp r Pallasina barbata 29 4 13 8 25 4 2 2 0 3 6i1 4 O OUO Ol 3 8 7 6 2 37 2 09

Ribbon snailfish iE ii is cyclo 1 0 0 1 6 0 4 0 0 15 23 0 0 77 1 46

Tidepool snail fish L Dorae 33 0 0 J3 5 2 1 4 4 1 0 9 0 10tO 9 17 018 8 2 01 2 31

Ribbon snailfish L rutted 2 0 0 2 6 5t0 7 5 0iO 0 0 17Q 18 38 043 8 0 73 0 93

Kelp perch Brachyistius frenatus 10 6 60 4 2 5 0 6 2 01 1 4 O OlO OI 10 7 8 2 0 00 0 00

Shiner perch Cymatogaster aggregata 16 11 68 8 5 4 6 1 1 2 6i1 5 0 1lQ 07 109 2 104 0 1 17 1 14

Striped seaperch jl1v
Embiotoa lateralis 13 3 23 1 10 3 4H 3 4 2l 2 0 040 O3 12 1 9 1 0 92 0 24

Pile perch Rhacochi I us vacca 21 733 1 14 3 6 1 0 2 8 3 0 O50 O3 50 4 70 5 1 18 1 66

Redtail sl1rfperch
Amphistictls rhodoterus 24 4 16 7 20 3 3i1 6 4 6 0 7 Q 48Q 74 13 Qt12 3 08 2 90

Pacific sandfish Trichodon trichodon 1 0 0 1 3 0 1 0 0 06 0 0 0 00 0 00

I11III



Appendix 6 9 Contd b Fish stomach contents statistics for nearshore fish

High cockscomb
Anoplarchus purpurescens 77 21 27 3 56 4 6 1 6 3 5 1 4 0 020 02 27 6i133 7 2 04 4 00

Ribbon prickleback
Phytichthys chirus 31 2 6 5 29 4 6H 5 4 5tI O Q 04ctQ Q4 6 11 5 4 3 58 3 60

Black prickleback
Xiphister atropurpureu5 55 27 49 1 28 4 0 1 4 3 5 1 1 0 141 0 39 5 88 6 3 42 2 62

Rock prickleback x mucosus
36 11 306 2S 5 4 1 7 4 4H D Q 82H 46 18 435 2

2 52 1 24

Pcnpoint gunnel porlichthys fJaviJus 54 33 61 1 21 3 5 1 3 4 21 2 O OliO 02 15 4n6 4 1 62 2 19

Crescent gunnel Pholis lacta 70 22314 48 4 6il 8 4 4 1 3 0 020 02 19 7 5 7 2 99 3 06

SadJleback gunnel 1 21 natCl 3 a o 3 4 3l 5 5 01 0 0 O OZO 02 10 11 4 1 22 l 28

Pacific sand lancc juv
Ammodytes hcxapterus 6 233 3 6 3iO 5 2 311 3 0 020 01 7 Sill 7 0 47 0 08

Speckled sanddab

Citharichthys stigmacus 55 14 25 5 41 5 1 2 0 4 5i1 1 0 150 15 18 0il9 9 3 65 3 51

English sole juv
Parophrys vetlllus 71 4 5 6 67 5 0 1 6 4 4t1 2 0 09iO IQ 33 3 47 2 3 02 3 03

Starry flounder

Platichthys stc latus 18 5 27 8 13 4 61 6 4 5 0 9 1 7li2 7l 16 6i26 5 1 95 1 89

C O sole Plcuronichthys cocnosus 2 0 2 6 5t 0 7 5 0O 0 3 5814 39 7 5 6 4 0 91 0 29

Sand sole juv
Psettichthys mclanostlctus 76 1215 8 64 4 71 8 4 510 9 0 480 99 19 8t30 1 2 74 2 68

Total 1754 30417 3 1450
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Similar information from 1976 and 1977 was contained in Simenstad et al

1977 and Cross et al 1978 respectively

Spiny dogfish Squalus acanthias Four of the five captured in a Port

Townsend townet haul contained food items including hyperiid amphipods
ctenophores nereid polychaetes crab Porcellanidae larvae and pieces of

algae Chlorophyta

Big skate Raja binoculata One specimen captured in a Dungeness Spit
beach seine sample had consumed two crangonid shrimp Crangon stylirostris

Pacific herring Clupea harengus pallasi juvenile This species was

captured in abundance at five of the seven townet sites not Beckett Point

and Dungeness Spit and in two of the beach seine collections Morse Creek

and Dungeness Spit Their prey composition was essentially identical to

that reported in previous years Of the total FRI calanoid copepods made

up 97 86 and the only other prey organism of any consequence was pelagic
ostracods Fig lGl

Chum salmon Oncorhynchus keta juvenile This species was collected

principally during two townet collections at Beckett Point and Morse Creek
Ten of the thirteen however had empty stomachs The three specimens with

identifiable stomach contents had consumed mainly calanoid copepods and just
a few larval mysids

Coho salmon Oncorhynchus kisutch juvenile One specimen from the

Beckett Point townet collections had three polychaete annelids and pieces of

unidentified algae in its stomach

Chinook salmon Oncorhynchus tshawytscha juvenile Samples originated
from both beach seine and townet collections at Beckett Point and Kydaka
Beach The total prey spectrum was rather evenly proportioned between drift
insects Diptera Coleoptera Hymenoptera and brachyuran crab larvae

megalops

Rainbow steelhead trout Salmo gairdneri juvenile One specimen
from the Morse Creek beach seine collections had consumed three juvenile
fishes 98 03 of the total identifiable biomass one insect and one isopod
Gnorimosphaeroma oreRonensis

Night smelt Spirinchus starksi juvenile Caught for the first time

during the MESA nearshore fish collections in the Strait of Juan de Fuca
this species was found in the townet collections in August A sample of ten
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from Pillar Point had only three with identifiable stomach contents These
three had fed on gammarid amphipods 57 14 of the total identifiable biomass
calanoid copepods euphausiids and mysids

Plainfin midshipman Porichthys notatus One adult from Beckett Point
had an empty stomach

Northern clingfish Gobiesox maeandricus This fish was commonly found
in intertidal collections in both rocky tidepool and cobble intertidal
habitats Acmaeid limpets Notoacmaea persona scutum Collisella pelta
at 70 92 of the total IRI dominated the prey spectrum Fig 102 Supple
mental contributions were also made by gammarid amphipods sphaeromatid
isopods mainly Exosphaeroma amplicauda but also Gnorimosphaeroma oregonensis
and Dynamenella sheareri polychaete annelids sabellarids and harpacticoid
copepods

Pacific tomcod Microgadus proximus juvenile Three eastern Strait of
Juan de Fuca sites Beckett Point Port Williams and Morse Creek produced
high catches Total IRI prey spectrum was rather evenly split between

hippolytid shrimp and mysids Fig 103 secondary prey was gammarid amphipods
14 Accedomoera vagor four Mandibu1ophoxus gi1esi one Monocu1odes sp and

one Synche1idium shoemakeri One juvenile sand sole made up 23 47 of the
total identifiable biomass

Threespine stickleback Gasterosteus aculeatus The stomach of one

specimen collected in a Port Williams beach seine collection was empty

Tube snout Au10rhynchus f1avidus This species was fairly restricted
to the collections in the eastern end of the strait especially at Beckett
Point and Morse Creek Juvenile hippo1ytid shrimp 65 21 of the total IRI
and harpacticoid copepods 33 20 were the only prey of consequence

Bay pipefish Syngnathus 1eptorhynchus
Point beach seine collections all had empty
two juvenile hippo1ytid shrimp

Of seven captured in the Beckett
stomachs but one which contained

Widow rockfish Sebastes entomelas juvenile In the three years of
MESA collections in the strait the only time this species was captured in any
abundance was August 1978 They were especially common in beach seine
collections at Morse Creek and Beckett Point and townet collections at Kydaka
Beach The composite IRI prey spectrum Fig 104 is dominated by both
epibenthic hippo1ytid shrimp and calanoid copepods 60 96 and 36 53 of the
total IRI respectively The gammarid amphipods which constituted only 1 21
of the total IRI were mainly Accedomoera vagor but also Anisogammarus puget
tensis Melita desdichata Najna consi1iorium Hya1e rubra Para110rchestes
ochotensis and Podoceropsis sp However examination of the prey composition
of samples from specific sites shows that the diet becomes more specific and
typically less diverse The specimens from the Kydaka Beach townet collections
had consumed ca1anoid copepods almost exclusively while the Beckett Point
beach seine sample had a prey spectrum almost completely dominated by
hippo1ytid shrimp The Morse Creek sample had the most diverse prey
composition including most of the gamma rid amphipods
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Kelp greenling Hexagrammos decagrammus juvenile This fish was

collected in both beach seine and intertidal collections Despite the low

sample size the diet composition Was spread over pandalid and hippolytid
shrimp gammarid and caprellid amphipods bivalves and oxyrhynchan
brachyuran and brachyrhynchan crabs Pandalid crabs at 13 24 of the
total number of prey organisms and 50 17 of the prey biomass were the
single most important prey taxon

Rock greenling Hexagrammos lagocephalus juvenile Two were collected

during intertidal sampling along the western end of the strait One had
consumed a gammarid amphipod and the other a caprellid amphipod

Whitespotted greenling Hexagrammos stelleri An adult from Beckett
Point had only pieces of plant material probably eelgrass in its stomach

Lingcod Ophiodon elongatus juvenile Captured during the beach seine
sampling at Kydaka Beach six of the nine specimens had identifiable stomach
contents The majority of the contents 7l 93 of total number of prey
75 47 of the total prey biomass was remains of fish a mysid and a

crangonid shrimp had also been eaten

Padded sculpin Artedius fenestralis This species was most common in
the beach seine collections especially at Beckett Point Port Williams and
Twin Rivers The prey spectrum Fig 10 5 was one of the most diverse it
had the highest value of the Shannon Wiener diversity index based on prey
numbers and it was the seventh highest based on prey biomass

Polychaete annelids 26 72 of total IRI gammarid amphipods 18 67 wood
rock and other debris 16 16 cancrid crabs 12 79 of the total IRI
combined and including Cancer magister and hippolytid shrimp 8 27
constituted the prevalent prey taxa

Scalyhead sculpin Artedius harringtoni Specimens from Slip Point

tidepool collections had fed mainly on gammarid amphipods 79 49 of total
number of prey 59 96 of total prey biomass although one caridean shrimp
contributed over 30 of the total prey biomass

Smoothhead sculpin Artedius lateralis Collections at rocky tidepool
sites at Slip Point Observatory Point and Neah Bay provided the highest
number of samples Gammarid amphipods the most common prey made up almost
70 of the total IRI Fig 0 6 The gammarid Atylus tridens was the only
identifiable species Hippolytid shrimp Heptacarpus breviorstris 9 61
of the total IRI and larval fish 8 45 constituted the prey of secondary
importance

Rosylip sculpin Ascelichthys rhodorus Twin Rivers was the only beach
seine site which produced considerable numbers of this species however they
were common at a number of intertidal sites including Slip Point Twin
Rivers Morse Creek and Neah Bay Gammarid amphipods 69 11 of the total
IRI Melita desdichata Pontogeneia ivanovi Hyale sp Parallorchestes
ochotensis Ischyrocerus sp Orchestia sp and sphaeromatid isopods
13 30 Gnorimosphaeroma oregonensis and Exosphaeroma amplicauda were the
primary prey taxa Polychaete annelids 7 45 idoteid isopods 3 57
Synidotea pettiboneae Idotea sp mysids 2 54 and juvenile brachyrhynchan
crabs 2 70 constituted secondary prey organisms Fig 10 7
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Silverspotted sculpin Blepsis cirrhosus Specimens originated mainly
in beach seine collections at Morse Creek and Tolin Rivers Gammarid amphipods
and mysids with combined contributions of 55 60 and 39 36 of the total IRI

respectively and sphaeromatid isopods 4 05 Gnorimosphaeroma oregonensis
were the only other prey of significance Fig lD8

Sharpnose sculpin Clinocottus acuticeps This fish was typically found

in the cobble intertidal habitats at Morse Creek and Twin Rivers Epibenthic
crustaceans composed the majority of the diet Fig 10 9 Gammarid amphipods
sphaeromatid isopods Gnorimosphaeroma oregonensis Exosphaeroma amplicauda

Dynamenella sheareri dipteran insects harpacticoid copepods and idoteid

isopods made up approximately the same proportions of the total number of

prey but gammarid amphipods 56 50 of the total IRI and sphaeromatid
isopods 27 07 would have to be considered more important by biomass

Calico sculpin Clinocottus embryum While f acuticeps were found mainly
in the cobble intertidal habitats f embryum were typically collected in the

rocky tidepool habitats at Slip Point and Observatory Point Specimens were

also collected at Morse Creek Accordingly barnacle cirri were prominent
components of the prey spectrum 60 46 of the total IRI Gammarid amphipods

17 79 harpacticoid copepods 9 79 insect larvae 4 81 and sphaero
matid isopods 3 77 Exosphaeroma amplicauda followed in importance as prey

Fig 1010

Mosshead sculpin Clinocottus globiceps Intertidal collections at Morse

Creek Slip Point and Observatory Point produced substantial numbers of

specimens Like f embryum f globiceps appears to be most common in rocky
tidepool habitats Prey includes harpacticoid copepods barnacle cirri and

gammarid amphipods The alga Ulotrichales which includes Ulva sp composed
the greatest proportion of the total IRI 69 94 mostly because of high
biomass contribution 74 23 It is not known whether algae are utilizable

food for the sculpin or whether they are consumed incidentally with other

prey Fig 10 11

Buffalo sculpin Enophrys bison Juveniles were captured by beach seine

at Morse Creek Port Williams and Twin Rivers and in intertidal collections

at Slip Point and Observatory Point Algae Ulotrichales accounted for

76 19 of the number of prey items and 97 45 of the total prey biomass and

according to other documentation of buffalo sculpin s prey spectrum Miller
et al 1977 Cross et al 1978 Fresh et al 1979 may actually be a

food resource The only other food items of consequence were gammarid amphi
pods 17 46 of the total number of prey

Red Irish lord Hemilepidotus hemilepidotus One juvenile collected in

a Slip Point tidepool had consumed one crab Lophopanopeus bellus 79 26 of
total prey biomass two sphaeromatid isopods Exosphaeroma amplicauda 17 02

of total prey biomass and incidental pieces of wood and algae

Staghorn sculpin Leptocottus armatus This species was common at all

beach seine sites Sixty eight percent of samples were juveniles Mysids
Archaeomysis grebnitzki dominated the diverse prey spectrum Fig 1012

because of high contribution 80 85 to the total number of food items

Cancrid crabs Cancer magister and fishes Microgadus proximus Psettichthys
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melanostictus Embiotocidae Pleuronectidae made up a large proportion
15 55 of the remaining IRI as a result of their high biomass contributions

Mysids gammarid amphipods and crangonid shrimp were the three most frequently
occurring prey in the sample

Great sculpin Myoxocephalus polyacanthocephalus Hippolytid shrimp
constituted the primary prey item 80 00 of total number 90 78 of total

biomass in the stomachs of two of four specimens collected by beach seine at

Beckett Point several caprellid amphipods and fish bones also occurred in

the stomach contents

Tidepool sculpin Oligocottus maculosus The most common and widely
distributed cottid in the intertidal habitats along the strait this fish was

collected at all the intertidal sites it also occurred in abundance at

Beckett Point and Port Williams Epibenthic crustaceans composed the bulk
91 of total IRI combined of the prey spectrum Fig lO 13 Harpacticoid

copepods because of their numbers accounted for over 66 of the total IRI
while gammarid amphipods and sphaeromatid isopods contributed more to the

gravimetric composition Species of gammarid amphipods in order of

decreasing numerical importance were Melita desdichata Hyale rubra
Aoroides columbiae Parallorchestes ochotensis Calliopiella pratti and
Photis sp Sphaeromatid isopods were mainly Gnorimosphaeroma oregonensis

62 of those identified Dynamenella sheareri 20 and Exosphaeroma
amplicauda 18 Hippolytid shrimp brachyrhynchan crabs Hemigrapsus
nudus oregonensis barnacles archaeogastropods acmaeid limpets fish
and pagurid crabs also made considerable contributions to the total prey
biomass but were otherwise unimportant

Saddleback sculpin Oligocottus rimensis This species was captured in

rocky intertidal habitats at Slip Point Observatory Point and Neah Bay
Epibenthic crustaceans predominated in its rather simple prey spectrum
Fig 1014 gammarid amphipods 70 8 of the total IRI and harpacticoid

copepods 21 27 were most important and sphaeromatid isopods Dynamenella
sheareri were less important

Fluffy sculpin Oligocottus snyderi This fish occurred in greater
abundance than saddleback sculpin but was generally confined to the same

intertidal habitats at Slip Point Observatory Point and Neah Bay the
intertidal habitat at Twin Rivers also produced quite a few specimens
overall prey spectrum of Q snyderi Fig 1015 was markedly similar to
of Q rimensis Fig 10 14 Only the greater proportional numerical
contribution by harpacticoid copepods altered the relative importance of the
principal prey gammarid amphipods harpacticoid copepods and sphaeromatid
isopods The species Hyale rubra was the only identifiable gammarid amphi
pod Sphaeromatid isopods included Gnorimosphaeroma oregonensis Exosphaeroma
amplicauda and Dynamenella sheareri Algae Ulotrichales chitons

Polyplacophora and valviferan isopods Idoteidae were also somewhat

important because of their gravimetric contribution

rocky
cobble

The

that

Manacled sculpin Synchirus gilli An adult captured during the Morse
Creek beach seine collections had consumed 13 harpacticoid copepods

Cabezon Scorpaenichthys marmoratus A juvenile caught during beach
seining at Port Williams had eaten nine caridean shrimp 75 00 of total
number of prey 96 52 of total biomass two gammarid amphipods and one

caprellid amphipod
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Roughback sculpin Chitonotis pugetensis iuvenile
the Beckett Point beach seine collections had eaten three

76 25 of total prey biomass and one cancrid crab

One juvenile from

hippolytid shrimp

Tadpole sculpin Psychrolutes paradoxus An adult from the Port Williams

beach seine collections had consumed two gammarid amphipods and one pandalid
shrimp 94 12 of total prey biomass

Warty poacher Ocella verrucosa iuvenile Mysids 50 00 of total prey
numbers 81 14 of total prey biomass and gammarid amphipods 45 83 of

total prey numbers 17 98 of total prey biomass were the most important
component of the stomach contents of five juveniles caught in beach seine

collections at Dungeness Spit and Twin Rivers

Tubenose poacher Pallasina barbata This diminutive poacher appeared
commonly in the beach seine collections at Morse Creek Port Williams
Beckett Point and Twin Rivers The prey spectrum from this sample Fig lO

16 is composed almost entirely of epibenthic organisms principally
gammarid amphipods 48 23 of total IRI and mysids 37 38 and secondarily
caridean shrimp and harpacticoid copepods

Ribbon snailfish Liparis cyclopus The stomach contents of an adult
from an Observatory Point tidepool collection contained 20 gammarid amphipods
86 96 of total prey numbers 19 43 of total p ey biomass but the

majority of the prey biomass was contributed by a polychaete annelid 53 65

and an unidentified decapod crustacean 26 83

Tidepool snailfish Liparis florae Intertidal collections at Morse
Creek Slip Point and Observatory Point provided most of the specimens
Gammarid amphipods 92 62 of the total IRI Fig 1017 appear to be a

highly preferred prey Harpacticoid copepods provided 30 54 of the total
number of prey but they and idoteid isopods Idotea fewkesi were less

important

Ringtail snailfish Liparis rutteri Two specimens were collected one

by beach seine at Twin Rivers and one from an intertidal collection at

Observatory Point One had fed upon mysids and the other idoteid isopods
Both had consumed gammarid amphipods

Kelp perch Brachyistius frenatus iuvenile Only beach seine collec
tions at Beckett Point provided specimens for stomach analysis Only
cyclopoid copepods were identifiable from the contents of the four fish with
food in their stomachs

Shiner perch Cymatogaster aggregata Of the 16 fish retained for
stomach analyses 15 originated from the Beckett Point beach seine collections
68 8 had empty stomachs Tanaids were by far the prevalent food item in the
stomach contents 96 15 of the total number of prey 97 52 of the total

prey biomass and gammarid amphipods and several hippolytid shrimp provided
only incidental contributions

Striped seaperch Embiotoca lateralis iuvenile Juveniles were caught
during beach seining at Morse Creek Beckett Point and Twin Rivers Gammarid
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amphipods 76 86 of the total number of prey 96 53 of the total prey
biomass were the most important prey organism followed by cyclopoid
copepods 20 66 of the total numbers of prey sphaeromatid isopods 3 05
of the total prey biomass and mysids 1 65 of the total numbers of prey

Pile perch Rhacochilus vacca juvenile Like most of the embiotocids
this species was captured by beach seine at Beckett Point all those examined
were juveniles Gastropod molluscs perhaps littorine snails completely
dominated the contents of the seven stomachs which were examined 71 43 of
the stomachs contained them 98 72 of the total number of prey were gastropods
and they composed 95 77 of the total prey biomass Tanaids gammarid amphi
pods and pagurid crabs constituted the incidental prey items

Redtail surfperch Amphisticus rhodoterus The majority 96 were

juveniles and appeared to be restricted to the western strait where they
were collected by beach seine at Kydaka Beach and Twin Rivers The prey
spectrum was dominated by two epibenthic crustacean taxa sphaeromatid
isopods Gnorimosphaeroma oregonensis which accounted for 70 33 of the

total IRI and gammarid amphipods Atylus tridens which accounted for 25 12

Cancrid crabs juvenile Cancer magister provided 17 7 of the total prey
biomass and bivalves 5 5 but they were not common prey items

Pacific sandfish Trichodon trichodon juvenile One juvenile from a

beach seine collection at Kydaka Beach had an empty stomach

High cockscomb Anoplarchus purpurescens This species was commonly
collected at all intertidal collections sites Numerically barnacle larvae

dominated the prey spectrum Fig lO 18 at 66 56 of the total number of prey
items but overall accounted for only 17 94 of the total IRI Polychaete
annelids were consistently the most important prey taxon providing 46 61 of

the total IRI Other important prey were harpacticoid copepods and gammarid
amphipods Melita desdichata Aoroides columbiae Parallorchestes ochotensis

Ribbon prickleback Phytichthys chirus This species occurred in inter

tidal collections at Slip Point Observatory Point Morse Creek and Tatoosh

Island The diet spectrum Fig lO 19 was rather diverse considering the

sample size the fifth highest in prey abundance and the fifth highest in

prey biomass Gammarid amphipods Atylus tridens were the only
prey which stoud out as e dominant food item 78 79 of the total IRI The

remaining prey composed less than 10 of the total IRI important
taxa in decreasing order of percent total IRI were polychaete annelids

algae Ulotrichales and Rhodophyta asellotan isopods and plant material

Potamogetonaceae

Black prickleback Xiphister atropurpureus Black prickleback have

approximately the same distribution as ribbon prickleback The prey spectrum
Fig lQ 20 is similarly diverse and in fact is the second most diverse

spectrum based on percent total IRI H 2 54 as compared with H 3 06

for padded sculpin Sphaeromatid isopods both Gnorimosphaeroma oregonensis
and Dynamenella sheareri 40 04 of the total IRI gammarid amphipods
Atylus tridens 25 66 and sabellarid polychaetes 10 18 were the prey

taxa of primary importance Other polychaetes harpacticoid copepods and

serpulid polychaetes were of secondary importance
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I
Rock prickleback Xiphister mucosus Rock prickleback had a general

distribution among the intertidal collections similar to that of the black

prickleback Algae Ulotrichales and unidentified dominated the prey

spectrum Fig lO 2l primarily because of the high biomass contribution
97 43 Harpacticoid copepods and gammarid amphipods were the most

abundant prey in the stomach contents whereas sphaeromatid isopods important
in the other stichaeids was relatively insignificant

I

I
Penpoint gunnel Apodichthys flavidus Beach seine collections in

gravel cobble habitats at Twin Rivers and Morse Creek and the sand eelgrass
habitat at Beckett Point and intertidal collections in rocky and cobble
habitats yielded specimens Gammarid amphipods were the most common prey

47 83 frequency of occurrence and provided the highest proportion 45 05

of the total prey biomass Although not as common in the sample 26 09

frequency of occurrence harpacticoid copepods were extremely abundant

composing 87 62 of the total prey abundance Sphaeromatid isopods
including only identifiable Gnorimosphaeroma oregonensis were less common

but composed over 31 of the total prey biomass

I

I

I

Crescent gunnel Pholis laeta Crescent gunnel appeared to be even more

broadly distributed than penpoint gunnel they were captured during both

beach seine and intertidal collections and were most common at Beckett Point

Slip Point Morse Creek and Twin Rivers Because of their high contribution

to the total number of prey items 61 16 harpacticoid copepods provided the

highest proportion of the total IRI 51 04 Fig lD22 Gammarid amphipods
however occurred more often in the sample and made the second highest
contribution to the prey biomass thus accounting for almost 31 of the total

IRI Species of gammarid amphipods were in order of numerical importance
Hyale rubra Parapleustes nautilus Accedomoera agor and Aoroides columbiae

Calanoid copepods because of their abundance and hippolytid shrimp and

polychaete annelids because of their high biomass constituted secondary
prey items Sphaeromatid isopods Gnorimosphaeroma oregonensis and Dyna
menella sheareri and caprellid amphipods were also important

I

I

I

I

I
Saddleback gunnel Pholis ornata Three specimens were taken two at

Beckett Point and one at Twin Rivers during beach seine collections Bivalves

composed 70 97 of the total number of prey and 71 43 of the total prey

biomass several polychaetes gammarid amphipods and pieces of algae formed

the remaining stomach contents

I

I
Pacific sand lance Ammodytes hexapterus juvenile

were the only prey organisms found in the stomachs of four

Creek and Kydaka Beach beach seine collections

Speckled sanddab Citharichthys stigmaeus These small flatfish were

common in the beach seine collections at Morse Creek Dungeness Spit Beckett

Point Kydaka Beach and Twin Rivers The relatively diverse prey spectrum
Fig 1 23 was composed of epibenthic crustaceans mysids Archaeomysis

grebnitzki 47 53 of total IRI gammarid amphipods 22 67 and cumaceans

5 49 and benthic holothuroideans sea cucumbers 14 63 of total IRI and

polychaete annelids 1 79 The unidentified category was primarily sand

grains

Calanoid copepods
fish from Morse

I

I

I

I
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I
English sole Parophrys vetulus iuvenile Although more abundant than

speckled sanddab juvenile English sole were distributed similarly maximum

abundances occurring at Port Williams Morse Creek and Twin Rivers The

prey spectrum Fig lO 24 was rather evenly composed of pibenthic crustaceans

gammarid amphipods 25 28 of the total IRI tanaids 12 49 and cumaceans

3 66 and benthic polychaetes 27 04 and holothuroideans 27 30 Calanoid

copepods appeared in only 9 7 of the stomachs but made up over 25 of the

total number of prey items

I

I

Starry flounder Platichthys stellatus This fairly large flatfish was

most common at the western beach seine sites along the strait most of the

specimens coming from Kydaka Beach and Twin Rivers Holothuroideans 55 26

of the total IRI were the most important prey organism and accounted for

71 7 of the total numbers of prey Cancrid crabs Cancer magister because

of their large contribution 58 92 to the total prey biomass were also

important with 36 57 of the total IRI Polychaete annelids 2 49

cumaceans 1 62 gammarid amphipods 1 07 and callianassid shrimp 1 14

were secondary

I

I

I

C Q sole Pleuronichthys coenosus Two fish from a beach seine collection

at Beckett Point had consumed mainly bivalves 80 0 of the total prey

abundance 95 85 of the total prey biomass in addition to several polychaete
annelids and a nemertean

I

I
Sand sole Psettichthys melanostictus iuvenile This species was a

prevalent component of the beach seine catches at Morse Creek Dungeness

Spit Twin Rivers and Kydaka Beach Mysids Archaeomysis grebnitzki
constituted the main prey in the diet Fig 1025 being well represented in

the sample and providing high contributions to the total number of prey items

and prey biomass 70 94 of the total IRI Juvenile fishes including

juvenile flatfish were the second most important prey by contribution to

the total prey biomass 59 11 Gammarid amphipods 9 84 of the total IRI

and larvaceans 1 55 were of secondary importance
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