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FOREWORD

Substantially increased petroleum tanker traffic and refining
operations are anticipated in the region of northern Puget Sound and the
Strait of Juan de Fuca as Alaskan crude oil production increases and as

pipeline deliveries of crude from Canada to the region are terminated
This increased transport and refining activity will increase the opportu
nities for spills and leaks of crude oil and refined products into the
marine environment Recognizing the need for environmental information in
the region the U S Environmental Protection Agency has supported the
Puget Sound Energy Related Project under which studies involving biological
characterizations physical oceanography trajectory modeling pollutant
monitoring and fate and effects of oil have been implemented This report
has been administered by NOAA s Marine Ecosystems Analysis MESA Puget
Sound Project office A major part of the Project has involved a variety
of biological studies intended to provide information on the character
istics of biological communities at risk to oil pollution in the region
This report presents the results of a two year field study of intertidal
and shallow subtidal communities found at ten sites representative of
common shoreline habitats along the Strait of Juan de Fuca This study was

conducted in consultation with representatives of the Washington State
Department of Ecology
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ABSTRACT

Because of the threat of oil pollution from large scale oil shipment
through the Strait of Juan de Fuca this study was undertaken to document

the pre pollution communities in the shallow water zones along the Washing
ton coast of the Strait of Juan de Fuca The study objectives were to

adequately describe the distribution abundance seasonal variations and

annual variation of the intertidal and shallow subtidal benthos of this

coastal area

During the first year ten sites representative of the range of

habitats present were sampled quarterly Stratified random replicates
were collected at each area Strata used were high 6 mid 3
low 0 intertidal and 5 m and 10 m Distribution sampling at inter

mediate strata was conducted once During the second year seven of the

same sites were again sampled quarterly in the intertidal while the

remaining three intertidal sites and all subtidal strata were sampled once

Over 1 000 different plant and animal species were collected during
these wo years 176 of which had not previously been recorded in standard

taxonomic keys for our region The dominant groups were algae molluscs

polychaete annelids and crustaceans In the intertidal rock habitats

were the richest in terms of number of species density and biomass and

probably productivity followed by cobble protected soft sediment

exposed sand and exposed gravel habitats Species richness values ranged
from 177 5 Tongue Pt 0 to 1 Dungeness Spit 6 diversity 3 24

North Beach Cobble 0 to 0 17 Dungeness Spit 6 density 56 874 m2
Jamestown 6 to 441m2 Twin Rivers 6 biomass 11 375 g m2 Pillar

Pt 0 to 2 g m2 Dungeness 6 Strong intertidal vertical zonation

was found at all but the most exposed gravel and sand sites Subtidal

study sites were consistently rich Community comparisons of the areas

and levels sampled during this study validated the type habitat approach
and the selection of strata to be sampled Patchiness of organisms in the

communities sampled generally obscured seasonal patterns in populations of

component species However summed over all levels and areas summer was

most often the peak for species richness abundance and biomass and

winter most often the low Year to year community similarity was high in

the rock cobble and protected soft sediment areas

An important generalization from this mass of data stood out The

rich complex productive communities are to be found in rock and protected
soft sediment sites These communities were the least variable over time

and are the most vulnerable to long term damage from an oil spill These

data will be useful in assessment of damage from an oil spill especially
the measures of community similarity species richness and diversity

since the values of these parameters change with oil pollution effects In

addition these data should have broad use in coastal zone management

decisions
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SECTION I

INTRODUCTION

I

This report presents the second year results of an intertidal and
shallow subtidal benthic sampling program at ten sites along the Washington
State coast of the Strait of Juan de Fuca The purpose of this program
was to provide a quantitative characterization of the marine shallow water

bottom communities of the Strait

In the past five years the greater Puget Sound region has seen a

dramatic increase in marine crude and refined oil transport with the
replacement of overland pipeline transport by large tanker transport The
possibility of Alaskan crude oil transshipment through this region to the
Midwest means additional increases are possible in the near future This
tanker traffic increase also increases the risk of catastrophic and chronic
oil pollution of the marine environment in this region

Previous to 1974 virtually no quantitative data existed on the inter
tidal and shallow subtidal benthos of this region The seriousness of
this absence of information was two fold First the communities of these
organisms have great recreational ecological and economic importance
This is especially true for the greater Puget Sound region Hundreds of
thousands of people live on or very near the shore and make use of its
varied recreational activities from yachting to clam digging These same
areas are also highly productive of eelgrass and macro algae plants which
are responsible for a very large percentage of greater Puget Sound primary
production After the economic importance of recreational uses of these
communities there is a large direct economic value based on commercial
fisheries Virtually all juvenile salmonids are dependent on intertidal
and shallow water communities for food These communities are also highly
productive of commercial bottom fish and of shellfish

The second reason an absence of quantitative data on the intertidal
and shallow subtidal benthic communities of this region was so serious
is the widely documented high susceptibility of these communities to
damage from spilled oil National Academy of Sciences 1975 Malins 1977
Wolfe 1978 Put simply much or most oil floats and in the virtually
closed greater Puget Sound basin most floating oil will come ashore Oil
on Puget Sound 1972

To respond to this oil pollution threat in 1974 the Washington State
Department of Ecology initiated field work for their Oil Baseline Studies
This work was largely confined to the San Juan Islands and the Rosario
Strait mainland areas In 1976 the federal government initiated field
sampling along the Strait of Juan de Fuca under the EPA s Puget Sound
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Energy Related Research Project administered through NOAA s Marine

Ecosystem Analysis Puget Sound Project office This project was designed
to identify the potential ecological consequences of increased petroleum
transport and transfer activities anticipated for the greater Puget Sound

region

First year research components of the study reported on previously
Nyblade 1978 consisted of defining the habitat types present along the

Strait of Juan de Fuca largely according to substratum exposure selec

tion of ten sites along the length of the Strait representative of these

habitat types aha quarterly determination of the vertical distribution of
the organisms found at each

In order to verify and amplify trends observed the first year and to

document natural year to year variation a second year of sampling was

undertaken Second year sampling consisted of continued quarterly
determination of community composition at seven sites in the intertidal
and annually at three sites intertidally and all sites subtidally These

components have permitted documentation of both seasonal and annual

changes in the communities sampled

This information is critical to develop an understanding of the

biology of the shallow water marine communities of this region to

evaluate the regional ecological importance of the various habitats to

determine the economic value of the various types of communities and to

enable any careful assessment of the impact of man s activities along the

Strait especially in assessing damage to this environment from oil

pollution Also uses of this data base may very well involve activities

quite unrelated to oil pollution ego damage from other pollutants
tideland utilization siting studies informed coastal zone management

2



SECTION II

CONCLUSIONS

With the completion of this two year program of sampling along
Washington s coast of the Strait of Juan de Fuca a quantitative data set
on the composition of the Strait s intertidal and shallow subtidal marine
benthic communities has been established prior to any major perturbation
such as a large oil spill from a tanker or submarine pipeline

Exposed intertidal sand and gravel habitats contained relatively
sparse simple low diversity communities dominated by worms and small
crustaceans Protected soft sediment habitats exhibited dense very
diverse infaunal communities dominated by a vast array of polychaete
species small and large bivalves and small and large crustaceans
Cobble and rock areas contained the richest communities with the largest
standing crop biomass Cobble and rock communities were dominated by
macro algae herbivorous gastropods barnacles mussels large and small
crustaceans Subtidal rock areas were equally rich Communities there
contained a large variety of algae gastropods small crustaceans and the
dominant algal grazers sea urchins Subtidal soft sediment areas were
also species rich but standing crop was much lower Communities in these
areas contained literally hundreds of species of polychaetes as well as a

great variety of small bivalves and crustaceans

Over 1 000 different plant and animal species were collected during
the study Second year species richness values ranged from 177 5 Tongue
Point 0 to 1 Dungeness Spit 6 diversity from 3 24 North Beach
Cobble 0 to 0 17 Dungeness Spit 6 density 56 874 1m2 Jamestown

6 to 441m2 Twin Rivers 6 biomass 11 375 g m2 Pillar Point 0
to 2 g m2 Dungeness 6 Strong intertidal vertical zonation was
found at all but the most exposed gravel and sand sites

Little seasonal change in communities was documented during either of
the two years of study Surprisingly little annual change in communities
was found comparing the first and second year data sets It is clear that
data variability may very well have masked real seasonal and annual
changes On the other hand major changes should be reflected in the
summary parameters measured such as mean species richness diversity and
community similarity But little evidence was found among these parameters
for seasonal or annual changes Sanders 1978 argues forcefully for the
utilization of such synthetic parameters in examining community change
rather than traditional species lists and the vast unmanageable data set
on individual species populations

What is there specifically to be concluded about the response of the
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communities studied to perturbations such as an oil spill
summarizes these conclusions Life span recruitment rates

best estimate from direct experience

The following
are the author s

Increasing
Damage
Increasing
Recovery
Time

Habitat Study Areas

Gravel Dungeness Spit
Twin Rivers

Sand Kydaka Beach

North Beach Sand

Mud Jamestown

Mixed Beckett Point

Cobble North Beach

Morse Creek

Rock Pillar Point

Tongue Point

Number of

Macro Species
in Community

few to 10 s

10 s to 20 s

50 to 100

100 s

Life Span
Recruitment Rates

of Dominants

1 yr

1 yr to 1 yr

1 yr to

several years

several yrs

to decades

There finally has begun to develop a literature to support such

conclusions concerning longterm damage Torrey Canyon recovery took from

5 to 10 years and by some measures remains incomplete Southward and

Southward 1978 Other studies of other spills for shorter periods
continued to show damage after 2 to 3 years Sanders 1978 Hampson and

Moul 1978 with no prediction on when recovery might be complete
Hampson and Moul have documented severe salt marsh erosion following the

killing of marsh grass by oil erosion of areas that may have taken

hundreds of years or longer to accumulate The rich complex communities

of rock and protected soft sediment areas are the most vulnerable to long
term damage because they are dominated by long lived irregularly
recruiting species Recovery of these communities from an oil spill could

take decades here
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SECTION III

RECOMMENDATIONS

A number of recommendations for further studies can be made based on

the two year Strait of Juan de Fuca sampling program
1 Further quantitative monitoring of communities at the study sites

should be undertaken Sampling methodology must be identical or

compatible with previous work in order to make comparisons with

previous data possible However for the more complex communities

only a subset of the dominant species need be fully processed the
remainder of the sample being processed for long term storage
only The need for further monitoring is two fold First more

information is needed on normal year to year variation of these
marine communities Second only by updating will the validity
of the original data base be maintained for post perturbation
comparisons Should an oil spill occur in 1987 use of a ten year
old data base for damage assessment would be weak unless validated

by long term monitoring
2 Studies of community recruitment dynamics especially of the key

long lived species of the complex rock and protected soft bottom

communities should be undertaken Almost nothing is known about

recruitment dynamics of regional marine species particularly the

long lived species which apparently are highly irregular in

recruitment Without a better understanding of recruitment there
can be no basis for specific predictions on the recovery of their
communities from a perturbation such as an oil spill which

destroys key elements of the communities

3 A general analysis and synthesis of the greater Puget Sound
shallow water marine benthos data base should be undertaken

Although sampling methodology has been similar in studies during
the past five years undertaken for METRO the Washington State

Department of Ecology and the MESA Puget Sound office technical

report data presentation has not been compatible and generally the

original data has not been presented
4 Following data synthesis a field test should be undertaken to

determine the degree to which the data base can be extrapolated to

areas not previously sampled
5 Additional regional taxonomic work is desperately needed on a

number of important groups gammarid amphipods oligochaetes
free living nematodes ostracods and cumaceans in descending
order of importance The lumping of the species of these groups
into higher taxa creates great problems in data analysis and

comparison When dominant species eg amphipods and oligochaetes
in exposed gravel areas are not identified to species nothing
can be said about long term community change or a potential
change caused by pollution
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6 Samples processed and stored must be carefully curated as long as

there is any use for the data based on them The science of

taxonomy is undergoing constant change Without recourse to the

original samples no use can be made of current taxonomic informa
tion
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SECTION IV

METHODS AND MATERIALS

IV A Field and Laboratory Procedures

Second year procedures followed directly those of the first year

Nyblade 1978 to guarantee comparable data sets The purpose of this

methodology was to provide data to best document the abundance distribu
tion seasonal and annual variation of organisms and populations in each

major habitat type present and to do this with a finite set of resources

All ten study sites sampled during the first year were resampled
during the second Table 1 Figure 1 site maps in Appendix III Because

of problems with irregular y shifting sediment North Beach Cobble and
Twin Rivers or limited area available to sample Pillar Point these

three areas were only sampled once during the second year Since during
the first year subtidal areas were fully processed for only one quarter
they were sampled only once during the second year

Because tidal height water depth has an over riding influence on

community type present within a given habitat type the strata marked and

sampled during the first year were resamp1ed during the second to obtain

comparable data Three strata were selected for sampling in the inter
tidal high 6 mid generally 3 low 0 and two in the subtidal

5m 10m First year distributional sampling Nyblade 1978 showed

these levels gave full coverage of the range of organisms present over the
entire tidal and shallow water range at study areas

The number size and type of randomly located replicates taken at

each stratum in general was identical during the second year to the first

year

They were as follows

Rock intertidal Tongue Point and Pillar Point Four 0 25 m2
quadrats each consisting of five 0 01 rn2 subsection scrapes and
the residual 0 2 m2 scrape

Cobble intertidal North Beach and Morse Creek Four 0 25 m2
quadrats each consisting of five 0 01 m2 subsection scrapes
the residual 0 2 m2 scrape and the under cobble 0 05 m2 x 15 cm

sediment core fixed and dead sieved through 1 mm mesh four
0 25 m2 x 30 cm deep quadrats live sieved through 12 5 mm mesh

Exposed Gravel and Sand intertidal Dungeness Spit Twin Rivers

North Beach and Kydaka Point Five quadrats of 0 05 m2 x 15 em

deep sediment cores fixed and dead sieved through 1 mm mesh five

of 0 25 m2 x 30 em live sieved through 12 5 mm mesh

7



TABLE 1 LISTING OF STUDY AREA NAMES LOCATIONS COORDINATES AND

INTERTIDAL 1977 7S SAMPLING DATES

Study Area Intertidal
intertidal habitat Loca tion Sampling Dates

1 Kydaka Point 1240 22 20 W Apr Jun
exposed sand 4So 16 1411 N Oct Feb

2 Pillar Point 1240 06 03 W

exposed rock 4So 12 51 N May

3 Twin Rivers 1230 56 57 W
May

exposed gravel 4So 09 55 N

4 Tongue Point 1230 41 42 W May Jun

exposed rock 4So 09 57 N Oct Jan

5 Morse Creek 1230 20 4S W May Jul

exposed cobble 4So 07 09 N Nov Feb

6 Dungeness Spit 4So OS 47 N May Jul

exposed gravel 1230 11 12 W Nov Jan

7 Jamestown 4So 07 51 N Apr Jun

protected sand 1230 05 11 W Oct Jan

S Beckett Point 4So 04 37 N Apr Jul

protected gravel sand 1220 52 56 W Oct Jan

9 North Beach 4So OS 36 N
Aprexposed cobble 1220 46 59 W

10 North Beach 4So OS 35 N May Jul

exposed sand 1220 46 51 W Nov Jan

Protected Sand and Mixed int8rtidal Jamestown and Beckett Point

Two quadrats each 0 05 mL x 15 cm deep divided into O 025m2 x

2
15 cm cores fixed and dead sieved through 1 rom mesh two 0 25 m

x 30 cm deep cores live sieved through 12 5 mm mesh

Rock subtidal Tongue Point four quadrats each a 0 25 m2 scrape

Soft sediment subtidal all sites except Tongue Point Two quadrats
each a 0 1 2 Van Veen grab sample partitioned on the boat into

equal halves
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In an effort to increase replicate number and hopefully to decrease

sample variance at Beckett Point Jamestown and all soft bottom subtidal

sites the first year quadrat size was halved in the second year by sample

partitioning Instead of three replicates four half size replicates were

taken

All samples collected during the second year program were completely

processed and are stored in the Washington State Baseline Sample Repository

of the University of Washington Friday Harbor Laboratories

Highly detailed methodology descriptions site maps criteria for

study area selection explanations of the maps driving directions tidal

reference point data and details on access permissions from private and

public agency land owners were presented in the first year report Nyblade
1978

There are many potential sources of error in any field sample
collection and their processing in the laboratory Field errors include

improperly determining quadrat boundaries collecting the sample under

water failure to accurately count small organ ms not removed Although
these mistakes generally cannot be detected once the sample has been

collected a carefully supervised and experienced field crew reduced these

problems to a minimum

Potential laboratory processing errors include improper sieving of

samples mis counting mis weighting mis identifications and clerical

errors each time the data are transcribed A carefully supervised experi
enced staff and frequent referral to the original sample were used to

minimize these pources of sampling error

IV B Data Analysis

The Data Management Plan for the Puget Sound Energy Related Research

Pro ect and MESA Puget Sound Pro ect received from the Seattle based project
Office dated 15 January 1976 with subsequent revisions has been followed in

this study Raw data in the form of keypunched cards have been submitted

to the Project Office on a quarter by quarter basis for ultimate archival

in the United States Environmental Data and Information Service All study

data are available through the E D I S

A variety of data analyses have been used in this report Each is

listed and described below Taken together they provide a clear descriptive

summary of the communities studied and enable community comparisons

IV B l Species Richness

As in the first year report here species richness was the total

number of identification categories study area stratum sampling period thus

summed over the replicates The identification categories for plants and

animals include both species and higher taxonomic categories where

identification to species was not possible This total number of species

10



found is a useful figure which summarizes one kind of community complexitybut says nothing about relative abundance or numerical dominance

IV B 2 Diversity H

The following formula for diversity has been used see Pielou 1975
for a description of its use and calculation

s

H I
i

pi log pi
1

This weighs both species number and the evenness of their occurrence It
thus provides a better measure of community complexity than species richness
because it weighs the relative abundance or the eVenness of constituent
species spread through their community This index does not differentiate between low diversity due to low species dchness or due to the over
whelming dominance of one or a very small number of species In order to
combine plants biomass and animals individuals into a single H plantbiomass was converted to individuals 0 1 g 1 Algae of 0 1 g were
considered 0 1 g for this index

IV B 3 Total Number

Total number is the summed number of individuals per identification
categories where individuals are counted ego most animals but not plantswhich are weighed and not counted Especially where community biomass
is low total number gives the most useful information on overall communityabundance This is the only measure which excludes plants

IV B 4 Total Biomass

The total biomass is the biomass of categories where 0 1 g or more was
present When the

11
0 1 gills seemed significant compared to the other

biomass they were totaled added to the small real weight and this new
sum entered as a less than weight This made it very clear when no mean
ingful community biomass information had been obtained However for
algal rich communities total biomass is the only realistic measure of
overall community abundance Biomass is also the first step in understand
ing community productivity

IV B 5 Similarity Index D

The key analysis in this second year report was the comparison of the
first and second year communities at each stratum sampled For this
comparison the similarity index D Schoener 1968 was used

D

n

1 I
i 1 Ip P 1X 1 y l
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This index ives weight to both species identification categories present

and their abundance The values of D range from 0 00 to 1 00 where 0 00

represents total dissimilarity from first to second year while 1 00 means

completely identical Abundance values used weight for algae number for

animals were annual means or means for a comparable number of seasonS

Because evolution of taxonomic knowledge from year to year may result in the

same organism being called different names artificially decreasing similar

ity every effort was made to make the identification categories comparable

from year one and year two The index uses relative abundance of a species
in the community from one year to the next It is insensitive to absolute

changes in abundance as long as percentage community composition remains

the same Abundance changes if uniform across the spectrum of community

constituents do not reflect a change in community structure However

such changes may be of interest
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SECTION V

RESULTS

Replicate samples were successfu11y collected all four seasons at the
seven seasonally sampled study areas and at all illtertldaI strata except

0 Tongue Point in the fall and winter and 0 Morse Creek in the winter
Spring samp ling at Pi llar Po i nt North Beach Cobb Ie Twin Rivers and all
subtidal areas was successfully completed with the exception of 5m Morse
Creek and 10m Twin Ri vers Bad weather wave conditions were responsiblefor sample collection failures All samples collected were completely
processed and are presently stored at the Washington State 8aseline Sample
Repository Friday Harbor Laboratories

Approximately one thousand species of p13nts and animals were identi
fied to species during the course of this study CI Ustaceans were most
numerous 280 followed by algae 245 anrie lids 220 and moll uses

135

As found in the first year in general although each stratum of each
study area 11ad a uni que commllnity distinct substratumjexposllre associatcd
communi ties were recognizabl e and these COITllllUni ties persisted from the
first through the second year of sampling The results are presented
below by study area These are arranged in increasing substratum fineness
and where habitat types were paired the eastern then western site

The data are given largely in tabular format The tables in the
Results section are normalized to 1 m2 surface ayeu and abridged to include
only the community species which are dominant by virtue of their high
biomass numerical abundance or trophic importance This determina tiOIl of
dominants is subjective POl a fu1l listing see Appendix I The values
for species richness diversity total number nonnalized to 1 m2 nd
total biomass per I m2 ere taken from the complete data sets given in
Appendix 1 Cobble and rock methodology precluded adding the 0 01 m2
subsamples with the residlJal 0 2m2 scrape for normalizing In this case
values for both sizes were normalized to 1 0 m2 and species by species the
value was selected for the table hieh would give the best measure of the
true value in the quadrat In general for small organisms the 0 01 m2
normalized value was taken while for large organisms the 0 2 m2 normalized
value was used Cobble infaunal organisms were normalized to lOm2 and
added to epifaunal scrape organisms Because large iJlfaunal organisms were
generally found only at Beckett and Jamestown live sieve data are usually
not commented 011

Special attention should be given to the fact that rock and cobble
sampling methodology changed during the first year Nyblade 1978

13



Original sampling methodology first three quarters involved first remov

ing all large organisms from the 0 25 m2 area then taking the subsamples
1bis allowed recombination of normalized subsamples with the 0 25 m2 large

organism scrape resulting in a single set of numbers for each quadrat
location olethodology for the last five sampling quarters involved remov

ing the subsamples first then the large organisms were removed from the

remaining 0 2 m2 area The resulting sets of numbers are not objectively
additive To generate a single set of values for the organisms collected

at each quadrat location a species by species determination subjective
of which subsampling value represents the best value would be necessary

This was done in order to compute fiTst and second year community simi

lari ty However Appendix I g i ves the complete data set

The Appendix I unabridged tables give number of replicates means and

standard deviations in the sampled quadrat size e g 0 05 m2 x IS em or

0 25 m2 rock scrape Cobble and rock entries are given in two or three

data columns the 0 01 m2 scrape subsamples the residual scrape 0 2m2

and for cobble the sediment sample 0 05 m2 x IS em deep In Appendix I

tables I means present but not quantified

A Note of caution TIle tables in the Results section are abridged
and the values are means normalized to 1 m2 surface area Appendix I

tables must be consulted for the complete data All statements concerning

patchiness are based on the replicate variance seen in Appendix I table

standard deviations

Results of the physical field parameters measured first year Nyblade
1978 sediment analysis summary water temperature salinity and weather

are presented in Appendix II Where noteworthy they are mentioned in the

study area results presented below

14



Tongue Point rock

The substratum at Tongue Point over the tide heights and the depths
sampled was solid rock This rock was relatively smooth and flat with few
pools or large crevices and it sloped rather uniformly from 6 to 0
This site was strongly exposed to local wave action from the north How
ever oceanic swells generally were fairly well damped this far into the
Strait No change in the physical environment was observed from year one
to year two

able 2a presents a summary of the biological community over the four
quarters of sampling at 6 This community was dominated by a few species
of red algae herbivorous gastropods and planktivorous barnacles and
mussels Algal biomass was highest in spring summer declining in the fall
and winter Seasonal patterns in the herbivores were obscured by large
winter recruitment of Littorina sitkana As in the first year barnacles
showed a major recruitment between spring and summer quarter sampling
Especially noteworthy was the massive recruitment of Musculus Ejgmaeus
between winter 1977 and spring 1977 5200 to 68 770 m2 and its subsequent
decline through the year

Alaria was present in some quantity in the spring but vanished in the
following quarters It probably burned off during summer low tides The
other algae showed no consistent pattern of seasonal change while the
herbivores increased in number and biomass from spring through summer

declining in the fall winter Barnacle number peaked in the summer and
then declined

The massive barnacle and Musculus recruitment dominates the seasonal
changes in diversity total number and biomass Although species richness
decreased from spring to summer 79 to 66 diversity increased because of
the numerical dominance of Husculus in the spring

Examination of the means and standard deviations in the Tongue Point
6 Appendix I table illustrates the spatial patchiness of tIle organisms in

the 6 community Still dramati c population changes such as that of the
barnacles and mussels showed through this variance Despite the Musculus
spring numerical dominance overall community similarity between year one

and two was high See Table 18 for all simil rity v lues

Table 2b gives the abridged results for TOlleue Point 3 This commu

nity was structurally dominated by the brown alga Alaria articulated
corraline algae Cora11ina and Bossiella mussels and blrnacles
Associated with these were or8anisms which ate them the herbivorous
chiton Cyanoplax and g stropods Collisella Notoacmea and Onchidell
and the carnivorous Thais and Leptsterias and small organisms which
inhabited the structure they provided nematodes polychaetes oligochaetes
tanaids isopods amphipods insect larvae and the small Iucumaria hI th
the exception of the massive

Huscul1l recruitment little consistent
seasonal change in populations appeared largely because of the patclliness
of the major structural dominants Corallina is a long lived perenntal
alga which occurred in descrete patches of very dense algal turf

15



Tanle a Tonrue Point rock dominant nenthic or anisms from the hih 6 intertidal zone

collected sprinr 1977 throurh winter 197R expressed as number and or biomass r

per m For complete data set see Appendix 1

Spr 77 Sum 77 Fall 77 Win 78

II wt il wt il wt II wt

Phaeophyta
A la ria 17 0 0 0 10 0

spp

Rhodophyta
Endoc lad ia 130 0 60 0 10 0 10 0

muricata

lOipartina 217 5 96 5 23 5 15

papi llata

Halos8ccion n 5 84 5 4 5 0

p 1andiform

Iridaea 17 5 302 5 63 0 2 0

spp

Porpbyra 10 0 3 5 0 3 0

spp

Mollusca
lOa s tropoda

Collisella 260 0 48 5 370 0 45 0 290 0 44 5 290 0 29 5

dirita lis

C 130 0 40 0 210 0 5 0 180 0 3 5 70 0 0 5

striratella
Lit torina 520 0 10 0 2650 0 50 0 750 0 10 0 9990 0 10 0

sitkana

Siphonaria 440 0 50 0 610 0 20 0 70 0 10 0 0

thersites

Biva 1 via

Musculus 68770 0 230 0 2040 0 10 0 320 0 10 0 10 0 10 0

pyrma eus

Mytilus 304 0 210 60 0 2 0 20 0 10 0 20 0 10 0

spp



Spr 77

I wt

Table 2a cont

Sum 77
II wt

Fa 11 77
II wt

Win 78
II wt

Crustacea

Cirripedia
Ba 1a nut

spp
Chthama lus

da 11i

Tana idacea

Pancolus

californiensis

J

Isopoda
Dynamene 11a

sheareri

Amphipoda
Gammaridea

spp

InRecta

Dipteran
larvae spp

Species Richness

1
Diversity H

Total lumber

Total Biomass p

5 0 70 5

3980 0 70 0

2090 0 10 0

3680 0 10 0

320 0 10 0

390 0 20 0

79

150

89 216

3 466

16790 0 641

4310 0 70 0

420 0 10 0

670 0 10 0

330 0 50 0

330 0 10 0

66

2 79

2 9 800

1 619

4620 0 144 0

2270 0 50 0

510 0 10 0

3590 0 40 0

370 0

480 0 415 0

3610 60 0

250 0 10 0

I

1990 0 10 0

10 0 1 0

360 0 30 0

56

2 75

14 880

1 46

10 0

1 0 0 10 0

44

2 4

13 220

74



Ta b 1 e 7b Tongue Point rock dominant benthic orpanism from tbe mid 3 intertida 1 zone

collected spring 1977 through winter 1978 expressed as numher and lor hiomass g

per m2 For complete data set see Appendix l

Spr 77 Sum 77 Fall 77 Win 78

II wt II wt II wt II wt

Phaeophyta
Alaria 1173 5 899 5 1208 0 617 5

spp

Rhodophyta
lIossiella 140 0 120 0 220 C 90 0

plumosa
Cora llina 970 0 1050 0 1060 0 250 0

vancouveriensis

Ha losacc ion 6 0 55 0 969 5 227 5

glandiforme
0

Cn idaria

Anthozoa

Anthopleura 30 0 10 0 30 0 10 0 270 0 40 0 340 0 50 0

elegantissima

Nematoda spp 1460 0 10 0 3720 0 10 0 1300 0 10 0 270 0 10 0

Mollusca

Amphineura
Cyanoplax 30 0 10 0 50 0 0 5 160 0 10 0 50 0 10 0

dentiens

Gastropoda
lIar1eeia 1 500 0 10 0 0 420 0 10 0 4360 0 10 0

ha liotiphila
Co11is ella 230 0 100 0 10 0 10 0 20 0 915 40 0 30 0

pelta
Notoacmaea 0 10 0 10 0 0 70 0 4 5

scutum



Table 2b cont

Spr 77 Sum 77 Fall 77 Win 78
wt iF wt wt i1 wt

Mollusca cont
castropoda

Onchidella 0 0 370 0 190 0 220 0 10 0borea lis
Tha is 0 50 0 5 0 20 0 20 0 20 0 20 0

spp

Biva 1via

Musculus 1110 0 10 0 48380 0 160 0 300 0 10 0 1010 0 10 0
py maeus

Mytilus 270 0 3 0 15 0 6 0 200 610 10 0 10
spp

Annelida

Po1ychaeta
Syllidae 3110 0 40 0 2360 0 20 0 6840 0 30 0 1490 0 20 0

spp
01ip ochaeta 1480 0 10 0 6310 0 10 0 2200 l0 0 590 0 10 0

spp

Crustacea

Cirripedia
Ba 1anus 440 0 30 0 2400 0 20 0 480 0 30 0 810 0 590 0

spp

Tana idacea

Ana tana is 770 0 10 0 3320 0 10 0 2490 0 10 0 110 0 l0 0
normani

Panco1us 640 0 10 0 1090 0 l0 0 2260 0 10 0 770 0 10 0ca 11forniens is

Isopoda
Dynamenella 4970 0 10 0 4050 0 1O P 8RO 0 10 0 2000 0 10 0sheareri



Table 2b COtt

Spr 77 Sum 77 Fall 77 Win 78

iI wt iI wt fl wt iI wt

Mollusca c t

Isopoda
Idotea 27 5 10 20 0 6 5 54 0 8 0 19 0 2 0

spp

Amphipoda
ammaridea 2390 0 3 0 5800 0 30 0 11250 0 70 0 2780 0 30 0

spp

Deca poda
PapuruR 20 0 10 10 0 10 0 40 0 10 0

hirsutiusctl1us

Inlecta
N

Dipteran 1260 0 10 0 5410 0 10 0 410 0 10 0 200 0 20 0
0

1a rvae spp

Echinodermata
Asteroidea

Leptasterias 10 0 10 0 50 0 ao o 20 0 10 0 0

hexactis

Ho1othuroidea
Cucumaria 7120 0 150 0 6520 0 170 0 3150 0 140 0 1250 0 50 0

ps eud ocurata

Species Richness 114 136 126 97

1 3 15 2 79 3 08 3 14

Diversity H

To ta 1 Number 30 750 0 97 740 0 45 071 5 20 500 5

To ta 1 Biomass
2984 5 3711 5 4807 0 2279 5



Species richness was fairly constant over the year Musculus recruit
ment was mainly responsible for the total number peaking in the summer
Biomass peaked in the fall largely because Alaria large Corallina and
Ha osaccion patches were sampled Year one year two community similarity
was high see Table 18

Table 2c presents the summary results of Tongue Point 0 Have
conditions prevented sampling at this tide height in the fall and winter
This community was structured by the brown algae Alaria and Hedophyllum the
seagrass Phyllospadix the boring clam Hiatella arctica and the large
barnacles Balanus cariosus and B nubilis Important herbivores were the
chitons Lacuna and the spider crab Pugettia gracilis and carnivores
Cancer oregonesis and Leptasterias Small organisms associated with the
strucutral organisms included the polychaetes tanaids isopods and
amphipods No consistent seasonal population changes were detectable
because of the over riding patchiness of the major structural organisms of
this community and because surf conditions prevented Eall and winter
sampling

Species richness diversity total number and biomass were high both
quarters The large patch of Phyllospadix with its associated worm fauna
was responsible for the lower year one year two similarity compared to 6
and 3

Table 2d gives the abridged results at Tongue Point 5 m and 10 m

The community at Tongue Point S m was dominated by algae and the urchins
Strongylocentrotus Grazers besides the urchins included chitons Acmaea
mitra Calliostoma Lirularia Margarites and Pugettia gracilis The
grazers exerted obvious strong pressure on this community The only algae
present in quantity have thwarted herbivores by chemical noxia Desmarestia
or are structurally unpalatable the calcareous alga Calliarthr
Numerical dominance at this level was by small organisms associated with
Calliarthron Granulina the isopods and amphopods The community at 10 m

was also dominated by grazers chitons Acmaea Lirularia Strongylo
centrotus sPP However suspension feeders made an appearance
Calyptraea and Spirorbis Low 5 m year one year two similarity is due

to the larger patch of Calliarthron sampled in year two with its associated
rich worm fauna Low 10m first and second year similarity was caused
by much richer flora the second year At both levels low similarity
probably reflected patchiness rather than major community change
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Tal le 2c Ton ue Point rock dominant henthic orgailisms from the low 0 intertida1 zone

co llec ted sprin 1977 throurh summer 1977 expres s ed as numher and or hiomass
2

per m For complete data set see Appendix I

Sprin 1977 Summer 1977

If wt II wt

Pha eophyta
Alaria 3773 5 3104 0

spp
Hedophy 11urn 343 5 60 0

sessile

Rhodophyta
Bossiella 580 0 10 0

plumosa
Iridaea 204 0 26 0

corda ta

Odontha lia 50 0 30 0
N flocossaN

Spermatophyta
Phyllospadix 927 0 4359 5

scouleri

Nema toda 700 0 10 0 2030 0 410 0

spp

Mollusca

Amphineura
Katharina 6 5 0 5 20 0 140 0

tunicata

Ton ice lla to O 22 5 30 0 4 0

lineata

Ga 5 tropoda
Lacuna 20 0 10 0 90 0 10 0

varie ata

Velutina 0 30 0 10 0

laevi a ta





Table 2c cont

Sprin 1977 Summer 1977

II wt II wt

Crustacea cont

Tana idacea
Ana ta na is 300 0 10 0 780 0 10 0

norman

Isopoda
Limnoria 90 0 10 0 80 0 10 0

a1 arum

Amphipoda
ammaridea 1320 0 10 0 3600 0 20 0

spp

Deca poda
Cancer 10 0 10 0 10 0 40 0

ore onensis
N Oedina thus 20 0 40 0 0
J

inermis

Purett ia 170 0 10 0 670 0 20 0

racilis

Ech inoderma ta

Asteroidea
Leptasterias 10 0 10 0 10 0 10 0

hexactis

Species Richness 180 175

1

Diversity H 2 33 2 17

To ta 1 Number 10 470 0 28 279 5

Tota 1 Biomass 6 506 0 8 229 8



Tah1e 2d Tongue Point rock dominant henthic organisms from the shallow 5m 10 m
zone collected spring 1977 expressed as number and or biomass g per m2
complete data set see Appendix t

5 m 10 m

wt wt

Pha eophyta
Desma restia

viridis

Rhodophyta
Ca lliarthron

tunerculosum

tv
U

Mollusca

Amphineura
Ton icella

lineata
154 8

astropoda
Aemaea

mitra

Amphissa
columhiana

Ca 11iM toms

ligatum
Ca 1yptraea

fastigiata
Fus itriton

orep onensis

Cranulina

margaritula
Lirularia

liru1ata

Margarites
pupi11us

Ocenehra

lurida

7 2

315 2

524 0

o

o

540 0

159 2

228 0

53 2

10 8 17 2

4487 2 6 8

59 2 49 2 33 6

2 0 5 2 16

7 2 12

2 0 0 0

2 0 0 4

12 1 6 4

0

0

0

0

13 6

117 2

4 0

12

20 0

7 6

subtida 1
For



Table 2d cant

5 m
10 m

If wt If wt

Anne 1 ida

Po lychaeta
Nereidae

Nereis
160 8 0 4 7 2 0 4

spp

P1atynereis
2153 2 0 4 62 0 0 4

bicanalicu1ata

Serpu lidae

Spirorbis
63 2 0 4 2 0 0 4

spp

Crustacea

Isopoda
Ianiropsis

377 2 0 0 72 40 4

N

spp
Munns

265 2 0 0 0

spp

Amphipoda
rammaridea 9348 0 12 8 120 0 12

spp

Decapoda
Cancer

28 0 18 4 0

oreponensis

PaRuridae
429 2 15 6 0

spp

Pup et t ia
960 0 38 0 4 0 0 4

Rracilis

Echinodermata
Echinoidea

StronRy1ocentrotus 25 2 1116 0 16 0 701 2

droebachiensis



Table 2d cont

5 m

fI
10 m

wt wt

Echinodermata

Echinoidea

Stron ylocentrotus
franciscanus

Species Richness

Species Diversity H1

Total Number

Tota 1 Biomass

N

9 2

209

145

18 634

9 160

2786 4 5 2

94

3 00

834

2 988

1723 2



Pillar Point rock intertidal sand subtidal

The intertidal at Pillar Point from 0 to 6 was solid rock Unlike

Tongue Point the rock was an irregular conglomerate not smooth at all

The slope varied from 450 to 900 There were no large crevices and no

pools were sampled Seasonally sand scouring at 0 might be significant
as the rock at that level was adjacent to a sandy bottom Because of this

fact and the very limited area available for sampling on the rock outcrop

this area was sampled only once during the second year in the spring This

site was exposed to both extreme wave action from the north and to rather

continuous oceanic swells Subtidally the substratum was medium and fine

sand at Sm and fine sand at 10m Salinity in winter quarter of the first

year showed some slight freshwater influence from the Pysht River likely

of no biological consequence No major changes in the physical environment

were observed over the course of the study

Table 3a presents the abridged results for Pillar Point 6 The

community at this level was relatively simple and was dominated by grazers

Collisella digitalis and Littorina spp and by the planktivorous
barnacles Balanus glandula and Chthamalus dalli Associated with this

algal barnacle matrix were small crustaceans and dipteran larvae The

similarity between the first and second year community was very high

Table 3b presents a summary of the 3 Pillar Point data set The

community at this level was structurally dominated by algae Alaria

Hedophyllum and to a lesser extent Corallina Gigartina Odonthalia and

Iridaea Mytilus spp and barnacles Balanus spp Two sets of organisms

were associated with these structuring components There were those which

eat them the herbivores limpets and chitons and the carnivores Thais

spp And there were small organisms intimately dependent on the physical
structuring of the dominants nematodes polychaetes oligochaetes

tanaids isopods amphipods and insect larvae

Year one year two community similarity was quite high despite consider

ably lower mussel and barnacle numbers

An abridged data set for Pillar Point 0 appears in Table 3c Two

things stood out in this community The community was totally structurally

dominated by plants Alaria Egregia Iridaea and especially Phyllospadix
and large barnacles were absent Sand scouring may have been responsible
for the latter Herbivores chitons Lacuna Idotea and Pugettia and

small plant associated animals polychaetes oligochaetes tanaids isopods

and amphipods were also abundant Cancer oregonensis was the only major

carnivore collected

The similarity in data sets between year one and year two was low due

to the massive amounts of Phyllospadix and its associated worm fauna

collected the second year This represents patchiness not community

change
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Table 3a Pillar Point rock dominant benthic organisms from the high 6 intertidal zonecollected spring 1977 expressed as number and or biomass g per m2 For completedata set see Appendix I

if wt

Rhodophyta
Gigartina

pap1l1ata
10 0

Mollusca

Coll1sella

digita 11s

Littorina

scutulata
L

sitkana

120 0 410

210 0 0 5

1090 0 20 0

0

D

Crustacea

Cirripedia
lIa lanus

glandula
Chthamalus

da 11 i

1770 0 70 0

7460 0 190 0

Isopoda
Idotea

monterEyensis
31 5 2 0

Amphipoda
Gammaridea

spp
70 0 10 0

Insecta

Diptera
larvae spp

170 0 10 0



Table 3a cont

II t

Species Richness

1
Diversity H

Total Number

Total Biomass

w

o

42

1 IlS

11 620

480



Table 3b Pillar Point rock dominant benthic organisms from the mid 3 int rtidal zone
collected spring 1977 expressed as number and or biomass g per m For completedata set see Appendix I

wt

Phaeophyta
Alaria

sp

Hedophyllum
sessile

2131 0

1432 0

w

Rhodophyta
Corallina

vancouveriensis

Gigartina

papillata
Halosaccion

glandiforme
Iridaea

cordata

Odonthalia
floccosa

20 0

33 0

10 0

784 0

220 0

150 0 10 0

980 0 10 0

Nemertea

spp

Nematoda

spp

Mollusca

Amphineura
Cyanoplax

dentiens
Katharina

tunicata

15 0 5

19 0 298 0



Table 3b cont

wt

Mollusca cont

Gastropoda
Thais 20 0 20 0

spp

Bivalvia
lliatella 40 0 2 0

arctics

Hytilus 102 5 0 5

spp

Annelida
Oligochaeta 140 10 0

spp

po1ychaeta
w Sabe1lidae 530 0 50 0
N

spp

Syllidae 370 0 O O

spp

Pycnogonida 70 0 50 0

spp

Crustacea

Cirripedia
Sa 1anus 4215 863 5

spp

Tanaidacea
Leptochelia 2160 0 10 0

dubia



Table 3b cont

wt

Crustacea cont

Isopoda
Dynamenella 550 0 10 0

sheareri

Munna 790 0 10 0
chromatocepha1a

Amphipoda
Capre1Udea

Cercops 290 0 10 0
compactus

Gammaridea 100 0 10 0
spp

Insecta

Diptera 130 0 10 0
OJ larvae sppOJ

Species Richness 131
1

Diversity H 2 50

Total Number 8 994

Tota 1 Biomass 6 317



Table 3c

eN

Pillar Point rock dominant benthic organisms from the low 0 i2tertidat zone

collected spring 1977 expressed as number and or biomass g per m For complete

data set see Appendix 1

II wt

Phaeophyta
Alaria

spp

Egregia
menziesii

2593 5

1621 5

Rhodophyta
Iridaea

cordata

261 0

Spermatophyta
Phyllospadix

scouleri

6119 5

Nematoda
spp

8200 0 10 0

Mollusca

Amphineura
Tonicella

lineata

2 5 0 5

Gastropoda
Lacuna

variegata

20 0 10 0

Bivalvia

Mytilus
sp juv

20 0 10 0

Annelida
Olilochaeta

spp

1630 0 10 0



Table 3c cont

wt

Annelida cont

Po1ychaeta
Arenicolidae 2050 0 10 0

8pp

Lumbrineridae

Lumbrineri8 480 0 10 0

8pp

Spionidae 930 0 50 0

spp

Syll idae 280 0 40 0

spp

Crustacea

Tana idacea
w Antanais 40 0 10 0

norman

Isopoda
Idotea 230 0 20 0

spp

Amphipoda
Capre1lidea

Caprella 10 0 10 0

8pp

Gammaridea 510 0 2 0

spp

Decapoda
Cancer 2 5 15

oregonensis
Pugettia 10 0 13 0

grac ilis



Table 3c cant

f wt

Species Richness 124

Diversity HI 2 04

Total Number 15 642

Total Biomass g
11 375

0



Table 3d gives a summary of the subtidal Pillar Point data set The
communities at Sm and 10m were similar They were dominated by epifaunaland infaunal deposit feeders Species richness and diversity were high at
both levels Neither density nor measured biomass were particularly high
at either level These communities run energetically on imported organics
and an unknown amount fixed at the levels by the largely microscopicepiflora Year one year two similarity was surprisingly high consideringthe crudeness of grab sampling
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Table 3d Pillar Point fine medium sand dominant benthic organisms from the shallow 5 m lO m

2

subtidal zone collected spring 1977 expressed as number and or biomass g per m

For complete data set see Appendix 1

5 m 10 m

wt wt

Mollusca

Biva1 via

Macoma 62 0 2 0 12 0 2 0

spp
Mysella 400 0 2 0 96 0 2 0

tumida
Psephidia 476 0 2 0 216 0 2 0

lordi

Tellina 46 0 2 0 52 0 2 0

spp
Tresus 70 0 2 0 36 0 2 0

capax

w Anne lida

polychaeta
Capitellidae

Capitella 870 0 2 0 66 0 2 0

capita ta

Mediomastus 1830 0 2 0 380 0 2 0

sp

Cirratulidae 320 0 2 0 392 0 2 0

spp

Orbiniidae

Scoloplos 200 0 2 0 76 0 2 0

sp

Spionidae
Prionospio 3000 2 0 770 0 2 0

steenstrupi



Table 3d cant

5 m 10 m

f1 wt f1 wt

Crustacea

Cumacea 282 0 2 0 12 0 2 0
spp

Tana idacea

Leptochelia 366 0 2 0 110 0 2 0
dubia

Amphipoda
Gammaridea 2290 0 2 0 700 0 2 0

spp

Species Richness 77 86

w

Diversity H1 2 82 3 26
0

Tota 1 Number 13 814 4 42

Tota 1 Biomass g 156 172



North Beach Cobble cobble

This area was selected in 1976 as a cobble habitat although the 6

substratum consisted of coarse sand During the first year the 0 cobble

was buried in sand and cobble was uncovered at 6 This sediment

instability made this area unsuitable for baseline population monitoring
Because of this the area was sampled only once during the second year

The beach had a fairly gentle slope and an offshore kelp bed doubtless

moderated this area s exposure There were no ocean swells at this end of

the Strait and given the prevailing winds wave activity was probably fairly

moderated

North Beach subtidal will be discussed with North Beach Sand

Table 4a presents summary data for North Beach Cobble 6 The

community present at this level was fairly simple dominated by a grazer

Littorina scutulata a surface detritivore Exosphaeroma an infauna

detritivore oligochaetes and barnacles Low similarity between year one

and year two resulted from sediment instability Spring year one found the

area sand covered while spring year two found the cobble exposed

Table 4b presents an abridged data set for North Beach Cobble 3

This community was dominated by grazers Collisella spp Littorina spp

planktivores Balanus spp under rock detritivores Exosphaeroma

Gnorimosphaeroma and Hemigrapsus and predatory gastropods Thais spp

Macroalgae were a very minor constituent of this ommunity as was the

infauna

As would be expected given the nature of the substratum in this area

the expected rock organism patchiness was even more extreme The variance

among replicates was very high Appendix I Year one year two similarity

was lower than for the Morse Creek 3 cobble community A major factor in

this was the much lower isopod number the second year

Abridged results from North Beach Cobble 0 are given in Table 4c

The rich spring algal flora was dominated by VIva Alaria Nereocystis

Iridaea and Pterosiphonia Major epifaunal constituents were grazers

chitons Lacuna Notoacmea and Idotea planktivores Balanus spp

predators Thais spp Cancer spp and under rock detritivores

Exosphaeroma gammarids The abundant worm infauna consisted of an active

predator Hemipodus tube building algal grazers Nereidae spp Onuphis

and detritivores oligochaetes Malacoceros

The richer second year algal flora was primarily responsible for the

fairly low year one year two community similarity
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Table 4a North Beach Cobble cobble over sand dominant benthic organisms from the high t
intertidal zone collecteJ spring 1977 expressed as number and or biomass g per m1
For complete data set see Appendix I

wt

Mollusca

Gas tropoda
Littorina

scutulata
726 0 34 0

Annelida

Oligochaeta
spp

140 0 2 0

Polychseta
Nereidae

Nereis

sp

30 0 2 0

i

Crustacea

Cirripedia
Balanus

glandula
320 0 18 0

Isopoda
Exosphaeroma

media
366 0 2 0

Amphipoda
Gammaridea

spp
6 0 a o

Species Richness

1
Diversity H

16

199

Tota 1 Number 2 148

Total Biomass g 78



Table 4b North Beach Cobble cobble over sand dominant benthic organisms from the mid 3

intertidal zone collected sprinR 1977 expressed as number and or biomass g per m2
For complete data set see Appendix I

It wt

Cnidaria
Anthozoa

Anthopleura
elegantissima

8 5 3 0

Mollusca

Gastropoda
Collisella

pelta
Collisella

striRatella
Littorina

scutulata

L

sitkana

Tha is

spp

50 0 0 0

50 0 0 5

252 0 lLl

1066 0 52 0

96 0 7 5

Annelida

Oligochaeta
spp

76 0 2 0

polychaeta
Nereidae

Nereis

vexillosa

56 0 2 0

Spionidae
polydora

probosc idea

76 0 2 0

syllidae
Syllis

spp

126 0 2 0



Crustacea

Cirripedia
Ba 1anus

spp

Isopoda
Exosphaeroma

med ia

Gnorimosphaeroma
oregonense

Decapoda
Hemigrapsus

nudus

w Insecta

Diptera
1arvse spp

Species Richness

1
Diversity H

Tota 1 Number

Tota 1 Biomass

Table 4b cant

II wt

126 0

107 0

380 0

10 0

20 0

38

2 48

3 802

128

14 0

10

2 0

23 0

10 0



Table 4c North Beach Cobble cobble over sand dominant benthic organisms from the ow O

intertidal zone collected spring 1977 expressed as number and or biomass g per m2
For complete data set see Appendix I

II wt

Chlorophyta
U1va

spp

90 0

Phle lphyta
Alaria

spp

Nereocystis
luetkeana

713 0

156 5

l
l

Rhodophyta
Gigartina

papil1ata
Iridaea

cordata

Pterosiphonia
bipinnata

45 0

409 5

174 0

Mollusca

Amphineura
spp

10 0 2 0

Gastropoda
Lacuna

varielata
Notoacmea

scutum

886 0 10 0

16 0 10 0

Annelida

01igochaeta
spp

326 0 10 0

Polychaeta
Glyceridae

Hemipodus
borea lis

120 0 2 0



Table 4c cant

Annelida
II wt

Polychaeta
Nereida e 50 0 10 0

spp

Onuphidae
Onuphis 100 0 a 0

stigma tis

Spionidae
Ma lococeros 270 0 10 0

glutaeus

Crustacea

Cirripedia
Ba 1anus 10 0 10 0

c cariosus
u

Isopoda
Exosphaeroma 30 0 10 0

amplicauda
E 430 0 10 0

media

Idotea 1186 0 0 5

spp

Amphipoda
Gammaridea 317 5 2 0

spp

Decapoda
Cancer 10 0 10 0

spp

Species Richness 125



Table 4c cont

O HlIverslty

Total Number

Total Biomass

3 24

wt

6 724

1 862



Morse Creek cobble intertidal gravel subtidal

Although 6 at this area as at North Beach Cobble also consisted of

sandy gravel over buried cobble this area was selected for a cobble habitat

During the course of the year the 6 cobble was never uncovered although
live barnacles were recovered from buried cobble in several quadrats Mid
and low intertidal zone sediments consisted of cobble over sand The
subtidal sediment at 10 m consisted of gravel No samples were collected
at 5 m because small cobble prevented the grab from operating

This beach had a fairly gentle slope and like North Beach only a

moderate exposure to wave activity No major changes in the physical
environment were observed between the first and second year

Table 5a presents the abridged results for Morse Creek 6 This

community was very simple consisting of detritus feeding oligochaetes
isopods and gammarid amphipods The barnacles were buried in the gravel
and the Littorina were probably drift The oligochaetes showed no seasonal
pattern However the amphipods showed a peak in summer quarter Diversity
and species richness were uniformly low Total number generally followed
the amphipods Biomass was insignificant

Areas with sparse fauna generally show extreme patchiness and this
level was no exception see variances Appendix I However despite this

patchiness year one and year two community similarity was very high

Abridged results for Morse Creek 3 are presented in Table 5b The
rock community at this area and level was basically two dimensional with
no structural dominants such as at Tongue and Pillar Algal species
richness was low and what algae occurred regularly Fucus and Gigartina
were very patchy Gastropod grazers Idotea and barnacles dominated the
epifaunal community Hemigrapsus and Pagurus detritivores dominated
under rock The infaunal community was dominated by the detritivores
Capitella Malacoceros Corophium and dipteran larvae

Species richness diversity and biomass were fairly constant

Numbers peaked in summer fall Intense barnacle recruitment occurred
between spring and summer quarter sampling The second year community was

very similar to the first year

Table 5c gives the summary results from Morse Creek 0 Algae
Alaria Hedophyllum and Iridaea were the structural dominants of the

epi community Herbivore associates included Lacuna Notoacmea and

Pugettia The infaunal community was dominated by detritivores nematodes

Abarenicol Capitella Cirratulus Armandia spionids Leptochelia and
some gammarids However a erbivore Nereis and suspension feeders
Protothaca Tresus and sabellids were also abundant Important

predators in this community were Thais spp and Cancer spp
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Table 5a Morse Creek sandy gravel dominant benthic organisms from

zone 2co11ected spring 1977 through winter 1978 expressed
per m For complete data set see Appendix 1

the high 6 intertidal

as number and or biomass g

Spr 77

II wt

Sum 77
II wt

Fall 77

II wt

Win 78

II wt

Mo llusca

Castropoda
Littorina

sitkana

60 0 2 0 o o 80 0 8 0

Anne lida

C11igochaeta
spp

6 0 2 0 40 0 2 0 10 0 2 0 20 0 2 0

Crustacea

Cirripedia
Ba la nus

spp

6 0 2 0 o 110 0 6 0 406 0 12 0

CD Isopoda
Gnorimosphaeroma

oregonense

o 326 0 4 0 10 0 2 0 116 0 2 0

Amphipoda
Gammaridea

spp

110 0 2 0 2028 0 4 0 1106 01 0 126 0 2 0

Species Richness

1
Di vers ity H

8 16 7 15

131 0 76 0 48 172

Total Number 206 2 458 1 257 844

Tota 1 Biomass g 16 36 20 46



Tab Ie 5b Morse Cree k cobb Ie over sand dominant benthic organisms from the mid 3 intertidal
ZOne J collected spring 1977 through winter 1978 expressed as number and lor biomass g
per m2 For complete data set see Appendix I

Spr 77 Sum 77 Fall 77 Win 78
1 wt 1 wt 1 wt 1 wt

Phaeophyta
Fucus 10 0 190 5 10 0 3 5

distichus

Rhodophyta
Gigartina 70 0 70 0 50 0 10 0

papi llata

Platyhe Iminthes
Turbellaria 1 5 0 5 106 0 12 0 796 0 12 0 086 0 12 0

spp

Nemertea 330 0 12 0 670 0 12 0 356 0 12 0 456 0 10 0
spp

Mollusca

Gastropoda
Collise lla 10 0 0 5 20 0 12 5 30 0 8 0 60 0 12 5

pe 1 ta

C 20 0 10 0 40 0 0 5 40 0 10 0 80 0 2 5
strigate lla

Lacuna 0 10 0 10 0 226 0 12 0 36 0 12 0
variegata

Littorina 4496 0 426 0 866 0 20 0 260 0 12 0 650 0 120 0
sitkana

Bivalvia

Myti Ius 10 0 10 0 36 0 12 0 90 0 12 0 36 0 D
spp

Anne lida

Polychaeta
Capite llidae

Capite lla 346 0 2 0 836 0 2 0 30 0 2 0 366 0 12 n
capitata



Table 5b cont

Spr 77 Sum 77 Fa 11 77 Win 78

tl wt wt tl wt tl wt

Anne lida cont

Spionidae
Malacoceros 0 320 0 2 0 1830 0 2 0 60 0 2 0

g utaeus

Crus tacea

Cirripedia
Ba 1anus 0 620 0 28 0 5430 0 616 0 5246 0 660 0

glandula
B 90 0 2 0 18 930 0 516 0 50 0 10 0 0

spp juv

Isopoda
Idotea 14 0 7 0 36 0 20 5 136 0 20 5 215 10 5

wosnesenskii

Amphipoda
0 Gammaridea 6 0 2 0 66 0 12 0 476 0 0 5 100 0 12 0

spp

Corophium 10 0 10 0 1290 0 24 0 17 590 0 10 0 2836 0 12 0

spp

Decapoda
Hemigrapsus 20 0 60 5 116 0 184 5 180 0 43 5 157 0 110 0

spp
Pa gurus 36 0 18 0 96 0 27 0 46 0 10 286 0 27 0

spp

Insecta

Dipteran 120 0 10 0 2 136 0 12 0 21 200 12 0 400 0 12 0

larvae spp

Species Richness 59
76 70 64

Diversity Hl 2 34 2 04 197 2 50

Tota 1 Number 6 452 29 420 33 278 13 514

Tota 1 Biomass g 653 1 047 916 1 088



Table 5c Morse Creek cobble over sand dominant benthic organisms from the low 0
intertidal zone collecte spring 1977 through fall 1977 expressed as number
and or biomass g per m For complete data set see Appendix I

Spr 77 Sum 77 Win 78
f1 wt wt wt

Clorophyta
Ulva 13 5 117 5 10 0

spp

Phaeophyta
Alaria 702 5 503 0 1473 5

spp

Hedophy11um 57 5 0 0
sessile

Rhodophyta
Gigartina 39 5 142 5 118 0

pap1l1ata complex
Iridaea 2 397 5 1 975 0 468 0

cordata

Cnidaria

Anthozoa

Anthopleura 130 0 5 0 50 0 2 5 16 0 10 0
elegantissima

Nemertea 0 360 0 4 0 250 0 12 0
spp

Nematoda 490 0 12 0 536 0 12 0 114 0 12 0
spp

Mollusca

Gastropoda
Lacuna 126 0 0 5 1000 0 12 0 834 0 12 0

variegata
Notoacmea 26 0 5 5 62 0 7 5 46 0 20 0

spp



Table 5c cont

Spr 77 Sum 77 Fa 11 77

J wt J wt tF wt

Mo 11us ca cont

Gastropoda
Thais 3 1 0 5 0 0

spp

Biva 1via

Mytilus 190 0 10 0 10 0 10 0 0

spp
Protothaca 6 0 2 0 0 0

staminea

Tresus 10 0 102 0 30 0 12 0 6 0 2 0

capax

Anne lida

en Po1ychaeta
N Arenicolidae

Abarenico1a 416 0 12 0 62 0 2 0 166 0 2 0

spp

Capite 1lidae

Capite 11a 0 1100 0 12 0 3556 0 12 0

capitata

Cirratulidae

Cirratu1Us 1826 0 12 0 1810 0 82 0 1380 0 2 0

cirratus

Nereidae 766 0 34 0 362 0 64 0 166 0 28 0

spp

Ophe liidae

Armand ia 0 60 0 12 0 214 0 2 0

brevis

Sabe 11idae 11416 0 62 0 7816 0 70 0 76 0 30 0

spp



Table 5c cont

Spr 77 Sum 77 Fa 11 77
i wt i wt iI wt

Anne Uda cont

Polychaeta
Spionidae

Malacoceros 16 0 2 0 736 0 12 0 2286 0 2 0
g lutaeus

Crustacea
Tanaidacea

Leptoche lia 36 0 12 0 36 0 12 0 14 0 2 0
dubia

Amphipoda
Gammaridea 916 0 12 0 1176 0 148 0 1120 0 10 0

spp

Decapoda
ln Cancer 12 5 15 5 46 0 35 0 6 0 4 0w

spp

Pugettia 40 0 12 0 436 0 10 0 56 0 2 0
graci lis

Species Richness 112 117 82
1

Diversity H 2 14 2 55 2 29

Tota 1 Number 17 843 17 450 10 360

Tota 1 Bionlass g 3 936 3 176 2 216



Species richness total numbers total biomass and populations of most

component species showed a spring summer maximum However as in all rock

areas the community components were very patchy Despite this a compari
son of the first and second year data sets showed high similarity

Table 5d presents the subtidal abridged data set for Morse Creek The

10 m community was dominated by detritus feeders Macoma capitellids
maldanids Armandia spionids Exo one most gammarids and ophiuroids
Suspension feeders Calyptraea Crenella Mysella and Leptochelia were

also abundant at 10 m

Species richness and diversity were very high

biomass was fairly low Year one year two community

However the total

similarity was high
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Table 5d Morse Creek gravel dominant benthic organis from the shallow 10 m subtidal
zone collected spring 1977 expressed as number and or biomass g per m2 Forcomplete data set see Appendix I

Phaeophyta
Desmarestia ligulata

Mollusca

Gastropoda
Amphissa columbiana
Calyptraea fastigiata

Bivalvia

Crenella decussata
Macoma spp
Myse lla tumida

V
Vi Anne lida

Polychaeta
Capite llidae

Mediomastus sp

Maldariidae spp

Nereidae

Platynereis bicanaliculata

Ophe liidae
Armandia brevis

Spionidae
Malacoceros glutaeus
Prionospio cirrifera
P steenstrupi

Syllidae
Exogone spp

10 m

f wt

2 0

250 0 16 0
60 0 2 0

6 0 2 0
86 0 0 0
396 0 2 0

510 0 2 0

156 0 2 0

70 0 2 0

36 0 2 0

o

20 0
106 0

2 0

2 0

416 0 2 0



Crustacea

Tanaidacea

Leptochelia dubia

Amphipoda
Gammaridea spp

Decapoda
Cancer productus
Paguridae spp

Echinodermata

Ophiuroidea spp

V

Species Richness

1

Species Diversity H

Total Number

Total Biomass g

Table 5d cont

4
10 m

wt

4806 0

2030 0

20 0

116 0

166 0

127

2 72

11 654

290

2 0

4 0

12 0

8 0

2 0



Beckett Point protected sand gravel intertidal sand subtidal

The sediment at Beckett Point was a sandy gravel at 6 a gravel sand
mix at 3 a mdeium fine sand with gravel a 0 fine sand at Sm and
medium to fine sand at 10m The study area was completely protected
inside Discovery Bay The beach slope was fairly steep and tidal action
probably was mainly responsible for the fairly coarse sediment at the study
site in the intertidal The salinity showed no freshwater influence
Major physical environment changes from year one to year two were not
observed

Table 6a presents the summary data from 6 at Beckett Point The
community had two components planktivorous epifaunal Balanus responsible
for most of thetobli biomass and detritus feeding worms nematodes
syllids and oligochaetes and isopods The isopods and oligochaetes both
showed peak numbers in fall quarter both years perhaps correlated with fall
plant die back Year one year two community similarity was quite high

An abridged data set for Beckett Point 3 is presented in Table 6b
The community at this level was dominated by suspension feeding bivalves
Mysella Mytilus Protothaca Transennella and Tresus detritus feeders
capitellids oweniids spionids syllids oligochaetes isopods amphipods

Dendraster and Leptosynapta and a couple of carnivores nemerteans and
Hemipodus The bivalves were very patchy in distribution Seasonal
pattern showed a fall peak for species richness diversity and density
Year one year two similarity was low probably reflecting the patchy nature
of the community rather than community change

Table 6c gives the abridged results for Beckett Point 0 This rich
diverse community was dominated by suspension feeding bivalves
Clinocardium Mysella Protothaca Transennella and Tresus deposit

detritus feeding worms crustaceans and echinoderms and a number of
carnivores nemerteans Nassarius Hemipodus Glycinde hesionids
nephtyids phyllodocids polynoids Cancer and Cran on The majority of
species and the total number peaked strongly in the fall Species richness
and diversity remained fairly constant through the year Year one year two
community similarity was high

Abridged subtidal results for Beckett Point are presented in Table 6d
The very rich diverse communities at 5 m and 10 m at Beckett were very
similar The communities were dominated by deposit feeders nematodes
Macoma Tellina oweniids spionids tanaids and arnphipods There were a
few suspension feeders Mysella chaetopterids and carnivores Nassarius
hesionids and phyllodocids The Van Veen grab operates best in fine
sediments such as at Beckett It is not surprising that Beckett subtidal
communities showed the greatest year one year two similarity of all
subtidal communities sampled since grab caused error would be at a minimum
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Table 6a Beckett Point sandy gravel dominant benthic organisms from the high 6

intertidal zone collected spr ng 1977 through winter 1978 expressed as

number an or biomass g per m For complete data set see Appendix I

Spr 77 Sum 77 Fall 77 Win 78

wt wt wt wt

Nematoda 570 0 2 0 172 0 4 0 272 0 4 0 420 0 4 0

spp

Annelida

Oligochaeta 580 0 2 0 92 0 4 0 832 0 4 0 780 0 4 0

spp

Polychaeta
Nereidae 40 0 2 0 12 0 44 0 4 0 24 0 8 0

spp

Syllidae
00 Syllis 340 0 2 0 140 0 4 0 60 0 4 0 140 0 4 0

spp

Crustacea

Cirripedia
28 0Balanus 0 112 0 480 0 168 0 432 0 168 0

glandula

1sopods
Exosphaeroma 10 0 2 0 0 2452 0 16 0 80 0 4 0

media

Species Richness 10 13 15 12

Diversity HI 143 2 04 144 169

Total Number 1630 632 4 404 1904

Total Biomass 20 68 232 212



Table 6b Beckett Point gravel sand dominant benthic organisms from the mid 1 intertidal zone
collected spring 1977 through winter 1978 expressed as number and or biomass g per m2
For complete data set see Appendix I

Spr 77 Sum 77 Fall 77 Win 78
j wt wt j wt i1 wt

Nemertea 30 0 2 0 100 0 4 0 212 0 4 0 100 0
spp

Mollusca

Gastropoda
Lacuna 0 172 0 0 0 3092 0 12 0 0

variegata

Bivalvia

Mysella 20 0 2 0 492 4 0 492 4 0 152 0 4 0
tumida

Myt ilus 110 0 172 0 4 0 9012 0 20 0 460 0 4 0
edulis

Protothaca 90 2 0 52 0 4 0 172 0 16 0 32 0 4 0V
staminea

Transennella 60 0 2 0 132 0 0 0 380 0 8 0 20 0 4 0
tantilla

Tresus 0 6 0 292 0 90 0 26 0 10 0 40 0
sp

Anne lida
Oligochaeta 20 0 2 0 100 0 4 0 120 0 4 0 152 0 4 0

spp

Polychaeta
Capite llidae

Notomastus 0 340 0 4 0 132 0 4 0 312 0 4 0
tenuis

Glyceridae
JHemipodus 1370 0 1680 0 3152 0 1212 0

borealis

Oweniidae
Owenia 190 0 2 0 280 0 8292 0 1220 0 4 0

fusiformis



Table 6b cont

Spr 77 Sum 77 Fall 77 Win 78

i wt if wt i wt wt

Anne lida

Po1ychaeta
Spionidae

Pygospio 0 100 0 4 0 188 0 4 0 0

e1egans
Spio 0 52 0 4 0 572 0 4 0 0

filicornis

Spiophanes 0 0 60 0 4 0 0

bombyx

Syllidae
Sy1lis 20 0 2 0 40 0 4 0 12 0 4 0 0

spp

Crustacea

Cirripedia
cr Balanus 60 0 16 0 4712 0 96 0 792 0 136 0 40 0 0 0

0

glandula

Isopoda
Exosphaeroma 460 0 2 0 432 0 8 0 1600 0 12 0 12 0 4 0

spp

Amphipoda
Ganunaridea 40 0 2 0 1172 0 4 0 400 0 4 0 32 0 4 0

sp

Echinodermata

Echinoidea
Dendraster 0 40 0 4 0 660 0 4 0 0

excentricus

Ho1othuroidea

Leptosynapta 0 12 0 4 0 80 0 4 0 0

clarki



Table 6b cant

Spr 77 Sum 77 Fall 77 Win 78

Species Richness 23 0 55 0 75 0 29 0

Diversity HI 189 2 20 2 73 2 15

Tota 1 Number 3 450 11 068 48 228 3 964

Total Biomass 54 836 532 0 184



Table 6c Beckett Point medium fine sand dominant benthic organisms from the low 0 intertidal

zone collected spring 1977 through winter 1978 expressed as number and or biomass g

per m2 For complete data set see Appendix I

Spr 77 Sum 77 Fall 77 Win 78

1 wt wt wt wt

Nemertea 530 0 2 0 860 0 352 0 4 0 480 0 4 0

spp

Nematoda 900 0 2 0 292 0 4 0 8832 0 4 0 1652 0 4 0

spp

Mollusca

Gastropoda
Lacuna 80 0 2 0 652 0 4 0 152 0 4 0 32 0 4 0

variegata
Nassarius 30 0 18 0 20 0 12 0 20 0 4 C 0

mendicus

Bivalvia
N f8 0Clinocardium 180 0 12 0 4 0 580 0 8 0 972 0 8 0

nuttallii
Macoma 60 0 2 0 36 0 48 0 64 0 4 0 184 0 12 0

spp

Myse lla 4250 0 18 0 9772 0 16 0 19500 0 32 0 8812 0 16 0

tumida
Protothaca 180 0 2 0 32 0 12 0 292 0 36 0 280 0 4 0

staminea
Transenne11a 490 0 2 0 1120 0 4 0 232 0 4 0 480 0 4 0

tant 11 1a

Tresus 0 572 0 64 0 172 0 32 0 72 0 44 0

capax

Anne lida

Oligochaeta
220 2 0 52 0 4 0 1240 0 4 0 140 0 4 0

spp

po1ychaeta
Capitellidae 680 0 8 0 824 0 8 0 1712 0 16 0 948 16 0

spp



Table 6e eont

Spr 77 Sum 77 Fall 77 Win 78
It wt It wt It wt It wt

Anne lida

Po1ychaeta
G1yeeridae

JHemipodus 940 0 2 0 692 0 480 0 8 0 480 0 4 0borea lis

Goniadidae

G1ycinde 180 0 2 0 40 4 0 0 200 0 4 0
pieta

IIesionidae 186 0 4 0 232 0 8 0 292 0 0
spp

Nephtyidae 0 0 24 0 4 0 20 0 4 0
spp

a Nereidaew

JP1atynereiG 250 0 2 0 300 0 1692 0 1512 0 4 0b icanalieu1a ta

Ophe liidae
Armandia 20 0 2 0 60 0 0 0 1720 0 4 0 740 0 4 0

bre vis

Weniidae

Wenia 310 0 2 0 1032 0 1392 0 4 0 872 0 4 0
fusiformis

Phyllodocidae 290 0 10 0 484 0 16 0 1160 0 20 0 396 0 16 0
spp

Po1ynoidae 50 0 6 0 52 0 8 0 64 0 8 0 64 0 12 0
spp

Spionidae 645 0 10 0 15236 08 0 2232 0 28 0 644 0 24 0
spp



Tab Ie 6c cont

Spr 77 Sum 77 Fall 77 Win 78

II wt II wt II wt II wt

Anne lida cont

Polychaeta
SyUidae

Exogone 720 0 4 0 8920 4 0 3104 0 8 0 1600 0 8 0

spp

Crustacea
Cumacea

CumeUa 510 0 2 0 52 0 4 0 160 0 4 0 32 0 4 0

vulgaris

Tanaidacea

Leptoche lia 9670 0 2 0 1798 0 8 0 44632 0 24 0 20372 0 8 0

dubia

Amphipoda
Gammaridea 1410 0 2 0 3532 0 32 0 880 0 4 0 820 0 4 0

spp

Decapoda
Cancer 0 112 0 8 0 12 0 4 0 0

spp
Crangon 0 12 0 4 0 0 0

nigricauda
Pagurus 0 52 0 4 0 0 0

spp

Echinodermata
Echinoidea

Dendraster 94 0 2 0 912 0 76 0 992 0 160 480 0 12 0

excentricus

Ho1othuroidea

Leptosymapta 110 0 2 0 112 0 4 0 140 0 i 0 80 0 J
clarki



Tab Ie 6c coot

Spr 77 Sum 77 Fa 11 77 Win 78

Species Richness 68 83 93 79

1
2 52 2 51 2 13 2 30Divers1ty H

Tota 1 Number 24 830 58 584 97 112 45 784

Tota 1 Biomass 1 226 2 780 3 080 2 784

0
en



Table 6d Beckett Point medium fine sand dominant benthic organisms from the shallow 5 m

10 m subtidal zone collected spring 1977 expressed as number and or biomass g

per m For complete data set see Appendix 1

5 m

11

Nemertea spp 260 0

Nematoda spp 160 0

Mollusca

Gastropoda
Alvinia sp
Lacuna variegata
Mitrella tuberosa

Nassarius mendicus

316 0

190 0

50 0
o

Bivalvia

Macoma spp
Mysella tumida

Te 11ina sp

200 0

1290 0

376 0

Anne lida

Polychaeta
Chaetopteridae

Mesochaetopterus
taylori

Phy1lochaetopterus
prolifica

Spiochaetopterus
costarum

36 0

o

110 0

Hesionidae

Micropodarke dubia 566 0

Nereidae

Platynereis
bicana licu 1a ta

2096 0

Oweniidae

Owenia fusiformis 130 0

wt 11

2 0 400 0

2 0 360 0

2 0

2 0

2 0

340 0

66 0

326 0
20 0

4 0

2 0

10 0

206 0

3076 0

146 0

2 0 280 0

826 0

2 0 160 0

2 0 950 0

J 1360 0

2 0 6 0

10 m

wt

2 0

2 0

6 0

2 0

14 0

0 0

2 0

4 0

12 0

2 0

2 0

2 0

2 0

2 0

2 0



Table 6d cont

5 m 10 m

it wt it wt

Annelida cont

Polychaeta
Phyllodocidae

Eulalia aanguinea 156 0 2 0 250 0 2 0

Phyllodoce spp 122 0 2 0 912 0 2 0

Spionidae
polydora socialis 76 0 2 0 1080 0 2 0

Prionospio steenstrupi 1630 0 2 0 730 0 2 0

Spiophanes berkeleyorum 10 0 2 0 0

Crustacea

Tanaidacea

Leptochelia dubia 1260 0 2 0 316 0 2 0

Amphipoda
Gammaridea spp 2976 0 2 0 3026 0 6 0

Decapoda
Paguridae spp 36 0 2 0 280 0 2 0

Species Richness 83 90

Diversity HI 2 77 3 05

Total Number 13 416 17 542

Tota 1 Biomass 170 214



Dungeness Spit sand gravel

The sediment at Dungeness Spit was sandy gravel at 6 gravel at 3
fine sand with gravel at 0 medium to fine sand with gravel at S m and

medium sand with gravel at 10 m The intertidal had a moderate slope and
was extremely exposed to severe wave action It was the only area east of
Port Angeles which proved difficult to sample because of surf conditions
No noteworthy differences in the physical environment were observed between
the first and second year

Abridged results for Dungeness Spit 6 3 and 0 are given in

Tables 7a c respectively All three levels had a very species poor commu

nity In fact at 6 fall quarter absolutely no organisms were found The

only organisms found with any regularity at the three levels were deposit
detritus feeding oligochaetes and amphipods No consistent seasonal

pattern in populations appeared The community similarity between the first

and second years was high at 3 and low at 6 and 0 because of fewer

oligochaetes and more amphipods found the second year As expected with
such a sparse fauna patchiness was extreme see Appendix I

Subtidal summary results for Dungeness Spit are presented on Table 7d
Fauna was still extremely sparse at Sm The community at 10 m although
of low biomass was fairly rich in both species and total number The

community was composed of small bivalves and deposit feeding polychaetes
capitellids dorvilleids spionid and syllids and gammarids Year one

and year two subtidal community similarity was low at both levels This

probably reflects sampling inadequacy rather than community change
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Table 7a Dungeness Spit sandy gravel dominant benthic organisms from the high 6 intertidal
ZOne collected spring 1977 through winter 1978 expressed as number and or biomass g
per m2 For complete data set see Appendix I

Spr 77

ii wt
Sum 77

ii wt
Fa 11 77
ii wt

Win 78
If wt

Anne lida

Oligochaeta
spp

4 0 2 0 o o 4 0 2 0

Crustacea

Amphipoda
Gammaridea

spp

4 0 2 0 332 0 2 0 o o

Species richness 2 1 o 1

Diversity H 0 69 0 00 o 0 00

Total number 8 332 o 4

Total biomass g 2 2 o 2



Tab 1e 7b Dungeness Spit sandy grave 1 dominant benthic organisms from t he mid 3 intertidal

zone collected spring 1977 through winter 1978 expressed as number and or biomass g

per m2 For comp 1ete data set seAppendix I

Spr 77 Sum 77 Fall 77 Win 78

it wt it wt it wt it wt

Anne lida

Oligochaeta 4 0 2 0 0 0 0

spp

Crustacea

Amphipoda
Gammaridea 272 0 0 0 4 0 2 0 16 0 2 0 572 0 2 0

spp
0

Specis richness 2 2 1 1

Divrsity H 0 08 0 56 0 00 0 00

Total number 276 16 16 572

Total biomass g 2 4 2 2



Table 7c Dungeness Spit ssndy gravel dominant benthic organisms from the low 0 intertidal
zone 2011ected spring 1977 through winter 1978 expressed as number and or biomass g
per m For complete data set see Appendix I

Spr 77

wt

Sum 77
if wt

Fall 77

if wt

Win 78

if wt

Anne lida

Oligochaeta
spp

8 0 2 0 o o o

Crustacea

Amphipoda
Gammaridea

spp

40 0 2 0 140 0 2 0 492 0 2 0 68 0 2 0

Species richness 3 2 5 1

Diversity H 0 69 0 13 0 27 0 00

Tota 1 number 52 144 520 68

Total biomass g 6 4 10 2



Table 7d Dungeneaa Spit medium fine aand with gravel dominant benthic organisms from the shallow

subtidal zone collected spring 1977 expressed as number and or biomass g per m2 For

complete data set see Appendix I

5 m 10 m

if wt if wt

Nematoda spp o 876 0 2 0

Mollusca

Bivalvia

Crenella decussata

Macoma spp

Mysella tumida

Psephidia lordi

2 0

2 0

66 0

52 0

70 0

10 0

2 0

2 0

2 0

2 0

30 0

o

30 0

40 0

2 0

N

Annelida

Capite 111dae

Mediomastus sp

Syllidae
Exogone s pp

70 0 2 0 1060 0 0 0

0 456 0 2 0

0 220 0 2 0

0 146 0 2 0

0 6 0 2 0

0 508 0 2 0

Dorvilleidae

Protodorvillea gracilis

Hesionidae

Micropodarke dubia

Spionidae
Prionospio steenstrupi
Spiophanes bombyx

Crustacea

Tanaidacea

Leptochelia dubia 6 0 2 0 240 0 2 0



Table 7d Cont

5 UI 10 m

iI wt wt

Amphipoda
Ga ridea spp 380 0 2 0 560 0 2 0

Species richness 28 136

Diversity H 2 43 3 82

Total number 858 6764

Total biomass g 56 322

w



Twin Rivers sand gravel

The sediment at Twin Rivers was sandy gravel at 6 gravel at 3

gravel with fine sand at 0 gravel at 5 m The beach had a fairly steep
slope and was very exposed to both waves and ocean swells Wave conditions

prevented sampling at 10 m during the second year

Tables 8a c present abridged results for Twin Rivers 6 3 and 0

respectively for the single quarter sampled At all levels species richness

diversity and biomass were low The communities such as they are were

primarily composed of deposit feeding worms and gammarid amphipods As

expected with a sparse fauna it was extremely patchy spatially Year one

year two similarity was high at 6 and low at 3 and 0

Twin Rivers 5 m subtidal abridged results are given in Table 8d

Weather conditions prevented 10 m sampling The community waS dominated

by deposit feeding annelids and crustaceans As with most of the Van Veen

samples variance among replicates was very high and might not reflect

organism patchiness In addition there was very little similarity between

first and second year samples First year species richness was 139 compared
to 28 the second year This is most likely a reflection of poor sampling
not year to year change
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Table 8a Twin Rivers sand gravel dominant benthic organisms from the high 6 intertidal zonecollected spring 1977 expressed as number and or biomass g per m2 For complete data
set see Appendix I

Spr 77

wt

Annelida

Oligochaeta
spp

32 0 2 0

en

Crustacea

Amphipoda
GaOlDaridea

spp

8 0 2 0

Species richness 3

Diversity H 0 76

Total number 44

Total biomass g 6



Table 8b Twin Rivers sand gravel dominant benthic organisms from the mid 3 intertidal zone

collected spring 1977 expressed as number and or biomass g per m2 For complete data

set see Appendix I

Spr 77

il wt

Annelida

Oligochaeta
spp

28 0 2 0

Crustacea

hopoda
Gnorimosphaeroma

oregonense

32 0 2 0

Amphipoda
Gammaridea

spp

576 0 2 0

Species richness 4

Diversity H 0 63

Total number 692

Total biomass g 8



Table 8c Twin Rivers sand gravel dominant benthic organisms from the low O intertidal zone
collected spring 1977 expressed as number and or biomass g par m Por complete data
set see Appendix I

Spr 77

vt

AnneUda

polychaeta
CapitelUdae

Capitella
capitata

168 0 2 0

Spionidae
Malacocerus

glutaeus
660 0 2 0

Crustacea

Amphipoda
Ca aridea

spp

480 0 2 0

Species richness 15

Diversity H 162

Totsl number 1448

Totsl biomas8 g 30



Table 8d Twin Rivera gravel dominant benthic organiama from the ahallow aubtidal zone collected

apring 1977 expreaaed aa number and or biomaaa g per m2 For complete data aet aee

Appendix 1

Molluaca

Bivalvia

Myaella tumida

Protothaca ataminea

Annelida

Oligochaeta app

J

00

Polychaeta
Capite llidae

Mediomaatua sp

Cirratul1dae

Tharyx mu1tifi1ia

Ganiadidae

G1ycinde picta

Nereidae

P1atynereis bicana1iculata

Owenl1dae

Owenia fuaiformis

Spionidae
Prionoapio steenatrupi

Crustacea

Cumacea

Diaatylopsis ap

5m

wt

6 0

10 0

2 0

6 0

6 0 2 0

410 0 2 0

5190 0

70 0 2 0

16 0 2 0

670 0 2 0

150 0 2 0

1766 0 2 0



Table 8d Cant

J

Species richness

Diversity H

Total number

Total biomass g

Isopoda
Gnorimosphaeroma oregonense

Amphipoda
Gammaridea spp

5 m

wt

230 0

1486 0

28

169

8852

56

2 0

2 0



North Beach Sand sand

The sediment at 6 was sand with gravel at 2 medium to fine sand

with gravel at 0 medium to very fine sand at S m medium to coarse sand

and at 10 m sand and gravel The mid tide height of 2 was selected

instead of 3 to stay out of the more gravelly upper intertidal North

Beach Sand had a moderately sloped beach and moderate exposure as North

Beach Cobble No major changes in the physical environment were observed

between the first and second year

Abridged results for North Beach Sand 6 are given in Table 9a The

community was very low in species richness diversity total number of

organisms and total biomass It was composed of deposit feeding worms and

crustaceans Species richness and total number appeared particularly
depressed in the winter The sparse fauna was of course very patchy in

spatial distribution First and second year community similarity was low

Table 9b gives a summary data set for North Beach Sand 2 Major

components of this community were all detrital deposit feeders Paraonella

Eohaustorius and Paraphoxus The community was dominated by the fossorial

amphipod Eohaustorius Its populations peaked in the summer Species
richness diversity and total biomass were low and exhibited little season

al pattern The community was extremely similar from year one to year two

Table 9c presents the abridged results for North Beach Sand 0 This

low diversity low biomass community was comprised almost totally of deposiV
detrital feeding polychaetes and crustaceans plus carnivorous nemerteans and

was dominated by three species the paraonid polychaete Paraonella the

mysid Archaeomysis and the amphipod Eohaustorius Paraonella and

Eohaustorius populations peaked in the spring ArchaeomysiS showed a seVere

population decline in the fall winter This may merely indicate migration
of the species out of the littoral zone during this period As at 2 this

community showed great similarity from year one to year two

Abridged subtidal data are given in Table 9d for North Beach Except
for fewer plants at 10 m the communities at S m and 10 m were quite
similar They were composed of herbivores Lacuna and Onuphis suspension

feeding bivalves Clinocardium Crenella Mysella Psephidia many deposit

feeding annelids and small crustaceans and carnivores Natica Micropod
arke and Cancer at 5 m Species richness diversity total number and

biomass were high at both levels Year to year similarity was low again

likely due to poor sampling methodology
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Table 9a North Beach Sand medium fine sand with gravel dominant benthic organisms from the
high 6 intertidal zone collected spring 1977 through winter 1978 expressed as
number and or biomass g per m2 For complete data set see Appendix I

Spr 77
If wt

Sum 77

iJ t

Fa 11 77

iJ t

Win 78
iJ t

Annelida

Oligo chaeta

spp

24 0 2 0 o 28 0 2 0 8 0 2 0

Crustacea
Amphipoda

Gammaridea

spp

4 0 2 0 o o 8 0 2 0ao

Species richness 10 8 6 5

Diversity H 2 02 148 135 155

Total number 92 156 48 28

Total biomass g 20 18 12 10



Table 9b North Beach Sand medium fine sand with gravel dominant benthic organisms from the mid

2 intertidal zonE collected spring 1977 through winter 1978 expressed as number

and or biomass g per m2 For complete data set see Appendix 1

Spr 77 Sum 77 Fall 77 olin 78

iI wt iI wt iI wt Ii wt

Annelida

Polychaeta
Paraonidae

Paraonella 156 0 2 0 132 0 2 0 12 0 2 0 36 0 2 0

platybranchia

Spionidae
Pygospio 0 0 0 0

yo
elegans

N

Crustacea

lsopoda
Exosphaeroma 0 0 0 2 6 2 0

media

Amphipoda
Eohaustorius 2408 0 6 0 6072 0 8 0 1524 0 4 0 1988 0 2 0

spp

Paraphoxus 0 8 0 2 0 156 0 2 0 200 0 2 0

spp

Species richness 10 15 10 10

Diversity H 0 33 0 26 0 70 0 66

Total number 2600 6372 1824 2352

Total biomass g 24 32 28 22



Table 9c North Beach Sand medium fine sand with gravel dominant benthic organisms from the
low 0 intertidal Zone collected spring 1977 through winter 1978 expressed as
number and or biomass g per m2 For complete data set see Appendix I

Spr 77 Sum 77 Fall 77 Win 78
wt wt wt fJ wt

Nemertea spp 16 0 2 0 20 0 2 0 0 12 0 2 0

Annelida

polychaeta
Arenicolidae

Abarenicola 64 0 2 0 4 0 2 0 24 0 2 0 4 0 2 0
claparedi
oceanica

00

Orbiniidaew

Scoloplos sp 112 0 132 0 32 0 2 0 112 0 2 0

Paraonidae

Paraone11a 2168 0 1984 0 480 0 2 0 1448 0 2 0
platybranchia

Spionidae spp 92 0 2 0 56 0 2 0 124 0 2 0 456 0 2 0

Sy11 idae

Syllis spp 116 0 2 0 124 0 2 0 0 196 0 2 0

Crustacea
Kysidacea

Archaeomysis 16 0 2 0 1188 0 4 0 4 0 2 0 0
grebnitzkii

Amphipoda
Eohaustorius 2940 0 6 0 992 0 0 0 2792 0 0 0 2796 0 2 0

washingtonianus



Table 9c Cont

Spr 77 Sum 77 Fall 77 Win 78

wt It wt wt fJ wt

Amphipoda cont

Paraphoxus 32 0 2 0 16 0 2 0 4 0 2 0 0

spp

Species richness 16
00
I

Diversity H 111

Total number 5608

Total biomass g 28

21 18 19

156 102 136

3692 3792 5296

34 36 38



Table 9d North Beach coarse ssnd gravel dominant benthic organisms from the shallow subtidal
zone collected spring 1977 expressed as number and or biomass g per m2 Forcomplete data set see Appendix I

5 m 10 m

wt wt

Phaeophyta
Laminaria saccharina 1655 0 0
Pterygophora ca11fornica 9163 0 0

I

Rhodophyta
Odontha11a washingtoniensis 0 0
OpuntleUa ca 11fornica 700 0 0

en
Nematoda spp 330 0 10 260 0 2 0

Mollusca

Gastropoda
Lacuna variegata 940 0 5 0 40 0 2 0
Margarites pupillus 120 0 10 0
Natics clausa 5 0 10 6 0 26 0

Bivalvia
Clinocardium nuttallii 1375 0 10 30 0 0 0
Crenella decussata 15 0 10 646 0 2 0
Macoma sp 0 10 0 2 0
Mysella tumida 100 0 10 0
Psephidh lordi 105 0 10 46 0 0 0

Anne11da

011gochaeta spp 175 0 10 1250 0 2 0



Table 9d Cont

5 111 10 111

wt wt

Polychaeta
Capitellidae

MediOlllntus sp
35 0 10 6 0 2 0

Dorville1dae
protodorvil lea gracilis 290 0 10 30 0 2 0

Hesionidae
Micropodarke dubia 540 0 l0 416 0 2 0

YO
OnuphHdae

Onuphis spp 285 0 10 10 0 2 0

Sabell1dae spp 25 0 10 0

Spionidae
Polydora hamata 420 0 10 0

P pygidial1s 275 0 10 0

Prionospio steenstrupi 130 0 10 30 0 2 0

Spio fllicornh 90 0 10 270 0 2 0

Syllidae
Exogone spp 395 0 10 166 0 2 0

Archiannel1da
polygordiidae

polygordius sp 520 0 10 560 0 2 0

Crustacea

Tanaidacea

Leptochel1a dubh 175 0 10 176 0 2 0



Table 9d Cont

5 m 10 m

wt wt

Isopoda
Exosphaeroma spp 655 0 0 0 136 0 2 0

Amphipoda
GallllDarides app 4275 0 6 0 630 0 2 0

Decapoda
Cancer spp 30 0 9 0 0

Paguridae app 130 0 5 0 36 0 2 0

00

Species richness 201 151

Diversity H 144 3 86

Total number 14103 7442

Total biomass g 12021 1474



Kydaka Beach sand

The sediment at Kydaka Beach at 6 3 and 0 was uniformly very

coarse to fine sand at 5 m medium to fine sand and at 10 m fine sand

The beach slope was moderately steep and the area was exposed to extremely
violent wave and ocean swell action Salinity during winter quarter

sampling was quite low 20 10 00 No major difference was observed in the

physical environment between the first and second year

Tables 10a c present abridged results for Kydaka Beach 6 3 and

0 respectively The very low diversity low total number low biomass

communities were fairly similar at all three levels Deposit detrital

feeders dominate oligochaetes gammarids Archaeomysis A carnivore

Nephtys occurred at 0 No clear seasonal patterns emerged probably
because of the difficulty of accurately sampling such a sparse fauna

Winter did appear to be a depressed time for total number Similarity in

communities between year one and two was low at all three levels doubtless

due to the problems in sampling such a sparse fauna

The summary subtidal results for Kydaka Beach appear in Table 10d

Major constituents were deposit feeding bivalves Tellina small suspension

feeding bivalves Mysella deposit feeding polychaetes capitellids and

spionids and small crustaceans ostracods cumaceans and gammarid
amphipods Year one to year two community similarity was high given the

limitations of grab sampling noted earlier
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Table lOa Kydaka Beach coarse fine sand dominant benthic organisms from the high 6 intertidsl
zone ollected spring 1977 through winter 1978 expressed as number and or biomass g
pe m For complete data set see Appendix I

Spr 77

wt

Sum 77

wt

Fall 77

wt

Win 78

wt

Annelida

Ol1gochaeta
spp

8 0 2 0 68 0 2 0 12 0 2 0 8 0 2 0

Crustacea

Amphipoda
GlJJIIIIlaridea

spp

o 44 0 4 0 76 0 2 0 o
J

Species richness 2 6 4 2

Diversity H 0 64 123 0 71 0 64

Total number 12 144 96 12

Total biomass g 4 12 8 4



Table lOb Kydaka Beach coarse fine sand dominant benthic organisms frOlll the mid 3 intertidal

zone collected spri g 1977 through winter 1978 expressed as number and or biomass g

per m2 For complete data set see Appendix I

Spr 77 Sum 77 Fall 77 Win 78

wt wt fJ wt fi wt

Annelida

Oligochaeta 0 0 0 0

spp

Crustacea

Mysidacea
0 Archaeomysis 4 0 2 0 212 0 2 0 40 0 2 0 0

grebnitzkii

Species richness 2 5 2 1

Diversity H 0 6Q 0 87 0 45 0 00

Total number 8 328 48 12

Total biomass g 4 10 4 2



Table 10 c Kydaka Beach coarse fine sand dominant benthic organisms from the low 0 intertidal
zone ollected spring 1977 through winter 1978 expressed as number and or biomass g
per m For complete data set see Appendix t



Table lOcI Kydaka Beach medium fine sand dominant benthic organisms from the shallow subtidal

zone collected spri g 1977 expressed as number and or biomass g per m2 For

complete data set see Appendix I

5 m 10 m

wt wt

Mollusca
Bivalvia

Hysella tumida 610 0 2 0 1656 0 4 0

Psephidia lordi 0 1316 0 8 0

Iellina sp 26 0 2 0 56 0 2 0

Annelida
Polychaeta

N Capitellidae
Hediomastus sp 256 0 2 0 1670 0 0 0

Orbiniidae
Scoloplos spp 110 0 2 0 50 0 0 0

Oweniidae
Owenia fus1formis 150 0 2 0 220 0 0 0

Spionidae
Polydora soci lis 60 0 2 0 116 0 0 0

Prionospio steenstrupi 740 0 2 0 3850 0 0 0

Crustaces

Ostracoda spp 196 0 2 0 1560 0 2 0

Cumaeea

Disstylis sp 0 46 0 2 0

Dlastylopsis sp 476 0 2 0 6 0 0 0



Table lOcI Cont



Jamestown protected sand

The Jamestown sediment was sandy gravel at 6 fine sand at 1 4

medium sand at 0 coarse to medium sand at 5 m and coarse to fine sand

at 10 m The 1 4 level was selected to avoid the upper intertidal

gravel The beach was fairly well protected by Dungeness Spit Its slope

was very gradual and was the widest beach sampled No major changes in the

physical environment were noted between the first and second year

Table lla presents the summary results of Jamestown 6 This low

diversity community was composed predominantly of deposit feeders nematodes

oligochaetes and gammarid amphipods Lowest species richness occurred in

the summer fall highest total number in winter The patchiness of the

fauna was very great Appendix I However because of the overwhelming

numerical dominance of oligochaetes year one and year two similarity was

total

Abridged results for Jamestown 1 4 are presented in Table lIb The

major components of this community were a small suspension feeding bivalve

Transennella a deposit feeding bivalve Macoma other deposit feeders

nematodes arenicolids capitellids paraonids spionids oligochaetes

gammarids and Leptosynapta and carnivores Nephtys Eteone No clear

seasonal patterns appeared in the results althougl1 spring appears to have

lowest species richness and number First and second year community

similarity was high but densities were greater in the second year

Table llc presents an abridged data set for Jamestown 0 This high

density high biomass community was quite complex Tube building poly

chaetes and crustaceans and Upogebia provided major structuring elements

and dominated the community Most of the worms Macoma small crustaceans

and Leptosynapta were deposit detritus feeders Carnivores included

nemerteans hesionids phyllodocids and polynoids A small suspension

feeding bivalve Transennella was also abundant No clear community

seasonal changes appeared in the results However many polychaetes
e g Platynereis showed peak numbers in fall winter evidence of recruit

ment Community similarity between year one and two was very high

Subtidal results for Jamestown are presented in abridged form in

Table lId The communities of these two levels 5 m and 10 m were

quite similar Both were very species rich diverse and had a high total

number Over ten species of suspension feeding bivalves and one deposit

feeder were present Herbivores included Margarites Lirularia Platynereis

Onuphis and Pugettia Among carnivores were nemerteans Nassarius

Natica hesionids and polynoids In addition there were many deposit

detritus feeding polychaetes and small crustaceans Replicate variance was

fairly low at this area and year one to year two similarity rather high

for subtidal grab sampled communities
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Table lla Jamestown sandy gravel dominant benthic organisms from the high 6 intertidal
zone collected spring 1977 through winter 1978 expressed as number and or biomass
g per m2 For complete data set see Appendix I

Spr 77 Sum 77 Fsll 77 Win 78
wt If wt If wt wt

Nematoda 60 6 2 0 72 0 4 0 60 0 4 0 20 0 4 0
spp

Annelida

Oligochaeta 148 830 0 2 0 44 332 0 4 0 30 640 0 4 0 1 612 0 4 0
spp

0
en

Crustacea
Amphipoda

Gammaridea 650 0 2 0 0 140 0 4 0 80 0 4 0
spp

Species richness 8 4 4 14

Diversity H 0 07 0 02 0 07 0 73

Total number 150 220 44 428 30 972 1876

Total biomass g 14 16 16 52



Table Ilb Jamestown fine sand dominant benthic organisms from the mid 1 4 intertidal

zone collected spring 1977 through winter 1978 expressed as number and or biomass

g per m2 For complete data set see Appendix I

Spr 77 Sum 77 Fall 77 Win 78

I wt iJ wt iJ wt iJ wt

Nematoda 40 0 2 0 412 0 4 0 252 0 4 0 472 0 4 0

spp

Mollusca
Bivalvia

Macoma 60 0 156 0 20 0 148 0 72 0 340 0 12 0 80 0

nasuta

Transenella 1270 0 8 0 760 0 4 0 7232 0 32 0 5280 0 4 0

tanti 11a0

Annelida

Polychaeta
Arenicolidae 50 0 2 0 700 0 4 0 7052 0 4 0 2132 0 4 0

sp

Capite11idae
Capit lla 870 0 2 0 3632 0 4 0 3012 0 4 0 1140 0 4 0

cap tata

Paraonidae

Paraonella 60 0 2 0 332 0 4 0 112 0 4 0 52 0 4 0

P latybranchia

Phyllodocidae
Eteone 380 0 2 0 17 520 0 4 0 712 0 4 0 1352 0 4 0

longa
Phyllodoce 20 0 2 0 12 0 4 0 320 0 4 0 340 0 4 0

maculata



Table lib Cont

Spr 77 Sum 77 Fall 77 Win 78
wt J wt wt fJ wt

Spionidae
Ma1acoceros 5750 0 2 0 820 0 4 0 11 892 0 13 040 0 4 0

glutaeus
Po1ydora kempi 80 0 2 0 1880 0 4 0 2940 0 272 0 4 0

japonica
Pygospio 820 0 2 0 51 512 0 4 0 2740 0 4 0 1980 0 4 0

e1egans

Crustacea
Tanaidacea

Leptochelia 10 0 2 0 40 0 4 0 600 0 4 0 1252 0 4 0
dubia

Amphipoda
Ga aridea 906 0 2 0 1048 0 20 0 1868 0 16 0 24 0 8 0

spp

Echinodermata
Ho1othuroidea

Leptosynapta 10 0 2 0 0 12 0 4 0 172 0 4 0
clarki

Species richness 33 38 48 38

Diversity H 187 1 19 2 02 190

T tai number 11 536 68 244 61 368 28 632

Total biOlJlass g 224 340 704 220



Table llc Jamestown medium sand dominant benthic organisms from the low 0 intertidal zone

collected spring 1977 through winter 1978 expressed as number and or biomass g

per m2 For complete data set see Appendix t

Spr 77 Sum 77 Fall 77 Win 78

wt wt wt wt

Nemertea 50 0 2 0 32 0 4 0 120 0 4 0 100 0 4 0

spp

Nematoda 0 12 0 4 0 60 0 4 0 340 0 4 0

spp

Mollusca

D
Bivalvia

Hacoma 320 0 2 0 32 0 24 0 20 0 4 0 12 0 4 0

spp
Transennella 780 0 4 0 540 0 4 0 2560 0 12 0 1572 0 4 0

tantilla

Annelida

Oligochaeta 11 690 0 2 0 9532 0 4 0 19 820 0 4 0 27 072 0

spp

Polychaeta
Capitellidae

Capitella 1060 0 2 0 632 0 4 0 2960 0 4 0 2332 0 4 0

capitata
Mediomastus 770 0 2 0 1500 0 4 0 1772 0 4 0 1312 0 4 0

8p

Cirratulidae 410 0 2 0 192 0 4 0 152 0 4 0 224 0 4 0

8pp



Table lle Cont

Spr 77 Sum 77 VaU 77 Win 78
I wt I wt I wt wt

DorvU1eid

DorviU 230 0 2 0 180 0 4 0 380 0 4 0 192 0 4 0
rudolphi

Redonidae

Ophiodromua 60 0 2 0 92 0 4 0 120 0 4 0 160 0 4 0
pugettenaia

Lumbrinerid e

LUIIlbriner1a 1210 0 2 0 U12 0 4 0 2044 0 76 0 U72 0
app

Ma1danidae 550 0 2 0 312 0 4 0 2300 0 4 0 2172 0
ap juv

Nereidse

P1atynereia 10 0 2 0 0 820 0 0 0 332 0 4 0
bieanal1eu1at

Ophe1iidae
Armandia 90 0 2 0 20 0 4 0 212 0 4 0 280 0 4 0

brevia

Orbiniidae

Naineria 560 0 2 0 452 0 4 0 692 0 4 0 716 0
app

Phyllodocidae
Eteone 40 0 2 0 20 0 4 0 12 0 4 0 40 0 4 0

10nga



Table llc Cont

Phyllododdae
Phy11odoce

maculata

Polynoidae
Harmothoe

imbricata

Spionidae
Malacoceros

glutaeus

Sy11idae
Exogooe

laurei

Spr 77

I wt

Sum 77

f1 wt

Fa 11 77

II wt

Win 78

iJ wt

cont

40 0 2 0

50 0 2 0

650 0 2 0

5220 0 4 0

Terebe11idae

liata 560 0

brevibranchiata

Crustacea
Tanaidacea

Leptochelia
dubia

Amphipoda
Cammaridea

spp

810 0 2 0

590 0 2 0

52 0 4 0

380 0 4 0

600 0 4 0

2560 0 4 0

512 0 4 0

1492 0 4 0

452 0 4 0

120 0 4 0

492 0 8 0

2692 0 4 0

5180 0 4 0

340 0 20 0

1760 0 4 0

218 0 16 0

252 0 4 0

52 0

4052 0

3432 0 4 0

492 0 v

2080 0 4 0

660 0 4 0



Table 11c Cont

Spr 77 Sum 77 Fall 77 Win 78
g wt wt wt wt

Decapoda
Plnnlxa 50 0 4 0 24 0 0 0 140 0 4 0 52 0 4 0

GPp

Upogebia 120 0 40 0 660 0 60 0 220 0 308 0 352 0 4 0
pugettens1s

Echinodermata
Holothuroidea

Leptosynapta 220 0 2 0 112 0 4 0 20 0 4 0 100 0 4 0
clarki

0

Species richness 47 57 78 62

Diversity H 2 36 2 42 2 48 2 10

Total number 25 910 24 216 50 412 51 644

Total biomass g 302 252 1084 20



Table lId Jamestown coarse fine sand dominant benthic organisms from the shallow subtidal

zone collected spring 1977 expressed as number and or biomass g per m2 For

complete data set see Appendix I

it
5 m

wt

10 m

wt

Nemertea spp

Nematoda spp

o
N

Mollusca

Gastropoda
Alvinia p

Margarites Lirularia spp

Nassariu8 mendicus

Natica clausa

Bivalvia

Cardita ventricosa

Clinocardium nuttallii

Crenella decussata

Macoma spp

Hysella tumida

Psephidia lordi

Annelida
Ampharetidae

Ampharete arctica

Capitellidae
Hediomastu8 sp

Chaetopteridae
Phyllochaetopterus

prolifica

96 0

1336 0

410 0

196 0

o

o

o

210 0

1366 0

126 0

1450 0

210 0

426 0

280 0

o

2 0 170 0

2 0 426 0

2 0

2 0

26 0

226 0
6 0

6 0

2 0

2 0

4 0

2 0

2 0

o
20 0

86 0

452 0

280 0

156 0

240 0

2 0 796 0

2 0 80 0

2 0

2 0

2 0

2 0

2 0

2 0

2 0

2 0

34 0

2 0

2 0

2 0

2 0

2 0



Tabh lld Cont

5 m 10 m

wt vt

Clrratulldae app 50 0 c2 0 646 0 2 0Tharyx multlfllla 76 0 2 0 136 0 2 0

Dorvllle1dae
Protodorvlllea gracilis 236 0 2 0 56 0 2 0

Heslonldae
Micropodarke dubia 406 0 2 0 636 0 2 0

Maldanlda spp 392 0 2 0 290 0 2 0Nlcomache personata 400 0 2 0 40 0 2 00

w

Nereidae

Platynereh blcanaliculata 326 0 2 0 176 0 2 0

Onuphldae
Onuphh sp 10 0 2 0 66 0 2 0

OwenUda
Ovenh fusUormis 130 0 10 50 0 2 0

Paraonldae
Arlcld a sp 36 0 2 0 26 0 2 0

Polynolda
Harmothoe 1mbrlcata 416 0 2 0 200 0 2 0

Sabellldae
Sabella media 0 270 0 2 0



Table lld Cant

S m 10 m

wt It wt

Spionidae
Malacoceros glutaeus 10 0 2 0 16 0 2 0

Polydora social is 26 0 2 0 46 0 2 0

Prionospio steenstrupi 146 0 2 0 166 0 2 0

Spiophanes bombyx SO O 2 0 20 0 Q O

Sy1Udae
Exogone sp 1940 0 2 0 826 0 2 0

Sphaerosy1Us pirifera 70 0 2 0 20 0 2 0

Oligochaeta spp
270 0 2 0 620 0 2 0

Crustacea

Cumacea
0 Diasty1is 6 0 2 0 SO O
p sp

2 0

Tanaidacea
LeptocheUa dubia 2646 0 2 0 1370 0 2 0

Amphipoda
Gammaridea spp

1660 0 4 0 1S36 0 2 0

Decapoda
Pugettia gradUs 146 0 2 0 30 0 2 0

Species richness 136 1S6

Diversity H 3 49 3 81

Total number 17 364 12 864

Total biomass g
782

76



SECTION VI

DISCUSSION

Prior to the initiation of these studies in the spring 1976 absolutely
no quantitative information existed on the shallow water benthic communities

along the lVashington coast of the Strait of Juan de Fuca Hith the comple
tion of this second year of sampling and sample analysis a vast storehouse

of quantitative data on the full range of intertidal and shallow subtidal
communities has been accumulated Strict clear replicable sampling has
been done Literally hundreds of thousands of organisms attributed to over

one thousand species have been processed All processed organisms have been
retained in a long term storage repository to enable future reference

In the following discussion first the study areas will be compared
Then seasonal and annual changes will be considered

VI A Study Area Comparisons

Summary information on species richness species diversity density
and biomass for the intertidal and subtidal are presented on Tables 12 and
13 respectively The intertidal values were averaged over the four sample
periods for the seven areas sampled quarterly

Second year data confirmed first year data trends Intertidal species
richness and diversity were highest in the rock sites Tongue Point Pillar
Point followed by cobble North Beach Morse Creek and protected sediment
areas Beckett Jamestown They were lowest in the exposed sand North

Beach Kydaka and gravel Dungeness Spit Twin Rivers areas

Intertidal species richness increased with decreasing tide height in
all habitats except at Pillar Point where sand scouring reduced richness at

0 Nyblade 1978 In the severely exposed gravel Dungeness Spit Twin

Rivers and sand Kydaka areas the very low richness showed little tidal

height difference Species diversity showed a less distinct pattern
Except in species poor areas lowest diversity was found in the high inter

tidal

High diversity and species richness were found in the subtidal
Patterns among the areas or between the two depths were difficult to

discern Generally species richness was less in the most exposed areas

Kydaka Twin Rivers 5m Dungeness 5m Still all subtidal areas were

species rich compared to gravel and sand intertidal habitats At the
subtidal rock site Tongue Point intense grazing by sea urchins was

observed at both 5m and lOrn Species richness was much lower at lOrn
both years reflecting the decline in algal species number with depth in
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Table 12 Intertidal summary o second year community parameters by study area

PiJ lar Point North Beach Cobble and Twin Rivers are spring 1977 data only
of four seasons spring 1977 winter 1978 Tongue Point 0 spring summer

0 spring fall only
Mean Species

Richness

tide heiflht
other areas means

only lIorse Creek

Mean Tota12
Biomass g mStudy Area

Tongue Point
rock

Pillar Point
rock

6

3

0

6
3

0

North Beach Cobble 61
cobble over sand 3

S

Morse Creek
cobble over sand

Beckett Point

protected
gravel sand

Dungeness Spit
exposed gravel
sand

Twin Rivers

exposed gravel
sand

North Beach Sand
semi exposed

sand

6

3

0

61
31

01

61
3

0

61
31

01

6

2

0

Mean

Diversity

613

118 3

177 5

2 40

3 04

2 25

42

131

124

185

2 50

2 04

16

38

125

199

2 48

3 24

11 5

67 3

103 7

107

2 21

2 33

12 5
45 3

80 8

165

2 24

2 37

1

15
2 8

0 17

0 16

0 27

3

4

15

0 76

0 63

162

7 3

10 5

18 5

160

0 49

126

Mean Tota 1

Density m2

36 779

48 516

19 375

11 620

8 994

15 642

2148
3802

6724

1191

20 666

15 218

2143

16 678

56 578

86

220

196

44

692

1448

81
3287
4597

1476

3446

7368

480

6317

11375

78

128

1862

30

926

3109

q33

402

2468

2

3

6

6

8
30

15

27

34



Table 12 Cant

Mean Species Mean Mean Tota 12 Mean Total
Study Area Richness Diversity Density film Biomass f m2

Kydaka Beach 61 3 5 0 81 66 7
exposed sand 31 2 5 0 50 99 5

0 4 8 0 91 112 10

Jamestown 6 7 5 0 22 56 874 25
protected sand 14 38 2 175 42 445 372

0 60 3 2 34 38 046 ellS

Q



Table 13 Subtidal summary of second year community parameters by study area depth All

parameters are for June 1977

Spec ies Diversity Tota 1 Dens ity Total Biomass
Study Area Richness H 1m2 g m

Tongue Point 5 m 209 145 18 635 9160

rock 10 m 94 3 00 834 2988

Pillar Point 5 m 77 2 82 13 814 156

sand 10 m 86 3 26 4426 172

Morse Creek 10 m 127 2 72 11 654 290

cobble gravel
Beckett Point 5 m 83 2 77 13 416 170

sand 10 m 90 3 05 17 542 214

Dungeness Spit 5 m 28 2 43 858 56

sand gravel 10 136 3 82 6764 322
0 m

Twin Rivers 5 m 28 169 8852 56

gravel
North Beach 5 m 201 144 14 103 12 021

cobble gravcl 10 151 3 86 7442 1474

sand

Kydaka Beach 5 m 54 2 55 6230 1l4

sand 10 m 96 2 83 17 410 222

Jamestown 5 m 136 3 49 17 364 782

sand 10 m 156 3 81 12 864 76



part but also a decline in polychaete and small crustacean species
latter would imply that more or larger sediment pockets were sampled
compared to 10m

This

at Sm

The above illustrates the difficulty of determining causes for observed
paL terns from the data alone A very large number of factors both real and
sampling induced could produce the observed patterns in species richness
Fortunately poor sampling is more likely to obscure patterns than create them
Of the patterns mentioned above it is clear that two factors are primarily
responsible First is the type of substratum Rock supports the richest
marine communities in this region Second and virtually of equal importance
is exposure to wave and current activity Exposed rock communities are much
richer than those from protected rock areas The opposite exposure effect
is found for soft sediment areas Exposed soft sediment areas support very
species poor communities while the communities found in protected soft
sediment areas may approach the richness of protected rock communities

See Figure 4

Intertidal abundance and biomass followed fairly closely species
richness patterns with highest values at the rock cobble and protected
soft sediment areas Patterns at these areas relative to tidal height were

more complex Biomass increased with decreasing tide height No clear
pattern in abundance was observed In gravel and sand areas low biomass
precluded determination of tide height patterns Density was usually
lowest at the highest tide height

For subtidal areas lowest densities occurred at exposed Dungeness Sm
and Tongue Point 10m In general biomass decreased with increasing
depth due largely to decreased plant biomass with depth

It is also possible to rank all study sites by biomass or standing
crop and from this to make inferences about productivity and energy flow in
the community Rock habitats usually had by far the greatest standing crop
with as much as 11 4 kg m2 found in this study The 12 0 kg m2 found at
North Beach Sm was mostly due to a single large Pterogophora very large
algae are not adquately sampled by the methodology employed in this study
Cobble areas were next in standing crop although protected sediment areas

at Some levels where large bivalves and crustaceans were abundant also had
a large standing crop In rock and cobble areas a large percentage of the
standing crop was benthic macro algae and Some eelgrass the major
primary producers in these communities Therefore areas with little or no
macro algae such as the gravel and sand habitats would have low productivity
Energy flow in these communities would be based on importation from drift
or the plankton Although turnover rates are unknown it is hard to imagine
they are high enough to raise the energy flow and indirect productivity of
these sparsely populated gravel and sand communities to the level of those
of rock cobble or fine sediment communities Ranking energy flow and net
productivity in the rock cobble and protected sediment systems is impossi
ble without detailed rate studies

The first

study area and

year patterns

year report Nyblade 1978 gave a detailed analysis of
tidal level similarities Second year data confirmed first

Rock cobble and gravel intertidal areas were similar to
109



each other Subtidal areas of similar sediment type showed high community

similarity Low stmilarity w s found between communities at high mid and

low tidal height at given study sites Appendix II Tables I 10 give the

cumulative two year species list for each study site with the tidal height
depth range indicated for each species Examination of these tables

reinforces the patterns observed above

In last years report a brief comparison was made between the Strait

study sites and some San Juan Island DOE study sites It would be very

desirable to be able to expand on that to compare all study sites sampled
by comparable methodology in the greater Puget Sound basin in the past

five years It would be valuable to know if regional faunal floral trends

exist within this larger area

The number of sites sampled is now quite large with METRO sites from

Puget Sound DOE sites from San Juan Island and the Rosario Strait mainland

area and NOAA sites from Whidbey Island To obtain the necessary original
data and put it into a uniform format would be both very time consuming and

expensive putting regional comparisons beyond the scope of this report

See Recommendations

Site to site trends in replicate variability would be of interest and

would be possible using a similarity index This would require extensive

computer analysis and proved to be beyond the scope of this report

VI B Seasonal Changes

Tables 14 IS and 16 summarize seasonal changes many of which were

noted area by area in the Results Table 14 gives a summary of species

richness seasonal changes In areas with a high species richness species
richness remained high through the year with some areas showing a slight

decline in richness in the winter Tongue 3 0 Pillar 0 There was

also often a winter depression in species richness at gravel and sand sites

species poor areas Such winter depressions may be due to annual algal
die off and storm disturbance

A summary of seasonal change in community density is presented in Table

15 Seasonal patterns were not particulary clear However more areas had

their highest densities in the summer and lowest in the winter than during

the other three quarters

Seasonal change in biomass Table 16 was not obvious No meaningful

biomass information was obtained from the low biomass areas a majority of

sites giving a much shorter table than Table 14 and IS Algae dominated

the biomass at higher biomass areas The patchiness of large algae distri

bution masked any seasonal trends

Except for species which had a discrete period of massive recruitment

Balanus Musculus Platynereis seasonal population changes of individual

species were often not apparent Reasons for this may be several First

there may have been little population change over the year The species may

be long lived or the individuals of a species may be replaced at the same

rate as mortality Inadequacy of the sampling methodology to adequately
110



Table 14 Second year 1977 78 seasonal chan e in species richness by study area tide height
Asterisk indicates seasonal peak

StudV Area Sprin Summer Fall Winter

Tongue Point 6 79 66 56 44
rock 3 114 136 126 97

180 175

Morse Creek 6 8 16 7 15
cobble over 3 59 76 70 64

sand 112 117 82

Beckett Point 6 10 13 15 12
protected 3 23 55 74 29
gravel sand 0 68 83 93 79

Dungeness Spit 6 2f 1 0 1
exposed gravel 3 2 2i 1 1

sand 0 3 2 5 1

North Beach Sand 6 10 8 6 5
sernt exposed 2 9 13 10 10

sand 16 21 18 19

Kydaka Beach 6 2 6 4 2
exposed sand 3 2 5 2 1

0 6 5 7 1

Jamestown 6 8 4 4 14

protected sand 1 4 33 36 46 38

47 57 76 61



Table 15 Second year 1977 7 R seasonal change in density by study area tide height
Asterisk indicates seasonal peak

Study Area Spring Summer Fall Winter

Tongue Point 6 89 216 29 800 14 880 13 220

rock 3 30 750 97 740 45 072 20 501

0 10 470 28 280

Morse Creek 6 206 2 458 1 257 844

cobble over 3 6 452 29 420 33 278 13 514

sand 0 17 843 17 450 10 360

Beckett Point 6 1 630 632 4 404 1 904

protected 3 3 450 11 068 48 228 3 964

gravel sand 0 24 830 58 584 97 112 45 784

N

Dungeness Spit 6 8 332 0 4

exposed grave1 3 276 16 16 572

sand 0 52 144 520 68

North Beach Sand 6 92 156 48 28

semi exposed 2 2 600 6 372 1 824 2 352

sand 0 5 608 3 692 3 792 5 296

Kydaka Beach 6 12 144 96 12

exposed sand 3 8 328 48 12

0 272 112 56 8

Jamestown 6 150 220 44 428 30 972 1 876

protected sand 1 4 11 536 68 244 61 368 28 632

0 25 910 24 216 50 412 51 644



Table 16 Second year 1977 78 seasonal change in biomass by study area tide height where
significant biomass was measured Asterisk indicates seasonal peak

Study Area SprinR Summer Fall Winter

Tongue Point 6 3466 1619 446 374rock 3 2985 3712 4807 2280
0 6506 8230

3Morse Creek 653 1047 916 1088w
cobble over 0 3936 3176 2216

sand

Jamestown 0 302 252 1084 20
protected sand



reflect re l population change may be another reason The methodology

used was designed to o timally desc ibe the communities present not

necessarily to provide population information on component species useful

for examining seasonal population change

It is satisfying to note that the general composition or structure of

the communities sampled remained stable at most areas sampled in terms of

the dominant species and their general order of abundance Community

composition remained stable over the seasons sampled and between the first

year and second as discussed in the next section

j

VI C Annual Changes

An essential goal of the second year program was to document changes
from first year results Observed changes may be due to real or extrinsic

factors or may be the result of poor sampling design Oncechanges are

clearly determined to be due to extrinsic factors speculation on what

factor or factors produced the change becomes possible One factor may be

only the normal biological variation in an otherwise stable community its

biological noise The community may not be stable It may be undergoing
slow directional change because of its early successional stage or long

term changes in the physical environment It may not be a stable community

at all representing just a single time frame of random change

First year second year comparisons of species richness diversity

abundance and biomass are presented in summary form for all sites in

Table 17 Species richness and diversity showed very little year to year

change especially in the richer intertidal sites Figures 2 and 3 present

graphically the relationship between richness diversity and year one year

two percentage change in these parameters The more complex the communities

the lower the year to year change in these parameters Larger subtidal

changes may be only a product of sampling error Abundances also show

surprisingly little change generally much less than a factor of ten and

biomass changes are even less An exception is North Beach 5m where much

algae was collected the second year probably a sampling problem caused by

collecting larger cobble in the second year in this apparently heterogeneous

area

Table 18 presents a summary of the values for community similarity

between the first and second year These were mentioned in the Results

Community similarity in the intertidal from the first to second year was

greatest at the rock stable cobble and protected soft bottom areas all

areas with rich complex communities This year to year constancy in

overall community composition was an especially noteworthy result when one

considers sampling problems due to organism patchiness and the irregular

recruitment of some important individual component species Figures 4 and

5 graphically present the relationship between sediment type community

complexity and year to year community constancy In general species

richness increases with increasing sediment particle size The complex

communities associated with rock cobble and protected sediments show less

year to year community change than the simpler exposed gravel and sand

communities with the exception of a few simple communities where taxonomic

lumping may create artificially high community constancy
114



Table 17 Comparison of first and second year summary community parameters Asterisk Pillar Point
North Beach Cobble Twin Rivers comparison of spring 1976 with spring 1977 Tongue Point 0
spring sunnner 1976 with spring summer 1977 Morse Creek 0 spring fall 1976 with spring fall 1977

Mean Mean Mean Mean
Study Area Stratum Species Richness Diversity Total Abundance Total Biomass

H 111m2 g m2
76 77 77 78 76 77 77 78 76 77 77 78 76 77 77 78

Tongue Point 6 47 3 613 2 2 2 4 18 109 36 779 928 1 476
3 103 3 118 3 2 6 3 0 28 371 48 516 2 575 3 446
0 150 3 177 5 2 5 2 3 4 474 19 375 5 262 7 368
5m 133 209 2 6 15 6 004 18 635 8 539 9 160

10m 59 94 2 1 3 0 604 834 778 2 988
Pillar Point 6 26 42 0 9 19 27 282 11 620 640 480

3 169 131 3 1 2 5 11 540 8 994 11 766 6 317
0 123 124 18 2 0 729 15 642 7 548 11 375
5m 92 77 3 1 2 8 6123 13 814

10m 91 36 3 3 3 3 4 715 4 426
North Beach 6 12 16 1 5 2 0 283 2 148 78

Cobble 3 49 38 16 2 5 9 077 3 802 353 128en

0 122 125 3 5 3 2 5 512 6 724 908 1 862
Morse Creek 6 8 5 11 5 11 11 3 131 1 191

3 56 8 67 3 18 2 2 21 388 20 666 791 926
0 101 8 103 7 2 6 2 3 12 794 15 218 1 683 3 109
5m 74 3 0 1 495

10m 149 127 2 8 2 7 8 863 11 654
Beckett Pt 6 17 3 12 5 18 17 1 713 2 143

3 40 0 45 3 2 0 2 2 4 716 16 678
0 80 3 80 8 2 1 2 4 34 102 56 578
5m 101 83 2 9 2 8 15 522 13 416

10m 132 90 3 1 3 1 18 122 17 542
Dungeness Spit 6 4 0 10 10 0 2 60 86

3 3 0 15 0 7 0 2 150 220
0 3 3 2 8 0 8 0 3 97 196
5m 30 28 2 4 2 4 283 858

10m 90 136 3 0 3 8 3 828 6 764



Table 17 Cant

Hean Hean Mean Mean

Study Area Stratum Species Richness Diversity Total Abundance Total Biomass

H 111m2 g m2

76 77 77 78 76 77 77 78 76 77 77 78 76 77 77 78

Twin Rivers 6 3 3 0 3 0 8 184 44

3 5 4 0 6 0 6 332 692

0 10 15 0 9 16 420 1 448

5m 139 28 3 5 17 5 282 8 852

10m 65 2 1 6 093

North Beach 6 7 8 7 3 11 16 221 81

Sand 2 10 8 10 5 0 7 0 5 3 521 3 287

0 14 8 18 5 10 13 4 223 4 597

5m 163 201 3 6 14 9 303 14 103 390 12 021

10m 109 151 3 1 3 9 5 881 7 442 62 1 474

Kydaka Beach 6 3 3 3 5 0 8 0 8 175 66

3 4 8 2 5 0 5 0 5 443 99

0 6 3 4 8 15 0 9 42 112

5m 51 54 3 0 2 6 2 300 6 230

10m 53 96 2 9 2 8 4 568 17 410

Jamestown 6 6 8 7 5 0 1 0 2 22 319 56 874

14 30 0 38 2 19 1 8 11 579 42 445

0 64 0 60 3 2 2 2 3 56 076 38 046

5m 174 136 3 5 3 5 21 712 17 364 266 782

10m 144 156 3 2 3 8 20 747 12 864 106 76

Blanks occur where community biomass for first second or both years was low and uncertain due to the

large numbers of 0 1 g weights



Table 18 Community similarity between year one and year two by study area tide height Similarityvalues range from 0 00 no similarit to 1 00 total similarity Blanks occur where two years of
data were not obtained Values for Pillar Point North Beach Cobble Twin Rivers are based onspring 1976 and spring 1977 only Tongue Point 0 spring summer 1976 and spring summer 1977 MorseCreek 0 spring fall 1976 with spring fall 1977 only

Study Area Habitat Type Tide Height
6 3 0 5m

Tongue Point rock 0 56 0 61 0 49 0 31

Pillar Point rock intertidal sand subtidal 0 80 0 67 0 36 0 5 7

North Beach Cobble cobble over sand 0 17 0 47 0 33

Morse Creek cobble over sand 0 79 0 68 0 52

Beckett Point protected gravel sand 0 76 0 37 0 56 0 58

Dungeness Spit exposed gravel sand 0 24 0 83 0 21 0 30

Twin Rivers exposed gravel sand 0 79 0 09 0 12 0 21

North Beach Sand semi exposed sand intertidal 2
sand gravel cobble subtidal 0 28 0 96 0 79 0 08

Kydaka Beach exposed sand 0 12 0 26 0 32 0 55

Jamestown protected sand 100
1 4

0 79 0 420 61

10m

0 08

0 54

0 61

0 65

0 34

0 42

0 39

0 48



Generalizations in the subtidal are more of a problem because of the

obvious inadequacy of the Van Veen grab sampling methodology In sediment

where the grab worked the best year to year similarity waS high It is

possible that most subtidal communities would show the community constancy

found intertidally in rock and protected fine sediment areas if adequately

sampled

Comments on annual changes of dominant species in the various

communities studied were made in the Results Section In the exposed

gravel and sand habitats populations changed greatly from year one to year

two i e community similarity was low This might be only a sampling
artifact due to the difficulty of sampling a sparse often aggregated fauna

However great population oscillations may as likely be a real characteris

tic of these areas In the habitats with more complex communities some

species populations changed greatly from year to year However the

majority remained fairly stable from year one to year two

In summary then shquld one of the study sites be visited five or ten

years from now the same basic community should be found Species composi
tion richness and diversity should remain very similar with perhaps

slightly greater changes in overall abundance and biomass
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Figure 2 Intertidal species richness mean of the first and second years by study area tide
height compared with the percentage change in species richness between the first and second years
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