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~“ This report describes the results of a r~iari ne biological survey conducted in July 1976
at Bangor Annex (Hood Canal) of the Naval Torpedo Station, Keyport , Washington. The
purpose was to assess the marine environmental effects ot’ the earl y stages of construction
of t he Trident Submarine Support Facility. Data on environmental conditions at Bangor
Annex before the beginning of construction were available from five previous surveys ‘-
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~conJ’~cted between June 1973 and July 1975. The 1976 survey showed that clam abun-
dance at each of seven stations remained relatively constant. Newly settled native littleneck
clams , butter clams, and basket cockles were present in significant number at severa l sta-
tions, though success in reaching adult size varied from station to station. Oyster condition
values of 1976 were similar to those of 19 75 and indicated that no significant change in
environmental quality had occurred. The byssal thread production rates of bay mussels I 1
also indicated that environmental conditions in 1976 were relatively unchanged. Otter
trawl sampling at eight stations collected representatives of fourteen species of marine
fishes and showed the fish population to be diverse , reproducing in significant numbers ,
and free of outward signs of environmental stress. The condition of eelgrass beds and piling
communities also showed no sign s of environmental stress at the time of the survey. It is
recommended that biological surveys continue to be made as construction of the support
facility proceeds. 
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SUMMARY

In July 1976 , members of the Chemistry and Environmental Sciences Group (code
406) of the Naval Undersea Center conducted a biological assessment survey at the site of
the Trident Submarine Support Facility, Bangor Annex , Naval Torpedo Station , Keyport ,
Washington. The primary purpose was to collect su fficient data to assess marine environ-
mental conditions during a period of low construction activity and one year subsequent to
a similar survey . The results of this survey and a compariso n with previous surveys are pre-
sented in this report .

Major emphasis was placed on quantifying abundance and distribution of comnier-
cially and recreationa lly important species of marine molluscs and fishes that  were present
in the vicinity of Bangor Annex.  Other faunal species and the tioral components of the
biota present in the area were surveyed in accordance with their relative abundance or
importance in the food webs affecting the species of main concern. Specific results and
recommendations are presented below. In general , it m ay be conc l uded that  the  m arine area
of Bangor Annex was little a ffected by the existing facility or on-going construction and was ,
at the time of this study, in excellent environmental condition.

Commercial clam abundance and biomass profiles developed for each of seven sta-
tions remained relatively constant. A compariso n of estimated recent recrui tmen t  wi th
abundance of adults indicated that newly settled native li t t leneck clams , b ut ter  clams , and
basket cockles were present in significant numbers at severa l s tat ions , b ut tha t  the  rate ol
success t’or reaching adult size varied l’ro m station to stat ion.  Oyster condit ion values were
utilized to estimate general oyster qual i ty  and to identi l ’y areas most conduciv e to oyster
growth. Oyster condition values of 1975 were similar to those ot’ 1976. a nd indicated that
no significant change in environmental  quali ty had occurred . Monitoring the hy ssal  thread
production rates of bay mussels indicated in 1976 . as in 1975 . that  relat ively un i form wat er
quality conditions exist along Bangor Annex.  Clam population data collected by standard
techniques , oyster condition values , and hyssal thread pro duction rates reflect envi ronmenta l
condit ions and integrate stresses that  may he experienced by these bivalv es . Continued sam-
pling of these biological indicators is recommended on at least an annual basis , but preferably
more frequently as waterfront construction activities increase.

Otter trawl sampling conducted at eight stations along Bangor Annex collected repre-
sentatives from 14 species of ’ marine t’ishes How ever , there were no addi t ions  to the  cumu-
lative list compiled during previous Trident surveys. It is apparent tha t  the  t’ishe~ are diverse
in species composition , are reproducing in significant numbers , and show no outward signs
of ’ environmental  stress. Many fish species present are highly regarded as commerciall y and
recreational ly important , and reductions in their  numbers would elicit adverse public response .
It is recommended tha t , as changes in shoreline configuration occur , fish sampling be con-
ducted to determine the relative changes in the composition of fish populations tha t  may
also occur. 

- 

I

- -  , - - - , -  ~~~~~~~.



“

Eelgrass is present along most of Bangor Annex from approximately the zero tidal
height down to approximately —1 5 feet. These beds support a significant amount of associ-
ated biomass in the form of microbial , infaunal , and epiphytic organisms. Eelgrass may he
adversely affected by turbidity caused by dredging operations , and as a result could suffe r a
loss ot’ production that could seriously affect associated organisms. Eelgrass turion density
and biomass provide an indication of the response by eelgrass to changing water qual i ty .
Turion density and hiomass values in this report provid e baseline data from which an esti-
mate of eelgrass response to dredging operations can be made. It is recommended that  the
turion density and biomass values of beds in the Bangor Annex area be monitored through-
out the construction phases of the Trident facility.

Profiles of piling community species composition at Marginal Wharf and KB Pier
showed no significant changes between survey periods. The new pilings at the explosives

F handling wharf and any additional pilings will increase the faunal diversity and hiomass of
their respective areas. These changes should be monitored as they occur in order to qu an t i t ’y
their ecological impact upon the existing biological systems.
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GENERAL INTRODUCT ION

In 1973 the Naval Facilities En gineering Command requested tha t  the  ~ ava I Under-
sea Center conduct a series of ’ biologica l surveys at the proposed si te  of ’ the Trident  Subma-
rine Support Facilit y at Bangor Annex of ’ the Naval Torpedo Stat ion . K eyp o r t , \ \as hi ngton .
The purpose was to collect data on important species of molluscs , fishe s , a nd o th er  fo rm s  (it

marine l i t ’e and to t’orm a basis t’or assess ing the el’fects of construct ion on the m arin e  eco-
system. As a result of this  request four seasonal survey s were conducted , one each in .J une
and October . 1973 , and in Januar y and Apri l—May.  1974. A f i f t h  survey ~~ as cond ucled in
July  1975 at the request of the  of f icer  in charge of ’ co nst ruc t ion  lor the  Trident f a c i l i t y
(01CC’ Trident ) .  The results  of surveys I—V are documented in Na~ al t. ’ nder sea (‘ente r 1 cc li—
nica l Publication 5 10 ( Peeling and Gof ’orth. 1975 , and in the f i e ld data  reports filed wi th
the 01CC Trid ent.

In 1976 . t he 01CC Trident requested that  the  Center make annua l  b iologi c al  sur\ c~
at Bangor Annex and assess the eft ’ects of ’ co ns t ruc t io n  by comparing new da t a  wi t  Ii th ose
previously collected. The results of ’ the l’ir st of these a n n u a l  survey ar t .’ pr est.’iit ed in t his
report , which t’orms a supplement  to the  report cited abo v e ,  At th e l i me of the  su r ve y .  et )f l—

ducted in July 1976 , waterfront  co nstruction was just  beginning ,  and an explosives handl ing
wha rf ’and pili ng st ress testi ng n ear Devil ’s Ho le were the only water f ron t  pro !ect s t inder  ~vav .

In condu cting surv e’~ V i and presenting i ts  results we have a t tempted  to insure that
comparison with previous surveys and their results will be meaningfu l  and st ra ight forward  -

The same species of marine li f ’e ha ve been chose n for study ,  a nd specimens hav e been col-
lected or observed at the same stations. In most instances the same methods  of collection
and anal y si s  have been used. In those few instances where new methods h ave been intro-
d u ced , the cha nge in methodology and the reasons f’or it . as we ll as its effect on co in pa r abi l—
ity of data .  are noted - The format used to report the resu lts ol survey VI  is the  same a’~ t h at
used to report those of surveys I-V .

A map of the  Bangor Annex  area showing the location of the collecting s ta t ions  is
prese nted in figure 1 . These stat ions have been described previously (Peeling and ( oforth .
1975 . An important  change tha t  af ’t’ects ease of comparabil i ty should be noted : In surv c\
VI all measurements except t idal  heights  have been made in metric un i t s ,  even though mea s—
uren ients in previous surveys were made in English uni ts . * Th is cha nge has bee n adopted in
conformity  with 1)epartm ent of Def ’ense policy and internat ional  scie n tif i c pract ice . Tidal
heights are reported , as they  co nt inue  to be reported in the U . S.. as va r i a t ions  in feet from
a mean lower low water level.

It should also he not ed tha t  data collected concerning the  number and d i s t r i bu t ion
of ’ specieS al Bangor Annex durin g surveys (— V I hav e been entered in the Haw ai i  ( o a s l a l  /one

Q,a~i i t t at~~e I/ala gr oIn prl ’l ’ u l us ~Il r I I I  (:1(1/ UI 1/ l i t  r(’pI)rt are 1 1111 y r  ( t I  1’)  I1II ’t?’I( I l I I lf t .
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Data Bank of the Univer s i ty  of I l awan .  These data can be called up and reviewed by using
the appropriate ident i f ic at ion numbers , which a re g iven on pages 43 th roug h SR .

BIVALVE MOLLUSCS OF BANGO R ANNE X

Adult  bivalves are relatively immobile or sessile and rem ain in a given area dur ing
most of their li fe span . A s  a result , they are d irectly influenced by the long—term environ—
mental conditions of an area and may act as integrators or indicators of those condi t ions .
However , even if bivalve pop ulat ions could not be directl y related to other po l lu t ion  in(l ica-
to rs, they would be studied il Bangor Annex  because of their recreational and commercial
i mportance in the Puget Sound area. Further , in terms of h io m ass , they do mina te  the inter-
t idal zone.

This section presents data on the  biology . t.t i s t r i l i u t i o n  . and de n si t ~ of n in e  of the  34
species of b iv als  es collected d ur in g the  SLiP. . ~ s at Bangor \ n n ex  : th e h a s k e t  co ckl e ( i/no —
&w ’u~unn iz i i i tal i i  ), the n a t i v e  l i t t l eneck  clam 1P ro tot/ iaca staminea ). t he  butter clam (.S~i.v i—
dmnus gig an teu.s ) ,  the J a p .incse or M ani la  l i t t l eneck  clam I ‘eneriip is iaponk’a ), two  so! t she l l
clams (: lIi’a arenar ia and li . tr i l/Ic-ata I , the Pacific oy ster  (C ’a. cso ~i;- e1i gig as I ,  the  ha~ mussel
Ll I t t i l u c edulis I.  and the geoduck (P a nupe a ge~!erosa I. t hese data  supplement  those f ’r oni
surveys I-V . ‘Flie use of data  from all surveys is necessary fo r  a proper assessn ient o ’~ bivalve
condit ioi t ~ at Bangor Annex ,

INTERTIDAL CLAMS OF COMMERCIAL AND RECREATIONAL IMPORTANCE

Introduction

The bivalves discu ssed in th i s  siih.~eet ion are basket  cockles , nat ive l i t t l eneck  clams .
bu t t e r  clams , Japanese l i t t leneck clan i s , and soft shell cla m s All  are consi dered to he corn—
mercially and reereatio nall y important .  Commercial landings of native l i t t l e n ecks ,  b u t t e r
cla ms , and Japanese l i t t l ene ek s in Washington state have a m o u n t e d  to i~’. er two mi l l ion
pounds a nnu a l ly.  I n add i t ion , spo rt clam diggers make subst ant i a l  collection s t rom inter—
t idal popu lations.  Because of ’ t he recreational va lue of ’ the  clam and oy s ter  popula t ions  along
Bangor Annex . t he Navy s t r ic t ly  regulates and monitors  b iva lve  co l l e ct ion by sport smen.

There are a number  of environmental  factor s  which  aff ect  th e  a b t i n d a  nec of ’ i n t e r -
t idal cla ms and their d i s t r ibu t ion  w i t h i n  geogr aphi c areas and i n t e r t i d a l  / O f l ,’s . These t~~ l O r s
must  be con sidered in establ ishing baselin e in t ’orn ia t ion t o ,issess t u t u r e  en s i r on n i e n t , i  I
i mpact .  In  ot her word s , na tura l  var iat ions in t h e  ec( -( sv sten l  iii l i s t  be und er st o od b e f o r e  aii~ca use—effect r e lat ionship can he ascribed to ac t iv i t i e s  by man . In  ‘. iew of t l ie  eo Tnnle r cI , i  I and
recreat ional value of in te r t ida l  clams , da ta  h ave been collected since I °~ 3 to desk I ih y si/C—

f requency d is t r ibut ion s , length—f o—weight relat io nships , gross Ii . a mi d de~ s it \ pr of i k’’. a long
Bangor Annex .  The densi t  profiles will permi t  sound man a gement  t i l  clam C s t ’ i i I  ces a l o n ’
Bangor A n n e x  and assessm ent of e n v i r o n m e n t a l  impact  on tho se re source ’ . I h is  sect  ion ‘n
in te r t ida l  clams concentrates  on the a b u n d a n c e  and d istr ~ ut ion ni ~pt.’ci . ’~ co ni iii ’, c ia l
im por tance .
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Materials and Methods

In te r t ida l  digs svere made at stat ioOs A , C, E , G , K. L . a nd Z along a transect  line
e x te nding fro m the low tide level to t h e ext re me high t ide level. * Tida l heights were det er-
mined wi th  a technique , t’irst described by Emery 19 6 1) ,  employing two wooden Poles
approxi mately 1 1 2 meters long, one of which was calibrated and marked at 0. 1 2 S-inch
3-mnn intervals .  The roles were placed vert ically a known distance apart  at measured

intervals along the transect li ne , a nd di f ferences in elevation svere determined by align ing a
sighting le sel on the  calibrated pole with the top of the unca l ibrated pole , The d i sta n ce
between the  poles was I ~2 meters on steeper slopes and 5 meters oil gradual slopes The ini-
tial measu rement was made at the edge of ’ the water  at the exact ti me of low tide : this point
was determined by using the t idal  height  given in the appropriate tidal table and served as
the be nchmark  for all other  t idal  heights  at a given station. During surveys I—V a sinusoidal
eq uat ion svas used to calculate tid a l heights instead of the technique described here.

A m i n i m u m  of one dig was made in each major inter t idal  zone dur ing  survey V I ,
Replicate digs were made in certain zones  to determine the upper inter t idal  l imit  of clam
population s and to develop representa t ive  density profiles. As in the previous survey s, a
0.1 m— quadrat ss ~s pushed into the substrate to delineate the area of the dig and preve nt
side wa ll collapse . All material  down to a depth of approximately 45 cm was removed and
placed in a large w ashtub I iii by I in)  w i th  thre e sorting screens and no bot tom.  The t ’i r st
scree n t 18 mm mesh ) trapped the  larger clams , the seco nd screen (6  mm mesh ) most of the
in te rn ied ia te  cla ms . a nd the  third screen (2 mm mesh) the smallest clams, l i m e th i rd  screen
was used b r  the  first t ime dur ing survey VI in an a t tenipt  to quan t i fy  the r ec ru i tmen t  of
juvenile  clams at the vario us stations,  Because of’ the  small mesh size this  screen trapped
la rge a m o u n t s  of shell debris as well as small clams . niaking sorting more d i l f i c u l t  a mid t ime
cons uming.  All clams were iden t i t i ed  as to species , measured , amid co unte t. t . Commercial
cla ms of harvestable size (~~ 30 m m )  were weighed on a triple beam balance to de te rmine
whether  the dig was of conimercial value:  tha t  Is , contained 227 g 0, I m 2 or more of com-
mercial cla ms.

‘[lie de nsity of commercial clams of each species svas deterni ined by adding the  nun i—
ber in the commercial size range and d iv id ing  by the area sampled at each -. t a t i o n .  ‘I’h ese
da ta were then normalized by convert ing them to den s i ty  per square meter.  Total b iomass
was de termined by station and species , a nd the data were normalized for comparat ive pur-
poses as mean biomass in kilograms per square nieter . The t ipper inter t idal  l im i t  for com-
m ercial  species was also deterni ine d at each s ta t ion .  In addi t ion , the  t ota l n um ber of ’ clams
in the conin m erci a l (~~ 30 nini  ) and subcommercia l  ( ~ 30 m m )  size ranges wa s calculated by
spec ies, dig site , and s ta t ion.  Time subco mn iercia l  group was f u r t h e r  subdivided by c o u n t i n g
the n u m b e r  ot’ cla ms 10 mm or smaller in l eng th .  This group can lie considered to contain
individuals  having recently sett led out ol ’ t he  p l a n k t o n i c  stage . With  t hese figures . the  di s —
t r ibut ion  of clanis by species and size at each s t a t i o n  could lie compared.

Results and Discussion

The r e lat se pos i t ion  and r ’ imber of d igs at  each s ta t ion  are depicted in f igure s  2
through 8 , T u e  tidal height profi les  shown in these i’igures represent the a c tu a l  t e r ra in  at  t he

*The time DI mn-ev I! hA. ’ that t ) (  st.r.’.’l’c I - i  . lIds ,-hac, ’ii ((1 (‘ 111(11  i l , ’ t, ’i tIi f/li ’ / ( I t t I 5 (  fj ~/~ s ,f f / it ’ tani~I Iiii ~ ‘ t i~ t. i t / ,
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sampling stations , and it is possible to extract a tidal height from the figure by knowing the
transect line distance only. Random digs were m ade at each station to locate the upper inter-
tidal limits at which commercially important bivalves were to be t’ound . The following table
shows the limits thus observed :

Tidal height , in f ’eet , at des igna t ed stat i on

A C E U K L Z

Basket cockle +0.3 None +0.3 +0.3 +3, 2 +3. 1 None C
Native litt leneck clam +1 .3 +3.7 +0,3 + 1.4 +3,2 +3 .1 +4 .1
Butter clam + 1.3 +4.3 +0.3 + 1.4 +3,2 +3.1 +2.2
Japanese littleneck clam None +4,3 +2 .5 — l .4 +3, 2 +3.1 +3,3

Clam biomass and abundance data are described amid compared by stat ion below ,
The following table presents a summary of the average h iomass ( to ta l  live weigh t )  t )t com-
mercial clam species collected at each stat ion: -

Sta t ion

A Z (‘ E U L K

Biomass , kg/m 2 5.50 5.35 4.50 3.34 1 .35 0.45 0.32

Station A. Intertidal digs for clams were made between +3, 7 f’t and — l .5 t’t at sta-
tion A. No bivalves were found at the uppermost site at +3.7 ft . and random digs along the
transect line revealed none above +1.3 ft , where both native l it t lene cks and b u t t e r  clams
were found. No Japanese littleneck clams of commercial si/c were found . h u t  i i ine suhcom-
mercial sized individuals were collected . Three digs between + 1.3 I t  and — 1 .5  t ’t eac h pro-
duced more clams than the  m i n i m u m  of ’ 227 g -0 , 1m 2 set b r  commer cial va lue  . A t  +0,3 I’t ,
43 native littlenecks were found in the  0. 1 m 2 quadr a t  . m ak ing  th i s  the richest of al l  sta-
tions for that  species, Considering all the digs at th is  s t a t ion . nat ive  l i t t l enecks  accounte d
f’or 74 percent of the commercial sized clams and 5 1 percent of the  total hiomass. The larger
butter clams made up 20 percent of the commerc ial su ed clams and 48 percent of the  to ta l
commercial clam weight. The remaining 6 percent of ’ th e  clams and 1 percent of ’ t he  weight
were made up by basket cockles (3 )  and soft shell clams I 2) .  The dig at +0,3 f’t was not only
the richest in native l i t t lenecks bu t  the  third richest in commercial weig ht ( 10.0 1 k g -n i )
among all stations. The average t’or commercial dig s was 7 .3 kg / ni 2 and for all d igs  at th is
station 5.50 kg/rn 2 . Th ese average h io m ass measurements  made station A t h e  rich est ot ’ the
stations in terms of commercial clams. Sixty-five percent of ’ the native l i t t lenecks  collecte d
were of ’ commercial size , and 50 percent of the suhcommercia ls were 10 mm or smaller.
Thirty-one percent of the but ter  clams were ot ’ commercial length , and 44 percent ot’ the
suhcommercia ls were 10 mm or smaller. Twenty-seven percent of ’ the  basket cockles svere
commercial , and 75 percent of the suhcommercia ls were 10 nim or smaller.

Station C. Inter t idal  sampling at this  stat ion was done between +4,3 and —0.2 f ’t ,
The upper l imit  search f’or commercial species revealed none above the  dig site at +4,3 f ’t ,
where one commercial sized Japanese littleneck amid one suhcommercia l b u t t e r  clam were
found . The commercially important  clams at station C were concentrated betw e en the  dig
sites at + 1 . 1  ft and —0.2 ft .  Digs at these two sites were both of commercial value,  w i t h  an
average hiomass of 6.6 kg/n i — , The average for  all digs at th is  s tat ion was 4.5 kg m u — . l hese
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values make statio n C the third richest in terms of ’ commercial clam hiomass. Native li t t le-
necks accounted for 70 percent of the commercial clams and 31 percent of the total  biomas s .
Butter clams made up 28 percent of the number of clams collected amid 66 percent of the
weight. Only two Japanese h ittlenecks of commercial length were found at this station: they
accounted for 2 percent of the commercial number  and 3 percent of ’ t he we ight .  N o bas k et
cockles or soft shell clams were found of either commercial or subcommercia l size , Seventy-
five percent of the native littlenecks collected were of ’ commercial size , arid 25 percent of
the subcommercials were 10mm or smaller in length. Seventy-seven percent of the  but ter
clams were in the commercial group, and 43 percent of ’ tile subcommercia l group were
10 mm or smaller.

Station E. Intertidal digs were made between +4.1 ft and —1.8 f’t.  No clams were
found at +4.1 ft. One subcommercial sized Japanese littleneck clam was found at +2.5 ft.
No native littlenecks or butter  clams were f’ound above a tidal height of +0.3 f t .  I) igs at
+0.3 and —1.8 ft were of commercial value , with an average biomass of 6.9 kg /rn 2 . The dig
at —1 .8 ft produced 12 large butter  clams and was the second largest in biomass ( 10.5 kg ni 2
of any station sampled . The 22 butter  clams collected at station E were all of ’ comm ercia l
size and accounted for 50 percent of the number and 90 percent of the  total  weight  of coin-
mercial clams collected at this station. Native li t t lenecks accounted for 23 percent of the
number of commercial clams and 9 percent of the weight. Only 10 percent of ’ t he  na t ive
littleneck clams collected were of commercial size , and 43 percent of the suhcommercial
sized individuals were less than 10 mm in length. Soft shell clams made up 18 percent and
basket cockles 9 percent of the commercial clams collected , bu t toget her t h ey made up onl
1 percent of ’ the weight. Station F ranked in the middle ot ’ al l stat ion s, wi th  a mean biomi iass
of 3.34 kg/rn 2 .

Station G. Station U followed station F in terms of richness wi th  an average hiornass
for commercial species of 1 .35 kg/rn 2 . Samples were taken between + 1.4 ft and — 1 , 4 I’t.  The
upper limit was +1 .4 ft for both but ter  clams and native l i t t lenecks . al though the but te r
clams found at thi s height were not of commercial size. Commercial but ter  clams did not
appear above a tidal height o f — I  .4 ft. Surprisingly, — l .4 f’t was also the upper l imit  for
J apanese li tt lenecks , but even these were not of commercial size. No commercial sized
Japanese l i t t lenecks and only two of suhcommercia l size were f’ound at th is  s ta t ion.  The
only dig of commercial value was at —1.4 ft.  The density at this site was 2±4 kg ’ m 2 . and
the average for all digs was 1 .35 kg/rn 2 . Butter clams , soft shell clams , and b asket  cockles
each represented 27 percent of the commercial clam population: bu t te r  clams represented
62 percent , soft shell clams 17 percent , and bas k et cock les 13 perce n t o t’ t he total weight.
Native littlenecks accounted for l8 percent of tile total  number of ’ comniercial clams and
8 percent of the total weight. Of the nine native littlenecks , on ly tw o were of ’ comm ercial
length. 01’ the seven but ter  clams collected , th ree were of ’ commercial length.  Twent y - f ive
basket cockles were fou nd at this station , only thre e of which ( I  2 percent ) were of commer-
cial length . The group of basket cockles 10 mm or less in length accounted l’or 84 percent
of the subcommerci al s.

Station K. Intert idal  digs were made at this station between +3.3 ft and — 1 . 1  ft .  The
UPPCT limit for but ter  clams , native l itt lenecks , and Japanese li l t  leneck s was +3.3 ft A ran-
dom search along the transect line revealed no clams above the dig at +3.3 l’t. Al though th is
di g was not of ’ commercial value , it was the only site where a signif ’icant number  of ’ commer-
cial clams was l’ound , Only one clam of commercial size was t’out ld below +3.3 t’t.  This was
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the poorest of ’ all stations , with an average bioma ss of 0.32 kg/rn 2 . A total of only 10 com-
mercial clams was collected : four native li t t lenecks , two but ter  clams , one Japanese little-
neck , one soft shell clam , and two basket cockles. Eighty percent of tile native l i t t lenecks
were in the suhcommercial group, and 25 percent of these were 10 mm or smaller in length ,
Ninety-seven percent of ’ the Japanese h it t lene cks were in the subcommereia l group, and
67 percent of these were 10 mm or smaller in length , Ninety-six percent of ’ the basket
cockles were in the subcomrnercia l group, and all were 10 mm or smaller in length.

Station L. In terms of commercial clam hiomass , stat ion L was comparable to sta- 
C

tion K . with an average of ’ 0,45 kg/rn . Only two clams of commercial size were collected ,
hut they were large heavy bu t te r  clams. Inter t idal  digs were made between +3,3 ft and
— l .3 ft .  No commercial clams were found at tile uppermost site. Native litt lenecks , Japanese
littl enecks , and but ter  clams were f’oun d at a he igh t of ’ +3, 1 ft . though none was of commer-
cial length.  The two conirnercial sized b u t te r  clams mentioned were f’ound at — l .3 ft. Only
si x native l itt l enecks , six but te r  clams , and two Japanese l ittlenecks in the subcommercia l
group were found , A total of 34 subcommercia l basket cockles was found , all of wh ich were
10 mm or smaller.

Station Z . Station Z ranked second to station A in average bionia ss of commercial
clams at 5.35 kg/m 2 . Intert idal  dig s at station Z were made between +2.2 ft and —0. 9 ft.
‘[he tipper limit search revealed native l ittleneck s at +4.1 ft and Japanese l i t t len ecks at
+3.3 ft . h u t b u t ter  cla m s we re not f’ound above +2 ,2 l’t ,  Two Japanese littlenecks of corn-
mercial stic were also t’ound at the +2.2 ft site . At +0.4 ft the largest commerc ial dig for all
stat ions was reco~(Ied . A tota l  of 12 native l i t t lenecks amid 14 but te r  clams of commercial
sL/ , e prod uced a biomass of 1 1 , 9 kg/ni at this site , The dig at —0.9 was also of commercial
~alue at 2 .5~ kg ni —’. \at ive l i t t l enec k s  made up 50 percent of the number  of ’ coni niercial
clams and 14 perce m of the weight at th is  s tat ion.  Butter clams accounted f ’or 45 percent
of the commercial clams and 85 per cent of the weight.  Two Japane se l itt lenecks made up
the  bala nce , w i t h  5 perce n t o f t he tota l number  and I percent of ’ the weight.  Only one sub—
commercial b u t t e r  clam and four suhcon imercia l Japanese l i t t lenecks were f’ound . No basket
cock les or soft shell clams were l’oun d at t hi s statio n , Fit ’ty-one percent of ’ t he native little-
necks were in the commercial size group, and of the subcommercials 11 percent were 10 mm
or smaller in length ,

A total  of 42 inter t idal  digs were niade at the  seven stations. These digs prod uced
261) clams of ’ commercial species amid commercial size , w ith a to t al weight of ’ 7 .24 kg. The
numerically d o m i n a n t  commercial clams were native l i t t lenecks at 57 percent , rep rese n ting
26 percent of the  total  weight.  But ter  clams were the next most abundant  at 32 percent of
th e total num ber , w i th  68 pe rcent of ’ the total weight. Only five of the 269 commercial
sized clams were Japanese h i t t lenecks . and their weight accounted f’or less than  I percent of
t he total . Soft shell clams ( 3 / t a  arenari a ) and basket cockles represemited only about  3 per — - -

cent eac h of the  total weight.

Of ’ the  42 digs , 17 were co n side red of ’ commercial  value , amid 13 of ’ these we re at
sta ti om i s A. (‘. and Z . At these stations , the  commercial digs were grouped between + I .3 and
— l .5 f t .  W i t h i n  tha t  range the nati ve h itt leneck s we re more abundan t  than  bu t te r cla ms. but
the b u t t e r  clams contr ibuted niore to the  total  weigh t  because of ’ the ir large size. N-lost of
the nat  m~ e l i t t le m iecks were I’ound in the uppermost port ion of tha t  range . w i t h  a decrease in
abt in dance  near t he lower end . But te r  clams , on t lie o ther  hand , i n creased in a b u n d a n c e
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with decreasin g tidal height in the range of the commercial digs. Figure 9 shows average demi—
sity in number per square meter by station amid species f or  commercial species amid sizes.
‘rable I shows tile distr ibuti oti  of commercial clams of all sizes by species , station , arid t idal
height. J apa nese li ttle n ec k s a re not inclu d ed in e i the r the figure or the  tab le  beca u se only
five in the commercial size range were t’ou nd

Native l i t t lenecks were most abundant  at s ta t ions A amid C . wh ich had similar densi—
ties of ’ 1 1 2  and lOO/ iii 2 respectively . Station / had only about  40 native l i t t l enecks  per
square meter . a nd the other stations had fewer . B u t t e r  clams were most abundant  at sta-
tion C wi th  40/rn 2 : station s A . F , and Z were comparable wi th  30, 37 and 36 m , Soft shell
clams and basket cockles were r iot l)reSent in commercial sizes at s ta t ions (‘ and Z and on ly
in small nunih ers at the other stations.

Aver age h iomass l)y stat ion and species is shown in figure 10 I’or com nierci a l species
a nd sizes. By comparin g t’igure s 9 and 10 , the  relat ive cont r ibut ion  to the  to ta l  bioti tass of
cacti species at cacti s t a t ion  can be determined . At stat ion A . for exa m p le , there a re al m ost
f’our t imes  as many  coninierci a l sized nati ve l i t t le m iecks  tier squ a re  meter  as bu t t e r  clams , amid
vet b u t t e r  clan is cont r ibu t e  just  about as niuc li to the average biorn ass, At sta t ion Z the
number  of native l i t t lenecks and bu t te r  clams is about  the sanie f ’or every sq uare meter
sam pled . a nd yet the biomass of tile but ter  clams is on the average about I’our ti mes greater.
At station C the number of miative l i t t lenecks was about  2.5 times greater on the average . hut
the bu t te r  elanis contributed about twice as mmmcli to the  average bioniass.

Ranked in order of decreasing commer cia l clanis bioniass per un i t  area. the  s ta t ions
are A . Z . C. F . U , L . and K. As shown in figure 1 . this is the approximate  order of the  sta-
tions as one proceeds front south to north in Hood Canal. i’he stat ions can also be grouped
in te rm s of ’ re lat ive cla m weight pe r u ni t  area: Stat ions A , Z . and (‘ are in the richest group ,
U and E iii the middle , and L and K in the  poorest .

Considering all s tations , a tota l of 34 1 n at ive  l i t t l e n e cks , 60 Japanese l i t t lenecks .  152
butter  clams . 19 soft shell clams , and 130 basket  cockles were collected dur ing  th i s  sII i ’ vev ,
Forty—t ’ive percent of the native l i t t l enecks  were in t h e  commercial  si/ c range , and 3”) perce n t
of t h e  subconimercia ls were 10 mm or smaller imi l engt h . Only ~ percent  of t h e  J i p an e s L’

l i t t lenecks were comisidere d commercial , and 44 perce nt of the sub comm erci al s were 10 mm
or smaller in length. Fifty-seven percent of the  b u t t e r  clams were commercial , and in t he
suhcomrn ercia l group 42 perce nt were 10 mm or smaller ,  ~ o sof ’t she ll clams 10 m u m or
smaller were found at any ot ’ t h e stat ion s. hu t  14 commercials  and 5 sub comn i er c ia ls  larger
than 10 mm were tound . Only 9 percent of t h e  basket cockles were of com mercial length .
and 89 percent ot’ the suh comrn ercia l s were 10 mm or smaller in len gth.  Simice t h e  group
10 mm or smaller is im ’id icative of recent l y  set animals , heavy recrui tment  of ’ bas ket cockle s

as evident at s ta t ions  U . L . amid K , acco u n t i n g  l’or 94 percent of all b a sket  cockles in tha t
size range. Heavy recrui tment  of ’ na t ive  l i t t l enecks  ~ as evid ent  it s t a t ion  F . w h e r e  53 per-
ce nt of ’ all j uveniles  10 rum or smaller were I’oum id . At station ~~ . 22 of t he 24 Japanese
l i t t lenecks collected were 10 mm or snialler.

Conclusions

In Ju ly  1976 , sa m p l i n g  was conducted at seven in t e r t i da l  s ta t io n s in t h e  v i c i n i t y  of
Bangor An n ex to determi n e the  relat ive sl’cL’ies co mposit ion , d e n s i t y ,  and biom i’iass of
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Table I . Clam dis t r ibut ion b y stat iom i . spec ies . a mid t idal  hei ght  (comniercial  species o n l y ) ,

N umber of commercial (sub coti in iercia l) sized
m d  ivid ua ls per 0. 1 ~ 2 at desigm iated d ig site

Station A 4.2 ft 1.3 f’t 0.3 ft — 1 , 5  ft

N a t i v e  l i t t leneck 0 (0) 5.5 ( 2 )  43 (9)  2 ( 1 7 )
Butter  clam 0(0)  4.5 ( 3 )  2 ( 1 3 )  4 ( 1 5 )
Soft shell c la m ( l i . ar enaria ) 0 (0) 0.5 (0) 1 ( I )  0 (0 )
Basket cockle 0(0)  0 ( 0 )  3 ( 4 )  0 ( 4 )

Station C 4.3 ft 1.1 ft 0.0 ft

N a t i v e  l i t t leneck 0 (0) 13 (6 .7)  10.3 (0)
But te r  cla m 0 ( 1 )  3.3 ( 2 )  4.7 (0.3)
Soft shell clam ( 1 1 , ar enaria ) 0 (0) 0 (0) 0 (0)
Basket cockle 0 ( 0 )  0 ( 0 )  O W )

Station F 4,1 ft 2.5 ft 0.3 ft —1.8 ft

Native l i t t leneck 0 ( 0 )  0 ( 0 )  4 ( 2 7 )  2 ( 37 )
But te r  d amn 0 (0) 0 (0) 5 (0)  I 2 ( 0 )
Sot ’t shell clam ( .~1. are,iai ’ia ) 0 ( 0 )  4 ( 2) 0 ( 0 )  0 ( 0 )
Basket cockle 0 ( 0 )  0 ( 0 )  0.5 ( 2 , 5 )  3 5 )

Stat ion C I .4 ft 0.3 ft — l .4 ft

N a t i ve  l i t t lenec k ’ 1 (0.5 ) 0 ( 1 )  2 ( 2 )
But ter  clam 0 ( 0 . 5 )  0 (0) 3 ( 1 . 5 )
Soft shell clam ( . 11, ar e,~n ’ia ) 0.5 (0) 1 (0 ) 3 10)
Basket coc kl e ‘ 0 ( 0 )  1 ( 8 )  3 ( 3 )

Station K 3.2 l’t 1 .3 ft 0.5 ft —0,4 ft — l .1 t ’t

Native l i t t leneck 2 ( 7 )  0 ( 0 )  0 ( 0 )  0 ( 0 )  0 ) 1 )
But te r  clam 1 (3 )  0 ( 0 )  0 ( 0 )  ( 1 ( 0 )  0 ( 4 )
Sof ’t shell  clam ( . 1!, arenar ia ) 0.5 (0) 0 (0) 0 (0)  0 (( 1 )  0 (( 1 )
Basket cockle 0.5 (0.5 ) 0 ( 2 )  0 ( 6 )  0 ( 2 ’~) I ( 4 p

Stat io n L 3. 1 ft 1.6 ft 1.2 ft —1.3  f t

Na t ive h i t t l eneck  0 ( 2 )  0 ( 2 )  0 ( l )  0 ( 0 )
Bui t ter clam 0 ( 3 )  0 ( I )  0 ( 0 )  1 W
Sof ’t sh e l l  chai n (3 1 . ar enari a ) 0 (0)  0 (0)  0 ( 0 )  0 ( 0 )
Basket cockle 0 ( l )  0 ( 1 )  0 ( 1 5 )  0 ( 1 )

Station Z 2.2 I’t 0. 4 I t  — 1.2 ft

Na t ive  l i t t leneck 3.5 ( 8)  6 ( 1  .5)  I (0)
But te r  cla m 1.5 ( 0 .5 )  7 (0) 1 ( 0 )
Sof t  shell clam t i w’enaria ) 0 ( 0 )  0 ( 0 )  0 ( 0 )
Basket cockle 0 ( 0 )  0 ( 0 )  0 ( 0 )
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co rnnierci ’a liy arid r ecreatioiia lly important species of bivalves .  T h e  f o l l ow i n g  conclusions
are presenteul as a general sunimary of the results  of th is  sampling eft ’ort

I . In order of ’ dec reasing abu n ndam i ce , the I ’ollo~’. iu~ co mmercial clams were sampled
iii the in ter t ida l  zone of Bangor Annex:  n a t i v e  l i t t l eneck s . b u t t e r  c l ams . s~~I I shell clams .
basket cockles , and Japanese l i t t l enecks ,

2. Nat i ’ ; e l i t t lenecks , bu t te r  clams , and Japan e se l i t t l en e  :ks appear to h ave their
upper l i m i t s  in the in t e r t ida l  zone at appr oxi nh i t L ’l\ ~~.3 t - l’l e t ippe r li m it I ’or basket
cockles is +3,2 f t .

3. The relative biomass of com i ime r ci al clanis per un i t  arc .i call he Isell to r a m i k the
s t a t i o n s iii the  I’oh l owi mi g  LI C .’creas ing order: A. Z . (‘, I - .. G . L and K -

4 . Stat ions A. Z , and C included the most substantial  co mnuic rc ~.t l digs : digs at st a—
t~ or i  A showed the  greatest var ia t ion  w i t h  t ida l  hei ght  + I .3 to — I .5 I’t ~ . 

- ‘

5.  If the  commerciall y impor tant  species are ranked iii descending order b y the i r
c ontr i h u i t iom i  to the total biomass at all s ta t ions ,  t h e i r  re la t ive  p os i t io n s  are as Iol!o~ s: bu t t e r
clams , n at ive h i t t l e n e c k s . soft shell clams , bas ket cockles. arid Japanese l i t t l enecks .

6. Station F data indicated a substantial  r ecni i tment  of na t ive  l i t t lenecks  (39 percent
of to ta l  collected ),  bu t  the  number  ol ’ ind iv idua ls  larger t h a n  30 miii was h )w . indicatim ig high
juveni le  morta l i ty  or , niore l ike ly ,  h eavy recreational clam digging. Relative rec ru i tment  of ’

na t ive  l i t t lenecks at stations A . C , and Z is lower thami at statio n F , but  a much higher success
rate for reaching adult  size is indicated ( l i t t l e  recreational  cla m digging is done at these
stat  ions).

7 . Init ial  recruitment and j uvenile success rates t om butter clams appeared hig l~ at
s t a t ions  A and (

‘
, hu t  s ta t i on .~ F amid Z sh owed low rec ru i tment .

8. Recru i tmen t  appeared to be par t ic ular ly  good f ’or bas ket cockles at stat ion s C
K , and L , w here an average of ’ 94 percent of ’ that  species was ID mm or smaller.

OYSTER CON l) I TIO N INDICES

I u t  rod uc t io ii

The general condi t ion  of oys te r s  is con sidered by mii ai 1~ invest igators to he an m d i —
cato r of recent or exist ing environ m en tal conditions. Quayle ( 1969 ) presents several case
studies where oyster condi t ion  da ta  were u s e f u l  not only in miia n iagi ng oy s te r  s tocks hu t  a l so
in eva lua t ing  en iv i ro nim en i  al q u a l i t y .  Most inves t iga to r s  agree , however . t h a t  there  are h imi ta -
lions on t h e  app l i ca t ion  of oy s ter  da ta  arid tha t  adequate  baseline data  are necessary be fore
oyster  condi t ion  and env i ro nmn em i t a l  qua l i t y  can be properly correlated .*

l)uring survey V I f lie problem of using oyster condi t ion  indices as a measure of e m ivi—
r o n m e n l a l  qua l i t y  was discussed wi th  R .  \Vestl ey of t h e  Poin t W h i t n e y  Shellfish Laborator y .
\Va s l i i i i e t on  l)epart ment  of Fisheries , It  was generally agreed t h a t  the  indices  ref lect  the
e f f e c t s  of ’ e n i v i r o t i n i e n t a l  f a c t o r s . hu t  t h a t  there  is a problem in separ at iiig tiorn ial and ab nor—
mna l responses: m io r n i a l  u e igh t  loss a f te r  s p a w m i i n g  and low L’o nd it ion index ~‘al lie s d urim i g
early w in te r , fo r  exa mple , must  r iot he co ni t ’used w i t h  s im mla r  responses cau sed by increases
mi w a t e r  t u r b i d i t y  or the  presem ice of ’ t o x i c a n i t s . I t  was  f l ir t  her agreed t h a t ,  w i th  su ff ic i en t

/?C ’( C ’r f C C  h- f I?fL’ ( f f l CI  ( C C C ( CC f / I  / V “~ /‘O n~n ’ ‘C)
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seasonal data collected d u r i n g  co m istructiomi at Bangor Annex.  abno rmal responses b y oy s ters
to chatiges in water  qua l i ty  could be dete cted f ’rom ii condi t ion  index ~a l ue s .  Therefor e .
oyster  sampling ~ as con t i n ued as part of the  annua l  assessment of biological conid i t ions at
Bangor .-\ m mex . and a program of more I re quemit  sa mii p l im i g was proposed and is wider st Li1l ~ -

‘l’hie r e su l t s  of t he  ink I ‘(76 s t i rVe\  are presented in th is  sect t on i .

Mater ials and \le hod s

11w nia t e r i . i l s  am i d m e t h o d s  used dur im i g  surve y N I  u crc the  same as th o se  used d u r i n g
previou s I r i dem i t sur ~e~ s N samuple of ’ I 0 o st er s ( ( l i / C C CC ~(l’ 1’ i l  ~~~~~ ) w a s  cni l lec ted f rom the
in te r t idal  zone at app r o  x i n i a t . ’lv t u e  + 2.5—ft  t idal  level I ’ro n n st .n t i onis  (‘. I . K.  / amid ‘l’oa ndos
Peninsu la .  l Ime I ~r andos Pcni tn is tmla  s t a t i o n , located app r os i rn ate ly  400 meters  sni ut  In ol
Bro~ n i Pou n il , u as c)’n scni . n s  a control  s i t C  because it appeared least e\posed to ma n—made
p e r t i i n h a t i v u i s  h o  n i n r i i m n n i , e  i n d i v i d u a l  ~a r i a h i h i t  . c o l l ec t ion s were  l imited to oy s te r s
bet~ ccii  0( 1 .i rid 102 mmii iii lcn ig t  In.

h O l l OW ing c I lect  io n , t he )‘i~~t ,’Fs ~ cr c t ranspor ted  to t I r e  laboratory a m id placed m n a
b u c k e t  of ’ sea u .n t e r  for 30 m i n u t e s . ‘l’ h is proc cihuire e l imina ted  errors t h a t  could be cauise ul
h~ air t rapped  ins ide  the val ves . T h e  shcll s were brushed to remove bar n acles amid de b r i s .
and the total voluin ie determ ined h~ wat e r  displace ment in a graduated cylinder . The oy s te rs
were then  opened and the  m eats rem oved b y severing only the  a ih ductor niusc le, The mea t s
we re t h e n  gemi t ly  blotted amid ~vet weight s  deter mined to t h e  nearest 0.1 gra m . The two shell
b ak e s were wiped clean , a nd their  volume determined by water  displacement in a g radu ated
cy l m nder. The vo lun iie of t lie in t e rn a l  shell c av i ty  \~‘as ca lcu la ted  by s u b t r a c t i n g  the  volum e
of ’ t h e  ts~o shell ha lves from the to t a l  shell vo lume. Oyster meat s were severed w i t h  a scalpel
to f ’ac i h i t a te  dr y ing a nd then placed in tared a l u i rn inuni  f ’oil boats. M e a t s  were dried at 100 (‘
fo r 24 houirs and weig h ed on am i analy t ica l  balance accurate to the n earest 0.00 1 gram .

T h e  index used to evaluate tI n e oyster condition was the niio difi e d c on di t ion i  ind ex
M(’I , described by Katka n isky et a!. ( 1 96 7 ) .

M ( ’I = 
wet m neat weight ( g)  

~ 100.shell cavity vo lume I nil

An indicat ion of homo genei t y  of the  niicans t’or index values was obta ined  b y ca l c u l a t  inc  t h e
coefficiem it of var ia t ion  ((‘ V ) .  w h i c h  is simply the  variance as a percent of ’ the  mean I Zar.
1974 r .  l’he la rger ( lie ( V . the more heterogeneo u s (var iable )  are the  data , and tIne sm ’n a lle r
the (‘V (approach ing  u n i t s  . the  m ore homogeneous are the  d a t a .

[wo se r ie s of ~ ater  samples fo r  chlorophyll-a measurements  were collected at each
stat iom i . I l owe~ ~‘r , misha -i d l ing  du r ing  sh ipment  to Sari I)iego caused con tamina t ion  I ’ t h e
sa mples , a nd the mea s l i r cnnc n t s  were miot made .

Results and l) isc us sinui

T h e  cond i t ion  of ten oy sters  l’romn each s ta t  ioni was de term u ined  ‘iv calculat ion of ’ t lie
Nl ( ’l  values Table 2 l ists  NI ( ‘I and (‘V values b r  . l t n ly  1q74 , 1q 7 5 . a nd I 97o ,
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Table 2. Comparat ive  oyster condit ion data for Bangor Annex
t or sa m ple years 1 974 , 1975 , and 1976

1974 197 5

Station MCI (‘V ( ‘ ) M(’ I (‘V (~
-
~ I M ( ’I  (‘V (‘f

(‘ 58.63 34 50 ,90 15 59 .60 20

F 66.60 19 65 ,80 22 65.95 I l

K 61,4( 1 19 56.50 17 56.46 15

Z 52.80 18 63.85 I I

Toandos - - 57.90 25 66.73 14
Pe iiinsul a

Note:  Mv I = niiodified condi t ion index:  CV = coef ’t’icien t o f var ia t ion :  data were not
collected at stat ion s Z arid Toandos Peninsula in Ju ly  1974 .

T h e  M(’l va l um es at stationi s F and K are sim ilar f ’roni year to year and show l i t t l e
fluc tuat ion .  T h e  (‘V ~‘al in e s a re also similar . but  sh ow a general trend toward a ii igher  degree
of homiiogene i ty.  t hat is . lower (‘V values. The condi t ion  of oysters at s ta t iomi  F is consist-
emit ly high when  compared w i t h  other statio ns , perhaps beca use the  m ii a i o r i tv  of rec rea t iona l
h arvest ing t’or Bangor Annex occurs at t hat sta ti on . This implies t ha t  h arves t ing  resul ts  in a
lower uhe nsity of ’ oysters , wh ich may allow more et ’f ’icie nt u t i l iza t ion  of ’ avai lable  resources ,

The M(’l values t ’or s ta t io n s ( ‘, Z , a nd Toandos Peninsula sh ow a def ’i n i t e  i mi crea sc
from 1975 to 1976, However , tests fo r homogeneity of variances 1 f ’—tes t . P = 0,O h and
means ( f—tes t . P = 0.0 1) indicate  t h a t  t h e  samples are from the same pop ulat ions:  t h a t  is .
tha t  the  observed variat ions in M(’I values are riot sign iif ’icant . .\s w i t h  stat  ion s F and K .
there is a n overall trend toward in creased homogemiei ty ,  in dicated b y lowe r (‘\‘ val ues .

A lt h ough rio f ’ixed l imi t s  can yet be placed (in normal f luc tua t ions  in M ( ’ l  values ,
t h e  possibi l i ty of ’ recognizing drast ic  ahn orn ial  chanige s in oys ter  condi t ion  at B ang or  .-\nni ex
is increasing. T h e  continued collection of ’ da ta  co upled wi th  add i t iona l  sample periods is
recommended to improve tine baseline data ,

BYSSAL THREAD PRODUCTION BY THE COMMON BAY MU SSEL

In trod uct ion

The advantages of ’ using t h e  rate of’ b yssa l t hr ead prod u ction i n mnt t s se l s  to in d i c a t e
env i ronmenta l  qua l i ty  were discusse d by I’ee li ng and ( of ’ort hi ( 1 9 7 5 ) .  \ t an ~ in v C ’st i g a t o r s
have de monstrated a relat io n ship between ph ysi cal—che mical  stress and reduced thread pro-
duc t ion  . ‘l’h is relat ionship h a s  been i used to te st t h e  r e lat ive t ox i c i t y  ol ’ hrea ~ \ meta l s  and to
develop a porta b le f ’iekl b io — ind ica t o r  sys t e nn i  employed m i  San l) iego Ba~- f o r  two year s  omi a
regular ba sis , Racks of 50 mus sels are suspended in (he  wate r  colun iin at  a control  s i t e  amid
at var iou s  t rea tment  sI tes , I t ’ it can be s ta t t s t  ica ll y uh emon st rated t h a t  I here is no d if ’f ’erence
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_ _ _ _ _ _  _ _ _ _  -~~~~~~~~~~L ______________________— —.-.- — ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



___  - ~~~~~~ r-~~~~~ -rr 1”~ r’,r

in the rate of byssal thread production between the racks at the con trol site , d i f f e rences at
the t reatment  sites can be attr ibuted to differen ces in water qua l i ty ,  This tec hnii qu e was
used during surveys V a mid VI to assess water qua l i ty  at t h e  Bangor Annex  complex.

Materials and Methods

Mussels were gathered from pi liiigs under Hood (‘anal Light between depths  of
approximately — 1 , 0  and —3.0 ft , * The mussels were relatively free of fou l ing  growth , amid it
was not niecessary to scrape them clean . Only those in t ine range of 35 to 45 mm in length
were used , and byssa l thread remnants were cut wit h scissors. Four racks wit h  50 iii ussels
eac h , or a total of 200 mussels , were used . All mussels were acclimatized f ’or on e w eek at
Hood Canal Light (the control site) before the thread counting series was started . Af ’ter
breaking and counting threads for two days , one rack was left at the ligh t amid tIne oth ers
placed at KB Pier , Marginal Wharf , and the explosives handli n g wharf ’. I de n tica l pr oced ur es
were used to obtain t h read coum nts from each station t’or the ne xt two d a ys. I n to ta l , the
test consisted of seven days of acclimatization and t Ol i r  days  of t h read count ing .

Heavy metal analyses of mussel tissue were conducted by using procedure s reconi-
mended by the EPA in “Manual of Methods for Chemical Analysis of Water and N V as te s”
( 1974) .

Results and Discussion

The daily thread counts are showii by stat ion in table 3. TIne chi-square te st showed
t hat most sets were normally distributed . Bartlett ’s test ( Zar . 1974) showed tha t  each data
set across stations by day h a d  hioniogeneous varianices. Since normali ty  amid hn om oge i ieitv
were demom istrated by days. t h e  data were pooled by days.  l) ay s  ni ne arid two were pooled
b y statio n (rack)  to determine if the racks were equiva len t  w i t h  respect to byssa l thre ad
prod uction before t h e y  were moved : an analysis of variance (9 5 percent con f ’idenice l eve l )
showed that  there was no statistically signif ’icant dif t ’ere nce. An n a n alysis of ’ varia nce was
a lso pe r f’orm ed on t h e  data set f’or days t h ree and four pooled by s t a t ion  , Ag~nimi t h ere was
no significant d i f ference  in the rate of byssa l t h read product io n ,

These resu lt s are al most ide n ti cal to t h ose f ’rom surve y N ’ - In  1q 75 , there  were no
uh if ’f’erences detected between racks d uring tine control period or between s ta t io n s ( lur ing t h e
t reat m e n t  pe r iod . T h e re was , how ever , a d i f f e r e nce between (lay s, Inn o ther  word s , t he  ra te
of byssal t h read productioni  ch anged each day ,  but  t h e  rack s also changed s i m i l a r l y , I )urin g
surve y VI , there was no u h if ’ference among racks dur ing  tIne  con t ro l  period . annonig s t a t ions
d uring the f r ea fn ie n t  period , or among days at each st a t i o n . Thi e average t h read c o u n t s  f ’or
days t hree amid tour , pooled by stat io n f ’or su rvey s N ’ and \ ‘ I . are g iv en  in t ab le  3. A l t h o u g h
there are some slight d i f t e rem i ce s  between y e ars  at sonic s ta t ions , on the whole the re sult s
a re very s imilar , As mentioned p reviously .  t lnere was a ( la i l \  ‘~ a r i a t i o n i  in t h e  r a te  of bv ssa l
th read  product ion d mir ing  survey V . If t lnread counts  l ’or days  t tree and four are poo led.
a nd t h en all t h e  s tat ions are pooled , tine average t’or survey N’ is 2 5 .6 1 t h reads per day , and
tIne average t’or st ir s cy N ’ I is 24 , 65 t hi re auls  j ier d ay ,  Mea n da i I ~’ t h r eaul prod uct iomi dl t i r i ng
iu ily 1975 and July 19Th t i t u s a p p e a n s  to he e s s e n t i a l l y  t h e  sanne .

sH r i l l’ I -
‘ 1/ l i ’  PPl! \ C /% CC - Cr , ’ w/h ’ , 1,CC/  H i  1 / C ’ U I l r l l / i , /  c/uir I CI C a / ’/ ) r i i V l l s f a f ( ’/ F  ‘J i l l SI C /, i i !! C C I  f/fl //~.‘/ 1
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Table 3. Mean daily th read t roductio n by hlt ’ t i l nl. CC ethil is ,

1976 1975

Stamidard Standard
Station Meai i l)eviation Station Mea n i l) eviatio n i

Toandos Peninsula Toanidos Peninn sul a

Day I & 2 24. 12 6.87 Day I & 2 28.25 8.02
Day 3 & 4 24.79 6.8 1 Day 3 & 4 25. 93 7.53

KB Pier KB Pier

Day I & 2 23.68 6.34 Day I & 2 2 8 . 17 8, 1 1
D a y 3 & 4  24.43 6,98 D a y 3 & 4  2 6 .2 1 7,33

Marginal Wharf Marginal Wharf

Day I & 2 25.34 5.36 Day I & 2 27.13 7 .09
Day 3 & 4 26. 42 6.96 Day 3 & 4 24.74 7,60

Explosives hand l ing  wh arf ’ Explosives hand l inig ~v I n arf

Day I & 2 23.07 7 ,55 Day I & 2 26 ,45 9 ,29

Day 3 & 4 25.72 6.49 Day 3 & 4 26 ,2 9 9 .10

If ’ these data  are com pared wit h resul ts ob t a i ned f’or San Diego Bay.  t h e  ou tco me is
signi f ’icanthy d i f f e r e n t .  The average for all  Sari l)iego Bay t hnr e au l counts duiring I 975 and
1976 at all stations for (lays t h ree arid t’our is 13.61. TIne mean (‘or Ilood Canal is about
twice t h is value. T lnis may lie misleadin g . h owever , si nce we have observed a sig n i f icant
seasonal variation in byssa l t h read production for  San I)iego Bay hut  not f’or Hood (‘a n al.
There is a defi n ite peak m i  t h read production in San l)iego Bay inn July or August a rid a low
t h read productio n period f rom Ja n uary t lnrough Marc in. It is possible t h at t h ere is a similar
seasonal t rend in Hood (‘amia l and t h at the yearly sam plings iii Ju ly  bias t ine  d a t a  by present—
ing the peak rates of t h read Product ion. Tinere is no indica t ion . h owever , t h a t  there  is ani
annua l  sign it ’icant f luc tua t ion  in t h read production durinig t h e  samni e season.

We have also observed dif ferences  iii water quality at u l if l ’ere nt s ta t i ons  ~v i th i i n  San
Diego Bay on tIne basis of hyssa l t h read production rates. In most cases . t ln ese can n ot he
at t r ibuted  to par t icular  po l lu ta n ts or groups of po l l u n t an t s . hu t  i n some instances t ine  corre l a—
fro m is c lear . For example , omie stat ion , the  lowest iii tern i s  of thread pro u huc ( io in in f i v e  of
t he ten t sampling period s over a two—year period , has ti ne lowest meati d a i l y  t h read prod uct ion
and t he h ighest con c entr at i on i  of ’ heavy metals iii niusse l f iss tmes and sediments ,

Li sted below are the  h e a v y  m etal  concentrat ions (‘or mu is seh tis sues collected d t iring
survey VI.  Each sample consisted of ’ 15 to 25 whole mussels excised from tI r e  shel l :  the
metal  conc en t ra t ion s  are presented inn mg per k g wet we ig ln t . 1

*R( .Ji.r (C) !‘~- ‘ h ~,g anul ( ,~ C I C C r I  I~ / C) ‘~~ (Hr l u / I l , ’ C ri’fCor(i ’1/ for / ) 75
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Station As Cd Cr Cu Hg Ph Zn

Toandos Peninsu ila <0.03 0.44 0.23 1 .7 0.046 0.21 23
KB Pier <0.03 0.45 0.20 1 ,8 0.061 0.5 1 26
Margi na l Wharf <0.03 0.48 0.20 1 .5 0.063 <0.02 14
Explosives ha nd l in gwhar f ( I )  <0.03 0.3 1 0.20 1 .2 0.043 <0.02 22

Tine Marginal Wharf ’ saniples are consistently low in lead , as were the explosives
handling wh arf ( EHW ) saniples for 1976. For some unexplained reasoni , mercunry values in
1976 for all stations were lower by approximately a factor of 10 than in 1975. A m analys i s
or calculating error was h o t  found for either year ,

On t h e bas is of byssa l th read prod u ction , t h e  results fromii surveys V and VI sh ow mn o
ulifference in stations at various distances f’rom the construction project s. During I 975
there was mio construction and only baseline inf ’ormatio n i was collected : h owever . dur ing
survey VI the EHW was nearing completion and extensive clearing of ’ land had been aecom-
plis lied. Thread pro dumction at EHW . wh ere pier construction h a d  been under way si n ce
1975 , was not significantly different from that of the ot h er stations. Extensive land clearing
for inland building construction had an effect on turbidity within localized areas of Hood
(‘a n al , hut  the rates of byssa l t h read production did not indi cate any unnatura l  stress.

It sh ouml d he poin ted oum t that most of the waterfront  construct ion durimig survey VI
was niinor and t h a t  no signif ’ica mn t environn ien ital efl’ects were expected . Thus t h ere shou m id
be l i t t le  difference in the rate of thread production at any stati on. During two years of ’ pol-
lution monitoring in San Diego Bay and on t h e  ba sis of signit ’icant amounts  of ’ data f’rom ’n
laboratory toxicity tests , the technique of byssal thread cou mnting h a s  been found to he a
valid indicator of stress in mussels. These resu m hts also sh ow tha t  the techniqume is a relat ively
sensitive one compared to other toxicity tests. The tenitative comiclusion f ’or Bangor Annex
is t h at all stations are similar wit h respect to rate of ’ byssal thread production and water
qual i ty .  O t h e r  environmental indicators also sh ow t h at t h e  stations are relatively clean amid
unpolluted .

GEODUCK DENSITIES

Tine relative suhtida l density of geoducks (Panope a generosa ) along Bangor An inex
was determined during surveys I throug h V (Peeling and Goforth , 1975) . In review , th e
subtidal geod iick densities per square meter during July 1975 were

Station Density (m 2 )

A 0
C 1 .43
E 1 .89
C 0
K 6.69
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To consolidate samplinig efforts and dedicate field time to collecting data wit h the
most potential (‘or environmental assessment , geoduck density determinations were linnited
to stations E and K in July 1976. Thnese stations have had consistently hig in geoduck density
values , and station F will be substantially impacted by watert ’ront construction.

At each station a color-coded transect h u e  was placed perpendic umlar to tine sh oreline:
it stretched f’rorn approximately the high tide mark out to a water depth of approximately
40 ft.  Divers descended a buoy line at tac h ed to the deep end of’ tine transect line amid
recorded their observations over inicren ients of I S  meters wh ile swimming shioreward . Each
dive r was eq ui pped wit h  a dept h  gauge , color-code key, amid a writing slate wit h waterproof
paper. All geoduck siphnons visible wi t h in 1 meter of either side of (lie transect line were
cotmnted.

Geodu mck de n si t ies at stat ion E f’ollow ed the samnie d is t r ibut ion pat terns as d tiring
previous surveys. Specimens were t h ickly grouped at dept h s between 30 amid 40 f ’t a nd
t hinly scattered at dept h s extendin g into the in tert idal  zone. T h e  calculated density (‘or t h e
area along tine transect line in wh ich geoducks occurred in 1976 was 1.29/rn 2 . This value is
slightly lower than t h at reporte ul for 1975 but  h igher than t h at reported f ’or ot l n er seaso ns of ’
the yea r ( Peeling and Goforth . 1975) . T h e  seasonial f luc tuat ioni  of u he m isi t y  values is su m c l n t h a t
t he 1 97 6 data a re not sign ifi ca n tly dif ’fe ren t f ’rom t h ose of ’ 1975 .

An error in tIne placen ient of the transect line at stationi K dum r i mng survey VI resulted
in the counting of geodu icks along the sh allow siul e of t In e area whnere densi ty  is t Ine  inig h ne st ,
The calculated density obtained for 1976 was 2.89/ni 2 . sig nif ’icant ly  lower t h a n  t h at reported
(‘or 1975 6,69~uii ) , However , tIne same relative de m nsi ty  occurred wit h i i mn tIne s a u t e  dept h
ra nges from year to year. Th erefore , t he appa ren t d i f ’ferennce is probably a result of t ine
placement of (lie transect line amid not of an actual  reductio n iii geoduck demisity.

TIne dredging to be condumcted at station F will red uce to soni c extemit  t ine geod tuck
popu m lation.  Any decrease in the salinity of ’ botto ni water  because of ’ i ncreased flow f’rom
the sh allow f’res hnwater aquifer may also signnificant ly affect tine set t ing and growt h of young
geod ucks. Th erefore , a substant ial  reduc t io n  inn geoduck numb ers is expected at s t a t io n  I - -

h owever , since geoduck juveniles and aduil ts are relatively hnardy ,  t ine impact on tineir  nu mnn-
hers at ot h er stations along Bangor Annex shnouluh be mi unimal.

M A R I N E  FISHES OF BANGOR ANN EX

IN TR OD UCTION

TIne fishes t h a t  inhabit  the marine environment  of Bangor Annex are ami important
componemi t of tI n e h i io tic co m m umn i ty  and must be consiulered in any envi ronmenta l  assess-
ment pro gra nn n. TIne species composition . de nsi ty,  a nd feeding p refer cnnces of these t’ishes
affect not only other marine organisms hut  also human commercia l amid recreational activi-
ties ,  Fnnigrat ing salmon fry t h at add to the fishery of ’ t ine entire Pacific Northwest  imihabit
t ine  shallow waters of Bangor Annex and depend on them as a source of ’ f ’ood. Other f’ishies
of importance t h a t  inhabi t  tIne Banngor Annex area are the rock sole (Lep idops et ta hillnea ta) .
several spec ies of rockf ’ishes (Sebastes spp . . and the Iingcod (Ophiodon elongat us) ,
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The Fisheries Researcin Institute of the University of ’ Washington has been intensively
studying the dependence of salmonids on Bangor Annex for the Navy . Also , studies have
been designed to evaluate and mitigate any impact that waterfront constructio ui mig h t have
on th ese anadromous fishes. The results and conclusions of ’ t lnese studies will be made public
through other sources and are thums not included in this report.

To obtain data pertinent to the fishes that inhabit tI n e Bangor Annex vicinity durin g
the summer season , sampling was conducted on 14 July 1976 at eight stations a l omi g approxi-
mately 9 .5 kilometers of shoreline. TIne results of ’ this sanipling, withn emph asis oni species
compositio mi and density, sexual condition , and feeding preferences , are t h e  subject of t h is
section. Also , where applicable , comparisons with previous surveys will he presenited .

MA TE RIA LS AND M ETHOD S

Stations A. (‘. E , G . I , K , L and Z were each sampled by means of a 5-n nnet e r spread-
board Otter trawl wit h a cod-end stretch mesh of 13 mni , Tine trawl was towed for 10 min-
Utes or approximately 600 meters , at a depth of 4—8 meters , correspondinig to tIne deep side
of t h e  eelgrass beds present at or near each of the stations.

The contents of stomach s excised from selected specimiiens ot’ the fishes collected
were visually examined for food species composition amid abundance. In tes t ina l  content s
were not examined because digestion makes identification amid enunnierat  ion of ’ m ost food
itenis difficult or impossible. However , t h e  bivalve content of ’ the i ntest in es of ’ two  species
of tlatf ’ishes is worthy of note and will be ni entio mn ed later in t h is section. Sex and gonadal
maturity were deterniined when possibk .

Visual inspection of t h e  otter trawl specimens revealed that , as in all previous sum rv ey s .
tIne rock soles were heavily infested by the dracuncu loid ne mn i atode , Piz ilnineira wneri eana .

RESULT S AND DISCUSSION

Species Composition and Abundance

A total of 14 species of ’ marine f’ishes representing 9 farnil~es were collected in tIne
otter trawis of July 1976. Nom ie of t h ese species was miew to the  cuniu la t ive  ch eck list of
species (‘or Bangor An nex compiled during surveys I-V. Table 4 lists tine species collected
durim ig survey VI and their abundance at each station. Most ahi mndant  were tI n e tube-snout
(,4ulor lim ’nclius j lan ’idus) , an unide n t i t ’ied juvenile  rockfish . the copper rockl ’is ln (Seha ,cl es
c’a u r inus), tI n e rock sole (Lepid ops etta hil ineata) . and t ine sh iner perchn ((r ’z?lato gas te r
aggregata ) . In (lie discussion that follows. nneas ure u i ients refe r to t’ork or total  lengt h .
depend ing on t h e  species.

It is reported ([tart , 1973) that tumbe-snouts in British Columbia spawn primaril y in
April anti th at hatc lning occurs primarily inn May. TIne young reac h a lengt h of about 5 1 mnn
after two months and are counimonly seen f ’ormi ung sch ools in shallow water  amid mne ar st ihsur-
face structures. Tine t t tbe -snouts collected at Banigor Annex iii July ranged in size f ’rom 32
to 140 mm , wit h a mean length of 61 mm , amid all were collected in sh allow water ,  un n ost of
them in the eelgrass bed at station F . Hart ( 1973) also reported t h at tub e-snout nests are
usually built  in water deeper ti tan 10 meters. a poi m nt overlooked j un surveys I-V . Theref ’ore ,
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Table 4. Fish species composition and abundance ,

Stations

Family and Species A C F C I K L Z Total

Gad idae
Pacific Tonicod ( 11-1 k’ro gad us p ro.viznus) 2 I 1 4

Gasterosteidae
Tube-Snout ( .1 u/or/ i  r ’, u ’ / i us  j7 a rid us) 6 72 8 3 3 3 4 99

Emh iotocidae
Sh’i i un er Perch (Cu ’,na togas (ei ’ aggr ega ta ) I 3 4 12 20
Striped Perch (E,nb iotoca lateralis ) 2 6 7 1 I 6

Phno lid ae
Sad h leh ack G i m u nmiel  (P/j o / is  ornata ) I 3 4

Scorpaenidae
Rockf ’ish (juveniles unident i f ied ) I 24 25
(‘opper Rockfish (Sebas tes cazi ri n us) I l  7 2 1 1 1 23

(ot t  i dae
Pacif ’ic Staghorni Sculpin
( Leptot ’ottus ar izzat us ) 1 1

Sailt ’inn Sculpin
( . \‘au ti( ’/ i tiit ’s ( W l i / 0 ,l(J sck l t i i s)  I 1
Cabezon
(. S’eorpa eiiu ‘Ii ibm s inar niora mus) 3 1 1 5

Bot h n i d a e
Pacific Sa m n t hdah t ( j t / ia , ’u ’/ nt / zm ’s ,so r (/ ! r /z ( s  I 1 I 2

P l curo n necf idae
Rock Sole (I. epiilopsetta / u/ im ’a ta ) 7 I I ~ 5 22
En gl is l n Sole ( P ar ophri’s n ’etni lus )  I
( ‘() Sole f 1 ’h ’zlron i ( - h l / zn ’s  r’ I ’HH~~ / s  ) 10 2 I 2

I ot ~n l 24 2 ’  1 1 2  9 5 30 2-~ 5 24 ( 1
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tI n e patterni shown at Bangor Annex of ’ reduced adult  tube-snout abundam i ce dur ing  April-
July,  when these fishes h ave moved into deeper water for spawning, is com i sistemit wi t h  tha t
described im n the li teratur e ,  Tine appearance of young -of ’-th e-vear over eclgrass beds m i  J u l y  is
also consistent , but ti ne number of ’ individuals collected (99) does miot inidicate a stron ig
dependence onn (he Bangor Aminex area w hn emn compared wi th  tine number  of ’ ad ul ts  collected
during other times of ’ the year ( 1 ,947 in October 1973 . 686 inn January  1974).

The unident i t ’ied juvenile rockfis hn and t h e  copper rockl’ish were the seconnd amid t ln i rd
most abi mmidant  species collected in Ju ly .  Tine niean Iemigt h n of ’ the unidem n t i f ’ied rockf ’is ln was
33 mm amid of tine copper rockf ’ish 266 mm. Dc Lacy, Hitz , ami d Dryt ’oos ( 1964 ) reported
t hat copper rockt ’ishn usually give birth in April , a mid Patten ( 1973 reported t h is species
reaching matur i ty  at age IV (approximatel y 250 mm ii ) .  Ten of ’ t he 23 copper rockf ’is ln col-
lected in July were subadult , amid t heir presence inidicated re cruit m n ’i emn t of t h at species at
Bangor Aminiex. Large copper rockf ’is hn h ave c o misis teni t l y  been colle cted at Bangor Amnne x
stations , wi th n  t ine largest (527 mmii ) being collected inn J u ly  1976, New h ormn  rock t ’ish hn a ~ e
been present during surveys in Jul y a mid October,

TIne rock sole was (lie next most abumidant  species of fish collected at Bangor Annex
in Ju ly .  being much more abundant  th ami dimrimng survey V ( Ju ly  1975) ,  whneni  only four were
collected , This does not miecessari l y indicate a change iii en vi ronni iennta l  conidi t io n s , since the
rock sole is characterized by marked I’luctuations in recrui tment  t’roni year to year (Forr e ster
ami d Thomson , 1969). TIne min eami lenigt l i of ’ the sp eciuniens collected was 288 m i n i . w i t h  a
range of 137—368 mm . This places the nni ean age at approximate l y four years. whic h is also
t he age of ’ sex imal nnat u r i ty .  Spawm n ing normall y occurs between February and April m i  Puget
Soumid (Sm it ln . 1936). a mid young-oI’-the-year are often seen in shallow water ,  However . the
in istory of collections at Bangor Animiex indicates relatively few speciminen s of less t h nami 1 50 m m mii
in lem i gt h i .

Tine rock sole of Bamigor Anm n ex collected durinig f’ive surveys h ave sinowni a comn s i s t em n t
a mid sigm n if ’ica nt int ’estat ion by t h e parasitic dracumic u loid ne un i ato i le  P/z i/m,zet ra ai,zeru ’a,za .
The f’oll owinng table indicates the survey by survey occurremice of t h is parasite:

Rock Sole Collected

Survey Adults ( ( m nf ’ested ) Sub adults (l m ’il ’ested

II (Oct.  1974) 9 ( 5 )  3 (0)
II I  (Jan. 1974) 32 ( 7 )  13 (0 )
IV ( M a y  1974) 23 ( 5 )  7 (0 )
V ( J u l y  l 9 7 5 )  1 ( 0 )  3 (0 )
VI (July 1976)  17 ( 1 0 )  5 ( 0 )

82 ( 2 7 )  31 ( 0 )

Inn no case d ur imn g tine series of ’ s1m r v e~ s at Bangor Am m nex  Inas a rock sole sh orter than
254 mi m i slnowmn the  extermn al  red cysts  ch a rac ter i s t ic  of ’ I ’/z ilonnemr a anzeri eana . I l ow ever , a
s tu d s  being comnduc (ed at the Uu niv e rs i t  v of Wash i mngton n ( Amnnish em a/ . . 1976) h a s  s lnowm n cvi-
den nce of u nfes t a t i omi  nun sp eci m fle mis as sma ll  as 150 min i imn l e m n g t hi .  Total innf ’esta ti on of ’ rock
sole collected at Bamngor A m nm nex snmn ce October 1973 is 23, 9 pe r cen n t . w i ni l e  im il ’es ta t i o nn of a d u l t
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specime mn s (grca (er than 254 mm )  is 32. 9 percem it.  T u e  percem itag e of adults im i f ’ested in J u ly
1976 (58.8 percem m t) was (lie hnig inest of any of ’ tIne surveys. Wingert et a!. ( 1976)  report

im i f ’estat ions of ’ 2 5—43 percenit of the rock sole in other areas of Puget Sound amid a signif ’i camit
inf ’estat iom m of oth er fl atf ’ishies as well , No f latf ’is in collected at Bangor Annex , oth er than tIne
roc k sole . inas beemi oh vio ims hy infested by Philo inetra ,

The shinier perch (Cm ,nutogaster aggrega ta ) annd tIne striped perch (Enzbioioca
/a tera /i s ) have heem i presen mt along Bangor Anniex durinig all surveys . The pi l ing co u i i mu m n i t i e s
at Marginal Wh arf ’ amid KB Pier o(’fer excellent t’ood sou rces , amid the extensive eelgrass beds
provide protective h abitats for tIne young. Sh iner perch are reported to mate durimig April—
J u l y  in Brit is h Colunibia (Weibe , 1968 ) amid to give birth in June—July  au nd occasion n ally inn
August (Hart , 1973). Mating in one year is for fertil ization of eggs for bir t h  in the f’ollowimig
yea r. Shi imier perc h are usually 56— 73 mm b u g  at bir t h . 93 mmii long at one year . amid app rox-
im m iatel y 136 mmii lonig at six years of age. Tine speci menns collected at Bamigor Annniex in J inly
1976 iiad a niean Ien gt hn of 100 h i m , amid miiost h a d  probably just  reac h ed t h eir first b i r t i nday ,
t h o u g h  sonic were at least five years old. A parturit ioni period of August or later f’or s h i nier
perc h in the Bangor Anmiex area is imi dicated not only by tine abs emice of newborm i in J u ly hu t
a lso by t h e  presence of these sm all (‘ishies im i January , as recorded during simrvev I I I  ( 1974 ) .
Newborm i striped perc h amid small young-of-tIne -year were collected dur i n g bot in J u l ~ ( 197 5
and 1976) and October (1973) ,  ini d icat inng th at this  species is probabl y  bormi du r ing  M a y - J u l y .

Stom ac ln— Comi te nt Analyses

TIm e stoniac ln co n temnts of 33 f ’ishes represemitimig 5 species were ex a mnnin e d f ’or f ’ood
spe cies com inposition amid abum idamice ,  Table 5 shows tine percentage of ’ the exa mi m ne d sp eei—
niienns th nat comntai n ed eac ln f’ood item observed. Wit h tine exceptiom i of ’ t Ine st ri ped pe r ch .
t h e r e  was mio d is t i u ic t  restriction inn ch oice of ’ f’ood . a l thoug i n a pre t ’erem n ce is evide nt inn most
cases. Sm ’na ll fishnes amid crust a cea mn s appear to m inake up ti n e bu lk  of ’ t ine diet f ’or time copper
rockfis hn . wit in  sinrinip being preferred.  Tine cabezom i (Sco, ’paeni cht/zi ’s inal ’,zzol ’amus ) showed
a gem mera l pref ’e rence (‘or sm ruall crustaceam i s . imicludim i g tIne C~z,zee r crabs. In add i t ion i .  t ’~ 0 of ’
t i ne cahezon exanniini e d contai n ned em ioug h i i mngc o d eggs to cause full distentioni  of t h e i r  stonni -
achi s (o nne stomn i ac h i conntaim i ed 966 gramnis of ’ eggs ) . Ann average of omn e— t l nird of all th e  caheion
exa mined during tine surveys at Bam igor Aninex Inave contained linngco d eggs m i  si gmii ficamit
an i o i m m nts .  a flict w im ic h n m mm ay h ave su b s tam n ( i a l  impact  onn t ine simccess of ’ lingcod recrui tm i ient  inn
a reas of Inigh cab czon densi ty .  Also, as observed in previo u s su rve y s, a lnig lm percent age
(greater t han 40 p ercenit )  of tIne cab ezomn examined contaimned pea gravel amid stor ies. Tine
rock sole and CO sole ( P /eu r on ic ’/ it/im ’ ,s ( -He? i ( .I s i lS ’) exa min ed sh o wed di f ’f ’e remnt preferem i ces inn
c inoos iu ng f ’ood . The CO sole slnowed a nn iu c im strom iger preferem i ce f ’or po lvc haetes t itan did
tI m e rock sole . w i ni le  t Ine  rock sole ingested sniall molluscs ni u chn minore readily t h i a mn did t ine
(‘0 sole. Both species ate bivalve sip inon t i p s .  As mn m emntion i ed previousl y .  th ese results are
based om i s tom m nac i n conitents  on i ly amid do not represem n t tIne contents  of t ine  in tes t imnes . Snia l l
:n a t ivc  l i f f l e m m e c k  clams , b u t t e r  c la m s, amid cock les ( all  less than I 4 m m i i  l omng ) were  pu esen i t  inn
an add i t ion a l  26 perc em ’n t of tIne rock sole amid (‘0 sole if imi tes t ina l  c o mnte mi t s  are im i c luded .  ..\

h igh co n ce ui t ra t ionn  of ’ t h ese fl a t f ’ishes could thi n s possibly inn hl uence  t ine  success of c o n m mn i er—
c i a h l y  i mpo r t an t  bivalve  species in a given area.

I
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CONCLUSIONS

1 m m J u mly  1976, otter t rawl sam i ip l in g was coniducted at eig h t  sta t iom i s ab om i g Bangor
Ann iex. Fourteen species of ’ marim n e fishn es were collected . mno mn e of w hm ic l n was mnew to t ime
ch ecklist of ’ species at Bangor Aninex. The fol b owimig is a list of gem n eral co nm c lu msio n s t l na t  n miay
be drawn froini the results of this portion of ’ survey VI:

I .  As observed in sumrveys I-V . t he co~ pe r rockfis in amid time rock sole were t ine  donni-
nant rockfis hn amid flat f ’mshn species present along Bamigor A mi miex,

2. Tine rock sole was min ore abundant  iii .1 ul y 1976 th am i in Ju ly  1975 . b unt th ere wa s
nno indication t h at th il s was because of any clnanige in env ir onme n i ta l  com i ditiomis.

3. As inn all previous surveys , tine rock sole were h eavil y in n f’ested by t h e  niernatode
Ph i/ ometra wnerk-ana infestati oni of ’ adul t  rock sole was 58.8 perce mi t inn J u ly  1976 . hnig i ner
t h a n during any ot hner survey period. Tine total rate of im nfes ( at io nm (‘or all surv ey periods is
23. 9 pe rcenit.

4. Y o unn ig-of — t hn e—year specimi m ens of striped perc in , rockt ’is ln. amid tube-snouts  s’, crc
collected inn represemntat ive n u mm nih ers.

5. Sto n mnac in-conite mm t anna lvs es of ’ 33 l’is lnes of 5 species imi dicated a general diet  of
small molluscs. crustaceans , ami d po lychaetes.  Rockf ’isin sh owed a pref ’erenn ce for s i mr i mmip .  ammd
rock sole amid CO sole a pret ’erem ice for smnia ll bivalves:  two cabezo mi spec innemi s examined m a d
stomachs packed wi t h  lingcod eggs.

6. A genera l assess n iem it of these results indicates thnat  condit ions at Ba m ngor ,-\ i i  nc\
have niot sig nnit ’icant ly chamiged siunce 1975 and tha t  tine t’isln present are hm ea l t i ny  amid w i t h o u t
ou twa rd sig ns of ’ em ivi ro mi nienital stress.

EELGRASS BE DS OF BANGOR ANNEX

INTRODUCTION

As noted im i previo uis surveys , bells of ’ ee lgrass (Z o .cre r a marina ) are a lmost  c o n t i m n i m o u s
from the mean low water le v el to a depth of ’ 15 f ee t  along tine en t i re  i eng t h n  oh ’ Ban g or  ~\ m m n e ~s,
Mar ine  grasses. like all grasses . depen nd on su uml ig im t to provide em n erg v for p h o to s y mm th c s i s . bun .
beca use the y  are su bmerged d urmm i g mniost of the i r  lil ’e cy c le , tIme pro bl emm n of ’ lig ht  t ransm nu i t—
ta nce is sig mii f ’ica u nt. Tu rbid W ater  l imi t s  time d e p t h  to s v i mi chm ee lgr ass grows a mnl h  a f f e c t s  the
q u a l i t y  of growth even at sina l i ow dep t i n s .  Tineret ore . t Ine  c o n n d i t i o m m  of cehgra s s beds mnm a v
pr ovide an im nd ica t n on ol h ’~s’ he biotic compom n en i t s  of t Im e ecosystem are r es p omn d i mi ~ to
change s  u n  water  qu aI i t ~ IdUSI L I’ el . c d g i n g  dur imig  f a c i h i t \  comns tnmct ionm at  Bangor  .-~nm iex .
Turiomn d e n s i t y  ann u l h i  ~mna s s V 

- cs ss crc d e t e r m i n e  d u r i n g  J u l y  I ~) 7~~ f o r  t Ine  cc lgr as s  beds
at s ta t ion s  A. (‘. l z , (~, am i d ‘ — - 

- ‘~ U! ts  are presented inn t h is sectiom i . amich t ine  d e n s i t y  I f a ta
a re compared w i t h  da ta  o I l t a i  ii I in ~ sur s  l’\ s l\ ’ a m nd \‘

~l .~T [Rl ~LS ~N l ) \IL T U O D S

1 111’ L’cl gr , iss bed s at  a l l  s t ir s  1’~ s t a t  i on s  were mm napp l ’d inn d e t a i l  dur ing sti r s c\ s I amm d \ -

Ad d! t  i i ij  I m n e a s u r e m n n e f l t s  were m m nade a t  s ta t  ions  .\ .  C , I - . C , am i d K II Lurinig slmr v ey \ I by lI v er s
i n o determi  mie d time posit ion of t h e  bed a long a tra mnsect li m e t hn a t  e x t  en nd ed i i i  m o i m g  ii a mmd

beyo nd t h e  u nn te r t  nd a i  a r e m  - I he sa me nm nagm ne t  ic co mm np as ~ cou mr se S\ as used to place t h e  t r a n  ~cc t
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line inn all surveys . aund tIne n m neas u rem mn emnts obtaimned thi n s should inmdicate relative chaunges inn
bed wid t h s,

To obta in i more exact  t u rionn amid bionnmass data , t ine sa nn p h iimg procedures of previous
surveys were chaunged. A diver c u t  oft ’ all time v i~~n he t u mrions wi t h in a 0. 1 m 2 a rea , a nid they
we re pl aced inn a sa m p le bag by a seco n d dive r f ’or tramisport to t ine boat. Iii t h is way,  t u riou m
counts could be nm made in n the laboratory, amid t Ime problems of coun i t imig in turbid water  were
avo ided. Wide beds (station -m s E amid K) were divided iumto th i rds ,  and f’ou i r sanmip l es wem I col-
lect ed: oune each at tIme shal low and deep sides amid one eacim at onne — t h iird amid two—tinirds  of
t he distanic e u nto the bed. Narrow beds ( stat iomis F amid G) were divided u n t o  halves and
t hree samples collected: two samples were collected j un the ver y narrow bed at sta t ioni  C.
After (lie eelgrass m a d  been cleam ied of debris amid count iung conn n pleted , time tur ionns were
placed in a dryimng oven at 100 ° C (‘or appro xinna te h y  24 hours , After dry inmg ,  weig h nt meas-
u mrements were made to obtaimi stamid u nig crop ( hiounnass)  val u mes for each sa m m n p l e area sv i thmin
eacin bed ,

RESULTS AND DISCUSSION

Eelgrass tu urioun den m si ty  amid bion iass values were ob tai nned (‘or f’ive stat ionns durimig
survey VI ,  T h e  ch iannge inn co u nmtimng proce uhures amid time addi t ion of ’ bi omass deter m nninnat iou n s
shnoul u l provi uh e an n innproved base lmnne t ’or accurate es t innnates of eelgrass responise to em ivir on i -
nnemmta l conditiomis at Baungor A nm n e x.

Table 6 presenits the results of sample col l ect io mn (‘or surve y VI. Minor changes were
observ eul in n t h e  wi dt in of beds at several stationis. Inn fact , the uh istan n ce dow m n tine traumsec t
linne at wh ic h time eelgrass beds be gani svas sln orter at all s ta t ions  th u n du r imng  su rvey V.
Increases in bed widt h  of 14 and 19 nnneters were observed at s tat iomi s 1: annul K r e spec t ive l y
F lncse increas es m ig lnt  be a t t r ibu ted  to errors iii t rannscct  l imme pi acem ine m it . si n mce l inne l e n n g t l m is

b u g  at thmese st at iomis ,  I however , t i m e  h u e  was placed caref ’u h i v , ann u l it is felt  tha t  at least part
of tine dif t ’erence may be d u ne to a m matura l im m crease in n bed w i d t l n  , A s  noted inn p res en i t imng t ine
resum l ts  of ’ p rev ioums sunve y s , bed w id t h n amid co m ntouurs cain be s i gn m i f i cann t l y  af ’t ’ecte uh by ( resin-
water flow. It is t i nt s  possible t h na t  chnamn g es in time a m i ioummnt amid uh i r c c t i o nn of f ’res hwat e r flow
across tIne be .hs at stat io m ms 1. annul K caused a ch mau m g e inn ss id tin a t  the sami m p le po i m nts .  Tine bed
at s ta t iomn C still comnsisted of t w o  sparse h anids , as noted d u mrimm g surve y V

Inn general . t urnon de nis i t ~ is greater  at t ine sl at I ’~ side of celgrass beds thnamn a t  t he
deeper side Demnsity decreased w i t i n  d e p t h  at all s tat ions except  ( amid A , sv hcre t I m e I n i g l i e s t
deu nsi ty  was w i t h i n  tine bed rat lmer t h a n n  at  t ime  shna llos v s ide.  Subst ra te  q u a l i t y  at  s t a t i o n n  C’ is
n n n t mc h n less t l naun opt iu n na l  fo r  eclgrass growt in. ann u l abunor u nna l  r e su l t s  at t his s i te  were n n ot u m m e x —
pected Fine d i f f e r e n t  u henmsi t  ul s t r i b u t i o n  at  s t a t i o u i  A shno m m Id be mn o te u h  annul  c onmsi ui cre ui  ul ur—
ing am iy f u t u r e  a s sess n l cn m t or u l m o n n t o r n n n g  p r og raumn at tha t  s t a t i oun ,  l ine ranik of s t a t i o m n s  by
mc ann t u rionn d enn sn t y  ( n m u m n i h e r  per mm 2 ) iu n decre as imng order is I ( I  590) , .-\ ( I I 8W. C (~~50) .
K ( 690) . annul ( ~~~~

M eanm h~ou mna ss va lues  ( L ’ r a n n m s  dr~ svcmgl n t  p ci’ urn 2 ), as expected , followed n mnun chm t i ne
sa me pa t te rn  as t u r io um u le mis i t i e s :  I - . ( 1 3 4 ) ,  .-\ I I 5 ~. K 7 3) ,  C ( 5 9 ) ,  an nul (‘ 2” ) . I loss ever , at
s t a t u o m n s  C and K.  h iomn u a s s  va lue s  he c a u nme Inig l mer as tu r i on  dens i t ies  dccre , is ,, I At s ta t ion i  A .
hmoma ss remnnaune u h  re l~i i t s  ek c o m i s t a  n t s s Imi l e  t u r io u m d e u n s n t  v t ’lu uct uate ul sign i ( ic a  nit  Iv Ba nn go r
Am m n i e x  hj o m n iass  s a l m u c s  tend to he low com i mpared ss - i t h n t hose of ’ t rou r t  5~ g dry  wt urn inn \ l , i r c ln

36

-‘ ‘~~~~~~~~~~~~ ~~~~~~~



FT~~~~~~~~~~~~~~~ 

-

Tab l e 6. Ec lgrass dem ’n si ty an nul biomiiass data ,

Tramn seet Li m e l’uu rioun B i on m mas s ,
1 1

Statiomi Distamice , unn * Deunsity, uno. / m — g dry  wt .  m m n

A 38 1380 1 1 5
52 1820 1 1 2
66 340 1 1 7

C 40 40
58 80 31

1 176 2220 232
206 2180 122
236 1680 i l l
265 170 69

C 23 151 0 48
37 830 65
50 200 64

K 197 1050 64
233 890 91
269 720 11 0
305 110 26

*1 h~ first amid last distance (‘or eachn stationn inn d icate the sh allow and deep sides of ’ t i n e
bed respect ive ly.

to 21 h —226 g dry wt / m mn 2 in Ju umn e—Auugu n st .  repo rteul (‘or Deun mm mark h~ Sam i d — Jeu n s en n ( 19 75 . a u nu h
t hose of 57—1047 g u lry wt / nm dumrinng sprinng — sunnnm m nner . reporteul (‘or Alaska by M c R o \  ( 19 7 0 ) ,

1!arriso mn a unu l M a mmun ( 1  975 ) re porteuh t h at two (‘ormnn s ol ’ Zosier a niar ina 55 cr1’ prese mmt
inn areas of Nova Scotia: ‘‘a)  a t ’or nm n wi tI n short leaves ( i mp  to I S I nn  I ommg annul 2.5 mut t  w iu b c
iu n a u leunse m i nat iun water  less t l n a nn I unmeter deep , amid b ) a f ’ornnn w i t l n lo nger . w i u le r leave s ( i m p
to 50 cmii l ou mg aunu i 4 unmmmm wiul e ) w i mic h m g r ew inn uheeper water  inn so f t  n mu nd .

‘‘ Phi l l i p s  ( 19 7 4 )
ann d Rasunnusseun ( 1973 )  sumggest thm a t  eelgrass m m nay aul apt ph nysio l o gi c al lv to local e n v i r o n m u n n e n t a l
co nu l it ionis annul , inn so ( i oim ng. develop eco logical races w i t l n  uh i f fe r ing  scunsi t ivi t  i 1’s to su nc h n e omn—
u h i t iom ns as tennn p er a t unre amid s a l i nn i t y  amid ul iff ’er in ng ( ‘reeu l omnn of ’ um m ovem i men i t  inn c u mrreunt  anid t i de s .
Bieb l annul Mc Roy ( 19 7  I oh serve ul unmorp h mo l ogic a l l y  uI i ( ’(’ere nt  f ’orumms of Zo le; -a ma, ’iFia inn sim il —
low ( tidepoo l ) amnd s u uht iu lal  areas. Preli m inary st uuul i c s  of cel g u a ss  h eu h s inn Sa ni l ) i u ’go Bay .
(‘a l i i ’o rnnia . comn ul uncte d by biolog ist s of t ime  N a va l  Undersea ( e n t e r . in nul icate  t ine  s im nnne t y pes  of
ul e m nsit ~ amid b ionnn :mss  u h f  ( eren mc es as in i dic a te u l  by t ime l i t e ra t u ure  . \ l t h o u g h m  ce lgr :m ss blaulu ’
l en gt ins h ave not heemi m ica su ireul at  Ba nngor A n m m e x . t i ne  t uuri o ni  ule ni  s i t  \ annul b iotiias s s , m l i i ~’s
obt a i m med are con m sis tenmt  wi t  in t ine  ul cscri p t ion n g is e n h~ I ha rr is o n annul \ l a m m un : a u l en n sc mii i ,  of
t uri on is  wi t hm re l at  n sel  y low b ion n nass  ( sinort b lades )  iu m t Ime shna l l ower areas of ’ the  bcul s. am i d a
less u i cnns c  m at s u i t  in I o m nger , wiu ier blauhes ( h m i g lm er b ion un ass )  in n t h l u ’ deeper area s  of t i m e  bcuk
Wh et h er or n ot ul i ( ’l ’c rennt race s arc prc s eun ( aho n mg Bam ng or A n m m m e x  . t h e  in s e t  u l n m e s s  of u l c t c rnn  inn—
in i g chia u mges inn r e la t ive  s :ml i nes  of t u nr i o nn  u i ens i t y  aunul h i o n mi ass wi l l  rcnn i a inn  t h e  s:m unm c ,  C i su ’ m t he
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proper base li n n e val ues , chnaunges in envirou mm niennt al  qual i ty  will be u l iscernible b y changes m m
ee lgrass biotnn ass or t u r i onn demisi ty.

Ec lgrass beds are prese mnt ab on ng almost tine eunt i re  l en gt in of Baungor Amimne x .  TIne hcu l s
appear to be healthy amid h ave unot appreciably inmcreased or decreased inn size over t ine last
t wo years , Th ough biouniass valu es for tine f’i ve statio mis stu die ul te u nd to be lower than those
reporteul f ’or otl n er areas , t h e y  p robably represent the mnatura l  comi di t ionn of ’ t h ese beds. ,  ‘[lie
co m ndit ion m of tI m e beds shou ld be monnitored oni a regunlar basis u l unrimng couns t runct ioun of ’ new
t’aci lities at Bam igor Annex , so thiat au my adverse eff ’ccts m nmay be n motice d annul corre cteu h . it ’ pos-
sib le , be fore irreversible daniiage occtmr s.

PILING COMMUNITY STRUCTURES OF B ANGOR ~~~~~~
TIne use of piling au -md t’ou l inng co m nnmumiity counnposit ionn as a p o ten i t ia l  imnu h icator  of g eni—

eral envi rounnnnemmta l qu ma l i ty Ina s received nnu ch at temnt iom n (Fisc im er , I 9 74 ) ,  I loss L’S er.  as sv i t l n
an ny potcuntial  bio in idi cator . backgrouund data mnnuust be connip i led so t hm at  suu h s e qu c nm t  c lma m i g es
j un species cum n nposit io n n or relative de m isity caun be at t r ibuute u h to th e ac tual  ca imse. u m a t u u r a l ,  or
i u n ul umced by abu n oru nn al stress.

Tine greatest var iab i l i ty  imi comnce n ntrat i o mn of pi l i m n g om g:m un i sn n ms  is exp e c t ed  to occu r in
tine inmt ert iu l a l  zomne ,  Tennperature extremnnes ,  wave act iomn . ph n y s ica l  ahrasiomn f r e m m m  f l u na t inm e
objects , com mtamim m nnts  (hydrocarbons , de t erge n ts , f’res in wa te r ) . a und dcsiccatio!n ‘ uuriumg low
titles all couit ribumte to make the im it ~r t t d : i l  zonne h n arshner for or gaum isn i  su rv iva l  t l manm t ine  sumh -
tiu i al zones. Th is observation n Inas bee mn d oc u nmeunted (‘or a var ie ty  of m m nar ii n e are a s: Pe arl
Harbor . Hawaii (Evans et a!. , 1972 ) :  Adu ii ira l ty inlet . Was h min g tom m ( De P a ln nia . 19 9 ) :  Nl omitere y
Harbor , Cali formnia (Hader h ie , 1968): Los Angeles-Lou -mg Beac h Harbor ( A b b o t t  ci of . I 9” 3) .
aind Hamamia-Ko Bay, Japamn (Kaji h iara , 1976),

W im enn f’ouml ing orgamnism mns a t tac h t inem u sc lves to such su n bsumr f ~cc objects as ship ’s In un ll s .
bimoys . au -md eu~u i p mnieu n t . th ney cann create a signni ( ’icannt n ni aimntenamnce problem am nd of teun a
hazard , Tinese problems cain also exist w lmenn f ’ouh iu n g occurs omn pi l inngs amid w i m arf  s iu h in g s :
h owever , ti ne increased product iomi and availabil i ty of food for associated or n ;mmm i s m m ms is a
tim -met advantage . The species Co m ni pO SitiOn ’n and ava ilabie biomnnass of ann area are inncreased annul
en n lnanceul by tIne addit ioun of ’ pi liungs.

TIne pi l imig connnmu m nit ies  at Margi nal Wh arf (concret e )  annul KB Pier ( woou l ) su ere ulocu-
meunteul dur ing tIne previo u s five Triu l eunt  sumrvey s to q u a n n t i f y  species com m nposit iom i aunul ununner-
ical ui c mnsities ,  1 m i s  ef ’f ’ort was ul up l icated duriung survey VI . amid fo u l iung  oun the  com icrete
pi l inngs at tIne unew explos ives hmaun dh imng wharf  ( I - I -lW) was also observed . Two uh ivers.  cu uippeuh
wi t h  a co lor-co uleut tr aumsect I imne f o r  uhep t hm uh e ternnnimmatiou ms . a 3 5-nm nn m n can mnera w i t h  strobe .
dept h g im iuges. an nul umiderwater  slates wi t i n  paper . reco ruleu l species c o m m np o si t i o nn . zonna l uh i s t r i —
but to n , a un u l genera l observationns (or r e p r e s c m n t a h i v e  p i l i n g s  at  cac ln s t uuuhv  area. Res u lts
sh noweu i thnat  t ine  con m nun i umni t ies  at both i  Ma rgiun al  W lmarf  a m mu l K B Pier reminainne u l  e s s enn t i a I l ~u mu mch a ngeuh  tronni t imose reported by Pe e l iung annul Gof ’or th n (1 1) 7 5 ) .

~~ Tine uhrnv iu m g of piles (‘or tIne 1-11W sfar teu l  inn J u l y  197 5 annul was h ’ im mishmeuh hef ’ore J u l y
1 976. h owever , nno app reciable a mn ’i ouunt of f ’ou m h inn g m a d  occ iurred by tIme t ime  of ’ suurv e~ \ l .
Tine cenn t . ’r connc rete pi l inm gs  cou n ta imneu l  t ime empty  br i t t l e  sm ells of uni a n m v h ar m nac l e s t h a t  Ima u l
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settleul but h a d  miot survived. Fresh councrete is toxic becaun se of its h igh a l ka h i m ni t y  amid n nn i gi mt
be time cause of this immorta l i t y ,  A rapid (‘ou h inmg growth of barnnac lcs annul ot h er orgaunis m s will
probably occ imr on time p i l imngs as tine pier is comnn p l eted annul t ime I ) i l imngs heco mnie “sca soumed. ’’

It is beli” .’eul t h at sannn p l inn g tIme f’oul inig comnn u unit i e s at each pi l inmg stationn will  pro—
viul e Imig inly u seful , ul uami t i t a t ive . an nul co m nnpara hl e ulata (‘or preco u nstr iuctionn and postcou ’n str in c—
tio nn uu non it or i n n g of conui i t ionms a t  Ban mg or A n unnex.  It  is re comnnenn d ed tha t  collections ( 1 5  by
30 cm) be take u n quar ter l y  at 2-umneter imntem’ v a ls , or m i  eacln h iot ic  iouie , frounn the suu rf ’ace to
time hottoun i ot’ tIme pi l inn g for eac in stat io m n. At least three p i l inn gs (‘romni eac h pier area should
be sam nip led . Th ese saunnp l es shi ou m l d t i neu i  be aunalyzed for species comnn p osi t io mn . u le mnsities.  amid
biomass (ulry weig lm t  per sam nn p le area ) .  Docui nneuntat ionn of time (‘ree—swiunn m nmiu n g f is lnes  amid
mobile innvcrtebrate s associateul wif l m tine pil ing s t r u ctu u r e s  slmoulul he inc hu uubed.  lii t h is suay .
tI n e cou itr ib u utio n to tI n e ecosystennn by tIme p i l ing  cou n nm u u nni ty  can be quaunt i f ie d  aund its value
unnulerstood . 
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APPEND IX. CUMULATIVE CHECKLIST OF MARINE ORGANI SMS

A cumulativ e checklist of ’ all orgaunisms identified duriung six marine ci nvirou n u n enn ta l
surveys at Bangor Ann unex , Hood Canal , Was lnington , is contain -med inn this appem ’n dix . TIne (‘or-
mat connsis ts of a p iny letic (taxonornic) listimig which includes a numeric ( 1 0  digi t )  idcmmt i i ’ica-
tion code (see below) for each organism in the ch ecklist. Addit ionally,  t ine nna m n l i m m g au t i nor i t y
amid date of ’ naminng are listed , wh ere available.

The Hawaii Coastal Zone Data Bannk ( HCZDB) is current ly  mnnain n ta i u ied at the LT u ni vcr-
sity of Hawaii au -md contains a comprelnensive listing of ’ nmore thnann 9 ,000 species of org annisnnn s
recorded f’rom tIne Pacif ’ic basiun . Util i z iung a five-diad connn pum t e r ideuntif ’icatiom ’n unuu u nnber l ) eru m nits
rapid storage and retrieval of taxononnic da ta .  TIne nn um unnbers are assiguneul to va r io u s  taxo m no m nmic
levels as (‘ollows:

Digits Taxo n ion nnic level

2 Phy l umun i  ( Subp h ny l u m n n n
3, 4 Class aunul order
5 . 6 Family
7 , 8 (;emnu s
9, 10 Species (~ . ‘ ‘spec ies )

For example: Ta

Nummber Taxonn

68 P l mylunni --

681 Class
6811 Oruler -

681 101 F ann ni l ~
68 1 1010101  Genius annul spe L i es

As ann iunter iunn proce dumre , ‘‘ X ’s’’ a re placed inn t ine  c imeck h is t  for  a nesv ly c n n c o u m n n t e r e u i
species ‘f ink  indicates t i na t  t ine n um unnber inas n n o t  \ et b ecum :mssi gu n ed am nu l is r equ u un ’eu l at t ime
specif ied taxonmounmic  leve l (e .g.. 6902 X X X X \  X reu lu ires f a m i l y .  g e nn u m s  an nul spe~ es m n i n m n m e r i L
a s sm g m m n n en t s ) .  E nnu l iun g ‘‘00’s’~ iu idicate t ime level to w h mic i n time orgaunis ui n has ‘el - m n  i u l c m n t i t i u ’ui
( e g . .  6905040300 Inas beemi ideun t i ( ie ul  to tIme gemmeric l eve l ) .

The c u u n m u u u l a t n v c  check l i s t  con ta inns  400 species  ot ’ Ilood (‘a mn al mina run m u ’ o r g a n m s m m m s :  I
floral specie s ( f ’rom 44 f’amil ies aumul 2 1 2  (‘a uun a l  specie s ( fr o m 1 1 5  f a n n m i l m e ~ ) link ‘ t I L L 1 ’ , has
exp anuleul t ime I I(’Zl)B master  l is t  by 1 35 species: ~ t) a lga l  species  a n n uh 55 faun umal sj ’c e I e s .
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CUMU LATIVE CHECKLIST OF BANGOR ANNEX MARINE BIOTA (HOOD CANAL , WASHINGTON)

FLORA
TAXA HCZDB NO.

Chiorophyta
Chlorophyceae

Ijiotrichales
Monos tromnaceae

Monostroma oxysperm um (Ku t z ing) Doty , 1947 0413150101
Monostroma fuscu in (Pos tel s ~ Ruprecht) Wittrock 04131501XX

Ulvaceae
Ent eromorpha cl-at.’hra ta (Roth) Greville , 1830 0413160102
F . tubulosa Kutzing , 1856 0413160106
F. comp ressa (Linnaeus) Grevi lle , 1830 0413160107
F. linsa (Linnaeus) J. Agardh , 1883 0413160113
F. intestinalis V.  cy lindracea (Linn aeus) Link ,1820 04131601XX
E. intestinalis V. intestinalis(Linnaeus) Link ,1820 04131601XX
E. compacta 04131601XX
Enteromorpha sp. 04131601XX
Ulva lactuca Li nnaeus , 1753 0413160202
U. ri g ida C. Agardh , 1822 0413160204
U. latissima 04 13160 2 09
U. vexata 04131602XX
Ulva sp . 04131602 00

Cl adophorales
Cl adophora ceae

Cladop hora sp. A 04180101XX
Cladop hora sp. B 04180101XX
Chaetornorp ha californica 04180102XX
C. canab ’irma 041S0~iO2XX
Rhisocloniwn riparium (Roth) Harvey, 1849 0418010303

Siphonales
Codiaceae

Codium setchellii Gardn er , 1919 0421050211

Chrysop hyta
Baci l lariophyceae

Centrales
Biddulphia ceae

Bidduip his grundleri Hendy 0741010105
B. obtusa (Kutzing) Ralfs. 0741010106
Biddulphia sp. A 0741010100

Coscinodisaceae
Coscinodiscus lineatus Ehrenberg 0741060103
C. marginatus Ehrenberg 0741060104
C. obscuru s 07410601Xx
C. tabu lar is 074 1O6O I XX
Coccinodiscus sp. DTB 07410601XX
Coscinodiscus sp. 0741060100 -

Melosiraceae
Me losira ra onil ifor mis (0. F. Muller) 0741070102

—- 
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Chrysophy ta
Bacil lariop hyceae

Cen trales
Thalassiosiraceae

Thalassiosira ps eudonana 07410901XX
Thalassiosira sp. DTE 07410901XX
Thalassiosira sp. DTI 07410901XX

Pennales
Fragi l ariaceae

Frag ilar ia virescens Hendey 0742010101
F. p innata 07420101XX
Rhaphoneis surirella 0742010232
Opephora sp. DTE 07420104XX
Synedra tabulata 0742010531
S. fasciculata 07420105XX
S. puichella 07420105XX
Synedra sp. (shor t ) O7420105XX
Licinophora abbreviata Agardh 0742010701
L. f label la ta  (Grevi l le) Agardh 0742 010704
Licmorpha sp. 1 07420 107XX
Gra inmatophora ocecznica 0742010831
Grcvnmnatophora sp. 0742010800

Tabel lari aceae
Rhabdonetna substratum 0742 02XXXX
R. tore lii 074202XXXX

Cymbel laceae
Armiphora angusta Grego ry 074 206010 2
A. coffaeiformis (Agardh) Kutzing 0742060106
A. cymbifera Gregory 0742060107
A. exigua Gregory 0742060108
A. macilenta Gregory 0742060112
A. proteus Gregory 074206011 5
A. elegans 0742 06O 1XX
A. perstriata 07420601XX
A. pusio 07420601XX
A. staurop hora 07420 60 1XX
Amphcra sp. DTE-1 07420601XX
Amp hora sp. DTK-A 07420601XX
Amp hora sp. 07420601XX

Navi cula ceae
Navicula abunda Hustedt 0742070102
‘/. cruci gera (Wm . Smith) Cleve 0742070111
N. diversistriata Hustedt 0742070114
N. grevilleana (Agardh) 0742070119
N. pennat a Schmidt 0742070128
N. directa var . 0742070155
N. apta 0742 0701XX
N. assula 0742 0701XX
N. littorica 0742070 1XX
N. salina,rum 074207 01XX
Navicula sp. (smal l )  0742 070 1XX
Navicula sp. A 0742070 1XX
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Chrysophyta
Bacil lariophyceae

Penn ales
Naviculaceae (con t inued)

Navicula sp. D 074 2O701XX
Navicula sp. E 07420701XX
ilavicula sp. F 07420701XX
Navicuia sp. G 07420701XX -

Navicula sp. H 07420701XX
Navicula sp. L 07420701XX
Navicula sp. 4 07420701XX
Trachyneis aspera (Ehrenberg) Cleve 0742070501
Amphip leura ruti lans (Trentepohi) Cleve 0742070601
Pl eurosigma f a l l ax  h’Iendey 0742070702
P. peragalli  Hendey 0742070703
Pleurosigrna sp. DTE-A 074 20707XX
Gyros i gma sir izili Hendey 0742070801

Ni tzschi aceae
i-~tzs~~ - Lz cap ite l lata Hendey 0742080104
N. procer’a Hendey 0742080105
N. dissipata (Kutzing) Grunow 0742080106
N. front ~ c~ la Hendey 0742080107
o. socialis Gregory 0742080108

hj ibrida Hendey 0742080109
1!. lanceZota Hendey 0742080112
N .  j ’r~ntu Lum 07 42 080133
? .  ;‘r ”~wtuZum var . p erpusil la 0742O801XX
II. [~ v:durif ’ormiS 0742080 1XX
f ~. W2- troa 0742080 1XX

Gomphonemaceae
;
~ ipho~ -~~ aestuari i Hendey 0742090 101

G. kainsc1~z ”j -j ~pn Grunow 0742090102
Gor~np honerna sp. 0742090100

Achnanthiaceae
i~’J :n~mthes sp. DTE 07421301XX
,‘~~~nai ,thes sp. DTK 07421301XX
Achnan thes sp. 2 07421301XX
Cocconeis costata Gregory 0742130202
C. disrupta Gregory 0742130203
C. scutellur ri 0742130233
C. ~~rvirotunda 0742 1302XX
C. californica 0742 1302XX
C ccone~s sp. DTK-A 07421302XX
Cocconeis sp. B 0742 1302XX
Coccone~s sp. 0 0742 130 2XX
Cocconeis sp. OTE 074 2 130 2 XX
Rhoicosphenia mar-”~z var. interme~iLa 074213 03X X
R. marina var.  minor 0 742 13 05XX
iLhoicosp henia sp. DTB 0742 1303XX

Unknown dia tom sp. alpha O 74XX XX X XX
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Phaeophyta
Phaeop hyceae

Ectocarpales
Ralfsjaceae

Ra ifs ia  pacifica Hollenberg 1111020104

Desmarestia les
Desmarest iaceae

Desrnarestja T’i2’~-~J -~3 (Mu ll er ,1782) Lamouroux ,1813 1118020101
D. munda Setchell P~ Gardner ,1924 1118020105
D. lingulata (Lightfoot) Lamouroux 11180201XX

Dictyosi phonales
Punct an aceae

Pe talonia debi lis (C .A.Agardh)Derbes ~ So lier ,1850 1119040801
Scytosiphon aceae

Scytosi phon lomenta.r-L.a (Lyngby e , 1819)J.Agardh ,1848 1119050202

Laminariales
Laminariaceae

Larn inaria groenlandi ca Rosenvinge 1121020 1 XX
L. saccl’marina (Linnaeus) Lannouroux 112 1020 J \~I~~.- ’~ ? ezz ;.a sp. 1121020 100

~“?at a r i -a O~~~~~~Q~~~1 (Turner ,1819) Saunders ,1895 112102 020 ’L
Pl~~i’ ~~~~~ gardn eri Setchell ~ Saunders 112Im 2~ XX X
/l garur’ f ~mi~~iatum Harvey 1 1 2 1 W X X ~ X

Ala riaceae
A ’ aria taeniata 112 1040 1 XX

Fucales
Fucaceae

h~c7w disti chus Linnaeus 1122040103
e)anescons C .A . Agardh 1122040 1XX

F. j ar ’dner i  Silva 11220401XX
Sargassaceae

Y~r ojass? ’rn muticwn (Yendo) Fensholt 1122 0701X X

Rhodop hyt a
Rh odop hyceae

Bangi ale s
Erythrotrichiaceae

[~y~: ~~-)ra ~La d:u’i (Anderson) H o ll emnberg 1313010501
Bangiaceae

h ’i . -v: 1z ”~ ~~P ,t~ r ata J. Agardh . 1883 U1 3 020 2 07
‘-~~~~~tal.~s Setche ll ~ l-l us , 1900 1313020214

I . miniata Setchell  ~ Hus ,1900 1313020215
Porphyra sp. 1 13130 .01XX
P -p 7 1~~ p ’i sp. 2 13130202XX

Nema l ional es
Chaetang iaceae

i ccnidc , 107 !.h ~ o ;  ~
.,n ’ z~sc’ (Setchell)  Levr.  , 1056 I 3 2 1 b M 4 V  I
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Rho dop hyt a
Rhodo phyceae

Cryptonemiales
Hildenbrandiaceae

Ri ldenbrandi a prototypus v. prototypus Nardo 1323060102
Coral 1 inaceae

Lithothcvnnion californicum Foslie ,1900 1323070804
Me lobesj a sp. 1323070900

Gi oiosiphoniaceae
Gloiosiphonia californica (Fan low) J .G . Agardh 1323080101

Endoc lad iaceae
Endocla dia muricata (Pos tel s E~ Ruprecht) J. Agardh 1323100201

Cryp tonemia ceae
R-n l ymenia coccinea 13231202XX
Zanardinula lyalli (Harvey) DeToni 1323120502
7. lance lotata (Harvey) DeToni 1323120507

Kallymeniaceae
Caliop hyllis heanophy lla Setchell ,1923 1323130109
C. lacinjata 13231301XX

Gi ga rt ina l es
Nemastomaceae

Schizymenia ecuadore ana 132403O3XX
Sol ier iaceae

Agar dhiella tenera (J.G. Agardh) 1324060201
Plo cam iaceae

P loccanj unn coccineum 1324110104
P. oregonuin 13241101XX
Plo ccvnium sp. 1324110100

Grac i laniaceae
Gracilaria verrucosa (Huds on) Papenf uss ,1950 1324150105
Graci lariopsis sjoesteditii (Kyl i n , 1930) 1324150401

Ph yl lophora ceae
Stenogrcmine interrup ta (C . A.  Agardh) Mon tagn e,1846 1324190501

Gigart inaceae
Gigartina papi l la ta  (Agardh) J .  Agardh , 1846 1324200101
G. leptorhynchus J . G .  Agardh , 1885 1324200104
C. californica J.G . Agardh , 1899 1324200107
C. corymbifera (Kutzing) J .G. Agardh , 1876 1324200108
C. agar dhii Setche ll ~ Ga rdne r, 1933 1324200112
C. exasperata Harvey ~ Bailey 132420 01XX
Gigartina sp. 1324200100
Rhodog lossum affine (Harvey) Kylin , 1928 1324200201

Rhodynneniales
Rhody mneni aceae

Rhodyrnenia ca l lop hy lliodoides Ho llenberg ~ Abbott 1325010203
R. californica Kylin , 1931 1325010205
R. (Eurhodyrnenia) pertusa J .  Agardh , 1851 1325010211

Ceramial es
Cerainiaceae

Anthitha,mnion ky linii Gardn er , 1927 1326010105
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Rhodophyta
Rhodophyceae

Ceramiales
Cerainiace ae (cont inued)

Antithcvnnion defectum Kylin , 1925 1326010117
Cera.miwn pacificum (Collins) Ky lin , 1925 1326010230
Cerconium sp. 13260102 00
Griffithsia pac ifica Kylin , 1925 1326010409

Dasyaceae
Rhodoptil um p lumosurrn 13260202XX

Delesseriaceae
Pol yneura latissima (Harvey) Ky l in , 1924 1326031501
Nienburg ia borealis 13260317XX
Myriogr cunme sp. 132 6032400
Bot ry oglossum rupre chtiana (A. G . Agardh)DeToni , 1900 1326032602

Rhodomelace ae - —

Laurencia spectabilis Postel ~ Ruprech t , 1840 1326040530
Pol ysip honia pacif ica Hol lenberg , 1942 1326040748
P. hendry i Gardner , 1927 1326040750
P. hendry i v. gardneri (Kylin) Hollenberg , 1961 1326040751
Polysiphonia sp. I 132604 07XX
Ptcr’ 7~’isp honia bi i~nata (Poste1~ Ruprecht )Fa lk .  , 1901 1326041902
Pterochondria woodi~L (H arvey) Hol lenberg , 1942 1326042001

Magnoliop hyta
Lili atae

Naj adales
Potaxnogetonaceae

Zostera marina Linnaeus 3213050101

- - - ____



-~~ “ ‘ ,~~~ — r” ~~~~~~~~~~~~~~~~ -‘ ~ “~~~~~~~~ ‘
- 

.

I
FAUNA

Cnidaria (=Coelenterata)
Aruthozoa

Pennatulacea
Pennatulidae

Ptilosar2us g’
~ 

i
~~~~~~~ i ~ u t- r ’my , 1860) 3736 X XXX XX

Actiniaria
Ac tinidae 

- 
-

Anth op leura sp. 3742120300
M~ t n i d i da e

i & i L i ~~:e senile (Linnaeus , 176 7) 374232010 2

Nemertea (=Rh ~rnc hocoe 1a)
Anopl a

1-lete ronemertini
Li,neidae

Cerebratulus sp. 4412010201

Enopla
hlop lonemertini

Emp lectonemat idae
Emp lectonema gra cilo (Johnston , 1837) 4421010201

Nematoda (=Nemata)
Secernentea

Dracunculoidea
Philometridae

Philometra americana Costa , 1846 5 1 19XXXXXX

Annelida
Pol ychaeta

Errantia
Aphroditidae/Po lynoinae

Arctonoe frag i l is  (Baird , 1863) 551101 2 102
A. pulchra (Johnson , 1897) 55110121 03
A. 7’zttata (Grube , 1855) 5511012103
lf arm othoe extenuata (Grube , 1840) 55 11 0 12 3 X X
i,a ieoa mult i~~ tosa Moore 1902 5511013803

Phyl lodocidae
,- l n 7l t i des  i~~’~~~ ~: landica (Oersted , 1843) 5511060601

Nereidao
N ’ ~~~~ : ‘~.ei 7 Zosa Grube , 1851 5511160419
~~~~~~~~~~~ .‘r z  ! li,ozg 7r ~ (Moquin-Tandon , 1869) 55 11 160603
-~h-a~ ~~~~ (=i erL-~in) ~‘-f~~’~-~ (Sars , 1835) 55 11161 30-1
N. . 11’t ~ 7: ’ ~~la (Johnson , 1901) 55 11161306

S U



-—‘ -~~~~~_ _ _ _ _ _ _ _ _ _ _ _ _ _

T ~~~~~~~~~~~~~~~~~~~~~~~~~~

Annelida
Polych aeta

Errant Ia
Nephty id ae

‘ie t ,~e~~ - z ,-~ea (Fabricius , 1780) 5511170202
Oerst ed , 184 3 55111702XX

Gl yce r idae
G~j a~ i ’ z  sp. 5511190100
H~1’ 77 .7a ~iJ ~-jP ~7al~ J Johnson , 190 1 55 11190301

Eun ic idae/Onuphinae
-7 ’af r a  o~ nat~n Moore , 1911 55112 02202

Seulentaria
Chaetopteridae

~~~. - -i z a -  ~4~i~erz~ taylori Pott s , 1914 5521070304
Te7~?p ~ wus cost~r’~m Claparede , 1870 55 21070401

Ophel idae
Ammotrypane auZoaa ster Rathke , 1843 552 1100 2 01

Ma I dani dae
Axiothe lla rubrocincta (Johnson , 1901) 5521 150301
Maldanid sp. 5521150000

Flabelligeridae
Pher”sa (—Sty lari oides) papillata (Johnson , 1901) 5521180105

Pe ct m a n  idae
Cistenides brevicoma (Johnson , 1901) 5521200201
Pectinaria californiensis Hartman , 194 1 552 1200301

Terebellidae
Eupo lymnia crescentis Cha mber lain , 1919 5521 2 20501
Terebella ehrenberg i Grube , 1870 55 2 12 2 79XX

Sabell id ae
Eudisty lia vancouveri (Kinberg, 1867) 5521 2 30902
Schizobranchia insignis Bush , 1904 5521231501

Ser pu lida e
Sp irorb ia sp. 5521240100
Serpula vermicutaris Linnaeus , 1767 5521244101

Sipunculida
Phascolosoma t ide

I ’h-aL ’ - .~ ?.-x~orf l 1 501 1010100

Arthropod a
Crustacea/ Cir r i pedia

Thor ac i c a
Chtham a 1 idae

: r ; 7 1 — : u [ ~ dal l i  Pilsbry,  1916 6451221102
Archaeobal an idae

‘ r ’j : .- 1 7 - -
~t-a7  ~~~~~~~~~~~~~~~~~ (l’ a l l a s , 1788) o- 1513 131 02

Ba la niu lae
I ’af - r ?:w ~ / v~ : :,i ,z Darwin , 1854 645 1330105

- - ~~L ’ d~~’ ~ il—~ Z e~r Darwin , 1’~54 ~- 1 ,’~1 33020 1

__________________________ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~, ~~~~~~~~~~
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A rt hropoda
Crustacea/Malacostraca

Neba liacea
N ebal idae

i’ —~~L~ a 7 . - i~~~t~~~ ::’ Z~~ (C la rk , 1932) O 4 6 1 O h X X X X

Cumacea
Lampropidae

zrm P(’p3 c,’:~adr-~~. - - -~~ ’u ta Smith , 1879 o-1670 7020 1

Isopoda
Sphae nomat idae

~~~~~~~~~~~~~~~~~~ media George E, Stromberg , 1968 6 4 7 1 2 2 0 4 \ X
Ido te idac

lcL tea (=I c~ - ’ ‘~ci-~ ; ’-~a)  rc~ - -~ ~~~~ S t im pson , 1857 6-17 12T’ i t - l U
I. - - ‘ : - ‘~~~‘~ k7 : (Brant , 1851) 0 - 171270 -1 10

Bopyridac
[-7ijll -~

’HP’~1.; zb !3m2’ua7  i.~ Stim pson , 185 7 o47 138080 1

Annp hi poda / Gammar idea
Ampi thoidae

Ar .’17- i -) . ?  ev ’,~r~a l i s  Stimpson , 1864 u-4 730 5010 9
- ~~~~~~~~~~~~~~~~~~ Bate , 1958 6473050110

A. 7 -
‘ — i77 ~~iy  Gur j ano v a , 1938 64 73050 1 10

Amp hipoda/Caprel lidea
Capre l 1 idae

Capre lla Spp . (2)  0475010100
Me~~z-~ ~p~’ e Z Z — ~ ~‘- .~ u~ r l y i (S t im pson , 1864 ) 6475010202

Deca poda/ Caridea
Hi ppo ly t idac

~ ‘ z:”1:i,~ Chace , 1951 6483430 2 XX

~
‘
~--i~ -~~’ ~~~~~~~~ pr-~c~:.- z- ~-7 (St i mpson , 1864) 6483430801

-~ 7’’ - U’ S~~ . 6483430800
P a n m d a l j d z n e

Pa nda~~ ,.’ 1.z~~~.- Stimpson , 1857 64 83-4 60 201

Decapoda /Arnomura
Call ianassidae

Cc l :~ p ’:: ~, ’;  ~~~~~~~~~~~~~~~~ Da n a , 1854 6487070107
Da n a , 1852 6-187070109

U pogeb i idae
1 ’7, . - 1 ’ -~ - J 7 ’ - ’i , t 7~~~1 7 , ; ~ (Dan a , 1852) 6487080101

Pagurid u e
7 - ;  ‘,“~~~~ sp. (2) 6487140100

I ) eca p oul ,u / B rachnyura
Mamai idae

O r - ;o~l / , -; gracili:~ Dana , 1851 6488220401
,‘ ‘) xUp ~~~7~ -1 ’I~~K; UP ;7 - t t ~ in S t impson , 1857 64 8822 1002

A canth on y ch idae
~ ~~~~~ 

L , !?.LU ~a (Ra nd a l l , 1839) 64882 40-1 01
P. Y’U- U -7 Da n a , 18 51 6- 1882404 05
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Arthropoda
Crustacea/Mal acost raca

Decapoda/ Brachyura
Graps idae

h’emigrapsus nudus (Dana , 1851) 648832 1104
I]. oregonensis (Dana , 1851) 6488321 105

Xa n thidae
Lophopanopeus bellus (Stimpson , 1860) 648833XX X~

Pi nnother idae
P in~~ixa faba (Da na , 1851) 6488350401

Cancr idae
C 1nc~cP gracilis Dana , 1852 6488 4 00104 -

C. magister Dan a , 1852 6488400106
C. oregonensis (Dana , 1852) 648840010 7
C. productus Randall , 1839 6488400108

Atelecycl idae
Tel coot-’~s cheirajon. -i~ (Telesi us , 1815) 6488 4 1X X X ~

Moll u sca
Amphineura

N co lo ricata
Is :hnochitonidae

L~ p lo~~~a (=Ischnochi ton) mertensii (Midde n dor f f ,
1846)7011010 10 2

Tonioella lineata (Wood , 1815) 7011010301
Mopal i ida e

‘J r)pa 1~l~a muscosa (Gould , 184 6) 7011020101
ti . lignosa (Gould , 1846) 70 110 0105

Ac ant hoch it on ida e
-~‘r~~- tochiton s tel1~ ri- (Miu dendor ff , 184 6) 7011160 2 01

Ga stropoda
Arc haeog as t ropoda

Fissurell idae
Diado r a aspera (Rathke , 1833) 702 1050 507

Acmaeidae
C’ollise 1 Za (=A e~a -U) J - j i t u b (Rathke , 1833) 702 l0 o0202

pe l t a  (Rathke , 1833) 02 1060206
C. s tri g a f ~’lla (Carpenter , 1864) 7021060208
ik- t~’aarnac persona (R athke , 1833) 70 2 10~ 0-104
11. aa ~ tum (Rat h ke , 1833) 702106040 5

Mesogast ropoda
Lacu n idac

~~~~~ spp . (2) 7022130100
L i t t o r i n ida e

I 7 t ~ - ,‘hna . ~i~~lrta Gould , 1849 7022140108
1 .  O i ’~~~~Ifli P h i l l i p i , 184 5 70 2 2 140 1XX

Na ti c idae
‘ ‘ .-~~~. ‘- a  i - ’ ;~.~b i  (Gould , 184 7) 70 2 29 102 06
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Mo l l u s c - 1
~~;nst ropoda

— Nco ~ :n- ; t ropou 1a
~I u r i , T  idau-

‘ f lu t - a ( I ) c~ h~~v ’ ~~, I 7023010304
7’. aa liau ia~a I D u c l o s , 1- ”L~~) 70 2 30103XX
T. ‘-a’~ 1’ - .~~~~ ( C m e l i n , 170 1) 70230 103XX

‘:, a ;  -~~~p i  ,~ (~1 dd ’nJnt f , I S - I S )  7023012205
B u c c i n i d a u ’

l~ r z  (Ree ve , l . ~- 1t~ 702307090 1
N : t ’~ s a rj  idae

u ;’ ~~~-~~.: :  .
~ (Gould , 1850) 70 2 3110 110

N u d i b ranchi a
Dor id idac

!‘. 7 ~L~~L i  :.
. (MacFa r la nd , 190 5) 7044085401

llalgerdida e
D-7;~’~~L~ i- u au -i- u -~ a L a (Coo per , 1862 ) 704409XX X X

Dendronotidae
r Pan (-7p a tu ~a spp. (2) 7044360100

Fi mbr i ida e
i’~’c , ~a /c~~~ina (Gould , 18 52) 7044380101

Dironidac
Dirona a l boZi ~?ea ~.a Cockerell ~ Eliot , 1905 7044530101

Fa ce 1 in idae
H , 7rr ~iss cn~ia crassicornis (Eschscholtz , 1831) 70447 6XXX X

Aeol ididae
A c a Z i .’1-L. -2 pap illosa (Linnaeus , 1761) 7044780501

Bivalvia  (=Pelecypoda)
Mytiloida

Myti l idae
lechadium demissum (Di l lwyn , 1817) 7054011201
Mytil us edulis Linnaeus , 1758 7054011302

Pt erio ida
Ostreidae

Crassost�’ea g igas (Thunberg , 1795) 705506010 1
Pectinidae

I / -L nn - i E ~ .’;; g-iganteus (Gray , 1825) 7O 5 S 1OXXXX
Anomiidae

[ -o ii~~i. a rtiua aap fo (Gray, 1850) 7O 5 S2 OXXXX

Veneroida
Cardi idae

( L - b ? ;r ~~~~r !~~um nuttailii (Conrad , 1837) 70 5602XXXX
Luc in idac

I a~~~~u a ’ : -unl-v47 (: t a  (Re eve , 1850) 705629XXXX
Ungul inidae

D~p 7oa- ~
; L.u o~’Li’llus (Gould , 1851) 70563 20101

Montacut idae
(~r ubite lie rug ifera (Carpenter , 1864) 7056390201
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Mo ii usc a
Bivalvia (=Pelecypoda)

Veneroida
Veneridae

Tapes (—Venerup is) japonica Deshayes , 1853 7056530801
Protothaca s taminea (Conrad, 1837) 7056531205
Pro tothaca tenerrima (Carpenter, 1857) 7056531234
Saxidomus giganteus (Desh ayes , 1839) 7056531301
S. nuttalli Conrad, 1837 7056531302
Transenne l la tantilla (Gould , 1853) 7056531501

Mactridae
Tresus cap ax (Gould , 1850) 7056590301
T. nuttaliii (Con rad , 1837) 7056590302

Tellinidae
Macorna baithica (=M. inconsp icua) (Linnaeus, 1758) 7056620404
M. inquinata (=M. irus) (Deshayes, 1855) 7056620407
M. nasuta (Conrad , 1837) 7056620408
M. sec ta (Con rad, 1837) ~056620409
Tellina carp entcri Dal i, 1900 7056621010
T. rnodes ta (=T. buttoni) (Ca rpen ter , 1864) 7056621011
T. nuculoides (Reeve , 1854) 7056621012

Solenidae
Soien sicarius Gould , 1850 7056700201

Myo ida
Myidae

Cryptc my a ca~if ornica (Con rad , 1837) 7057010101
/-tyu arenaria Linnaeus, 1758 7057010201
M. truncata Linnaeus , 1758 70570102XX

Hiatel 1 idae
Hiatelic sp. 7057100100
Funop ~uz ge~-.ur~asa (Gould , 1850) 70 5710030 1

Pho ladidae
~Lr J ’cca p i 7oL-r ~j - L Lowe , 1931 7057 180701

Teredinidae
Bankia r~ tacea (Tyron, 1863) 7057192201

Pholadomyoida
Lyonsiidae

L~ onsL ’u aci -ifornica Conrad , 1837 70 5802o1 02
Entodesma ;ua.2La01a (Baird , 1863) 705 8020202

Cepha lopoda
Octopoda

Octopod idae
Oc tu~ ’ua - .i u l f c in - i  (Wulk er , 1910) 70710201\\

Ectoprocta (=Bryozoa)
Gynnrn o laema ta

Cte no stom .ita
Alcyonid i idac

Al aj u n i d i u m  n/~~ ’.’~~;7 i7~ ~i’i Alder , 185 7 7S~ 12-10103
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Ectoprocta (=Bryozoa)
Gymnolaemata

Cheiiostomata
Bicella riell idae

Bugula pacifica Rober tson , 1905 7513060106
Membran ipor idae

Mernbrani pora membranacea (L innaeus, 1767) 7513170101
.V . villosa Hincks , 1880 7513170102

Smittinidae
Para smittina trispinosa (Johnston , 1838) 7513510502
Cellepore i la hyaZ-ina (Linnaeus , 1758) 7513513001

Schizoporellidae
Schizoporella errata (Wa ters , 1879) 75135201XX

Echinodermata
Asteroidea

Spinulosida
Echinasteridae

Henricia lewiuscu la (Stimpson , 1857) 7832040102
Asteropidae

Derrn asterias imbricata (Grube , 1857 ) 7 83206010 1
Solasteridae

Solaster s timpsoni Verrill , 1878 783 2 1701 XX
Crossaster papposus (Linnaeus , 1767) 7832 17XXXX

Forc ipul at ida
A.steriidae

Evas turias troschelii (Stimpsori, 1862) 7833010201
Pisaster brevispinus (Stimpson, 1857) 7833010501
7’. giganteus (Stimpson , 1857) 7833010502
P. ochraceus (Brandt , 1835) 7833010 503
C-j cnop od ia  helianthoides (Brandt , 1835) 7833013 101

Ophiuroidea
Ophiuroida 7840000000

Ech inoidea
Echinoida

Stro ngy locentrot idae
Stronjij locentrotus droebachiensis (0 .F.  Mul ler , 1776) 785903XXXX

Clypeastero ida
Deridrasteridae

.~- - u l r zc t u i ’ ~—xcr : -n tr i cna  (Eschschol tz , 1831) 78 Ô 3XXXXXX

Holothuro idea
Asp idochirot ida

St ichopodidac
[ It - ichopu s ca- - J ~ui ”~; icua (St impson , 1857) 7871020103

Dendrochirotida
Cuc umar i ida e

Cucumar ia curata Cowles , 1907 787201(1101
/“ ;q un uz~~t u j / . th f a3( ’~’r t i  (Se lenka , 1867) 7 87 2 0 1XXXX
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Chordata /Urochordat a
Ascidiacea

Ent erogona
Phallusidae

Ascidia paratropa (Huntsman , 1912) 8311040107
Corel lidae

Coreila wilimeriana Herdinan, 1898 8311O5XXXX
Clavel inidae

Dista iplia occidenta lis Bancrof t, 1899 831111XXXX
P1 eurogona

Styel idae
Cnemidocarpa finmarkiensis (K iaer , 1893) 831202XXXX

Tethyidae (=P yuridae)
Pyura haustor (Stimpson, 1864) 8312030301
Boltenia villosa (Stimpson , 1864) 83 1203XXXX

Cho rdata/Pisces
Chondrichthyes

Lainmida
Squal idae

Squa lus acanthias (L innaeus , 1758) 8516160402
Chimaeroidei

Chimaeridae
Hydrolagus coliiei (Lay ~ Bennett, 1839) 8518010102

Osteichthyes
Clupeiformes

C lup e idae
Ciupea harengus pa llas i (Valenciennes , 1847) 8525060301

Salmonidae
Oncorhynchus gorbuscha (Walbaunn , 1792) 8531090101
0. keta (Walbaum, 1792) 8531090102
0. kisutch (Walbauin , 1792) 8531090103

Gadifommes
Gad idae

Merluccius pro ductus Ayres, 1855 8542080101
Microgadus p roximua (Girard, 1854) 8542080201

Gasterostejfomnnes
Gasterosteidae

~4ulorhynchus flavidus Gi l l , 1861 854 901010 1
7asterosteus aculea ’1us Linna eus , 1758 8549010201

Syngnathidae
Syngnat hus leptorh ynchus Girard , 1854 8549120203

Scorpaeniformes
Scorpaenidae

Sebastes auriculatus Girard , 1854 8552011602
0. caurinus Richardson , 1845 8552011612
S. flavidus (Ayres, 1862) 8552011613
0’. mali~- e r  (Jord an ~ G ilber t, 1880) 8552011614
Sebas tes spp . (2) 8552011600

}lexagrammidae
Op hiodon e longatus Girard , 1854 8552110101
0xy iubi~~a p ictus Gill , 1862 8552110201
llcxc ;pzr ’rn a ‘i co ,’r zrri~c’ ( Pa l l a s , 1810) 8552 11030 1
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Chordata /Pis ces
Osteichthyes

Scorpaen iformes
Cott idae

Scorpaenichthy s  mamoratus (Ayres, 1854) 8552320101
Arted-ius fenestralis Jordan f~ Gilbert , 1882 8552320203
A. harr ing toni (Starks , 1896) 8552320204
He.r nilep idotus hemil epidotus (T i lesius , 1810) 8552320401
Leptocottus arrnatus Girard , 1854 8552320601
Oligocottus maculosus Girard , 1856 8552320701
Synchiru s gill-i Bean , 1889 8552320901
Chitonotus pugetensis rSteindachner, 1877) 8552321001
Enop hrys bison (Girard, 1854) 8552321101
Nautichthys oculofasciatus (Gi rard , 1857) 8552321201
Psychrolutes paradoxus Gunther, 1861 8552321301

Perciformes
Embiotocidae

Cymatogaster aggregata Gibbons, 1854 8554620301
Embiotoca lateratis Aga ssiz , 1854 8554620401
Rhacochilus vacca (Girard , 1855) 8554620501

St ichaeidae
Anoplarchus purpures cens Gil l , 1861 8555440101

Phol idae
Apod ichth

~js fiavidus Girard, 1854 8555460101
Pholis ornata (Girard , 1854) 8555460301

Anunodyt idae
Anvnodytes heur2pterus Pailas , 1811 8555550201

Gobi idae
Coryp hopterus nicholsi (Bean, 1881) 8555602701

Pleuronectiformes
Bothidae

Citharichth ys  stigmaeus Jord an E G ilbert , 1882 8557080901
P1 euronect idae

P latichthys s tella tus  (Pall as , 1811) 8557090301
Psetti chthys rnelanostictus Girard , 1854 8557090401
Lepidopsetta bilineata (Ayres, 1855) 8557090501
Paro p hry s ac~nlus Girard , 1854 8557090601
Pl euronichthys coenosus Girard , 1854 8557090701
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