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INTRODUCTION 

This  annota ted  b ib l iography was compiled f o r  t h e  Dredged Mate r i a l s  
Research Program of t h e  Waterways Experiment S t a t i o n  (WES) and r e l a t e s  
t o  a n  on-going s tudy of e f f e c t s  of t h e  d i sposa l  of dredged m a t e r i a l  
i n t o  E l l i o t t  Bay, s e l e c t e d  marine organisms wi th  s p e c i a l  re ference  
t o  t h e  uptake of po lych lo r ina t ed  biphenyls  (PCB's) and t r a c e  meta ls .  
T h i s  b ib l iography was prepared from c u r r e n t  l i t e r a t u r e  ( s i n c e  1965) 
wi th  a few except ions  f o r  e a r l i e r  p e r t i n e n t  work. No a t tempt  was made 
t o  i nc lude  f o r e i g n  language p u b l i c a t i o n s  o r  a b s t r a c t s  on dredge o r  
d i s p o s a l  s tud ie s ;  E l l i n g e r  and Snyder (1965) r e c e n t l y  completed an  
annota ted  b ib l iography of e f f e c t s  of dredging and dredge s p o i l s  on 
a q u a t i c  organisms i n  t h e  P a c i f i c  Northwest. Furthermore, due t o  t h e  
l a r g e  volume of in format ion  on o t h e r  phases of t h e  problem, such a s  
methods of a n a l y s i s ,  i n d u s t r i a l  uses ,  and e a r l i e r  p u b l i c a t i o n s ,  t h e  
r eade r  i s  r e f e r r e d  t o  t h e  b i b l i o g r a p h i e s  and s e l e c t e d  r e fe rence  m a t e r i a l  
l i s t e d  here in .  

The b ib l iography i s  d iv ided  i n t o  seven sec t ions .  The f i r s t  con ta ins  
r e f e rences  on t h e  phys i ca l  d e s c r i p t i o n s  of t h e  Duwamish River  - E l l i o t t  
Bay complex such a s  c i r c u l a t i o n  and mixing, sediment t r a n s p o r t  and 
water  q u a l i t y .  Other r e f e rences  s p e c i f i c a l l y  concerned wi th  b i o l o g i c a l  
col~lmunities i n  e i t h e r  t h e  Duwamish River  o r  E l l i o t t  Bay a r e  a l s o  included 
here.  

The second s e c t i o n  con ta ins  informat ion  on t h e  b i o l o g i c a l  c m u n i t i e s  
of ben th i c  and p e l a g i c  organisms i n  Puget Sound and t h e  Northeast  P a c i f i c  
Ocean. General r e f e rences  t o  t h e  phys i ca l  and chemical p r o p e r t i e s  of 
Puget Sound a r e  a l s o  included.  

The occurrence of PCB's and c e r t a i n  t r a c e  me ta l s  (mercury and cadmium) 
i n  t h e  environment and t h e i r  e f f e c t s  on marine organisms form s e c t i o n s  
t h r e e  and four .  S ince  few p u b l i c a t i o n s  e x i s t  on s t u d i e s  of t h e  organisms 
used i n  t h e  E l l i o t t  Bay s tudy ,  uptake s t u d i e s  on c l o s e l y  r e l a t e d  organisms 
were included.  Other s t u d i e s  of i n t e r e s t  may be found i n  t h e  s e l e c t e d  
r e fe rence  list. 

S e c t i o n  f i v e  i n c l u d e s  s t u d i e s  on t h e  l i f e  h i s t o r i e s  of t h e  i n v e r t e b r a t e s  
used i n  t h e  E l l i o t t  Bay study. Also inc luded  a r e  s t u d i e s  on t h e  abundance 
and d i s t r i b u t i o n  of t h e s e  i n v e r t e b r a t e s  i n  Puget Sound. Paras t ichopus  
c a l i f o r n i c u s  used a s  a t e s t  organism f o r  uptake s t u d i e s  i n  E l l i o t t  
Bay l acks  publ ished d e s c r i p t i o n s  of gene ra l  d i s t r i b u t i o n  and l i f e  h i s t o r y  
and t h e  r eade r  i s  t h e r e f o r e  r e f e r r e d  t o  gene ra l  t e x t s  f o r  t h i s  information.  

The s i x t h  s e c t i o n  con ta ins  s t u d i e s  on t h e  l i f e  h i s t o r i e s ,  abundance 
and d i s t r i b u t i o n  i n  t h e  P a c i f i c  Northwest of t h e  f i n f i s h  s e l e c t e d  f o r  
t h i s  study. S tud ie s  on t h e i r  behavior and migra t ion  p a t t e r n s  a r e  a l s o  
included.  



An annotated l i s t  of s e l e c t e d  b ib l iog raph ie s  and l i t e r a t u r e  reviews 
s ince  1970 form the  seventh sec t ion .  

The supplementary re ference  l i s t  ( n o t  annotated)  inc ludes  those a r t i c l e s  
t h a t  d id  n o t  f i t  i n t o  t h e  above c a t e g o r i e s  and r e l a t e d  s t u d i e s  done 
i n  o t h e r  p a r t s  of t h e  world. 



BACKGROUND REFERENCES ON THE DUWAMISH RIVER-ELLIOTT BAY COMPLEX 

CH2M/Hi11. Ongoing research. Duwamish Estuary Study. For, Municipality 
of Metropolitan Seattle, In: 1974 A Compendium of Current Environmental 
studies in Puget Sound and Northwest Estuarine Waters. 

A computer model was developed by CH2M/Hill for the Municipality 
of Metropolitan Seattle (METRO) to simulate the hydrodynamics and 
water quality of the upper Duwamish River Estuary. The model was 
specifically designed to investigate the effects of future increases 
in discharge from the Renton Treatment Plant on water quality in 
the estuary. 

Model structure consisted of two components: (1) hydrodynamics; and 
(2) quality. The hydrodynamic model, an adaptation of a U.S. Geological 
Survey program, simulated transient river and tidal flows found in 
the Duwamish Estuary through the use of a homogeneous one-dimensional 
flow system. The quality model simulated the physical, chemical and 
biological reactions taking place within the estuary. Twenty-six 
water quality parameters including temperature, DO, BOD, various 
nitrogen and phosphorous forms, phytoplankton, and the carbon cycle 
were simulated. 

Hourly water quality input was required at both the head and the 
mouth of the estuary. A meteorologic data base consisting of daily 
values of air temperature, solar radiation, evaporation, dew point, 
etc., was also required. Subroutines within the model distributed 
the daily data over the day for hourly simulation. In addition, a 
total of five continuous point source discharges was allowed. 

The hydrodynamic and quality models were calibrated to 1972 observed 
data. Following calibration, the models were used to simulate water 
quality for a 1-in-10-year, low-flow period which occurred in 1967. 
Current treatment plant flows (35 cfs) and land use patterns of the 
Green-Duwamish River drainage basin were incorporated into the model. 
To evaluate the year 2000 water quality, simulations utilizing projected 
treatment plant flows of 123 cfs and future land use characteristics 
were compared to the 1967 simulations. The only major changes observed 
were two-fold increases in PO4, NH3, and NO concentrations. Phyto- 
plankton blooms did not increase substantiaqly, suggesting that nutrients 
were not the only limiting factors in this system. 

Shortened Authorf s Abstract 

Dawson, W.A. and L.J. Tilley. 1968. Measurement of Salt-Wedge Excursion 
Distance in the Duwamish River Estuary, Seattle, Washington, by Means 
of the Dissolved-Oxygen Gradient. U.S. Geological Survey Water-Supply 
Paper. 1873-D, 27 pp. 



The Duwamish River e s tua ry  has been t h e  ob jec t  of a s e r i e s  of compre- 
hensive s t u d i e s  undertaken t o  p r e d i c t  t h e  e f f e c t s  of t he  changing 
c h a r a c t e r  of waste-water i n p u t s  on t h e  water  q u a l i t y  of t h e  e s tua ry .  
T h i s  r epo r t  d i scusses  t h e  f resh-  and sa l t -water  r e l a t i o n s  of t h e  
es tuary .  The d i s t ance  t h a t  t h e  sa l t -water  wedge i n  t h e  e s tua ry  moves 
upstream and downstream wi th  t h e  t i d e  i s  measured by a method t h a t  
u t i l i z e s  t h e  p e r s i s t e n c e  of t h e  long i tud ina l  g rad ien t  of d i sso lved  
oxygen i n  t h e  s a l t  water  of t h e  wedges. The method, though unorthodox, 
can serve  a s  an independent check on any o t h e r  measurements of t i d a l -  
excursion d is tance .  Typica l  va lues  obtained were a 1-kilometer excursion 
f o r  a 1.3-meter t i d e  range and a 3-kilometer excursion f o r  a 3-meter 
t i d e  range. T h i s  method of t r a c i n g  t h e  water  movement seems t o  work 
because of two unusual a spec t s  of t h e  Duwamish River es tuary :  (1)  
t h e  channel con f igu ra t ion  i s  simple and well-sui ted t o  synopt ic  measure- 
ment and ( 2 )  t h e  phys ica l  p r o p e r t i e s  of t h e  e n t e r i n g  s a l t  water  a r e  
n e a r l y  cons tan t .  

Author1 s Abs t rac t  

Edmonson, S.A. 1973. Sediment t r a n s p o r t  i n  t h e  Duwamish Estuary ( S e a t t l e ) .  
M.S. Thes i s ,  Un ive r s i t y  of Washington, Department of C i v i l  Engineering, 
S e a t t l e .  

The o b j e c t i v e  of t h i s  s tudy was t o  determine t h e  q u a l i t y  of sediment 
being t r anspor t ed  i n t o ,  r e t a i n e d  by, and out  of t he  Duwamish Estuary 
f o r  a given average monthly inf low of f reshwater  i n  t h e  Green River  
a t  t h e  U.S. Geological  Survey gaging s t a t i o n  a t  Auburn, Washington. 

F i sche r ,  H.B. 1975. Descr ip t ion  of t h e  Model, P a r t  I of A ~ u m e r i c a l  model 
of m a t e r i a l  t r a n s p o r t  i n  salt-wedge e s t u a r i e s .  U.S. Geological Survey 
Prof.  Paper. 917: 1-8. 

Water i n  a salt-wedge e s tua ry  i d e a l l y  i s  cha rac t e r i zed  by an o s c i l a t i n g  
well-mixed wedge of und i lu t ed  seawater  topped by a s e r i e s  of succes- 
s i v e l y  more d i l u t e  over ly ing  l aye r s .  I n  t h e  wedge the  flow i s  back 
and f o r t h ,  w i th  a ne t  landward component t o  r ep l ace  water  e n t r a i n e d  
upward i n t o  t h e  over ly ing  l aye r ;  i n  t h e  over ly ing  l a y e r s  t he  flow 
a l s o  o s c i l l a t e s ,  bu t  e t h  a ne t  seaward component because of t h e  
inpu t  of f r e s h  r i v e r  water  and en t r a ined  wedge water.  The flow i s  
modeled by a computer program, and t h e  f low i s  used a s  an inpu t  t o  
t h e  cons t i t uen t - t r anspor t  model. The computer program then i s  used 
t o  determine t h e  advec t ion  and d i s p e r s i o n  of d i s so lved  c o n s t i t u e n t s  
and plankton,  and t h e i r  concen t r a t ions  throughout t h e  system i n  response 
t o  given inpu t s .  The r e p o r t  d e s c r i b e s  r equ i r ed  inpu t  da t a  and method 
of opera t ion  of t h e  computer program. 

Author1 s Abst rac t  



F i s c h e r ,  H.B. 1968. Methods f o r  P r e d i c t i n g  Dispers ion  C o e f f i c i e n t s  i n  
Natura l  Streams, wi th  Appl ica t ions  t o  Lower Reaches of t h e  Green 
and Duwamish Rivers ,  Washington. U.S. Geological  Survey Prof.  Paper. 
582-A, 27 pp. 

Four dye d i spe r s ion  experiments were conducted i n  t he  Green and 
Duwamish R ive r s ,  Wash. Longitudinal  d i spe r s ion  c o e f f i c i e n t s  were 
obta ined  i n  two experiments ,  l a t e r a l  concen t r a t ion  v a r i a t i o n s  i n  
t h e  t h i r d ,  and a e r i a l  photographs i n  t h e  fou r th .  The study reach 
was a  s e c t i o n  of meandering r i v e r ,  most of which i s  a f f e c t e d  by t i d e s  
during a  p a r t  of t he  t i d a l  cycle .  Dispersion was observed during 
normal r i v e r f l o w  and t i d a l  r e v e r s a l s .  I n  normal low of about 300 c f s  5 
t h e  observed d i s p e r s i o n  c o e f f i c i e n t  was 70-90 f t  per  sec. 

I n  n a t u r a l  r i ve r f low,  l a t e r a l  v a r i a t i o n  i n  v e l o c i t y  i s  hypothesized 
t o  be t h e  dominant mechanism f o r  d i spe r s ion .  With t h i s  hypothes is ,  
G . I .  Tay lo r ' s  theory  f o r  t u rbu len t  d i s p e r s i o n  i n  p ipes  may be appl ied  
t o  n a t u r a l  s t reamfloy.  The r e s u l t i n g  a n a l y s i s  p r e d i c t s  a  d i spe r s ion  
c o e f f i c i e n t  of 88 f t  pe r  s ec  f o r  a  f low of 300 c f s  i n  t h e  Green 
and Duwami s h  Rivers .  

A numerical s o l u t i o n  t o  t h e  convect ive d i f f u s i o n  equat ion  i s  obta ined ,  
u t i l i z i n g  a  high-speed e l e c t r o n i c  computer. Analysis  of a  two-dimensional 
flow wi th  logar i thmic  v e l o c i t y  p r o f i l e ,  f o r  which a  t h e o r e t i c a l  r e s u l t  
i s  a v a i l a b l e ,  shows t h a t  t h e  program produces accu ra t e  r e s u l t s .  Analysis  
of t h e  f low i n  t h e  G een and Duwamish Rivers  p r e d i c t s  a  d i s p e r s i o n  5 
c o e f f i c i e n t  of 91 f t  pe r  sec. 

The ana lyses  he re in  p re sen ted ,  both a n a l y t i c a l  and numerical ,  provide 
two ways of p red ic t ing  a  d i s p e r s i o n  c o e f f i c i e n t  f o r  a  n a t u r a l  stream. 
The p r e d i c t i o n  r e q u i r e s  f i e l d  measurement of channel geometry, shea r  
s t r e s s ,  and cross-sec t iona l  d i s t r i b u t i o n  of v e l o c i t y  only. Hopefully,  
f u t u r e  f i e l d  experiments w i l l  f u r t h e r  confirm t h e  two p r e d i c t i o n  
methods. 

Author' s Abstract  

Gibbs, C.V. and G.W. I s aac .  1968. Metropol i tan  S e a t t l e ' s  Duwamish Estuary 
Water Qua l i t y  Program. Jou rna l  Water P o l l u t i o n  Control  Federa t ion ,  
40: 385-394. 

T h i s  paper desc r ibes  t h e  METRO monitor ing program on the  Duwamish 
Estuary. The program was e s t a b l i s h e d  t o  safeguard the  r i v e r  and i t s  
e s tua ry  from p o s s i b l e  d e l e t e r i o u s  e f f e c t s  from the  Renton Treatment 
P lan t .  Inc luded  a r e  d i s c r i p t i o n s  of t h e  d i u r n a l ,  p r o f i l e ,  and bio-  
l o g i c a l  s t u d i e s  being c a r r i e d  out .  



Haushi ld ,  W.L. and E.A. Prych. Ongoing r e sea r ch .  The i n f l u e n c e  of I n d u s t r i a l  
and Municipal Wastes on E s t u a r i n e  and Offshore  Waters. Fo r ,  U.S. 
Geolog ica l  Survey, in: 1974 A Compendium of Cur ren t  Environmental 
S t u d i e s  i n  Puget Sound and Northwest E s t u a r i n e  Waters. 

The s t udy  de te rmines  t h e  e f f e c t s  of changes (made through t h e  com- 
prehens ive  sewerage p l a n  of t h e  Mun ic ipa l i t y  of Met ropol i t an  S e a t t l e ,  
METRO), i n  t h e  q u a l i t y  and q u a n t i t y  of munic ipa l  and i n d u s t r i a l  was tes  
on t h e  q u a l i t y  of t h e  r e c e i v i n g  w a t e r s ,  t h e  Duwamish River  e s t u a r y  
and Puget  Sound. I nc luded  i n  t h e  s t udy  a r e  t h e  e f f e c t s  of changes 
in :  (1 )  degree and type  of waste  t r e a tmen t ;  ( 2 )  q u a n t i t y  of t r e a t e d  
and u n t r e a t e d  was te  e f f l u e n t s ;  ( 3 )  geometry of t h e  Duwamish e s t u a r y  
through proposed widening and deepening of s h i p  and barge  channels ;  
and (4)  q u a l i t y  of t h e  w a t e r s  f lowing  i n t o  t h e  Duwamish e s t u a r y  from 
E l l i o t t  Bay and t h e  Green River .  

S p a t i a l  and temporal v a r i a t i o n s  of v a r i a b l e  v a l u e s  i n  t h e  e s t u a r y  
and Puget  Sound a r e  observed by con t inuous  moni to r ing  a t  s e v e r a l  
l o c a t i o n s  and by d a t a  c o l l e c t e d  dur ing  f i e l d  i n v e s t i g a t i o n s .  I n  a d d i t i o n  
t o  t h e  u s u a l  g r a p h i c a l  and s t a t i s t i c a l  a n a l y s i s  and i n t e r p r e t a t i o n  
of d a t a ,  a  numerical  ( d i g i t a l )  model of a  salt-wedge e s t u a r y  ha s  
been developed and a p p l i e d  t o  t h e  Duwamish e s t u a r y .  The model ha s  
been c a l i b r a t e d  and v e r i f i e d  w i t h  observed d a t a  t o  compute d i s t r i b u t i o n s  
of s a l i n i t y ,  t empera ture ,  c h l o r o p h y l l  2 (phytoplankton)  c o n c e n t r a t i o n ,  
BOD, and di'ssolved-oxygen c o n c e n t r a t i o n  i n  t h e  e s tua ry .  Also d i sso lved-  
oxygen c o n c e n t r a t i o n s  i n  t h e  Duwamish e s t u a r y  when t h e  Renton Treatment  
P l a n t  d i s c h a r g e s  a  proposed f u t u r e  maximum of 223 c u b i c  f e e t  p e r  
second (6.31 c u b i c  me t e r s  p e r  second) have been e s t ima t ed .  

Author' s Abs t r ac t  

Lee, F.A. Ongoing r e sea r ch .  C i r c u l a t i o n  and Mixing i n  Duwamish Estuary.  
Fo r ,  U n i v e r s i t y  of Washington, Department of Oceanography, &: 1974 
A Compendium of Cur ren t  Environmental  S t u d i e s  i n  Puget Sound and 
Northwest E s t u a r i n e  Waters. 

Based on U.S.G.S. d a t a  on c u r r e n t  and s a l i n i t y  of Duwamish River .  
Both c i r c u l a t i o n  and mixing mechanisms w i l l  be i n v e s t i g a t e d .  A numerical  
model w i l l  be c o n s t r u c t e d  t o  s imu la t e  t h e  dynamics of t h e  e s tua ry .  

Author ' s  Abs t r ac t  

Lenarz ,  W.H. 1969. Ana lys i s  and e v a l u a t i o n  of d a t a  ob t a ined  from au tomat ic  
wate r  q u a l i t y  moni to r ing  s t a t i o n s  on t h e  Duwamish Es tua ry ,  S e a t t l e .  
Ph.D. T h e s i s ,  U n i v e r s i t y  of Washington, Col lege  of F i s h e r i e s ,  S e a t t l e .  
189 pp. 



A completely computerized system f o r  sc reening ,  summarizing and analyzing 
a cont inuous s t ream of m u l t i v a r i a t e  environmental d a t a  c o l l e c t e d  
by a  network of remote e l e c t r o n i c  monitor ing s t a t i o n s  i s  descr ibed.  
T h i s  system was t r i e d  on da t a  c o l l e c t e d  by t h e  Munic ipa l i ty  of Metro- 
p o l i t a n  S e a t t l e  i n  t h e  Green-Duwarnish River  system and i n  t h e  Duwamish- 
E l l i o t t  Bay complex where hourly readings  of water  temperature,  conduc- 
t i v i t y ,  dissolved-oxygen, pH, and s o l a r  r a d i a t i o n  a r e  recorded. Included 
i s  a  s e r i e s  of computer programs t o  c a r r y  out  sc reening ,  suwnarizat ion 
and s t a t i s t i c a l  ana lyses  involv ing  both m u l t i p l e  r eg re s s ion  and s p e c t r a l  
a n a l y s i s .  A cons iderable  amount of in format ion  on t h e  phys ica l  parameters 
i s  synthes ized  t o  desc r ibe  t h e i r  i n t e r a c t i o n s  wi th  t h e  b i o l o g i c a l  
components . 

Matsuda, R . I .  Ongoing research.  Seasonal  f l u c t u a t i o n s  and spec i e s  composition 
of f i s h e s  i n  t h e  Duwamish Waterway. For ,  Munic ipa l i ty  of Metropol i tan 
S e a t t l e ,  in: 1974 A Compendium of Current Environmental S tud ie s  i n  
Puget Sound and Northwest Es tua r ine  Waters. 

A one y e a r  s tudy was c a r r i e d  out  t o  document seasonal  populat ion 
f l u c t u a t i o n s  and spec i e s  composition of t h e  f i s h e s  i n  t h e  Duwamish 
Waterway. Data c o l l e c t e d  from t h i s  s tudy w i l l  be compared wi th  da t a  
c o l l e c t e d  from a previous s tudy t o  determine i f  changes i n  t h e  seasonal  
f l u c t u a t i o n s  and spec i e s  composition have occurred and t o  determine 
t h e  p o s s i b l e  reasons f o r  t h e s e  changes. 

Data was a l s o  c o l l e c t e d  on f i s h  d i s e a s e s  ( i . e . ,  tumors and f i n  r o t ) .  

Author 's Abs t rac t  

Matsuda, R . I . ,  G.W. I s a a c  and R.D. Dalseg. 1968. F i shes  of t h e  Green- 
Duwamish River.  Munic ipa l i ty  of Metropol i tan S e a t t l e ,  Water Qua l i t y  
S e r i e s  No. 4 ,  38 pp. 

S ince  no h i s t o r i c a l  information could be found on t h e  f i s h e s  of t h e  
Green-Duwamish River ,  Metro' s f i s h  s t u d i e s  were i n i t i a l l y  designed 
t o  document t h e  va r ious  f i s h e s  i n h a b i t i n g  t h e  Green-Duwamish River  
and Duwamish waterway. T h i r t y  d i f f e r e n t  f i s h  spec i e s  were documented 
dur ing  t h e  three-year  (1964-66) study. 

The seasonal  and y e a r l y  popula t ion  f l u c t u a t i o n s  and t r e n d s  of f o u r  
s p e c i e s  were s tud ied  t o  a s s e s s  t h e  e f f e c t s  of e f f l u e n t  discharged 
from t h e  Renton Treatment P l a n t  on these  populat ions.  Two of t h e  
f o u r  s p e c i e s ,  t h e  s h i n e r  perch and s taghorn scu lp in ,  increased  i n  
populat ion.  The s t a r r y  f lounder  popula t ion  remained constant  and 
t h e  chinook salmon f r y  and f i n g e r l i n g  popula t ion  dec l ined  a t  one 
s t a t i o n  and was v a r i a b l e  a t  t h e  o ther .  

Author' s Abstract  



M i l l e r ,  B.S., R.C. Wingert and S.F. Borton. 1974. Ecological  Survey of 
Demersal F ishes  i n  t h e  Duwamish River and a t  West Po in t ,  (Jan-Dec 
1974). Municipal i ty  of Metropoli tan S e a t t l e ,  Contract  No. 9684. 35 
PP 

During 1974, t h e  F i s h e r i e s  Research I n s t i t u t e  a t  t h e  Univers i ty  of 
Washington conducted sampling of demersal f i s h e s  i n  the  Duwamish 
River and a t  West Poin t .  The ob jec t ives  of both sampling programs 
were to :  (1 )  ob ta in  da ta  on spec ies  composition, d i s t r i b u t i o n ,  abundance, 
and c o m u n i t y  s t r u c t u r e ;  and (2)  ob ta in  information on d isease  inc idence  
and p a r a s i t e  i n f e s t a t i o n .  Disease s t u d i e s  have emphasized f i n  r o t ,  
tumors, and nematode p a r a s i t e s .  This  progress  r epor t  desc r ibes  sampling 
procedures and prel iminary r e s u l t s  on these  i n v e s t i g a t i o n s  f o r  t he  
year  1974. 

Author's In t roduc t ion  

Murray, H.R. 1972. Study on Ef fec t  of Dredging on Water Qual i ty  and Sediment 
Transport  i n  t h e  Duwamish Estuary. U.S. Army Corps of Engineers; 
Consult. Rep. f o r  t h e  S e a t t l e  D i s t r i c t  Headquarters by Stevens,  Thompson 
and Runyon, Contract  No. DACW67-724-0116. 

The hydrology, sediments, and water  q u a l i t y  of t h e  Duwamish e s tua ry  
were s tudied  i n  terms of t h e  impact t h a t  dredging and d isposa l  opera t ions  
could be expected t o  have on these  parameters.  Besides a d iscuss ion  
of t h e  probable d i r e c t  impact of naviga t ion  p r o j e c t s  i n  the  e s tua ry ,  
a l t e r n a t i v e s  f o r  dredging and d i sposa l  opera t ions  a r e  g iven ,  and 
recommendations were presented f o r  improved methods of dredging and 
d isposa l .  Short  term e f f e c t s  of engineering a c t i v i t i e s  i n  t h e  e s tua ry  
would be a s i g n i f i c a n t  i nc rease  i n  t u r b i d i t y  and a much smaller  e f f e c t  
on d isso lved  oxygen and r e l e a s e  of n u t r i e n t s  and metals .  Long term 
e f f e c t s  would inc lude  changes i n  t h e  hydrau l i c s ,  sediment t r a n s p o r t ,  
and water q u a l i t y  of t he  es tuary .  

Prych, E.A., W.L. Haushild and J . D .  Stoner.  1975. Numerical Model of t he  
Salt-Wedge Reach of t h e  Duwamish River Estuary,  King County, Washington. 
U.S. Geological Survey Open-file Report 75-13. 

A numerical model of a salt-wedge e s tua ry  developed by Fischer  has  
been expanded and used t o  c a l c u l a t e  the  d i s t r i b u t i o n s  of s a l i n i t y ,  
temperature,  ch lorophyl l  a concent ra t ions ,  biochemical oxygen demand, 
and dissolved-oxygen concent ra t ions  i n  the  Duwamish River e s tua ry ,  
King County, Wash. With t h i s  model, which was c a l i b r a t e d  and v e r i f i e d  
wi th  observed da ta ,  computer temperatures usua l ly  agreed wi th in  2O 
Celc ius  of observed temperatures.  During a phytoplankton bloom i n  
t h e  summer of 1968 t h e  computed chlorophyl l  5 concent ra t ions  increased  
and decreased wi th  t h e  observed concent ra t ions ;  however, during two 
blooms i n  1967 t h e  computed high concent ra t ions  p e r s i s t e d  f a r t h e r  



downstream and l a s t e d  a few days longer than the  observed concentra- 
t ions .  The computed and observed dissolved-oxygen concentrat ions 
usual ly  agreed wi th in  2 milligrams per  l i t r e ,  except during phyto- 
plankton blooms. During the  blooms, the  d i f fe rences  were of ten  l a r g e r ,  
e spec ia l ly  when the  computed chlorophyll  2 concentrat ions were l a r g e r  
than the  observed concentrat ions.  

The model was used t o  p red ic t  the  dissolved-oxygen concentrat ions 
i n  the  Duwamish River es tuary  when t h e  Renton Treatment Plant  sewage- 
e f f l u e n t  discharge i s  increased t o  i t s  proposed maximum of 223 cubic 
f e e t  per  second (6.31 cubic meters per  second). The computed monthly 
average dissolved-oxygen concentrat ions i n  the  es tuary  decreased 
by a maximum of 2 milligrams per  l i t r e  when compared with computations 
f o r  the  summer of 1971, when the  e f f l u e n t  discharge averaged 37 cubic 
f e e t  per  second (1.05 cubic meters per  second). The increase  i n  e f f l u e n t  
discharge i s  no t  expected t o  cause l a rge  changes i n  phytoplankton 
concentrat ions i n  the  estuary.  

Author's Abstract 

Rat t ray ,  M., Jr. and E. Mitsuda. 1974. Theore t ica l  Analysis of Conditions 
i n  a S a l t  Wedge. Estuarine and Coastal Marine Science. 2(4): 375-394. 

Theore t ica l  r e s u l t s  a r e  obtained f o r  salt-wedge e s t u a r i e s  which give 
the  v e l o c i t y  p r o f i l e ,  s t r e s s  d i s t r i b u t i o n ,  shape and length of the  
wedge f o r  s teady-state flow condit ions.  It i s  assumed t h a t  t h e  cross- 
sec t ion  i s  rectangular .  Cases a r e  presented f o r  both constant  depth 
and uniformly sloping bottom. The dynamics resemble those found i n  
open channel flow with t h e  add i t ion  of a laminar boundary l aye r  a t  
the  i n t e r f a c e  between the  wedge and the  upper layer .  

The theory g ives  reasonable p red ic t ions  f o r  the  length and shape 
of s a l t  wedges observed i n  flumes and i n  the  Miss iss ippi  and Duwamish 
Rivers. 

Author1 s Abstract 

Santos,  J.F. and J . D .  Stoner. 1972. Physica l ,  Chemical, and Biological  
Aspects of the  Duwamish River Estuary King County, Washington 1963-67. 
U.S. Geological Survey Water-Supply Paper. 1873-C. 74 pp. 

This  repor t  descr ibes  the  s i g n i f i c a n t  r e s u l t s  t o  1967 of a comprehensive 
study t h a t  began i n  1963 t o  evaluate what changes take place i n  an 
es tuary  a s  the  loads of raw and p a r t i a l l y  t r e a t e d  i n d u s t r i a l  and 
municipal wastes a r e  replaced by e f f l u e n t  from a secondary treatment 
p lan t .  . The study area  i s  t h e  Duwamish River e s tua ry .  



Four water-quality s t a t i o n s  au tomat ica l ly  monitor DO (d i s so lved  oxygen), 
water  temperature,  pH, and s p e c i f i c  conductance; a t  one s t a t i o n  s o l a r  
r a d i a t i o n  a l s o  i s  measured. DO concent ra t ion  i n  t h e  su r f ace  l a y e r  
decreases  almost l i n e a r l y  i n  a  downstream d i r e c t i o n .  Minimum DO concen- 
t r a t i o n  i n  t h e  su r f ace  l a y e r  i s  u sua l ly  g r e a t e r  than 4 mg/l (mi l l ig rams 
pe r  l i t e r ) .  The sma l l e s t  DO va lues  a r e  c o n s i s t e n t l y  recorded i n  t h e  
bottom l a y e r  a t  t h e  s t a t i o n  7.7 k i lometers  above t h e  mouth; monthly 
means of l e s s  than  3 mg/l of DO have occurred a t  t h i s  po in t .  Manual 
sampling shows t h a t  t h e  DO sag i n  t h e  bottom l a y e r  o s c i l l a t e s  between 
7.7 and 10.4 k i lometers  above t h e  mouth of t h e  es tuary .  Multiple- 
r eg re s s ion  a n a l y s i s  shows t h a t  t h e  su r f ace  DO conten t  can be es t imated  
from t h e  fresh-water in f low and water  temperature.  T i d a l  exchange 
and fresh-water in f low i n d i r e c t l y  c o n t r o l  t h e  b o t ~ o m  DO con ten t ,  
Average n i t r a t e  concent ra t ion  i n  f r e s h  water  a t  s t a t i o n  16.2 
has increased  p rog res s ive ly  s ince  1964, by amounts g r e a t e r  t han  those  
which can be a t t r i b u t e d  t o  t he  Renton Treatment P l a n t ,  4.3 k i lometers  
upstream from s t a t i o n  16.2 

The BOD (biochemical oxygen demand) i n  both su r f ace  and bottom l a y e r s  
i s  gene ra l ly  l e s s  than  4 mg/l of oxygen, but va lues  g r e a t e r  than 
6 mg/l have been measured during a  per iod  of phytoplankton bloom. 
Phytoplankton blooms can occur during per iods  of minimum t i d a l  exchange 
and fresh-water inf lows of l e s s  than  300 c f s  i f  s o l a r  r a d i a t i o n  and 
water  temperature a r e  optimum. N u t r i t e n t s  ( n i t r o g e n  and phosphorus 
compounds) do not  c o n t r o l  t h e  occurrence of a  bloom, because s u f f i c i e n t  



q u a n t i t i e s  of t h e s e  n u t r i e n t s  a r e  always p re sen t .  Nu t r i en t s  i n  t he  
t r e a t e d  e f f l u e n t  may inc rease  t h e  biomass of t h e  bloom. Trace-element 
s t u d i e s  have n o t  def ined  any r o l e  t h a t  t h e s e  elements may p lay  i n  
a l g a l  growth. 

The inf lowing f r e s h  water  con ta ins  p r i n c i a p l l y  calcium and bicarbonate  
and has  a d isso lved-so l ids  conten t  ranging from 33 t o  71 mg/l.  During 
t h e  s tudy per iod ,  concen t r a t ions  of suspended sediment ranged from 
20 t o  1,000 rng/l, and t h e  maximum sediment load was 31,000 tons  pe r  
day. Because bottom d e p o s i t s  con ta in  l a r g e  amounts of c o a l  from upstream 
sources ,  i t  was not  p o s s i b l e  t o  q u a n t i t a t i v e l y  determine o t h e r  organic  
m a t e r i a l  by carbon ana lys i s .  

Shortened Author 's Abstract  

S c h e l l ,  W.R. and E.E. C o l l i a s .  Ongoing research.  Trace Contaminants from 
Dredge S p o i l s  i n  E l l i o t t  Bay. For ,  Munic ipa l i ty  of Metropol i tan S e a t t l e ,  
in :  1974 A Compendium of Current  Environmental S tud ie s  i n  Puget Sound - 
and Northwest Es tua r ine  Waters. 

The Duwamish Waterway i s  p r e s e n t l y  being dredged; t he  accumulated 
dredge m a t e r i a l  i s  being dumped of f  Four Mile Rock i n  E l l i o t t  Bay. 
These a c t i v i t i e s  pose t h e  t h r e a t  of poss ib l e  i n t e r f e r e n c e  wi th  METRO 
i n t e r i m  s t u d i e s  now being conducted i n  t h e  a r ea  of t h e  dump s i t e .  
The p re sen t  study was i n i t i a t e d  t o  measure the  inc rease  over ambient 
concen t r a t ions  of t r a c e  c o n s t i t u t e n t s  i n  E l l i o t t  Bay and nearby waters  
due t o  t h e  d i sposa l  opera t ions .  Transport  of t r a c e  c o n s t i t u t e n t s  
by t h e  c u r r e n t  and t i d a l  c i r c u l a t i o n  and t h e  d i s t r i b u t i o n  of t hese  
c o n s t i t u t e n t s  w i th in  t h e  b i o l o g i c a l  system of t h e  e s tua ry  a r e  a l s o  
under study. 

Shortened Author' s Abstract  

S tone r ,  J . D .  1972. Determinat ion of Mass Balance and Entrainment i n  t h e  
S t r a t i f i e d  Duwamish River  e s t u a r y ,  King County, Washington. U.S. 
Geological  Survey Water-Supply Paper. 1873-F. 17 pp. 

During a s tudy of t h e  e f f e c t s  of waste-water i npu t  on t h e  s t r a t i f i e d  
Duwamish River  e s t u a r y ,  i n t e n s i v e  water-veloci ty  and s a l i n i t y  measure- 
ments were made i n  both t h e  lower s a l t  wedge and t h e  upper f r e s h e r  
water  l a y e r  f o r  t i da l - cyc l e  per iods.  The n e t  movement of water  and 
s a l t  mass pas t  a c r o s s  s e c t i o n  during a t i d a l  cyc le  was determined 
from i n t e g r a t i o n  of t h e  measured r a t e s  of movement of water  and s a l t  
p a s t  t h e  sec t ion .  The n e t  volume of water  t h a t  moved downstream pas t  
t h e  s e c t i o n  during t h e  cyc l e  agreed wi th  t h e  volume of fresh-water 
i n f low a t  t h e  head of t h e  e s t u a r y  wi th in  (1)  3.8 and 7.2 pe rcen t ,  
r e s p e c t i v e l y ,  f o r  two s t u d i e s  made during pe r iods  of maximum and 
minimum t ida l -pr i sm th i ckness  and i d e n t i c a l  in f low r a t e s  of 312 c f s  
( cub ic  f e e t  pe r  second),  and (2)  15 percent  f o r  one s tudy made during 



a period of average t idal-prism th ickness  and an inf low r a t e  of 1,280 
c f s .  For the  t h r e e  s t u d i e s ,  t h e  d i f f e rence  between s a l t  mass t r anspor t ed  
upstream and downstream during t h e  cyc le s  ranged from 0.8 t o  1.9 
percent  of t h e  r e spec t ive  mean salt-mass t r a n s p o r t .  Water was en t r a ined  
from t h e  sa l t -water  wedge i n t o  t h e  overlying l aye r  of mixed f r e s h  
and s a l t  water  a t  t idal-cycle-average r a t e s  of 30 and 69 c f s  pe r  
m i l l i o n  square f e e t  of i n t e r f a c e  f o r  t he  inf low r a t e s  of 312 c f s ,  
and 99 c f s  pe r  m i l l i o n  square f e e t  of i n t e r f a c e  f o r  an inf low r a t e  
of 1,280 c f s .  A t  a  cons tant  inf low r a t e ,  t h e  r a t e  of entrainment 
of salt-wedge water  i n  t h e  Duwamish River e s tua ry  more than doubled 
f o r  a  doubling of t ida l -pr i sm th ickness .  It a l s o  doubled f o r  a  quad- 
rupl ing  of inf low r a t e  a t  about cons tant  t ida l -pr i sm thickness.  

Authorf s  Abstract  

S toner ,  J . D .  1967. P red ic t ion  of Salt-Water I n t r u s i o n  i n  the  Duwamish 
River Estuary,  King County, Washington. Geological Survey Research, 
U.S. Geological Survey Prof .  Paper. 575-D. pp. 253-255. 

Accurate p r e d i c t i o n s  of sal t -water  i n t r u s i o n  7.8 mi l e s  upstream from 
t h e  mouth of t h e  Duwamish River can be made f o r  the  3-foot sur face  
l aye r ,  using the  r e l a t i o n s h i p  between t i d e  he ight  and fresh-water 
discharge. I n t r u s i o n  occurs a t  t h e  s i t e  r ega rd le s s  of t h e  high-tide 
he igh t ,  when discharge i s  l e s s  than 625 c f s ,  whereas a  discharge 
of more than 1,000 c f s  i s  s u f f i c i e n t  t o  prevent  i n t r u s i o n  a t  any 
t i d e  s tage .  Between 625 and 1,000 c f s ,  i n t r u s i o n  i s  dependent upon 
both discharge and high-t ide he ight .  

Authorf s  Abstract 

T i l l e y ,  L.J. and W.A. Dawson. 1971. P lan t  n u t r i e n t s  and the  e s tua ry  mechanism 
i n  t h e  Duwamish River es tuary .  U.S. Geological Survey Prof.  Paper 
750-C. pp. 185-191. 

The Duwamish River  e s tua ry  t r a p s  p l a n t  n u t r i e n t s  i n  the  water of 
i t s  s a l t  wedge. Analyses of i npu t  and output  of n u t r i e n t  concent ra t ions  
i n  t h e  e s tua ry  show a nea r ly  two-fold inc rease  i n  concent ra t ions  
of n u t r i e n t s  i n  t h e  s a l t  wedge. The inc rease  c o n s i s t s  of n u t r i e n t s  
t r a n s f e r r e d  from the  outflowing r i v e r  water  i n  amounts which ba re ly  
a f f e c t  river-water concentrat ions.  

Authorf s Abstract  

Welch, E.B. 1969. Fac tors  I n i t i a t i n g  Phytoplankton Blooms and Resul t ing  
E f f e c t s  on Dissolved Oxygen i n  Duwamish River Estuary,  S e a t t l e ,  Wash- 
ington.  U.S. Geological Survey Water-Supply Paper 1873-A. 62 pp. 



Phytoplankton productivity, standing stock, and related environmental 
factors were studied during 1964-66 in the Duwamish River estuary, 
at Seattle, Wash., to ascertain the factors that affect phytoplankton 
growth in the estuary; a knowledge of these factors in turn permits 
the detection and evaluation of the influence that effluent nutrients 
have on phytoplankton production. The factors that control the concen- 
tration of dissolved oxygen were also evaluated because of the importance 
of dissolved oxygen to the salmonid populations that migrate through 
the estuary. 

Phytoplankton blooms, primarily of diatoms, occurred in the lower 
estuary during August 1965 and 1966. No bloom occurred during 1964, 
but the presence of oxygen-supersaturated surface water in August 
1963 indicates that a bloom did occur then. 

Nutrients probably were not the primary factor controlling the timing 
of phytoplankton blooms. Ammonia and phosphate concentrations increased 
significantly downstream from the Municipality of Metropolitan Seattle's 
Renton Treatment Plant outfall after the plant began operation in 
June 1965, and concentrations of nitrogen and phosphorus were relatively 
high before operation of the Renton Treatment Plant and during nonbloom 
periods. The consistent coincidence of blooms with minimum fresh-water 
discharge and tidal exchange during August throughout ther study period 
indicates that bloom timing probably was controlled mostly by hydro- 
graphic factors that determine retention time and stability of the 
surface-water layer. This control was demonstrated in part by a highly 
significant correlation of gross productivity with retention time 
(as indicated by fresh-water discharge) and vertical stability (as 
indicated by the difference between mean surface and mean bottom 
temperatures). The failure of a bloom to develop in 1964 is related 
to a minimum fresh-water discharge that was much greater than normal 
during that sumner. Hydrographic factors are apparently important 
because, as shown by studies of other estuarine environments by other 
workers, phytoplankton production increases when the zone of vertical 
turbulent mixing is not markedly deeper than the compensation depth. 

Phytoplankton cells produced in the surface waters sink, therby con- 
tributing oxidizable organic matter to the bottom saline-water wedge. 
The maximum BOD (biochemical oxygen demand) in this bottom wedge 
occurs in the same section of the estuary and at the same time as 
the maximum phytoplankton biomass (as indicated by chlorophyll 2) 
and minimum DO (dissolved oxygen). Other sources of BOD occur in 
the estuary, and conditions of minimum discharge and tidal exchange 
assist in reducing DO. Nonetheless, the highly significant correlation 
of chlorophyll 2 with BOD throughout the sunnner indicates that respira- 
tion and decomposition of phytoplankton cells is clearly an important 
contributor of BOD. 



Increases in the biomass and resultant BOD of blooms because of increased 
effluent nutrients presumably would further decrease the concentration 
of DO. This possible effect of effluent nutrients was evaluated by 
laboratory bioassays and by a comparison of mean annual biomasses 
in the estuary. A green algal population in vitro did increase in 
response to added effluent nutrients; however, the available field 
data suggest that a 46-percent increase in effluent discharge between 
1965 and 1966 did not increase the estuary's phytoplankton biomass 
significantly. 

Author's Abstract 

Welch, E.B. 1968. Phytoplankton and related water-quality conditions in 
an enriched estuary. Water Pollution Control Federation, Journal, 
40(10) : 1711-1727. 

The purpose of this study is to evaluate the influence of nutrient 
additives from the effluent of the recently completed Renton Treatment 
Plant on phytoplankton standing stock, productivity and species com- 
position in the Duwamish estuary at Seattle, Washington. This evaluation 
is done in relation to physical and chemical factors to evaluate 
possible changes in water quality as a result of phytoplankton blooms 
that might occur as the volume of the plant effluent increases. 

Williams, J.R. 1967. Movement and dispersion of a flourescent dye in the 
Duwamish River estuary, Washington. U.S. Geological Survey Prof. 
Paper 575-B. pp. 245-249. 

Rhodamine B was introduced 13.1 miles above the Duwamish River mouth 
on a falling tide, with a discharge of about 700 cfs, and dye con- 
centrations were measured continuously for 67 hours at sites 5.4 
and 8.3 miles downstream from the point of release. Times of travel 
to the 2 sites were 5 hours 2 minutes and 18 hours and 40 minutes, 
respectively. Dye concentrations and traveltimes for all but the 
first peak at the upstream site were affected by tide. The dispersion 
coefficient at the downstream site (200 and 400 sq ftlsec) was con- 
siderably larger than that at the upstream site (about 100 sq ft/sec) 
because of the tidal action. 

Author1 s Abstract 



BENTHIC AND PELAGIC ASSEMBLAGES I N  PUGET SOUND AND THE NORTHEASTERN 
PACIFIC OCEAN: WITH GENERAL REFERENCES TO PHYSICAL AND CHEMICAL 
PROPERTIES OF PUGET SOUND 

Alverson, D.L., A.T. P r u t e r ,  and L.L. Ronholt. 1964. A study of demersal 
f i s h e s  and f i s h e r i e s  of t h e  no r theas t e rn  P a c i f i c  Ocean. H.R. MacMillan 
Lec tures  i n  F i s h e r i e s ,  Univers i ty  of B r i t i s h  Columbia, I n s t .  F ish . ,  
190 pp. 

To eva lua t e  t h e  e f f e c t s  of f i s h e r i e s  on groundf ish  popula t ions  r e q u i r e s  
t h a t  a l l  a v a i l a b l e  f a c t s  be marsha l led ,  inc luding  information on 
t h e  f i s h e r i e s  themselves and on t h e  d i s t r i b u t i o n  and r e l a t i v e  abundance 
of t h e  va r ious  spec i e s  i n  time and space. The purpose of t h i s  r e p o r t ,  
t h e r e f o r e ,  i s  t o  (1)  review t h e  development and magnitude of demersal 
f i s h e r i e s  i n  t h e  no r theas t e rn  P a c i f i c  Ocean, (2)  desc r ibe  t h e  gear  
and f i s h i n g  techniques used t o  ha rves t  t h e  r e sou rces ,  ( 3 )  summarize 
r e s u l t s  of explora tory  f i s h i n g  surveys t o  provide information on 
t h e  d i s t r i b u t i o n ,  r e l a t i v e  abundance, and s i z e s  of demersal f i s h e s  
i n h a b i t i n g  t h e  c o n t i n e n t a l  she l f  and c o n t i n e n t a l  s lope  of f  North 
America from Oregon t o  t h e  Bering Sea,  and (4 )  cons ider  t h e  magnitude 
and c u r r e n t  use  of demersal f i s h  s tocks .  

C o l l i a s ,  E.E., N. McGary and C.A. Barnes. 1974. A t l a s  of phys ica l  and 
chemical p r o p e r t i e s  of Puget Sound and i t s  approaches. Washington 
Sea Grant Pub l i ca t ion  WSG 74-1, Un ive r s i t y  of Washington, S e a t t l e ,  
235 pp. 

T h i s  i s  a  graphic  p re sen ta t ion  of t h e  phys i ca l  and chemical oceano- 
g raph ic  da t a  from Puget Sound and i t s  approaches which provides a  
convenient and usable  r e f e rence  f o r  de f in ing  t h e  major f e a t u r e s  of 
water  p r o p e r t i e s  i n  Puget Sound. Water p r o p e r t i e s  along 8 long i tud ina l  
p r o f i l e s  a r e  presented  f o r  vary ing  time i n t e r v a l s  from 1952 through 
1966. The major f e a t u r e s  of t h e  d i s t r i b u t i o n  of p r o p e r t i e s  can be 
followed a s  they change i n  space and time. Values f o r  d i f f e r e n t  yea r s  
a t  corresponding seasons can be compared t o  g ive  an i n s i g h t  i n t o  
t h e  year-to-year v a r i a t i o n s .  Measurements were made along the  major 
axes of t h e  v a r i o u s  channels  and r ep resen t  l o c a l l y  t h e  background 
s a l i n e  waters  t h a t  feed  the  p e r i p h e r a l  a r eas .  

DeLacy, A.C., B.S. M i l l e r  and S.F. Borton. 1972. Checkl i s t  of Puget Sound 
Fishes.  Washington Sea Grant Program, Div is ion  of Marine Resources,  
Univers i ty  of Washington, 43 pp. 

The accompanying l i s t  of f i s h e s  c o n s t i t u t e s  a  compilat ion of da t a  
on Puget Sound f i s h  spec i e s  d i s t r i b u t i o n  up t o  1971. It i s  compiled 
from t h e  l i t e r a t u r e ;  from unpublished catalogued e n t r i e s  i n  t he  Univer- 
s i t y  of Washington c o l l e c t i o n  of f i s h e s ;  and from unpublished log 
records  from t h e  Univers i ty  of Washington College of F i s h e r i e s ,  Univer- 
s i t y  of Washington Department of Oceanography, Univers i ty  of Washington 



Friday Harbor Labora tor ies ,  Washington S t a t e  Department of F i s h e r i e s ,  
National  Marine F i s h e r i e s  Serv ice ,  Municipal i ty  of Metropolitan S e a t t l e ,  
and o t h e r  l e s s  ex tens ive  sources. We have t r i e d  t o  avoid any dup l i ca t ion  
of r e p o r t s  and have made t h e  genera l  na tu re  of t h i s  l i s t  conserva t ive ,  
s ince  we have attempted t o  avoid any r e p o r t s  of ques t ionable  v a l i d i t y .  
A t o t a l  of 211 spec ies  of f i s h  have been recorded i n  t h i s  check l i s t .  

Shortened Author's In t roduc t ion  

DiDonato, G. 1971. Groundfish I n v e s t i g a t i o n s  Progress  Report - 1970. Wash- 
ington  Department of F i s h e r i e s ,  Marine F i s h e r i e s  Inves t iga t ions .  

This  r epor t  con ta ins  a  genera l  review of t h e  1970 Washington t rawl  
f i s h e r y  d t h  records of groundfish t a g  r e l e a s e  and recovery records. 
Reviews of present  s t u d i e s  and of i n t e r s t a t e  and i n t e r n a t i o n a l  meetings 
a s  wel l  a s  any r egu la t ion  changes a r e  a l s o  included. Miscellaneous 
o the r  programs such a s  Puget Sound English s o l e  s tock  de l inea t ion  
s t u d i e s ,  Cent ra l  Puget Sound trawl v e s s e l  sampling s t u d i e s  and Everet t  
Bay dumping problem a r e  discussed. Mention of t h e  r e p o r t s  f i n i s h e d  
and/or  published during 1970 i s  a l s o  made. 

DiDonato, G. 1971. Groundfish I n v e s t i g a t i o n s  Progress  Report - 1969. Wash- 
ington  Department of F i s h e r i e s ,  Marine F i s h e r i e s  I n v e s t i g a t i o n s .  

T h i s  repor t  conta ins  a  genera l  review of t h e  1969 Washington t rawl 
f i s h e r y  along wi th  tagging s tud ie s .  Of main concern were t h e  changes 
i n  groundfish r egu la t ions ,  t he  proposals  and t h e i r  j u s t i f i c a t i o n s  
based on a r e a s  of Puget Sound being f i shed  and t o  what ex tent .  Other 
a c t i v i t i e s  such a s  meeting reviews and mention of o t h e r  programs, 
a s  w e l l  a s  those  r e p o r t s  completed and/or  published during 1969 were 
discussed.  

Federal  Water P o l l u t i o n  Control  Administrator.  Conference on the  ma t t e r  
of p o l l u t i o n  of t h e  navigable waters  of Puget Sound, t he  S t r a i t  of 
Juan de Fuca and t h e i r  t r i b u t a r i e s  and e s t u a r i e s  (Washington). U.S. 
Department of t he  I n t e r i o r .  

Th i s  conference d e a l s  wi th  the  ma t t e r  of p o l l u t i o n  of navigable water  
of t h e  Puget Sound and surrounding areas .  The purpose of t h e  conference 
i s  t o  br ing  together  a u t h o r i t a t i v e  and i n t e r e s t e d  p a r t i e s  t o  review 
t h e  e x i s t i n g  s i t u a t i o n ,  progress  and l ay  a  b a s i s  f o r  f u r t h e r  research.  

F r i ebe r t shause r ,  M. and A.C. Duxbury. 1972. A water budget study of Puget 
Sound and i t s  subregions. Limnol. Oceanogr., 17: 237-247. 

A water  budget study f o r  Puget Sound and i t s  p r i n c i p a l  subregions,  
based on t h e  f reshwater ,  seawater,  and t o t a l  water  budgets,  determines 
t h e  mean f luxes  of water  i n t o  and out of these  reg ions ,  t h e  freshwater  
con ten t ,  and t h e  change i n  f reshwater  content  by month and by year.  



Data used t o  c a l c u l a t e  t h e  budgets inc lude  monthly mean va lues  of 
p r e c i p i t a t i o n ,  evapora t ion ,  runof f ,  changes i n  sea  l e v e l ,  mean s a l t  
con ten t ,  and t h e  s a l i n i t i e s  of inf lowing and outflowing waters  f o r  
each subregion. The f l u x e s  of water  c a l c u l a t e d  i n  t h e  budget a n a l y s i s  
y i e l d  an approximation of f l u sh ing  e f f i c i e n c y  and replacement time 
f o r  Puget Sound and i t s  subregions. The monthly f reshwater  con ten t ,  
a long wi th  t h e  f l u x e s  of water  and t h e i r  s a l t  load ,  i n d i c a t e s  t h a t  
r i v e r  runoff does no t  by i t s e l f  c o n t r o l  t h e  f reshwater  content  of 
a p a r t i c u l a r  subregion; cons iderable  f reshwater  i s  added by t h e  inf low 
of water  from an ad jacent  embayment. 

Gr ino l s ,  R.B. 1965. Check l i s t  of t h e  o f f sho re  marine f i s h e s  occurr ing 
i n  t h e  NE P a c i f i c  Ocean, p r i n c i p a l l y  off  t h e  c o a s t s  of B r i t i s h  Columbia, 
Washington, and Oregon. M.S. Thes i s ,  Univers i ty  of Washington, College 
of F i s h e r i e s ,  S e a t t l e ,  217 pp. 

The o r i g i n ,  d i s p e r s a l ,  and abundance of no r theas t e rn  P a c i f i c  deep- 
water  marine ben th i c  f i s h e s  a r e  examined wi th  a b r i e f  d i scuss ion  
of deep-sea endemism. Oceanic provinces a r e  d iscussed  and del imited.  

About 200 pe l ag ic ,  ba thypelag ic  and ben th i c  spec i e s ,  belonging t o  
127 genera and 59 f a m i l i e s  have been reported.  Based on r ecen t ,  new 
informat ion ,  24 spec i e s  of deep-water marine f i s h e s  have been added 
t o  t h e  s u b a r c t i c  faunal  area.  

Authort s Abstract  

Harman, R.A., J . C .  Serwold and marine t echn ic i ans .  1974. Basel ine study 
of sediment provinces  and b io types  of E l l i o t t  Bay and v i c i n i t y ,  Wash- 
ington.  Shore l ine  Community College,  Marine Technical  Report No. 2. 

The suspended load from t h e  Duwarnish River  i s  depos i ted  on the  e a s t e r n  
p o r t i o n  of E l l i o t t  Bay while  i t s  bedload i s  depos i ted  on the  western 
s ide .  D i s t r i b u t i o n  of diatoms, fo ramin i f e r s ,  pelecypods, gastropods 
and specimens from polychaete  worm f a m i l i e s  a r e  inf luenced  by t h i s  
suspended load d i s t r i b u t i o n .  Water s t r a t i f i c a t i o n  and advect ion a r e  
more important i n  accounting f o r  t he  d i s t r i b u t i o n  of r i v e r  born p a r t i c l e s  
than v e r t i c a l  s ink ing  s i n c e  most d e b r i s  does no t  accumulate below 
t h e  50 fathom contour  d e s p i t e  c l o s e  proximity t o  t h e  r i v e r  mouth. 
The d i s t r i b u t i o n  of Foraminifera  and diatoms a s  compared t o  t h e  macro- 
fauna a l s o  appear  t o  respond t o  water  s t r a t i f i c a t i o n  i n  t h a t  t h e i r  
d i s t r i b u t i o n  i s  c o n t r o l l e d  more by water  depth. Although t h e  macro- 
fauna a r e  inf luenced  by r i v e r  sedimentat ion,  t h e i r  d i s t r i b u t i o n  over  
g r e a t e r  depth ranges a l s o  suggest t h e  importance of she l f  displacement 
o r  v e r t i c a l  t r a n s p o r t  of food by plankton o r  nekton. The western 
p o r t i o n  of E l l i o t t  Bay and the  she lves  ou t s ide  of E l l i o t t  Bay have 
more d i v e r s e  faunas. Shelf  displacement appears  t o  a f f e c t  t h e  numbers 
of ben th i c  organisms i n  t h e  deep a r e a s  of Puget Sound. The former 
durnpsite off  Fourmile Rock has  reduced t h e  macrofauna dens i ty  but 
has  no t  no t i ceab ly  a l t e r e d  t h e  ad jacent  macrofauna s i t e s  where dumped 
d e b r i s  has  d ispersed .  Hardpan c l a y s  should not  be dumped i n  marine 
environments a s  both micro and macrofaunal components a r e  d r a s t i c a l l y  
reduced. 

Authort s Abstract  
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Harman, R.A., R.E. Sylwester and marine technic ians .  1974. Microbiogenic 
sediments and t h e i r  use  i n  eva lua t ing  e s t u a r i e s  i n  c e n t r a l  Puget 
Sound, Washington. Shore l ine  Community College,  Marine Technical 
Report No. 1. 

I n  Cent ra l  Puget Sound, c e n t r i c  o r  d i s c  shaped diatoms such a s  Coscino- 
d i sus  spec ie s  dominated t h e  deeper po r t ions  of e s t u a r i e s .  Angular - 
shaped diatoms such a s  Biddulphia and Ischmia spec ies  a r e  more f r e -  
quently found i n  h igher  s a l i n i t y  waters  o r  cur rent  swept rocky and 
g rave l ly  a reas .  Rod and chain diatoms, such a s  Milosiranae,  were 
comnon i n  low s a l i n i t y  waters ,  e s p e c i a l l y  on mud f l a t s  and e a s t e r n  
po r t ions  of Puget Sound. Pennate diatoms c h a r a c t e r i z e  r i v e r  beds 
o r  i nne r  po r t ions  of t i d a l  f l a t s .  Di f ferences  between Foraminifera 
faunas r e f l e c t e d  the  inf luence  of s u b s t r a t e  and s a l i n i t y  d i f f e rences .  
I n  cu r ren t  swept passage a g r e a t e r  d i v e r s i t y  of spec ie s  i n  the  micro- 
fauna exis ted .  Mudflats conta in  predominantly Trochamina i n f l a t a  
and Milianunina fusca  while  sandy t i d a l  f l a t s  were dominated by Trochamina 
p a c i f i c a .  Es tua r i e s  wi th  lower s a l i n i t i e s  were more frequented by 
Elphidium selseyense while  E lph id ie l l a  hannai were t y p i c a l l y  more 
seaward. I n  t h e  main Puget Sound bas in  Eggerel la  advena and Legenamnina 
a t l a n t i c a  were dominant but appeared t o  be excluded from t h e  more 
d i s t a n t  e s t u a r i e s  of S i n c l a i r  I n l e t ,  Dyes I n l e t  and Liber ty  Bay. 
Wood fragments appeared t o  be c o n t r o l l e d  by advect ion and water  s t r a t i -  
f i c a t i o n .  Since t h e i r  concent ra t ions  were low i n  deeper waters  d e s p i t e  
t h e i r  near  proximity. Off t h e  o ld  and new sewer o u t f a l l  a t  Metro 
t i d e f l a t  spec ie s ,  Trochamina i n f l a t a ,  was found i n  deep water  (30 
fathoms) suggest ing poss ib l e  in f luence  of e i t h e r  t h e  o ld  o r  new sewer 
o u t f a l l .  Both po l lu t ed  and g l a c i a l  sediment should have lower foramini-  - 
f e r a l  concent ra t ions  than normal modern day sediments. Eliphidium 
selseyense,  Pennate diatoms and Milosiranae should dominate g l a c i a l  
sediments while  arenacous foramini fera1  faunas w i l l  be found dominating 
po l lu t ed  sediment i n  Cent ra l  Puget Sound. 

Author1 s Abstract  

Kozloff ,  E.N. 1973. Seashore l i f e  of Puget Sound, S t r a i t  of Georgia, and 
the  San Juan Archipelago. Univers i ty  of Washington P res s ,  S e a t t l e .  

This  book i s  a reasonably comprehensive, accura te  and wel l  i l l u s t r a t e d  
guide t o  t h e  seashore l i f e  of Puget Sound and adjacent  waters.  D i s -  
cuss ions  a r e  organized i n t o  t h r e e  habi ta t -or ien ted  chapters ,  covering 
f l o a t i n g  docks and p i l i n g s ,  rocky shores,  and sandy and muddy h a b i t a t s .  

Lie U. 1974. D i s t r i b u t i o n  and s t r u c t u r e  of benth ic  assemblages i n  Puget 
Sound, Washington, u.'s.A. Marine Biology, 26: 203-223. 

2 
Benthic infauna was c o l l e c t e d  wi th  a 0.2 m van Veen grab a t  48 s t a t i o n s  
i n  Puget Sound, Washington, USA during Feburary-March 1969. A l l  t h e  
c rus taceans ,  lamell ibranchs,  and echinoderms were i d e n t i f i e d  and 
counted. P a r t i c l e  s i z e  d i s t r i b u t i o n s  and n i t rogen  contents  of t he  
sediments,  depths,  and temperature and s a l i n i t y  of t h e  bottom water  



were determined a t  a l l  s t a t i o n s .  The f i r s t  t h r e e  f a c t o r s  of a f a c t o r  
a n a l y s i s  app l i ed  t o  between-stations measures of a f f i n i t y ,  explained 
41.26% of t he  t o t a l  var iance .  The f i r s t  f a c t o r  had r e p r e s e n t a t i v e  
s t a t i o n s  on shallow-water mud bottoms, t h e  second f a c t o r  on bottoms 
dominated by coarse  sediments,  and t h e  t h i r d  f a c t o r  had r e p r e s e n t a t i v e  
s t a t i o n s  on deep-water mud bottoms. The m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t s  
f o r  each of t h e  t h r e e  f a c t o r s  wi th  depth and mean p a r t i c l e  s i z e  of 
t h e  sediments were 0.752, 0.897, and 0.706, r e spec t ive ly .  The f a c t o r  
a n a l y s i s  d i d  n o t  r e s u l t  i n  c l u s t e r s  of s t a t i o n s  t h a t  could be i n t e r -  
p r e t e g  a s  d i s c r e t e  ben th i c  communities. The number of spec i e s  p e r  
0.6 m ranged from 8 t o  55 spec i e s ,  w i th  a mean of 26.4 spec ies .  
The frequency d i s t r i b u t i o n  of specimens among t h e  spec i e s  was i n  
good ag re  ment w i th  a log-normal d i s t r i b u t i o n .  The number of specimens 5 
p e r  0.6 m ranged from 57 t o  1733 specimens, wi th  a mean of 584.0 
specimens. The spec i e s  d i v e r s i t y  ranged from 0.34 b i t s l i n d i v i d u a l  
t o  4.35 b i t s l i n d i v i d u a l ,  and t h e r e  was a weak t r e n d  of i nc reas ing  
d i v e r s i t y  towards c o a r s e r  sediments. The f i r s t  t h r e e  f a c t o r s  app l i ed  
t o  t h e  ma t r ix  of between-species c o r r e l a t i o n  c o e f f i c i e n t s  explained 
43.72% of t h e  t o t a l  var iance .  With each f a c t o r  t h e r e  was one group 
of spec i e s  w i th  h igh  p o s i t i v e  loadings  and one group wi th  h igh  negat ive  
loadings.  Each group of spec i e s  could be i d e n t i f i e d  wi th  p a r t i c u l a r  
environments. The s tanding  crop  measured a s  ash-free dry w i h t ,  

5 g  ranged from 0.490 t o  54.093 g / m Z ,  w i th  a mean of 13.752 glm . Only 
about 24% of t h e  v a r i a b i l i t y  i n  s tanding crop  could be a t t r i b u t e d  
t o  v a r i a b i l i t y  i n  sediment types ,  n i t rogen  content  i n  t h e  sediments,  
s a l i n i t y  of t h e  bottom water ,  and depth. 

Author1 s Abs t rac t  

Lie  U. 1969. Standing crop  of ben th i c  infauna i n  Puget Sound and off 
t h e  coas t  of Washington. F i s h e r i e s  Research Board of Canada, Jou rna l ,  
26(1) : 55-62. 

During t h e  per iod  May 28 t o  August 1, 1967, ben th i c  infauna  was c o l l e c t e d  
a t  37 s t a t i o n s  i n  Puget Sound and off  t h e  coas t  of Washington. When 
l a r g e  but  r a r e  spec i e s  were excluded from t h e  samples, t h e  v a r i a b i l i t y  
i n  s tanding  crop  (ash-free dry weight) among r e p l i c a t e  samples was 
l e s s  t han  among means from d i f f e r e n t  s t a t i o  s. The mean s tanding  9 crop  f o r  t h e  o f f sho re  s t a t i o n s  was 1.92 glm , which i s  comparable 
w i th  t h e  s tanding  crop  on t h e  she l f  i n  t h e  Gulf of Alaska, but  l e s s  
than  ha l f  t h e  mean s tanding  crop  f o r  t h e  Puget Sound s t a t i o n s ;  t h e  
d i f f e r e n c e  may be expla ined  i n  p a r t  by d i f f e r e n c e s ,  p rev ious ly  r epo r t ed ,  
i n  primary p r o d u c t i v i t y  of t h e  water  masses. For t h e  of fshore  s t a t i o n s  
t h e r e  was a weak t r e n d  of i nc reas ing  s tanding crop  wi th  depth. The 
s tanding crop a t  t h e  shallow-water of fshore  s t a t i o n s ,  i n  s u b s t r a t e s  
c h a r a c t e r i z e d  a s  f i n e  sand, was dominated by c rus t aceans  and small 
l amel l ibranchs ,  whereas t h e  deeper s t a t i o n s ,  i n  sediments wi th  high 
percentages of s i l t  and c l a y ,  po lychae tes  and echinoderms were t h e  
most important  c o n t r i b u t o r s .  
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L i e ,  U. and R.A. Evans. 1973. Long-term v a r i a b i l i t y  i n  t h e  s t r u c t u r e  of 
s u b t i d a l  b e n t h i c  communities i n  Puget Sound, Washington, U.S.A. Marine 
Biology,  21: 122-126. 

Data on b e n t h i c  i n f auna  from 4 permanent s t a t i o n s  i n  Puget Sound 
o f f  S e a t t l e ,  U.S.A. , c o l l e c t e d  dur ing  1963-1964, 1967, and 1969, 
r evea l ed  cons ide r ab l e  s t a b i l i t y  i n  numbers of s p e c i e s  and specimens 
and i n  d i v e r s i t y  w i t h i n  s t a t i o n s  among sampling da t e s .  The s p e c i e s  
composi t ion of t h e  f auna l  assemblages a l s o  remained r a t h e r  cons t an t  
dur ing  t h e  pe r i od  of i n v e s t i g a t i o n ,  b u t  t h e  r e l a t i v e  dominance among 
t h e  numer ica l ly  impor tan t  s p e c i e s  v a r i e d  somewhat. Biomass d a t a  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  i n  1964 and 1969, bu t  t h e  1967 d a t a  were 
cons ide r ab ly  lower a t  a l l  s t a t i o n s .  
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L i e ,  U. and J . C .  Ke l ley .  1970. Benth ic  in fauna  c o m u n i t i e s  o f f  t h e  c o a s t  
of Washington and i n  Puget Sound: i d e n t i f i c a t i o n  and d i s t r i b u t i o n  
of communities. F i s h e r i e s  Research Board of Canada, J o u r n a l ,  27: 621. 

Benth ic  i n f auna  was c o l l e c t e d  a t  37 s t a t i o n s  i n  Puget Sound i n  Juan 
de Fuca S t r a i t ,  and of f  t h e  no r thwes t e rn  c o a s t  of Washington dur ing  
t h e  s u m e r  of 1967, and a t  1 8  a d d i t i o n a l  s t a t i o n s  o f f  t h e  southwestern 
c o a s t  of Washington dur ing  t h e  s u m e r  of 1968. The c r u s t a c e a n s ,  lamel- 
l i b r a n c h s ,  and echinoderms were i d e n t i f i e d  and counted,  and t h e  d a t a  
were sub j ec t ed  t o  an a n a l y s i s  of a f f i n i t y  among s t a t i o n s ,  t o  Eage r ' s  
r e c u r r e n t  group a n a l y s i s ,  and t o  f a c t o r  a n a l y s i s  f o r  i d e n t i f i c a t i o n  
of t h e  b e n t h i c  c o m u n i t i e s  and t h e  g roupings  of b e n t h i c  s p e c i e s  i n  
t h e  i n v e s t i g a t e d  a r ea .  

T re l l i s -d i ag rams  of i n d i c e s  of a f f i n i t y  among t h e  s t a t i o n s ,  based 
on t h e  p resence  o r  absence of s p e c i e s ,  i n d i c a t e d  f o u r  r a t h e r  d i s t i n c t  
g roups  of s t a t i o n s  w i t h  s p e c i f i c  geographic  d i s t r i b u t i o n s  o r  r e l a t i o n s  
t o  c e r t a i n  sediment types .  F a g e r ' s  r e c u r r e n t  group a n a l y s i s  f o r  t h e  
36 most f r e q u e n t l y  occu r r i ng  s p e c i e s  r e s u l t e d  i n  e i g h t  groups and 
f i v e  s p e c i e s  t h a t  were s t r o n g l y  a s s o c i a t e d  w i t h  one o r  more of t h e  
r e c u r r e n t  groups.  Most t e s t s  of i n t e r - s p e c i f i c  r e l a t i o n s  among t h e  
s p e c i e s  w i t h i n  t h e  groups were n o t  s i g n i f i c a n t ,  and i t  was concluded 
t h a t  t h e  a n a l y s i s  was only p a r t l y  u s e f u l  f o r  d e l i m i t i n g  s p e c i e s  groups 
w i th  e c o l o g i c a l  s i g n i f i c a n c e .  The Q-mode of t h e  f a c t o r  a n a l y s i s  r e s u l t e d  
i n  t h r e e  groups of s t a t i o n s  d i s t r i b u t e d  i n  bands p a r a l l e l  t o  t h e  
c o a s t ,  and each  group of s t a t i o n s  (community) cou ld  be recognized 
by i t s  d i s t i n c t  sediment t ypes  o r  dep th  d i s t r i b u t i o n .  The R-mode 
of t h e  f a c t o r  a n a l y s i s  gave s i x  groups of s p e c i e s  w i t h  s p e c i f i c  p re -  
f e r e n c e s  of dep ths ,  sediment t y p e s ,  o r  geographic  d i s t r i b u t i o n .  The 
r e s u l t s  of t h e  v a r i o u s  t e chn iques  were compared, and t h e i r  a p p l i c a t i o n  
i n  b e n t h i c  synecology was d i scussed .  
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L i e ,  U. and E.S. Kisker.  1970. Spec ies  composition and s t r u c t u r e  of ben th i c  
infauna  communities of f  t h e  coas t  of Washington. F i s h e r i e s  Research 
Board of Canada, Jou rna l ,  27: 2273-2285. 

The deepwater mud-bottom c m u n i t y  i d e n t i f i e d  previous ly  a s  one of 
t h r e e  benth ic  infauna  c o m u n i t i e s  off  t h e  coas t  of Washington was 
found a t  mean depths of 154.5 m i n  sediments wi th  a  mean mud percentage 
of 50.09%. The m i s t  abundant spec ies  were t h e  polychaetes  Prionospio 
m a l w r e n i ,  S t e r n a s p i s  f o s s o r ,  and Ninoe g e m e a ,  t he  lamel l ibranchs  
Axinopsida s e r r i c a t a ,  Adontorhina c y c l i a ,  and Macoma c a r l o t t e n s i s ,  
and t h e  amphipod Heterophoxus Q-. The mean s tanding crop (ash- 
f r e e  dry weight)  was 3.058 g/m , wi th  the  echinoderms B r i s a s t e r  
l a t i f r o n s ,  Ophiura l u t k e n i ,  and Arnphioplus sp. and t h e  polychaete  
S t e r n a s p i s  f o s s o r  a s  t h e  major c o n t r i b u t o r s  t o  t he  s tanding crop. 

The in t e rmed ia t e  depth sand-bottom community was found a t  s t a t i o n s  
wi th  a  mean depth of 95.8 m i n  sediments w i th  a  mean sand percentage 
of 67.81%. The most abundant spec i e s  were t h e  polychaetes  Magelona 
sp., S t e r n a s p i s  f o s s o r ,  Nephthys sp., and Haploscoloplos e longatus ,  
t h e  lamel l ibranchs  Yoldia e n s i f e r a  and Axinopsida s e r r i c a t a ,  and 
t h e  amphipod Paraphoxus v a r i a t u s .  The mean s tanding crop  was 2.533 
g/m2,  wi th  t h e  spec i e s  l i s t e d  above and t h e  lamel l ibranch  Macoma 
e l ima ta  a s  t h e  major c o n t r i b u t o r s  t o  t h e  s tanding crop. 

The shal low water  sand-bottom community was found a t  s t a t i o n s  wi th  
a  mean depth of 36.0 m i n  sediments w i th  a  mean sand percentage of - 
96.33%.   he most abundant spec i e s  were t h e  cumacean ~ i a s t ~ l o ~ s i s  
dawsoni, t h e  amphipods Arnpelisca macrocephala and Paraphoxus obtus idens ,  
t h e  lamel l ibranchs  T e l l i n a  salmonea and Macoma expansa, and th2  poly- 
chae t e  Owenia fus i formis .  The mean s tanding crop was 1.398 g/m , 
wi th  t h e  spec i e s  l i s t e d  above and t h e  polychaetes  Nephthys sp. and 
Chaetozone s e t o s a  and t h e  lamel l ibranch  S i l i q u a  p a t u l a  a s  t h e  major 
c o n t r i b u t o r s  t o  t h e  s tanding  crop. 

There was a  d i s t i n c t l y  lower spec i e s  d i v e r s i t y  i n  t h e  shallow water  
sand-bottom community than  i n  t h e  two communities i n  deeper waters .  
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Nichols ,  F.H. Ongoing research.  Long-term s t a b i l i t y  of t he  benth ic  i n v e r t e -  
b r a t e  c o m u n i t y  of Puget Sound Basin. By: U.S. Geological  Survey, 
In:  1974 A Compendium of Current Environmental S t u d i e s  i n  Puget Sound - 
and Northwest Es tua r ine  Waters. 

With r o u t i n e  f i e l d  sampling from shipboard a t  t h r e e  s t a t i o n s  
(47O44.2'N, 122O32.2'W; 47O41.9'N, 112O27.2'W; 47O33.7'N, 122O26.5'W) 
twice annual ly ,  long-term v a r i a t i o n s  i n  the dynamics of t h e  ben th i c  
i n v e r t e b r a t e  spec i e s  popula t ions  i n  t he  Puget Sound Basin a r e  being 
followed. That i s ,  t h e  annual v a r i a b i l i t y  a s s o c i a t e d  wi th  recru i tment  
and growth i n  t h e  dominant spec i e s  popula t ions  of t h e  Puget Sound 



seabed i s  being assessed  and i t  i s  being determined whether o r  not  
t h e r e  i s  any s i g n i f i c a n t  change i n  t h e  s t r u c t u r e  of t h e  bottom community 
over long periods.  Resu l t s  obtained thus  f a r  a r e  descr ibed i n  t h e  
a b s t r a c t s  of papers r ecen t ly  presented  a t  two meetings. 
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P a t t i e ,  B.H. Ongoing research .  Es tuar ine  Monitoring P ro jec t .  For ,  Environ- 
mental S tud ie s  i n  Puget Sound and Northwest Es tuar ine  Waters. 

The National  Es tuar ine  Monitoring Program i s  intended t o  determine 
t h e  presence and magnitude of c e r t a i n  p o l l u t a n t s  i n  va r ious  e s t u a r i n e  
waters  throughout t h e  United S t a t e s .  The Washington S t a t e  Department 
of F i s h e r i e s  was f i r s t  con t r ac t ed  f o r  t h e  c o l l e c t i o n  and processing 
of samples from va r ious  e s t u a r i e s  i n  t he  S t a t e  of Washington during 
t h e  f a l l  of 1972. Two spec i e s  of f i s h :  Parophrys ve tu lus ;  and Staghorn 
scu lp in ,  Leptocot tus  armatus a r e  c o l l e c t e d  from s i x  s i t e s  i n  Washington 
S t a t e ,  (1)  Bellingham Bay, (2)  Duwamish River ,  ( 3 )  Nisqual ly Estuary,  
(4 )  Seabeck Bay, (5)  Grays Harbor, and ( 6 )  Willapa Bay. The f i s h  
samples a r e  processed i n  t h e  S e a t t l e  o f f i c e  of t h e  Washington S t a t e  
Department of F i s h e r i e s ,  and mailed t o  t he  Environmental P ro t ec t ion  
Agency P e s t i c i d e s  Monitoring Laboratory,  Mis s i s s ipp i  Tes t  F a c i l i t y ,  
Bldg. 2204, Bay S t r e e t ,  Louis,  Miss i ss ippi .  They a r e  analyzed f o r  
contamination by p e s t i c i d e s  and heavy meta ls .  
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Winter ,  D.F. 1973. A s i m i l a r i t y  s o l u t i o n  f o r  s teady-s ta te  g r a v i t a t i o n a l  
c i r c u l a t i o n  i n  f j o rds .  Es tuar ine  Coas ta l  Marine Science,  l ( 4 ) :  387-400. 

S t r a t i f i e d  e s t u a r i e s  wi th  r e l a t i v e l y  deep, l a t e r a l l y  c o n s t r i c t e d  
bas ins  a r e  commonly r e f e r e d  t o  a s  f j o r d s .  The dominant c i r c u l a t i o n  
mode of f j o r d s  which r ece ive  ample f r e s h  water  runoff i s  g r a v i t a t i o n a l  
convect ion,  which t akes  p lace  p r imar i ly  nea r  t h e  su r f ace  i n  a brackish  phase 
wi th  one o r  two c u r r e n t  r eve r sa l s .  An a n a l y s i s  i s  made of s teady-s ta te  
g r a v i t a t i o n a l  c i r c u l a t i o n  i n  t he  near-surface zone. Approximate a n a l y t i c  
express ions  a r e  obtained f o r  t h e  v e l o c i t y  components and t h e  dens i ty  
d i s t r i b u t i o n  i n  a f i o r d  s e m e n t  where cond i t i ons  f o r  a s i m i l a r i t y  
a n a l y s i s  a r e  s a t i s f i e d .  

The method i s  i l l u s t r a t e d  by a p p l i c a t i o n s  t o  Hood Canal and the  c e n t r a l  
bas in  of Puget Sound, Washington (U.S.A.), and t o  Knight I n l e t  on t h e  
mainland coas t  of B r i t i s h  Columbia, Canada. Comparisons of measured and 
computed s a l i n i t y  and v e l o c i t y  p r o f i l e s  i n d i c a t e  t h a t  t h e  c i r c u l a t i o n  
p a t t e r n s  a r e  reasonably wel l  represented  by t h e  approximate so lu t ions .  
The flow d e s c r i p t i o n  given here  may be of some use i n  s t u d i e s  of 
p o l l u t a n t  d i s p e r s a l  and b i o l o g i c a l  product ion i n  f j o r d s .  
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POLYCHLORINATED BIPHENYLS: THEIR OCCURRENCE I N  THE ENVIRONMENT AND 
THEIR EFFECT ON SOME MARINE ORGANISMS 

Claeys,  R.R., R.S. Caldwell ,  N.H. Cu t sha l l  and R. Houlton. 1975. Chlor ina ted  
p e s t i c i d e s  and polychlor ina ted  biphenyls  i n  marine spec i e s ,  Oregon1 
Washington c o a s t ,  1972. P e s t i c i d e  Monitoring Jou rna l ,  9(1):  2-10. 

Concentrat ions of c h l o r i n a t e d  p e s t i c i d e s  and polychlor ina ted  biphenyls  
(PCB's) were determined i n  t h r e e  o f f sho re  marine spec i e s  from t h e  
OregonIWashington coas t :  pink shrimp, euphaus i ids ,  and f l a t f i s h ;  
f i v e  spec i e s  of b iva lve  mollusks from f i v e  e s t u a r i e s  along the  Oregon 
coas t ;  s eve ra l  f i s h  spec i e s  from t h e  Coos Bay and Columbia River  
e s t u a r i e s ;  and a  sunaner run of s t ee lhead  from t h e  Rogue River.  

The compounds p,pt-DDE and PCB's were de t ec t ed  most f requent ly .  Euphau- 
s i i d s  and pink shrimp contained approximately 2 ppb (uglkg)  wet-weight 
DDE and 8 and 25 ppb PCB's, r e spec t ive ly .  Offshore f l a t f i s h  contained 
an average of 9  ppb DDE and 29 ppb PCB's. DDE r e s idues  i n  e s t u a r i n e  
mollusks approximated 0.5 ppb. PCB l e v e l s  were no t  d e t e c t a b l e  (<3 ppb) 
except  i n  c o l l e c t i o n s  from t h e  mouth of t h e  Columbia River  where 
l e v e l s  averaged 400 ppb PCB's and 17 ppb DDT. Se lec t ed  Columbia River  
f i s h  spec i e s  contained 38  ppb DDE and 480 ppb PCB's; summer-run s tee lhead  
i n  t he  Rogue River  contained 97 ppb DDE and 125 ppb PCB's. 

PCB chromatograms of most euphaus i ids  c l o s e l y  resembled those  of 
Aroclor 1254. Chromatograms of shrimp and f l a t f i s h  i n d i c a t e d  s e l e c t i v e  
metabolism of two compounds i n  t h e  Aroclor 1254 formulation. Biphenyls 
of h ighe r  ch lo r ine  content  were a l s o  de t ec t ed  i n  t he  shrimp and f l a t f i s h .  
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Crump-Wiesner, H . J . ,  H.R. F e l t z  and M.L. Yates. 1974. A study of t h e  d i s t r i -  
bu t ion  of po lychlor ina ted  biphenyls  i n  t he  a q u a t i c  environment. P e s t i c i d e  
Monitoring J o u r n a l ,  8(3):  157-161. 

Data ga thered  from monitor ing a c t i v i t i e s  and p r o j e c t  s t u d i e s  i n d i c a t e  
t h e  ubiqui tous  occurrence and d i s t r i b u t i o n  of po lychlor ina ted  biphenyls  
(PCB's) i n  t h e  a q u a t i c  environment. By 1972 r e s idues  had been de t ec t ed  
i n  samples from 19 S t a t e s  r ep re sen t ing  nea r ly  every reg ion  of t h e  
country. These f ind ings  permit a  prel iminary assessment of PCB contamina- 
t i o n  ac ros s  t h e  Nation: concen t r a t ions  ranged from 0.1 t o  4.0 u g l l i t e r  
i n  u n f i l t e r e d  water  samples and from 5.0 t o  3,200 uglkg i n  bottom 
sediments. PCB re s idues  were a l s o  found i n  f i s h  and a q u a t i c  p l an t s .  
Samples were prepared by t h e  same techniques used f o r  genera l  ch lo r ina t ed  
i n s e c t i c i d e  d e t e c t i o n ,  w i th  s p e c i a l  a t t e n t i o n  t o  cleanup and separa t ion  
of PCB's from o t h e r  compounds. Basic  i d e n t i f i c a t i o n  and q u a n t i f i c a t i o n  
were made by dual-column electron-capturelgas-liquid chromatography 
and confirmed by gas- l iqu id  chromatography/mass spectrometry whenever 
poss ib le .  I n  sediment samples from a south F l o r i d a  drainage d i t c h ,  



polychlorinated naphthalenes (PCN'S) were observed. This is possibly 
the first evidence of PCNts in an environmental sample and illustrates 
the importance of developing analytical capability for the surveillance 
of other organochlorine compounds that may behave like chlorinated 
hydrocarbon pesticides. 

The sampling program is broadening geographically and gradually in- 
creasing to more adequately define the distribution of PCB residues 
in major drainage basins of the United States. 
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Cutkomp, L.K., H.H. Yap, D. Desaiah and R.B. Koch. 1972. The sensitivity 
of fish ATPases to polychlorinated biphenyls. Environmental Health 
Perspectives, 1: 165-168. 

The ATPase 9Tzyme system in fish is adversely affected by all PCB's 
studied. Mg ATPase is inhibited to the greatest extent in muscle, 
but effects in kidney, brain, and liver also occurred. Fifty percent 
inhibition occurred with less than 1 ppm up to a few ppm The greatest 
effects, in vitro, were not on oligomycin-inse~~itive ~~*+~Tpase, 
but on oligomycin-sensitive (mitochondrial) Mg ATPase in vivo 
(chronically-exposed fish). The most effective PCB studied, Aroclor 
1242, required a somewhat higher concentration than DDT in comparative 
in vitro studies. 

Author's Conclusions 

Food and Drug Administration. 1975. Summary report on PCB's in fish. From: 
EPA meeting held 9130175, Seattle, Washington. 

The surveillance activities of the Food and Drug Administration relative 
to PCB residues in fish are directed at FDA's statutory responsibility 
of assuring that foods are safe for consumption. Since 1969, FDA's 
pesticide surveillance programs have included the analyses of foods 
for PCB residues. From 1969 to 1971, FDA field laboratories analyzed 
about 500 samples of fish and found 317 of these samples to contain 
PCB residues; levels ranged as high as 35 ppm. Detailed information 
on these samples is included, with more current data in the attached 
summaries. In addition, FDA conducted a comprehensive survey of fish 
in 1973 for a wide variety of chemical contaminants including PCB's. 
A statistical analysis of the results of this survey as it relates 
to PCB's is included in this report. 

Modified Introduction 



Goerke, W.E., G. Eder and R.G. Schaefer. 1976. Residues of chlorinated 
hydrocarbons in marine organisms in relation to size and ecological 
parameters. I. PCB, DDT, DDE, and DDD in fishes and molluscs from 
the English Channel. Bulletin of Environmental Contamination and 
Toxicology, 15( 1) : 55-65. 

In order to provide more data for the characterization of organochlorine 
residue levels in marine food chains we analysed animals of three 
areas: English Channel, central North Sea, and eastern North Sea. 
Animal tissues were investigated for finding possible correlations 
between residue levels and the body size or ecological parameters. 

This paper deals with residues of PCBs, DDT, DDE, and DDD in five 
species from the English Channel. The organisms were caught either 
by dredging or bottom trawling on November 26/27, 1971 during the 
158th cruise of FFS "Anton Dohm". The compounds were determined 
by gas chromatography in two independent working groups, identifica- 
tions were performed by the GC-MS technique. 

Modified Author's Introduction 

Hansen, D.J. 1974. Aroclor 1254: Effect on composition of developing estuarine 
animal comnunit'ies in the laboratory. Mar. Sci., 18: 19-33. 

Aroclor 1254, a polychlorinated biphenyl (PCB), affected the composition 
of communities of estuarine animals that developed from planktonic 
larvae in'salt water that flowed through 10 control aquaria and 10 
aquaria contaminated with 0.1, 1 or 10 ug/l of this PCB. Communities 
that developed in control aquaria and aquaria that received 0.1 g/l 
of PCB in water for four months were dominated 075%) by arthropods, 
primarily the amphipod Corophium volutator. In aquaria receiving 
1 and 10 ug/l, the number of arthropods decreased and the number 
of chordates, primarily the tunicate Mogula manhattensis, increased; 
over 75% of the animals in 10 ug/1 aquaria were tunicates. Numbers - 
of phyla, species, and individuals (particularly amphipods, bryozoans, 
crabs, and mollusks) were decreased in this PCB, but there was no 
apparent effect on the abundance of annelids, brachiopods, coelenterates, 
echinoderms or nemerteans. The Shannon-Weaver index of species diversity 
was not altered by Aroclor 1254. 
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Hansen, D.J., P.R. Parrish, J.I. Lowe, A.J. Wilson, Jr., and P.D. Wilson. 
1971. Chronic toxicity, uptake, and retention of Aroclor 1254 in 
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Evidence of t h e  g l o b a l  u b i q u i t y  of po lych lo r i na t ed  b iphenyls  (PCB's) 
con t i nues  t o  mount. High r e s i d u e s  of Aroc lor  1254 were found i n  f i v e  
f i s h e s  i n  a n  e s t u a r y .  Chronic  t o x i c i t y  t e s t s  t o  determine e f f e c t s  
of low l e v e l s  of t h e  PCB on f i n f i s h  (Lagodon rhomboides) and spo t  
(Leiostomus xan thu rus ) ,  both  e s t u a r i n e  f i s h e s  were c a r r i e d  out .  Con- 
c u r r e n t l y ,  t h e  uptake and r e t e n t i o n  of t h e  PCB i n  s i x  t i s s u e s  of 
spo t  were measured. The r e s u l t s  sugges t  t h a t  ch ron i c  exposure t o  
Aroc lor  1254 i n c r e a s e d  s u s c e p t i b i l i t y  of t e s t  p i n f i s h  and s p o t  t o  
d i s e a s e ,  and a l s o  appeared t o  be t o x i c  t o  t h e s e  f i s h .  The PCB i s  
r a p i d l y  s t o r e d  by p i n f i s h  and s p o t ,  and p e r s i s t s  i n  t i s s u e s  f o r  
approximately  t h r e e  months. 

Hansen, D . J . ,  S.C. Schimmel and E. Mathews. 1974. Avoidance of Aroclor  
1254 by shrimp and f i s h e s .  B u l l e t i n  of environmental  Contamination 
and Toxicology,  12(2) :  253-256. 

The p o l y c h l o r i n a t e d  b iphenyl  (PCB) Aroc lor  1254 was found i n  Escambia 
River  and Bay, which a r e  p a r t s  of t h e  e s t u a r y  n e a r  our  l abo ra to ry .  
Because i t  cou ld  be an  advantage t o  mobi le  organisms i n  t h e  r i v e r  
and bay i f  t hey  cou ld  avoid t o x i c  c o n c e n t r a t i o n s  of Aroclor  1254, 
we conducted l a b o r a t o r y  
duorarum), g r a s s  shrimp 
rhomboides),  sheepshead 
f i s h  (Gambusia a f f  i n i s )  
0.01, 0.1, 1 o r  10 mg/l  

s t u d i e s  t o  determine i f  p ink  shrimp (Penaeus 
(Palaemonestes  pug i s )  , p i n f i s h  (Lagodon 
minnows (Cyprinodon v a r i e g a t u s ) ,  and mosquitoe- 
cou ld  avo id  wa t e r  contaminated w i t h  0.001, 
of t h e  PCB. 

Modified Author' s I n t r o d u c t i o n  

Johansson,  N . ,  S. Jensen  and M. Olsson. 1970. PCB - i n d i c a t i o n s  of e f f e c t s  
on f i s h .  In: PCB Conference,  September 29 ,  1970, Wenner-Gren Cen t e r ,  
Stockholm, Na t i ona l  Swedish Environment P r o t e c t i o n  Board. pp. 59-68. 

I n fo rma t ion  concerning t h e  e f f e c t  of PCB r e s i d u e s  i n  f i s h ,  o r  t h e  
(pos s ib l e  hazard  posed by such r e s i d u e s  t o  f i s h ,  i s  p r e s e n t l y  l a ck ing  
i n  t h e  l i t e r a t u r e .  S t u d i e s  of t h e  e f f e c t  of t h e  chemical on salmon 
and salmon r ep roduc t i on  h a s  r e c e n t l y  s t a r t e d  a t  t h e  Salmon Research 
I n s t i t u t e .  T h i s  paper  i s  concerned w i t h  t h e  p r e l im ina ry  r e s u l t s  of 
some of t h e s e  s t u d i e s .  

K i n t e r ,  W.B., L.S. Merkens, R.H. J a n i c k i  and A.M. Guarino. 1972. S t u d i e s  
on t h e  mechanism of t o x i c i t y  of DDT and po lych lo r i na t ed  b ipheny l s  
(PCB's). D i s r u p t i o n  of osmoregulat ion i n  marine f i s h .  Environmental  
Hea l t h  Pe r spec t i ve s .  1: 169-123. 

+ 
DDT was demonstra ted t o  i n h i b i t  Na, K ATPase a c i t i v i t y  i n  homogenates 
of i n t e s t i n a l  mucosa, and g i l l  f i l l a m e n t s  from s e v e r a l  marine t e l e o s t s .  
Aroc lor  1221 was i n v e s t i g a t e d  t o  determine i f  i t  t o o  i n h i b i t e d  enzymatic 
a c t i v i t y .  O v e r a l l ,  t h e  r e s u l t s  sugges t  t h a t  l e t h a l  l e v e l s  of Aroc lor  
1221 and DDT both  decrease  t h e  a b i l i t y  of k i l l i f i s h  t o  osmoregulate.  



McDermott, K.J .  and T.C. Heeson. 1975. DDT and PCB i n  Dover s o l e  around 
o u t f a l l s .  Coas ta l  Water Research P r o j e c t  Annual Report - 1975, Southern 
C a l i f o r n i a  Coas t a l  Water Research P ro jec t .  pp. 117-121. 

During t h e  p a s t  y e a r ,  a  new c o l l e c t i o n  of Dover s o l e  from around 
southern C a l i f o r n i a ' s  f i v e  major o u t f a l l  systems and off Dana Point  
and Santa C a t a l i n a  I s l a n d  were made t o  determine i f  t h e r e  had been 
any decrease i n  t h e  l e v e l s  of t o t a l  DDT and PCB i n  t h i s  f i s h  over 
t he  p a s t  3  years .  I n  conjunct ion  wi th  t h i s  survey,  t h e  d i s t r i b u t i o n  
of t h e s e  c h l o r i n a t e d  hydrocarbons i n  t h e  t i s s u e s  of Dover s o l e  was 
i n v e s t i g a t e d  a s  a  f i r s t  s t e p  i n  a s se s s ing  t h e  phys io logica l  s ign i f i cance  
of t h e  contaminants t o  t h e  f i s h .  

McDermott, D . J .  and M . J .  Sherwood. 1975. DDT and PCB i n  d iseased  Dover 
so le .  Coas t a l  Water Research P r o j e c t  Annual Report - 1975, Southern 
C a l i f o r n i a  Coas ta l  Water Research P r o j e c t .  pp. 33-35. 

No s i g n i f i c a n t  d i f f e r e n c e s  between t o t a l  DDT l e v e l s  i n  t h e  muscle 
t i s s u e  of d i seased  Dover s o l e  c o l l e c t e d  from t h e  Orange County and 
from t h e  Pa los  Verdes reg ions  was found. I n  c o n t r a s t ,  t he  t o t a l  DDT 
concen t r a t ions  i n  t h e  una f fec t ed  f i s h  from both a r e a s  were s i g n i f i c a n t l y  
d i f f e r e n t .  These r e s u l t s  g ive  s t r e n g t h  t o  t he  hypothes is  t h a t  t h e  
Dover s o l e  w i t h  f i n  e ros ion  c o l l e c t e d  a t  Orange County came from 
the  Pa los  Verdes popula t ion  and t h a t  t h e  d i sease  d id  n o t  o r i g i n a t e  
a t  Orange County. They a l s o  i n d i c a t e  t h a t  l e v e l s  of DIYT i n  t i s s u e  
may be used a s  a  t a g  when i n v e s t i g a t i n g  t h e  migra t ion  of f i s h  from 
o r  ac ros s  a  reg ion  conta in ing  a  known po in t  source. 

Nimmo, D.R. 1974. Accumulation of Aroclor  1254 i n  g r a s s  shrimp (Palaemonestes 
pugio) i n  l abo ra to ry  and f i e l d  exposures.  B u l l e t i n  of Environmental 
Contamination and Toxicology, l l ( 4 ) :  303-308. 

The chronic  t o x i c i t y  and t h e  concen t r a t ion  and l o s s  of Aroclor 1254 
from P. pugio w i t h  t ime was examined i n  t he  l abo ra to ry  and i n  a  3-mo 
exposure t o  contaminated sediments i n  Escambia Bay, F lo r ida .  The 
average whole-body r e s idue  i n  P. pugio a f t e r  1 mo was 0.41 mglkg; 
a f t e r  3  mo, 0.42 rnglkg. S i g n i f i c a n t  m o r t a l i t y  d i d  no t  occur during 
exposure t o  contaminated sediments. The 3-mo f i g u r e  equaled a  labora tory  
exposure of 0.09 ugl l  i n  water  f o r  2  wk. I n  a  7-d l abo ra to ry  exposure, 
60% of t he  shrimps d i ed  a t  9.1 u g / l ,  but s i g n i f i c a n t  m o r t a l i t y  d id  
not  occur a t  0.17 and 0.62 u g / l .  I n  a  16-d exposure,  4.0 and 12.5 
u g l l  were t o x i c ,  bu t  s i g n i f i c a n t  m o r t a l i t y  d i d  n o t  occur  i n  1.3 u g l l .  

Abstract  from Oceanic Abs t rac ts  

Nimmo, D.R., P.D. Wilson, R.R. Blackman and A.J .  Wilson, Jr. 1971. Poly- 
c h l o r i n a t e d  biphenyl absorbed from sediments by f i d d l e r  c rabs  and 
p ink  shrimp. Nature,  231, p. 50. 



PCB's, i n  p a r t i c u l a r ,  Aroclor 1254, have beennoted i n  wa te r ,  sediment 
and b i o t a  from Escambia Bay, F lo r ida .  S t u d i e s  revea led  h igh  concent ra -  
t i o n s  of t h i s  contaminant i n  t h r e e  shrimp s p e c i e s  and f i d d l e r  c rabs .  
The l a r g e s t  accumulations of Aroclor  1254 were i n  t h e  sediments and 
i n  most c a s e s ,  t h e  amount of t h i s  PCB i n  i n d i v i d u a l  c r a b  o r  shrimp 
hepatopancreas  was d i r e c t l y  r e l a t e d  t o  t h e  amount i n  t h e  sediments.  

Nimrno, D.R., D . J .  Hansen, J . A .  Couch, N.R. Cooley, P.R. P a r r i s h  and 
J.I. Lowe. 1975. Tox ic i t y  of Aroclor  1254 and i t s  phys io log i ca l  a c t i v i t y  
i n  s e v e r a l  e s t u a r i n e  organisms. Archives of Environmental Contamination 
and Toxicology, 3(1) :  22-39. 

The occurrence of h igh  concen t r a t i ons  of a PCB (Aroclor  1254) i n  
t h e  Pensacola  e s t u a r y  prompted f i e l d  and l a b o r a t o r y  s t u d i e s  by t h e  
Gulf Breeze Environmental Research Laboratory (EPA). Monitoring of 
t h e  e s t u a r y  i n d i c a t e s  t h e  chemical i s  p re sen t  i n  a l l  components-- 
p a r t i c u l a r l y  i n  sediments and f i s h e s .  Residues appear  t o  be diminishing 
i n  sediments.  Tox ic i t y  t e s t s  show e s t u a r i n e  spec i e s  s e n s i t i v e  a t  
ppb concen t r a t i ons  i n  water ,  w i t h  a c i l i a t e  protozoan (Tetrahymena 
py r i fo rmis  W), shrimps ( ~ e n a e u s  duorarum, P. a z t e c u s ,  and Palaemonestes 
pugio) ,  and a f i s h  (Fundulus s i m i l i s ) ,  a f f e c t e d  a t  o r  nea r  1.0 ppb. 
T i s sue  concen t r a t i ons  of Aroclor  1254 s i m i l a r  t o  those  found i n  n a t u r a l  
popula t ions  of shrimps from t h e  contaminated e s t u a r y  were s u c c e s s f u l l y  
d u p l i c a t e d  i n  l abo ra to ry  experiments.  Shrimps a l s o  concent ra ted  t h e  
PCB from ve ry  low concen t r a t i ons  (0.4 ppb) i n  t h e  water.  Three e s t u a r i n e  
spec i e s  demonstrated pa tho log ic  changes a t  t i s s u e  and c e l l u l a r  l e v e l  
a f t e r  ch ron ic  exposure t o  t h e  chemical.  Oys te rs  (Cras sos t r ea  v i r p i n i c a )  
developed abnormal i n f i l t r a t i o n  of l eukocytes  i n  t h e  connec t ive  t i s s u e ,  
spo t  (Leiostomus xanthurus)  developed f a t t y  changes i n  t h e i r  l i v e r s ,  
and shrimp (Penaeus duorarum) developed c r y s t a l l o i d s  i n  hepa topancrea t ic  
nuc l e i .  

Authort  s Abs t rac t  

Nimrno, D.R., R.R. Blackman, A.J .  Wilson, Jr. and J. F o r r e s t e r .  1971. Tox ic i t y  
and d i s t r i b u t i o n  of Aroclor  1254 i n  t h e  pink shrimp Penaeus duorarum. 
Marine Biology, 11: 191-197. 

The po lych lo r ina t ed  biphenyl Aroclor 1254 was r e l e a s e d  i n  an  a c c i d e n t a l  
leakage of heat-exchange f l u i d  from an i n d u s t r i a l  p l a n t ,  i n t o  t h e  
Escambia R ive r ,  nea r  Pensacola ,  F l o r i d a ,  USA. Th i s  m a t e r i a l  was c a r r i e d  
downstream, and i s  now found i n  t h e  fauna of Escambia Bay and i t s  
cont iguous wa te r s ,  prime nursery  a r e a s  f o r  f i s h e s  and i n v e r t e b r a t e s  
such a s  penaeid shrimp. The s i g n i f i c a n c e  of p o l l u t i o n  by t h i s  chemical 
was a s se s sed  by e s t a b l i s h i n g  t o x i c i t y  l e v e l s ,  determining rou t e s  
of e n t r y ,  and i n v e s t i g a t i n g  i t s  movement and d i s t r i b u t i o n  i n  v a r i o u s  
t i s s u e s  of shrimp under c o n t r o l l e d  cond i t i ons  i n  t h e  labora tory .  
Aroclor  1254 added t o  t h e  water  was t o x i c  t o  t h e  j uven i l e  pink shrimp 
Penaeus duorarum a t  a concen t r a t i on  of 1.0 p a r t  per b i l l i o n  w i th in  
15 days,  but  was l e s s  t o x i c  t o  a d u l t  p ink  shrimp. Shrimp obta ined  
t h e  cbntaminant from water  and food and concent ra ted  i t - t o  510.0 
p a r t s  p e r  m i l l i o n  i n  t he  hepatopancreas.  Aroclor  1254 r e s idue  d a t a  
from 'shrimp c o l l e c t e d  i n  t h e  e s t u a r y  a r e  inc luded  i n  t h e  study. 

Author 's  Abs t rac t  
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Nisbet ,  I.C.T. and A.F. Sarof in .  1972. Rates  and rou te s  of t r a n s p o r t  of 
PCBs (po lych lo r ina t ed  biphenyls)  i n  t h e  environment. Environmental 
Heal th Pe r spec t ives ,  1: 21-38. 

Th i s  paper  summarizes t h e  fragmentary knowledge a v a i l a b l e  about pro- 
duc t ion ,  u ses ,  and l o s s e s  of PCB's i n  t h e  environment. It d i scusses  
only product ion and uses  w i th in  North America, and d i s t r i b u t i o n  of 
PCB re s idues  i n  North America and ad jacent  seas .  

' /  

Peaka l l ,  D.B. 1975. PCB's and t h e i r  environmental e f f e c t s .  CRC C r i t i c a l  
Rev. Environ. Control .  5(4):  469-508. 

I n  t h i s  a r t i c l e ,  an a t tempt  i s  made t o  a s s e s s  t h e  b i o l o g i c a l  impact 
of PCB's, both on man and o t h e r  c r e a t u r e s  t h a t  i n h a b i t  t h i s  p l ane t .  
The informat ion  on t h e  product ion and usages of t h e s e  m a t e r i a l s  i s  
b r i e f l y  reviewed, followed by a  more d e t a i l e d  look a t  l e v e l s  found 
i n  v a r i o u s  types  of organisms i n  v a r i o u s  p a r t s  of t h e  world. Th i s  
information i s  used t o  cons ide r  t h e  r o u t e s  and r a t e s  of t r a n s f e r  
of t h e s e  m a t e r i a l s  through the  ecosystem and t h e i r  b i o l o g i c a l  magnifica- 
t i o n  during these  processes .  The phys io logica l  e f f e c t s  of PCB's a r e  
t hen  cons idered ,  and t h e i r  l i k e l y  importance i s  assessed  by comparison 
wi th  e x i s t i n g  environmental l e v e l s .  

Modified Author 's In t roduc t ion  

P e a k a l l ,  D.B. and J .L.  Lincer.  1970. Polychlor ina ted  Biphenyls. BioScience, 
Vol. 20, No. 17,  pp. 958-964. 

The s t r u c t u r a l  and phys i ca l  p r o p e r t i e s ,  u s e s ,  a n a l y t i c a l  methods, 
tox ico logy,  l e v e l s  i n  n a t u r e ,  and b i o l o g i c a l  magni f ica t ion  of PCB's, 
and the  r a t i o  of DDT t o  PCB i n  t h e  environment a r e  summarized. Although 
nothing i s  known about t h e  b i o l o g i c a l  decomposition of PCB's, i t  
i s  l i k e l y  t h a t  they a r e  more s t a b l e  than DDT and i t s  me tabo l i t e s  
and thus  have a  tendency t o  accumulate up t h e  food chain. No f i g u r e s  
on t h e  amount of t h e s e  m a t e r i a l s  produced annual ly  a r e  a v a i l a b l e .  
Analysis  of PCB's has  been c a r r i e d  out  by means of a  combination 
of h igh  r e s o l u t i o n  gas  chromatography and mass spectrometry. N i t r a t i o n  
and s a p o n i f i c a t i o n  have been used t o  s epa ra t e  PCB's from o t h e r  r e s idues  
f o r  a n a l y s i s .  Although s e v e r a l  s t u d i e s  have been c a r r i e d  out  on t h e  
toxicology of PCB's, t o x i c  l e v e l s  a r e  s t i l l  l a r g e l y  undefined. S tud ie s  
have shown, however, t h a t  t h e r e  a r e  s t r i k i n g  a l t e r n a t i o n s  i n  the  
i n t e r n a l  organs of some mammals and b i rds .  Data taken from seve ra l  
s t u d i e s  i n d i c a t e  t h a t  t h e  PCB's a r e  capable of b i o l o g i c a l  magni f ica t ion  
i n  t h e  food chain.  Because of t h e  apparent  danger of t hese  m a t e r i a l s  
i t  i s  necessary  t o  d iscover  the  major sources of t h e i r  escape i n t o  
t h e  environment. Sixty-two r e fe rences  have been c i t e d  i n  t h i s  summary. 
[ a b s t r a c t  from PCB i n  water  - a b ib l iography. ]  



Sanders,  H.O. and J .H.  Chandler. 1972. Bio logica l  magnif icat ion of a  poly- 
ch lo r ina ted  biphenyl (Aroclor 1254) from water  by aqua t i c  inve r t eb ra t e s .  
B u l l e t i n  of Environmental Contamination and Toxicology, 7(5): 257-263. 

The purpose of t h i s  study was t o 3 p t e r m i n e  the  r a t e  of accumulation 
and b io log ica l  magnif icat ion of C1-labeled Aroclor 1254 from water  
by e i g h t  spec ie s  of aqua t i c  inve r t eb ra t e s .  The i n v e r t e b r a t e s  were 
exposed t o  Aroclor 1254 a t  concent ra t ions  l e s s  than 3 ppb, which 
i s  s i m i l a r  t o  l e v e l s  de tec ted  i n  t h e  water of Escambia Bay, F lor ida .  
I n  add i t ion  t o  measurement of accumulation, scud exposed t o  Aroclor 
1254 were analyzed by gas- l iquid chromatography t o  i n v e s t i g a t e  p o t e n t i a l  
s h i f t s  i n  r e s idue  composition which may have occurred a s  a  r e s u l t  
of metabolism. 

Authorf s  In t roduct ion  

S t a l l i n g ,  D.L. and F.L. Mayer. 1972. T o x i c i t i e s  of PCB's t o  f i s h  and environ- 
mental r e s idues  i n  f i s h .  Environmental Heal th Pe r spec t ives ,  1: 159-164. 

Analyses of 40 f i s h  (cross-check sample) from the  1970 National  Pes- 
t i c i d e  Monitoring Program were made f o r  PCBfs. Chronic and acute 
t o x i c i t y  s t u d i e s  on aqua t i c  organisms were reviewed. The h ighes t  
concent ra t ions  of PCB res idues  i n  freshwater  f i s h  occur i n  r i v e r s  
which a r e  a s soc ia t ed  wi th  i n d u s t r i a l i z e d  a reas .  

Wildish, D . J .  and V. Zitko. 1971. Uptake of polychlor ina ted  biphenyls 
from sea water  by G m a r u s  oceanicus. Marine Biology, 9(3): 213-218. 

The uptake of a  polychlor ina ted  biphenyl prepara t ion  conta in ing  5-7 
ch lo r ine  atoms per  molecule,  s o l u b i l i z e d  i n  a  nonionic s u r f a c t a n t  
i n  sea water ,  by Gammams oceanicus was measured spectrophotometri-  
c a l l y .  Uptake occurred i n  l i v i n g  animals ac ross  t h e  genera l  integument. 
It i s  suggested t h a t  uptake r a t e s  a r e  dependent upon the  t o t a l  sur face  
a r e a  of t h e  integument, a l though no accura te  method of determining 
t h i s  i s  known. The r a t e  of uptake decreased a f t e r  4-6 h r  exposure 
and uptake was dependent upon concent ra t ion  of polychlor ina ted  biphenyls 
i n  sea water. The s tage  of t h e  in t e rmol t  of 2. oceanicus d id  not  
a f f e c t  uptake r a t e s .  

Young, D.R. and I.S. Szpi la .  1975. Decreases of DDT and PCB i n  mussels. 
Coastal  Water Research P ro jec t  Annual Report - 1975, Southern Ca l i fo rn ia  
Coastal  Water Research P r o j e c t ,  pp. 123-126. 

Numerous s t u d i e s  by t h i s  P ro jec t  and o the r  researchers  have documented 
the  ex ten t  of marine contamination by DDT wastes of f  southern Ca l i fo rn ia .  
The i n t e r t i d a l  mussel,  Mytilus c a l i f o r n i a n u s ,  appears t o  have r a t h e r  
accu ra t e ly  r e f l e c t e d  decreases i n  the  input  of t o t a l  DDT t o  the  c o a s t a l  
ecosystem. These s t u d i e s  have f u r t h e r  demonstrated the  mussel 's  u se fu l -  
ness  a s  an i n d i c a t o r  organism f o r  ch lo r ina ted  hydrocarbon contamination 
of nearshore waters.  The study r e s u l t s  a l s o  i n d i c a t e  t h a t  l oca l  annual 
i n p u t s  and b io log ica l  concent ra t ions  of PCB a r e  decreasing l e s s  r ap id ly  
than a r e  those f o r  DDT. 



EFFECTS OF TRACE METALS: MERCURY AND CADMIUM 

Bothner,  M.H. 1973. Mercury: Some a s p e c t s  of i t s  marine geochemistry i n  
Puget Sound, Washington. Ph.D. Thes i s ,  Univers i ty  of Washington, 
Department of Oceanography, S e a t t l e ,  126 pp. 

Sediment c o r e s  c o l l e c t e d  p e r i o d i c a l l y  a t  t h e  same s t a t i o n s  from 1970 
u n t i l  1973 show t h a t  t h e  l e v e l  of mercury i n  sediments i s  decreasing 
wi th  t ime s i n c e  t h e  high d ischarge  of mercury from a ch lo r - a lka l i  
p l a n t  has stopped. The r a t e  of mercury l o s s  appears  t o  fo l low f i r s t  
o rde r  k i n e t i c s  wi th  a  h a l f - l i f e  of 1.3 y e a r s ,  i n  sediments which 
a r e  gene ra l ly  ox id i z ing  and which had i n i t i a l  mercury concen t r a t ions  
of 2-10 ppm. 

A s t rong  cova r i an t  r e l a t i o n s h i p  was observed between t h e  mercury 
concen t r a t ion  i n  suspended m a t t e r  and i n  so lu t ion .  S e l e c t i v e  leaching 
experiments designed t o  show t h e  important binding s i t e s  f o r  mercury 
i n  sediments i n d i c a t e d  t h a t  most of t h e  mercury i s  a s soc i a t ed  wi th  
ox id i zab le  organics .  

Calabrese ,  A. and D.A. Nelson. 1974. I n h i b i t i o n  of embryonic development 
of t h e  hard clam Mercenaria mercenaria ,  by heavy metals .  B u l l e t i n  
of Environmental Contamination and Toxicology, l l ( 1 ) :  92-97. 

Heavy me ta l s  have long been recognized a s  s e r i o u s  p o l l u t a n t s  of t h e  
a q u a t i c  ecosystem, wi th  d e l e t e r i o u s  e f f e c t s  on t h e  a s soc i a t ed  organisms. 
Limited informat ion  i s  a v a i l a b l e  f o r  marine organisms and those s t u d i e s  
t h a t  have been repor ted  dea l  p r imar i ly  w i th  a d u l t  organisms; r e l a t i v e l y  
l i t t l e  i s  known about t h e  e f f e c t s  of meta l  on i n v e r t e b r a t e s ,  e s p e c i a l l y  
t h e i r  embryonic s tages .  

With t h e  development of r e a r i n g  techniques f o r  b iva lve  mollusks i n  
t h e  l abo ra to ry ,  f u r t h e r  i n c e n t i v e  has been provided f o r  s t u d i e s  on 
t h e  e f f e c t s  of p o l l u t a n t s  on embryos of s h e l l f i s h .  The p re sen t  study 
was undertaken t o  determine the  e f f e c t  of mercury, s i l v e r ,  z i n c ,  
n i c k e l  and lead  on the  s u r v i v a l  and subsequent development of embryos 
of t h e  hard clam, Mercenaria mercenaria.  

Ch i ld s ,  E.A., and J . N .  Gaffke. 1973. Mercury content  of Oregon groundfish. 
U.S. Nat ional  Marine F i s h e r i e s  Se rv i ce ,  F i s h e r i e s  B u l l e t i n ,  71(3): 
7  13-7 17. 

The mercury content  of Oregon groundfish was determined. The mercury 
content  of r ex  s o l e ,  Glyptocephalus zach i rus ;  Dover s o l e ,  Microstomus 
p a c i f i c u s ;  p e t r a l e  s o l e ,  Eopset ta  jordani ;  English s o l e ,  Parophrys 
ve tu lus ;  sand s o l e ,  P s e t t i c h t h y s  ; s t a r r y  f lounder ,  
P l a t i c h t h y s  s t e l l a t u s ;  canary rock f i sh ,  Sebas tes  p inniger ;  f l a g  rock f i sh ,  
Sebas tes  rub r iv inc tus ;  y e l l o w t a i l  r o c k f i s h ,  Sebas tes  f l av idus ;  rougheye 
rock f i sh ,  Sebas tes  a l e u t i a n u s ;  s a b l e f i s h ,  Anoplopoma f imbr ia ;  l ingcod,  
Ophiodon e longatus ;  P a c i f i c  hake, Merluccius productus; and arrowtooth 
f lounder ,  Atheresthes stomias; was s i g n i f i c a n t l y  lower than 0.50 
ppm mercury. A l l  spiny dogf i sh ,  Squalus a c a n t h i a s ,  samples contained 



b0.50 ppm. No h ighly  s i g n i f i c a n t  r e l a t i o n s h i p  i n  those  spec i e s  appro- 
p r i a t e l y  examined between ( a )  ca t ch  l o c a t i o n ,  (b)  t ime of ca t ch ,  
( c )  weight and l eng th  of f i s h ,  o r  (d)  sex and mercury conten t  was 
observed. 

Author 's  Abs t rac t  

Crece l iu s ,  E.A. 1974. The marine geochemistry of a r s e n i c  and r e l a t e d  elements 
i n  Puget Sound. Ph.D. Thes i s ,  Un ive r s i t y  of Washington, Department 
of Oceanography, S e a t t l e ,  133 pp. 

I n  t h i s  t h e s i s  t h e  f l u x e s  of a r s e n i c  through Puget Sound by determining 
i t s  inpu t  r a t e s  from va r ious  sources  i s  es t imated .  Concentrat ion 
p r o f i l e s  of a r s e n i c  and antimony i n  sediment c o r e s  a r e  included.  
No c o n s i s t e n t  p a t t e r n  of accumulation of t he se  meta l s  i n  h ighe r  t r o p h i c  
l e v e l s  was observed, bu t  methylated forms of a r s e n i c  were found i n  
ke lp ,  plankton and shrimp. 

C r e c e l i u s ,  E.A., M.H. Bothner and R. Carpenter.  1975. Geochemistries of 
a r s e n i c ,  antimony, mercury, and r e l a t e d  elements i n  sediments of 
Puget Sound. Environmental Science and Technology, 9(4) :  325-333. 

The n a t u r a l  d i s t r i b u t i o n s  of a r s e n i c ,  antimony, mercury, chromium, 
c o b a l t ,  i r o n ,  aluminum, and carbon i n  t h e  su r f ace  sediments of Puget 
Sound a r e  per turbed  by two major anthropogenic  sources  of t r a c e  metals :  
a copper sme l t e r  nea r  Tacoma, Wash., t h a t  d i scharges  l a r g e  amounts 
of a r s e n i c  and antimony, and a ch lo r - a lka l i  p l a n t  i n  Bellingham, 
Wash., which, i n  t h e  recent  p a s t ,  d ischarged s i g n i f i c a n t  amounts 
of mercury. Arsenic and antimony i n p u t s  from t h e  sme l t e r  over t h e  
p a s t  80 y e a r s  a r e  ev ident  i n  sediment c o r e s  whose accumulation r a t e s  
have been determined by the  lead-210 technique.  An a r s e n i c  budget 
f o r  Puget Sound r e v e a l s  t h e  importance of atmospheric i n p u t  r e s u l t i n g  
from smokestack emissions of t h e  smelter .  Chemical e x t r a c t i o n  s t u d i e s  
of sediments showed t h a t  more than  82% of t h e  mercury was a s s o c i a t e d  
wi th  e a s i l y  ox id i zab l e  organic  m a t t e r ,  whereas about 50"/, of bo th  
a r s e n i c  and antimony was a s s o c i a t e d  wi th  e x t r a c t a b l e  i r o n  and aluminum 
compounds. 

Author 's  Abstract  

E i s l e r ,  R . ,  G.E.  Zaroogian, and R.J .  Hennekey. 1972. Cadmium uptake by 
marine organisms. F i s h e r i e s  Research Board of Canada, J o u r n a l ,  29(9): 
1367-1369. 

Adults  of k i l l i f i s h  Fundulus h e t e r o c l i t u s ,  s c a l l o p  Aquipecten i r r a d i a n s ,  
o y s t e r  Cras sos t r ea  v i r g i n i c a ,  and subadul t  l o b s t e r s  Homarus arnericanus 
were immersed f o r  21 days i n  flowing seawater  conta in ing  10 u g / l i t e r  
of cadmium as-CdClq02%H,O. Cadmium re s idues  i n  whole animals  and 

L 
s e l e c t e d  t i s s u e s  were c 6 n s i s t e n t l y  h ighe r  i n  exposed organisms than 
c o n t r o l s ;  e d i b l e  p o r t i o n s  of t r e a t e d  l o b s t e r  (muscle) ,  s c a l l o p  (adductor  
muscle) ,  and o y s t e r  (whole animal) conta ined  more cadmium p e r  u n i t  
wet weight than  c o n t r o l s  by 25%, 19%, and 352%, r e spec t ive ly .  

Author1 s Abstract  



Fagerstrom, T. and B. Ansel l .  1973. Methyl mercury accumuYation i n  an 
a q u a t i c  food chain.  A model and some imp l i ca t ions  f o r  research  planning. 
Ambio, 2(5): 164-171. 

Methyl mercury accumulation i n  f i s h  i s  t h e o r e t i c a l l y  s tud ied  by means 
of a mathematical model f o r  a th ree-s tep  food chain.  The model assumes 
ga in  of methyl mercury i n  p ropor t ion  t o  i n t a k e  of oxygen and food, 
t h e s e  i n t u r n  being size-dependant. Some p r o p e r t i e s  of t h e  model a r e  
analyzed wi th  t h e  s p e c i f i c  aim of g e t t i n g  guidance f o r  f u r t h e r  research  
a c t i v i t i e s .  T h i s  a n a l y s i s  lends ,  q u a n t i t a t i v e l y ,  support t o  t h e  b e l i e f  
t h a t  d i r e c t  uptake of methyl mercury from water  i s  t h e  most important 
sub jec t  f o r  f u r t h e r  study. 

Authorf s Abs t rac t  

Fowler, B.A., D.A. Wolfe and W.F. H e t t l e r .  1975. Trace meta l  uptake and 
t o x i c i t y  t o  s h e l l f i s h .  Conference on Heavy Metals i n  t he  Environment 
II., In: Environmental Heal th  Pe r spec t ives ,  Vol. 10: 262-263. 

The r e l a t i o n s h i p  between uptake and t o x i c i t y  of t r a c e  me ta l s  t o  s h e l l f i s h  
i s  of i n t e r e s t  because t h e s e  organisms a r e  an important  food source 
and human t r a c e  meta l  poisonings have occurred through t h e i r  consumption. 
An understanding of how c e l l s  of marine i n v e r t e b r a t e  t i s s u e s  handle 
t r a c e  me ta l s  i n  comparison wi th  mamal i an  c e l l s  i s  a l s o  of s c i e n t i f i c  
va lue  . 
I n  t h e  cu r r en t  s tudy ,  randomly s e l e c t e d  specimens of t h e  clam, Mercenaria 
mercenaria ,  and t h e  o y s t e r ,  C ras sos t r ea  v i r g i n i c a ,  were placed i n  
sea  water  so&t ions  $'$6 0C and 35% s a l i n i t y )  conta in ing  0 ,  0.1, 1, 
o r  10 ppm Hg o r  Cd . The experiment was terminated f o r  each element 
a f t e r  h a l f  of t h e  animals  i n  t he  10 ppm dose groups exh ib i t ed  gaping 
va lves .  Cross s ec t ions  of t h e  animals were s tud ied  by l i g h t  microscopy 
and po r t ions  of t h e  mant les  by e l e c t r o n  microscopy. Heavy m o r t a l i t y  
ocyvrred i o y s t e r s  of t h e  high dose groups a f t e r  about 3 days of !?+ 
Cd o r  Hg exposur Th i s  e f f e c t  was no seen i n  h igh  dose clams 
u n t i l  5 days wi th  H g k  and 7 days wi th  Cd5+. The most r e a d i l y  de t ec t ab le  
h i s t o l o g i c  changes cha rac t e r i zed  by clumping nuc lea r  m a t e r i a l  and 
cytoplasmic r a r i f i c a t i o n  were observed i n  columnar e p i t h e l i a l  c e l l s  
l i n i n g  the  gu t  of each spec ies .  E lec t ron  microscopy of mantle e p i t h e l i a l  
c e l l s  d i sc losed  a dose-d endant i nc rease  i n  e l e c t r o n  dense cytosomes 5-P 
wi th in  t h e s e  c5)ls i n  Hg - t r e a t e d  clams. The cytosomes were 2T0 
observed i n  Cd - t r ea t ed  animals o r  i n  o y s t e r s  exposed t o  Hg . Energy- 
d i s p e r s i v e  x-ray microanalys is  d i sc losed  t h e  presence of high i r o n  
concen t r a t ions  on r e a c t i o n  t o  mercury w i t h i n  t h e s e  cytosomes. 

Author' s  Abstract  



Fowler, S.W. and G. Benayoun. 1974. Experimental s t u d i e s  on cadmium f l u x  
through marine b io t a .  Comparative s t u d i e s  on food and environmental 
contaminat ion,  Proceedings S e r i e s . ,  Vienna: I n t .  Atomic Energy Agency, 
pp. 159-178. 

The r o l e  of mussels  (Myti lus  g a l l o p r o v i n c i a l i s )  and ben th i c  shrimp 
(Lysmata s e t i cauda t a )  i n  t h e  cyc l ing  of Cd i n  t h e  marine environment 
was examined. Concentrat ion measurements were made by atomic absorp t ion  
spectrophotometry and anodic  s t r i p p i n g  voltammetry. A s teady  s t a t e  
between water  and t h e  organisms was n o t  reached a f t e r  2 mo. Concentrat ion 
f a c t o r s  were 130 and 600 i n  whole mussels  and shrimp, r e spec t ive ly .  
Concentrat ion f a c t o r s  based on s t a b l e  Cd c o n c e n t r a t i ~ n ~ ~ y e r e  s e v e r a l  
t imes h ighe r ,  no t ing  incomplete e q u i l i b r a t i o n  between Cd and s t a b l e  
Cd i n  t h e  organisms. Highest concen t r a t i ons  f o r  bo th  spec i e s  were 
i n  t h e  v i s c e r a .  Uptake of Cd was d i r e c t l y  p ropor t i ona l  t o  t h e  Cd 
conten t  i n  seawater.  Measurements were taken  a t  8OC, 13OC, and 22%. 
Cadmium uptake i nc reased  i n  shrimp a t  h ighe r  temperatures  but  no t  
i n  t h e  mussels.  Cadmium f l u x  i s  a r e l a t i v e l y  slow process  i n  mussels  
and shrimp. Animals r e t a i n  a s i g n i f i c a n t  f r a c t i o n  of t h e  accumulated 
meta l  f o r  a r e l a t i v e l y  long time. 

Keckes, S .  and J .K.  Mie t t inen .  1972. Mercury a s  a marine p o l l u t a n t .  In:  - 
Ruivo, M. ( e d ) ,  Marine P o l l u t i o n  and Sea L i f e ,  F i sh ing  Trading News 
(books) Ltd. , London: 276-282. 

The de t r imen ta l  compounds in t roduced  i n t o  t h e  s ea s  and oceans cover 
a wide range of o rganic  and ino rgan ic  substances.  Among t h e  inorganic  
subs tances  a r e  t h e  heavy m e t a l s ,  no tab ly  mekcury and l e a d ,  t o  which 
organisms a r e  e s p e c i a l l y  s e n s i t i v e  because they  i n t e r f e r e  w i th  v i t a l  
biochemical processes .  

The biogeochemistry of mercury i s  considered;  i t s  occurrence and 
accumulation by f i s h  and o t h e r  marine organisms. The b i o l o g i c a l  e f f e c t s  
of mercury a r e  a l s o  discussed.  

Author1 s Abs t rac t  

Kle in ,  D. and E. Goldberg. 1970. Mercury i n  t h e  marine environment. Environ- 
mental Science and Technology, 4: 765-768. 

Mercury l e v e l s  i n  c o a s t a l  marine organisms a r e  s e v e r a l  o rde r s  of 
magnitude g r e a t e r  than i n  comparable volumes of seawater.  Also, h ighe r  
va lues  of mercury a r e  found i n  sediments nea r  sewer o u t f a l l s  a s  compared 
t o  s i m i l a r  d e p o s i t s  f u r t h e r  removed. The d i spe r s ion  of t h i s  t o x i c  
p o l l u t a n t  by marine organisms and by man has  a l r eady  had s e r i o u s  
consequences. 

Author1 s Abs t rac t  



Laumond, F., M. Neuburger, D. Donnier, A. Fourcy, R. B i t t e l  and M. Aubert. 
1973. Experimental i n v e s t i g a t i o n s ,  a t  l abo ra to ry ,  on the  t r a n s f e r  
of mercury i n  marine t r o p h i c  chains.  Rev. I n t .  Oceanogr. Med., 31/32: 
47-53. 

The t r a n s f e r  of Hg i n  a  p e l a g i c  cha in  (p lankton ,  f i s h )  and i n  a  n e r i t i c  
cha in  wi th  molluscs  (p lankton ,  mussel) was s tudied .  The f i r s t  t r o p h i c  
l e v e l  was contaminated w i t h  water  and t h e  second s imultaneously wi th  
water  and food ( f i r s t  t r o p h i c  l e v e l )  a s  i n  n a t u r a l  condi t ions .  

Hg 2+ 
a t  subtoxic  concen t r a t ions  was in t roduced  i n t o  water  e i t h e r  a s  Hg 
ions  o r  a s s o c i a t e d  wi th  n a t u r a l  and a r t i f i c i a l  o rganic  compounds 
which a r e  found i n  t he  oceanic  environment and i n  e f f l u e n t s .  Determina- 
t i o n s  of Hg were done by e x t r a c t i o n  t i t r a t i o n  wi th  d i th izone;  t h e  
f l ame les s  atomic absorp t ion  technique i s  being per fec ted .  Some r e s u l t s  
were checked by neutron a c t i v a t i o n .  I n  t h e  f i x e d  experimental cond i t i ons  
t h e  t r a n s f e r  f a c t o r s  of Hg from sea water  t o  f i s h  o r  molluscs  were 
about 50 and 3000. 

From Biologica l  Abs t rac ts  . 
Lloyd, R. 1965. Fac to r s  t h a t  a f f e c t  t h e  to l e rance  of f i s h  t o  heavy meta l  

poisoning. In: Bio log ica l  Problems i n  Water P o l l u t i o n ,  Thi rd  Seminar, 
1962, Washington, D.C. (GPO), Pub l i c  Heal th Se rv i ce ,  Publc. No. 
999-WP-25. pp. 181-187. 

Fac to r s  such a s  temperature and t h e  concen t r a t ion  of d i sso lved  gases  
and calcium i n  the  d i l u t i o n  water  had been shown t o  modify the  amount 
of heavy meta l  needed t o  k i l l  f i s h .  These experiments,  however, had 
only shown t h e  q u a l i t a t i v e  importance of t hese  f a c t o r s ;  t h e r e  were 
few q u a n t i t a t i v e  r e s u l t s .  

The work descr ibed  i n  t h i s  paper  r ep re sen t s  an at tempt  t o  p l ace  on 
a  q u a n t i t a t i v e  b a s i s  some of t h e  e f f e c t s  t h a t  t h e  chemical and phys i ca l  
na tu re  of t h e  water  have on t h e  t o x i c i t y  of t he  heavy me ta l s  t o  f i s h ,  
so t h a t  a  more accu ra t e  e s t ima t ion  of t h e  a p p l i c a t i o n  f a c t o r  can 
be made. 

McDermott, D . J .  and M . J .  Sherwood. 1975. Metals i n  d iseased  Dover so le .  
Coas ta l  Water Research P r o j e c t  Annual Report - 1975, Southern C a l i f o r n i a  
Coas ta l  Water Research P r o j e c t .  pp. 47-49. 

The purpose of t h i s  r e sea rch  was t o  i n v e s t i g a t e  t he  a s s o c i a t i o n  of 
f i n  e ros ion  i n  Dover s o l e  w i th  exposure of t h e  spec i e s  t o  high l e v e l s  
of t r a c e  me ta l s  i n  bottom sediments of f  the  Pa los  Verdes Peninsula.  
Concentrat ions of 25 t r a c e  meta ls  and major c a t i o n s  i n  s eve ra l  t i s s u e s  
from Dover s o l e  wi th  and without  f i n  e ros ion  from t h e  Palos Verdes 
she l f  and from hea l thy  Dover s o l e  from t h e  c o n t r o l  region off  Dana 
Poin t  were examined. The ana lyses  were performed by o p t i c a l  emission 
spectrography. Samples of muscle,  kidney,  gonad, and sk in  (from both 
t h e  b l i n d  and eyed s i d e s )  were taken from t e n  i n d i v i d u a l s  i n  each 
of t h e  t h r e e  ca t egor i e s .  Pre l iminary  r e s u l t s  f o r  t he  l e v e l s  of cadmium, 
chromium, copper,  and lead  and f o r  calcium, magnesium, and sodium 
i n  these  samples were a v a i l a b l e  a t  t h e  time of t h i s  r epo r t .  



McDermott, D . J .  and D.R. Young. 1974. Trace meta ls  i n  f l a t f i s h  around 
o u t f a l l s .  Coastal  Water Research P ro jec t  Annual Report - 1974, Southern 
C a l i f o r n i a  Coastal  Water Research P ro jec t .  pp. 117-121. 

Seven t r a c e  me ta l s ,  s i l v e r ,  cadmium, chromium, copper,  n i c k e l ,  l ead  
and z i n c  a r e  discussed i n  r e l a t i o n  t o  Dover so le  populat ions near  
o u t f a l l s .  The main ques t ion  being considered i s  whether o r  not  f l a t f i s h  
l i v i n g  i n  contaminated sediments concent ra te  these  meta ls  above normal 
t i s s u e  l eve l s .  Concentrat ion of t h e  above meta ls  from gonads, f l e s h  
and l i v e r s  from c o n t r o l  and t e s t  f i s h  were compared. 

Mat sumur 903F., Y.G. Doherty, K. Furukawa and G.M. Boush. 1975. Incorpora t ion  
of Hg i n t o  methylmercury i n  f i s h  l i v e r :  S tud ie s  on biochemical 
mechanisms i n  v i t r o .  Environmental Research 10: 224-235. 

It was found t h a t  l i v e r s  of a l l  f i s h  spec ie s  p a r t i c u l a r l y  pe lag ic  
spec ie s  s tudied  were capable of t ransforming mercuric  i o n  i n t o  methyl- 
mercury i n  v i t r o .  These £%tors  involved i n  t h e  process of methyl- 
mercury formation from Hg ion  i n  the  f i s h  l i v e r  were s tudied.  

The methylat ion a c t i v i t i e s  were not  destroyed by e i t h e r  hea t  o r  uv 
and v i s i b l e  l i g h t  i r r a d i a t i o n  t reatments .  It was thus  concluded t h a t  
t he  r e a c t i o n ( s )  s t u d i e s  here  was not  mediated by methylcobalamine. 
Mersalyl ,  a  SH i n h i b i t o r ,  could,  however, a b o l i s h  most of t h e  methyla- 
t i o n  reac t ion .  

Author1 s  Abstract  

Neviss i ,  A. ,  D.D. Huntamer, S.J. Olsen, R.B. King, C.E. Vick and W.R. 
Sche l l .  1976. Trace contaminants from dredge s p o i l s  i n  E l l i o t t  Bay. 
In:  1975 Research i n  F i s h e r i e s ,  Annual Report on the  College of Fish-  - 
e r i e s ,  Univers i ty  of Washington, Cont r ibut ion  No. 444. 

This  p r o j e c t  was i n i t i a t e d  i n  Feburary, 1975, t o  measure t h e  inc rease  
i n  t r a c e  contaminants (heavy me ta l s ,  p a r t i c u l a t e s ,  e t c . )  i n  Cent ra l  
Puget Sound, r e s u l t i n g  from the  dredging of 250,000 cubic yards of 
sediment from the  Duwamish River e s tua ry  and depos i t ing  i t  off Four 
Mile Rock i n  E l l i o t t  Bay, a  l oca t ion  nea r  s i t e s  under study p r i o r  
t o  the  dumping of t h e  Duwamish sediments. Th i s  program i s  being conducted 
f o r  t h e  Municipal i ty  of Metropoli tan S e a t t l e  (METRO) and t h e  Corps 
of Engineers by t h e  College of F i s h e r i e s ,  Department of Oceanography, 
and two oceanographic consu l t an t  companies, wi th  t h e  College assuming 
t h e  lead ro l e .  The phys ica l  c i r c u l a t i o n  and t r a n s p o r t  of water  i n  
E l l i o t t  Bay has  been simulated,  using a  scale-model of Puget Sound, 
and measured by drogues i n  t h e  f i e l d .  The water  q u a l i t y  parameters 
of temperature,  s p e c i f i c  conduct iv i ty ,  pH, d isso lved  oxygen and l i g h t  
t ransmiss ion  were measured during the  drogue s tud ie s .  P r o f i l e s  of 



suspended particulates have been made from the results of analyses 
of water samples collected with the Battelle large-volume water sampler 
and with Niskin bottles during the drogue measurements. These samples, 
as well as plankton samples that have been collected near the spoils 
deposition site and at control stations, are being analyzed for trace 
metals. In addition, cores have been collected to determine the areal 
dispersion of the dredge material. It is expected that the distribution 
of the dredged spoils from the disposal site at Four-Mile Rock can 
be determined from these data. 

Author' s Abstract 

Pringle, B.H., D.E. Hissong, E.L. Katz and S.T. Mulawka. 1968. Trace metal 
accumulation by estuarine mollusks. J. Sanit. Engng. Div. Am. Soc. 
Civ. Engrs., 94(SA3): 455-475. 

Mollusks in the natural estuarine environment appear to accumulate 
trace metals at different rates and attain tissue levels according 
to the environmental concentration of the particular metal, the tempera- 
ture, the species concerned, as well as the physiological activity 
of the animal itself. 

Riley, J.P. and D.A. Segar. 1970. The distribution of the major and some 
minor elements in marine animals I. Echinoderms and Coelenterates. 
Marine Biological Association, U.K., Journal, 50: 721-730. 

A scheme employing atomic absorption spectrophotometry, flame photometry 
and colorimetry has been developed for the determination of Ag, Al, 
Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, Sn, Sr and Zn in 
marine animals. The distribution of these elements in 7 echinoderms 
and 2 coelenterates has been studied. Figures are presented for their 
concentrations in the dissected parts of Echinus esculentus, Spatangus 
purpureus and Asterias rubens. Trace metals are most strongly con- 
centrated in the digestive parts of the organisms, less so in the 
gonads, and least in the skeletal tissues. Of these metals zinc attains 
the highest concentration, in some instances copper, nickel, cadmium 
are also quite strongly concentrated. 

Author's Abstract 

Schell, W.R. Ongoing Research. Heavy Metal Analyses from Puget Sound Biota 
and Sediments. For, Environmental Protection Agency, In: 1974 A Com- 
pendium of Current Environmental Studies in Puget Sound and Northwest 
Estuarine Waters. 



This contract requires the analyses of approximately 35 samples of 
Puget Sound fish, plankton, anemone, sea cucumber and other biota 
and sediment for up to 12 heavy elements. Samples can consist of 
a species sub-sample such as liver, viscera, bone or muscle, and 
samples will be analyzed by best technique, either neutron activita- 
tion analysis or atomic absorption spectroscopy using both wet and 
dry ashing procedures. All biota and sediment samples are from Puget 
Sound waters in the general vicinity of the ASARCO Tacoma, Washington 
Copper Smelter but will contain control samples taken from the Colvos 
Passage area of Puget Sound. 

Authort s Abstract 

Schell, E.R., A. Nevissi, D.D. Huntamer, A.F. Johnson, T.A. Jokela, R.B. 
King, R.T. Lusk, S.J. Olson, and C.E. Vick. 1976. Heavy metals in 
central Puget Sound. (Abstract). In: 1975 Research in Fisheries, 
Annual Report on the College of ~Zheries, University of Washington, 
Contribution 444, p. 36. 

This program is part of a general study to establish base line values 
for the amounts of lead, mercury, and other heavy metals in the biota 
and waters of Lake Washington, Puget Sound and coastal waters of 
Washington. Sources of heavy metals in aquatic environmental are 
soil erosion, stream runoff, leaching from soils and sediments, and 
effluents that result from industrialization and urbanization. Once 
the base line values for the heavy metals have been established, 
identification of their source--natural or man-produced--and knowledge 
of their pathways through the ecosystem are necessary to fully evaluate 
their impact on man and the environment. The past history of the 
introduction and accumulation of heavy metals in aquatic environments 
may lead to rational control of heavy metals in the future. 

Shortened Author's Abstract 

Segar, D.A., J.D. Collins and J.P. Riley. 1971. The distribution of the 
major and some minor elements in marine animals 11. Molluscs. Marine 
Biological Association, U.K. , Journal, 51: 131-136. 

A study had been made of the distribution of 6 major and 13 trace 
elements in the shells and entire soft parts of 11 species of mollusc 
from the Irish Sea and in those of one freshwater species. Values 
are also presented for the occurrence of these elements in the various 
organs of Pecten maximus and Modiolus modiolus. All the trace metals 
are considerably more enriched in the soft parts of the organisms 
than in the marine environment. The highest concentrations of these 
elements are found in the digestive organs and gills, and the lowest 
concentrations are found in the shells. 
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Sherwood, M.J .  1975. Laboratory experiments exposing Dover s o l e  t o  con- 
taminated sediments. Coas ta l  Water Research P r o j e c t  Annual Report - 
1975, Southern C a l i f o r n i a  Coas ta l  Water Research P ro jec t .  pp. 41-42. 

S t u d i e s  were c a r r i e d  out  t o  determine i f  f i n s  from hea l thy  Dover 
s o l e  a r e  d i r e c t l y  damaged by con tac t  w i th  contaminated bottom sed i -  
ments. Th i s  experiment,  which i s  s t i l l  i n  p rog res s ,  t e s t s  a t  l e a s t  
two of t h e  p ~ s s i b l e  causa t ive  agen t s  a s soc i a t ed  wi th  contaminated 
sediments,  g r a i n  s i z e  and roughness and e x t e r n a l  exposure t o  p e s t i c i d e s  
and t r a c e  metals .  



LIFE HISTORIES AND DISTRIBUTIONS OF INVERTEBRATES USED I N  THE STUDY 

SHRIMP: Pandalus  j o r d a n i ,  P. b o r e a l i s ,  P. p l a t y c e r o s  

A l l en ,  J.A. 1959. On t h e  b io logy  of Pandalus  b o r e a l i s  Krbyer,  w i t h  r e f e r e n c e  
t o  a  popu l a t i on  o f f  t h e  Northumberland Coast .  Marine B io log i ca l  Associa-  
t i o n ,  Jou rna l .  38: 189-220. 

Data on t h e  d i s t r i b u t i o n  of Pandalus  b o r e a l i s  have been brought up 
t o  d a t e ,  and t h e  f a c t o r s  c o n t r o l l i n g  i t s  d i s t r i b u t i o n  ( t empe ra tu r e ,  
s a l i n i t y ,  subs t ra tum and depth)  a r e  d i scussed .  An account  of t h e  
b io logy  of t h e  popu l a t i on  o f f  t h e  Northumberland c o a s t  i s  g iven  and 
compared w i t h  accounts  of work on o t h e r  popu l a t i ons .  Knowledge of 
t h e  b io logy  of t h i s  s p e c i e s  now ex tends  ove r  t h e  e n t i r e  nor th-south 
range i n  t h e  e a s t e r n  A t l a n t i c .  D e t a i l s  of t h e  h i s t o l o g y  and development 
of t h e  gonads a r e  g iven ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e  development 
of t h e  ova and t o  sex r e v e r s a l .  Sex changes i n  t h e  gonad a r e  cons ide r ed  
i n  r e l a t i o n  t o  changes i n  e x t e r n a l  form. The growth r a t e  of t h e  North 
Sea prawn i s  de sc r i bed  and compared w i t h  t h a t  of o t h e r  popula t ions .  

Ba r r ,  L. 1970. Alaska f i s h e r y  resources--The shrimps. U.S. F i s h  and W i l d l i f e  
S e r v i c e ,  F i s h e r i e s  L e a f l e t  631, 10  pp. 

The f i v e  commercially impor tan t  shrimp of Alaska belong t o  t h e  fami ly  
Pandal idae;  t h e  most impor tan t  i s  t h e  p ink  shrimp, Pandalus  b o r e a l i s .  

The compl ica ted  l i f e  h i s t o r i e s  of t h e s e  shrimp a r e  a l l  s i m i l a r .  The 
shrimp develop f i r s t  a s  males  and a f t e r  s e v e r a l  y e a r s  t r an s fo rm  i n t o  
females ,  which t hey  remain f o r  t h e  r e s t  of t h e i r  l i v e s .  

The Alaska Department of F i s h  and Game and t h e  Bureau of Commercial 
F i s h e r i e s  a r e  s tudy ing  shrimp. They a r e  sampling t h e  commercial c a t c h ,  
t r y i n g  t o  improve t h e  p roduc t ,  and conduct ing e x p l o r a t o r y  f i s h i n g  
and b i o l o g i c a l  r e s ea r ch .  

Shortened Author ' s  Abs t rac t  

Bar r ,  L. 1970. Die1 v e r t i c a l  m ig ra t i on  of Pandalus  b o r e a l i s  i n  Kachemak 
Bay, Alaska. F i s h e r i e s  Research Board of Canada, Jou rna l .  27: 669-676. 

Catches  of Pandalus  b o r e a l i s  by surface-to-bottom p o t  f i s h i n g  i n  
Kachemak Bay, Alaska,  showed t h a t  t h i s  s p e c i e s  was d i s t r i b u t e d  i n  
l a r g e  numbers throughout  t h e  w a t e r  column a t  n i g h t  and sugges ted  
a  d i e 1  v e r t i c a l  m ig ra t i on .  The shrimp a p p a r e n t l y  l e f t  t h e  v i c i n i t y  
of t h e  bottom about  dusk and r e t u r n e d  about  dawn; t h e  apparen t  l e n g t h  
of t i m e  t hey  were o f f  bottom was d i r e c t l y  r e l a t e d  t o  t h e  l e n g t h  of 
t h e  n i g h t .  Bottom t r awl ing  c l e a r l y  showed lower a v a i l a b i l i t y  of P. 
b o r e a l i s  on bottom a t  n i g h t  t h a n  du r ing  t h e  day. Catches  of shrimp 
by p o t  f i s h i n g  and t r a w l i n g  i n d i c a t e d  t h a t  smal l  P. b o r e a l i s  have 
a  g r e a t e r  tendancy t o  m ig ra t e  v e r t i c a l l y  t h a n  t h e  l a r g e r  i n d i v i d b a l s .  

Author ' s  Abs t r ac t  



But l e r ,  T.H. 1971. A review of t h e  biology of t h e  pink shrimp, Pandalus 
b o r e a l i s  Kr#yer 1838. Proc. Conference on t h e  Canadian shrimp f i s h e r y ,  
Canadian Fish.  Reports  No. 17. pp. 17-24. 

Important  and r e l evan t  papers  on t h e  biology of t h e  spec i e s  a r e  reviewed. 
Topics  of major i n t e r e s t  a re :  d i s t r i b u t i o n ,  ecology, age and growth, 
reproduct ion ( sex  change) ,  spawning and ha tch ing ,  fecundi ty ,  age 
a t  m a t u r i t y ,  migra t ion  feeding ,  and abundance r e l a t e d  t o  temperature.  
Other minor,  ye t  p e r t i n e n t ,  i t ems  include:  taxonomy, length-weight 
r e l a t i o n s h i p ,  l a r v a l  s t a g e s ,  and p a r a s i t e s .  Some s p e c i a l  emphasis 
i s  placed on s t u d i e s  i n  t h e  western A t l a n t i c  Ocean. 

B u t l e r ,  T.H. 1970. Synopsis of b i o l o g i c a l  da t a  on t h e  prawn Pandalus 
p l a t y c e r o s  Brandt,  1851. F.A.O. F ish .  Report. 57(4): 1289. 

Th i s  synopsis  i nc ludes  such c a t a g o r i e s  a s  i d e n t i t y ,  d i s t r i b u t i o n ,  
binornics and l i f e  h i s t o r y ,  popula t ion  ( s t o c k ) ,  and e x p l o i t a t i o n  of 
t h e  shrimp Pandalus p l a tyce ros .  

Bu t l e r ,  T.H. 1964. Growth, reproduct ion ,  and d i s t r i b u t i o n  of pandal id 
shrimps i n  B r i t i s h  Columbia. F i s h e r i e s  Research Board of Canada, 
Journa l .  21(6) : 1403-1452. 

The ranges,  h a b i t a t s ,  and commercial importance a r e  descr ibed f o r  
n ine  spec i e s  of t h e  family Pandalidae: Pandalopsis  d i s p a r ,  Pandalus 
j o r d a n i ,  g. b o r e a l i s ,  P. p l a t y c e r o s ,  P. hyps inotus ,  P. -, P. 
montagui t r i d e n s ,  P. s t e n o l e p i s ,  P. goniurus.  A key f o r  t h e i r  i d e n t i f i -  
c a t i o n  i s  given. Over 27,400 specimens were sampled, using t rawl  
and t r a p  g e a r ,  most ly from the  S t r a i t  of Georgia. Pandalopsis  d i s p a r  
i s  a  male a t  1% yea r s ,  a t t a i n i n g  a  t o t a l  l eng th  of 136 m and body 
weight of 6.5 g; a t  30  months, i n  t he  female phase, t h e  l eng th  i s  
169 mm and weight 16.3 g. Pandalus jordani matures  a s  a  male,  and 
t o  a  l e s s e r  ex t en t  a  female,  a t  about 18 months, reaching a  l eng th  
of 105 m and weight of 3.8 g; a t  2% yea r s  a l l  a r e  i n  t h e  female 
phase,  averaging 118 mm i n  t o t a l  l eng th  and 5.8 g i n  body weight. 
P. p l a t y c e r o s  i s  f i r s t  a  male a t  1% yea r s ,  a t t a i n i n g  a  l eng th  of - 
140 mm and weight of 14.2 g;  most remain a s  males f o r  another  yea r ,  
and a t  3% yea r s  t h e  t o t a l  l eng th  i s  180 m and weight 35.5 g. Pandalus 
hypsinotus matures a s  a  male,  and t o  some ex ten t  a s  a  female,  a t  
about 1% yea r s ,  a t  a  t o t a l  l eng th  of 124 mm and weight of 10.3 g; 
a t  30  months t h e  l eng th  i s  130 m and weight 12.7 g. Almost a s  many 
females a s  males of P. b o r e a l i s  mature a t  1% yea r s ,  a t t a i n i n g  a  l eng th  
of 95 mm and weight of 3.2 g; a t  30  months, i n  t he  female phase, 
t h e  length  i s  119 mm and weight 6.1 g. Pandalus danae matures f i r s t  
a s  a  male,  and t o  some e x t e n t  a s  a  female,  a t  1% yea r s ,  reaching 
88 nn-n i n  length  and 4.4 g;  i n  t h e  female phase, a t  2% years  t h e  l eng th  
of 105 mm and weight 8.5 g. Growth of P. montagui t r i d e n s ,  P. s t e n o l e p i s ,  
and P. goniurus i s  unce r t a in ,  bu t  a l l  undergo sex change. Growth 
a s  r e l a t e d  t o  h a b i t a t  and e a r l y  maturing of females a s  r e l a t e d  t o  
geographic and bathymetric ranges a r e  discussed.  
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Chew, K.K., J . W .  Wells,  D. Holland, D.H. McKenzie and C.K. Har r i s .  1972. 
January s i z e  frequency d i s t r i b u t i o n  of Pandalopsis  d i s p a r  and Pandalus 
p l a t y c e r o s  t rawled  i n  Dabob Bay, Hood Canal,  Washington from 1966 
t o  1971. (Abs t r ac t ) .  Proc. Nat iona l  S h e l l f i s h e r i e s  Assoc ia t ion ,  Vol. 
62: 2-3. 

The s i z e  frequency of both males and females  of Pandalopsis  d i s p a r  
and Pandalus p l a t y c e r o s  was presen ted  and discussed.  Even though 
samples were taken  during t h e  same month each yea r ,  t h e r e  were wide 
v a r i a t i o n s  i n  t h e  annual d i s t r i b u t i o n s .  

Only t h e  length-weight r e l a t i o n s h i p  of Pandalus p l a tyce ros  was presented.  
A s  expected,  t h e  r e l a t i o n s h i p  was i n  t he  form of a  c u r v i l i n e a r  r eg re s -  
s ion.  A f t e r  logar i thmic  t ransformat ion  of t h e  length-weight da t a  
f o r  covariance a n a l y s i s ,  t he  1966, 1969, 1970 and 1971 l i n e s  fol lowed 
a  comnon s lope ,  bu t  possessed unequal means and t h u s  could no t  be 
represen ted  by one conmon l i n e .  No da t a  were a v a i l a b l e  f o r  1967 and 
t h e  s lope  f o r  t h e  1968 l i n e  was s i g n i f i c a n t l y  d i f f e r e n t  from a l l  
o t h e r  data .  

I n  a d d i t i o n ,  t h e  bathymetr ic  d i s t r i b u t i o n  f o r  Pandalus p l a tyce ros  
was presen ted  f o r  t h e  1970 and 1971 da t a .  By t r awl ing  a t  d i f f e r e n t  
dep ths  and a t  d i f f e r e n t  t imes of t h e  day, we were a b l e  t o  determine 
the  c a t c h  pe r  u n i t  of e f f o r t  f o r  t he  i n d i v i d u a l  hau ls .  Th i s  spec i e s  
had a  d e f i n i t e  d i e l  migra t ion  p a t t e r n ;  they  were most numerous a t  
shal low depths  during t h e  n igh t t ime and a t  deep depths  during t h e  
daytime . 

Author1 s  Abs t rac t  

Chew, K.K., D. Holland, J . W .  Wells ,  D.H. McKenzie and C.K. Har r i s .  1974. 
Depth, d i s t r i b u t i o n ,  and s i z e  of spot  shrimp, Pandalus p l a tyce ros ,  
t rawled  i n  Dabob Bay of Hood Canal,  Washington from 1966 t o  1971. 
Proc. Nat. S h e l l f i s h e r i e s  Assoc. 64: 28-32. 

The January s i z e  frequency d i s t r i b u t i o n  of male and female spot  shrimp 
( ~ a n d a l u s  p l a tyce ros )  was presen ted  and discussed.  The females revea led  
more v a r i a b i l i t y  from y e a r  t o  year .  There appeared t o  be two s i z e  
groups of females i n  some years .  The male s i z e  d i s t r i b u t i o n  was more 
c o n s i s t e n t .  

The 1966, 1968, 1969, 1970 and 1971 spot  shrimp length-weight l i n e s  
were compared and t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  from y e a r  t o  yea r  
were shwon. Fu r the r ,  i t  was shown t h a t  t h i s  s p e c i e s  of shrimp may 
have a  d i e l  m ig ra t i on  p a t t e r n .  Trawl hau l s  f o r  1970 and 1971 revea led  
they were found t o  be g r e a t e s t  i n  numbers a t  shal lower depths  during 
t h e  n igh t t ime and g r e a t e s t  i n  numbers a t  deeper depths  during t h e  
daytime. 

Author 's  Abs t rac t  



Dahlstrom, W.A. 1970. Synopsis of b i o l o g i c a l  da t a  on the  ocean shrimp 
Pandalus jordani  Rathbun, 1902. F.A.O. Fish.  Rept. 57(4): 1377-1416. 

Th i s  i s  a  synopsis  of t h e  shrimp Pandalus jordani fol lowing the  F.A.O. 
synopsis  o u t l i n e  which c o n s i s t s  of t h e  major c a t a g o r i e s  (1 )  I d e n t i t y ,  
(2 )  D i s t r i b u t i o n ,  (3)  Binomics and L i f e  His tory ,  ( 4 )  Populat ion ( s t o c k ) ,  
(5 )  Exp lo i t a t i on ,  and (6 )  P r o t e c t i o n  and Management. 

Dow, R.L. 1973. F l u c t u a t i o n s  i n  marine spec i e s  abundance during c l i m a c t i c  
cyc les .  Mar. Technol. Soc. J. 7(4):  38-42. 

P e r i o d i c  abundance f l u c u a t i o n s  of major commercial spec i e s  (Homarus 
americanus, Placopecten magel lanicus,  Mya a r e n a r i a ,  Mercenaria mercenaria ,  
Cras sos t r ea  v i r g i n i c a ,  Glycera d ib ranch ia t a ,  Nere is  v i r e n s ,  Pandalus 
b o r e a l i s )  a r e  i d e n t i f i e d  wi th  sea  su r f ace  temperature changes a s s o c i a t e d  
wi th  c l i m a c t i c  cyc les .  

Fox, W.W.,  Jr. 1972. Dynamics of exp lo i t ed  pandal id  shrimps and an evalua-  
t i o n  of management models. Ph.D. Thes i s ,  Univers i ty  of Washington, 
College of F i s h e r i e s .  193 pp. 

The purpose of t h i s  study i s  t o  ga in  some understanding of t h e  response 
t o  e x p l o i t a t i o n  of a  popula t ion  wi th  the  l i f e  h i s t o r y  c h a r a c t e r i s t i c s  
of pandal id shrimps. To t h i s  end, f i r s t  a  review of t h e  known l i f e  
h i s t o r y  c h a r a c t e r i s t i c s  of pandal id  shrimps, t h e i r  f i s h e r i e s ,  and 
c u r r e n t  management s t r a t e g i e s  i s  presented.  Secondly, a  review of 
t r a d i t i o n a l  management models i s  p resented  and a  s imula t ion  model 
i s  developed. T r a d i t i o n a l  management models and s t r a t e g i e s  a r e  then  
eva lua ted  u t i l i z i n g  d a t a  from the  Kodiak pink shrimp f i s h e r y  and 
t h e  s imula t ion  model. 

Shortened Author 's In t roduc t ion  

Fox, W.W.,  Jr. 1972. Shrimp resources  of t h e  no r theas t e rn  P a c i f i c  Ocean. 
In:  D.H. Rosenberg ( ed . ) ,  A review of t h e  oceanography and renewable - 
resources  of t h e  no r theas t e rn  Gulf of Alaska. Sec t ion  15,  I n s t .  Mar. 
Sc i . ,  Univ. of Alaska, 26 pp. 

Th i s  r epo r t  concerns i t s e l f  w i th  t he  d i s t r i b u t i o n  of commercially 
important  shrimp, t h e i r  h a b i t a t s  and biology. The present  e x p l o i t a t i o n  
i s  descr ibed  along wi th  management of t h e  shrimp f i s h e r i e s .  

Go t sha l l ,  D.W. 1972. Popula t ion  s i z e ,  m o r t a l i t y  r a t e s ,  and growth r a t e s  
of no r the rn  C a l i f o r n i a  ocean shrimp, Pandalus , iordani ,  1965 through 
1968. C a l i f o r n i a  Department F i s h  and Game, F i s h e r i e s  B u l l e t i n ,  155. 



Sea surveys were i n i t i a t e d  i n  t h e  sp r ing  of 1965 t o  ob t a in  e s t i m a t e s  
of popula t ion  s i z e ,  m o r t a l i t y  r a t e s ,  and growth r a t e s  of t h e  no r the rn  
C a l i f o r n i a  ocean shrimp populat ion.  From March 1965 through September 
1968, n ine  surveys were conducted i n  a  270-square-mile a r e a  from 
of f  Mad River ,  C a l i f o r n i a ,  n o r t h  t o  Smith River ,  C a l i f o r n i a .  Four 
surveys were conducted i n  t h e  105-square-mile a r e a  off  southern Oregon 
during 1967 and 1968. Est imates  of t h e  C a l i f o r n i a  popula t ion  ranged 
from a low of 2.2 m i l l i o n  pounds i n  t he  f a l l  of 1966 t o  a  h igh  of 
8 .1  m i l l i o n  pounds i n  t h e  f a l l  of 1967. 

Su rv iva l  r a t e s ,  der ived  from n a t u r a l  m o r t a l i t y  r a t e s  f o r  ocean shrimp 
during t h e i r  second w i n t e r  of l i f e ,  f o r  t h e  1964 and 1965 yea r  c l a s s e s  
were 0.68 and 0.55, r e spec t ive ly .  Lowest s u r v i v a l  r a t e s  were ob ta ined  
from the  1963 and 1964 yea r  c l a s s e s  during t h e i r  t h i r d  w i n t e r  of 
l i f e .  The h ighes t  f i s h i n g  m o r t a l i t y  r a t e s  were observed f o r  shrimp 
dur ing  t h e i r  t h i r d  summer i n  t h e  f i s h e r y .  Survey da t a  i n d i c a t e  a  
r e l a t i o n s h i p  between annual f i s h i n g  m o r t a l i t y  r a t e s  and t o t a l  t rawl ing  
hours  expended by shrimp fishermen. Limited d a t a  suggest  a  r e l a t i o n s h i p  
a l s o  e x i s t s  between t h e  number of spawners and 1-year-old r e c r u i t s  
a s  w e l l  a s  t h e  ex i s t ence  of a  d e n s i t y  dependent r e l a t i o n s h i p  between 
popula t ion  s i z e  and s u r v i v a l  of t h e  incoming y e a r  c l a s s .  

Shortened Author 's  Abs t rac t  

Haynes, E.B. and R. Wigley. 1969. Biology of t h e  no r the rn  shrimp, Pandalus 
b o r e a l i s ,  i n  t h e  Gulf of Maine. Trans.  Amer. Fish.  Soc. 98(1): 60-76. 

Northern shrimp from o f f sho re  wa te r s  i n  t h e  Gulf of Maine were s tud i ed  
t o  determine t h e i r  occurrence and t o  l e a r n  some major f e a t u r e s  of 
t h e i r  l i f e  h i s t o r y .  The a r e a  sampled ex tends  from Nova S c o t i a ,  Canada, 
t o  Long I s l a n d ,  New York. Northern shrimp were found only i n  t h e  
wes te rn  p o r t i o n  of t h e  Gulf of Maine, where they were p re sen t  throughout 
t h e  yea r ,  and a t  two i s o l a t e d  l o c a l i t i e s  sou theas t  of Nova Sco t i a .  
Abundance was h ighes t  i n  moderate depths  i n  t h e  v i c i n i t y  of J e f f r y s  
and Cashes Ledges and sou theas t  of Mount Deser t  I s l a n d ,  Maine, and 
lowest i n  t h e  deeper ,  o f f sho re  a r e a s  i n  t h e  west-central  p a r t  of 
t h e  Gulf. High water  temperatures  appear  t o  l i m i t  t h e  southward ex ten-  
s i o n  of t h i s  s p e c i e s  o f f  New England. Within t h e  Gulf of Maine t h i s  
shrimp occurs  on f ine-grained bottom sediments,  such a s  c l a y ,  s i l l y  
sand, and g l a c i a l  t i l l ,  which con ta in  r e l a t i v e l y  l a r g e  amounts of 
o rganic  mat te r .  Average l $ f e  span i s  about 3% y e a r s  and may extend 
t o  % y e a r s  f o r  a  smal l  p o r t i o n  of t h e  populat ion.  Northern shrimp 
a r e  p r o t a n d r i c  hermaphrodi tes ,  func t ion ing  f i r s t  a s  males.  Spawning 
i s  i n  August and September. Most of t h e  shrimp spawn only once a s  
females--about 20;/, a t  2% y e a r s  of age ,  70"/, a t  3% y e a r s ,  and 10% a t  
% years .  The eggs remain a t t a c h e d  t o  t h e  pleopods f o r  about 6  months 
and ha t ch  i n  t h e  sp r ing  (March and Apr i l ) .  Egg-bearing femal-es mig ra t e  
from t h e  deeper  (o f f sho re )  waters  t o  shal low ( in sho re )  a r e a s  during 
t h e  matura t ion  per iod.  It i s  t h e  egg-bearing females ,  which a r e  con- 
c e n t r a t e d  nea r  t h e  mouths of e s t u a r i e s  and o t h e r  near-shore a r e a s ,  



t h a t  make up t h e  bulk of t h e  c o m e r c i a l  catch.  The number of eggs 
p e r  c l u t c h  i n c r e a s e s  wi th  shrimp s i z e  and averages 2,400 ( range ,  
800 t o  3,400).  Length-weight r e l a t i o n s  a r e  s i m i l a r  f o r  males and 
nonovigerous females; ovigerous females a r e  about 1.4 g heav ie r  f o r  
any g iven  l eng th  than  the  nonovigerous ones. Growth r a t e  of t he  Gulf 
of Maine popula t ion  i s  f a s t e r  a t  ages  of 2  yea r s  and o lde r  than t h a t  
of any o t h e r  popula t ion  of t h i s  spec i e s  repor ted  t o  date .  

Author 's Abstract  

Ivanov, B.G. 1972. The geographical  d i s t r i b u t i o n  of t h e  nor thern  shrimp, 
Pandalus b o r e a l i s  K r .  (Crustacea Decapoda). Proc. Nat ional  S h e l l -  
f i s h e r i e s  Assoc ia t ion ,  Vol. 62: 9-14. 

Pandalus b o r e a l i s  i s  an amphiboreal spec i e s  of P a c i f i c  o r ig in .  Water 
c u r r e n t  and d i s t r i b u t i o n  p a t t e r n s  of t h e  shrimp a r e  s i m i l a r  i n  t h e  
A t l a n t i c  and P a c i f i c  oceans. P. b o r e a l i s  abounds a t  many d i f f e r e n t  
depths and temperatures  throuFhout i t s  range which sugges ts  t h a t  
t h e s e  f a c t o r s  a r e  of minor importance. The s t r u c t u r e  of water  masses 
and presence of muddy s u b s t r a t e s  a r e  of major importance i n  concen- 
t r a t i n g  t h e  spec ies .  High temperatures  i n  southern waters  l i m i t  d i s t r i b u -  
t i o n  poss ib ly  by hyperacce lera t ing  sexual  development. Pandal id shrimps 
a r e  p r o t a n d r i c  and t h i s  cond i t i on  seems t o  p r o h i b i t  t h e i r  i nhab i t i ng  
shal low,  t r o p i c a l  waters.  Popula t ions  show d i f f e r e n t  reproduct ive  
c a p a c i t i e s  by a r e a s  and a r e  mapped. 
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Ivanov, B.G. 1969. The biology and d i s t r i b u t i o n  of t h e  nor thern  shrimp 
( ~ a n d a l u s  b o r e a l i s  Kr.) i n  t h e  Bering Sea and t h e  Gulf of Alaska. 
F.A.O. F i s h  Rept. 57(3): 799-810. 

Explora t ions  i n  t h e  North P a c i f i c  i n  recent  yea r s  have revea led  con- 
s i d e r a b l e  s tocks  of Pandalus b o r e a l i s  Kroyer i n  t he  Bering Sea and 
t h e  Gulf of Alaska. S tud ie s  on s i z e  composition show t h a t  t h e  shrimp 
ca t ches  a r e  most ly made up of specimens aged between 1% and 5% years ;  
a  few surv ive  t o  6% years .  S i z e  a t  f i r s t  m a t u r i t y  ( a s  males) ,  a t  
sex-change and a t  second ma tu r i t y  ( a s  females) was a l s o  s tudied.  
The s t r e n g t h  of d i f f e r e n t  year -c lasses  can be l a r g e l y  explained from 
t h e  c h a r a c t e r  of t h e  f i r s t  w in t e r  a f t e r  hatching and the  abundance 
of t h e  parent  year-classes .  

Three eco log ica l  zones a r e  recognizable  w i th in  t h e  a r ea  considered. 
Large concen t r a t ions  of shrimps tend t o  form i n  the  zone of i n t e r -  
a c t i o n s  of two water  masses r a t h e r  than  i n  waters  of a  p a r t i c u l a r  
temperature.  Local c i r c u l a t i o n s  due t o  i s l a n d s  and bays he lp  t o  prevent  
t h e  d i s p e r s a l  of l a rvae  t o  unfavourable a reas .  

Author 's Abs t rac t  



Pearcy,  W.G. 1972. D i s t r i b u t i o n  and d i e 1  changes i n  t h e  behavior of pink 
shrimp, Pandalus j o rdan i ,  o f f  Oregon. Proc. Nat ional  S h e l l f i s h e r i e s  
Assoc ia t ion ,  Vol. 62: 15-20. 

Beam t r awl  ca t ches  of pink shrimp (Pandalus jordani) during t h e  day- 
t ime always exceeded ca t ches  a t  n igh t  a t  t h e  same s t a t i o n  during - 
two c r u i s e s  i n  1969 and 1970. ~ i e l - d i f f e r e n c e s  a l s o  occurred i n  t h e  
s i z e  composition of shrimp. Females l a r g e r  than 20 mm carapace length  
composed a  l a r g e r  percentage of t h e  n igh t  than  t h e  day catches.  The 
propor t ion  of males ,  on t h e  o t h e r  hand, decreased i n  beam t r awls  
made a f t e r  dark. Thus, males showed a g r e a t e r  tendency t o  migra te  
o f f  t h e  bottom a t  n igh t  than females. 

Migratory behavior was f u r t h e r  s u b s t a n t i a t e d  by t h e  f a c t  t h a t  shrimp 
were caught i n  a l l  of t h e  midwater t r awl  c o l l e c t i o n s  during t h e  n i g h t -  
t ime but i n  none of t h e  daytime c o l l e c t i o n s .  

An underwater camera was used t o  photograph shrimp a t  a  s t a t i o n  of f  
Cape Foulweather i n  1971. I n  gene ra l ,  both photographs and beam t r awl  
ca t ches  i n d i c a t e d  a  Y g h  dens i ty  of small  shrimp, averaging 7 t o  
15 i n d i v i d u a l s  p e r  m . 
The r e s u l t s  of plankton n e t  tows i n  Apr i l  suggested t h a t  p o s t l a r v a l  
shrimp were most abundant nea r  t h e  bottom. 
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Pearcy,  W.G. 1970. V e r t i c a l  migra t ion  of t h e  ocean shrimp Pandalus jordani:  
A feeding and d i s p e r s a l  mechanism. C a l i f o r n i a  F i s h  and Game, 56(2): 

Ocean shrimp, mainly immature males,  were common i n  n ight t ime midwater 
t rawl  c o l l e c t i o n s  of f  Oregon. They were captured every month of t h e  
year  except  May and June. Annual ca t ches  v a r i e d  g r e a t l y  a t  t h e  same 
s t a t i o n s  during 7 years .  

Shrimp caught i n  midwater a t  n igh t  were foraging  on euphausi ids  and 
copepods. The stomachs of shrimp caught i n  bottom t r awls ,  on t h e  
o t h e r  hand, contained benthos, bu t  no i d e n t i f i a b l e  pe l ag ic  animals. 
Besides being r e l a t e d  t o  feeding  behavior ,  v e r t i c a l  migra t ion  may 
enhance d i s p e r s a l  of shrimp. 
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Robinson, J.R. 1971. The d i s t r i b u t i o n  and abundance of pink shrimp (Pandalus 
j o rdan i )  of f  Oregon. F i sh  Cammission of Oregon, I n v e s t i g a t i o n  Report. 
No. 8. 48 pp. 



The o b j e c t i v e s  of t h i s  s tudy were t o  ob ta in  e s t i m a t e s  of t h e  s tanding  
crop  and d e f i n e  d i s t r i b u t i o n  of pink shrimp off  Oregon. We hoped 
t o  ob ta in  these  e s t i m a t e s  w i th in  a  sho r t  enough time span t o  minimize 
p o s s i b l e  b i a s e s  from m o r t a l i t y  and mig ra t ion  wi th in  and between shrimp 
concent ra t ions .  We a l s o  hoped t o  ob ta in  a  s e r i e s  of e s t ima te s ,  s easona l ly ,  
t o  record  changes i n  d is t r ibu t ion/abundance  wi th  time. .- 

Other o b j e c t i v e s  were e s t i m a t e s  of age and sex composition geogra- 
p h i c a l l y  and seasona l ly ,  and f ecund i ty  and time of spawning. 

Our l a s t  o b j e c t i v e  was t o  c o r r e l a t e  d i s t r i b u t i o n  and abundance of 
shrimp wi th  depth and t h e  type of bottom sediment. Systematic  s t u d i e s  
of t h e  type  of sediment on which shrimp a r e  found were lacking  even 
though t h e  l i t e r a t u r e  i s  f u l l  of r e f e rences  a s s o c i a t i n g  shrimp wi th  
green mud and sand s t r a t a .  
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Ronholt ,  L.L. 1963. D i s t r i b u t i o n  and r e l a t i v e  abundance of commercially 
important  Pandal id  shrimps i n  t h e  NE P a c i f i c  Ocean. U.S. Department 
of t h e  I n t e r i o r ,  F i s h  and W i l d l i f e  Se rv i ce ,  Spec ia l  S c i e n t i f i c  Report. 
F i s h e r i e s  No. 449. 28 pp. 

Data r e s u l t i n g  from exp lo ra to ry  f i s h i n g  on 18 c r u i s e s  of t h e  Bureau 
of Commercial F i s h e r i e s  exp lo ra to ry  f i s h i n g  v e s s e l  - John N. Cobb from 
1950-60 were analyzed t o  determine t h e  average c a t c h  of shrimp pe r  
u n i t  of e f f o r t  and p e r  10-fathom depth i n t e r v a l  i n  each of fou r  a reas :  
Oregon and Washington; Southeas te rn  Alaska, Cent ra l  Alaska, and Alaska 
Peninsula .  The f i v e  s p e c i e s  of shrimp encountered were: Pandalus 
j o r d a n i ,  P. b o r e a l i s ,  P. hyps inotus ,  P. p l a t y c e r o s ,  and Pandalopsis  
d i spar .  Gulf of Mexico shrimp t r a w l s  and West Coast beam t r a w l s  were 
t h e  major g e a r  used during t h e  explora t ions .  
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Tegelberg ,  H.C. and H.M. Smith. 1957. Observat ions on t h e  d i s t r i b u t i o n  - 
and-biology of t h e  pink shrimp (Pandalus jordani) off t h e  Washington 
coas t .  Washington Department of F i s h e r i e s ,  F i s h e r i e s  Research Paper ,  

Exploratory f i s h i n g  of f  t h e  Washington coas t  by t h e  John N. Cobb 
i n  October-November 1955 and March-April 1956 revea led  t h e  presence 
of commercial q u a n t i t i e s  of pink shrimp, Pandalus jordani .  The b e t t e r  
ca t ches  were made i n  depths of 60 t o  85 fathoms, extending from southwest 
of Grays Harbor t o  t h e  ~ u e e t s  River.  

- 



Measurements and t h e  sex of 4,828 shrimp from t h e  autumn samples 
and 4,464 shrimp from t h e  spr ing  samples were determined. Two s ize-  
groups were prominent i n  the  autumn and t h r e e  i n  the spring.  Including 
the  newly hatched group, a t  l e a s t  four  year-classes were i n  the  water  
i n  Apri l .  

I n  t h e  autumn, 37% of the females were egg-bearing a s  compared wi th  
18% i n  t h e  spr ing ,  but a f t e r  Apr i l  16 the  egg-bearing females disappeared 
from t h e  catch.  The average number of whole shrimp per  pound v a r i e d  
from 100 t o  166 i n  the  autumn samples and from 96 t o  214 i n  the  spr ing  
samples. Although v a r i a t i o n s  i n  s i z e  of t he  shrimp i n  ind iv idua l  
drags were s i g n i f i c a n t ,  no cons i s t en t  d i f f e rences  were ev ident  by 
depth o r  by geographical  area.  

Modified Author1 s Summary 



CLAMS: Venerupi s japonica, Pro to theca  staminea 

E l l i f r i t ,  N.,  M.S. Yoshinaka and D. W. Coon. 1973. Some observa t ions  
of clam d i s t r i b u t i o n  a t  fou r  s i t e s  on Hood Canal ,  Washington. 
(Abs t rac t ) .  Proc. Nat ional  S h e l l f i s h e r i e s  Assoc ia t ion ,  Vol. 63: 7. 

Personnel  of t h e  Bureau of Spor t  F i s h e r i e s  and W i l d l i f e ,  Div is ion  
of River  Basin S t u d i e s ,  conducted a s tudy of i n t e r t i d a l  s h e l l f i s h  
popula t ions  a t  4 s i t e s  on Hood Canal i n  March and Apr i l ,  1972. 
The purpose of t h e  s tudy was t o  determine whether bulkheads and 
a t t e n d a n t  f i l l  i n  t h e  upper i n t e r t i d a l  l e v e l s  have an e f f e c t  upon 
s h e l l f i s h .  

Samples were c o l l e c t e d  along 4 t r a n s e c t s  perpendicular  t o  t h e  
s h o r e l i n e  a t  each s i t e .  Two t r a n s e c t s  were loca t ed  i n  f r o n t  of 
a bulkhead and 2 on an ad jacen t  n a t u r a l  beach. Sampling s t a t i o n s  
were loca t ed  t 10 f t  i n t e r v a l s  on t h e  t r a n s e c t s .  A sample of 9 
s u b s t r a t e  % m and approximately 8 i n  deep taken  a t  each s t a t i o n  
was s o r t e d  through 1 i n  and .Z i n  mesh sc reens ,  and a l l  clams were 
saved f o r  c l a s s i f i c a t i o n  and measurement. 

A t  3 of t h e  s i t e s  more than  twice a s  many clams were found on 
n a t u r a l  beaches than  on bulkheaded beaches. There was s i g n i f i c a n t  
d i f f e r e n c e  between bulkheaded and n a t u r a l  beaches a t  2 s i t e s  i n  
number of Japanese l i t t l e n e c k  clams, Venerupis japonica,  found 
i n  t h e  upper i n t e r t i d a l  a rea .  There was a l s o  a . t r e n d  toward d i f f e r e n c e s  
i n  s i z e  and d i s t r i b u t i o n .  Clams i n h a b i t i n g  lower i n t e r t i d a l  l e v e l s  
d id  no t  seem t o  be a f f e c t e d  by bulkheads. 

Severa l  hypotheses f o r  t h e  d i f f e r e n c e s  were proposed. The most 
probable exp lana t ion  i s  t h e  change i n  c u r r e n t  p a t t e r n s  a s s o c i a t e d  
wi th  bulkheads which r e s u l t  i n  l e s s  favorable  cond i t i ons  f o r  s e t t l i n g  
and s u r v i v a l  of clam la rvae .  These cond i t i ons  a l s o  may cause a 
r educ t ion  i n  a v a i l a b i l i t y  of n u t r i e n t s  and food. 

Author' s Abstract  

Goodwin, C.L. 1973. D i s t r i b u t i o n  and abundance of s u b t i d a l  h a r d s h e l l  
clams i n  Puget Sound, Washington. Washington Department of F i s h e r i e s ,  
Tech. Rep. No. 14. 81 pp. 

Th i s  s tudy was conducted because of t h e  inc reas ing  importance 
of hard-she l l  clams t o  s p o r t  and comnercial i n t e r e s t s  i n  Puget 
Sound. The f i e l d  work was completed between J u l y  1967 and t h e  
f a l l  of 1971. Inc luded  i n  t h e  r e p o r t  a r e  f i n d i n g s  of ex tens ive  
d i v e r  surveys of s tocks  of s u b t i d a l  hard-shel l  clams i n  Puget 
Sound. The r e l a t i o n s h i p  between abundance and s e v e r a l  environmental 
f a c t o r s  i s  discussed.  The m e r i t s  of two types  of c m e r c i a l  clam 
h a r v e s t e r s  a r e  a l s o  included.  



Hermann, R.B. 1973. Clam distribution and abundance in Grays Harbor 
as related to environmental factors. (Abstract). Proc. National 
Shellfisheries Association, Vol. 67: 7. 

From 1967-69 surveys were conducted in Grays Harbor to determine 
the distribution and abundance of native and introduced clams. 
Nine species including 4 softshell-type and 5 hardshell-type clams 
occur in the bay. The softshell clams, especially Mya arenaria, 
are the most numerous and have the widest distribution, occurring 
from within a mile of the bay mouth eastward to the mouth of the 
Chehalis River at Hoquiarn. The hardshell-type clams occur mostly 
in the western portidn of the bay. clinocardium nuttalli has the 
widest distribution in this group, occurring from the mouth of 
the bay east to Johns River and Neds Rock. 

Clam distributions are discussed in relation to seasonal levels 
of salinity and pulp mill effluents. Persistent conditions of 
low salinities throughout most of the bay in colonization of greater 
portions of the bay by hardshell clams. Summer pulp effluent levels 
have had little apparent effect on the colonization of softshell 
type clams in the eastern bay areas, where highest levels occur. 

Author1 s Abstract 

Holland, D.A. and K.K. Chew. 1974. Reproductive cycle of the Manila 
clam (Venerupis japonica) from Hood Canal, Washington. Proc. National 
Shellfisheries Association, Vol. 64: 53-58. 

Seasonal gonadal changes were observed histologically in samples 
of the ~ a i i  la clam (~enerupis japonica, ~esha~es) collected from 
Misery Point and Big Beef Harbor in Hood Canal, Washington between 
October 1970 and November 1971. With few exceptions, ripe clams 
first appeared in May-June and most active spawning occurred in 
July. Spawning was nearly completed in October. Sexual maturation 
began at a shell length of 5 mn and spawning at 20 mm and over. 

Author's Abstract 

Houghton, J.P. 1973. The intertidal ecology of Kiket Island, Washington, 
with emphasis on age and growth of Prototheca staminea and Saxidomus 
giganteus (Lamellibranchia: Veneridae). Ph.D. Thesis, University 
of Washington, College of Fisheries, Seattle. 179 pp. 

In this study an effort was made to describe baseline conditions 
within the existing intertidal communities of Kiket Island. The 
primary objectives were: (1) establishment of as complete a species 
list of the intertidal macroflora and macrofauna of the Island 
as possible; (2) qualitative and quantitative description of the 
abundance and distribution of these macroorganisms and seasonal 



v a r i a t i o n s  the re in ;  (3)  inves t iga t ion  of the  age and growth charac ter -  
i s t i c s  of the  na t ive  l i t t l e n e c k  clam (Prototheca staninea)  a t  
var ious  loca t ions  about the Is land.  The secondary objec t ives  were: 
(1)  c o l l e c t i o n  of ecologica l  da ta  on inver t eb ra te  species  found; 
(2 )  es t imat ion  of age and growth c h a r a c t e r i s t i c s  of ed ib le  bivalves 
l e s s  abundant than P. staminea, and (3)  comparison of zonation 
p a t t e r n s  a t  Kiket island with those reported i n  the  l i t e r a t u r e  
f o r  o the r  Eastern P a c i f i c  areas.  

Authorf s In t roduct ion  

Nosho, T.Y. 1971. The s e t t i n g  and growth of the  Manila clam, Venerupis 
japonica (Deshayes), i n  Hood Canal, Washington. M.S. Thes is ,  Universi ty 
of Washington, College of F i she r i e s .  67 pp. 

Spat c o l l e c t o r s  containing seven a r t i f i c i a l  substratum types were 
i n s t a l l e d  a t  two s t a t i o n s  i n  Hood Canal, Washington: Big Beef 
Harbor and Point Whitney. Replicated Latin square a r rays  of the  
t rea tments  were used t o  determine optimal substratum types i n  
r e l a t i o n  t o  s e t t i n g  and growth of spats .  Addit ional  c o l l e c t o r s  
were i n s t a l l e d  i n  separated rows and co l l ec ted  a t  the  end of each 
month from Ju ly  through November, 1969, and from June through 
September, 1970, t o  secure information on recruitment and growth. 
Resul ts  d i sc lose  t h a t  s e t t i n g  dens i ty  a t  Big Beef Harbor was about 
t e n  times over t h a t  a t  Point Whitney, which probably r e f l e c t s  
d i f ferences  i n  t i d a l  height  of the  p lo ts .  Differences between 
treatments i n  r e l a t i o n  t o  number and s i z e  ( s h e l l  length)  were 
not  noticeable.  S e t t i n g  occurred each month during t h e  sampling 
period Ju ly  through November. Major s p a t f a l l  occurred from June 
t o  October. A t  Big Beef Harbor, mean s h e l l  length increased from 
2.5 mm i n  November, 1969, t o  about 22 m i n  September, 1970. The 
inf luence  of cu r ren t s  on s e t t i n g  and i t s  impl ica t ions  i n  t h i s  
experiment a r e  discussed. 

Populat ion.surveys were conducted a t  th ree  beaches ( t h e  two afore-  
mentioned p lus  Fisherman Harbor) by means of sampling g r ids .  Clams 
were aged by de l inea t ing  year  c lasses .  Sigmoid growth es t imates  
a t  four age s t ages  were obtained by following growth of l a t e  s e t s  
i n  spat  c o l l e c t o r s  and the  s h i f t i n g  of modes wi th in  year  c l a s ses .  
I n  Hood Canal, 1. iaponica  e x h i b i t s  good growth, a t t a i n i n g  an 
average maximum length of 50 m. An est imate of the  mean length 
f o r  each age s tage  i s  a s  follows: 24 mm a f t e r  one year ,  36 m 
a f t e r  two yea r s ,  40 mm a f t e r  three  years ,  and 44 rmn a f t e r  four  
years .  

Author's Abstract 



Nosho, T.Y. and K.K. Chew. 1972. The s e t t i n g  and growth of Manila clam, 
Venerupis japonica ( ~ e s h a y e s ) ,  i n  Hood Canal,  Washington. Proc. 
National S h e l l f i s h e r i e s  Associat ion,  Vol. 62: 50-58. 

Co l l ec to r s  conta in ing  seven a r t i f i c i a l  substratum types  appeared 
t o  ca t ch  t h e  spa t  of Venerupis japonica equa l ly  we l l  a t  two study 
areas:  Big Beef Harbor and Poin t  Whitney. The dens i ty  of clam 
s e t  a t  Big Beef Harbor, t he  primary study a r e a ,  was s i g n i f i c a n t l y  
higher  than t h a t  a t  Poin t  Whitney. The probable causes f o r  t h i s  
d i f f e rence  a r e  presented. Big Beef Harbor samples were taken a t  
t h e  p lus  2.0-2.5 foo t  t i d e  l e v e l  while those  a t  Point  Whitney 
were taken a t  about t h e  p lus  5.0 f o o t  l eve l .  The major period 
of spawning occurred from May through September. S p a t f a l l  was 
heav ies t  from June through October. 

Length frequency d i s t r i b u t i o n s  of populat ions a t  t h r e e  beaches 
( t h e  two aforementioned p lus  Fisherman Harbor) were used t o  e s t ima te  
growth and fou r  age s tages.  The mean length  a t  annual age increments '  
was a s  follows: 24 mm a f t e r  one yea r ,  36 m a f t e r  two yea r s ,  40 mm 
a f t e r  t h r e e  yea r s  and 44 mm a f t e r  fou r  years .  

Authorr s  Abstract  

Ohba, S. 1959. Ecological  s t u d i e s  i n  t h e  n a t u r a l  populat ion of a  clam, 
Tapes japonica ,  wi th  spec ie s  re ference  t o  seasonal  v a r i a t i o n  i n  
the  s i z e  and s t r u c t u r e  of populat ion and t o  ind iv idua l  growth. 
Biol. J. Ukayarna un ive r s i ty . ,  5(%): 13-42. 

The present  s tudy dea l s  wi th  t h e  n a t u r a l  populat ion of t h e  clam, 
Tapes japonica,  one of t h e  main foodshe l l s  i n  Japanese waters.  
There a r e  many r e p o r t s  on t h i s  s h e l l ,  e s p e c i a l l y  from the  s tandpoint  
of commercial f i s h e r i e s ,  morphology, taxonomy, o r  autoecology. 
However, eco log ica l  a n a l y s i s  of t h e  populat ion of t h i s  clam i n  
i t s  n a t u r a l  h a b i t a t s  has been l e f t  r a t h e r  obscure, t he re fo re  t h i s  
r epor t .  Some r e s u l t s  i n  t h e  present  study may be appl ied  t o  o t h e r  
populat ions i n  d i f f e r e n t  l o c a l i t i e s ,  i f  adequate cons idera t ion  
i s  taken of environmental f a c t o r s ,  because d i f f e rences  i n  populat ion 
cha rac te r s  a r e  merely q u a n t i t a t i v e  i n  many cases.  

Paul ,  A . J .  and H.M. Feder. 1973. Growth, recru i tment ,  and d i s t r i b u t i o n  
of t h e  l i t t l e n e c k  clam, Prototheca staminea, i n  Galena Bay, Pr ince  
William Sound, Alaska. U.S. National  Marine F i s h e r i e s  Serv ice  
B u l l e t i n ,  71(3): 665-677. 

Specimens of t h e  l i t t l e n e c k  clam, Prototheca staminea, were c o l l e c t e d  
i n  Galena Bay, P r ince  William Sound, Alaska, during t h e  summer 
months of 1971 f o r  a  study of recru i tment ,  growth, and d i s t r i b u t i o n .  



The average s i z e  of P. staminea i n  Galena Bay a t  t he  end of t he  
f i r s t  growing season i s  approximately 2 nnn i n  length.  A t  any given 
age, l i t t l e n e c k  clams from Galena Bay a r e  smal le r  than those  from 
B r i t i s h  Columbia. I n  Galena Bay 8 y r  a r e  needed f o r  P. staminea 
t o  reach a  l eng th  of 30 mrn a s  compared t o  3 y r  f o r  i n d i v i d u a l s  
from B r i t i s h  Columbia. 

I n  Galena Bay the  i n t e r t i d a l  d i s t r i b u t i o n  of P. staminea gene ra l ly  
fo l lows  a  bell-shaped curve wi th  upper and lower extremes occurr ing  
between t h e  t i d a l  h e i g h t s  of +0.73 and -0.76 m. The young-of-the-year 
a r e  e s s e n t i a l l y  e p i f a u n a l ,  and t h e  ma jo r i t y  of the  specimens of 
a l l  age c l a s s e s  a r e  found wi th  4 cm of t h e  sediment sur face .  

The number of i n d i v i d u a l s  surv iv ing  annual recru i tment  i n t o  t h e  
popula t ions  s tud ied  was v a r i a b l e .  

Author' s Abstract  

Quayle, D.B. 1964. D i s t r i b u t i o n  of in t roduced  marine Mollusca i n  B r i t i s h  
Columbia waters .  F i s h e r i e s  Research Board of Canada, Jou rna l ,  
21(5): 115-1181. 

The d i s t r i b u t i o n  of a  number of spec i e s  of lamel l ibranchs  and 
gastropods t h a t  have been in t roduced  i n t o  B r i t i s h  Columbia waters  
l a r g e l y  a s  a  r e s u l t  of o y s t e r  c u l t u r a l  opera t ions  i s  discussed.  
The d i s p e r s a l  rou te s  and b a r r i e r s  a r e  i n d i c a t e d  i n  r e l a t i o n  t o  
known hydrographic cond i t i ons  and c i r c u l a t i o n  pa t t e rns .  The problems 
of spawning, l a r v a l  movements, metamorphosis, and s p a t  s u r v i v a l  
a r e  examined. 

The introduced spec i e s  t h a t  a r e  d iscussed  a r e  Crassos t rea  g i g a s ,  
& a r e n a r i a ,  Venerupis japonica, Ocenebra japonica,  Teredo n a v a l i s ,  
Nassar ius  obso le tus ,  Purpura c l a v i g e r a ,  Urosulpinx c i n e r e a ,  and 
Bat i  1 l a r i a  cuminpi. 

Author1 s  Abs t rac t  

Quayle, D.B. and N. Bourne. 1972. The clam f i s h e r i e s  of B r i t i s h  Columbia. 
F i s h e r i e s  Research Board of Canada, B u l l e t i n ,  179: 1-70. 

Annual clam landings  i n  B r i t i s h  Columbia a r e  not  ex t ens ive ,  but 
t h e  f i s h e r y  i s  important t o  many communities along t h e  coas t .  
Since 1900, landings  have f l u c t u a t e d  from under 1 m i l l i o n  l b  t o  
a  h igh  of about 8 m i l l i o n  l b  i n  1938; t h e  va lue  has v a r i e d  from 
$10,000 t o  $220,000. I n  recent  y e a r s  landings  have decl ined.  



Four clam spec ies  a r e  exp lo i t ed  c o m e r c i a l l y .  The b u t t e r  clam 
(Saxidomus g iganteus)  i s  t he  most important and most research  
has been done on t h i s  species .  The biology i s  described i n  some 
d e t a i l  and serves  a s  a  model of t he  l i f e  h i s t o r y  of t h e  o the r  
species .  F ishery  methods described inc lude  s tandard f o r k  digging 
a s  wel l  a s  newer types of mechanical digging and t h e i r  a p p l i c a b i l i t y  
t o  B r i t i s h  Columbia clam beaches. P roduc t iv i ty  of clam beds i s  
discussed and es t imates  of annual sus ta ined  y i e l d s  a r e  given. 
The h i s t o r y  of t he  f i s h e r y ,  t h e  uses t o  which clams a r e  pu t ,  clam 
farming p o s s i b i l i t i e s ,  and r egu la t ions  a r e  a l s o  discussed. 

Two spec ies  of l i t t l e n e c k  clams, t he  n a t i v e  ( ~ r o t o t h a c a  staminea) 
and t h e  e x o t i c  Manila (Venerupis japonica),  a r e  discussed. These 
occur i n  h a b i t a t s  s l i g h t l y  d i f f e r e n t  from t h e  b u t t e r  clam and 
from each o ther .  The f i s h e r i e s  f o r  the  two spec ies  a r e  s i m i l a r  
and a r e  centered  mainly i n  the  S t r a i t  of Georgia. Both spec ies  
a r e  used f r e s h  f o r  steaming and e n t e r  the  United S t a t e s  P a c i f i c  
c o a s t  market . 
The fou r th  commercial spec ies  i s  t h e  r azo r  clam ( S i l i q u a  p a t u l a ) ,  
t h a t  occurs only on surf-swept open sand beaches i n  c o n t r a s t  t o  
t h e  p ro tec t ed  sand-gravel h a b i t a t  of the o the r  three  species .  
A d i f f e r e n t  digging technique i s  requi red  s ince  each clam i s  dug 
ind iv idua l ly .  The only commercial populat ion i s  near  Masset i n  
t h e  Queen Char lo t t e  I s l ands .  

Other spec ies  wi th  f u t u r e  p o t e n t i a l  such a s  t h e  cockle (- 
n u t t a l l i ) ,  horse clam (Tresus capax),  so f t - she l l  clam ( ~ y a  a r e n a r i a ) ,  
bay mussel (Mytilus e d u l i s )  , and sea mussel ( ~ ~ t i l u s  ca l i fo rn ianus )  , 
a r e  mentioned b r i e f l y .  

Resul t s  of 1960 and 1961 surveys t o  a s ses s  deepwater clam resources  
i n  B r i t i s h  Columbia a r e  presented. These surveys cont r ibuted  ex tens ive ly  
t o  our  knowledge of t h e  d i s t r i b u t i o n  and occurrence of shallow-water 
i n v e r t e b r a t e s ,  but pointed out  t h a t  no commercial q u a n t i t i e s  of 
deepwater clams occur i n  B r i t i s h  Columbia. 

The p o t e n t i a l  of t h e  indus t ry  i n  B r i t i s h  Columbia i s  mentioned. 

Author's Abs t rac t  



MUSSEL: Myti lus  e d u l i s  

Black, R. 1973, Growth r a t e  of i n t e r t i d a l  molluscs  as i n d i c a t o r s  of 
unexpected i n c i d e n t s  of po l lu t ion ,  F i s h e r i e s  Research Board of 
Canada, Journa l .  30(9)  : 1385-1388. 

S h e l l s  of l i v i n g  mollusks con ta in  a  record  of previous growth 
r a t e  i n  t he  t ime i n t e r v a l  between check marks i s  k n m .  The check 
marks of Mytilus e d u l i s  and L i t t o r i n a  l i t t o r e a  a r e  probably annual 
marks. Growth r a t e s  of 2. e d u l i s  i n  1969, t h e  yea r  of s i g n i f i c a n t  
e lemental  p o l l u t i o n  a t  Long Harbour, Newfoundland, were no d i f f e r e n t  
from those  i n  preceeding o r  succeeding years ,  This  s o r t  of a n a l y s i s  
provides a  method of examining non le tha l  e f f e c t s  of unexpected 
p o l l u t i n g  events .  The method must be used wi th  cau t ion  because 
t h e  e f f e c t s  of p o l l u t a n t s  may be confused wi th  e f f e c t s  of o t h e r  
va r i ab l e s .  

Author 's Abstract  

Ross, J.R.P. and D. Goodman. 1974. V e r t i c a l  i n t e r t i d a l  d i s t r i b u t i o n  
of Myti lus  e d u l i s .  Vel inger ,  16(4): 388-395. 

Examination of eco log ica l  s t r e s s e s  on Myti lus  e d u l i s  popula t ions  
i n  a  p ro t ec t ed  i n t e r t i d a l  zone a t  Po in t  Atkinson, B r i t i s h  Columbia 
(canada) ,  shows t h a t  s e v e r a l  f a c t o r s  a f f e c t  p a r t  of t h e  v e r t i c a l  
d i s t r i b u t i o n .  Adult specimens survived when t r a n s p l a n t e d  0.3 m 
above t h e  h ighes t  n a t u r a l  occurrence of t h e  spec ies .  Th i s  sugges ts  
t h a t  succes s fu l  spa t  s e t t l emen t  and s u r v i v a l  of developing mussels 
c o n t r o l  t h e  upper l i m i t  of t he  spec ies .  The lower l i m i t  of M. 
e d u l i s  r e l a t e s  t o  a  gradual  i nc rease  i n  p reda t ion  p re s su re  by 
s t a r f i s h ,  p a r t i c u l a r l y  P i s a s t e r  ochraceous, which i s  c o n t r o l l e d  
by du ra t ion  of i n t e r t i d a l  sulanergence and number of preda tors .  
The competi t ive exc lus ion  p r i n c i p l e  i s  inope ra t ive  between Mytilus 
e d u l i s  and Balanus g landula  because a  l a r g e  propor t ion  of t h e  
i n t e r t i d a l  a r e a  i s  c l e a r e d  of both M. e d u l i s  and 2. glandula  by 
t h e  ab ra s ive  a c t i o n  of logs  during %~tumn and win te r  storms. 

Shortened Author1 s  Abs t rac t  

Seed, R. 1969. The ecology of Myti lus  e d u l i s  L. ( ~ a m e l l i b r a n c h i a t a )  
on exposed rocky shores ,  I. Breeding and se t t lement .  Oecologia, 
3: 277-316. 

The popula t ion  s t r u c t u r e  and apparent ly  e r r a t i c  d i s t r i b u t i o n  p a t t e r n s  
e x h i b i t e d  by M. e d u l i s  on many open exposed c o a s t s ,  a r e  d iscussed  
i n  t h e  l i g h t  Tf f i nd ings  r e l a t i n g  t o  t h e  breeding and se t t lement  
of t h i s  species .  I n  t h e  absence of prev ious  l i t e r a t u r e  concerning 
open coas t  mussels ,  t h e  reproduct ive  cyc le  has  been descr ibed  



i n  some d e t a i l .  These mussels do con t r ibu te  t o  the  spawning s tock ,  
and i n  t h e  t h r e e  years  from October 1964 - December 1967, t h e  
period of spawning was shown t o  be p a r t i c u l a r l y  extended. Spawning 
occurred mainly from e a r l y  spr ing  t o  l a t e  summer, though ind iv idua l s  
could be found i n  t h e  spawning condi t ion  more o r  l e s s  throughout 
the  year .  No marked o r  cons i s t en t  d i f f e rences  i n  t h e  spawning 
per iods  of mussels from d i f f e r e n t  l o c a l  h a b i t a t s  o r  amongst animals 
of d i f f e r e n t  s i z e  (=age) were recorded. Sexual matur i ty  was a t t a i n e d  
i n  t h e  f i r s t  year  of l i f e .  

Modified Author1 s  Summary 

Seed, R. 1969. The ecology of Mytilus e d u l i s  L. (Lamell ibranchiata)  
on exposed rocky shores,  11. Growth and mor ta l i t y .  Oecologia, 

Growth s t u d i e s  i n  Mytilus e d u l i s  L. have shown t h a t  r a t e s  vary 
considerably according t o  age, s i z e ,  and environmental condit ions.  
T h i s  may i n  p a r t  be a t t r i b u t e d  t o  i t s  s e s s i l e  h a b i t  being unable 
t o  move away from the  v a r i a b l e  e x t e r n a l  condi t ions .  

Growth i s  p a r t i c u l a r l y  seasonal ,  l i t t l e  o r  none occurr ing during 
t h e  winter .  Growth r a t e s  v a r i e d  considerably wi th  a  v a r i e t y  of 
environmental f a c t o r s  (both  b i o t i c  and phys ica l )  and some of these  
a r e  discussed.  Var iab le  ind iv idua l  growth r a t e s ,  t oge the r  wi th  
slow growth of t h e  major i ty  of animals i n  mixed populat ions,  a r e  
perhaps t h e  major f a c t o r s  i n  producing populat ion s t r u c t u r e s  t y p i c a l  
of t h i s  spec ies  on open shores.  

Modified Author's Summary 

Thompson, R.J.  and B.L. Bayne. 1974. Some r e l a t i o n s h i p s  between growth, 
metabolism, and food i n  t h e  mussel Myti lus  edu l i s .  Marine Biology, 
27: 317-326. 

Measurements of inges ted  r a t i o n ,  a s s imi l a t ed  r a t i o n ,  and metabolic  
r a t e  i n  Myti lus  e d u l i s  L. of d i f f e r e n t  s i z e s  have been in t eg ra t ed  
t o  provide an es t imate  of energy balance,  which i n  tu rn  desc r ibes  
t h e  phys io logica l  s t a t e  of t he  animal. These da ta  al low t h e  empir ica l  
determinat ion of growth e f f i c i e n c y  and r a t ion .  Growth e f f i c i e n c y  
inc reases  hyperbol ica l ly  wi th  inc reas ing  inges ted  r a t i o n  t o  reach 
a  maximum, a f t e r  which e f f i c i ency  decreases a s  r a t i o n  i s  f u r t h e r  
increased.  The optimum r a t i o n  f o r  e f f i c i e n t  growth inc reases  wi th  
inc reas ing  weight of t h e  mussel; maximum growth e f f i c i e n c y  decreases 
wi th  inc reas ing  body weight. 

Authort s  Abst rac t  



LIFE HISTORIES AND DISTRIBUTIONS OF FINFISH USED I N  THE STUDY 

Alverson, D.L. 1960. A study of annual and seasonal  bathymetr ic  c a t c h  
p a t t e r n s  f o r  comnercial ly  important groundfishes of t h e  P a c i f i c  
Northwest coas t  of North America. P a c i f i c  Marine F i s h e r i e s  C m i s s i o n ,  
B u l l e t i n  4. 66 pp. 

Migrat ions of t h e  commercially important groundfishes exp lo i t ed  
along t h e  P a c i f i c  Coast have been r epor t ed  on by va r ious  i n v e s t i g a t o r s .  
The d i scuss ions ,  however, a r e  gene ra l ly  confined t o  l a t e r a l  movements 
de f ined  by t h e  r e s u l t s  of tagging  s tud ie s .  V e r t i c a l  migra t ions  
a r e  only occas iona l ly  encountered i n  t h e  l i t e r a t u r e .  The Washington 
Department of F i s h e r i e s  i n i t i a t e d  a  new system i n  1953 designed 
t o  c o l l e c t  in format ion  on t h e  geographic and t h e  bathymetric o r i g i n  
of trawl-caught f i s h e s .  The system provides  t h e  needed informat ion  
f o r  ana lyses  of c a t c h  t r e n d s  and movements of bottom f i s h .  

These da t a  have been examined f o r  t he  per iod  1955 through 1957 
t o  evaluate:  (1 )  annual and seasonal  depth-catch ranges of important  
trawl-caught f i s h e s ;  ( 2 )  t iming ,  ampli tude,  and d i r e c t i o n  of i nd ica t ed  
seasonal  bathymetr ic  movements; and (3 )  e f f e c t s  seasonal  depth 
migra t ions  have on t h e  a v a i l a b i l i t y  of groundf ish  t o  t he  commercial 
f i s h e r y  . 
Five  P leu ronec t id s  - Engl i sh  s o l e  ( ~ a r o ~ h r y s  v e t u l u s ) ,  Dover s o l e  
(Microstomus p a c i f i c u s ) ,  p e t r a l e  s o l e  ( ~ o p s e t t a  jo rdani ) ,  s t a r r y  
f lounder  ( P l a t i c h t h ~ s  s t e l l a t u s ) ,  and rock s o l e  ( ~ e p i d o p s e t t a  
b i l i n e a t a )  - and fou r  roundf ish  - t r u e  cod ro ad us macrocephalus),  
l i n g c o d ~ ~ h i o d o n  e longa tus ) ,  s a b l e f i s h  (Anoplopoma f i m b r i a ) ,  
and P a c i f i c  ocean perch ( ~ e b a s t o d e s  a l u t u s )  - a r e  included i n  
t h e  study. 

Modified Author 's In t roduc t ion  

F o r r e s t e r ,  C.R. 1969. L i f e  h i s t o r y  information on some groundf ish  spec ies .  
F i s h e r i e s  Research Board of Canada, Technical  Report. 105, 17 pp. 

Th i s  paper con ta ins  an ex tens ive  bibl iography and conso l ida t e s  
much of t h e  a v a i l a b l e  informat ion  on the  l i f e  h i s t o r i e s  of some 
spec i e s  of groundfish.  The informat ion  on each spec i e s  i s  no t  
complete. The manuscript does not  pre tend  t o  be d e f i n i t i v e  and 
should be considered a s  only a  pre l iminary  summary of t h e  b io log ica l  
in format ion  a v a i l a b l e  on t h e  groundf ish  spec i e s  and t h e i r  f i she ry .  
Those groundf ish  covered are:  English s o l e ,  rock s o l e ,  p e t r a l e  s o l e ,  
b u t t e r  s o l e ,  l ingcod and p a c i f i c  cod. 



Harry, G.Y., Jr. 1959. Time of spawning, l eng th  a t  ma tu r i t y ,  and fecundi ty  
of t h e  English,  p e t r a l e  and Dover s o l e  (Parophrys v e t u l u s ,  Eopset ta  
j o r d a n i  and Microstomus p a c i f i c u s ,  r e spec t ive ly ) .  Oregon F i sh  
Commission Research Br ie fs .  7(1):  5-13. 

A s  p a r t  of t h e  o t t e r - t r awl  market sampling program f o r  bottom 
f i s h ,  begun i n  t h e  win ter  of 1947-48 a t  As to r i a ,  Oregon, information 
was ga thered  on t h e  time of spawning, length  a t  ma tu r i t y ,  and 
fecundi ty  of t h e  English ( ~ a r o p h r y s  v e t u l u s ) ,  p e t r a l e  ( ~ o p s e t t a  
j o rdan i )  , and Dover s o l e s  (Microstomus p a c i f i c u s ) .  Samples were 
taken from market d e l i v e r i e s  a f t e r  t h e  small  f i s h  had been c u l l e d  
out a t  s e a ,  leaving mostly f i s h  l a r g e r  than  the  gene ra l ly  accepted 
market minimum s i ze .  (Engl i sh  s o l e  13 inches ,  p e t r a l e  14 inches ,  
and Dover 14 inches.)  To ta l  l engths  were taken on a  cradle- type 
measuring board t o  t h e  nea re s t  one-half cent imeter .  

Hongskul, V. 1975. F i s h e r i e s  Dynamics of t h e  Northeastern P a c i f i c  Groundfish 
Resources. Ph.D. Thes i s ,  Un ive r s i t y  of Washington, College of 
F i s h e r i e s ,  S e a t t l e ,  Washington. 284 pp. 

The development and product ion of t h e  o t t e r - t r awl  f i s h e r i e s ,  both 
domestic and fo re ign ,  i n  t h e  no r theas t e rn  P a c i f i c  Ocean s ince  
1906 were reviewed. The cu r ren t  knowledge on t h e  biology and populat ion 
dynamics of t h e  major groundfish spec i e s  exp lo i t ed  by these  f i s h e r i e s  
was a l s o  summarized. 

Using t h e  c a t c h  and e f f o r t  s t a t i s t i c s  of t h e  Washington c o a s t a l  
t r a w l e r s ,  t h e  i n d i c e s  of r e l a t i v e  apparent  abundance of major 
groundf ish  s tocks  were ca l cu la t ed .  A new technique i n  es t imat ing  
t h e  catch-per-unit of e f f o r t  i n  t h e  mul t i spec i e s  f i s h e r y  was presented.  
The r e s u l t a n t  e s t ima te s  i n d i c a t e  a  dec l ine  i n  abundance of groundfish 
resources  i n  r ecen t  y e a r s ,  p a r t i c u l a r l y  those  of English s o l e ,  
p e t r a l e  s o l e  and P a c i f i c  ocean perch. For t h e  P a c i f i c  cod and 
l ingcod,  t h e  f i s h e r y  f o r  these  spec i e s  was uns t ab le  due t o  v a r i a t i o n  
of yea r  c l a s s  s t rength .  

The e f f e c t s  of f i s h i n g  on t h e  major groundfish s tocks  were i n v e s t i g a t e d ,  
v i a  t h e  surplus-production ana lys i s .  The r e s u l t s  i n  gene ra l  a r e  
inconclus ive  due p a r t l y  t o  l a c k  of accura te  c a t c h  and e f f o r t  da t a  
a s  a  whole. Never the less ,  t h e  e f f e c t s  of f i s h i n g  were ev ident  - 
i n  t he  ca ses  of English s o l e ,  p e t r a l e  s o l e ,  Dover s o l e ,  l ingcod 
and P a c i f i c  ocean perch. The e s t ima te s  of t h e  maximum sus t a inab le  
y i e l d  and t h e  corresponding optimum e f f o r t  f o r  t hese  s tocks  i n d i c a t e  
t h a t  t h e s e  spec i e s  have been harves ted  a t  o r  beyond t h e i r  optimum 
leve l s .  No s i g n i f i c a n t  i nc rease  i n  t h e  sus t a inab le  ca t ch  from 
these  resources  can be expected from inc reas ing  f i s h i n g  i n t e n s i t y .  
The management s t r a t e g i e s  f o r  t hese  resources  and t h e  development 
of e x p l o i t a t i o n  on o t h e r  l a t e n t  resources were discussed. 

Author 's Abstract  



ENGLISH SOLE (Parophrys ve tu lus )  

Anonymous. 1961. Migra t ions  of English s o l e  (Parophrys ve tu lus )  on 
t h e  P a c i f i c  coas t  of United S t a t e s .  T h i r t e e n t h  Annual Report,  
P a c i f i c  Marine F i s h e r i e s  Commission, 1960. Appendix I. pp. 39-42. 

The r e sea rch  s t a f f  of t h e  P a c i f i c  Marine F i s h e r i e s  Cammission 
member s t a t e s  have i n s t i t u t e d  ind iv idua l  tagging p r o j e c t s  a s  p a r t s  
of a  program of s tock  i d e n t i f i c a t i o n .  Th i s  r epo r t  concerns t h e  
f i n d i n g s  of t h e s e  tagging  p r o j e c t s .  No at tempt  has  been made t o  
compensate f o r  f i s h i n g  e f f o r t .  This  i s  simply a  record of t h e  
movement of tagged i n d i v i d u a l s  from tagging a reas .  The r e t u r n s  
have been grouped by q u a r t e r l y  pe r iods ,  r ega rd l e s s  of yea r ,  and 
by gene ra l  a r e a  of recovery. 

Shortened Authort s In t roduc t ion  

Ehrhard t ,  N.M. 1973. Popula t ion  dynamics of English s o l e  (Parophrys 
ve tu lus )  of f  t h e  coas t  of Washington. Un ive r s i t y  of Washington, 
NORFISH Tech. Rep. 43. 177 pp. 

The English s o l e  (Parophrys v e t u l u s )  i s  an important  groundfish 
resource ,  and needs proper  management, t h e r e f o r e  b a s i c  knowledge 
about growth r a t e s ,  m o r t a l i t y  and d i spe r s ion  i s  necessary.  The 
p re sen t  study a t tempts  t o  e l u c i d a t e  some of t h e  problems i n  s tock  
assessment prev ious ly  encountered. From Washington S t a t e  Department 
of F i s h e r i e s  tagging  da t a  an e f f e c t i v e  u n i t  of f i s h i n g  e f f o r t  
was developed and d i spe r s ion  and popula t ion  parameters were est imated.  
Th i s  in format ion  was i n  t u r n  used t o  a s s e s s  changes i n  equ i l i b r ium 
y i e l d  p e r  r e c r u i t  corresponding t o  changes i n  f i s h i n g  m o r t a l i t y ,  
and t h e  probable s t a t u s  of t h e  f i s h e r y .  

el-Sayed, S.Z. 1959. Popula t ion  dynamics of English s o l e  (Parophrys 
v e t u l u s  Girard)  i n  Puget Sound, Washington, with s p e c i a l  re ference  
t o  t h e  problems of sampling. Ph.D. Thes i s ,  Univers i ty  of Washington, 
College of F i s h e r i e s ,  S e a t t l e ,  Washington;,l89 pp. 

The i n v e s t i g a t i o n  of an i s o l a t e d  popula t ion  of t h e  English s o l e  
(Parophrys v e t u l u s )  i n  t h e  nor thern  p a r t  of Puget Sound, Washington, 
was undertaken t o  determine t h e  n a t u r e  of t h e  f a c t o r s  which c o n t r o l  
t h e  p r o d u c t i v i t y  of such a  s tock  of f i s h .  The f a c t o r s  s tud ied  
during t h i s  i n v e s t i g a t i o n  were growth, n a t u r a l  m o r t a l i t y  and f i s h i n g  
m o r t a l i t y .  

A s  t o  t h e  de te rmina t ion  of t h e  r a t e  of growth, t h e  s tudy of t h e  
e f f e c t  of mesh s e l e c t i o n  i n d i c a t e d  t h a t  no one mesh s i z e  can adequately 
desc r ibe  t h e  growth r a t e  of t h e  f i s h  and t h a t  a  s e r i e s  of cod-end meshes 
were necessary  i f  a  more r e p r e s e n t a t i v e  growth curve of t h e  populat ion 



was t o  be obtained.  Seasonal and annual r a t e s  of growth of f i s h  
were determined and v a r i a t i o n s  of growth from yea r  t o  yea r  examined. 
T o t a l  m o r t a l i t y  r a t e s  were obta ined  from t h e  age-frequency curves ,  
and no major f l u c t u a t i o n s  i n  t h e  s t r e n g t h  of t he  yea r  c l a s s e s  
was ev ident  i n  t h e  samples taken between 1953 and 1956, i nc lus ive .  
A mathematical model of t h e  E. v e t u l u s  f i s h e r y  was cons t ruc ted  
i n  o rde r  t o  a s s e s s  t h e  changgs i n  t h e  equi l ibr ium y i e l d  corresponding 
t o  changes i n  f i s h i n g  m o r t a l i t y  and age recrui tment  under t he  
s imples t  condi t ions  of cons tan t  parameters.  P. v e t u l u s  i s  apparent ly  
n o t  overf ished.  

Shortened Author' s Abstract  

Engli.sh, T.S. 1967. Prel iminary assessment of t h e  English s o l e  i n  Po r t  
Gardner, Washington. Jou rna l  of Water P o l l u t i o n  Control  Federat ion.  
39(8):  1337-1350. 

P o r t  Gardner r ece ives  t h e  e f f l u e n t  of two pulp and paper m i l l s  
and suppor ts  a  va luable  commercial f i s h e r y  f o r  English so le .  A 
small  research  t rawl  was used t o  sample depths from 15 t o  360 f t  
( 5  t o  120 m) nea r  t h e  deep-diffuser  o u t f a l l  i n s t a l l e d  i n  1951. 
English s o l e  dominated both research  and commercial ca tches .  

English s o l e  were observed a s  p lanktonic  eggs,  young-of-the-year 
i n  shal low water ,  o l d e r  age groups i n  deeper water ,  and i n  spawning 
condi t ion ;  t h e  eggs,  p lanktonic  l a r v a e ,  and the  youngest bottom 
s t a g e s  were no t  sampled adequately,  and f u t u r e  work i s  required.  

The s i z e  d i s t r i b u t i o n  of English s o l e  i n  a  t rawl  ca t ch  i s  shown 
t o  be inf luenced  by depth,  season,  and t h e  mesh s i z e  of t h e  ne t :  
smal le r  f i s h  a r e  i n  shal lower water  and l a r g e r  f i s h  tend t o  be 
i n  deeper water;  t h e  modal length  of young-of-the-year and y e a r l i n g  
f i s h  inc reases  during t h e  growing season. 

Modified Author 's Summary 

F o r r e s t e r ,  C.R. 1969. Resul t s  of English s o l e  tagging i n  B r i t i s h  Columbia 
waters .  P a c i f i c  Marine F i s h e r i e s  Commission, Bu l l e t i n .  7: 1-10. 

Between 1943 and 1961, over  25,000 English s o l e  o r  lemon so l e  
( ~ a r o p h r y s  v e t u l u s )  were tagged i n  Canadian waters  a s  p a r t  of 
t h e  F i s h e r i e s  Research Board's program t o  ob ta in  knowledge of 
t h e  biology of s eve ra l  important spec i e s  which con t r ibu te  t o  t h e  
o t t e r - t r awl  f i she ry .  This  r epo r t  summarizes information on movements 
a s  i n d i c a t e d  by t a g  r ecap tu re s  and endeavours t o  answer ques t ions  
on t h e  i d e n t i t y  of s tocks  and d i r e c t i v e  f a c t o r s  i n  migrat ion.  

Shortened Author's In t roduc t ion  



Holland, G.A. 1969. Age, growth and m o r t a l i t y  of r aces  of Engl i sh  s o l e  
(Parophrys v e t u l u s )  i n  Puget Sound, Washington. P a c i f i c  Marine 
F i s h e r i e s  Commission, Bu l l e t i n .  7: 35-50. 

T h i s  s tudy was l a r g e l y  confined t o  two a r e a s ,  Ca r r  I n l e t  i n  southern 
Puget Sound and o f f  Golden Gardens beach i n  S h i l s h o l e  Bay, w i th in  
t h e  S e a t t l e  c i t y  l i m i t s .  A l i m i t e d  study was made of English s o l e  
obta ined  from Case I n l e t ,  which i s  sepa ra t ed  from Carr  I n l e t  by 
a  long peninsula  and i s  a l s o  we l l  w i th in  lower Puget Sound. One 
of t h e  o b j e c t i v e s  of t h i s  i n v e s t i g a t i o n  was t o  determine i f  a  
d i f f e r e n t i a l  growth r a t e  e x i s t e d  i n  Ca r r  I n l e t  because of populat ion 
dens i ty .  Another o b j e c t i v e  was t o  determine i f  t h e  Carr  I n l e t  
popula t ion  were a  d i s t i n c t  r ace  and could be d i s t i ngu i shed  from 
t h e  o t h e r s  on t h e  b a s i s  of m e r i s t i c  counts ,  morphological measurements, 
and tagging  experiments.  P o s s i b l e  d i f f e r e n t i a l  r a t e s  of n a t u r a l  
m o r t a l i t y  were determined on t h e  b a s i s  of random samples of age 
groups from each area .  

Modified Author's In t roduc t ion  

Holland,  G.A. 1954. A pre l iminary  s tudy of t h e  popula t ions  of English 
s o l e  (Parophrys v e t u l u s )  i n  Ca r r  I n l e t  and o t h e r  l o c a l i t i e s  i n  
Puget Sound. M.S. Thes i s ,  Un ive r s i t y  of Washington, College of 
~ i s h e r i e s ,  139 pp. 

- - 

T h i s  s tudy of t h e  age and growth of t h e  English s o l e  was l a r g e l y  
confined t o  Ca r r  I n l e t  i n  southern Puget Sound and Golden Gardens 
beach i n  S h i l s h o l e  Bay, w i th in  t h e  S e a t t l e  c i t y  l i m i t s .  Limited 
s t u d i e s  were a l s o  made of Engl i sh  s o l e  from Case I n l e t ,  ad jacent  
t o  Ca r r  I n l e t ,  and Por t  Madison, a c r o s s  a  deep bas in  from S h i l s h o l e  
Bay. An at tempt  was made t o  determine t h e  presence of s epa ra t e  
r a c e s  of Engl i sh  s o l e  through m e r i s t i c  counts  and morphological 
measurements and t o  determine i f  d i f f e r e n t  mean r a t e s  of growth 
of t h e  f i s h  was demonstrable i n  t h e  presumable sepa ra t e  populat ions.  
S t a t i s t i c a l  d i f f e r e n c e s  i n  d o r s a l  and a n a l  f i n  ray  counts  were 
found, and t h e  observed r a t e  of growth was approximately t h e  same 
i n  a l l  f o u r  sample a reas .  

P a t t i e ,  B.H. 1969. D i spe r sa l  of Engl i sh  s o l e ,  Parophrys v e t u l u s ,  tagged 
o f f  t h e  Washington c o a s t  i n  1956. P a c i f i c  Marine F i s h e r i e s  Conmission, 
Bu l l e t i n .  7: 11-14. 

I n  an at tempt  t o  de f ine  t h e  migra t ion  and d i s t r i b u t i o n  p a t t e r n s  
of a  commercially important concen t r a t ion  of English s o l e  along 
t h e  no r the rn  Washington c o a s t ,  a  t o t a l  of 862 f i s h  were tagged 
between LaPush and Des t ruc t ion  I s l and .  The tagging  was done during 
a  10-day pe r iod ,  between J u l y  23 and August 1, 1956. A t o t a l  of 
85 Engl i sh  s o l e  o r  9.9% of t h e  f i s h  tagged was recovered over  
a  6-year pe r iod  fol lowing tagging. Recoveries  exh ib i t ed  a  sou the r ly  
movement during t h e  w i n t e r  months. No mig ra t ions  were noted  n o r t h  
of t h e  gene ra l  t agging  area .  

Author' s Abstract  



P r u t e r ,  A.T. and R. Van Cleve. 1954. A prel iminary s tudy of t h e  populat ion 
of English so le  (Parophrys ve tu lus )  i n  Holmes Harbor, Washington. 
Washington S t a t e  Department F i s h e r i e s ,  F i s h e r i e s  Research Paper. 
l ( 2 ) :  3-18. 

A prel iminary study of t h e  populat ion of Parophrys v e t u l u s  i n  
Holmes Harbor, Washington, was made i n  the  winter  of 1952-53. 
Tagging occurred between December 26 and 31,  1952 and t a g s  recovered 
between January 1 and February 13, 1953. Est imates on t h e  populat ion 
s i z e  a t  t h e  time of tagging was made, both uncorrected e s t ima tes  
f o r  e r r o r s  due t o  emigrat ion o r  immigration and wi th  the  co r rec t ions  
based on t a g  recover ies  ou t s ide  Holmes Harbor. 

Van Cleve, R. and S.Z. el-Sayed. 1969. Age, growth, and p roduc t iv i ty  
of an English so le  (Parophrys ve tu lus )  populat ion i n  Puget Sound, 
Washington. P a c i f i c  Marine F i s h e r i e s  Commission, Bu l l e t in .  7: 52-71. 

I n  t h i s  i n v e s t i g a t i o n  a t o t a l  of 58,890 f i s h  of both sexes were 
measured f o r  length  and i d e n t i f i e d  by sex, some were aged a s  well .  
F i sh  were taken i n  Carr  I n l e t  t o  compare the  growth r a t e  of Parophrys 
v e t u l u s  i n  southern Puget Sound wi th  those  i n  nor thern  Puget Sound. 
Growth of t h e  "zero" age-group was a l s o  s tudied  from a s e r i e s  
of samples from beach se ines  a t  Golden Gardens i n  S e a t t l e .  Mor ta l i t y  
r a t e s  were a l s o  computed from the  age d i s t r i b u t i o n s .  

Zebold, S.L. 1970. I n t e r  and i n t r a s p e c i f i c  comparisons of the  d i e l  
d i s t r i b u t i o n s  and t h e  food and feeding h a b i t s  of demersal f i s h e s  
from Duwarnish Head, Puget Sound, Washington, S e a t t l e .  M.S. Thes is ,  
Univers i ty  of Washington, College of F i s h e r i e s ,  S e a t t l e ,  76 pp. 

I n  t h i s  s tudy,  t h e  d i f f e rences  i n  the  d i e l  d i s t r i b u t i o n s ,  and 
t h e  food and feeding h a b i t s  of f i v e  spec ies  and a t o t a l  of 18 
c l a s s e s  wi th in  Parophrys, Lepidopset ta ,  and Chitonotus were examined. 
The d i f f e rences  i n  food h a b i t s  a r e  probably the  b e s t  i n d i c a t o r s  
of niche spec ia l i za t ion .  The d i e l  d i s t r i b u t i o n s  and feeding h a b i t s  
serve t o  support o r  amplify the  r e s u l t s  of t h e  food study. 



DOVER SOLE (Microstomus p a c i f i c u s )  

Demory, R.L. 1968. Age-length-frequency d i s t r i b u t i o n s  of Dover s o l e  
(Microstomus p a c i f i c u s )  landed i n  Oregon i n  1948 and 1951-65 from 
PMFC a r e a  2D. F i s h  Commission of Oregon, I n v e s t i g a t i o n  Report. 
No. 7 ,  35 pp. 

Th i s  r e p o r t  p r e s e n t s  da t a  c o l l e c t e d  on age-length-frequency d i s t r i b u t i o n s  
of  over s o l e ,  Microstomus p a c i f i c u s ,  landed i n  Oregon, nea r  As tor ia .  
The d a t a  cover  only t h e  per iod  from June through September of 
each year .  Age de termina t ions  f o r  y e a r s  1948 and 1951-56 were 
made from o t o l i t h s .  Age de termina t ions  f o r  y e a r s  1957-65 were 
frcnn sca l e s .  

Demory , R.L. and H.A. Bailey. 1967. Length-f requency and age-length- 
frequency d i s t r i b u t i o n  f o r  Dover s o l e ,  p e t r a l e  s o l e ,  and P a c i f i c  
ocean perch landed i n  Oregon, 1948-65. F i s h  Commission of Oregon, 
Inves t .  Rept. No. 6. 53 pp. 

A market sampling program was s t a r t e d  i n  1948 by t h e  Oregon F i s h  
Commission t o  c o l l e c t  b i o l o g i c a l  da t a  from c e r t a i n  bot tomfish 
spec ies .  Dover s o l e  (Microstomus p a c i f i c u s ) ,  English s o l e  (Parophrys 
v e t u l u s ) ,  and p e t r a l e  s o l e  (Eopse t ta  jordani)  were s e l e c t e d  because 
of t h e i r  importance i n  bot tomfish landings. I n  l a t e  1950 a s i m i l a r  - 
program was undertaken of P a c i f i c  ocean perch (Sebastodes a l u t u s ) .  

Included i n  t h i s  r e p o r t  a r e  length-frequency and, i n  some cases ,  
age-length-frequency d i s t r i b u t i o n s  f o r  English s o l e  and p e t r a l e  
s o l e  and P a c i f i c  ocean perch. Length-frequency d i s t r i b u t i o n s  only 
a r e  presented  f o r  Dover so l e .  

Hagexman, F.B. 1952. The biology of t h e  Dover s o l e ,  Microstomus p a c i f i c u s  
(Lockington).  C a l i f o r n i a  Department F i s h  and Game, F i s h  B u l l e t i n  
85, 48 pp. 

F a c t s  on t h e  biology of t h e  Dover s o l e ,  Microstomus p a c i f i c u s ,  
a r e  presented ,  a s  we l l  a s  d a t a  on t h e  t r a w l  f i s h e r y  i t  p a r t i a l l y  
supports .  Dover s o l e  a r e  found i n  deeper waters  than t h e  o t h e r  
f l a t f i s h e s ,  and f requent  muddy bottoms. There i s  a seasonal  migra t ion  
i n t o  deep water  over t h e  w i n t e r  months, and i n  t h e  s m e r  l a r g e  
ca t ches  a r e  taken i n  shal low depths of 100 fathoms o r  l e s s .  

Age and r a t e  of growth were determined both  by s c a l e s  and o t o l i t h s ,  
males maturing e a r l i e r  than t h e  females. Stomach con ten t s  r evea l  
t h a t  t h e  Dover s o l e  f eeds  only on i n v e r t e b r a t e s ,  mainly mud i n h a b i t i n g  
sedentary forms. Changes of s u r v i v a l  seem b e t t e r  f o r  t h e  Dover 
s o l e  t h a n  t h e  o t h e r  f l a t f i s h e s  because of i t s  migra t ions ,  l a r g e r  
escapement s i z e ,  and sepa ra t e  nursery  a reas .  

Author 's Summary 



Mearns, A.J. and L. Harr i s .  1975. Growth i n  normal and d iseased  Dover 
s o l e  populat ions.  Coas ta l  Water Research P r o j e c t  Annual Report - 
1975, Southern C a l i f o r n i a  Coas ta l  Water Research P ro jec t .  pp. 43-46. 

To eva lua t e  t h e  h e a l t h  of l o c a l  popula t ions  of Dover s o l e  and 
t o  g a i n  i n s i g h t  i n t o  t h e  development of t h e  f i n  e ros ion  d i sease ,  
we looked a t  t h e  growth and cond i t i on  of i n d i v i d u a l s  from a number 
of southern C a l i f o r n i a  l o c a l i t i e s .  Data taken over  t h e  p a s t  few 
yea r s  i n d i c a t e  t h a t ,  wi th  some no tab le  except ions  southern C a l i f o r n i a  
i s  n o t  a p a r t i c u l a r l y  hosp i t ab l e  reg ion  f o r  growth and reproduct ion  
of Dover s o l e ,  even though the  spec i e s  i s  common along our coas t .  
F i s h  from a number of l o c a l  s i t e s  were examined t o  determine age,  
l eng th ,  sex,  body weight,  and l i v e r  weight. These da t a  were used 
t o  compare growth among southern C a l i f o r n i a  l o c a l i t i e s  and between 
l o c a l  s i t e s  and a r e a s  i n  c e n t r a l  and nor thern  C a l i f o r n i a  and Oregon. 
Age was determined by counting t h e  number of t r ans lucen t  r i n g s  
i n  t h e  l e f t  o t o l i t h .  

Westrheim, S.J. and A.R. Morgan. 1963. Resu l t s  from tagging a spawning 
s tock  of Dover s o l e ,  Microstomus pac i f i cus .  P a c i f i c  Marine F i s h e r i e s  
Commission B u l l e t i n ,  6: 13-21. 

Oregon t r awle r s  have been u t i l i z i n g  a v a i l a b i l i t y  of Dover s o l e  
on inshore  grounds i n  s m e r  months and discovered a concent ra t ion  
of Dover s o l e  off  Willapa Bay, Washington, i n  180-280 fathoms. 
F ish ing  ensued and cont inued from October t o  Apr i l  when t h e  f i s h  
dissappeared from t h e  area.  They re turned  t h e  fol lowing year .  
Controversy immediately a rose  a s  t o  t h e  d e s i r a b i l i t y  of f i s h i n g  
t h i s  w in te r  s tock ,  p a r t i c u l a r l y  i f  i t  was t h e  same a s  t h e  s m e r  
s tock  inshore.  Therefore ,  t h i s  r epo r t  d e a l s  w i th  such a s tudy 
of tagging  Dover so le .  



PETRALE SOLE (Eopset ta  iordani)  

Alverson, D.S. and B.M. Chatwin. 1957. Resul t s  from tagging experiments 
on a spawning s tock  of p e t r a l e  s o l e ,  Eopsetta jordani (Lockington). 
F i s h e r i e s  Research Board of Canada, Journal .  14(6): 953-974. 

A review i s  made of t h e  h i s t o r i c a l  development of t h e  p e t r a l e  
so le  (Eopset ta  jordani) f i s h e r y  off t h e  S t a t e  of Washington (U.S.A.) 
and B r i t i s h  Columbia (Canada), with s t a t i s t i c a l  records of catches.  
A s h i f t  i n  recent  yea r s  i n  the  depth of t rawl  f i s h i n g  from shallow 
water over t h e  con t inen ta l  she l f  t o  deeper water on t h e  con t inen ta l  
s lope r e s u l t e d  i n  the  discovery of dense concent ra t ions  of p e t r a l e  
so le  a t  depths from 170-250 fathoms off  t h e  west coas t  of Vancouver 
Is land.  Tagging was c a r r i e d  out  i n  t h e  e a r l y  spring of 1954 and 
1955 on these  deep-water stocks. Recoveries t o  May 30, 1956, from 
some 3,800 t a g s  re leased  showed t h a t  t h e  male segment of the  s tock 
moved nor th  and inshore  along the  Vancouver I s l a n d  coas t  a f t e r  
spawning and a t  l e a s t  p a r t  of t h e  s tock  moved eventual ly  i n  Hecate 
S t r a i t ,  B r i t i s h  Columbia. The tagged populat ion cont r ibuted  mainly 
t o  t h e  f i s h e r i e s  adjacent  t o  t h e  northwest coas t  of Vancouver 
I s l a n d  and i n  t h e  Queen Char lo t t e  Sound area.  Subsequent recover ies  
from t h e  Esteban Deep during the  spawning seasons of 1955 and 
1956 and t h e  absence of t h e  s tock  on t h i s  ground a t  o the r  seasons, 
s t rongly  suggest a  homing tendency f o r  t h i s  species .  A d iscuss ion  
i s  given of t h e  poss ib le  d i r e c t i v e  f a c t o r s  i n  t h e  spawning migration. 
However, a t  t h e  present  t ime t h e  a c t u a l  f a c t o r s  involved remain 
unknown. 

Authorf s  Abstract 

Didonato, G. and N. Pasquale. 1970. Migration p a t t e r n s  of p e t r a l e  so le  
(Eopset ta  jordani)  tagged i n  deep water off  t h e  Washington coas t .  
Washington Department of F i s h e r i e s ,  F i s h e r i e s  Research Papers,  
3(2): 53-62. 

I t ' s  evident  t h a t  t h e  Willapa Deep p e t r a l e  so le  spawning populat ion 
c o n t r i b u t e s  t o  t h e  sumner inshore  f i s h e r y  along t h e  Washington 
coas t  and var ious  grounds off  t h e  lower west coas t  of Vancouver 
Is land.  The p e t r a l e  so le  inhab i t ing  deep-water spawning a reas  
of f  t h e  Washington coas t  a r e  d i s t r i b u t e d  over con t inen ta l  shelf  
waters  of t h e  Washington coas t  and west coas t  of Vancouver Is land.  
During t h e  spr ing ,  sumner, and f a l l  months these  f i s h  appear separa te  
from t h e  Esteban Deep spawning populat ion t o  t h e  nor th  and from 
spawning populat ions t o  t h e  south off Oregon and Cal i forn ia .  Geographic 
range overlap (and mixing of s tocks)  does occur, however, between 
f i s h  from var ious  spawning deeps during t h e  s m e r  months when 
f i s h  a r e  inshore  along t h e  con t inen ta l  she l f .  Evidence of no de tec tab le  
d i f f e rences  i n  s i z e  o r  sex r a t i o s  between offshore and inshore  
p e t r a l e  s o l e  t a g  recover ies  i n d i c a t e s  t h a t  a f t e r  spawning both 
sexes migrate inshore  and con t r ibu te  t o  t h e  s m e r  f i s h e r i e s .  

Author's Conclusion 



Ketchen, K.S. and C.R. F o r r e s t e r .  1966. Populat ion dynamics of t h e  
p e t r a l e  s o l e ,  Eopset ta  j o rdan i ,  i n  waters  of f  western Canada. 
F i s h e r i e s  Research Board of Canada, B u l l e t i n  No. 153, 195 pp. 

The p e t r a l e  s o l e  i s  an important c o n t r i b u t o r  t o  t he  t r awl  f i s h e r y  
along t h e  west c o a s t  of North America. Resu l t s  of tagging suggest 
t h a t  t h e r e  a r e  two main u n i t s  of s tock  i n  B r i t i s h  Columbia waters ,  
one o f f  southern Vancouver I s l a n d  and the  o t h e r  t o  t h e  northward, 
mainly i n  Queen Char lo t t e  Sound and Hecate S t r a i t .  Sharp reduct ion  
i n  abundance occurred i n  both s tocks  a f t e r  t he  incep t ion  of f i sh ing .  
P a r a l l e l i n g  c l a s s i c a l  examples, average s i z e  and age decreased i n  
ca t ches  from t h e  southern s tock  u n t i l  1947, but t h i s  t r end  was reversed  
between 1948 and 1955 and accompanied a  cont inued dec l ine  i n  abundance. 
Timing of t h e  r i s i n g  t rend  i n  s i z e  and age composition was t h e  same 
i n  both t h e  southern and nor thern  s tocks ,  though t h e  h i s t o r i e s  of 
e x p l o i t a t i o n  were d i f f e r e n t ,  t hus  i n d i c a t i n g  t r e n d s  i n  recrui tment .  
Year-classes of 1940-1943 con t r ibu ted  s t rong ly  t o  t he  f i s h e r y ,  but  
succeeding year-classes  t o  1949 were progress ive ly  weaker. T h e r e a f t e r ,  
t h e r e  was some recovery,  and e a r l y  performance of t h e  1958 year -c lass  
sugges ts  t h a t  i t  i s  of about t h e  same s i z e  a s  those of t h e  e a r l y  1940s. 

Shortened Author1 s Abstract  

P a c i f i c  Marine F i s h e r i e s  Cormnission. 1961. Coas ta l  movements of p e t r a l e  
s o l e  a s  determined from t ag  recover ies .  P a c i f i c  Marine F i s h e r i e s  
Cormnission, 13 th  Annual Report f o r  t h e  yea r  1960, pp. 43-44. 

Nearly a l l  experiments have been designed t o  determine t h e  d i s t r i b u t i o n  
of s e l e c t e d  s tocks  of p e t r a l e  s o l e ,  and many t imes only small  
numbers of tagged f i s h  were r e l ea sed  and few recove r i e s  were made. 
This  r e p o r t  d e a l s  wi th  f i v e  experiments of tagging of p e t r a l e  
s o l e  wi th  f a i r l y  l a r g e  numbers of r e l e a s e s  o r  r ecove r i e s  o r  both. 

Pederson, M.G. 1975. Movements and growth of p e t r a l e  s o l e  (Eopse t ta  
j o rdan i )  tagged off  Washington and southwest Vancouver I s l and .  
F i s h e r i e s  Research Board of Canada, J o u r n a l ,  32(11): 2169-2177. 

Tagging s t u d i e s  i n d i c a t e  t h a t  spawning groups of p e t r a l e  s o l e  
(Eopse t ta  jo rdani )  from Cape F l a t t e r y  S p i t  Deep and Willapa Deep 
were t h e  most s i g n i f i c a n t  c o n t r i b u t o r s  t o  t h e  s u m e r  inshore  f i s h e r y  - 
f o r  p e t r a l e  s o l e  off Washington and Vancouver I s l and .  Spawning 
groups south of Willapa Deep con t r ibu ted  l e s s  than 5% t o  t h i s  
f i s h e r y .  The Willapa Deep group was es t imated  t o  be a t  l e a s t  a s  
l a r g e  a s  t h e  Cape F l a t t e r y  S p i t  Deep, a l though t h e  l a t t e r  supported 
a  much l a r g e r  w in te r  f i s h e r y .  F i s h  tagged during win te r  on Cape 
F l a t t e r y  S p i t  Deep ranged p r imar i ly  from Esteban Point  south  t o  
Qui l layute  during summer. Ninety-seven percent  of t h e  win te r  r ecove r i e s  
from t a g  r e l e a s e s  i n  deepwater spawning a r e a s  were made i n  t he  
a r e a  of r e l ea se .  

Length composition da t a  suggested t h a t  a f t e r  spawning o f f sho re ,  
a d u l t  s o l e  r e tu rned  t o  inshore  grounds during t h e  s m e r .  

For mature s o l e ,  growth parameters es t imated  from tagged f i s h  
agreed wi th  those  c a l c u l a t e d  by o t h e r  methods of ageing. 
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CURRENT BIBLIOGRAPHIES AND LITERATURE REVIEWS 

Anderson, J . W . ,  J .M.  Neff,  S.R. P e t r o c e l l i ,  M.A.Q. Khan and J.P. Bederka, 
Jr. (ed . ) .  1974. Sub le tha l  e f f e c t s  of o i l ,  heavy me ta l ,  and poly- 
c h l o r i n a t e d  biphenyls  on marine organisms. In: Surv iva l  i n  Toxic 
Environments. Symposium. X X I ,  Academic P r e s s ,  N.Y., N.Y., pp. 83-121. 

Th i s  review descr ibed  what has  been and i s  now being done i n  t h e  
s tudy of t h e  s u b l e t h a l  e f f e c t s  of t h r e e  major c l a s s e s  of p o l l u t a n t s  
commonly found i n  t h e  e s t u a r i n e  environment. The m a t e r i a l  p resented  
i n d i c a t e s  t h a t  t h e r e  i s  s t i l l  a  g r e a t  dea l  of b a s e l i n e  information 
on t h e  "normal" responses and func t ions  of marine and e s t u a r i n e  
s p e c i e s  needed before  t h e  e f f e c t s  of p o l l u t a n t s  on these  parameters 
can be a s ses sed  f u l l y .  Furthermore, phys io log ica l  parameters and 
t h e  e f f e c t s  of p o l l u t a n t s  on them a r e  g r e a t l y  complicated by n a t u r a l  
f a c t o r s  such a s  season of t h e  y e a r ,  cond i t i on  of t h e  animal,  i t s  
sex ,  i t s  l i f e  s t a g e  and c o u n t l e s s  o t h e r  v a r i a b l e s .  Therefore ,  
i n  any assessment of s u b l e t h a l  e f f e c t s  of p o l l u t a n t s ,  t h e  biology 
of t h e  organism under i n v e s t i g a t i o n  must be we l l  understood. 

Modified Author1 s Discussion 

Anonymous. 1970. Mercury contamination i n  t h e  n a t u r a l  environment. 
A coopera t ive  bibl iography.  U.S. Department of t h e  I n t e r i o r ,  O f f i c e  
of Library  Se rv i ces ,  Washington, D.C. , 32 pp. 

Environmental contamination by mercury i s  a  c u r r e n t  concern of 
many bureaus and o f f i c e s  of t h e  U.S. Department of t h e  I n t e r i o r .  
The purpose of t h i s  b ib l iography i s  t o  provide acces s  t o  t h e  l i t e r a t u r e  
r e l a t e d  t o  t h i s  s u b j e c t  f o r  those  people who a r e  now beginning 
t o  work on t h e  problem. 

Shortened Author1 s Preface  

Anonymous. 1972. Mercury i n  water-a bibl iography.  U.S. Of f i ce  of Water 
Resources Research, Washington, D.C.,  Water Research S c i e n t i f i c  
Information Center ,  WRSIC 72-214. 

Th i s  i s  a  compilat ion of 195 a b s t r a c t s  f o r  s e l e c t e d  r e p o r t s ,  journa l  
a r t i c l e s ,  and v a r i o u s  documents publ i shed  mostly s ince  1967 on 
mercury i n  water.  The a b s t r a c t s  i nc lude  f u l l  b ib l iog raph ica l  c i t a t i o n s  
and a  s e t  of d e s c r i p t o r s  from t h e  Water Resources Thesaurus. 

B a t t e l l e l s  Columbus Labora tor ies .  1971. E f f e c t s  of chemicals on a q u a t i c  
l i f e .  Se l ec t ed  d a t a  from t h e  l i t e r a t u r e  through 1968. For  t h e  
Environmental P r o t e c t i o n  Agency, Research and Monitoring, May 
1971, 12 Water Qua l i t y  C r i t e r i a  Data Book - Vol. 3. 



Orig ina l  da ta  from more than 500 t echn ica l  pub l i ca t ions  concerning 
the  s p e c i f i c  e f f e c t s  of chemicals on ind iv idua l  spec ie s  of aqua t i c  
b i o t a  were c o l l e c t e d  and s u m a r i z e d  i n  uniform format. Alphabet ical  
assembly of t h e  da ta  by chemical al lows rapid  access  t o  cons iderable  
d e t a i l e d  information. A Species  Index f a c i l i t a t e s  search  f o r  information 
on t h e  t o x i c i t y  of chemicals t o  ind iv idua l  aqua t i c  species .  

The d e t a i l s  of major procedures i n  labora tory  bioassay and f i e l d  
assessment of chemical t o x i c i t y  i n  water a r e  d iscussed ,  and f reshwater  
and marine procedures a r e  included. A t o t a l  of approximately 1,000 
references  were u t i l i z e d  i n  preparing t h i s  repor t .  

Shortened Author's Abstract  

Chapmen, G. 1973. E f fec t  of heavy me ta l s  on f i s h .  I& Heavy Metals 
i n  t h e  Environment; Proceedings, Seminar a t  Oregon S t a t e  Univers i ty ,  
C o r n a l l i s ,  Oregon, 1972: a v a i l a b l e  from Oregon S t a t e  Univers i ty ,  
Water Resources Research I n s t .  Report. SEMN"WR 016. 73: 141-162. 

A review of l i t e r a t u r e  wi th  respec t  t o  t h e  t o x i c i t y  t o  f reshwater  
f i s h  of z i n c ,  copper,  and cadmium, showed a wide range of LC-50 
(96 h r )  values.  For  z i n c  t h i s  range was 90 t o  40,900 u g l l ;  f o r  
copper 46 t o  10,000 u g / l ;  and f o r  cadmium 470 t o  9,000 ug l l .  Two 
genera l  conclusions a r e  t h a t  t o x i c i t y  v a r i e s  inve r se ly  wi th  hardness,  
and t h a t  salmonids ( t r o u t  and salmon) a r e  more suscep t ib l e  than 
most o the r  common freshwater  t e l e o s t s  Disregarding spec ies  and 
age ,  a l l  o the r  gene ra l ly  recognized f a c t o r s  which inf luence  t o x i c i t y  
of heavy meta ls  t o  f i s h  do so by inf luencing  r a t e  of accumulation 
of metal and, p r imar i ly ,  r a t e  of uptake. Thus pH, hardness and 
a l k a l i n i t y ,  temperature, and d isso lved  oxygen content  inf luence  
r a t e  of uptake of t h e  metal  by changing e i t h e r  t h e  b io log ica l  
a v a i l a b i l i t y  of t h e  metal by a l t e r i n g  i t s  form o r  by a l t e r i n g  
t h e  r a t e  and volume of v e n t i l a t i o n  of t h e  f i s h .  

C o l l i a s ,  E.E. 1970. Index t o  phys ica l  and chemical d a t a  of Puget Sound 
and i t s  approaches, 1932-1966. Washington Sea Grant Pub l i ca t ion ,  
Univers i ty  of Washington, S e a t t l e ,  WSG 70-4, 823 pp. 

The purpose of t h i s  index t o  phys ica l  and chemical da ta  of Puget 
Sound and i t s  approaches a r e  (1)  t o  provide a  convenient and rapid  
re ference  t o  t h e  ma jo r i ty  of l oca t ions  where water  samples were 
c o l l e c t e d  f o r  var ious  phys ica l  and chemical determinat ions between 
t h e  yea r s  1932 and 1966, (2)  t o  provide a  l i s t i n g  of t h e  type 
of da t a  taken ,  and (3)  t o  re ference  t h e  sources from which these  
da ta  may be obtained. 



Collias, E.E. and A.C. Duxbury. 1971. Bibliography of literature: Puget 
Sound Marine Environment. Washington Sea Grant Program, University 
of Washington, Seattle, WSG 71-6, 1059 pp. 

This work presents an annotated bibliography covering geography, 
climatology, hydrology, geology, volcanology, seismology, geomagnetism, 
geodesy, hydrography, physical oceanography, and marine biology 
of Puget Sound and its adjacent land areas. 

Day, D. and C.R. Forrester. 1971. A preliminary bibliography on the 
trawl fishery and groundfish of the Pacific coast of North America. 
Fisheries Research Board of Canada, Technical Report No. 246. 

The need for a bibliography on the trawl fishery and groundfish 
of the west coast of North America has become increasingly obvious 
to groundfish workers. This is a preliminary list hopefully of 
value to groundfish workers on the Pacific coast. Most of the 
references included are confined to work done on the Pacific coast 
even though many of the species also occur in Atlantic waters. 

Doudoroff, P. and M. Katz. 1953. Industrial Wastes: Critical review 
of literature on the toxicity of industrial wastes and their components 
to fish. 11. The metals, as salts. Sewage and Industrial Wastes, 
25: 802-839. 

Most of the metal compounds here are those simple inorganic salts, 
the toxicity of which is evidently referable chiefly to the component 
metals. Comparative studies of the toxicity of different metals 
the factors which account for variations of their toxicity are 
also considered. The metals are then discussed individually. 

Eisler, R. and M. Wapner. 1975. Second Annotated Bibliography on Biological 
Effects on Metals in Aquatic Environments. U.S. Environmental 
Protection Agency, Office of Research and Development, Environmental 
Research Lab., Ecological Research Series. EPA-60013-75-008. 

A total of 725 references are listed on the toxicological, physiological, 
and metabolic influence of stable and radiolabeled chemical species 
of metal cations to marine, estuarine, and freshwater fauna and 
flora. References were annotated and subsequently indexed by metal, 
by taxa, and by author, in cumulative indicies which encompass 
this volume and the initial volume in this series (Eisler, R., 1973). 

Eisler, R. 1973. Annotated bibliography on biological effects of metals 
in aquatic environments. U.S. Environmental Protection Agency 
Report EPA-R3-007 : 1-287. 

A total of 567 references on biological effects of metals to aquatic 
organisms were annotated and subsequently indexed by metal and by 
taxa. Preference was given to articles on toxicity of heavy metals 
to marine, estuarine , and anadromous species. 

Author's Abstract 



E l l i n g e r ,  E l a ine  and George Snyder. 1975. A n  annota ted  b ib l iography  
of t h e  e f f e c t s  of dredging and dredge d i s p o s a l  on a q u a t i c  organisms 
i n  t h e  P a c i f i c  Northwest wi th  s e l e c t e d  r e f e r ences  on b i o l o g i c a l  
s t u d i e s  of t h e  lower Columbia River  and on r e l a t e d  dredge and 
d i s p o s a l  s t u d i e s .  Completion Report f o r  U.S. Army Corps of Engineers ,  
Dredged Mater ia l  Research Program, By Environmental Conservat ion 
Div i s ion ,  Northwest F i s h e r i e s  Center ,  S e a t t l e .  

Th i s  b ib l iography  was prepared i n  conjunc t ion  wi th  s t u d i e s  by 
t h e  Nat iona l  Marine F i s h e r i e s  Se rv i ce  on channel maintenance dredging 
and h a b i t a t  c r e a t i o n  i n  t h e  Columbia River  Estuary.  Although much 
l i t e r a t u r e  on dredging d e a l s  w i th  nega t ive  impact of d i s p o s a l  
of p o l l u t e d  and lo r  f ine-grained s p o i l ,  Columbia River  dredge s p o i l s  
a r e  g e n e r a l l y  c l e a n  and sandy. Some of t h e  dredging s t u d i e s  i n  
t h e  annota ted  s e c t i o n  of t h e  b ib l iography  concern p o l l u t e d  dredged 
a r e a s ;  o t h e r  r e l a t e d  s t u d i e s  a r e  inc luded  i n  t he  supplementary 
r e f e r ence  l i s t .  

Shortened Author 's  I n t roduc t ion  

Ferens ,  M,C. 1974. A review of t h e  phys io log i ca l  impact of mercu r i a l s .  
Of f i ce  of Research and Development, U.S. Environmental P r o t e c t i o n  
Agency, EPA-66013-73-022, 

L i t e r a t u r e  on t h e  b i o l o g i c a l  e f f e c t s  of mercu r i a l s  was reviewed 
wi th  t h e  purpose of understanding impact on i n d i v i d u a l  organisms 
i n  terms of biochemical o r  c e l l u l a r  damage. Mercurial ism i s  mani fes ted  
p r imar i l y  i n  kidney o r  b r a i n  damage i n  animals  and i n  growth r educ t ion  
i n  p l an t s .  Exposure t o  i no rgan ic  mercury compounds u s u a l l y  r e s u l t s  
i n  kidney damage while a l d y l  mercur ia l i sm i s  c h a r a c t e r i z e d  by 
b r a i n  damage; however, some degree of both kidney and neu ro log ica l  
i n j u r y  r e s u l t s  from exposure t o  e i t h e r  ca tegory  of mercur ia l s .  
Kidney i n j u r y  i s  due apparen t ly  t o  damage of Kreb's cyc l e  enzymes, 
t h u s  reducing a v a i l a b l e  energy t o  a c t i v e l y  r e so rb  ions .  Impaired 
p r o t e i n  syn thes i s  a s  w e l l  a s  reduc t ion  i n  a c t i v i t y  of Krebls  c y c l e  
enzymes may be important  i n  b r a i n  damage r e s u l t i n g  from mercury 
poisoning. Photosynthe t ic  damage i s  apparen t ly  t he  biochemical 
b a s i s  f o r  mercu r i a l  e f f e c t s  observed i n  p l a n t s .  

Shortened Author 's  Abs t rac t  



F l i c k ,  D.F., H.F. K r a y b i l l  and J . M .  Dimi t rof f .  Toxic e f f e c t s  of Cadmium: 
A review. Environmental Research, 4(2):  71-85. 

A review has been made of c u r r e n t  knowledge, publ i shed  and unpubl ished,  
r e l a t i n g  t o  cadmium t o x i c i t y .  The survey inc luded  worldwide epidemiology 
of t h e  me ta l ,  d i s t r i b u t i o n  p a t t e r n  i n  our  environment,  i n d u s t r i a l  
p roduct ion  and uses ,  modes of i nco rpo ra t i on  i n t o  t h e  human body, 
and p o s s i b l e  s i g n i f i c a n c e  of t h e  meta l  w i th  r e spec t  t o  metabolism. 

The f i n d i n g s  revea led  t h a t  cadmium i s  v i r t u a l l y  ub iqu i tous ,  no t  
only being depos i ted  and accumulated i n  v a r i o u s  body t i s s u e s ,  
bu t  found i n  vary ing  concen t r a t i ons  throughout a l l  environmental 
compartments ( a i r ,  s o i l ,  food,  and water )  i n  which man must l i v e .  
It appears  t h a t  w i th in  t h e  p a s t  two decades t h e r e  has  been inc reased  
i n d u s t r i a l  p roduct ion  and use of t h e  metal.  Concomitantly,  t h e r e  
has  been an i nc reased  inc idence  of both acu t e  and chronic  c a s e s  
of c l i n i c a l l y  i d e n t i f i a b l e  cadmiosis.  

Experimental evidence ob ta ined  under c o n t r o l l e d  l abo ra to ry  cond i t i ons  
sugges ts  t h a t  cadmium may func t ion  i n  o r  may be an e t i o l o g i c a l  
f a c t o r  f o r  v a r i o u s  pa tho log ica l  p rocesses  i nc lud ing  t e s t i c u l a r  
tumors, r e n a l  dysfunc t ion ,  hyper tens ion ,  a r t e r i o s c l e r o s i s ,  growth 
i n h i b i t i o n ,  ch ron ic  d i s e a s e s  of o ld  age,  and cancer.  I n  a d d i t i o n ,  
i t  was r epo r t ed  t h a t  cadmium may r e s u l t  i n  hemorrhagic l e s i o n s  
i n  sensory gang l i a  w i th in  t h e  c e n t r a l  nervous system. A number 
of i n v e s t i g a t o r s  found some t o x i c  a s p e c t s  of exogenously adminis te red  
cadmium t o  be p a r t i a l l y  o r  even t o t a l l y  prevented by z i n c ,  c o b a l t ,  
selenium, e s t r o g e n ,  B r i t i s h  a n t i l e w i s i t e  (BAL) and t h i o l  compounds. 

Author1 s Abs t rac t  

F r i b e r g ,  L . ,  M. P i s c a t o r  and G. Nordberg. 1972. Cadmium i n  t h e  environment. 
The Chemical Rubber Co., Cleveland,  Ohio., 166 pp. 

The second e d i t i o n  of Cadmium i n  t h e  Environment p r e s e n t s  and 
i n  some cases  r e e v a l u a t e s  a l l  in format ion  conta ined  i n  t h e  f i r s t  
e d i t i o n ,  i n  t h e  second EPA r e p o r t ,  and subsequent f i n d i n g s ,  publ ished 
a s  we l l  a s  unpubl ished,  up t o  and inc lud ing  p a r t  of 1973. The 
p re sen t  work focuses  upon informat ion  e s s e n t i a l  t o  t h e  understanding 
of t h e  t o x i c  a c t i o n  of cadmium and t h e  r e l a t i o n s h i p  between exposure 
and e f f e c t s  on human beings and animals.  

Katz,  M. 1973. The e f f e c t s  of heavy me ta l s  on f i s h  and a q u a t i c  organisms. 
I n t e r n a t i o n a l  Conference on Heavy Metals i n  t h e  Aquatic Environment, 
Vanderb i l t  Un ive r s i t y ,  Dec. 4-7, 1973. 

A review of t h e  l i t e r a t u r e  concerned p r imar i l y  wi th  a c t u a l  concen t r a t i ons  
of heavy me ta l s  pe rmis s ib l e  i n  water  without  having any harmful 
e f f e c t s .  



Mie t t i nen ,  J . K .  1973. The accumulation and e x c r e t i o n  of heavy me ta l s  
i n  organisms. I n t e r n a t i o n a l  Conference i n  Heavy Metals i n  t h e  
Aquat ic  Environment, Vanderb i l t  Un ive r s i t y ,  Dec. 4-7, 1973. 

T h i s  review i s  concerned mainly wi th  mechanisms and r a t e s  of absorp t ion  
and exc re t i on  of cadmium, mercury and lead  wi th  p a r t i c u l a r  r e f e r ence  
t o  t h e i r  b i o l o g i c a l  half- t imes and accumulation i n  man wi th  t rea tment  
of f i s h  and s h e l l f i s h .  Only t h e  l a t e s t  r e s u l t s  and views a r e  discussed.  

Oregon S t a t e  Univers i ty .  1971. Oceanography of t h e  nea r sho re / coas t a l  
wa te r s  of t h e  P a c i f i c  Northwest r e l a t i n g  t o  pos s ib l e  Po l lu t i on .  
Vol. I. For  t h e  Water Qua l i t y  O f f i c e ,  Environmental P r o t e c t i o n  
Agency, Grant No. 16070EOK. Water P o l l u t i o n  Control  Research S e r i e s .  

T h i s  study i s  l imi t ed  t o  t h e  c o a s t a l  zone of t h e  P a c i f i c  Northwest 
from h igh  t i d e  t o  t en  k i lometers  from shore ,  and does no t  inc lude  
e s t u a r i e s  and bays. The l i t e r a t u r e  has  been reviewed i n  21 chap te r s  
i nc lud ing  c h a p t e r s  on geology, hydrology, winds,  temperature  and 
s a l i n i t y ,  h e a t  budget,  waves, c o a s t a l  c u r r e n t s ,  carbon d ioxide  
and pH, oxygen, n u t r i e n t s ,  and biology. Spec i a l  chap te r s  dea l  
wi th  f i e l d  s t u d i e s  on thermal d i s cha rges ,  hea t  d i spe r s ion  models, 
pu lp  and paper  i n d u s t r i a l  was tes ,  t r a c e  m e t a l s ,  radiochemistry,  
p e s t i c i d e s  and c h l o r i n e ,  thermal ecology,  and biology of 20 s e l e c t e d  
spec ies .  A sannnary chap te r  i s  e n t i t l e d  "The nearshore  c o a s t a l  
ecosystem: an overview." The b ib l iography  con ta in s  more than 
3100 e n t r i e s ,  most from t h e  open l i t e r a t u r e ,  bu t  some from unpublished 
r epo r t s .  

Shortened Author 's  Abs t rac t  

P e a k a l l ,  D.B. 1972. Polychlor ina ted  biphenyls:  Occurrence and b i o l o g i c a l  
e f f e c t s .  Residue Review, 44: 1-21. 

Th i s  review i s  concerned wi th  t h e  l e v e l s  found i n  t h e  environment 
f o r  PCB's and an eva lua t ion  of t o x i c o l o g i c a l  and phys io log i ca l  
e f f e c t s .  PCB's have been shown t o  be widespread i n  t h e  environment. 
The l e v e l s  found tend t o  p a r a l l e l  t o t a l  DDT i n  concen t r a t i on  and 
PCB's a r e  f r e q u e n t l y  t he  dominant organochlor ine compounds known 
t o  be p re sen t .  Since PCB's a r e  h igh ly  s t a b l e ,  they can be expected 
t o  p e r s i s t  i n  t h e  environment f o r  many years .  The acu t e  t o x i c i t y  
of PCB's i s  low al though i m p u r i t i e s  such a s  t h e  c h l o r i n a t e d  dibenzo- 
fu rans  a r e  h igh ly  t ox i c .  Pre l iminary  r e s u l t s  suggest  t h a t  PCB's 
a r e  embryotoxic i n  t h e  t e n  ppm range i n  t he  d i e t .  

Risebrough, R.W. and B. DeLappe. 1972. Accumulation of po lych lo r ina t ed  
biphenyls  i n  ecosystems. Conference on PCBs., Papers.  (Held i n  
Rougemont, N.C., Dec. 20-21, 1971). 2: Environmental Hea l th  Perspec- 
t i v e s ,  Experimental I s s u e  No. 1: 39-45. 

I n  t h i s  paper  some of t h e  a v a i l a b l e  r e s i d u e  da t a  a r e  s u m a r i z e d  
wi th in  t h e  framework of a  p re l iminary  formula t ion  of a  mass balance 
equa t ion  f o r  t h e  g loba l  d i s t r i b u t i o n  of po lych lo r ina t ed  biphenyls .  



Sandeman, E. J. 197 1. Canadian Research Programs. &: Proceedings Conference 
on t h e  Canadian shrimp f i s h e r y .  Canadian F i s h e r i e s  Reports ,  No. 
17, pp. 25-29. 

Th i s  paper p r e s e n t s  a  b r i e f  review of Canadian r e sea rch  programs 
on t h e  biology of t h e  pink shrimp o r  g r e a t  no r the rn  prawn, Pandalus 
bo rea l i s .  The o b j e c t i v e s  of f u t u r e  r e sea rch  and some of t h e  methods 
and p r i o r i t i e s  t h a t  might be app l i ed  t o  achieve these  o b j e c t i v e s  
a r e  enumerated. 

Sc r ivene r ,  J . C .  and T .H. But ler .  1971. A bibl iography of shrimps of 
t h e  family Pandal idae,  emphasizing economically important spec i e s  
of t h e  genus Pandalus. F i s h e r i e s  Research Board of Canada, Technical  
Report 241, 42 pp. 

Research on commercially important  pandal id shrimp populat ions 
has been conducted on t h e  genus ~ a n d a l u s ,  but some l i t e r a t u r e  
on remaining genera i s  a l s o  included.  The bibl iography con ta ins  
458 r e fe rences ,  annotated by spec i e s ,  geographical  a r e a s  and sub jec t .  

Shaw, J.T. and S. Schot t .  1974. A Compendium of Current  Environmental 
S t u d i e s  i n  Puget Sound and Northwest Es tua r ine  Waters. Oceanographic 
I n s t i t u e e  of Washington. 

The primary r e s u l t  of t h e  i n i t i a t i o n  of t h i s  Current  Environmental 
S tud ie s  program by the  Oceanographic I n s t i t u t e  of Washington was t h e  
compilat ion of t h i s  document. It i s  a d e s c r i p t i v e  record of many of 
t h e  marine environmental s t u d i e s  and research  programs t h a t  were i n  
progress  i n  t h e  a r e a  during t h e  ca lendar  yea r  1974. 

S t e inbe rg ,  M.A. 1972. A review of some e f f e c t s  of contaminants on marine 
organisms. Indo-Pac. F i s h  Counc. Proc.,  15(2):  8-23. 

The e f f e c t s  of some p e s t i c i d e s ,  PCB's, heavy me ta l s ,  s o l i d s  and 
petroleum products  on a q u a t i c  organisms a r e  reviewed. The need 
t o  understand t h e  mode of a c t i o n  of t h e s e  t o x i c a n t s  on b i o l o g i c a l  
systems a s  we l l  a s  t h e  poss ib l e  s y n e r g i s t i c  e f f e c t s  of p o l l u t a n t s  
on s i n g l e  spec i e s  and e n t i r e  ecosystems i s  s t r e s sed .  The s ign i f i cance  
of exposure t o  sub-lethal  doses of p o l l u t a n t s  i n  r e spec t  t o  t h e  
safe-guarding of a q u a t i c  resources  i s  considered and t h e  development 
of proper  experimental  design i n  t h i s  f i e l d  of r e sea rch  a r e  considered. 

Author 's Abs t rac t  

Vei th ,  G.D. and G.F. Lee. 1970. A review of c h l o r i n a t e d  biphenyl contamination 
i n  n a t u r a l  waters.  Water Research, 4(4):  265-269. 



A review of t h e  p re sen t  s t a t e  of knowledge concerning environmental 
contamination by organochlor ine compounds i n d i c a t e s  t h a t  t h e  c h l o r i n a t e d  
biphenyls  may be one of t h e  more widespread contaminants.  The 
s i g n i f i c a n c e  of t h i s  contaminat ion has  no t  y e t  been eva lua ted  
due, i n  p a r t ,  t o  t h e  l ack  of sys temat ic  a n a l y t i c  procedures  f o r  
t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  de te rmina t ions  of t h e  components 
of c h l o r i n a t e d  biphenyl  mixtures .  The p o s s i b i l i t y  of t h e  c h l o r i n a t e d  
biphenyls  producing s e r i o u s  e r r o r s  i n  c h l o r i n a t e d  p e s t i c i d e  ana lyses  
i s  emphasized. 

Author1 s Abs t rac t  

Water Resources S c i e n t i f i c  Information Center. 1973. Cadmium i n  water  - a 
bibl iography.  U.S. Department of t h e  I n t e r i o r ,  Of f i ce  of Water 
Resources,  WRSIC - 73-209. 231 pp. 

"Cadmium i n  Water" i s  one of s e v e r a l  b ib l i og raph ie s  from t h e  U.S. 
Department of t h e  I n t e r i o r  i n  water  resources .  These b ib l iog raph ie s  
a r e  produced from t h e  in format ion  base of Se l ec t ed  Water Resources 
Abs t r ac t s  (SWRA) only. 

Water Resources S c i e n t i f i c  Information Center.  1975. Mercury i n  Water,  
Volume 2. Of f i ce  of Water Research and Technology, U.S. Department 
of t h e  I n t e r i o r ,  307 pp. 

Th i s  b ib l iography  fo l lows  i n  a s e r i e s  of planned b ib l iog raph ie s  
i n  water  resources  t o  be produced from t h e  information base comprising 
t h e  Se l ec t ed  Water Resources Abs t r ac t s  (SWRA). The f i r s t  volume, 
i s s u e d  i n  1972 covered t h e  m a t e r i a l  from 1968 t o  1971, and volume 
2 covers  t h e  per iod  from 1972 t o  February 15, 1975. 

Author1 s I n t r o d u c t i o n  

Water Resources S c i e n t i f i c  Information Center.  1973. PCB i n  water  - a 
bibl iography.  U.S. Department of t h e  I n t e r i o r ,  Of f i ce  of Water 
Resources Research, WRSIC - 73-201. 

"PCB i n  Water" i s  another  i n  a s e r i e s  of planned b ib l iog raph ie s  
i n  water  resources  t o  be produced wholly from t h e  in format ion  
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