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ECOLOGICAL STUDIES OF RADIOACTIVITY
IN THE COLUMBIA RIVER ESTUARY

AND ADJACENT PACIFIC OCEAN

I. INTRODUC TION

by James E. McCauley and William C. Renfro

This report describes research projects designed to better under-
stand the ecology of the Columbia River Estuary and its influences on
the northeastern Pacific Ocean. For a quarter century radionuclides
introduced in small but measurable concentrations by the Hanford Atomic
Works have been present in the river. For the past eight years radio-
ecologists of the Department of Oceanography have used these tracers
to study biological, physical, chemical and geological processes taking
place within the system.

Most radioactive elements entering the Columbia River at Hanford
have short half-lives and decay rapidly. Only those abundant radionu-
clides with half-lives exceeding several days reach the river mouth in
concentrations which are readily measurable. Some of these radioisotopes
are biological important and enter estuarine food webs; others may re-
main dissolved in the river water or become associated with suspended
matter and be transported into the ocean. Depending on its physical,
chemical, and biological nature, each radionuclide may be studied for a
variety of purposes in the estuary and ocean. The neutron-induced radio-
isotopes 32P, 46Sc, 51Cr, 60Co and 65Zn are commonly found in the water,
sediments, and/or biota of the estuary. In the ocean 65Zn and 51Cr are
the most frequently identified Hanford radionuclides.

Because of the large number of projects and their varied nature,
the report was not easily organizable into a few, simple topics. Conse-
quently, it was necessary to arbitrarily group the project reports into
general headings entitled: Radiochemistry, Radiobiology, Nekton Ecology
and Benthic Ecology. Drs. Forster and Cutshall shared responsibility
for radiochemistry; Dr. Renfro, the radiobiology; Dr. Pearcy, the nekton
ecology; and Drs. Carey and McCauley, the benthic ecology. One of the
strengths of the program is the close cooperation of the investigators
and integration of the research projects.

During the year, Dr. Forster was a visiting scientists at the
Puerto Rico Nuclear Center, Mayaguez, Puerto Rico. He returned to
Corvallis in June 1970 but will go back in September for a two year stint
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as head of the Marine Biology Program. Dr. Forster's work at
Mayaguez is included in a separate section of this report.

Dr. Carey spent the first half of a sabbatical leave at the U.S.
National Museum, Washington, D.C. working on the systematics of
holothurians with Dr. David Pawson of the Division of Echinoderms. In
February, 1970, he moved to the University Zoological Museum in
Copenhagen Denmark to continue this work. Dr. Carey will return to
Corvallis in September, 1970.

A significant portion of the early months of the contract year was
devoted to completion and editting chapters for the AEC -sponsored book
"Bioenvironmental Studies of the Columbia River Estuary and Adjacent
Pacific Ocean." Oregon State University personnel have contributed the
following 15 chapters:

Carey, A. G. , Jr. Techniques for sampling Benthic Organisms

Carey, A. G., Jr. Ecological Observations on the Benthic invertebrates
from the Central Oregon Continental shelf.

Carey, A. G. , Jr. 65Zn in Benthic invertebrates off the Oregon Coast.

Forster, W. 0. Radionuclide distribution in the Columbia River and
adjacent Pacific shelf sediments.

Forster, W. O. Radioactive and 'stable nuclides in the Columbia River
and adjacent Northeast Pacific Ocean.

Gross, G., A. G. Carey, Jr., G.A. Fowler and L. D. Kulm. Distribution
of organic carbon and surface sediment, Northeast Pacific Ocean.

McCauley, J. E. A preliminary checklist of selected groups of inverte-
brates from other trawl and dredge collections off Oregon.

Neal, V. T. Physical aspects of the Columbia Estuary.

Osterberg, C. L. Methods for the measurement of Hanford induced
radioactivity in the ocean.

Park, K. P., C. L. Osterberg, and W. O. Forster. Chemical Budget of
the Columbia River.

Pearcy, W. G. Distribution and ecology of oceanic animals off Oregon.



Renfro, W.C. Radioecology of zinc-65 in Alder Slough, an arm of the
Columbia River Estuary.

Renfro, W.C. , W. O. Forster, and C. L. Osterberg. Seasonal and areal
distributions of radionuclides in the biota of the Columbia River
Estuary.

Small, L. F. and H. Curl, Jr. Effects of Columbia River discharge on
chlorophyll a and light attenuation in the sea.

Small, L.F. and F. Cross. Effects of the Columbia River Plume on two
copepod species.

The R/V SACAJAWEA, funded in part by the AEC, was received
last fall and has been used extensively in the Columbia Estuary and nearby
ocean. This 37-foot, aluminum-hulled vessel is powered with a Chrysler
M440 engine and is capable of 20 knots. It has proved to be completely
satisfactory for our work.

As a final note it is necessary to caution the reader of the preliminary
nature of many of the progress reports which follow. Although some of
the sections include published scientific papers, a number of the hypothe-
ses in other reports are untested and are subject to revision.

3
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RADIOANALYSIS

by Ingvar L. Larsen

The analysis of radioactivity in samples collected from the marine
environment is accomplished by gamma-ray spectrometry. Three Nuclear
Data 512-channel analyzers (series 130), each coupled to a 12.7 x 12.7 cm
(5x5 in) NaI (Ti) well-type crystal and pnotomultiplier tube assembly,
provide both qualitative and quantitative determination of gamma-ray
emitting radionuclides. One of the analyzers is positioned so that it can
be readily coupled to either of two solid Nal (Ti) detectors in order to
analyze large volume samples.

Samples to be counted in the well-type detectors are packed into
12 ml counting tubes for constant geometry. Counting times depend upon
the level of radioactivity in the present sample, ranging from 40 to 800
minute overnight counts. If laboratory experiments or spiked uptake
studies are being carried on the counting time is generally less than 40
minutes.

Data from the analyzers may be recorded by an X-Y plotter, punched
paper tape, and IBM typewriter printout.

Sample count rates are compared to count rates of accurately known
standards obtained from commercial suppliers and specified to have an
accuracy within ± 3 %. Standards on hand for which conversion factors
have been determined include: 60C o, 46Sc, I24Sb, 125Sb, 59Fe, 65Zn,
54Mn, 95Zr - 95Nb, 137Cs, 51Cr, 203Hg, 106Ru 106Rh, 144Ce 144Pr.
A fabricated standard for 40K consists of weighed amount of a potassium
compound of which the radioactivity due 40K is calculated from the amount
of potassium present.

Data reduction is accomplished primarily in one of two ways. For
complex spectra with overlapping photopeaks, such as those that might
arise with 46Sc, 65Zn, 54Mn, 60Co, and 59Fe, a non-linear least squares
program is utilized. Sample data along with the appropriate standard data
are read into a CDC 3300 computer. Nine nuclides can be programmed
for the analysis at one time. For simple spectra, such as from mono-
energetic gamma emitters like 40K and 65Zn, a program utilizing a
Compton correction for the 40K counts which fall in the 65Zn photopeak
region is employed. This calculation can be done by a desk calculator
or, where many calculations are involved, by the CDC 3300. When many
samples are involved, the cost ratio for data reduction by the CDC 3300
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computer is approximately 11:1 for the non-linear least squares program
compared to the Compton correction method.

Quality control of the radioactivity counting systems is performed
daily. For each analyzer a 10 minute 40K count and a 10 minute back-
ground count is made and compared to the previous values to verify that
the systems are operating satisfactorily. Weekly checks on the resolution
of each NaI(Tl) well detector are made using a 137Cs source. These
resolution values are also compared to previous measurements in order
to observe if any changes are occurring. Constant temperature is main-
tained in the counting room to reduce electronic drift.

During the year one of the analyzers was returned to the manu-
facturer for the repairs. The instrument was returned within a few
weeks and has performed satisfactorily.

Estimates of the number of samples processed from July 1969 to
June 1970 by our instruments are given in the following table. These
figures do not include various periodic standards and background counts.

Sample counts made from July 1969 to June 1970

Counting time (min) 800 400 200 100 40 20 10 less than 10

Estimated number of
samples counted 200 1050 5 1200 240 265 310 50
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STABLE ELEMENT DETERMINATION

by Ingvar L. Larsen and J. Wagner

Stable element determination is accomplished by means of atomic
absorption spectrophotometry, utilizing a Perkin-Elmer model 303 instru-
ment. Single element hollow cathode lamps as well as multielement lamps
enable us to analyze for 22 elements: Mo, Ru, Pt, Sc, Zr, Hg, Ag, K,
Na, Pb, Zn, Ca, Mg, Au, Cr, Co, Cu, Fe, Mn, Al, Si, and Ni. Zinc
was the most frequently analyzed element and accounted for 48 per cent
of the total number of analyses. During the 12 month period from July
1969 to June 1970 approximately 7, 680 samples were analyzed for many
of the trace elements in various organisms, sediments and water samples.

Samples for analysis must first be placed into solution in order to
be aspirated into the flame of the instrument. The majority of samples
analyzed are biological materials which must be ashed. Weighed portions
of the ash are dissolved in 25 ml volumetric flasks with hot concentrated
nitric acid, slowly taken to near dryness, and then diluted to the mark
with 0. 36 N HCl. The specific element sought in the sample is then com-
pared to standards of the same element. Reagent blanks are analyzed
along with the samples and standards.

PRECISION

When using a calibration line as a working curve, the precision
of the analysis may not only depend upon the variability of the sample it-
self, but also on the variability of the standards in determining the cali-
bration line (Linnig and Mandell, 1964). The precision due to the sample
is determined by making successive readings on a single prepared aliquot
on the sample or on duplicate prepared aliquots where sufficient material
and practicality permit. The coefficient of variation, expressed at the
95% confidence level, may be estimated from the range (Dean and Dixon,
1951) of the total number of readings (generally 6 to 8). (The use of the
range in estimating the confidence level assumes that the measurements
are normally distributed about a true value. This assumption is valid since
each reading represents an average of 4 measurements determined by
the direct concentration readout device of the instrument. ) When the co-
efficient of variation exceeds 8%, the same sample is then reprepared and
reanalyzed with additional readings taken to obtain a lower error term.

An estimate of the precision associated with the samples due to the
variability of the standards can be obtained by calculating a least squares
regression line through all the standard and blank readings obtained dur-
ing the analysis and determining the standard error of estimate (Linnig
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and Mandel, 1964) or sometimes referred to as the standard error of re-
gression. Also, the confidence level for the slope of the calibration line
as well as the confidence level for the y axis intercept can be calculated.
An example of such an analysis, made on 19 May 1970, included a total
of 83 standard and blank readings, which were made prior to, during, and
following the analysis of the samples. Twenty-four of the readings were
made with the blank, 15 with the 0. 500 ppm Zn standard, 16 with the 1.00
ppm Zn standard, 14 with the 2. 00 ppm Zn standard, and 14 with the 3. 00
ppm Zn standard. From the least squares regression line on the stand-
ard and blank readings, the following results were obtained:

slope of the calibration line (DCR ppm/Standard ppm) 1. 0075 t.4

4.241x10-
Intercept of the calibration line on y axis at zero concentration

8. 279 x 10 3 ± 6. 767 x
10-3 ;

Correlation coefficient, r, 0.9998

standard error of estimate ±2. 143 x 10-2

The confidence level for the intercept is indicative of the noise lev-
el present, and can be used to calculate a lower limit of detection (Wine-
fordner et al. , 1967). For this particular analysis, the lower limit of
detection was estimated as 7 ppb of zinc.

Figure 1 illustrates the estimated percent error (coefficient of
variation) @ the 95% confidence level versus dilute sample concentration
due to scatter from the regression line of the calibration standards, and
should be taken into consideration when estimating the overall precision
of the analysis. As the concentration of zinc in the prepared samples
approaches the lower limit of detection, the error term greatly increases.
Samples having a zinc concentration of approximately 0. 5 ppm or greater
zinc (when prepared in the diluted form) will have an almost negligible
error as determined by the scatter associated with the regression cali-
bration line of the standards. This error is in addition to the replication
error of the sample itself. Other sources of error which affect the pre-
cision of the analysis include sample weighing errors, estimated to be
within ± 1% and also volumetric readings, estimated to be within ±0. 5010.

An overall estimate of the precision of the analysis can be obtained by ex-
tracting the square root of the sum of the squares of the individual contri-
buting percent errors.

I denotes @ the 95% confidence level
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ACCURACY
Accuracy cannot be defined in many cases, as no absolute stand-

ards are available (Crow et al. , 1967). In our laboratory, standard sol-
utions for atomic absorption spectrophotometry analysis are prepared by
dissolving a sufficient quantity (reagent grade) of the particular metal or
one of its compounds in a small amount of concentrated HCl, then diluted
with 0. 36 N HC1 to give a stock solution concentration of 500 ppm. Diluted
volumes of this stock solution bracketing the concentration range of the
samples, are then used in establishing a working calibration curve.

An interlaboratory comparison performed on on 'unknown'' amount
of zinc prepared by dilution of our zinc stock solution and having a con-
centration of 1.00 ppm zinc yielded the following results:

Analyzing Laboratory Zinc concentration
determined (ppm)

Pacific Northwest Federal Water Lab 1.00
Soils Dept., Oregon State University 0.99
Agriculture Chemistry Dept., O. S. U. 0.99

Thus, we ascribe an accuracy of our zinc standard as within ±1%.

REFERENCES

Crow, R. F., W. G. Hime, and J. D. Connolly, 1967. Analysis of Portland
Cement by atomic absorption. Journal of the PCA Research and
Development Laboratories. 9: 60- 77.

Dean, R. B. and W. J. Dixon. 1951. Simplifies Statistics for small num-
bers of observations. Analy. Chem. 23: 636-638.

Linnig, F. J. and John Mandel. 1964. Which measure of precision?
Anal. Chem. 36:25A-32A.

Winefordneer, J. D. , W. J. McCarthy, and P. A. St. John. 1967. The
selection of optimum conditions for spectrochemical methods.
Journal of Chem. Ed. 44: 80- 83.
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II. STUDENT PARTICIPATION

We hereby acknowledge the contribution of students who have been
associated with the program during the past year. Two have earned their
doctorate and six their master's degree. Much of the research has
been made possible by the participation of students. Some have written
portions of this report or otherwise contributed to the research efforts.
Some have been supported by AEC funds, some by other federal funds,
and a few have been self-supporting.

DOCTOR OF PHILOSOPHY

Lois Haertel South Dakota State University, Brookings

Dr. Haertel has both her B. S. and M. S. from the University of
Illinois in zoology. She spent more than year as an Assistant in Oceanog-
raphy.directing the estuarine field program before returning to full-time
schoolwork. (Osterberg, Renfro, Forster)

Peter J. Hanson Horizons, Inc.

Dr. Hanson completed his M.S. at Oregon State University in June
1967. He was an AEC -Battelle Northwest Graduate Fellow and did much
of his thesis work at Hanford, Washington. He is presently engaged in
pollution work (Forster).

MASTER OF SCIENCE

Charles L. Brownell

Mr. Brownell received his B.A. from Colorado College and com-
pleted his M. S. this year. His thesis dealt with the relationship between
ecology and growth patterns of the heart urchin Brisaster latifrons. He
is now traveling in Europe. (McCauley)

Stephen Van Wyck Pope

Mr. Pope holds an A. A. from Phoenix College and a B. S. from
Arizona State University. In July, 1969, he completed his M. S. thesis
on the conservative properties of 124Sb in the Columbia River. He is
currently serving in the U.S. Army. (Forster, Renfro)
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Gerald Patrick Romberg

Mr. Romberg completed M.S. degree requirements in July 1969.
At present he is doing field research on nuclear power stations on Lake
Michigan as an employee of the Argonne National Laboratory, Illinois.

William Smoker

Mr. Smoker has a B.A. from CarletonCollege and finished his M. S.
before entering the U. S. Coast Guard. His thesis is on the age, growth
and size structure of the Lanternfish Stenobrachius leucopsarus. (Pearcy)

Jeffrey M. Stander

Mr. Stander holds a B.S. degree from the University of California.
He completed requirements for the M. S. degree at Oregon State Univer-
sity during August, 1969. He worked on the distribution, abundance and
diversity of epifauna on the Newport Transect using quantitative beam
trawls. He also contrasted the diversity of epifauna with polychaete
worms, a major component of the infauna in soft sediments. He is traveling
in Europe this summer and will enroll in the University of British Colum-
bia Applied Ecology Program, Department of Zoology, in September, 1970.
(Carey)

Harry Tyler

Mr. Tyler came with a B. S. from the University of New Hampshire
and completed his thesis on the feeding habits of three common Lantern-
fishes. (Pearcy)

DOCTORAL CANDIDATES

Gerard A. Bertrand, Jr. NSF Sea Grant Traineeship

Mr. Bertrand holds a B. S. degree from the University of New
Hampshire and an M.S. from Florida State University. He is working
on the ecology of continental shelf infauna and the ecology and systematics
of gastropod mollusks. Mr. Bertrand will be completing his degree
requirements in September, 1970, and will then join the U.S. Army Corp
of Engineers. This summer he is teaching on the Oregon State University,
University Afloat, on a cruise to southeastern Asia. (Carey)
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John Bolen Predoctoral Fellow (USCI)

Mr. Bolen is nearing completion of his research for a Ph. D. degree
in General Science based on research in Marine Radioecology. His
studies are concerned with 32P specific activities in water and biota in
the Columbia River estuary. (Lyford-Renfro)

Howard Hennebry USDI Trainee

Mr. Hennebry is presently completing his thesis research involving
the influence of pollution on the physical form of various stable elements
in the Columbia River. (Cutshall)

Vernon G. Johnson Research Assistant

Following completion of his M. S. degree in 1965, Mr. Johnson
worked for four years as a health physicist at the National Reactor Testing
Station in Idaho. His thesis research is concerned with the exchange of
heavy metals between estuarine water and sediment. (Cutshall)

Janakiram R. Naidu AEC Assistant

After receiving his M.S. from the University of Washington in 1963,
Mr. Naidu worked for six years for the India Atomic Energy Commission.
His thesis research concerns the distribution of 65Zn, Pb, and Hg in hake,
Merluccius productus, along the west coast of the U. S. (Cutshall)

Henry Vanderploeg NSF

Mr. Vanderploeg has his M. S. degree from the University of
Wisconsin last year. He is starting research on the specific activities
of benthic fishes off Oregon. (Pearcy)

MASTER'S CANDIDATES

John Butler NDEA

Mr. Butler received his B.S. from the University of Washington.
His thesis research is on the buoyancy of lanternfishes.(Pearcy)

John M. Carlson AEC Assistant

Mr. Carlson received his B. S. in Fisheries Biology from Sacramento
State College. His thesis research involves uptake and loss studies of
Hanford induced radionuclides by a fresh water mussel. (Renfro)
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Walter H. Delaplane, Jr.

Presently employed by the U.S. Naval Hydrographic Office, Mr.
Delaplane is working on his thesis project which involves 60Co -65Zn
ratios in Columbua River Estuary sediments. (Renfro)

Robert S. Dyer

Mr. Dyer is presently employed as a marine biologist by Bristol
Laboratories, Marathon, Florida. He is completing preparation of his
thesis dealing with vanadium in marine organisms. (Renfro)

David Evans

Mr. Evans received a B. S. in Chemistry from UCLA in 1968. He
is currently finishing his thesis research concerning changes in the
physical form of Hanford radionuclides upon entering the Columbia River
Estuary. (Cutshall)

Priscilla Harney FWQA Trainee

Miss Harney received an A. B. degree in Biology from the University
of California at Berkeley in 1969. Miss Harney's thesis research involves
uptake of 65Zn by fresh water isopods. (Renfro)

Ingvar L. Larsen AEC Research Assistant

Mr. Larsen is in charge of the trace element and radioanalysis labs
and is also responsible for data reduction and quality control for the
radioecology group. He has completed his thesis research involving
determination of the specific activity of 65Zn in mussels and should receive
his degree shortly. (Renfro)

Wen Yuh Lee Taiwan National Scholar

Mr. Lee has a degree from National Taiwan University. He is
working on zooplankton collections from off Southern Oregon. (McCauley)

William M. Lenaers FWQA Trainee

Mr. Lenaers holds a B.S. degree in Chemistry from the University
of Santa Clara. He is presently investigating the role of organic material
in the fixation of 65Zn by Columbia River sediment. (Cutshall)
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Harold L. Longaker FWQA Trainee

Mr. Longaker received his B. S. from the U. S. Naval Academy in
1960. Following four years in the U. S. Navy he worked in electronics
and nuclear power engineering. His thesis research is concerned with
uptake of cobalt by marine phytoplankton. (Renfro)

Paul Longueville USPHS Trainee

Mr. Longueville holds a B.S. degree from LaCrosse University,
Wisconsin. He is currently finishing his thesis research concerning
pesticide concentrations in marine biota. (Cutshall)

Lynn Tucker McCrow

Mrs. McCrow :.obtained a B.A. from Oberlin and has done additional
study at the Marine Biological Laboratory at Woods Hole Massachusetts
and at the University of New Hampshire. She is investigating the larval
dynamics of Callianassa in Yaquina Bay. (McCauley)

Ronald C. Scheidt FWQA Trainee

Mr. Scheidt holds an A.B. degree in Chemistry from Fresno State
College. Prior to coming to O. S. U. , he worked for the U. S. Naval
Radiological Defense Laboratory for ten years as a radiochemist. He is
presently investigating retention and diffusion of 51Cr in Columbia River
sediment. (Cutshall)

Harold M Stanford Research Assistant

Mr. Stanford is nearing completion of his thesis research concerning
determination of the oxidation states of chromium in seawater. (Heath)

James L. Sumich

Mr. Sumich has a B.S. degree from the University of Oregon and
additional study at the University of Hawaii. He is studying the ecology
and variability of the sea urchin Allocentrotus fragilis. (McCauley)

Richard D. Tomlinson

Mr. Tomlinson is currently employed as an Assistant in Oceanog-
raphy at Oregon State University. He has completed his thesis research
concerning non-biological uptake of zinc from marine algal nutrient
media and should receive his degree soon. (Renfro)
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Stephen Tonjes FWQA Trainee

Mr. Tonjes obtained his B.S. degree in Zoology from the University
of Michigan. He is presently investigating bacterial uptake of four
Hanford induced radionuclides. (Renfro)
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III. THESES

Two students have completed the doctorate and six the masters
degree. Abstracts of the three theses are included below and complete
copies will be submitted as supplements to this progress report.

PLANKTON AND NUTRIENT ECOLOGY OF THE
COLUMBIA RIVER ESTUARY'

by Lois Steben Haertel
Abstract of Ph. D. Thesis

Monthly samples of nutrients, phytoplankton and zooplankton were
taken in the Columbia River estuary over a period of 16 months in order
to determine distribution with season and salinity, and interrelationships
between plankton and nutrients.

Nitrate and phosphate levels in the river water entering the estuary
are high in the winter and show depletion during the summer. Silicate
levels are high in the river water at all seasons. Nitrate and phosphate
levels are high in the entering ocean water during summer offshore up-
welling. The nutrient levels in the estuary generally show a linear re-
lationship with salinity, resulting from the levels of nutrients in the enter-
ing river and ocean water. Superimposed upon this linear relationship
is a tendency for the nutrients to be enriched in the bottom waters of the
central part of the estuary.

The estuary phytoplankton is primarily composed of freshwater
forms, and probably represents a downstream extension of the river flora.
Regression analysis of phytoplankton levels vs. light, nutrients, and river
flow indicates that light probably limits phytoplankton abundance on most
dates.

The zooplankton of the estuary is composed of three groups, pre-
ferring fresh, oligohaline, and polyhaline waters respectively. Regression
analysis indicates a strong correlation between abundance of the fresh-
water group and river temperature. The factors controlling the abundance
of the oligohaline and polyhaline groups are less obvious. The oligohaline
group, principally Eurytemora affinis, reaches the greatest population
density (100, 000/m or more).

Regression analysis indicates a close correlation between Eurytemora
abundance and phosphate levels. This indicates a strong potential for zoo-
plankton regeneration of phosphate necessary for phytoplankton growth.

' Dr. Charles L. Osterberg, major professor
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WATER TRACING WITH SOLUBLE METAL CHELATED AND NEUTRON
ACTIVATION ANALYSIS: A LABORATORY AND FIELD STUDY

by Peter James Hanson
Abstract of Ph. D. Thesis

Research on the application of soluble, metal chelates for water
tracing using thermal neutron activation analysis for tracer determination
has led to the development of several tracers with promising solution
stabilities (conservative behavior) and determination sensitivities. The
solution stabilities of the ethylenediamine tetraacetic acid (EDTA) and the
diethylenetriamine pentaacetic acid (DTPA) chelates of the activable ele-
ments Cr, Co, Eu, In, Sb, Sc and Tb were evaluated in a series of labor-
atory, radiotracer experiments conducted under simulated field conditions.
They showed that 1) chelation of metals produces highly conservative sol-
tion behavior, 2) DTPA is generally better than EDTA for improving
tracer behavior, 3) non-chelated metals are rapidly sorbed onto sediments
and 4) chelation reduces sorption of metals onto sediments.

Field tests of EuDTPA, TbDTPA, InDTPA and Rhodamine B
fluorescent dye in a small eastern Washington stream demonstrated that
the metal chelates have significantly improved solution stabilities in natur-
al water compared to widely used Rhodamine B. Minimum detection levels
in natural waters for the activable tracers were determined to be 0. 075 ppb
for Eu, 0. 10 ppb for Tb and 0. 55 ppb for In in comparison to 0. 49 ppb for
Rhodamine B. Associated determination uncertainties (one standard dev-
iation) amounts to ± 12% for Eu at 12 ppb, ±12% for Tb at 13 ppb, and
± 13% for In at 10 ppb compared tot 7. 3 °%o for Rhodamine B at 1-10 ppb.
Activation procedures are feasible which decrease the minimum detection
levels to 0. 0015 ppb for Eu, 0. 0019 ppb for Tb and 0. 0057 ppb for In in
comparison to 0. 075 ppb for Rhodamine B.

Anion-exchange proved uniquely suited for recovery and concen-
tration of metal-chelate tracers from natural water and as a low back-
ground irradiation and counting matrix. A method evaluation and economic
analysis clarify the potential application of activable metal chelates for
water tracing.

* Dr. Charles L. Osterberg, major professor
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THE RELATIONSHIP BETWEEN MORPHOLOGY AND ECOLOGY
IN THE SPATANGOID URCHIN Brisaster latifrons*

by Charles Lawrence Brownell

Abstract of M. S. Thesis

The variability exhibited by the common spatangoid B. latifrons
has been considered by several authors, but until now, no systematic at-
tempts have been made to link it causally with particular aspects of its
habitat.

Up to 12 measurements were made on each of 368 specimens col-
lected off the Oregon coast from depths of 100-840 m. The bathymetric
range of the species was divided, for comparative purposes, into four
zones: two on the continental shelf, two on the slope. Allometric growth
equations of nine structures were calculated for specimens from each of
four zones and were used to correct original measurements for the effects
of disproportionate growth. This manipulation permits one to directly com-
pare individuals of different sizes.

It was noticed that specimens from the slope, particularly those
from 600 m and deeper, demonstrated consistent morphological differences
from shelf specimens. Generally, characteristics of the slope-inhabit-
ants are those originally ascribed to Brisaster (= Schizaster) townsendi;
characteristics of the shelf-inhabitants are those ascribed to B. latifrons.

The several environmental factors known to form a gradient with
depth (particle size and organic carbon concentration of the sediment,
temperature, dissolved oxygen concentration) were each considered as
agents responsible for influencing test development. None was wholly
rejected as a possible source of variation. Attention was directed toward
the oxygen minimum at the deeper end of the urchin's bathymetric range,
however, and to the likelihood that hypoxious conditions are inducing diff-
erential growth of the plates that bear the respiratory apparatus. Most of
the other differences between the two principal variants can be attributed
to disproportionate enlargement of the petaloid portion of the ambulacra.

Dr. James E. McCauley, major professor
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ANTIMONY- 124 IN THE LOWER COLUMBIA RIVER==

by Stephen Van Wyck Pope

Abstract of M. S. Thesis

Water samples were collected in the Columbia River from Bonne-
ville, Oregon, to Pt. Adams, Oregon, in early spring 1969. After filtra-
tion, the radioactivity was concentrated by ferric hydroxide scavenging.
Antimony- 124 acitivty was determined by well detection system and by
coincidence counting, a system assembled for this research. Chromium-
51, scandium-46, and zinc-65 activities were determined by well detection
also.

Most of the 51Cr and 124Sb activity was associated with the soluble
phase, while most of the 65Zn and 46Sc activity was associated with the
particulate phase. The concentration of activity did not vary appreciably
on any one date.

Although the coincidence system had a lower minimum detection
level and less sample standard deviation than the well detection system,
the low levels of 124Sb activity precluded precise determination of its
activity with counting precision less than 20%.

The ratio of soluble 51Cr to soluble 124Sb did not vary significant-
ly in the region that was studied. However, flow rate determination of
the Columbia River would be unreliable during the summer freshet be-
cause of the large uncertainty in time due to the standard deviation of the
51Cr to coincidence counted 124Sb ratio. Flow rate of the Columbia River
summer plume should be possible to estimate using 51Cr/ 124Sb ratios.

The average transport rate past Vancouver, Washington was cal-
culated to be 1. 5 curies per day (Ci/d) for 124Sb, 200 Ci/d for 51Cr, 11
Ci/d for 46Sc, and 10 Ci/d for 65Zn; the corresponding oceanic equilib-
rium activities were 140 Ci of124Sb, 8000 Ci of 51Cr, 1300 Ci of 46Sc,
and 3500 Ci of 65Zn.

Drs. William O. Forster and William C. Renfro, major professors
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DETERMINATION AND APPLICATION OF 32P
SPECIFIC ACTIVITY IN COLUMBIA RIVER FISH*

by Gerald Patrick Romberg

Abstract of M. S. Thesis

A precipitation technique, involving three precipitations, was used
to chemically separate and concentrate phosphorus from Columbia River
fish for radioanalysis. The technique was adapted to allow direct calcula-
tion of 32P specific activity based on dried precipitate weight and cpm ob-
tained.

Values of 32P specific activity found in marked fingerling chinook
salmon, released into the Columbia River at Ringold, Washington and
collected downriver, indicated that there was a lag period in the initial
uptake of 32P. Within three to four weeks, marked fish collected at The
Dalles Dam appeared to approach an equilibrium value of 17 nCi 32P/g P?
Calculations based on the rate of 32P accumulation yielded a biological
half-life for phosphorus equal to 7. 6 days, which corresponds to a phos-
phorus turnover rate of 9. 1% per day.

A model was developed which allows certain conclusions to be drawn
about the feeding and migration behavior of Columbia River fish on the
basis of their 32P specific activity and 65Zn concentration. The basic
assumptions of the model were successfully tested by using values of act-
ivity found in marked young chinook salmon collected from the Columbia
River. Levels of radioactivity found in unmarked fish collected from sev-
eral locations in the Columbia River indicated that many were new to the
river while others had probably remained there since the previous summer.

GROWTH AND REPRODUCTION OF THE
LANTERNFISH STENOBRACHIUS LFTICOPSARIIS**

by William Williams Smoker

Abstract of M. S. Thesis

Growth and reproductive patterns of the common lanternfish, Steno-
brachius leucopsarus , are described by length frequency analysis, otolith
analysis and examination of ovaries.

Length frequency analysis, employing the probability paper method
of analysis of polymodal distributions, of three and one-half years of

Drs. William C. Renfro and William O. Forster, major professors
M* Dr. William G. Pearcy, major professor



22

monthly midwater trawl collections off Oregon showed that fish in the fourth
year of growth and younger form distinct length classes in collections.
Growth is approximately linear during the second, third, and part of the
fourth year of life. The average rate of growth during this time is 1. 59
mm (standard length) per month. Fish on their first birthday average 23
mm long, on their second birthday 41 mm long, and on their third birth-
day 59 mm long.

Otolith analyses indicated that some fish live to be eight years old,
but confidence in this method is limited to fish five years old and younger.
By fitting mean lengths of age groups defined by otolith analyes with the
von Bertalanffy equation, the asymptotic length was estimated to be about
85 mm, and the rate at which growth to the asymptote decreases to be
about 0. 34.

Back calculation of lengths at the times of annulus formations gave
another set of estimated mean lengths of age groups. Fitting the von
Bertalanffy equation to these data described a growth curve comparable to
the one described by otolith analyses. Transforming the growth curve to
growth in weight by a length-weight relationship indicated that the inflection
in growth occurs at about age four years.

Spawning, determined from egg measurements, is thought to occur
from December to March. Reproductively mature individuals are four
years old and older. Recruitment of young size groups was also seasonal,
20-25 mm individuals appearing in largest numbers in trawl samples in
the winter, presumably about eight months after spawning.

Comparison with previously unpublished information from collec-
tions made in Monterey Bay, California, indicates that spawning may occur
earlier there than off Oregon, but growth rates and sizes in age groups V
and younger are very similar. Comparisons with published results of
otolith analyses show similar age determinations for the younger age
groups.

DIVERSITY AND SIMILARITY OF BENTHIC FAUNA OFF OREGON'

by Jeffrey Maxwell Stander
Abstract of M. S. Thesis

Samples of benthic organisms off the coast of Oregon, taken from
depths varying from 50 to 2900 meters, have been analyzed in terms of
diversity at a given station, and similarity and ecological distance to
other stations. Estimates of epifauna abundance were also made. In the

Dr. Andrew G. Carey, Jr. , major professor
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analysis an important distinction is made between diversity, abundance,
and variety indices; the three measures are considered independent pieces
of information relevant to the ecological structure of the population of
interest.

Two types of sampling gear were used. Large epifauna were sam-
pled with a beam trawl. Polychaetous infauna were sampled with an anchor-
box dredge.

The diversity index chosen is Simpson's index; the measures of
similarity and ecological distance are related. These measures are pre-
ferred because of their ease in calculation and basic simplicity. In addi-
tion these measures may be interpreted as estimates of well-defined pop-
ulation parameters (as Simpson has pointed out) which have straightfor-
ward probabilistic interpretation.

A valid measure of diversity is one piece of relevant information
necessary for elucidating the sufficient parameters of ecological systems.
Therefore the methodology presented has broad application to studies of
population structure.

THE FEEDING HABITS OF THREE SPECIES OF LANTERNFISHES
(MYCTOPHIDAE) OFF CENTRAL OREGON'

by Harry Raymond Tyler, Jr.
Abstract of M. S. Thesis

The feeding habits of the lanternfishes Tarletonbeania crenularis,
Diaphys theta and Stenobrachius leucopsarus were studied by analyzing
1, 735 stomachs from 54 collections from the slope waters off Newport,
Oregon.

Forty-one taxa of food items were identified. Euphausiids (Eu-
phausia pacifica), copepods (Calanus spp. and Metridia lucens) and amphi-
pods (Parathemisto pacifica) were most common. Copepods were numer-
ically most abundant, but euphausiids made up most of the biomass and
accounted for the majority of the identifiable food in 41% of the T. crenu-
laris, 40% of the D. theta and 49% of the S. leucopsarus.

No large differences in the feeding habits were correlated with size
of individuals of the three species of lanternfishes. Some small fishes
contained more copepods than euphausiids, but even so, total euphausiid
biomass was usually greater than copepod biomass. Empty stomachs

* Dr. William G. Pearcy, major professor
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were found in 1°%o of the D. theta , 20% of the T. crenularis and 24% of the
S. leucopsarus collected at night.

Limited data suggested that during the winter the fishes from 25
miles offshore ingested larger numbers of euphausiids than copepods,
while fishes 45 miles offshore fed more on copepods than euphausiids.

Changes in stomach fullness during the night, morning and after-
noon indicated that most of the lanternfishes fed primarily at night in the
upper 200 meters, with some morning and perhaps some afternoon feeding.

Comparisons of stomach contents with catches of plankton nets
suggested that euphausiids, copepods and amphipods were selected as
prey over medusae, shrimps and fishes.
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IV. PAPERS PRESENTED AND MEETINGS ATTENDED

ANDREW G. CAREY, JR.
NSF Summer Institute in Systematics, Smithsonian Institution,
National Museum of Natural History, Washington, D. C. , June 22-
July 11, 1969. (Participant)

Dalhousie University, Institute of Oceanography, Halifax, Nova
Scotia, Canada, December 3, 1969.
Title: ''Ecological studies on the benthic invertebrate fauna of

the northeast Pacific Ocean. "

Abstract: Research on benthic ecology has been conducted at
Oregon State University since June, 1962 with the over-all object-
ive of determining the role of the sea floor in the oceanic eco-
system. More specific objectives have been to, determine the
distribution, abundance, and composition of the fauna along en-
vironmental gradients, to determine the effect of various levels
of food input to the deep- sea floor on the fauna, and to determine
the role of the benthic organisms in the cycling of certain elements.

The distribution, abundance, and composition of the in-
fauna and macro-epifauna have been described across the central
Oregon shelf. The infaunal studies extend down the continental
slope and across Cascadia and Tufts Abyssal Plains. There are
general trends in composition by major taxa across the wide range
of environments, and on the specific level transitional zones pro-
bably related to large sediment changes have been delimited. The
abundance (numerical density and biomass) generally increase to
a maximum at the outer edge of the continental shelf and then grad-
ually declines with increasing depth and distance from shore. Five
peaks of abundance along the transect line are described; several
can be related to sedimentary and topographic characteristics.
The feeding type of asteroids changes with depth from carnivorous
to detrital-deposit feeding. The continentally-influenced Cas-
cadia Plain supports a higher biomass of fauna and about the same
numerical density as Tufts Plain. This Differential is probably
caused by the different levels in food supply. Cascadia Channel
and the Slope-base stations are described as environments atypical
of the surrounding abyssal environments. The problem of food
sources to the deep-sea floor was discussed.



Radioecological studies have demonstrated that though the
fauna concentrate some radionuclides originating from the Hanford
(Washington) Atomic Reservation, the levels decrease rapidly
with depth and more slowly with distance from the mouth of the
Columbia River. The research has shown that some materials in
the surface waters reach the sea floor (2860 m depth) in several
weeks, while the average transit time is 2.4 years.

University of Maine, Program in Oceanography, Orono, Maine,
December 5, 1969
Title: "Ecological studies on the benthic invertebrate fauna of the

northeast Pacific Ocean.
Abstract: c[bid)

Sixteenth Annual Conservation Conference, National Wildlife
Federation, Washington, D. C. , December 10, 1969. (as the
official ASLO representative)

American Association for the Advancement of Science Meetings
Boston, Massachusetts, December 26-31, 1969.

Woods Hole Oceanographic Institution, Woods Hole, Massachusetts,
January 12, 1970 (Institution Journal Club).
Title: "Ecological studies on the benthic invertebrate fauna of

the northeast Pacific Ocean.
Abstract: (Ibid)

University of Rhode Island, Graduate School of Oceanography,
West Kingston, Rhode Island, January 14, 1970.
Title: "Ecological studies on the benthic invertebrate fauna of

the northeast Pacific Ocean.
Abstract: (Ibid)

State University of New York at Stony Brook, Marine Sciences
Research Institute, Stony Brook, New York, January 21, 1970.
Title: "Ecological studies on the benthic invertebrate fauna of

the northeast Pacific Ocean.
Abstract: (Ibid)

Smithsonian Institution, U. S. National Museum, Department of
Invertebrate Zoology, January 27, 1970.
Title: " Ecological studies on the benthic invertebrate fauna of

the -northeast Pacific Ocean.
Abstract: (Ibid)
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Princeton University, Department of Biology and Department of
Geological and Geophysical Sciences, Princeton, New Jersey,
February 16, 1970.
Title: "Ecological studies on the benthic invertebrate fauna of

the northeast Pacific Ocean.
Abstract: (Ibid)

Pacific Northwest Oceanographers Conference, Portland, Oregon,
February 21, 1970.

Natural History Society of Denmark, Copenhagen, Denmark,
March 19, 1970.
Title: "Ecological studies on the benthic invertebrate fauna of

the northeast Pacific Ocean. "
Abstract: (Ibid)

WILLIAM O. FORSTER
Radioactivity in the Marine Environment sponsored by NAS-NRC,
Washington, D.C., November, 1969.

JAMES E. McCAULEY
Pacific Northwest Oceanographers Conference, Portland, Oregon,
February 21, 1970.

American Society of Pharmacognosy, Corvallis, Oregon, August
18-20, 1970.
Title: "Marine Invertebrates, Chemical Signals, and Marine

Products."
(Paper published in Flozdia 32:425-437 and included below in

reprints section)

Second Annual Sea Grant Conference, Portland, Oregon, March
5, 6, 1970.

WILLIAM G. PEARCY
International Symposium on Biological Sound Scattering, Warrenton,
Virginia, March 31-April 2, 1970.
Title: "Scattering Layers and Vertical Distribution of Oceanic

Animals " with R. S.. Mesecar (Paper in press in Pro-
ceeding - manuscript included below).
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Second Annual Sea Grant Conference, Portland, Oregon, March
5-6, 1970.

Western Fish Boat Association, La Jolla, California, December
15-16, 1970.
Title: ''Albacore Oceanography."

Tuna Conference, Lake Arrowhead, California
Title: "Albacore Oceanography at Oregon State University.

WILLIAM C. RENFRO
Ocean Engineering Conference, American Society of Civil Engineers;
Miami, Florida, 10- 12 December 1969.

American Society of Limnology and Oceanography; Berkely,
California, 22-24 June 1970.
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V. RESEARCH IN PROGRESS

A. RADIOCHEMISTRY

Zn65 IN OREGON-WASHINGTON CONTINENTAL SHELF SEDIMENTS

by Norman H. Cutshall and William C. Renfro

Zinc-65 has previously been reported in marine sediments near the
mouth of the Columbia River (Osterberg, Kulm and Byrne, 1963; Gross,
1966). A cation in effluent waters from nuclear reactors at Hanford,
Washington, this nuclide becomes predominantly associated with particles
in the river (Nelson, Perkins and Nielson, 1964). Typically 75-80% of
65Zn can be removed from lower river and estuarine samples by 0. 45µ
membrane filters. Johnson et al (1967) showed that very little (< 3%)
65Zn adsorbed on Columbia River sediment is leached off by natural or
artificial seawater. Contact times for their experiments were up to 2
hours. On the other hand, Kharkar et al. (1968) found appreciable
desorption of 60Co from minerals tagged seawater in the laboratory.
Gross and Nelson (1966) "assumed that neither 65Zn nor 60Co is readily
removed from the sediment after it enters the ocean." Thus, it might
be expected that the predominant Pacific Ocean reservoir for 65Zn
delivered by the Columbia is sediments. Sand and silt size particles
pettle out of Columbia River "plume' waters fairly rapidly although clay-
sized particles may be carried some distance in plume waters. Forster
(in press) indicated that only 30% of the 65Zn transported by the river is
on clay-sized particles; however, so that the bulk of the 65Zn should
settle to bottom near the river mouth.

If transport rates are known,the equilibrium activity level that
would result from constant input can be estimated. For the years 1961-
1963 the annual average daily transport past Vancouver, Washington was
44, 29 and 28 curies/day (Gross and Nelson, 1966). These rates if
constant, would yield equilibrium inventories of 15.5, 10. 2 and 9.9 kilo-
curies respectively. Vancouver is located about 170 kilometers upriver
from the ocean and a portion of this inventory is contained in the river-
bed below Vancouver. Also, cutbacks in the number of operating reactors
(8 in 1961 to 2 in 1969) decreased the total transport of 65Zn. The mean
transport rate past Astoria, Oregon near the river mouth in 1969 was
about 10Ci/day. This should produce 3. 5Kci of 65Zn in the ocean if
continued indefinitely. Because transport rates prior to 1969 were higher,
3.5 KCi is a minimum estimate. The computed inventory of shelf sedi-
ments is recapitulated in Table 1.

Thus at least 2. 0 kilocuries of 65Zn ought to be contained in the
sediment off the Oregon- Washington coast. We have attempted to deter-
mine the distribution of this material.
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Table 1

Transport rate into Pacific Ocean lOCi/day
Equilibrium inventory in ocean 3.5KCi
Fraction transported on particles 80% Z. 8KCi
Fraction on silt and sand 70% = Z. OKCi

The topmost l cm of sediment, collected by Smith-McIntyre grab
samples, was scraped off to provide ti250 cm3 of slurry. The sediment
was immediately suspended in 500 ml of 0. 05 M CuSO4 solution. The
suspensions were periodically agitated for one week and then filtered.
Twenty-five ml of filtrate was used for stable Zn analysis and the re-
mainder evaporated to dryness. The salts were placed in 13cc plastic
counting tubes and analyzed by gamma-ray spectrometry. The sediments
were dried and weighed.

Not all the 65Zn is extracted by this method. Johnson, et al. (1967)
found yields to vary between 33 and 54% for elutions with 0. 05 M CuSO4.
Absolute accuracy of our measurements is probably within a range of
± 20% if 43% yield is assumed. Despite such low yields the sensitivity
of the method is greater than direct counting of sediment because effec-
tively larger samples can be placed in high geometry detectors and
interfering gamma-emitters (40K and 238U daughters) are not extracted.

Results are shown in Table 2 and Figure 1. Spectra from the
northernmost sample and a Columbia River sample are shown in Figure
2. Zinc-65 is clearlywidely distributed along the shelf. The predomi-
nant trend is northward as indicated by Gross (1966) and Nelson (1966).
Highest activities per unit area are found near the river mouth with a
band of relatively high activity extending northward between 50 and 90 m
depths. This band corresponds roughly to the sand-silt boundary indi-
cated by Gross et al. (1967).

Seaward the 65Zn content of sediments declines very rapidly with
increasing water depth. Even in Astoria and Willapa Canyons, which
may be corridors for sediment transport off the shelf, very little 65Zn
was found.

Replicate grab samples were taken at several stations. These
generally agree within the estimated uncertainty in yield. Only a few
cores have been analyzed thus far for 65Zn versus depth. In order to
obtain sufficiently large samples 3 cm long segments were used. In
each case essentially all the 65Zn was contained in the upper 3 cm.

=
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Table 2

65Zn in Surface Sediments

January 1970

Latitude, N Longitude, W Depth, M 65 Znn,C i/
m2 Comments

45°00' 124°21' 200 0. 2
45°30' 124°24' 196 1. 1
46°00' 124°39' 202 0.4
40°04' 124°12' 85 2.3
46016, 1240111 37 11.3
46° 27' 124°30' 138 2.5
460 37' 124 ° 13' 48 2. 8
46°46' 124°35' 123 1.6
47°05' 124° 41' 104 0. 8
47° 22' 124°46' 160 0.9
470 35' 124°35' 48 1. 0
470431 125°00' 140 0.4
47°53' 124°44' 40 0.5
480011 125°06' 134 1. 1
48°31' 125°01' 83 0.4
48° 09' 125°20' 118 0.6
47°30' 125° 15' 810 0.4
46°17' 124°17' 86 11.8
46°17' 124°17' 86 13.0 Replicate
46°17' 124°17' 86 12.1 Grabs
46 17' 1240171 86 7.8
46° 15' 1230591 12 8.4 Sandy, in estuary
46° 14' 123°44' 16 20.4 Silty, in estuary

March 1970

46° 14' 123°59' 14 6.3 Sandy, in estuary
46°14' 124°15' 65 4.4
46° 14' 124°1 5 ' 65 3. 7 Triplicate Grabs
460141 124° 15' 65 3. 5
460 19' 124° 17' 63 3.4
46° 19' 124°17' 63

1
3. 1 Triplicate Grabs

46°19' 124°17' 63 4.2
460241 124° 19' 65 4. 1
460241 124° 19' 65 4.6 Triplicate Grabs
460241 124°19' 65 5.3
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Table 2 (continued)

460311 124°20' 64 5. 8
46° 31' 124°20' 64 5. 2 Triplicate Grabs
46° 31' 124°20' 64 5.4
460371 124°10' 30 2.0
46° 37' 124° 10' 30 2.3 Triplicate Grabs
46 ° 3 7' 124° 10' 30 2.5
460361 124° 1 6 ' 55 4. 6
460361 124° 16' 55 4.5) Triplicate Grabs
46° 36' 124° 1 6 ' 55 4. 0
460351 124°21' 73 3.4
46° 34' 124°25' 100 3. 0
46° 33' 124° 29' 140 1.5
46° 32' 124° 34 450 0.2
460 31' 124°39' 328 <0. 1
46° 19' 124°32' 145 0.8
46° 15' 124°30' 650 0.3
46° 07' 124°20' 110 1.7
46°05' 124°08' 75 0.9
45°55' 124°07' 80 0.7
45° 53' 124° 23' 148 0. 5
45°51 125°35' 170 <0. 1
45°47' 124°24' 150 0. 3
45°42' 124° 13' 124 <0. 1
45°38' 124° 02' 62 0. 1
45°34' 124°12' 115 <0. 1
45° 31' 124° 22' 184 <0. 1
45°24' 124° 07' 102 <0. 1
45°19' 124°18' 186 <0.1
45° 07' 124° 17' 188 <0. 1
44°58' 124° 07' 73 <0. 1 .
44° 56' 124°21' 160 <0. 1
44° 39' 124°33' 170 <0. 1
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Figure 2. Spectra of CuSO4 leachates.
(A) Sample from Columbia River estuary
(B) Sample from Strait of Juan de Fuca (44° 31 °N, 125° O1' W)

Counting times were 400 minutes.
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Isoactivity contours were drawn as in Figure 1 and the area between
contour intervals determined graphically. Total 65Zn in the uppermost
1 cm was estimated within each contour interval as the product of the
area and the mean activity between contours (Table 3). The'total 65Zn
actually found in the region surveyed is about 17 C i. If a yield of 43%
is assumed the 65Zn present is 39 Ci. Even with the rather large un-
certainties in analytical accuracy this is far short of the estimated 2. OKCi.
It appears that one or more of the following conditions must obtain: 1) A
large reservoir of 65Zn is contained in the area of rapid shoaling near
the river mouth. This seems unlikely because this area is sandy and
65Zn content of sands is rather lower than that of silts. Large diameter
cores from this area are needed however. 2) Most 65Zn is transported
beyond the area surveyed. If the mean transport rates estimated by
Gross and Nelson (1966) (up to 30 Km per year northward and up to
10 Km/year westward) the average particle would spend several years
within the bounds of our survey. Thus transport, outside the region
surveyed should be insignificant. 3) 65Zn does not remain permanently
bound to sediment particles. Slow release of 65Zn to seawater, possibly
mediated by biological activity, may occur. Long-term seawater leaching
studies are needed.

Table 3

Computation of 65Zn Inventory

Contour Interval Mean 65Zn nCi / m2 Area,m2 Total 65Zn,Ci

10 < 11 1. 8 x 108 2.0
4 <I < 10 7 7.Ox 108 4.9
2 <I <4 3 16x 108 4.81<I<2 1.5 21 x 108 3.1

0. 5 <I < 1 0.75 59 x 108 2.1

Total 65Zn found 16.9 Ci

Total 65Zn for 43% Yield 39 Ci
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CYCLING OF RADIONUCLIDES IN THE COLUMBIA RIVER ESTUARY

by William C. R enfro and Norman D. Farrow

INTRODUCTION

The plutonium production reactors have been introducing small,
but measurable amounts of radioactivity into the Columbia River for many
years. Although the short-lived radionuclides decay rapidly, some longer-
lived radionulcides reach the estuary, where they may be used to attain
better understanding of the complex physical, chemical, geological, and
biological phenomena taking place there. The following report briefly
outlines some of the results from research in the estuary during the past
year.

Alder Slough Radionuclide Inventory

The objective of this project, which began two ears ago is to ob-
tain seasonal estimates of the total amounts of 65Zn,1Cr and 46Sc held
by various components of the ecosystem. In spring, summer, and winter,
inventories of radionuclides are taken in sediments (top cm), water, and
biota of Alder Slough. Repeated inventories over several years will give
considerable insight into the behavior of various radionuclides and the man-
ner in which they are partitioned.

Of the three radionuclides found in measurable levels in the area,
65Zn is of greatest biological importance. Because zinc is a trace metal
essential for all living organisms, it is often highly concentrated in eco-
systems. Furthermore, zinc tends to become associated with particulate
matter and is often precipitated to the sediments. In the table below are
shown the total amounts of 65Zn tied up in various components of the
s lough.

65Zn in µCi

Date Sediment Detritus Plants Animals

July '68 2526 26 57 2. 8

Dec. '68 1963 87 11 0.8

April 169 1022 90 15 13. 3

July '69 1037 28 6 0. 7

Dec. ' 69 926 39 . 3 0

Water

80

0

0
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By far the greatest amounts of 65Zn in each inventory period were
in the sediments. In all cases, 90 percent or more of the 65Zn in Alder
Slough was in the sediment and much of the remainder was associated with
detritus in the sediment. Although highly concentrated in plants and ani-
mals, the small total biomass of the biota relative to sediment contained
little of the total 65Zn activity.

The total amounts of 51Cr in Alder Slough in several inventories
are tabled below. Although chromium is not a biologically important ele-
ment, it is present in (and on) plants and animals in measurable levels.
Plants, because of their greater biomass, usuall accounted for much
more 51Cr than animals. However, most of the1Cr was in the sediments
and detritus. In July 1968 a large fraction of the total 51Cr inventory in
Alder Slough was in the water. In subsequent times smaller fractions
were found in the water.

51 C r in µCi

Date Sediment Detritus Plants Animals Water

July '68 5814 36 218 1 2570

Dec. '68 7662 444 24 4 90

April '69 2780 174 34 35 ---
July 169 3718 35 52 6 ---
Dec. '69 4635 152 12 0 0

Scandium-46 was also largely tied up in the sediment component
of the slough ecosystem. Like 65Zn and 51Cr, 46Sc in plants, animals,
and water usually accounted just a small fraction of the total radioactivity
contained in the sediments.

46Sc in µCi

Date Sediment Detritus Plants Animals Water

July '68 1090 3 42 0.2 0

Dec. '68 812 33 1 0.3 0

April '69 891 51 4 3. 7 --
July '69 668 67 2 0.4 --
Dec. ' 69 541 18 9 0 17
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The total activities of 65Zn and 46Sc show continued declines over
the 18-month period reflecting the reduction in the numbers of operating
Hanford reactors in recent years.

Detritus Bag Experiment

51Cr was present in the detritus and sediment in December than in July,
when plant biomass was near its peak. The point is, that even if all the
51Cr associated with the plants of Alder Slough during July were to be re-
tained in the subsequent dead and decaying plant detritus in December, the
increase in total 51Cr could not be accounted for. An hypothesis was ad-
vanced regarding this phenomenon which stated that reducing conditions
within the decaying material might reduce hexavalent 51Cr to the trivalent
state. In the reduced form the 51Cr might then be concentrated by adsorp-
tion to the detritus. A. simple model of this system might be a large "black
sponge'' in which reducing conditions constantly changed inflowing dissolved
51Cr VI to 51Cr III capable of being strongly sorbed onto the "sponge"
interior.

To test this hypothesis,an experiment was designed in which living
plant material was subjected to decay so that sorption of 51Cr to this mat-
erial could be followed for several months. Early in September, 1969,
a large quantity of the intertidal sedge, Scirpus sp. , was collected and
chopped into small pieces about 10 mm long, Samples of this material were
enclosed in nylon bags (mesh size about 0. 5 mm) which were tied to weight-
ed lines resting on the bottom of Alder Slough. At monthly intervals a
bag of decaying plant material (incipient detritus) was recovered and analyz-
ed by gamma-ray spectrometry. The results appear in the table below:

Concentrations of radionuclides in contents

Date
of the detritus bags. (in pCi/g ash)

51Cr 65Zn 46Sc

7 Sept. 69 534 + 35 79 + 14 45 + 8

24 Sept. 69 604 + 82 56 + 22 38 +12

22 Oct. 69 564 + 28 52 + 6 27 + 3

20 Nov. 69 602 + 34 62 + 5 28 + 3

21 Jan. 70 141 +7 55 + 3 16 + 1

19 Feb. 70 137 + 17 65 +4 20 + 2

24 Mar. 70 76+7 54+3 18+2
26 Apr. 70 54 + 11 65 + 5 23 + 3

It was noted in the July and December 1968 inventories that more
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The activities of 05Zn in the material remained nearly constant at
about 60 pCi/g ash during the 8 month period. Scandium-46 levels in the
dead and decaying plant debris showed a slight tendency to decline. In con-
trast, 51Cr activity remained fairly constant through November 1969, then
dropped drastically during the remainder of the observation period.

Because no significant increase in 51Cr activity in the dead and de-
caying plant material occurred, the hypothesis that plant detritus provides
an environment for concentration of 51Cr is rejected.

65Zn Specific Activities of Alder Slough Sediments

As shown in the preceding section, the sediments represent a sig-
nificant reservoir for 65Zn, Consequently, it is important to determine
the 65Zn specific activity of sediments in order to correlate the activities
of sediments, water, plants, and animals.

A promising technique to determine 65Zn specific activity in sedi-
ments has been utilized in recent months. Essentially, the procedure is
simply to desorb 65Zn and stable zinc from 100 to 200 g (dry weight) of
sediment with 500 cc CuSO4 for a period of one to six weeks. The CuSO4
leachate is then filtered and a small fraction analyzed in the atomic absorp-
tion spectrophotometer to determine total zinc. The remainder of the
CuSO4 solution is evaporated to dryness and transferred to a plastic count-
ing tube to be analyzed for activity of 65Zn by gamma-ray spectrometry.
Because we are interested only in the ratio 65Zn/total zinc, the fraction
of stable or radiozinc leached from the sediment sample is of little import-
ance, provided that all isotopes of zinc behave similarly.

In the table below are shown the 65Zn specific activities of slough
sediments sampled in early 1970. In each case duplicate sediment sam-
ples were in good agreement for 65Zn activity and total zinc concentration.
Although there appeared to be variation in the fraction of 65Zn and zinc
leached from the sediments by CuSO4 , the specific activities computed
also 6agreed closely between duplicates. From February through May 1970,
the Zn specific activities in slough sediments increased steadily.
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65Zn Specific Activities of Alder Slough
Sediments Contacted with 0. 5M CuSO4 Solution

Collection 65Zn
pCi/ ml

Total Zn Specific
in µg/ml Activity

Date CuSO4 Cu-S(-'4 LCi 65Zn/g Zn

1 Feb. '70 .587 4.35 .135

1 Feb. '70 .694 4.77 . 146

24 Mar. '70 1. 183 6.12 . 193

24 Mar. ' 70 1. 206 5.94 . 203

26 Apr. ' 70 1.534 7.00 .219

26 Apr. '70 1.542 7.47 .206

21 May 170 1.554 6.33 .244

21 May ' 70 1.814 6.36 .284



42

PESTICIDE LEVELS IN PACIFIC HAKE (MERLUCCIUS PRODUCTUS)

by Paul Longueville*

The universal presence of DDT and/or its metabolites in the tissues
of marine organisms at levels comparable to those observed in severely
contaminated terrestrial and aquatic habitats, implies that either (a) the
annual contribution of these compounds to the world ocean is significant
and/or (b) that they are not readily degraded or immobilized therein.
Therefore the present levels of pollution represents a gradual accumula-
tion of chemicals which exhibit a long residence time in the sea. As
DDT (or the metabolite DDE) is probably implicated in the "thin eggshell
phenomenon" that threatens to exterminate some of the world's piscivor-
ous and raptorial birds, much may depend upon the speed with which
ecosystems can purge themselves of this contaminant.

Unfortunately, monitoring programs of sufficient scope to determine
whether or not the situation is beyond correction are only now being
initiated. It is partly to provide a reference point that specimens of
Pacific hake (Merluccius productus) taken at points ranging from Califor-
nia to Alaska are being analyzed for the pp' and op' isomers of DDT,
DDE, and DDD (TDE). Also, the possibility exists that significant
latitudinal variations in the quantity of the DDT complex present will
afford some indication of where and how the greatest amounts of persis-
tent pesticides are reaching coastal waters.

Analysis is performed on a whole body basis, lipids and associated
compounds of interest being extracted from a representative sample of
ground material with the aid of apolar organic solvents. Adsorption
column chromatography serves to remove the lipid fraction of the extract
and separate chlorinated hydrocarbons of dissimilar polarity for more
convenient identification and quantitation on a gas chromatograph. With
an electron capture detection, sensitivities of a few parts per billion
(µ gm/kgm) can be achieved with precision.

Initial results indicate that total DDT residues in this species do
not exceed a few tenths part per million (See Table I), a figure well below
the maximum permissible levels in fish intended for human consumption.
Individual determinations vary through an order of magnitude, with no
consistent relationship in evidence between the amount of any compound
and the weight or length of a given fish, or the percentage of lipids in its

A report of graduate student research supervised by Dr. Cutshall
and Dr. Forster
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flesh. Halogenated compounds other than those listed above are also
present, probably including a number of the more obscure metabolites
of DDT and perhaps some of the polychlorinated biphenyl (PCB) group
of industrial pollutants.

Table I
Concentrations (in ppm) of DDT and Metabolites in Pacific Hake from 39016'N,

123° 56. 5' W.

L. (cm) Wt. (g) %Lipid pp'-DDE pp'DDT pp'-DDD op'-DDE op'-DDT op'-DDD
47 765 4.29 .0797 .0295 . 0160 . 0131 .0137 .00220
44 668 2. 72 . 222 .0311 . 00607 .0115 .00872 .00122
47 725 4.94 . 258 . 0361 .0103 .00805 .00538 .00123
35 368 1.38 . 162 .0240 . 00 776 . 00647 .0153 .00131
48 688 1.46 .304 .0328 .00699 .0131 .0104 .00111
48 729 1.40 .0281 .0207 --- .00760 .00590 ---
42 644 4.94 .277 .0439 .0211 .0265 .0149 .00314



B. RADIOBIOLOGY

ECOLOGICAL HALF-LIVES OF 65Zn IN WILLAPA BAY BIOTA

by William C. Renfro

INTRODUCTION
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In a radioactive marine ecosystem organisms will accumulate
radionuclides to different levels depending on their elemental composition,
trophic level, age, sex, physiological condition, and numerous other en-
vironmental factors. If the supply of radionuclides to the ecosystem is
diminished or curtailed, radioactivity levels of the organisms will decrease
due to biological turnover and radioactive decay. However, animals will
continue to take in radioactivity (though in decreasing concentration) from
prey organisms and for this reason the rate at which they lose radioactivity
will be reduced.

The rates at which animals lose radioactivity under these circum-
stances are of particular interest. Such rates would determine, for ex-
ample, how long edible organisms might remain above maximum permiss-
ible levels following acute radioactive contamination of an ecosystem. To
express the loss rate of radioactivity in animals under these conditions,
the term "ecological half-life" has been used (Held, 1960; Renfro and
Osterberg, 1969). Ecological half-life may be defined as the time re-
quired to reduce the specific activity of a radionuclide in an organism by
one half after loss of radioactivity from the ecosystem.

There are few places in the marine environment where ecological
half-lives can be determined. One such place is Willapa Bay, Washington.
During winter months winds prevailing from the southwest push Columbia
River plume waters to the north along the Washington coast. As a result,
65Zn and other radionuclides originating from the plutonium production
reactors at Hanford, Washington, are introduced into Willapa Bay. From
about October to April 65Zn is put into the ecosystem with the result that
plants and animals attain measurable concentrations of this radionuclide.
With the advent of spring, north winds prevail moving the Columbia River
plume southward asay from the Washington coast. Thus, the put of 65Zn
to Willapa Bay diminishes greatly and the specific activity of 95Zn in the
organisms declines.

The results reported here stem from measurements made during
1969 to obtain estimates of ecological half-lives of 65Zn in various organ-
isms near the mouth of Willapa Bay. It cannot be overemphasized that
ecological half-lives are not constants but are highly dependent on the
specific radionuclide, the organism, and a host of interrelated environ-
mental conditions.
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METHODS

Samples of sessile algae, intertidal plants, fishes, and crustaceans
were taken monthly at low tide near Leadbetter Point at the mouth of
Willapa Bay. The organisms were identified and sorted to groups of near-
ly equal size. In all cases, samples were composited from a number of
comparable-sized individuals as follows:

Organism_ Sample size

Green alga Enteromorpha intestinalis 0. 6 - 6. 7 g ash

Brown alga Fucus fuscatus 1.5 - 4.5 g ash

Eel grass Zostera marina 1. 7 - 4.2 g ash

Ghost shrimp Callianassa californiensis 13 - 25 individuals
30 - 70 mm long

Sand shrimp Crangon franciscorum 14 - 153 individuals
20 - 60 mm long

Staghorn sculpin Leptocottus armatus 1 - 8 individuals
16 60 mm long

The 65Zn activity in picocuries per gram ash (pCi/g) was determined by
gamma-ray spectrometry and the concentration of total zinc in micrograms
per gram ash (µg/g) was determined by atomic absorption spectrophoto-
metry. These values for each sample were then usedto compute 65Zn
specific activity in microcuries per gram zinc (iCi g Zn).

RESULTS AND DISCUSSION

In Figure 1 are shown the 65Zn specific activities of the brown alga,
Fucus furcatus; the green alga, Enteromorpha intestinalis; and eel grass,
Zostera marina . Figure 2 shows the Zen specific activities for ghost
shrimp, Callianassa californiensis; sand shrimp, Crangon franciscorum;
and staghorn sculpin, Leptocottus armatus. Examination of the curves
indicates that more frequent sampling during May and June would have
increased the accuracy with which the curves were drawn. Theoretically,
the curves should be concave with initial loss occurring rapidly as the
faster compartments of the organisms exchange 65Zn and Zn with the
environment. However, there are insufficient datum points to discern
such trends.

-
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The rate of 65Zn specific activity loss in plants is influenced by
radioactive decay, biological turnover, and, possibly, continued avail-
ability of 65Zn from the sediments either directly or via the water. The
same processes, plus consumption of radioactive food, influence the radio-
activity loss rate in animals. Ecological half-lives varied from about 36
days for the brown algae to approximately 54 days for eel grass based on
graphical interpretation of the curves. The values for green algae were
too variable to estimate a rate.

In Table 1 are listed the ecological half-lives for 65Zn estimated
by graphical interpretation of the curves in Figures 1 and 2. For com-
parison, other ecological half-lives of 65Zn in organisms from Alder
Slough on the Columbia River Estuary observed in the summer of 1966
when the Hanford reactors were shut down for 45 days are included.

Table 1

Ecological half-lives of 65Zn in organisms from Willapa Bay, Washington
and Alder Slough, Oregon (Renfro, in press).

Green algae (ti 17) ('`' 8)

Brown algae 36

Eel grass 54

Sand shrimp 45 68

Ghost shrimp 42

Amphipods 50

Shiner perch 50

The green alga, E. intestinalis, had an ecological half-life for 65Zn
very roughly estimated from the rate of decline during late May and June
to be 17 days. In Alder Slough during the summer of 1966 this plant de-
clined in 65Zn specific activity with a half-value time of about 8 days.
Therefore, it appears to have a rapid biological turnover rate.

Ecological Half-life in Days
Willapa Bay 1969 Alder Slough 1966

The sand shrimp, Crangon franciscorurn, is the only other organ-
ism common to both areas for which Zn ecological half-lives are avail-
able. The 45 day ecological half-life for sand shrimp in Willapa Bay was
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shorter than that of 68 days estimated for this animal in Alder Slough. On
the other hand, the Willapa Bay shrimp lost 65Zn specific activity at a
slower rate than two individual sand shrimp observed in the laboratory
which had effective half-lives of 26 and 30 days.

It is noteworthy that the ecological half-lives of 65Zn in Willapa
Bay organisms during the spring and summer of 1969 were not very differ-
ent from those of Alder Slough biota in the summer of 1966. Discounting
the algae, which have very rapid turnover rates, all ecological half-lives
from both ecosystems ranged only from 36 to 68 days. These times stand
in contrast to the ecological half-life of 139 days for starry flounder in
Alder Slough in 1966 (Renfro and Osterberg, 1969) and the effective half-
life of 135 days for oysters in Willapa Bay during 1963-5 (Seymour, 1966).
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SPECIFIC ACTIVITY OF FISH ORGANS RELATED TO BLOOD

by William C. R enfro and Norman Cutshall

Simple, first-order kinetic equations relating specific activity in
an organ to specific activity of radionuclide source and residence time in
the organ have been derived. These equations are similar in form and
may be transformed to other such equations derived by numerous authors.
For a steady state, first order system:

Sc = Si (1 -ATE)
1Sc = Si ( I )

where Sc = specific activity of the organ

Si = specific activity of the source

A = the radioactive decay constant

TE= effective average residence time
of radioisotope in the organ

TB = average residence time of stable isotope in the organ

For present considerations we are considering blood (in fishes) to
be the radionuclide and trace element source for the various organs. The
model can be tested by measuring specific activities of blood and of organs
and by separate determination of average residence times in the organs.
This summer we intend to analyze several fish and estimate individual
organ residence times for Zn. These will probably be carp, an endemic
species with sufficient blood for 65Zn analysis. If the variability in resi-
dence times from fish to fish for given organs is not too great, we will
then attempt to transplant Columbia River carp into a non-tagged environ-
ment and directly determine elemental residence times.
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SPECIFIC AC TIVITIES IN FRESHWATER CLAMS

by John Carlson, William Renfro and Norman Cutshall

We have previously reported that the freshwater clam Anodonta
wahlamatensis is unusually high in 59Mn. Anodonta and at least some
other members of the Family Unionidae (c. f. Genus Unio) are known to
concentrate manganese to levels much higher than found in most organisms.
We are studying turnover rates for 65Zn and 54Mn in Anodonta. Cross-
transplant experiments between the Columbia and Willamette Rivers,
now underway, will allow determination of uptake and loss rates. We
expect to be able to compare rate constants based on a first-order kinetic
model. In addition, Columbia River clams will be dissected and the
specific activity of various organs measured. Organ specific activities
will then be compared to organ turnover times.
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DETERMINATION OF 65Zn SPECIFIC ACTIVITY IN VARIOUS TISSUE
OF THE CALIFORNIA SEA MUSSEL, MYTILUS CALIFORNIANUS,

FROM STATIONS ALONG THE PACIFIC COAST

by I. L. Lar s en

During June and July of 1967, specimens of the California sea
mussel, M. californianus were collected from six stations along the
Pacific Coast (Fig. 1). The distance between these stations ranged from
113 to 145 km. Table 1 summarizes the collection data.

The mussels were collected randomly from rocks within the sampling
area, placed into plastic sacks, and then stored in a styrofoam chest con-
taining dry ice. Upon return to the laboratory the samples were stored
in a deep freezer until ready for processing.

The frozen mussel samples from each area were dissected into
mantle, foot, viscera, muscle, reproductive organs, and gills. A drying
and pre-ashing chamber (Fig. 2) was used to remove the moisture from
the samples prior to ashing in a muffle furnace at 450 C. The ashing time
was at least eight hours or until a gray-white ash was obtained. When the
ashing was completed, the samples were allowed to cool in a desiccator
and then weighed. The samples were next dissolved in hot concentrated
(8 M) nitric acid.

Samples for environmental 65Zn analysis and neutron activation
analysis were placed in tared 8 ml polyethylene vials, diluted to a constant
volume (geometry) with 8 M nitric acid, then heat sealed and radio-analyzed
in a 12.7 x 12.7 cm (5 x 5 inch) NaI(T1) well-type crystal coupled to a
Nuclear Data 512-channel analyzer. Counting times ranged from 100 to
800 minutes depending on the level of radioactivity in the aliquot. After
counting, the samples were stored until ready for neutron activation.

These samples, along with appropriate standards and blanks, were
placed in a rotating rack in the TRIGA reactor and activated with thermal
neutrons for two hours. The flux was specified to be square waved.
Following the activation period, the samples were stored for several months
in order to allow short-lived halflife radionuclides to decay. Following
the cooling-off period, the samples were again analyzed for 65Zn in the
same NaI(T1) well detector and the counting data reduced by nonlinear
least squares program on a CDC 3300 computer. This program contained

;< Graduate student research supervised by Dr. Renfro
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Westport Jetty

Tillomook Head

Yoquina Head

Cope Arogo

Harris Beach
State Park

Patrick's Point
State Park

Fig. I. Sampling areas
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FIGURE 2. DRYING AND PREASHING CHAMBER (modified
from Thiers, 1957, p. 279).
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standard spectra of radionuclides which were present in the activated
samples. Figure 3 shows spectra obtained prior to and following nuetron
activation.

In addition to the neutron activation analysis, portions of the ash
solution were also analyzed for stable zinc by atomic absorption spectro-
photometry.

The results of these analyses are given in Table 2. 65Zn specific
activities have been calculated from the environmental 65Zn determination
and stable zinc by neutron activation. During storage, evaporative loss
may have affected some of the ash solutions which were later analyzed
by atomic absorption spectrophotometry and therefore the results by
neutron activation are more likely to be correct.

Table 1. Collection data - locations of stations and sample sizes

Collection Area
and Date

Distance from
Columbia River

(mi) km

Number of
specimens
analyzed

Size range and
average length
of specimens (cm)

Westport, Wash. (48) north 10 9. 8-15. 2
7 July 1967 77 11.9

Tillamook Head, (19) south 12 7. 8-10.0
Ore. 31 8.9
6 July 1967

Yaquina Head, Ore. (108) south 16 8.4-11.8
6 July 1967 174 10.0

Cape Arago, Ore. (208) south 14 10.6-12. 7

29 June 1967 334 11.5

Harris Beach (293) south 20 6. 8-9.1
State park, Ore. 470 7. 8
29 June 1967

Patricks Point (357) south 21 5.5-8.1
state park, Calif. 5 76 6.4
28 June 1967



Table L. Concentrations of 65Zn and total zinc in mussels from the coasts of Washington, Oregon, and California.
Values in each horizontal line represent: 65Zn specific activity (total zinc by neutron activation), 65Zn,
Total zinc (by neutron activation), Total zinc (by atomic absorption spectrophotometry), respectively.

+ % indicates the estimated overall coefficient of variation at the 95%confidence level.

Collection Muscle Foot Mantle Gills Reproductive Viscera
Area Organs

Westport, Sp. Act. nCi/g Zn 755. 7.78% 846. 1 9. 22% 712. + 10.6% 751. + 7.96% 846. 8. 14% 748.1 11. 1%
Wash. 65Zn pCi/g ash 466. 3.32% 325.1 5.46% 92.6 1 4.79% 347. 2.67% 264. 2.54% 345. 1 2.70%

Zinc(NAA) ug/g ash 617. _ 7.037, 384. 77.437. 130. 9.44% 462. 7.49% 312. 7. 7317. 461.1 10.8%
Zinc(AAS) ug/g ash 733. 74.31%, 444. 1 4,36% 143. ± 6.44% 551. 76.28% 351. 6.60% 542. , 3.75%

Tillamook Sp. Act. nCi/g Zn 785. + 11.6% 835. } 10. 2% 759. 14.9% 798. 8.45% 909. 6. 22% 766. 10.4%
Head, Ore. 6 5Zn pCi/g ash 413. 1 8. 84016 465. 6. 35% 123. 12.9% 443. + 3.91% 571. 1.91% 441. 6. 12%

Zinc(NAA) ug/g ash 526. + 7.46% 557. 7.94% 162. 1 7.34% 555. + 7.49% 628. 5.92% 576. + 8.38%
Zinc(AAS) ug/g ash 652. 73.80% 715.1 3.86% 165. + 7.39% 612. 6.20% 719. 2.38%. 674. _ 5. 79%

Yaquina S. Act. nCi/g Zn 140. + 22.8% 176. -'- 36.4% 163. + 32. 1% 186. + 15.5% 231. + 13.0% 206. + 16.3%
Head, Ore. 55Zn pCi/g ash 72.8 1 21.8% 42.0-1 35.9% 20.4 7- 30.0% 37.1 1 13.4% 78.1 + 9. 17% 84.8 13.8%

Zinc(NAA) ug/g ash 520. -!- 6.65% 239. + 5.83% 125.1 11. 3% 200. + 7.90% 338. 1 9. 20% 411. + 8.66%
Zinc(AAS) ug/g ash 570. + 4. 16% 256. 7. 87% 133. 8.40% 210. 7. 11% 369. G 5.99% 455. 1 4.45%

Cape Arago, Sp. Act. nCi/g Zn 50.1 1 88.6% 75.0 , 110-% 77.0 + 63. 8% 50.6 + 76.9% 116. 1 18.5% 72.3 + 21.9%
Ore. 65Zn pCi/g ash 27.3 1 88.4% 18.9 7 110.% 12.7 - 63.5%a 7.64 + 76.416 30.6 17.4% 69.4 1 20.4%

Zinc(NAA) ug/g ash 545. + 5.64% 252. 8.95% 165. + 6.38% 151. + 9.02% 263. 1 6.32% 961. 8. 10%
Zinc(AAS) ug/g ash 614. '- 6.94% 275. 6.18% 121. + 7.43% 162. + 6.99% 224. + 8.34% 1250 - 5.47%

Harris Sp. Act. nC i/ g Zn 42.7 1 134.19 56.6 99.0% 57.3 1 128. To 11. 1 1 145. 0/6 13.1 + 110. % 53.0 1 86. 1%
Beach, Ore. 65Zn pCi/g ash 21.4 1 133. % 26.0 + 98. 8% 8.77 + 128. % 4.87 + 145. % 5.74 + 110. % 23.8 1 83.9.%

7inc(NAA) ug/g ash 501. 7.04% 459. 7 6.77% 15q. 7 R.53% 43R. + 13.0% 437. + 9. 31% 449. ' 19. 2%
Zinc(AAS) ug/g ash 534. _ 2.55% 1360 - 6.45% 173. + 4. 16% 435. 2. 72% 446. - 2.45% 448. = 7. 24%

Patricks Sp. Act. nCi/g Zn 7.81 1040% 32.7 , 318. % 62.0 + 171. % Z. 17 1210% 70. 1 1 204.72.8 75.9%
Pt. Cal. 65Zn pCi/g ash 3.69 '- 1040% 18.2 1 318. % 9.18 + 171.% .906 + 1210% 24.1 + 204.% 29.7 75.3%

Zinc(NAA) ug/g ash 478. 7.83% 556.1 8.52% 148. + 9. 79% 418. - 8.48% 344. + 8.49% 408. 9. 23%
Zinc(AAS) ug/g ash 535. 2.44% 593.7 2.52% 144. -, 5.93% 478. + 5.45% 413. 1 6.08% 527. 6. 39%
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The data in Table 2 contains some interesting results. Specific
activities of the various tissues tended to cluster about each other for a
particular station while the values themselves decreased with increasing
distance from the Columbia River. The latter affect is attributed to the
lower amount of radioactivity associated with the increased distance of the
collecting areas from the Columbia River. Similar results of the decrease
in radioactivity decreasing southward from the Columbia River has been
previously recorded by Watson, et al (1961, 1963) and Seymour and
Lewis (1964).

Tissues which ;..ere generally high in radioactive 65Zn were also
high in total zinc. Likewise, tissues containing low amounts of 65Zn
also contained low amounts of total zinc. This can be seen be contrasting
tissue such as the muscle and mantle from Tallamook Head, Oregon.
Since the uptake of zinc includes both radioactive as well as stable zinc,
the tissues should have approximately the same 65Zn specific activity if
the turnover times were similar. Since most radionuclides in seawater
are concentrated by marine organisms, a steady state should exist between
the concentration in the tissues and body fluids and the seawater, and the
levels of this steady state will vary with body fluid and tissue (Mauchline
and Templeton, 1964). Because of the error term in the measurements
tending to mask any real differences between the means of these specific
activities, the agreement of the 65Zn specific activity values for the
various tissues from a given sampling area may or may not reflect
different turnover rates of zinc in these various compartments.
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MERCURY -203 IN COLUMBIA RIVER ORGANISMS

by Norman Cutshall and William Renfro

Interest in mercury contamination of fresh and saline waters has
recently intensified. Implication of mercury compounds in "Minimata
Bay disease" and discovery of surprisingly high concentrations of mercury
in fish from the Great Lakes and the Baltic Sea are reasons for this con-
cern. Although we know of no previous report of Hg-203 in the Columbia
River we suspect its presence. If present in sufficient quantity, this
isotope may be helpful in studying environmental mercury cycles. We
have therefore devoted a small effort to searching for this nuclide.

Thus far we have analyzed 4 samples with one positive result.
Metallic mercury was isolated, using carrier, from 1 kg wet weight of
fresh water algae collected near McNary Dam. This isolate contained
radioactivity which decayed with a half-life of 45 t 8 days. The only
gamma radiation identified is 0. 28 Mev in evergy. Hg-203 has a half-life
of 47 days and emits 0. 279 Mev gamma rays. The concentration in our
sample was about 20 pCi; gram wet weight of algae when collected.

Another sample of aquatic plant and a sediment sample will be
analyzed for Hg-203.
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C. NEKTON ECOLOGY

GROWTH AND REPRODUCTION OF THE
LANTERNFISH, Stenobrachius leucopsarus*

by William Smoker** and William G. Pearcy

ABSTRACT: Growth and reproductive patterns of the common lantern-
fish Stenobrachius leucopsarus are described by length frequency analysis,
otolith analysis and examination of ovaries. Length frequency analysis
showed that growth is approximately linear, 1. 59mm standard length per
month, during the second, third, and part of the fourth year of life. Year-
old fish average 23mm long; two-year and three-year old fish average
41 mm and 59mm respectively.

Otolith analyses indicate that some fish may live to be eight years
old, but confidence in this method is limited to fish five years old or
younger. Fitting mean lengths of age groups defined by otolith analyses
with the von Bertalanffy equation gave L - = 85mm, k = 0. 34. Back
calculation of lengths at the time of formation of otolith annuli gave
another set of estimated mean lengths of age groups which fitted by the
von Bertalanffy equation describes a growth curve similar to the one de-
scribed by otolith analyses. The inflection in growth in weight occurs at
about age four years.

Time of spawning, determined from egg measurements, occurs from
December to March. Reproductivly mature individuals are four years old
and older. Recruitment of young size groups is also seasonal, 20-25mm
individuals appearing in largest proportions in trawl samples in the winter,
presumably about eight months after spawning.

Comparison with other studies indicates that spawning may occur
earlier in Monterey Bay, California, than off Oregon, but growth rates
and sizes of age groups I-V are similar. Comparisons with published
results of otolith analyses show similar age determinations for the
smaller size groups.

Submitted for publication to the Journal of the Fisheries Research Board
of Canada.

Present address: USCGC STORIS, Fleet Post Office, Seattle,
Washington.
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INTRODUCTION

Stenobrachius leucopsarus (Eigenmann and Eigenmann) is an abun-
dant mesopelagic myctophid fish in the North Pacific Ocean. Aron (1962)
reported it as the most abundant and most frequently caught fish in mid-
water trawl samples north of 45 ° N in the Pacific. Its zoogeographic
range in the North Pacific extends north of about 35 ° N, into the Gulf of
Alaska and the Bering Sea (Parin, 1961). Paxton (1967) called the species
Transitional-Subarctic in its water mass associations and presented further
evidence for correlating its distribution with Subarctic Water.

The vertical distribution of S. leucopsarus is affected by the verti-
cal stratification of water masses (Paxton, 1967; Aron, 1962), its onto-
genetic development, and its vertical migrations. Fast (1960) and Ahistrom
(1959) reported that S. leucopsarus larvae are concentrated in the upper
100m, localized particularly around 30-40m. Fast's daytime observa-
tions in Monterey Bay, California, suggest that metamorphosis takes
place at 400-500m, juveniles rise to 200-300m, and the fish gradually
seek lower levels with increasing age. Taylor (1968) also indicated that
during daytime, large individuals may occupy deeper levels than small
individuals (455-505m vs. 230-275m). During vertical migration, S.
leucopsarus has also been associated with vertically migrating sound
scattering layers (Taylor, 1968; Barham, 1957).

This paper describes growth, age, and season of spawning for S.
leucopsarus off Oregon. Such knowledge is important to an understand-
ing of the mortality, productivity and ecology of a population.

Some information is available concerning age and growth of S.
leucoopsarus, but comprehensive data have not been published. Bolin
(1956) and Fast (1960) determined growth by examining length frequency
distributions from samples taken in Monterey Bay, California. Fast de-
scribed a protracted spawning period from occurrence of larvae and
mature females in these samples. Kulikova (1957) described growth by
analyses of otoliths from 46 specimens collected in the Bering and Okhotsk
Seas and the Kuril-Kamchatka trench.

METHODS

Sampling

Fish used in this study were collected with a six-foot Isaacs-Kidd
midwater trawl (Isaacs and Kidd, 1953; Aron, 1962) equipped with a 5mm-
mesh liner and a 0. 57mm-mesh cod end. The trawl was equipped with a
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Depth-Distance Recorder, a pressure sensor and propeller driven device
which records distance travelled vs. depth on a smoked glass slide (see
Pearcy and Laurs, 1966).

Oblique tows of the trawl during nighttime hours were made to
approximately 200m depth at about monthly intervals from February 1964
to July 1967 at stations on a line running west from Newport, Oregon
(latitude 44°39'N). Stations 15, 25, 45, and 65 nautical miles from shore
were occupied regularly. Stations as far as 450 miles from shore were
sampled less frequently; one or more of these offshore stations was
sampled in about one-third of the months. Normally one tow, sometimes
two but infrequently more, were made at a station. At stations 15 and 25
miles from shore the trawl was towed to depths less than 200m because
of the shallowness of the water at these stations.

Specimens were fixed in 10% formalin in sea water at sea; later
they were transferred to 36% isopropyl alcohol in the laboratory.

Determination of reproductive state

Gonads were dissected from fish collected between July 1964 and
November 1965. All available fish longer than 60mm were examined.
Fish longer than about 40mm had gonads which could easily be categor-
ized as either ovary or testis. Testes were lobate, white in color, and
seminal vesicles were seen in more mature males at the posterior con-
fluence of the seminal ducts. Ovaries were skeins of opaque yellow eggs,
ranging from 0. 05mm to 0. 70mm in diameter.

Mean egg diameter was used as an index to reproductive state. At
least ten eggs were measured per ovary. The size distribution of developing
eggs was similar in various parts of the ovary. When large, developing
eggs were in a matrix of small (less than 0. 10mm) eggs, only large eggs
were measured. When two sizes of developing eggs (greater than 0. 10mm)
were found in an ovary, ten eggs of each size were measured to give two
mean egg diameters for the fish.

Age determination: length frequency analysis

Fish were measured (standard length) to the nearest millimeter,
grouped into five-millimeter length categories, and the numbers of fish
in each length category from all the tows during the given month were added
together. Only fish greater than 20mm in length were recorded in this
part of the study because 1) the 20-25mm length category is represented
by the greatest numbers found for any length category, hence is probably
the smallest size that is sampled adequately and 2) according to Fast
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(1960), Pertseva-Ostroumova (1964), Ahlstrom (1963), and our own
observations, S. leucopsarus larvae metamorphose at about 18mm length.
Thus 20-25mm fish are the youngest juvenile fish.

The probability-paper method of graphical analysis of polymodal
distributions, first suggested for aging members of a population by
Harding (1949), was used to analyze length frequency distributions. This
method not only helps to separate overlapping size groups but also gives
an estimate of the mean, standard deviation and standard error of the
mean for each size group.

Otolith analysis

Saccular otoliths were dissected from frozen fish, dried, immersed
in xylene and examined under a dissecting microscope at 66 magnifica-
tions using both transmitted and reflected light. Alternate use of both
kinds of light aided the deciphering of the layers in larger otoliths.
Annulus diameters were measured with an ocular micrometer along the
longest dimension of the otolith.

RESULTS

Reproduction

The season of spawning and the size (hence age) at which S.
leucopsarus matures were estimated primarily from egg diameters and
changes in reproductive state and secondarily from pulses in the recruit-
ment of small fish.
"universal scale":

Stages of gonad maturity followed Nikolsky's (1963)

Stage I. No eggs visible, not distinguishable as
an ovary.

. Stage II. Less than 0. 10mm, eggs are yellow, opaque.

Stage III. IIIa 0. 10-0. 20mm
IIIb 0.20-0.40mm eggs are yellow

IIIc 0.40-0. 60mm and opaque

Stage IV. Greater than 0. 60mm, eggs are translucent,
granular, and grey containing globular
yellow bodies.

The maturity stages of fish in different length categories during various
months of the year are entered in Table 1. When ovaries had two sizes
of developing eggs, the stage of maturity indicated by the larger eggs is
rioted. During 1964-1965 females greater than 40mm in length were all



Table 1. Maturation stages of S. leucopsarus during 1964-1965

Length July- Oct. Nov. Dec. Jan. Feb. Mar. Apr. May- Oct. NO,,,,
(mm) Sept. 1964 1964 1964 1964 1965 1965 1965 1965 Sept. 1965 196

1965

91-95 (1)11 (1)IIIc

86-90 (2)II

81-85 (3)11 (1)11 (2)IIIb (1)IIIc (4)IIIb (1)IIIb (2)11 (5)11 (1)IIIb

(1)IIIa (4)IIIc (2)IIIc

76-80 (1)11 (2)IIIb (2) IIIb (2)IIIc (1)IIIb (1)IIIb (2)II (10)11 (1)IIIkh

(1)IIIa (1)IIIc (1)IIIc (1)IIIc

(1)IIIb (1)IV

71-75 (1)IIIb (1)IIIb (4)IIIb (1)IIIb (4)IIIb (2)IIIb (1)IIIa (11)II (1)II
(1)IIIc (1)IIIc (1)IIIb

6 6 - 70 (1)11 (1)11 (2)II (2)II (1)11 (2)IIIa

(1)IV

(4)11 (1)IIIa (7)11 (1)I1 (1)11

(5)IIIb (5)IIIb (1)IIIb (1)IIIb (3)11 (1) IIIa

61-65 (1)11 (3)11 (4)11 (6)11 (1)IIIa

(1)IIIc

(4)11 (1)II (3)11 (3)11 (1)11

41-60 (2)II (9)11 (5)11 (21)II (9)11 (3)11 (12)II (15)11 (15)11 (14)11 (2)TI
(3)1

20-40 (10)I

Arabic numerals in parentheses indicate the number of fish examined for each entry.
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in Stage lI until October when fish longer than 65mm began to reach
Stage III. Stage III fish occurred from October to April. Only two ripe
fish (Stage IV) were observed, one each in December and March. By
April 1965 only Stage II and early Stage III fish were found. From May
to September 1965 only Stage II fish were noted.

These results suggest that 1) S. leucopsarus becomes reproduc-
tively mature when it reaches about 65mm length (later results indicate
that this length corresponds to four years of age), 2) maturation of
gonads begins in October and 3) spawning occurs between December and
March.

The occurrence of ovaries with two sizes of developing eggs was
high in December, January, February, and intermediate in March
(Table 2). Such ovaries were not found between March and December.
Since no large eggs were observed in fish collected during summer months
the two sizes of eggs in an ovary do not indicate two years spawn. More
than one spawning during the same season is also unlikely because the
decline in occurrence of ovaries with two sizes of eggs coincided with the
general decline in occurrence of ripe females in March and April. The
smaller eggs are probably either expelled as immature gametes during
spawning or are resorbed (see Nikoldky, 1963).

Recruitment of young fish 20-25mm in length into trawl samples
is also seasonal (Fig. I). This is additional evidence for seasonal spawn-
ing: If spawning were spread over all seasons it would be expected that
recruitment of young fish would continue throughout the year.

Growth

The average growth of S. leucopsarus was described by three
methods: (1) the increase in mean length of year classes from successive
samples, (2) the mean lengths of fish aged by otolith analysis, and (3) back-
calculating the lengths of fish in different age groups from the diameters
of otolith annuli. In all methods a regression curve was fitted to the mean
lengths.

Length frequency analysis

Length frequency analysis is based on the tendency for the lengths
of fish of one age to form a normal distribution; thus in a sample of a
population each peak or length class corresponds to an age group. This
method assumes that 1) spawning of year classes be isolated enough in time
so that the length frequencies of succeeding year classes do not overlap
too much; 2) members of a year class all experience roughly the same
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Table 2 Percent of females greater than 65 mm in length with two
sizes of eggs in ovaries.

MONTH
(year)

PERCENT WITH
OVARIES WITH

TWO SIZES
OF EGGS

NO. FEMALES
OBSERVED

NO. RIPENING
FEMALES
OBSERVED

July 0 5 0

(1964)

August 0 1

(1964)

October 6 4
(1964)

November 0 5 3
(1964)

December 28 21 19
(1964)

January 40 10 10
(1965)

February 42 19 18
(1965)

March 14 14 9
(1965)

April 10 2
(1965)

June 0 ;3 0
(1965)

July 19 0
(1965)

August 0 3 0
(1965)

0

0

0



60-

20-

M

to

A7, , '21 1

F M A M J J A S 0 N D
/964

00
M

N

to

J F M A M J J A S O N D
/965

000
N

J F M A M J J A S 0 N D
/966

J F M A M J
1967

Fig. 1. Percent recruits (20-25 mm fish) in monthly midwater trawl
samples. Numbers inside bars are the. total number of S.
leucopsarus in the sample.

80-

40-!



71

growth conditions so that the length frequency distribution of a year class
is not polymodal; and 3) all year classes are represented in the samples
well enough that incorrect ages are not assigned to length classes due to
the absence of one or more year classes in the sample (Rounsefell and
Everhart, 1953).

Graphical analyses of monthly samples gave estimates of length
class means and their standard errors (Fig. 2). Recruitment of juveniles
occurs in the early months of each year, and each year class is discernible
until sometime between its third and fourth birthday. The mean lengths
less than 70mm for each year class were superimposed on a common time
scale using January of the year following spawning for each year class as
the intitial point. Linear regression of length with time gave:

Length = 20.78 + 1. 59X
r = 0.98

where r is Pearson's correlation coefficient and X is months numbered
beginning with January of the year following spawning and length is in
millimeters. This line is drawn in Figure 2 as a reference line by
repeating it with the same slope and "January intercept" for each of the
year classes represented. Attempts to fit a curvilinear relationship to the
mean lengths of age groups I-III using computer techniques were unsuccessful
because the means too closely approximated a straight line.

Comparison of the year classes to this reference line shows that
growth of S. leucopsarus is approximately linear during the second, third
and fourth years. Growth rates are similar. Each year class passes
through the same length categories during the same months of the year.

Otolith analysis

Otoliths consist of alternately opaque and translucent concentric
layers. Age can be determined if an annular pattern of alternation of
these layers exists, the number of alternations giving the fish's age.
Such a pattern is demonstrated for S. leucopsarus in Table 3: the
largest percentages of otoliths with opaque peripheries occurred during
summer months, the largest percentages with translucent peripheries
during winter. The reason that no month showed 100% opaque perpheries
is that the otolith margin may appear to be translucent because of its
thinness even though an opaque layer is forming.

Translucent layers are forming on otoliths during January,
approximately the time of spawning of S. leucopsarus (Table 3). The
outermost edge of opaque layers, however, is the most conveniently
measured annual demarcation in otolith structure. These are called
"annuli" even though their formation does not coincide with the birthdays of
the fish. Opaque layers are formed in summer about six months before
the corresponding birthday.
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Table 3 Percentage of otoliths with translucent and/or opaque
peripheries during various months of the year.

Month Percent Percent Percent Number
(year) Translucent Opaque/ Opaque Examined

Translucent

January
(1966)

February
(1966, 1969)

April
(1966)

June
(1966, 1969)

October
(1965, 1968)

100 0 0 2

70 18

62 13

27 32

43 31

November 95
(1968)

December 71 0

(1966)

22

25 28

5 38

29 21

13 55

25 8

41

0
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The opaque core of the otolith was considered to be deposited during
the first year of life. Fish belonging to the recruit length category (20-25mm
have an otolith consisting of an opaque center surrounded by some
translucent material. Based on our length frequency data (Figs. 1 and 2)
and those of Fast (1960), these individuals are about one year old.

Although otolith analyses indicated some fish may be seven or eight
years old, otoliths from fish older than five years could not be analyzed
with reliability owing to the merging of peripheral annuli. Photographs
of otoliths from age groups I - IV with both translucent and opaque peri-
pheries are shown in Figure 3.

The mean lengths of age groups of fish aged by otoliths were fitted
to the von Bertalanffy equation (von Bertalanffy, 1938) (Figure 4a) giving
these etimates:

L°°=84.96, S.E. =2.79
L cO -Lo = 79. 32, S. E. = 3.12
k - 0. 34, S. E. = 0. 044.

Thus

Where

Length = 84.96 - 79. 32e -0. 34 Age

variance = 3. 06

LX = the length at age X
L0 = the asymptotic length
Lo = the length at age zero
e = the base of the natural logarithms
k = the rate at which length approaches

the asymptote
X = age in years

Age groups V, VI, and VII were included. Though confidence in
these age determinations is less than for the first four age groups, the
mean lengths of fish in these age groups are consistent with the trend
established by the younger age groups.

Back calculation of age group lengths

Diameters of otolith annuli were used to compute lengths of fish at
earlier ages by deriving a formula relating the logarithm of annulus dia-
meter to the logarithm of standard length (see Rounsefell and Everhart,
1953).

Mean lengths of age groups I - IV calculated by this method were
fitted to the von Bertalanffy equation (Fig. 4b) giving these estimates of
the parameters:
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Fig 3. Photographs of Stenobrachius leucopsarus otoliths.
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NO. OBSERVED
(40) (59) (53) (/6) (8) (6) (4) (5)

2 3 4 5 6 7 8

AGE (years)

NO. OBSERVED
(146) (//7) (63) (20) (8)

I 2 3 4
AGE (yc ors)

I
5

Fig. 4a. Means and standard deviations of lengths in otolith analysis
age groups.

Fig. 4b. Means and standard deviations of lengths of age groups back-
calculated from otoliths. Curves fitted using computer program
CURVFIT at Oregon State University.
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Thus

L oo = 7 5. 01, S. E. = 5. 00
L °O -Lo = 84. 17, S. E. = 3 01
k = 0. 377, S. E. = 0. 0629

Length = 75. 01 - 84. 17e-0. 377(Age)
variance = 1.468

Synopsis of growth determinations

The three growth curves, derived from length frequency analysis,
otolith analysis, and back calculations, are superimposed in Figure 5.
Agreement among the curves is good.

Growth in weight

Fish from which otoliths were to be removed were dried to a con-
stant weight on glass slides in an oven at 65°C (three or four days),
scraped from the slide and weighed to the nearest milligram. Linear
regresssion of the logarithm of weight on the logarithm of length gave:

log Weight (grams) = 2. 898 + 3. 595 log Length
(centimeters)

or Weight (grams) = 0. 001264 (Length) 3. 595

The growth curve obtained from otolith analyses is transformed
into growth in weight in Figure 6 by this relationship.

DISCUSSION

Fast (1960), in his comprehensive study in Monterey Bay, California,
found growth and reproduction patterns similar to those off Oregon (Fig. 7).
He found ripening females during the entire year but concluded that spawn-
ing is seasonal in intensity from the seasonal variation in abundance of
young size groups. Spawning occurred from November through August,
compared with October through March off Oregon.

Fast estimated that age group I fish (in their second year) average
32mm standard length, age group II 50mm, and age group III 66mm.
These estimates agree precisely with the regression line fitted to length
frequency data from Oregon collections (Fig. 8). Although Fast did not
assign ages to large fish, examination of his data suggest that age group
IV fish are about 72mm and age group V are about 76mm. These estimates
agree fairly well with our growth curve based on otolith analyses.
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Kulikova (1957) examined otoliths from 46 S. leucopsarus collected
in the western North Pacific. For comparison, the von Bertalanffy
equation was fitted to the mean lengths of age groups in Kulikova's study
(Fig. 8). The estima. to of L- (1 1 1 mm) is much higher than in this study,
the estimate of k(0. 29) somewhat lower. Kulikova's age estimates are
similar to ours and those of Fast for the first three years of growth but
they indicate faster growth for age groups IV and V (Fig. 8). Her estimates
and Bolin's (1956) are similar for age groups I - IV.

This discrepancy in size and growth of older fish as well as Fast's
failure to age large fish is significant in pointing out the difficulty in
assigning ages to large fish. Neither method, length frequency analysis
nor otolith analysis, provides an entirely confident determination.
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COMPARATIVE ZINC RADIOEC OLOGY OF BENTHIC FISHES

by H. Vanderploeg

This is a study of the differences in zinc-65 specific activity (S. A. )
observed among species of benthic fishes of Oregon's continental shelf.
Zinc assimilation rates for two ecologically dissimilar species will be
estimated using a model that describes the change in S.A. of the fish as
a function of the S.A. of its prey and of a the assimilation rate of zinc
per body burden of zinc. Food chain uptake for for zinc, an implicit
assumption in the model, is strongly supported by the results of Hoss
(1964) and Baptist and Lewis (1969).

It can be demonstrated that a is mainly a function of size and of
growth rate. Thus the different values of S. A. observed among the
different species can be correlated with three clearly measureable
variables:

1. Size
2. growth rate
3. S. A. of diet

The model will be employed to estimate zinc assimilation rates for
Lyopsetta, a small crustacean-eating flounder, and for Microstomus, a
large flounder that preys on infauna. The information gained from these
ecologically dissimilar species will aid in assessing the import of each
of the above three variables.

Monthly otter trawls at a single station 25 miles off Newport are
made to collect the several species of benthic fish used in this study.
Radioanalysis of Microstomus and occasionally Lyopsetta stomach con-
tents are also made. To augment the stomach-content data for Lyopsetta,
mid-water trawls are being made monthly in order to capture euphausids,
a major prey of Lyopsetta. In addition, sampling is carried out quarterly
at a station closer to the Columbia River, 25 miles off Tillamook Head,
to examine the effect of geography on S.A. dynamics of all the species
c oic erne d.

Some results that are presently available from this study are shown
in the table for Sebastolobus.

A report of graduate student research supervised by Dr. Pearcy
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Sebastolobus caught at the 800 m depth off Tillamook Head, 13 July 1969

Number in
Average wt.
of fish in

µg Zn
per wet

pCi Zn
per wet

S. A.

Species Sample sample (g) weight (g) weight (g) p.Ci/gZn

S. altivelis 42 5.0 10.41 . 161 .0154
S. altivelis 23 16. 1 9.59 .109 .0113
S. altivelis 10 48. 1 8.57 .082 .0095
S. altivelis 5 111.9 8.26 .080 . 0096
S. altivelis 2 166.9 7.72 .070 .0091
S. altivelis 2 248.6 5.45 .053 .0097
S. alascanus 1 573. 0 6.62 .036 .0046
S. alascanus 1 761.3 6.56 .027 .0040
S. alascanus 1 983.2 6.33 . 026 .0041

With order of magnitude increase in weight of each species, both
zinc concentration and specific activity decrease significantly. Assuming
that the fish generally remain in the environs of the station where they
were collected, a , as affected by size and growth rate, or diet, as
affected by size, is the likely explanation for this change. The relation-
ship between zinc concentration and weight may possibly be explained by
smaller a's for larger fish and/or, perhaps, the decreased availability
of zinc-binding sites in larger fish.
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SWIMBLADDERS AND BUOYANCY OF MYCTOPHID FISHES

by J. Butler *

Investigations of deep scattering layers have implicated fishes as
probable sound scattering organisms The gas-filled swimbladders of
fishes may resonate with the echosounder frequency. The resonant return
is stronger than that from an opaque scatterer of the same size. Fishes
of the family Myctophidae are abundant in mesopelagic waters Taylor
(1967)p Barham (1957) and others have shown that myctophids may be
common in sound scattering layers.

In conjunction with scattering layer investigations off Oregon, the
swimbladder morphology and the buoyancy of the ten species of myctophids
taken off Oregon are being studied. The species included are Stenobrachius
(Lampanyctus) leucopsarus, S. nannochir, Lampanyctus ritteri, L.
regalis, Diaphus theta, Tarletonbeania crenalaris, Protomyctophum
thompsoni, P. crockeri, Symbolophorus californiense, and Ceratoscopelus
townsendi.

Preserved specimens were dissected under a stereo microscope.
Histological sections were made of selected swimbladders. Both the
dissectiorsand cross sections indicated that the swimbladders of adult
myctophids of eight of the species did not contain gas. The swimbladders
of S. leucopsarus and S. nannochi - become invested with fatty tissue.
The juveniles of both species appear to have a functional gas-filled swim-
bladder, and as they grow longer the functional swimbladder regresses
while the fatty tissue enlarges. Adults of both species (>40 mm) have
no gas phase in their swimbladders.

The juveniles of L. ritteri, L. re alis, D. theta, and T. crenularis
appear to have functional gas-filled swimbladders. As these fishes grow
larger the wall becomes thickened with connective tissue and the gas gland
enlarges to fill the lumen. Adult L. ritteri (>50 mm), L. re alis
(>50 mm), D. theta (>45 mm) and T. crenularis (>50 mm) have reduced
bladders which do not contain gas.

Only a few large C. townsendi and S. californiense were available.
These large adults also have a reduced swimbladder.

Thin-walled capacious swimbladders were found in all sizes of P.
thompsoni, including the adults. Only a few p. crockeri were available

A report of graduate student research supervised by Dr. Pearcy
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in the collections. This species, like its congener, appears to have a
gas-filled swimbladder.

Fishes may use fat as a buoyancy mechanism since this material
is lighter than water. Lipids were extracted from frozen specimens
after drying. Most of the species with reduced or fat-invested swim-
bladders had high lipid contents. Four species, L. re alis, T. crenularis,
P. thompsoni and P. crockeri, had a low fat content. Lampanyctus
re alis is a flacid fish with reduced skeletal and muscular tissue. It
may require less buoyancy than the other species. Tarletonbeania
crenularis, however, has well-developed skeletal and muscular tissue.
It is an active myctophid and must swim constantly to maintain position.
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ZINC-65 IN PACIFIC HAKE

by William G. Pearcy and Jan Naidu

The Pacific Hake, Merluccius productus, is one of the most abun-
dant species of fish in the northeastern Pacific. It undertakes a north-
south migration along the coast. Adults move northward during the spring
and summer into Oregon and Washington waters and then return to waters
off California and Baja California in the winter. In addition to this latitu-
dinal migration, the bathymetric distribution of hake also varies with
season. In the Pacific Northwest hake are abundant in the continental
shelves whereas in their winter range, they reside in deeper water off-
shore (Nelson and Larkins, 1970; Grinols and Tillman, 1970; Alverson
and Larkins, 1969).

Because hake migrate into Oregon waters during the spring and
summer, we suspect latitudinal and seasonal variations in their zinc-65
content due to association with Columbia River waters. Rapid uptake of
zinc-65 by the migratory albacore off Oregon and Washington was found
by Pearcy and Osterberg (1968). Similar but even more pronounced
accumulation is expected in hake because they feed at a lower trophic level,
and the bulk of their diet consists of euphausiids (Alton and Nelson, 1970)
which are known to have relatively high concentrations of 65Zn off Oregon
(Osterberg, Pearcy and Curl, 1964; Osterberg, Pattullo, and Pearcy,
1964).

The cooperation of scientists of the U. S. Bureau of Commercial
Fisheries made it possible to test some of these ideas on radioactivity of
hake. They obtained samples of hake from the systematic collections
made by the Russian exploratory vessel DERYUGIN from 37°N to 47°N
during 1969. The BCF provided additional samples of hake from Oregon
and Washington. Whole hake were radioanalyzed after removal of stomach
contents.

Table 1 summarizes our results to date. Both the zinc-65 radio-
activity per gram ash and the specific activity of 65Zn of hake increased
dramatically from low levels off California to high levels off Oregon and
Washington. A large increase in zinc -65 activity was found between the
hake collected at 39° 161N and those collected at 40° 08'N. The highest
activities were from hake from 46° 17'N, the station nearest the mouth
of the Columbia River.

Hake from Puget Sound provided a background level for 65Zn. This
is a separate resident population that apparently does not migrate out of
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the Sound. No zinc-65 was detected in any of these hake, indicating again
the relationship between the Columbia River and its load of isotopes and
the 65Zn in marine organisms. Though counting errors were high (± 30%),
65Zn was found in amounts in hake off California which were detectable and
which were higher than the values for Puget Sound hake. The California
hake, therefore, accumulate 65Zn from the Columbia River. Zinc-65 is
either transported to these hake off California via the California Current
or hake accumulated 65Zn from exposure to Columbia River water off
Oregon during a previous annual migration to the north. Presumably any
65Zn from fallout would occur in the Puget Sound hake as well.
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Table 1. Zinc-65 Content, Total Zinc and Specific
Activities of 65Zn in Hake Collected along the West Coast of U. S. A. , 1969.

Latitude(N) Longitude(W) Date(1969) Size(mm) No. of Ave. pCi Total Zn gCi 65Zn/g ash
Fish 65Zn g ash ppm ppm Zn

370031 1220 38' 3 Aug. 465-500 10 1.0 358 .002

38°41' 123°45' 1 Aug. 305-343 8 1.0 380 .002

39° 16' 1230 45' 31 Jul. 309-435 5 1.1 478 .002

40° 08' 124° 20' 30 Jul. 414-460 6 6.3 373 .017

41° 32' 1240161 29 Ju 1. 421-526 12 8.3 476 .017

42° 23' 124°43' 27 Jul. 441-470 9 13.1 416 .031

43° 23' 124° 09' 26 Jul. 454-490 10 15.2 372 .041

46° 17' 124° 21' 16 Jul. 445-471 20. 7 473 .043

Pug et Sound 13 May 316-372 6 0.0 470

CO

6
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PESTICIDES AND RADIONUCLIDES IN ALBAC ORE TUNA

by W. Pearcy and R. Claeys ;<

Albacore tuna is typically an oceanic species found far from
continents. However, a portion of the North Pacific population intrudes
into nearshore waters during their annual migration into the northeastern
Pacific in the summer. Pearcy and Osterberg (1968) found that the zinc-
65 radioactivity and specific activity of 65Zn increase dramatically in
albacore caught off Oregon and Washington during the summer. This
increase was attributed to the Columbia River and its contribution of
radionuclides into these waters.

We reasoned that pesticide residues, such as DDT and its degrada-
tion products DDE and TDE, may also show similar increases in albacore
during the summer if the Columbia River water is an important source
of DDT. Conversely, if atmospheric winds, and not rivers, are the main
agents for DDT dispersal in the ocean, then albacore may show no enhance-
ment in these pesticides during the summer's residence off Oregon.

To test these alternate hypotheses, DDT-DDE as well as 65Zn were
analyzed from albacore collected in 1969. Pesticides concentrations
were determined from 25 individual samples by the O. S. U. Environmental
Health Sciences Center using gas chromatography. Zinc-65 was estima-
ted by gamma-ray spectrometry for 28 samples of albacore liver or flesh.

Our results to date confirm the previously published increase in
65 Zn: both 65Zn radioactivity per gram ash and specific activity increased
significantly between June and September 1969. DDE and DDT, on the
other hand, do not demonstrate a significant enhancement with time,
though variability is large.

Thus our preliminary conclusion is that 65Zn and DDE-DDT uptakes
are independent and not positively related. Unlike 65Zn, pesticide levels
probably do not increase while albacore are in nearshore waters influenced
by the Columbia River. Winds may be the main agent for transport of
DDT from land to the oceanic environment of the albacore.

"Dr. Claeys is a research associate in the Department of Agricultural
Chemistry at Oregon State University.
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Scattering Layers and Vertical Distribution of
Oceanic Animals off Oregon

William G. Pearcy
Roderick S. Mesecar

Department of Oceanography
Oregon State University

Corvallis, Oregon

ABSTRACT

This paper reviews some of the distributional features of vertically
migrating micronekton off Oregon, describes a new conducting cable-mid-
water trawl system using an eight net opening-closing codend unit, and
gives some preliminary results on trawl catches relative to sound scatter-
ing layers.

A variable complex of organisms, including euphausiids, a ser-
gestid shrimp, and mesopelagic fishes were often common in 12 and 38. 5
kHz scattering layers. The depth range of many species was broad, and
sometimes largest catches were made at depths above or below scattering
layers. Variability was large among nets fished either horizontally or
vertically during single tows.

DISTRIBUTION OF MESOPELAGIC ORGANISMS OFF OREGON

Only a few species of oceanic micronekton predominate our mid-
water trawl collections in epipelagic waters off Oregon during the night.
The lanternfishes Stenobrachius leucopsarus, Diaphus theta, and Tarleton-
beania crenularis, the melanostomiatid Tactostoma macropus, the ser-
gestid shrimp Sergestes similis and the euphausiid Euphausia pacifica
are all abundant. All of these species (except T. macropus) have been
correlated with biological sound scattering in other areas (Barham 1956
and 1963; Tucker 1951; Kampa and Boden 1954; Taylor 1968).

Of the fishes, S. leucopsarus juveniles (less than 30 mm standard
length) have a gas-filled bladder but the swimbladder of adults is regressed
and surrounded by fatty tissue (Capen 1967; Butler unpubl. ). The swim-

This paper is accepted for publication in the Proceedings of the
International Symposium on Biological Sound Scattering. Figures 3-9
show echograms of various manifestations of the scattering layer. These
figures consisting of original echograms were sent to the publisher and
are not available for reproduction here.
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bladders of large D. theta contain "cottony tissue" but apparently no gas,
although small individuals may have gas-filled swimbladders (Capen 1967).

Studies with an opening-closing codend unit on a 6-foot Isaacs-
Kidd midwater trawl provide good evidence for vertical migration of the
four common mesopelagic fishes and Sergestes similis between broad
depth intervals off Oregon. In the upper 150 m, nighttime catches ex-
ceeded daytime catches, whereas between 150 and 500 m daytime exceeded
nighttime catches (Pearcy and Laurs 1966; Pearcy and Forss 1966). Cat-
ches of these species between 500 and 1000 m were low and no diel differ-
ences were evident. The ratios of night/day catches per m2 in the-water
column to 1000 m were all greater than 1.0, indicating avoidance of the
trawl during the daytime. Although only slightly more D. theta were col-
lected per m2 at night, over four-times as many T. crenularis were
caught at night than day in our 6-foot trawl. The average size of meso-
pelagic fishes also varied with depth, individual weight was lower in 0-
150 m collections than in 150-500 and 500- 1000 m collections (Pearcy and
Laurs 1966). These studies also show broad death ranges for mesopelagic
species. During the night, for example, lanternfishes and shrimp were
caught at all depths within the upper 1000 m and were not solely concen-
trated near the surface. Vertical migrations and distributional patterns
within these broad depths undoubtedly occur. Pearcy (1964) found that
the three common lanternfishes sometimes have distributions within the
upper 100 m at night.

In any quantitative studies of pelagic animals, distributional pat-
terns and variability of catches are important considerations. Repeated
tows during night or day periods suggest patchy or clumped distributions
of mesopelagic fishes (Pearcy 1964; Pearcy and Laurs 1966). Ebeling
et al. , (1970) reported that most mesopelagic fishes off southern Cali-
fornia were clumped more at mid-depths during the day than near-surface
during the night. Off Oregon, Donaldson (1968) found that the thickness
of 38. 5 kHz scattering layers was less during the day than the night, a
trend that suggests that the density of organisms within layers may be
higher by day (see Taylor 1968).

The number of scattering layer organisms may vary seasonally
and annually. Significant differences in the number and biomass of mid-
water animals have been reported off Oregon (Pearcy 1964, 1965; Pearcy
and Laurs 1966; Pearcy and Forss 1966; Pearcy and Osterberg 1967;
Laurs 1967). In oceanic waters over and beyond the continental slope,
the highest biomass of small nektonic fishes, squids and shrimps occurred



94

in the summer and the lowest biomass in the winter. Over the outer edge
of the shelf, however, the reverse is true. Higher catches were made in
winter than summer.

These inshore-off shore and seasonal changes may also be related
to changes in size structure of populations. The decrease in biomass in
offshore catches in the winter was correlated with an increased recruit-
ment of small S. leucopsarus. Since small lanternfishes of this species have
gas-filled swimbladders but large individuals do not, the sound scattering
potential offshore may be highest during the winter, even though the total
micronekton biomass may be lower in the winter than the summer.

MIDWATER TRAWL SYSTEM

A conducting cable system using a six-foot Isaacs-Kidd midwater
trawl (IKMT) with an eight-bar Multiple Plankton Sampler (MPS) (Be 1962;
Pearcy and Hubbard 1964) as an opening-closing codend device was used
to sample oceanic animals to 1000 meters (see Figure 1). Pressure (depth),
temperature, flow (re.olutions), and net opening are scanned sequentially
and transmitted as frequency-modulated signals from transducers on the
IKMT-MPS to recording units on deck.

The electrical system is illustrated in Figure 2 as a block diagram.
One hundred fifty milliamperes at 50 volts direct current is the electrical
power transmitted down the 4600 meters of 11 mm diameter coaxial cable
(U. S. Steel Corp.) to the pressure housing on the MPS. This housing con-
tains the net actuator, transducer scanning and signal transmission elec-
tronics. When a net release button is pushed on shipboard, a polarity
reversal of the voltage to the MPS takes place. When the net release
button is returned to its normal position, the motor circuits actuates a
2-rpm gear motor for one shaft revolution which opens one net and closes
another. Cams located on top of the MPS are directly coupled with the
motor shaft in the electronics package. During one motor shaft revolution,
one cam turns 360 degrees releasing one lever bar that holds the net-bar
in a cocked position. This operation is repeated eight times for release
of eight nets. During the motor operating period a frequency-modulated
signal is transmitted to the surface identifying which net is opened.

Actuation of the net release motor interrupts the automatic scan
sequence of the transducer outputs. Between net actuations the electronic
scanner sequentially connects the transducer outputs for discrete periods
of time to a voltage- controlled- oscillator generating frequency-modulated
signals. Output of the VCO is coupled through an electronic driver stage
to the coaxial cable. Signals are displayed aboard ship in two ways: on
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an analog stripchart recorder and on a digital counter. The recorder
offers a quick observation of a tow pattern of the trawl and the digital read-
outs, which are periodically written on the stripchart record, give the
greatest resolution. The maximum resolving capability in the monitoring
cable is one part in one thousand of transducer output.

Depth is monitored with a potentiomiietric type Servonic Model H-
172-5 pressure transducer. The transducer is calibrated in the lab with
a temperature-corrected Heise pressure gauge. The depth resolution is

1 meter and transducer limited.

Water temperature is sensed by a 10 K ohm @25 C Yellow Springs
Lristrument Corp. thermistor, which is calibrated to + 0. 02 C in an ice
bath with a Hewlett-Packard quartz thermometer and referenced by a
platinum thermometer and Mueller bridge. The thermistor time-constant
is 1. 3 minutes.

A voltage reference is used to excite the pressure, temperature
transducers, and to act as figure of merit. This reference is monitored
along with the transducer signals each scan cycle. If our reference has
changed during a tow, it indicates not only an error in data but an electri-
cal malfunction in the transmitting electronics.

The electronics scanner is currently set to sense pressure for
20 seconds and temperature and reference for 10 seconds each. As indi-
cated in Figure 2, however, the flowmeter has a priority to interrupt the
scanner at any time. This is because the flowmeter is a revolution counter,
recording a signal every 1000 revolutions of an impellor by causing the
voltage-controlled-oscillator input to go to zero. On the stripchart re-
corder the flow meter signals will appear as event marks which interrupt
the regular analog records of pressure and temperature.

The MPS box (40 x 40 x 51 cm) is made of 7 mm aluminum and
weighs 30 kilograms complete with the electronic package on top. The
MPS nets, 3 meters long, are of 0.571 mm Nitex. The liner of the IKMT
is 5 mm mesh.

The electrical IKMT-MPS system was successfully used on a cruise
from 12-18 November 1969. A total of 26 separate tows were made, open-
ing-closing malfunctions occurred on five tows, usually because of human
errors in resetting the equipment. The flowmeter, mounted inside the
MPS box, worked on only eight tows because of a short in the magnetic
switch. The flow through the MPS on these eight tows was fairly uniform
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throughout an entire tow. There was no evidence for closure of the MPS
mouth by twisting of the net. Interruptions in the flow were sometimes
caused by a squid caught in the impellor, however.

Catches were calculated on the basis of grams(wet weight) collected
per minute. Tow speeds were fairly constant within a single tow and ranged
from 3. 4-4. 6 knots among tows. At this speed a 6-foot IKMT (mouth
area of 2. 9 m2) with a filtration efficiency of 85% (Pearcy and Laurs 1966)
filters about 260-350 m3 per minute. All tows were beyond the continental
slope off central Oregon between 44° 12'-44°55'N and 125° 241-126o 051W.

When the trawl descended to the maximum depth of a tow, the first
MPS net fished obliquely over a large depth range. Because of this, and
the fact that flow rate was usually lower in this net, it was often not in-
cluded in the catch results of all tows.

Two echosounders were used during this cruise (1) a 12 kHz Edo
Model 248 Transceiver with a pulse power of 1400 watts ar.d an Edo 333B
Recorder, and (2) a 38.5 kHz Simrad 510-5 echosounder with a pulse
power of 450 watts. Gain was reduced in surface waters of both recorders
to accentuate subsurface scattering layers, hence surface scattering layers
in the upper 36 m were usually not recorded.

MIDWATER TRAWL CATCHES AND SCATTEI ING LAYERS

The catches of midwater animals relative to sonic scattering layers
are summarized for six of our IKMT-EMPS tows iii Figures 4-9. These
tows indicate some of the spatial and temporal variations of the catches.

Variability within depths
Repeated collections were made at 40 m within a scattering layer

after it ascended into surface waters (Figure 4). Each net in this series
sampled for 20 minutes, filtering approximately 5000 m3 at 3.4 knots.
Variations in the biomass (grams wet weight per minute) of fishes and
shrimps were large among samples. Catches of euphausiids and plankton,
however, were less variable. The numbers of the common lanternfish,
Stenobrachius leucopsarus, also indicated a clumped or patchy distribution.

The tow shown in Figure 5 shows both horizontal and vertical vari-
ability of catches. Largest catches of fishes, shrimps, euphausiids and
plankton were made in the first net, 0-35 m. Although the 12 kHz scatter-
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Figure 3. Depth distribution of 12 kHz sound scattering layers over
two diel periods on the November cruise. e."',1 indicates
echo groups.
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ing layer started 18 m from the surface and the 38. 5 kHz layers started
10 m from the surface, the layers probably continued to the surface through
the gated-out portion of the echograms. Two of the three samples at 35-
38 m had large fish biomass; only one of the three samples below the
scattering layer at 77 m had large Sergestes biomass. The biomass of
Euphausia pacifica, on the other hand, was uniformly large between 35
and 77 m, and was low below 77 m. Thus large catches were made with-
in the scattering layer and smaller catches were made below the scatter-
ing layer. Variability within horizontal strata was again large, and larger
for fishes and shrimps than euphausiids.

Variability among depths
Two tows samples similar depths and fished through and below a

scattering layer during one night (Figures 6 and 7). The layer, which
first shoaled and then deepened, was from 18-90 m on the 12 kHz Edo.
Two layers within this depth range appeared on the 38. 5 kHz Simrad echo-
gram. Sergestes similis biomass peaked at 10 m; E. pacifica biomass
was largest at 43 m (within both the 38. 5 and 12 kHz layers); and fish
biomass (mainly Tactostoma macropus) was largest between 96-144 m,
near the lower edge of the thick portion of the layer (Figure 6).

The second tow (Figure 7), which started about two hours after the
end of first, had largest catches of fishes, shrimps and euphausiids in
the deepest net, below or in the lower edge of the scattering layer. Most
of the fish biornass at the mid-depth of the scattering layer was from T.
macropus. These changes in vertical distributions may be caused by
horizontal patchiness or the descent of Sergestes and Euphausia within
the scattering layer during the sampling period.

Deep Scattering Layers
Sometimes during the day, and less commonly at night, scattering

layers were apparent on 12 kHz echograms at 350 to 420 m. Figures 8
and 9 show the catches above and within such deep layers on two consec-
utive tows.

During the daytime tow (Figure 8), catches of fishes and shrimps
were larger in samples in the DSL than above the DSL. (Nets 1 and 2
fished in the surface scattering layer but caught almost nothing). Eu-
phausiids were most numerous in and just above the DSL (324-410 m).
The large plankton biomass in Net 4 was due to Lensia, a non-physonect
siphonophore. The most numerous fish in the DSL was small S. leuco-
psarus (less than 30 mm).
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Table 1. This table shows how often the maximum catches
of various common midwater animals occurred in
(I), above (A) and below (B) the sound scattering
layer sampled. Night and day tows were tabulated
separately when the four or more tows could be
included.

indicates a preponderance of Stenobrachius
larger than 30 mm.

U)v
U)
Ce

4
04

b
0
0.
0
f-1

0

U)
r
0
H
0

0

0i-

ScAtterirrg Layer I I I a I - I I I F, I x E° I U

0 100m 12 kHz AA AAA AA A
Night VIII III II IIIII)t III II III

(9 tows) BB BB B BBB B BBBB

38.5 kHzl A A
IIIIIII IIIII III IIIIII' III I II

(8 tows) B BB BB B BBBB

12 kHz
Day I . I

(4 tows) BB B B B BB B B B

38.5 KHz
I I

(4 tows) BB B B B BB B B B

100-275m 12 kHz A
Day/Night II II II I II

(4 tows) B B BBB' B B B B BB

Day/Night 38.5 kHz A A A A
I A

(3 tows) B BB B B BB B B

350-420 m 12 kHz A AA AAAA
Day/Night in I IIII I II I

(4 tows) B*

550-620m 12 kHz
Day I I* I

(1 tow)



101

The DSL started to rise toward the surface at 1400 on November 17
(Figure 8). The migration of this layer continued toward the surface and
is apparent between 200 and 300 m in Figure 9. A portion of this migra-
tory layer appeared to split off at 1630 (just below start of Net 2 in Figure
9) and descend to 360-420 m, the original day-depth of the layer in Figure
8. A second layer also appeared to descend from the main layer at 1730
(end of Net 3) to form an intermediate layer at about 200 m.

The IKMT-MPS was towed horizontally at 173-180 m while the
main layer migrated upward (Figure 9). Catches in the Net 2 that appear-
ed to fish in the densest part of the layer were low. Many euphausiids
were caught in Net 3 after the main layer migrated above the tow depth
and when the net fished in the vicinity of the intermediate layer. Sergestes
was also caught at 175 m, but mainly in Net 4. Largest fish biomass was
caught in two of the three nets from the deep layer, 360-420 m.

Small S. leucopsarus were numerous in the deep scattering layer
(350-420 m) during both the daytime and nighttime tows (Figures 8 and 9
These fish have gas-filled swimbladders (Capen 1967) and may be princi-
pal contributors to this 12 kHz sound scattering layer off Oregon. Ser-
gestes and Euphausia, on the other hand, were common within depths of
the DSL during the day, but were most common above the deep layer at
night. Small S. leucopsarus of the same age group were also caught in
large numbers near the surface at night. They were common in a scatter
ing layer in the upper 50 m on the night of November 17-18, the same"
night they were captured in deep water (Figure 9). This suggests two
centers of abundance or migratory and non-migratory individuals within
the population.

Summary of Occurrences Relative to Scattering Layers

Table 1 shows how frequently common groups of animals had peak
abundance in (I), above (A) and below (B) scattering layers. These data
are only from tows that sampled through layers.

Within the upper 100 m at night, euphasiids, Sergestes and Steno-
brachius peaked at scattering layer depths more frequently than other
animals. Euphausiids, for example, were common at scattering layer
depths in 7 out of 8 tows through 38. 5 kHz layers. The higher occurrence
of peaks in 38.5 than 12 kHz scattering layers is influenced by the greater
portion of the 12 kHz echograms that were grated-out near the surface.
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During the day, most groups of animals were common below both
the 38. 5 and the 12 kHz layers. Only euphausiids and pteropods peaked
at scattering depths, and then only infrequently.

Poor correlations were also found between abundances and scatter-
ing between 100 and 275 m during.day and night periods, but the total num-
ber of tows is low. Small S. leucopsarus were common in all four tows
in regions of 12 kHz layers between 350 and 420 m. Euphausiids were
also more abundant in this DSL than above it in three of the four tows.

CONCLUSIONS

1) The depth and migratory pattern of scattering layers observed on
echograms was variable among diel periods.

Replicate samples at discrete depths indicated patchy distributions
of fishes and Ser est2s simili.s. Catches of Euphausia pacifica were.
less variable.

3) Sampling during single nocturnal periods suggested that the depth
distribution of species and species-groups may change within sur-
face scattering layers.

4) Although catches of species often varied among depths, many species
were caught over wide depth ranges and were not completely aggre-
gated into high-density, thin layers.

5) Catches of fishes, shrimps and euphausiids were sometimes largest
at scattering layer depths. However, sometimes catches of animals
were low at scattering layer depths, and sometimes large catches
were made where no dense scattering layer was recorded.

6) Euphausia pacifica, Sergestes similis and Stenobrachius leucopsarus
were the animals that were most often caught in largest numbers in
scattering layers,. especially in the upper 100 m at night.

7) Small S. leucopsarus (with gas-filled swimbladders) were caught
in all four tows that sampled deep scattering layers (350-420 m)
during day or night periods.

2)
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Figure 1. A conceptual drawing of the components of a conducting
cable-midwater trawl-multiple plankton sampler system;
(a) deck readout recorders, (b) deck winch with slip rings

and conducting cable, (c) electric swivel, (d) 6-foot
Isaacs-Kidd mid Nater trawl, (e) eight-bar multiple
plankton sampler, (f) eight sample nets.

Figures 4-9. Upper portions show a photograph of 12 kHz echograms
superimposed with trajectory of the trawl and the numbers
of the eight multiple-plankton-sampler nets. The times
given apply to the duration of the tow, time increasing from
right to lest.
Lower portions show (from left to right) the depth in meters
of the multiple-plankton- sampler codend nets, depth that
each net fished, and the biomass (grams weight per min-
ute) of fishes (F), shrimps (S), euphausiids (E) and plank-
ton (P). Large catches are underlined. T indicates trace,
less than . 01 g/min. Genera of abundant animals are
listed for individual nets to the right of the table. S or L
after Stenobrachius refers to the numbers of small (less
than 30 mm. SL) or large (greater than 30 mm) individuals.
Genera in parentheses were common but did not predomin-
ate the catch.

Originals and reproducible copies of these plates
are not available. See footnote on p. 92.
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D. BENTHIC ECOLOGY AND RADIOECOLOGY

During the period from August 1, 1969 to February 1, 1970, Dr.
Carey was on sabbatical leave at the Division of Echinoderms at the U. S.
National Museum, Washington, D. C. where he studied holothurian system-
atics. On February 1 he went to the University of Copenhagen Zoological
Museum to continue these studies. He has also prepared three chapters
for the book "Bioenvironmental Studies of the Columbia River Estuary
and Adjacent Ocean Region" and completed manuscripts for two research
papers.

During this period Dr. McCauley took over the day by day super-
vision of Dr. Carey's work and students.

In addition to the holothurians which are under study be Dr. Carey
several other taxonomic groups are also being studies. Mr. Bertrand is
continuing his work on the gastropods, Dr. McCauley on the trematodes
and echinoids, Mr. Kyte on the ophuiroids, and Miss Weills on the gala-
theid crabs. In addition Dr. Kenneth Boss is working on the bivalve
molluscs and Dr. J. Laurens Barnard on the gammarid amphipods.

OPHUIROID SYSTEMATICS

by Michael A. Kyte

In the progress report last year 21 species of ophuiroid were
reported to occur off Oregon in the Pacific Ocean. More extensive collec-
tions and additional taxonomic work adds seven additional species to the
list this year: Ophiacanthella actonophora; Ophiacantha trachybactra;
Unioplus macropsis; U. euryaspis; Axiognathus pu.getana; and a new species
of Ophiacantha and Amphiacantha. Also several range extensions have
been noted. Two extensive papers on the ecology and systematics of
Oregon ophuiroids are nearly completed. These papers will include des-
criptions of new species, range extensions, taxonomic revisions, and
some aspects of the ecology.

*Mr. Kyte is an Assistant in Oceanography working for Dr. Carey
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SYSTEMATICS OF GALATHEID CRABS

by Julie Weills

There are two genera of the family Galatheidae represented in the
collections from off the coast of Oregon. The genus Munida has a single
species M. quadrispina which occurs from 150 to 800 meters. Eight
species of the genus Munidiopsis are found: M. bairdi, M. crassa,
M. verrilli, M. quadrates, and four species which are still under study.
Munidiop.sis quadrata occurs on the continental slope at about 1000 m,
and the other seven species of this genus occur in the deeper waters of
Cascadia Abyssal Plain 65 to 105 miles offshore. Two of these species
also occur on Tufts Abyssal Plain 300 to 450 miles offshore. Specimens
from the U.S. National Museum have been borrowed for comparison with
Oregon specimens.

RADIOECOLOGICAL - TAXONOMIC PROJECT

by Andrew G. Carey, Jr. and Julie Weills

Data on the radioactivity detected in the benthic invertebrate fauna
are being compiled and analyszed to evaluate the levels of radioisotopes
found in the taxa and in depth ranges. The following radioisotopes have
been detected in the fauna and are included in the statistical analyses:
65Zn, 60Co, 54Mn, 51Cr, 137Cs, 95Zr-95Nb, Ce and 40K. The environments
studied range from the shallow inner continental shelf to Cascadia Abyssal
Plain (2860m depth). The organisms include species from the following
groupsEchinodermata, Annelida, Molluska, Porifera, Nemertea, Arthro-
poda, Anthozoa, and Chelicerata. The first objective has been to deter-
mine the concentration of the radionuclides in the fauna by classes on the
Newport Station Line; then we will analyze for season and year and look
at the specific activities of several of the radioisotopes. The data from
the Newport Line will eventually be compared with those from the Tillamook
Head Line, close to the Columbia River.

Miss Weills is an Assistant in Oceanography working for Dr. Carey.
Dr. McCauley has aided in this research.



109

ECOLOGY OF THE MACRO-EPIFAUNA OF CASCADIA ABYSSAL PLAIN

by Andrew G. Carey, Jr., Michael A. Kyte and Julie Weills

The distribution, abundance and ecology of the epi-fauna of Cascadia
Abyssal Plain are being studied with the following objectives: (1) to define
the species. composition and abundance of the fauna, (2) to describe certain
physical, chemical, and sedimentary aspects of the benthic environment,
(3) to define interrelationships of the fauna with one another and with their
physical environment, and (4) to determine if there is a significant
ecological influence of the Columbia River on these near-shore abyssal
benthos.

Sampling has been completed on the first north-south transect line
of five stations 65 miles offshore (CP-1) extending from the Tillamook
Head region to the area west of Newport, Oregon. At four stations five
samples have been obtained with a quantitative 3-meter beam trawl
(Carey, 1970a) and four samples at the other station. Water and sediment
samples have been obtained for analyses for characterization of the
environment. Preliminary data indicate that there are trends along the
transect line in the relative abundance of phyla and species, e. g. ophiuroids.
This phase of the research is being completed; a paper reporting the re-
sults will be prepared shortly. A second north-south transect line (CP-2)
105 miles offshore is now being sampled and will provide better geographic
control for delimiting the fauna and environmental characteristics.

TWO NEW GREGARINE PARASITES (PROTOZOA: TELOSPOREA)
FROM THE SPATANGOID URCHIN BRISASTER.LATIFRONS

by Charles L. Brownell and James E. McCauley

Two new species of Lithocystis, a gregarine, have been described
from the coelom of the heart urchin Brisaster latifrons from the coast
of Oregon. Spore characteristics differentiate both new species from
all known species of Lithocystis. Trophozoites could not be found, but
all other life stages are described in detail and each new species is
compared with others in the genus.

A paper describing the new species was accepted for publication
in the Zoologischer Anzeiger on 17 March 1970. The complete text is
excluded from this progress report to prevent problems in nomenclature
if the progress report should be cited prior to publication of the new
species names in Zoologischer Anzeiger.
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GROWTH OF ALLOCENTROTUS FRAGILIS
AT DIFFERENT DEPTHS OFF OREGON

by James L. Sumich

Allocentrotus fragilis (Jackson) was obtained from 6 stations at
depths of 100 to 1260 m on the continental shelf and upper slope off New-
port, Oregon.

Ages and growth rates of A. fragilis were determined by two
methods: 1) A procedure developed to make growth zones of the skeletal
test plates visible. Alternating light and dark growth zones were found
to be formed semi-annually. The total number of growth zones were
used to indicate the urchin's age. 2) Age and growth rate values were
also determined from analyses of size-frequency distributions of trawl
collections from 200 m. Collections from other depths were not adequate
for size-fi equency analyses.

Gonad indices of A. fragilis from 200 m were used to determine
spawning periodicity frequency. A semi-annual frequency was
found, with spawning occuring in early Spring and early Autumn. No
gonads of A. fragilis collected below 400 m were reproductively mature.

The growth curve of A. fragilis from 200 m, which was plotted
from the mean test diameter of age groups defined by test plate growth
zones, shows a good least squares fit with von Bertalanffy' s growth
equation. Growth rates were similar for A. fragilis from 100-600 m,
but decreased for specimens from 800 and 1260 m. Urchins found to be
4 years old were approximately 50-52 mm in test diameter at 100-600 m,
44 mm at 800 m, and 39 mm at 1260 m. The maximum test diameter
decreased with increasing depth below 200 m.

The variation of the magnesium: calcium ratio of the calcareous
skeletal plates was largely due to Mg/Ca changes with age. Little Mg/Ca
variation was found at different depths for specimens of the same age.
Larger Mg/Ca differences occurred between young and old specimens
from the same depth.

The effects of several environmental factors on the growth rate and
maximum size of A. fragilis are discussed. Of these factors, water
temperature, dissolved oxygen, hydrostatic pressure, and food availability
form gradients with depth or distance offshore; and were considered to be
important in affecting the growth of A. fragilis.

Graduate student research supervised by Dr. McCauley
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BENTHIC MOLLUSCAN STUDIES*

by Gerard Bertrand

A study of the distribution, abundance, and ecology of the molluscan
fauna on the Oregon continental shelf has not until recently been attempted.
This, in spite of the fact that molluscs play a large part in the diet of
commercially important species of demersal fishes. The present study
is based on one-hundred and sixty Smith-McIntyre grab samples, taken
seasonally from eight stations in four pairs of sediment types, on the
Oregon continental shelf. The sampling depth varied from 75m to 450m.
The samples were washed through a 1. 0mm screen, sorted, and the
molluscs identified. Four species of scaphapods, thirty-one species of
gastropods, and twenty-nine species of bivalves were represented in the
samples.

There was close correlation between the gastropod fauna and the
sediment type with some notable exceptions. Mitrella gouldi was found
at all stations except in glauconitic sand at 450m. It was the most
common gastropod at five stations and the second most common at the
remaining two stations. Its abundance varied from 4-98/m2 and averaged
44/n_2 for the seven stations. It is also quite common in demersal fish
stomachs. Gastropod abundances in general vary between 0. 35/m2 at
the 450 meter glauconitic sand station to 77. 0/m2 at a 75 meter beach
sand station.

The bivalves are also closely correlated to sediment type but no
one species predominates in a wide variety of sediment types. Acila
castrensis and Tellina salmonea predominate in beach sand; Huxleyia
minuta and Crenella dicussata in glauconitic sand; Axinopsida serricata
and Adontarbina cyclic in silt, Cardita ventricosa and Macoma elimata
in sand silt and Thyasira gouldii in silty sand.

The low number of species and specimens make it difficult to say
much definitive about scaphopods on the shelf. Continued sampling will
eventually bring in enough information. Scaphopods are abundant in
demersal fish stomachs although the numbers in the samples are generally
small.

A report of graduate student research supervised by Dr. Carey.
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A COMPARISON OF BENTHIC INFAUNAL ABUNDANCE ON TWO ABYSSAL PLAINS
IN THE NORTHEAST PACIFIC OCEAN

by Andrew G. Carey, Jr.

ABSTRACT

The benthic infauna at twelve stations on Cascadia and Tufts Abyssal
Plains in the Pacific Ocean was sampled to obtain insight into the effect

of continental influences on the abyssal fauna. The two plains, separated
by the East Pacific Rise, differ only slightly in depth but significantly
in distance from shore and consequently in the degree of influence from
the continent. Five ecological regions were distinguished: the Slope-Base,
Eastern Cascadia Plain, Cascadia Deep-Sea Channel, Western Cascadia Plain,
and Eastern Tufts Plain. Mean biomass abundance of Cascadia Plain fauna
(4.23 g wet preserved wt./m2 + 1.83) is four times that of Tufts Plain
(1.09 g/m2 + 0.81), while the mean numerical abundance of fauna on
Cascadia Plain (698/m2 + 266) is less than twice that of Tufts Plain
(359/m2 + 171). When data from the less typical Slope-Base and Cascadia
Channel environments are excluded, the biomass on Cascadia Plain is about
twice that on Tufts, while the numerical abundance of the two plains is
approximately the same. The depth, physical characteristics, and faunal
composition exhibit small variation between places. Therefore it seems
that the decrease in biomass is caused by the decrease in food supply to
the sea floor. Distance appears to have more influence on faunal abundance
in these areas than depth. Faunal densities, biomass, and composition are
similar to those found in other upper abyssal environments. The numerical
abundanc ranges from 176/m2 to 1503/m2 and the biomass from 0.78 g/m2 to
7.89 g/m . Polychaeta and Arthropoda together comprise 65.6 to 93.5% of
the fauna. Food sources of the abyssal fauna are discussed.
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INTRODUCTION

The level of input of food energy to the benthic boundary, the processes
by which it reaches there, and the effect upon the bottom organisms have
long been topics of biological interest. It is thought that food is
limiting in the abyssal environment (that zone from 2000-3000 m to 6000 m
depth where the temperature is never above 4°C) (Ekman, 1953; Vinogradova,
1962; Sanders and Hessler, 1969). The deep=sea floor lies far beneath the
productive surface waters, and most lies far beyond continental influences.
Much of the energy fixed by the phytoplankton in photosynthesis in the
euphotic zone is utilized by the pelagic food web and decomposers before
and during its slow descent to the bottom (Bordovskiy, 1962). Therefore,
the greater the depth the more chances there are for the food energy to
be consumed and burned in life processes or to be released to the environ-
ment by cell autolysis, and the less chance for it to reach the sea floor.
Depth, therefore, plays an important role in determining the amount of food
material reaching the benthic boundary (Sanders and Hessler, 1969), though
the greatest decrease in utilizable organic material would probably occur
within the upper 2000-3000 m (Bruun, 1956). At similar depths the level
of primary production in surface waters should be reflected on a broad
scale in the level of abundance of benthic fauna living in the sediments
beneath. Thus, Belyaev (1960) found a close correlation between benthic
biomass and distance from shore, rather than with depth of water, and
Rowe (1970) has demonstrated a general correlation of benthic biomass with
primary production in overlying waters. In spite of the small influx of
food materials that reach the abyssal benthic organisms, they are numerous
and extremely diverse (Sanders,-1968; Sanders, Hessler, and Hampson, 1965);
though low in biomass (Vinogradova, 1962; Frankenberg and Menzies, 1968).
Abyssal environments adjacent to continental land masses, however, support
larger standing stocks of benthos because of the greater input of food
caused by terrestrial run-off, coastal upwelling, and high primary pro-
duction in the shallow contiental shelf waters (Filatova and Levenstein,
1961; Filatova and Zenkovitch, 1966).

To obtain insight into the effects of various levels of food input to
the sea floor, the abundance and composition of the benthic invertebrate
fauna of portions of two abyssal plains off the northwest coast of the
United States have been determined. As there are few data in the literature
that explore the relationships between the numerical density, biomass, and
composition of the fauna with depth of water and distance from shore, a
second objective of this paper is to clarify these aspects of the structure
of faunal assemblages in several ecological types of abyssal environments.
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TUFTS AND CASCADIA ABYSSAL PLAINS

The Cascadia Abyssal Plain and the Tufts Abyssal Plain are part of
the extensive abyssal plain system in the North Pacific Ocean. Both are

in the upper abyssal ecological zone, but they differ in their depths and
proximity to land. Although part of the continental rise, Cascadia Plain,
is a flat abyssal plain with the sedimentary and topographic features of
the extensive plains further to the westward. The floor of Cascadia Basin
is tilted slightly downward to the south increasing in depth from about
2100 m on the north to 2930 m in the south and with an area of 170,000 km2
It lies directly adjacent to, and parallel to, the continental land mass
of North America. It is bounded on the south by the Gorda Ridge and to
the west by the Juan de Fuca Ridge. These bordering hills, seamounts, and
fracture zones are part of the East Pacific Rise and almost completely
enclose the small plain in a basin-like area (Figure 1) (McManus, 1964).
The major topographic features act as a barrier and effectively separate
the near shore plain from the extensive plains further westward in the
Pacific. Cascadia channel divides the plain into eastern and western
portions.

Cascadia Plain is influenced by its proximity to the North American
continent. The Oregon continental shelf and slope are narrow, ranging
in width from 16.7 to 74.1 km and from 24.1 to 111.1 km respectively
(Byrne, 1962). Primary production can be quite large in offshore waters
owing to the frequent upwelling of deeper, nutrient-rich water during the
summer months when northerly winds push the surface waters westward.
As this water flows westward along the surface, primary and secondary
production are increased; the level of primary production rises to a
maximum of 8.0 mg C/m3/hr in contrast to 0.1 mg C/m3/hr in oceanic water
nearby (Anderson, 1964). The increased primary production in upwelled
waters moves progressively westward during the summer months and is found
at 127°W., offshore. As the upwelled water with its increased biological
production reaches the Columbia River plume, it flows along the pycnocline
and continues westward at depth under the plume (Pak, Beardsley, and
Smith, 1970).

The Columbia River plume is a prominent hydrographic feature of
continental origin that influences the ecology of Cascadia Abyssal Plain;
it shifts in position under seasonal patterns of wind stress. The
Columbia River average flow is between 660,000 and 70,000 ft3/sec (Hickson
and Rodolf, 1951; U. S. Bureau of Reclamation, 1947). During the summer
the large volume of river-water forms a shallow lens of low salinity
water that flows to the southwest over much of Cascadia Plain and as far
south as northern California where it lies several hundred kilometers
offshore. During the winter predominantly southerly seasonal winds shift
the plume close onshore along the coast of British Columbia and Washington.
Anderson (1964) has demonstrated that the Columbia River outflow warms up
earlier than the surrounding water, and phytoplankton production precedes
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that in the surrounding waters. However, it is no higher because of the
rapid depletion of nutrients within the plume by the phytoplankton. Upon

discharge into the Pacific Ocean, the Columbia carries a large load of
particulate material. Pak (1969) demonstrated that large particles sink
near the mouth of the river, while the smaller particles probably remain
in suspension within the plume for 30 to 40 days. Sediment derived from
the Columbia River drainage basin accumulates on the continental slope on
the Astoria Fan (Nelson, Kulm, Carlson, and Duncan, 1968) and periodically
flows down the Cascadia Channel system as a turbidity current (Kulm and
Griggs, 1966).

The sediments of Cascadia Abyssal Plain are largely hemi-pelagic;
with increasingly larger amounts of pelagic materials present, on the
western portion of the plain as demonstrated by the large amounts of CaCOe
present (Table 1). Cascadia Channel appears to act as a natural barrier

to the westward movement of terrestrial sedimentary materials (Gross,
Carey, Fowler, and Kulm, 1970). The eastern portion of the plain, partic-
ularly the areas at the base of the continental slope, receives more input
from terrestrial sources; the sedimentation rates are high (approximately
10 cm/1000 yr on Astoria Fan), while the western portion has accumulated
little sediment since the Pleistocene (Nelson, Kulm, Carlson, and Duncan,
1968). The surface sediments at the base of the slope are slightly
coarser than those further offshore (Table 1). Organic carbon varies from
1.12 to 2.53 percent by weight; the quality of the organic materials from
these depths is not known. Cascadia Channel appears to form a unique
and richer environment that is characterized by periodic turbidity flows
that travel down the axis of Cascadia Channel (Kulm, and Griggs, 1966;
Griggs, Carey, and Kulm, 1969). The surface sediment is hemipelagic clay,
but beneath lie a series of sedimentary sequences derived from the turbidity
flows. Sediments to the west of the channel consist of relatively thin
accumulations (generally 2 to 15 cm thick) of hemipelagic sediments that
overlie Pleistocene sands.

The water near the sediment-water interface is characterized by
little seasonal change, low temperatures and dissolved oxygen levels,
and high salinity and pressure (Table 1). These features of the deep-sea
benthic environment are thought not to be limiting (Sanders and Hessler,
1969). The physical characteristics change as a gradient along the
transect line, however, and would therefore effect the distribution of
species in a continuous manner.

In comparison to Cascadia Plain, the eastern-most portion of Tufts
Abyssal Plain lies beyond the direct influences of the continent in the
oceanic ecosystem. Primary production is not affected by coastal upwelling
or river discharge and is, consequently, low (approximately 0.039 mg
C/m3/hr) (Holmes, 1957).



Table 1. Environmental characteristics of sediments and bottom water at each station. The stations have
been grouped into 5 ecological areas.

Ecological Station Sediments Bottom Water
Area % Sand % Silt %Clay No. % Organic %CaCO3 No. Temp. (°C) 02 (ml/1) Salinity (%ur) No.

Samples Carbon Carbon Samples Samples

Slope NAD 20A 1. 5 54.0 44.0 2 1.86 0.04 2

Base. NAD 21 8. 3 49.0 42.7 1 5 1. 31 0.20 7

Eastern NAD 22 1. 1 33.4 65.2 5 1.47 0. 19 5

Basin NAD 23 1. 5 29.9 68.6 2 1.73 0.03 1

Channel NAD 24A (fine gray clay, biogenic coarse)* 0.9-1.8 0.6-1.6

1. 73 1.97 34.64

1.74 2.07 34.62

1.73 2.10 34.64 2

1.72 2. 11 34.65

Western NAD 25 2.0 29. 3 68.8 4 1. 12 0.25 2

Basin NAD 26 1.4 30.5 68.1 2 1. 17 1.35 3

Eastern

Tufts

Plain

TP 1

TP 2

TP 3

TP 4

1.44 3.44 2

2.18 0.16 2

1.24 0.04 1

0.70 0.10 1

1.72 2.22 34.65

1.79 1.96 34.64 2

1.59 2.65 34.66

1.55 2.98 34.66

1.54 2.98 34.67

*See Griggs, Carey, and Kulm (1969) for further details.
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Sediments of both plains are thought to be originally derived from
the continent, largely from the Columbia River and Frazer River drainage
systems, but faulting in the Juan de Fuca Ridge region has apparently
blocked the passage of sediments through the Cascadia Deep-sea Channel
to Tufts Plain (Kulm, personal communication). The Tuft's sediments
consist of clays with radiolaria tests (Table 1) (Nayudu and Enbysk, 1964).
Organic carbon content of Tufts Plain sediments are generally less than
0.5% by weight (Gross, Carey, Fowler, and Kulm, 1970), though four of the
five stations in the present study have sediments that contain organic
carbon levels equivalent to those on Cascadia Plain.

The segment of Tufts Plain sampled in the present study is somewhat
deeper than Cascadia Plain, ranging from 2930 m to 3876 ni, consequently
the salinity is slightly higher and the temperature slightly lower (Table
1). The dissolved oxygen is about one-third higher on Tufts than on
Cascadia Plain. These changes from one plain to another should not be
limiting to the fauna, but would influence the faunal composition on a
specific level along the environmental gradients.

MATERIALS AND METHODS

Collections of abyssal infauna were made at a latitude of 44°39.1'N
from January 1965 to October 1966 (Figure 1 and Table 2). Eight stations
were sampled; the sampling locations are approximately 37 km apart with
the exceptions of station NAD 20A at the base of the continental slope and
station NAD 24A in the center of Cascadia Channel. Four stations about
97 km apart were sampled at the eastern edge of Tufts Plain in February
and March 1967. When possible samples were taken in pairs with a Deep-
sea Anchor-box Dredge (Carey and Hancock, 1965).

The samples were washed on shipboard using a large volume floatation
technique and a fine-mesh (0.42 mm aperture) sieve. In the laboratory
the animals were picked from the debris under a 2-3X magnifying glass and
were stored in 70% isopropanol. They were then weighed on an analytical
balance to obtained the wet-preserved weight, i.e. biomass, of the total
fauna in each sample. The preservative was allowed to drain from the
animals through finely perforated PARAFILM until a standard degree of
dryness was achieved. The total animal sample was weighed 2-4 times and
a mean weight obtained; these weights are reproducible within a few tenths
of one gram. All organisms above 1.0 mm were picked, and some below this
size were picked selectively. All crustaceans, polychaetes, ostracods
were picked, and most of the nematodes and a representative sample of
foraminiferans were picked. Picking procedures for the smaller organisms
were adopted as the sampling and processing techniques utilized for
obtaining large samples of the larger fauna are not efficient for the
lower size range.



Table 2. Sampling data including station (NAD-Newport Anchor Dredge and TP-Tufts Plain), distance from
shore, sample number (ABD-Anchor-box Dredge), position, depth, date of collection, and area
sampled.

Distance Sample Position Area

Station
from shore

(km)
No.

(ABD)
Start
Latitude Longitude

Finish
Latitude Longitude

Depth
(m) Date

Sampled
(m

NAD 20A 106.9 143 44°34.2'N 125 ° 25. V W 44034.2'N 125'25. 5'W 2800 4/9/65 0.35
144 44'33.0'N 125°28.0' W 44034.8'N 125°27. 5' W 2800 4/9/65 0.39

NAD 21 120.3 116 44°41.8N 125°37.O'W 44°40.8'N 125°37.5'W 2800 11/20/64 0.20
117 44°40.8'N 125°35.2'W 44°41.2'N 125°35.2'W 2800 11/20/64 0.31
120 44°40.0'N 125°33.6'W 44°39.9N 125°33.9'W 2800 1/13/65 0.30
157 44°38.8'N 125°34.6'W 44°39.3'N 125°35.O'W 2813 3/21/66 0.20
162 44°39.0'N 125°34.7'W 44°39.1'N 125°35.9'W 2800 3/28/66 0.30

NAD 22 157.3 118 44°37.0'N 126°03.3'W 44°37.6'N 126°02.8'W 2800 1/13/65 0.61
119 44°38.0'N 126°02.2'W 44°38.0'N 126°02.O'W 2800 1/13/65 0.65

NAD 23 194.3 135 44°39.2'N 126° 30. 2' W 44° 40. 2' N 126° 31. 1' W 2750 2/08/65 0.15
145 44°38.4'N 126'30. 5'W 44°38.3'N 126° 30. 9W 2800 4/09/65 0.20

NAD 24 231.3 138 44°38.6'N 126°59.2'W 44°38.4'N 126°59.0'W 2800 2/10/65 0.95
139 44°39.4'N 126°59. V W 44°39.8'N 126°59. 2' W 2800 2/10/65 0.71
156 44'38.6N 126-59. 0' W 44'40.0'N 126° 59. V W 2838 3/26/65 0.82

NAD 24A 261.0 168 44'36.4N 127° 20. 8'W 44°37.2'N 127° 21. O' W 2900 10/13/66 0.48
169 44'36.4'N 127°23. 4'W 44037.4'N 127°22. 9'W 2900 10/13/66 0.55

NAD 25 268.3 136 44°40. 9'N 127°34. 1' W 44°40. 6'N 127°33. 4' W 2800 2/09/65 0.81
137 44°38.3'N 127°26. 2' W 44° 38. V W 127 ° 24. 9' W 2800 2/10/65 0.45

NAD 26 305.3 150 44039.1'N 127°55. 5'W 44039.0'N 127 ° 56. 6'W 2556 10/21/65 0.50
153 44038.6'N 127°55. 2' W 44038.2'N 127°55. 4W 2550 1 /27 /66 0.38
154 44035.5'N 127°58. V W 44034.2'N 127 ° 57. 9' W 2550 1 /27 /66 0.40

TP 1 555.0 179 44°38.5N 131°04.2'W 44°38.7'N 131°05.0'W 2930-3200 2/27/67 0.35
180 44038.0'N 131°08. O' W 44°38.0'N 131°07. O' W 2930-3200 2/27/67 0.50

TP 2 648.2 181 44038.8'N 132010. 6W 44° 39. 4'N 132009. VW 3594 2/28/67 0.50
182 44° 39. W N 132° 08. O' W 44° 39. V N 132007. 5W 3594 Z/28/67 0.54

TP 3 740.8 184 44°41. 8'N 133°23, 2' W 44°42. 1'N 133°23. O' W 3722 3/05/67 0.37

TP 4 833.4 183 44°40. 0'N 134°39. 5'W ----- ----- 3876 3/02/67 0.43
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All animals were sorted into major taxonomic categories, and all
except nematodes were counted. Each anterior end of a polychaete and disc
of a ophiuroid was counted as one individual. The numerical density and
biomass of the fauna were normalized to 1.0 m2. The Anchor-box Dredge
retrieves unwashed samples cutting to a specifically limited depth into
the sediment, the area sampled can be computed by dividing the known
sediment volume by 10.0 cm, the depth in centimeters to which the dredge
cuts. The sediment volume was corrected when a significant portion of the
sample was occasionally found to be in suspension in the upper part of the
sampler. A subsample of the sediment-water mixture was taken on shipboard
before washing, the total volume of the suspension measured, and the volume
of the sediment in the subsample measured upon settling for several months
in the laboratory. From these data, the total sediment in the sample could
be accurately estimated. Samples covering less than 0.15 m2 were not used.
As the dredge primarily samples the infauna (Sanders and Hessler, 1969),
it has been assumed that the vast majority, if not all, of the animals
sampled were living within the sediments.

Two sediment subsamples were taken on board ship before the sample was
washed; one for particle size analysis was stored moist, while the other
for organic carbon analysis was deep-frozen immediately. Particle size
was determined by the standard hydrometer method for the silts and clays
and by settling tube or a graded series of sieves for sands (Emergy, 1938;
Krumbein and Pettijohn, 1938). Organic carbon (% by weight) was estimated
by measuring the total carbon and the CaCO3 carbon and obtaining the
difference between the two. The total carbon was measured by thoroughly
.burning 0.4 g of dried and ground sample in the intense heat of LECO
induction furnance and measuring the evolved C02 in a LECO gas analyzer
(Curl, 1963). The CaC03 carbon was determined by acidifying 0.4 g of
dried sediment with 10 ml 0.1 N HCL and measuring the evolved C02 in the
LECO gas analyzer.

Environmental characteristics of the bottom water are primarily
determined from deep hydrographic casts from the station locations across
Cascadia Plain,. while those for Tufts Plain are derived from appropriate
samples from a deep hydrographic cast 618 km from shore at latitude
44°39.5'N. (Barstow, Gilbert, Park, Still and Wyatt, 1968). Though these
data are not from the sediment-water interface, they are fairly good
estimates of the environmental conditions. Water samples taken within one
meter of the sediment surface at NAD 21 by a Fjarlie water bottle mounted
on a Smith-McIntyre bottom grab (Carey and Paul, 1969) yield similar data.
Salinity was measured by inductive salinometer, oxygen by Winkler, and
temperature by standard reversing thermometer.
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RESULTS

Abundance

The abundance of the invertebrate infauna is highest at the base of
the continental slope on the eastern edge of Cascadia Plain (Table 3 and
Figure 2). Beyond these stations both the numerical density and biomass
continue to decrease with distance from shore with several exceptions
and important differences to be noted.

The numerical density decreases from a mean of 1503 + 614 (S.D.)
individuals /m2 at station NAD 20A at the base of the slope to a mean of
299 + 36 /m2 at NAD 26 on the western portion of Cascadia Basin. The
initial decrease is marked, but the numerical density remains relatively
uniform except for Cascadia Channel where a more abundant fauna exists.
The fauna on Tufts Plain is approximately as abundant as on Cascadia Plain
if the two stations at the base of the continental slope and the one in
the deep-sea channel are excluded as "non-typical." When all stations are
included, the mean number of animals living on Cascadia Plain is about
twice that for Tufts Plain.

The biomass, on the other hand, though generally following a similar
pattern demonstrates a basic difference in the ecology of the nearshore
abyssal and the more distant plain. Although the numerical density on
Tufts Plain is within the range found at the stations on the eastern and
western parts of Cascadia Plain, the biomass is significantly lower
(at the 95% level) on Tufts Plain (see Figure 3) (Simpson, Rowe, and
Lewontin, 1960, p. 353-54). When the abyssal regions are divided into
ecological and/or sedimentary environments, the differences are similarities
of faunal abundance between stations are summarized (Figure 3). The
slope-base stations stand out as the richest environment, while the eastern
and western portions of the Cascadia Basin, excluding the channel, are
similar in faunal abundance. Differences in sediment sources, sediment
composition, and sediment micro-stratigraphy do not seem to have an effect.
The numerical densities of the fauna in similar environments on Cascadia
and Tufts Plains are not significantly different while the biomasses are.

Composition

The composition of the fauna,"percent by number /m2, varies within
narrow limits between the two abyssal benthic environments and between
stations. However, there are trends in these changes that may be
important in demonstrating the effect of different environments and levels
of food input on the structure of benthic abyssal animal assemblages.
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Table 3. Abundance (numerical density and biomass) of invertebrate infauna for each sample
and each station. The sample mean with one standard deviation is listed.

Station Sample Biomass Numerical Density
Number (g wet preserved wt)

g/sample g/m 2 No. /sample No. /m2

NAD 20A 143 2.55 7.29 374 1069
144 3.31 8.49 755 1937

7. 89 ±0.85 1503 *614

NAD 21 116 1.23 6.15 316 1580
117 1.09 3.52 186 600
120 1.82 6.07 159 530
157 1.34 6.70 364 1820
162 5.39 17.97 393 1310

8.08 ±5.66 1168 ±580

NAD 22 118 2.06 3.38 139 228
119 1.02 1.57 133 205

2.48 ±1.28 217 ±16

NAD 23 135 0.12 0.80 27 180
145 1.38 6.90 145 725

3. 85 ±6.95 453 ±747

NAD 24 138 1.90 2.00 159 167
139 1.23 1.73 224 315
156 1.43 1.74 427 521

1.82 ±0.15 334 ±178

NAD 24A 168 1.48 3.08 681 1419
169 0.72 1.31 331 602

2. 20 ±1.25 1011 ±578

NAD 25 136 3.12* 3.85** 437 539
137 0.03 0.07 3 7

1.96 ±2.67 273 ±376
0. 98 ±1.76***

NAD 26 150 0.62 1.24 155 310
153 1.63 4.29 115 328
154 0.31 0.78 103 258

2.10 :El. 91 299 ±36

TP 1 179 0.90 2.57 208 594
180 0.29 0.58 188 376

1.58 ±1.41 485 ±154

TP 2 181 0.54 1.08 101 202
182 0.24 0.44 81 150

0. 76 ±0. 45 176 *37

TP 3 184 0.29 0.78 140 378

TP 4 183 0,46 1.07 196 456

*includes 1 echinoid weighing 1.59 g. 2

**excluding echinoid, biomass is 1.89 g/m
***excluding echinoid, mean biomass is 0. 98 ±1.76
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By far the most important group numerically at all stations are the
polychaetous annelids; arthropods are the next most abundant, but are much
less numerous than the former (Table 4). The greatest difference in
composition between the five ecological areas lies in the percent compo-
sition of the annelids and the crustaceans; these two taxa together comprise
from 65.6 to 93.5 percent of the fauna. The relative abundance of the
two groups demonstrate an almost perfect negative correlation to one another.
There tend to be more Arthropoda in the channel area and on Tufts Plain
with a corresponding decrease in the relative abundance of the Polychaeta.
The mollusks, echinoderms, and miscellaneous groups comprise the remainder
of the fauna; though there is a variation in the relative abundance, the
effect on the composition of the total fauna] assemblage is not as great.
The mollusks comprise a fraction of the fauna that varies in a manner
similar to the arthropods beyond station NAD 23 or NAD 24A. From station
NAD 20A to NAD 23 they comprise an increasing, then decreasing portion
of the assemblage. The echinoderms are somewhat similar. The miscellaneous
group, a very heterogeneous one, increases steadily with depth and distance
from shore as more and more deeper abyssal forms become prevalent along
the environmental gradient.

On Cascadia Plain, the arthropods consist primarily of isopods and
amphipods. Pelecypods and solenogasters account for the majority of the
mollusks. Sipunculids are plentiful on the western plain, but are very
rare on the eastern side of the basin.

DISCUSSION

The standing stock of abyssal benthic infauna off the northwest coast
of the United States lies within the range of abundances found by other
investigators in abyssal areas (Table 5). Standardization of sampling and
sample processing techniques is a problem in quantitative benthic research;
therefore direct comparisons of data in the literature can be difficult
and misleading. For the present comparisons research using somewhat
similar methods has been summarized to indicate the ranges of numerical
density and biomass to be found in various oceanic regions at depths similar
to those sampled here. The wide range of fauna abundance at each station
on Tufts and Cascadia Plains (Table 3) indicates patchiness of the animals
and/or heterogeneity of the envirnoment causing patchy distributions.

The biomass of infauna on Tufts Plain is less than that living on
Cascadia Plain, the abyssal environment closer to the continent and its
influences (Table 3; Figures 3 and 4). Similar trends with increasing
depth and distance from shore have been reported in the Pacific Ocean by
Belyaev (1960), Eilatova and Levenstein (1961), and Zenkevitch and Filatova
(1960). While the biomass of the fauna drops to lower levels on Tufts
Plain, even at the most eastern station (TP-1) at a depth which is close
to the Cascadia Plain environment, the numerical density remains as high as



Table 4. Composition of the infauna (percent composition by number). Five major taxonomic categories
are listed. The Miscellaneous category includes nemerteans, brachiopods, sipunculids, and echiuroids.

PERCENT COMPOSITION

Station Percent composition by number

NAD 20A

Annelida

89.0
Molluska

4. 5

Arthropoda

5. 3

Echinodermata

0. 5

Misc

0. 7

NAD 21 84.7 8. 5 4.5 0.8 1.5
W
U) NAD 22 84.8 7.8 2. 3 1.9 3.2

44z NAD 23 88.1 2. 0 7. 7 0. 0 2.2

A
NAD 24 35. 3 1. 5 9. 6 0. 6 3. 0

a
U a' NAD 24A 73.9 3.6 16.7 1.2 4.6
En NAD 25 76.6 0.7 17.9 0.4 4.4
U

NAD 26 84.3 0. 7 9. 0 1.0 5.0

a
Q TP 1 63.1 3.3 26.0 1.6 6.0
En
U) TP 2 73.3 2.3 15.9 1.1 7.4
oaz
4 ~ TP 3 61.4 4.2 23.5 0.8 10.1
E
Ha TP 4 82.7 2.0 7.6 0.0 7.7



TABLE 5. A partial summary of the abundance of benthic fauna in the upper abyssal zone.

No. /m2
Biomas s /m2

g wet-preserved wt.
Depth

(m) Locality Investi atorg s

748-1003 2870-3742 NW Atlantic Sanders, Hessler, Hampson (1965)

55-519 1500-4525 W Equ. Atlantic Sanders, Hessler, Hampson (1965)

22-359 7. 51-31. 05 2000-3000 W Bering Sea Kuznetsov (1964)

3.45-14.88 950-4070 NW Pacific Zenkevitch, Birstein, and
Belyaev (1955)

7-1937 0. 07-17.89 2556-3876 NE Pacific Carey (present study)

5-49 0.08- 2.85 2000-4000 NE Pacific Filatova and Levenstein (1961)

27 -77 1.89- 2.07 2936-4067 SE Pacific Frankenberg and Menz ie s (1968)

0. 54- 2.80 1000-3200 Antartica Belyaev and Uschakov (1957)
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that found in the eastern and western portions of Cascadia Basin. The

degree of influence from continental proximity does not appear to affect
the numbers of animals beyond the Slope-base zone, but there is a significant
difference in the average weights of animals that live on the two plains.
The fauna is as numerous but of smaller average size. Measurements of
numerical density by Sanders and Hessler (1969) led them to state that
a decrease with depth and distance from shore is probably not significant
in the northwest Atlantic, whereas my findings show that such a decrease
in the northeastern Pacific is significant. It is likely that the decrease
in food supply on Tufts Plain is the major cause.

Some quantitative benthic research is reported primarily in terms of
biomass (see review of Vinogradova, 1962 and Zenkevitch, 1963), but others
(Sanders, Hessler, and Hampson, 1965) have reported their results by
numerical density. I would urge that both approaches for estimating
faunal abundance are necessary. Both are estimates of abundance, and yet
they may yield different results and ecological insights as demonstrated
by the present research. Valuable specimens can be seriously damaged
while weighing and the wet-preserved weights are inaccurate , but these
problems can be minimized, and the necessary information obtained relatively
easily. As wet preserved weights include shells, other hardparts, and
gut contents, results from one station to another could be an inaccurate
measure of abundance if the composition of the fauna changes markedly.
Although the infaunal composition does change along the Cascadia-Tufts
Transect Line it is unlikely that these slight variations could affect the
biomass to such a large degree. Furthermore, Carey (1970b) has demonstrated
that wet preserved weights can yield results similar in trend to the more
accurate ash-free dry weights. It is evident that the standing stock of
benthic infauna is a measurement of the static end-result of the dynamic
processes of recruitment, growth, mortality, and metabolism. Standing stock
could, therefore, be a misleading statistic and could over or underestimate
the secondary production on the abyssal sea floor, but it is the best that
can be accomplished at the present time until more basic information is
available on the biology of the fauna. However, stock data do allow
meaningful comparisons between like environments.

Depth of water and distance from shore affect the faunal abundance
in varying degrees depending on the geomorphology of the abyssal environ-
ment under study. Depth and distance increase together on the continental
margins; both tend to decrease the food supply to the sea floor and to
change the physical characteristics of the environment. Belyaev (1960)
has stated that distance from shore is the major factor in the Northwest
Pacific Ocean. Northeast Pacific environments at different distances
from shore, but within approximately the same depth zone do differ in
biomass abundance as demonstrated here, while the numerical abundance does
not change significantly when similar environments are compared. However,

numerical density does decline with depth on the Oregon continental slope
where the depth increase with distance is large (Carey, 1965). 1 conclude
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that faunal abundance is affected by an interacting complex of environmental
characteristics that vary in their relative importance depending on the
region under study. If there is relatively small depth change from one
area to another, then the food input as affected by distance from shore or
by oceanographic conditions would have more effect. But if depth changes
markedly from one station to another, particularly within the first 2000
meters and over a short distance, then depth would have more effect on
faunal abundance.

Though researchers generally agree that food supply to the benthic
boundary controls the abundance of the fauna, there is discussion concerning
the source, routes, rates of transport, and the quality of the organic
materials that reach the sea floor. Menzies (1962) lists five sources of
organics that have been suggested since Agassiz first recognized the
problems of abyssal benthic nutrition in 1888. Since that time the data
obtained on food sources of deep-sea organisms have been few, and the
questions still remain.

There are a variety of mechanisms of transport for food materials to
the bottom, and some would be faster than others. Much of the organic
matter must sink slowly as adsorbed coating on fine sediment particles,
as detrital remains of plants and animals, or as organic aggregates. How-
ever, other routes via faecal pellets, carcasses, diurnal vertical mi-
grations of mesopelagic animals, and turbidity currents would accelerate
the downward movement of energy-rich plant and animal remains and their
excrements (Menzies, 1962). Sanders and Hessler (1969) suggest that the
abundance of abyssal fauna is so reduced by 1/25 from 200 to 2500 meters
depth) that the slow rain of dead plants and animals from the euphotic
zone could account for enough energy for the maintenance of the abyssal
assemblages. As small, low-density particulate material would take a long
period of time to reach the sea floor, (Gordon, 1970) it is likely that
much of the readily metabolized energy would be consumed or lost through
cell autolysis during descent through the more populated environment
to about 2000 meters depth. It seems likely that there are some rapid
transport routes and that some organic material must be dropping rapidly
through the background of more slowly moving particles in the lower layers
of the water column. Currently, the size and organic analyses of particles
from discrete water samples do not provide data on relative rates of descent.

There is evidence that at least some of the surface particulate material
must reach the sea floor very rapidly; short-lived radioisotopes from
atmospheric atomic testing have been detected in Paelopatides confundcns
Oshima, an abyssal holothurian that feeds on organic materials associated
with the sediment surface (Osterberg, Carey, and Curl, 1963). The very
small 95Zr - 95Nb particles (< 4.5P ) reached the bottom in several weeks;
faecal pellets from filter-feeding zooplankton were suggested as the
mechanism for mechanical concentration and downward acceleration. The
surface-feeding organisms would concentrate the particulate fallout
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isotopes, adsorbed to phytoplankton cells, packing them into faecal pellets
that would fall more rapidly to the sea floor. Beklemishev (1961) has
suggested that zooplankton feeding in excess can enrich the detritus in
the water column and provide a source of food to the benthic fauna below.
However, Smayda (1969) undertook a series of measurements of faecal pellet
sinking rates and suggests that though faecal pellets do sink faster than
phytoplankton cells, dead zooplankters fall faster yet and might be a better
source of organics to the sea floor. An average of 2.4 years has been
estimated from specific activities of 65Zn for the transport time of zinc
probably associated with organics to sink to the sea floor at 2860 meters
depth off Oregon (Carey, 1970c). Though much of the food material in the
ocean must sink slowly toward the bottom as postulated by Agassiz (1888)

and many others, a portion must be transported rapidly, ensuring the
existence of utilizable food materials in the abyssal zone.

It remains to be seen by what means the majority of food reaches the
benthic environment in the deep-sea. There is also the question of how
much is produced in situ by chemosynthetic bacteria, and heterotrophic
algae, yeasts, and fungi (Sanders and Hessler, 1969; Parsons, 1963).
Benthic bacteria may well play a major role in the abyssal benthic food
web by transforming refractory substances into utilizable biomass (Marshall,
1954; Bruun, 1957), although their high metabolic rate may use up much
of the available energy. The deep-sea food web is based on detrital and
sedimentary organics. Sanders and Hessler (1969) report a high proportion
of the fauna are sediment and detritus feeders. Carnivorous asteroids are
lacking in the abyssal zone off Oregon, while detritus-deposit feeding and
omnivorey are prevalent (Carey, unpublished data).

On the broad scale do we understand the coupling of surface primary
production with the life on the sea floor. In some cases there are general

correlations between primary production and the life beneath (Bogonov, 1958;
Sanders, Hessler, and Hampson, 1965; Vinogradova, 1962, Rowe, 1970), while
in others there is very poor correlation (Frankenberg and Menzies, 1967).
The quantitative and qualitive characteristics of organic materials in the
water column that should link the sea floor with the surface primary
production are under active investigation. It is unclear, however, how
much effect depth itself has on the concentration and composition of
particles beyond 200 or 300 meters. Several workers have concluded that
the distribution is homogenous with depth below the euphotic zone (Parsons
and Strickland, 1963; Menzel, 1967) and with space and time (Menzel, 1967).
Holm-Hansen (1969) has reported that biomass based on ATP levels in the
water column demonstrates rapid decrease of biomass within the upper 300
meters, and Bruun (1956) concluded that there is little pelagic life below
2000 meters to effect the concentration of detrital material sinking to
the sea floor. These data suggest that below a critical depth, organic
concentration in the water column does not change significantly down to
the benthic boundary. Other workers, however, have reported that
particulate organics change with depth, season, and geographic position
(Wangersky and Gordon, 1965; Riley, Van Hemert, and Wangersky, 1965;
Gordon, 1970). If these latter conclusions hold true, then regional
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variations of abyssal benthic biomass that appear to correlate generally
with primary production, and secondly periodic reproductive activity in
the deep-sea (Schoener, 1968) would be explained more easily. However,
horizontal advection can be important in determining the distribution
of particles (Hobson, 1967) and may put a further lag into the coupling
of the productive surface waters with the energetics of the sea floor.
In addition, until the dynamics of the equilibrium between the dissolved
organics and organic aggregates are fully understood, it will be difficult
to quantify the input of food to the bottom (Gordon, 1970).

Organic carbon associated with sediments has been measured by benthic
ecologists for a long time as an estimate of in situ food. That organic
carbon and organic nitrogen are very rough measures of available food for
the fauna and do not indicate the quality of the material has been pointed
out by Sanders, Hessler, and Hampson (1965). In the present study,
relatively high levels of organic carbon for abyssal depths are reported
in the surface sediments of the plains, and a lack of correlation of
fauna] abundance with these high levels is indicated. A band of high
organic concentrations across central Cascadia Plain may be caused by
effects of the Columbia River (Gross, Carey, Fowler, and Kulm, 1970).
Several additional mechanisms for particle transport may explain why the
Slope-base stations (NAD 20A and NAD 21) have sediments with higher levels
of organic carbon and a larger fraction of silts, and why they support
large found populations. Neudeck (1969) using photography has surveyed
bottom turbidity on the Oregon continental shelf and slope and has found
that there is a transport of particulate material that follows the
topographic lows across the shelf and down the slope to Cascadia Plain.
Though there is a maximum in transport during the winter, this must
represent a slow but continuous movement of material to deeper environments.
Secondly, transport of particles from the productive nutrient-rich upwelled
waters to deeper levels in the water column off Oregon would be increased
by the downward movement of the water mass as it flows underneath the
Columbia River plume and along the pycnocline during the summer. On Tufts
Plain, organic carbon has been reported at less than 0.5% by weight (Gross,
Carey, Fowler, and Kulm, 1970). However, four stations sampled in this
study contained higher values, possibly correlated with past turbidity
flows originating at the Astoria Fan and travelling through the Cascadia
Channel system (Kulm, personal communication). During the Pleistocene
this mechanism may have linked Tufts Plain more closely to continental
influences than is apparent today.

Until the composition and nutritional quality of the sedimentary
organics are known quantitative estimates of food sources of the abyssal
benthic fauna are difficult. Within various portions of Cascadia Basin
there are different levels of organic carbon associated with the sediments
(Gorss, Carey, Fowler, and Kulm, 1970); preliminary evidence indicating an
over-all effect on the distribution and abundance of the benthic fauna.
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Although the organic carbon that we measure may be the standing stock,
i.e. that which is left over after the deposit and detritus feeders have
removed most of it, it should indicate the over-all past richness of an
area when corrected for sedimentation rates.

The fauna in the northeast Pacific Ocean is similar to that of the
northwest Atlantic (Sanders, Hessler, and Hampson, 1965) when the numerical
abundance and percent composition of the major taxa are compared. The

Polychaeta comprise the largest portion of the fauna in both regions
(Northwest Atlantic: lower slope, 1400 - 2200/m2 and 65 - 64%; abyssal
rise, 370 - 420 /m2 and 37%; Northeast Pacific: Cascadia and Tufts Plains,

184 - 1338 /m2 and 61.4 - 89.0%). The Crustacea comprise the next largest
portion of the fauna (Northwest Atlantic: lower slope, 240 - 370 /m2 and

11 - 14%; abyssal rise, 23 - 330 /m2 acd 5 - 21.4%; Northeast Pacific,
Cascadia and Tufts Plains: 5 - 169 /m and 2.3 - 26.0%). The Molluska

are third in abundance (Northeast Atlantic: lower slope, 100 - 200 /m2

and 5.4 - 7.2%; abyssal rise, 7 - 31 /m2 and 1.0 - 3.0%. Northeast Pacific,

Cascadia and Tufts Plains, 2 - 99 /m2 and 0.7 - 8.5%). The sampling and
processing techniques used in both studies are similar permitting detailed
comparisons. Comparisons with other studies are more difficult. It is

anticipated that further comparisons of composition and abundance with the
Gayhead-Bermuda transect on a more detailed taxonomic level will demonstrate
interesting similarities and differences in the infauna of these two
regions that differ markedly in their geological, hydrographic, and
biological characteristics.

Sanders and Hessler (1969) have shown that depth has a significant
effect on faunal composition; a change of several hundred meters in depth
sometimes having the same effect zoogeographically as a change of thousands
of kilometers horizontally. Rowe and Menzies (1969) have demonstrated
that the bathyal and abyssal fauna off North Carolina is restricted to
relatively narrow depth zones. Undoubtedly the changes in gross composition
reported here for the Northeast Pacific infauna will become more significant
when the distributions of species along the transect are examined.

The similarities in gross faunal composition in Cascadia Channel
(NAD 24A and NAD 25) and on Tufts Plain may indicate that the channel
acts as a route for deep-sea fauna through the East Pacific Rise which may

be a zoogeographic barrier. Or perhaps the long series of turbidity flows
through the channel has maintained a different faunal assemblage from the
surrounding abyssal area by erradicating the existing fauna periodically.

Radioactive zinc in the Pacific off the northwest United States and
Canada originates at the Hanford (Washington) Atomic Works where Columbia
River water used for cooling flows through the high neutron flux of the
AEC's plutonium production reactors. This and other radioisotopes at
trace levels flow down the Columbia and out to sea, where they have been
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detected in all phases of the marine ecosystem (Pruter, 1970). The ex-

tensive distribution of the Columbia River radioisotopes at sea illustrates
the potential of a large river to influence the nearshore abyssal zone.

These ecological studies of the abyssal benthos on Cascadia and Tufts
Abyssal Plains have demonstrated that continental influences effect the
biomass and to some extent the numerical density of the infauna. The major
influence appears to be level of food supply, therefore the faunal abundance
changes more with distance than with depth in this area. Although the
mechanisms are not understood, there appear to be slow and fast components
of vertical transport of organic materials and elements to the ocean floor.
The composition of the fauna reflects the soft substrate and the detrital
and deposit mode of feeeding. The slight changes in gross composition
may indicate that Cascadia Channel is a migration route for fauna from
Tufts Plain to the semi-enclosed Cascadia Abyssal Plain. From a large-
range biological and ecological point of view, research on marine
environmental quality should include near-shore abyssal environment, a
part of the oceanic ecosystem that is continentally influenced.
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F. WORK IN PUERTO RICO

by William O. Forster

During the period from September 1, 1969 to June 1, 1970, Dr.
William O. Forster was on leave to work at the Marine Biology Laboratory
in the Puerto Rico Nuclear Center at the Mayaguez campus of the Univer-
sity of Puerto Rico. He will return to Puerto Rico in September to assume
directorship of the Marine Biology Laboratory for two years. While
working at the Puerto Rico Nuclear Center he had an opportunity to par-
ticipate in a number of research projects. These are discussed briefly
below:

(1) SCANDIUM ISOTOPES IN THE CARIBBEAN with F. G. Lowman

A previous cruise by Battelle Northwest Lab personnel in June 1968
(Project SKETCH) on the U. S.C. G. S. S. ship RAINIER determined maxi-
mum 46Sc levels around the Grand Bahama Island of 35 dpm/m3. These
same levels were tracked along the coast of Cuba and through the Panama
Canal. In the Pacific the Scandium-46 activities dropped below minimum
detection level of 4 and then approached maximum in the Columbia River
Estuary at 2000. These extreme levels are due to the Hanford reactor
debris. No other stationary source is known for these isotopes and fall-
out levels are not detectable.

By using this same large volume water sampler, filtration-sorption
system with stannous chloride impregnated to the aluminum oxide, scan-
dium isotopes can be quantitatively removed from sea water. The source
of these short-lived radionuclides could be from Russian nuclear sub-
marines that have titanium (see Table I) in their construction materials.
If so, by neutron-proton (n. p. ) reactions all five of the Scandium isotopes
should be present in varying amounts in the water at time zero. Also,
any paired combination of these isotopes could give information as to the
path of these ships in the Caribbean waters. Samples have been collected
and are being processed at this time.
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Table I

Scandium radioisotopes from (n,p) reactions on stable Titanium isotopes.

Stable titanium Percent / cross section(b) Scandium isotopes (tl/2)

46Ti 7.9%/0.6 b 84 d
47Ti 7. 3%/l. 7 b 3.4 d
48Ti 73.9%/ 8. 3 b 44 h
49Ti 5.5%/1.9 b 57 m
50Ti 5. 3%/14. 0 b 23 m

(2) TRACE ELEMENT COMPOSITION OF (SPINY) LOBSTER
AND CLAMS (DONAX )

with Robert Ting

The ability of marine organisms to concentrate elements from their
environment has been the subject of many studies. As organisms do not
discriminate between stable and radioactive isotopes, this concentration
by organisms is important in view of present and future uses of nuclear
energy. The possible accumulation of radioactivity is a function of the
transfer routes and rates of the stable isotopes. This study was initiated
to study the concentration factors for several trace elements (Sc, Cr,
Mn, Fe and Ni) in economically important shellfish along the west coast
of Puerto Rico. A methods comparison was also done by correlating the
results by neutron activiation analysis with atomic absorption spectro-
photometry. It was believed that by studying the amounts of stable isotopes
in these organisms, predictions could be made regarding the extent to
which radioisotopes of these elements could be concentrated.

Table I lists the preliminary results of the concentrations of four
elements in several organisms.

µ g/ g wet weight
Organism Nickel Manganese Chrome Iron Scandium

Lobster
muscle 26 18 29 62 0.2
shell 38 15 40 83 0.3

C lams
muscle 16 19 88 53 0.4
shell 35 23 45 40 0.3
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Concentration factors for these animals are all greater than three orders
of magnitude with chrome approximating five orders of magnitude due to
extremely low levels in the water. The water analyses are being processed
but the above estimates can be made using Goldberg's (1963) values of
these elements in seawater.

(3) FORAMINIFERA DISTRIBUTION AND COMPOSITION
AROUND PUERTO RICO

with George Sieglie

Some of the most abundant microscopic animals covering the
abyssal sediments in all oceans are the foraminifera (forams). Although
they are frequently used for dating and environmental analysis, very
little is known of the trace element composition of these animals. This
study was made to determine if any characteristic assemblages of ele-
ments could be made on forams in certain outwash areas.

As neutron activation analysis was used to determine the concentra-
tions of these elements, difficulties were encountered with trace contami-
nation of the tests. Small amount of impurities inside the forams were
activated along with the sample, resulting in erroneous data. An ultra-
sonic cleaning technique has been tried in a comparative study and will
subsequently be used with the rest of the samples.

Several areas around Puerto Rico and Panama were sampled and
the forams have been identified preliminary to activation.

(4) RARE EARTH CONCENTRATION FACTORS IN PLANKTON

with F. G. Lowman and Raul McClin

The ecological role of plankton in the sea has been known for many
decades, but it was only since the advent of nuclear testing in the Pacific
that it has been possible to delineate the pathways in which selected trace
elements pass through the food chains. Many particulate elements are
associated with plankton in excess of that needed for growth (Rice, 1963).
This study attempts to assess the routing of several rare earth elements
(4-f) out of the seawater, through phytoplankton, to zooplankton. These
4-f elements, 140La, 141Ce, 144Ce, 144Pr, 147Nd, 147Pm, 151Sm,
have been the major source of radioactivity in many Pacific Proving
Ground biological samples. Seawater and plankton were collected off the



142

west coast of Puerto Rico by pumping water from 10 meter depths through
conical nets of mesh #12 and 25. In non-productive water the #12 mesh
net will pass 99% of all the phytoplankton which will be caught in the #25
net. The samples are centrifuged, decanted and preserved with formalin,
previous to weighing. Wet, dry and ash weights are determined before
neutron activation. Table I compares C, H, N values of plankton to sponges
in a preliminary experiment.

.-Nitrogen Carbon _Hydrogen
Weight mg/g mg at/g rng/ g g At/g 1 01o mg/g lmg At

g
Plankton 0. 66 dry 6.4 6.4 4. 6 47.31 473. 39. 4 2. 2 39. 4 22. 4

Sponge 0. 65 dry ND 0.9 9.1 0. 76 0. 21 0. 8 1.9
1

(5) TRACE ELEMENT REMOVAL FROM SEAWATER BY APDC IN MIBK

with F. G. Lowman and Raul McClin

Ammonium pyrrolidine dithiocarbamate (APDC) is finding wide
acceptance as a chelating agent in the extraction of many heavy metals
from various solutions prior to atomic absorption analysis. Recently,
Sprague and Slavin (1964) have shown that it can be used with methyl
isobutyl ketone (MIBK) to separate trace elements from 25% potassium
chloride solutions. Others have found its usefulness in extraction of
trace elements from seawater over a wide range of pH (Brooks et al.
1966). The following work was carried out to determine the recoveries
of several important trace elements Sb, Hg, Cr, Ag, Mn, Zn and Co
from seawater by using this solvent-extraction system.

Preliminary tracer experiments were carried out to determine the
optimum conditions for maximum extraction efficiency for each element.
The results of one set with pH changes with 60Co and 65Zn tracers are
shown in Table I.
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Table I

Recoveries of 60Co and 65Zn from Seawater by APDC in MIBK

Recovered Activity

pH 60C o 65Zn

1.0 265+ 15 210+ 8
1.5 257 + 12 225 + 12
2. 0 240 + 13 1713 + 90
2.5 233+ 11 5148+ 110
3. 0 196 + 10 5612 + 180
3.5 205 + 6 5946 + 201
4.0 198+ 7 6110+ 250
4.5 190 + 8 6232 + 301
5.0 185 + 5 6314 + 280

The data in Table I indicates opposite extraction behavior of the two metals
with 60Co removed more completely at pH < 3. 0 and 65Zn separated
efficiently at pH values > 4. 0. Thus after many tracer studies of this
type, optimal conditions should be determined for each element of concern.
The following general procedure was used for the selected trace metals
in this study.

Seawater (16 liters) was titrated with redistilled HC 1 to the
appropriate pH for maximum removal of the element of concern. MIBK
(700 ml) was added and then 1% APDC (140 ml). This mixture was shaken
for 30 minutes and the organic layer separated. Reextraction with another
portion of MIBK (330 ml) is then carried out. Combine the two organic
fractions (1 liter) and evaporate under an infra-red lamp to 100 ml.
Aspirate the MIBK with the trace element in the flame of an atomic absorp-
tion spectrometer using standards also dissolved in MIBK. Correct
absorptions for blank determination. Comparisons were made with
tracer recoveries by this procedure compared to iron hydroxide scavang-
ing techniques and removal by large volume reduction-sorption techniques.
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(6) NEUTRON AC TIVATION OF MILLIPORE FILTERS

with F. G. Lowman

Trace element determination in seawater involves filtering during
some stage of analysis, either to separate the orginal material in the
soluble and particulate fractions or to separate the concentrated material
later in the process. It is believed (Robertson, 1968) that filtering and
other steps during collection, storage and processing result in contami-
nation of the sample, primarily because of several orders of magnitude
in literature values for these trace elements. The problem can be
appreciated by knowing the initial trace element analyses were done with
no chemical processing and handling and only instrument neutron activation
techniques were used. Several metals were detected in Millipore filters
by Robertson (1968), for example, high concentrations of chrome, zinc
and iron; with some antimony, cobalt cesium and scandium. A semi-
qualitative analysis of several 47 mm (0.454) Millipore papers under an
integrated neutron flux of 1. 2 x 1014 n/cm2. gave copper, manganese
and hafnium as major metalic photopeaks. These results were confirmed
by half-life studies. Sodium, chloride, and bromides were also present
but were probably the result of handling, either at the factory or in the
laboratory. The resulting differences between the two analyses may
indicate the erratic chemical composition of these and other similar
filters. This suggests, the important role of blanks in any analytical
scheme.

(7) INTERAC TION OF SEVERAL RADIONUC LIDES IN ANASC O
RIVER WATER WITH SEAWATER

with Doug Wolfe, F. G. Lowman and Raul McClin

The transport of solute materials downstream and subsequent inter-
action with the components in seawater have interested geochemists con-
cerned with total budgets of these materials in the world's oceans. Much
conflict exists between those who believe that the river's contribution to
total oceanic amounts of these trace elements is negligible and those who
believe the river supply is significant. Estuarine interaction is the key
to this misunderstanding as the river load could be significant, if after
mixing with the seawater the resultant material is soluble or in some
other transportable form. However, if the resulting material is large
enough to settle out immediately on the shelf, very little transport is
possible to the ocean basins.
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This study was undertaken to determine the riverwater - seawater
interaction of seven radionuclides of diverse chemistry. Table I shows
some important chemical and radio properties of these radioisotopes.

Table I

Properties of Radiotracers used in Riverwater-Seawater Interactions

Radioisotope Half life Gamma Energy Electronic Orbitals Probable Form
in sea water

54Mn 310 days 0. 84 mev 3d5 +4 particulate
60Co 5. 27 y 1. 17, 1. 33, 3d7 +2 soluble
65Zn 245 days , 1, 11 3d10 +2 soluble
110Ag 290 days 0. 66, 0. 88 4d10, 5sl +1 soluble

complex
1

2Sn 252 days 0.26,0.35 5p +4 particulate1255b 2. 7 y 0.43,o.60 5p3 +5 soluble155Eu 1. 7 y 0.02, 0. 14 4f7 +2 particulate

The above tracers were prepared, mixed and neutralized with ammonia
to a pH of approximately 7 and then added to 61 liters of Anasco River
water. Six replicates were measured and mixed with varying amounts of
Mona Pass seawater to make 10-liter solutions of from 5 to 100% river
water. These samples were agitated frequently for 5 days in order to
distribute the tracers among the different components. The soluble (sol)
fraction of the samples were then separated by filtering through a O.45µ
Millipore while being careful not to disturb the sediments. This soluble
fraction was scavenged by subsequent iron hydroxide coprecipitation and
filtered after 24 hours settling time. The suspended sediments (ss)
were dried on the filter paper and packed into a 50 ml beaker for constant
geometry to be counted in a Packard pulse height analyzer by a Li(Ge)
solid state detector. The sediment fraction (Sed) was centrifuged and the
supernatent added to the soluble fraction with the solids packed into 50 ml
beakers similar to the supensoids for counting geometry. Counting times
were adjusted to give approximately 10, 000 counts in the nine photopeak
channels.

It was felt that a nonbuffered addition of tracers would add enough
acid to the river water suspensoids that significant changes would be evi-
dent in the redistribution of these tracers from the particulate to the
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soluble phases. We had a chance to test this, as inadvertently, the
tracers were added before buffering the tracer solution to the pH of the
river water. Table II lists the results of both the buffered and the
unbuffered radionuclide distribution at 100% river water and comparisons
are made between them.

Table II

Fractionation of Several Radionuclides in Anasco River Water

Tracers 60Co 65Zn 54Mn 110Ag 125Sb 113Sn 155Eu

Buff ered

Soluble 2.9 8.0 1.9 17.0 83.2 0 2.5

Suspended 13.8 17.5 10.3 22.9 2.5 8.6 19.6

Sediments 83.3 74.5 87.8 60.1 14.3 91.4 77.9

Unbuff er ed

Soluble 3.2 3.0 2.5 5.1 44.4 3.0 1.4

Suspended 3.5 1.9 10.1 9.0 0.3 0.7 13.8

Sediments 93.3 95.1 87.4 85.9 55.3 96.3 84.8

Table III

65
110 125 113 15560Co Zn 54Mn Ag . Sb Sn Eu

Ratio Buffered
LUnbuffered

Soluble 0.9 2. 7 0.8 3.3 1.9 --- 1.8

Suspended 3.9 0.9 1.0 2.5 8.3 12.0 1.4

Sediments 0.9 0.8 1.0 0.7 2.6 1.0 0.9

Table III compares the percent of activity in each fraction for buffered
tracer versus unbuffered tracers. The 21 relationships would approxi-
mate a value of 1. 0 if there were no differences in fractionation due to
excess acid added in the tracers. Only four of these values are greater
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than 3, and for three of these 60Cc, 125Sb and 113Sn the suspended
material represents less than 15% of the total radioactivity of the solu-
tion, therefore small changes in these small percentages magnify the
ratios. Silver - 110 has the only soluble fraction that shows significant
differences between the two solutions with the buffered solution having
3.3 times more soluble component than the unbuffered.

A subsequent similar study, but with mixing the river-water tracers
with varying amounts of seawater, gave the results in Figure I. Several
gross features are evident, (1) the form of the radionuclides in river
water are generally particulate, (2) on mixing with seawater, the particu-
late material becomes more soluble, very slightly in the case of 125Sb
and greatly in the case of 60Co, (3) the greatest change in form for all
these isotopes per change in salinity occurs from 5 to 20% river water.
This latter development was surprising in light of the considerable loss
of river water sediment load at the mouth of estuaries. An effort will
be made to sort out the biological, chemical, and geological contributions
to these changes.

(8) TRACE ELEMENT COMPOSITION OF CARIBBEAN/
ATLANTIC SEAWATER

with F. G. Lowman

Trace element values in the waters around Puerto Rico have not
been evaluated over a period of time primarily due to the great distance
from the large mainland oceanographic centers. Expensive ship time
localized most research near the home port unless a transect happens to
cover this area, but then only for a short period of time. The R/V
SHIMADA and her crew were called upon to sample the water on the west
coast of Puerto Rico for trace elements and help evaluate various
sampling techniques for these metals. The three concentration and
separation techniques under consideration were: a) reduction- sorption
with stannous chloride impregnated with aluminum oxide, b) chelation
with APDC and then solvent extraction with MIBK and c) coprecipitation
with basic iron chloride. All of these techniques are described in other
reports in this volume.

A) One cruise (69 10) was undertaken to determine the form of
several stable trace elements in Mona Pass seawater. Duplicate surface
(10 meter) seawater were pumped through the reduction-sorption beds for
1 hour (2000 liters). Three pairs of 18 liter samples were taken at the
same time for iron hydroxide scavenging a) without filtering for total
trace element recoveries b) unfiltered, 1 uxt with freshly distilled
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concentrated HNO3 (5 ml per liter of seawater) added for the soluble
acid-released fraction in seawater and c) filtered (O.45µ ) seawater with
the above acid added, d) the last fraction is from the direct removal of
soluble material from unfiltered seawater by the reduction-sorption bed
material. The scheme below shows the sampling pathways and the nomen-
clature used in the following tables, figures and text.

Common pool 1) Unfiltered for Total analysis- T
of seawater 2) Unfiltered plus acid added - TA

3) Filtered plus acid added - FA
4) Filtered plus Bed removal - FB

The results are in table I and show only the average values (ppb) of
replicate analyses.

Table I

Average Trace Element Concentrations (ppb) in Mono Pass Seawater, from
Cruise 6910, by Atomic Absorption Spectrometry, concentrated by Iron
Hydroxide.

Cd Co Cu Cr Ni Mn Zn

Total (T) 81 . 72 1.00 2. 10 2. 78 1.02 9.4
Acid Release (TA). 40 .31 1. 12 -- 1.27 1. 70 29.2
Soluble Acid Re-

lease (FA) . 73 .31 .93 -- 1.12 0.60 8.0

Soluble Bed Re-
moval (FB) .59 .93 1. 16 -- 3. 22 0.62 7. 7

"The Sea" 1963 . 10 .50 3. 0 0.5 2.0 1.0 10.0

Discussion

In general the total analysis (T) of Mona Pass Seawater corresponds
favorably with accepted values by "The Sea" (1963), with the exception of
cadmium, which has a higher level by scavanging. The subdivision of
this total amount into various forms can be done by comparing the differ-
ences between each process. For example, TA-FA should give a measure

.
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of trace element removed from the particulate portion by the acid treat-
ment. This should always be less than the total release from both the
soluble and particulate fractions (TA). Table II shows the percent of the

total element that was released by acid treatment comparied to the
particulate portion and three groups are evident a) Co and Cd not released
from the particles b) Cu and Ni with insignificant releases (< 20%)

c) Mn and Zn that had most (> 2/3) of that element bonded to particles.

A second relationship relates the total element in seawater (T) less
the amount released by acid on all particulate and soluble fractions in
that water (TA). Table II shows two divisions of these elements based on
these operations, a) Cd, Co and Ni that released approximately half of
the total element by the acid treatment while b) Cu, Mn and Zn released
more than the total element. In the case of zinc the release was double
the original total. This could easily be due to the breakdown of the micro
and microorganisms and the particles in the water by the acid treatment
and subsequent release of their stable concentration. This emphasizes the
importance of a constant pretreatment of aqueous samples for valid com-
parisons.

A measure that gives an estimate of the amount of stable element
tied up in this soluble release by acid is found by subtracting the filtered
acid fraction (FA) from the total (T). Table II shows Cd, Cu and Zn to
be a small (<15%) percentage in this acid soluble-released form while
Co, Ni and Mn show about half of the total is in a soluble released form.

The last comparison is made by determining the loss to the
reduction-sorption-bed material by subtracting (FB) from (T). According
to Table II the bed retains low percentages (<40%) of Zn, Cd and Mn.
Contamination levels of Co, Cu and Ni were released from the stannous
chloride-aluminum oxide phase as higher levels were detected below the
filter-bed material than in the raw seawater. Thus this reduction-sorption
technique has application for radioremoval from seawater but large stable
contamination factors limit its use in stable element analysis of seawater.
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Table II

Percentages of various trace element forms in Mona Pass Seawater,
Cruise 6910.

Cd Co Cu Ni Mn Zn

1. TA-FA = Particulate --- --- 17 12 66 73
acid release

2. T-TA -= Total acid 51 58 -10 54 -70 -210
release

3. T-FA = Acid release 10 57 7 60 42 15
by microorganisms

4. T- FB = Amount lost 27 -29 -16 -14 40 18
to Bed Material

A precision study was undertaken with a common pool of Mona Pass
seawater, cruise 7003. Ten replicates of 10 liters each were taken for
coprecipitation with iron chloride and ammonium hydroxide at a pH of 9. 0,
determined by pH paper. Separan was used as a flocutating agent. Another
identical set of 10 replicates were brought to pH 9. 0 with the aid of a pH
meter (f 0. 05 pH) instead of the usual paper estimation (t 0. 2). An inter-
pretation of the results are shown in table I. A simplified precision measure
is used in column 4, as the range of values divided by the mean of these
values, expressed as a percent. Irrespective of the recovery efficiencies
of these elements from sea water the overall precision with which replicate
analyses can be made is clearly much better (55%) with an increase in
precision of pH at which scavenging wasdone. Thus the approximation to
an ideal scavenging pH of 9. 0 by pH paper gave a mean precision measure
of 148% compared to the more precise measure of 93% by electrode
measurements. Zinc (60%) lead (75%) and magnesium (55%) are recovered
with the highest precision using a pH meter, according to table I, but the
alkaline earths are not scavenged efficiently and should not be compared
on the above basis. For example, the conservative nature of magnesium
makes the value of 1300 ppm a good estimate of its concentration in Mona
Pass water, however the 1. 5 ppm value determined by scavenging with
reasonable precision, represents only 0. 1% recovered. This same logic
can not be used with the transition elements as their concentrations are
extremely variable in the oceans and recovery percentages must be
determined by other procedures.
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Table III
Precision of Trace Element Recoveries by Iron Coprecipitation Technique

Element Seas Values Mean of Rang 100 with Ran e 100 with
Cruise 7003 Mean pH meter Mean pHpaper

Mn 2. 0 ppb < Blank -----
Co 0.5 0.46 ppb 95% 125

Ni 2.0 1.7 180 210

Cu 3. 0 5.1 110 150

Zn 10.0 3.3 60 95

Cd 0.1 0.36 225 250

Pb 3.0 6. 1 75 125

Mg 1300 ppm 1.5 ppm 55 75

Ca 400 0.8 120 130

Sn 8 6.5 120 150

Mean 93% 148

The following section represents the results of trace element
analysis from several different studies (1) the offshore surface water in
Mona Pass area from cruises 6911, 7001, and 7003, Table 2 (2) a depth
distribution in this same water from cruise 7004, Table 3 (3) a nuclear
plant presite selection survey at Bahia de Jobos, Table 4 (4) a continuing
study of a Mangrove swamp area near La Parguera, Puerto Rico in
cooperation with Dr. Seppo Kohlemeinen, Table 5..



153

Mangrove swamp area near La Parguera, Puerto Rico in cooperation with

Dr. Seppo Kohlemeinen, Table 5.

Table .4
Trace Element Composition (ppb) of Mona Pass Surface Water, 1969-1970

Cruise Mn Co Ni Cu Zn Cd Pb

#6911 surface 18 4.8 20 5. 7 4.3 0.50 2.52
surface 21 4.0 19.5 5.7 4.5 0.38 2.12
100 meter 22 3. 0 13.6 5.4 4.8 0.33 1.63

100 meter 27 2. 3 10.3 5. 7 4.5 0. 26 1.63

Intermediate 25 1.0 4.5 5.9 2.2 0.08 0.75
Intermediate 23 1.0 4.8 5. 1 2.8 0. 12 0. 75

#7001 surface 25 2.5 6.3 5.4 5.0 0.26 0. 75

surface 26 3.0 4.8 5.3 3.3 0.27 1.12

#7003 surface 27 3.8 6.0 7.6 6.8 0.38 3.67
surface 23 3.3 6.6 6.4 6.0 0.16 2.37

Surface means 26 3.6 10.5 6.0 5.0 0.32 2. 1

"The Seas" 2.0 0.5 2.0 3.0 10 0.1 3.0

Table 5
Depth Distribution of Trace Elements (ppb) in Mona Pass Water, Cruise #7004

Depth Mn Co Ni Cu Zn Cd Pb
1 meter G Blank 10.0 5.0 t. t 3.9 o.6 6.5
1 meter Blank 7.5 5.0 5.5 3.5 0.6 5.5
25 meter Blank 7. 5 8. 0 ND ND 1. 0 8. 5

25 meter 4 Blank 7. 5 5. 0 ND ND 0. 6 5. 0

100 meter Blank 7.0 8.0 ND 6.0 0..8 6.5
100 meter Blank 6.0 5.o ND ND o.6 5.0
200 meter <Blank 6. 0 3. 0 ND 1.0 0. 8 3. 5

200 meter <Blank 7.5 3.0 ND 1.9 0.5 3.5
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Bahia de Jobos Trace Element Survey of Nuplex Environs - Spring 1970

Bahia
Station

Mn
Sol Sol Part

HC1

Co
Sol Sol Part

HCl

Ni
Sol Sol Part

HC1

Cu
Sol Sol Part

HC1

Zn
Sol Sol Part

HC1

Cd
Sol Sol Part

HC1

Pb
Sol Sol Part

HC1

1 5.0 <B 31 1. 7 1.0 1.6 6.0 6.5 2. 8 2.9 4.0 2.6 22.6 18.0 19.1 1.3 1.9 0.4 6.0 27 7.9

2 ND -- 31 2, 2 --- 0. 7 6.0 --- 1 . 3 1.4 - - - 0. 8 14.0 --- 3. 9 0. 8 --- 0.1 5.0 -- 1. 6

3 15.0 cB 11 3. 0 4.5 o.6 4.5 2.5 1. 3 3. 3 0.5 0. 8 24.0 9.0 9. 2 1. 1 0.7 0. 1 7.5 4.0 2. 1

4 ND B 11 3.0 3.5 0.5 7.5 1.0 0.9 1. 5 ND 0. 3 8.5 14.0 5.2 1.0 1. 1 0. 1 5.0 5.0 1. 1

5 5.0 <B 2. 7 9.0 1.0 ND 7.0 ND 0.9 2.0 0.5 0. 3 10.0 9.0 2.9 1.9 0.4 0. 1 11 1.5 0.3

6 -- <B 2.4 5. 2 1.5 0.3 14.0 ND 0.9 10.5 1.0 0.5 33.5 ND 3. 3 1.5 0.5 0. 1 12.5 3.0 0. 7

Ocean Stations

7 _ _ cB 2.4 2. 6 1. 0 0. 5 15 ND 0. 9 9. 3 ND 0. 3 22.5 ND 6. 4 1. 3 0. 5 0. 1 11.0 0. 5 1.4

8 20 B 1.9 2.4 4.5 0.5 8 1.0 1.3 2. 7 ND 0. 3 22. 9 1. 0 4. 9 1. 2 1. 2 0. 3 8 3.0 0.3

9 5. 0 B ND 1. 4 0. 5 0. 3 ND ND 0. 8 6. 7 ND 0. 5 14.0 ND 6. 4 ND 0. 3 0. 1 ND ND 1. 1

The
Sea " 3.0 0.5 2.0 3.0 10.0 0.1 3.0
1963



Table 7

Trace Element Composition (ppb) of Mangrove Swamp Area Around La Parguera P. R. - 1970

Sample Rate Mn Co Ni Cu Zn Cd Pb
d St tian

De
a on

scription Sol Part Sol Part Sol Part Sol Part Sol Part Sol Part Sol Part

1-7004

A-C reek inlet B1 13.1 1.0 1. 2 8 3. 2 ND2 0. 8 ND 2.8 2. 2 2.4 10.5 3.5
B- Creek exit B1 7.6 1.3 0.5 9 1.3 ND2 0.2 2.5 ND 1.3 1.2 6.5 1. 1

C- Bay-1/4 < B1 4.1 1.3 0.2 9 1.0 ND2 ND 18.5 0.6 0.4 1. 2 8.5 0. 8

D-Bay-mid B1 6.0 1.1 0.2 10 1.3 ND2 0.2 17.5 0.6 1.5 1.4 6.5 0.6
E-Bay-3/4 B1 0.3 1.0 0.7 8 2.4 ND2 0.2 8.5 2.5 1.3 3.5 3.5 0.7
F-ocean B1 ND 1.0 0.2 8 1.9 ND2 0.2 5.5 ND 1.0 0.4 6.5 0.4

8-7004

B c B1 3.3 0.8 0.5 10 1.0 --- 0.2 10.5 0.6 1.5 2.4 8.5 1. 7

C <B1 0.6 o.8 0. 5 9 1. 3 --- 0.3 8.5 0.2 1.5 1. 2 6.5 o.6
D <B 1 0.5 1.3 0.2 9 1. 3 - 0.1 3.5 ND 1.2 1.4 8.5 0.3
E . B1 2. 1 0.8 0.2 8.5 0. 8 --- ND 14.5 ND 0.9 0. 8 10.0 0.6
F 4 B1 ND 0. 8 ND 4 0.6 --- ND 3.5 ND 0. 7 0.4 6.5 ND

20- 7004
A LB1 8.5 0.6 o.6 --3 0. 6 --- 2. 5 B 2. 1 0. 7 0.6 3.5 0.6
C 4B1 3.3 0.9 0.5 5.5 1.9 --- ND B ND 1.1 0.6 5.0 2.3
F GB1 2.4 0.9 0.2 2 0.6 --- ND B ND 0.8 ND 5.0 0.4
1 cB is less than Blank
2 ND is not detected
3 --- no value reported



156

(9) EFFICIENCY OF REDUCTION-SORPTION TECHNIQUES
IN TRACE ELEMENT REMOVAL FROM SEAWATER

with F. G. Lowman and Raul McClin

The distribution of most trace elements in the ocean is generally a
little known and little understood phenomenon, although the cycling of
many can provide us with descriptions of some of the physical, chemical
and biological processes that occur in the ocean. The understanding of
these processes is necessary in order to quantify the sources and sinks
for these elements. The problems involved in analysis of these metals
at parts per million are not as troublesome as those of sampling - that
of removing the bulk sample from seawater and the concentration and/or
separation of the particular element from the sample. Ion exchange
techniques offer the following advantages for shipboard operations - (1)
large volumes of water can be passed through a column in a short period
of time (1000 liters/hour). (2) the stationary phase may be made specific
for removal of a particular element (3) the resulting concentrated and
separated sample can be easily recovered in the laboratory for final
analysis. The disadvantage of extraction and precipitation aboard ship
appears in the low and erratic recoveries of the trace metals in each of
the above three steps. Perkins, et al. (1968) have successfully used a
reduction - sorption bed for removal of 51Cr (VI) from Columbia River
plume contaminated water. Scandium-46 was also detected in this water
with the same bed material of aluminum oxide impregnated with a re-
ductant, stannous chloride.

A cruise was undertaken to evaluate the removal efficiency of eight
tracers from seawater. These radionuclides (Table I) were collectively
added to 400 liters of seawater, to immediately filtered seawater, and
to tap water, for removal and comparative analysis by each of the above
techniques. Subsamples of each tracer solution were removed in order
to evaluate the activities recovered by extraction techniques (APDC in
MIBK), scavanging by iron coprecipitation techniques (iron chloride/
ammonia) and reduction-sorption ion-exchange techniques. Duplicates
were run with each technique.
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Table I

Tracers added to seawater to evaluate recovery efficiencies by
reduction-sorption, extraction and coprecipitation techniques.

Tracer Half life Energy-Gamma

46
S c 84d 0.89, 1.12

51Cr 28d 0.32
54Mn 314d 0.84
60

Co 5.27y 1.17, 1.33
65

IZn 245d 1.12
110

Ag 249d 0.66, 0.88
203

Hg 47d 0. 28
125Sb

2.7y 0.43, 0.60

Recoveries of these radionuclides from each media by each process are
listed in Table II. Replicate analysis usually gave relative standard
deviations of approximately 10%, although comparisons between the
methods and between the media frequently show a range of over 100%.
However, the means will be discussed for a general picture of the relative
worth of each method for studying these radionuclides.

Table II

Percent Recoveries of Several Radionuclides from Seawater by
Reduction-Sorption, Solvent Extraction and Iron coprecipitation.

125
Sb 51 Cr 110

Hg
54

Mn
46

Sc
60

Co
Average

Recoveries

Reduction - Sorption 82 57 47 53 67 57 61

Iron coprecitiation 60 50 30 62 80 75 59

Solvent Extraction 29 20 59 50 22 50 38

verage Recoveries 57 42 45 55 56 61 53
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The overall low (53%) recovery average must be judged on the basis that
these radionuclides were separated from three different media-tap,
filtered seawater and unfiltered seawater. Some elements scavange
easily as particulate material and therefore are removed best from
water with the maximum amount of materials in it (seawater > filtered
seawater >tapwater); for instance, radio-elements like 124Sb and 51C r
coprecititated with iron hydroxide. Other elements like 46Sc 110Ag

and 60Co remained in solution and the removal efficiencies are greater if
no complications are involved (tap water >filtered seawater> seawater).

The best average recoveries are by reduction-sorption (61%)
although this high volume system is less favored because more variability
is found between each media than the processes. In both iron coprecipita-
tion and solvent extraction very low (<20%) recoveries are found in some
media for particular radionuclides. It must be noted that the choice of
radionuclides was made in order to determine their removal from sea-
water by reduction-sorption technique rather than picking those elements
particularily suited for removal by either iron coprecipitation or solvent
extraction.

Mercury-203 and 65Zn values are still being processed but it is
hoped that these would be more easily recovered by solvent extraction
and coprecipitation than reduction-sorption. The best overall recoveries
were on 60Co (53%) with the coprecipitation process being most efficient
at 84°,>o and the best media for removal being tap water.

(10) THE EFFECT OF ANTIBIOTICS ON THE FORM OF
ELEMENTS IN THE MARINE ENVIRONMENT

with F. G. Lowman and R. McClin

Previous experiments show, that all radionuclides (60Co, 54Mn,
65Zn, 110Ag, 113Sn, 125Sb, and 155Eu) become predominantly soluble
on mixing with seawater. The nature of this mechanism must be due to
biological, chemical or physical-geological changes or some combination
of all three. This study was initiated to sort out the important contribu-
tions of each to the changes in the form of an element as it mixes with
seawater. Changes due to sorption of radioactivity onto sediment parti-
cles would leave the river-seawater solution under reduced river velocity.
As is evident from previous studies, most of the radioactivity is involved
in this process. This amount can be removed by filtering, leaving only
the chemical and biological components interacting for the radioactivity.
If paired samples are filtered and enough antibiotics are added to one
sample to kill all the micro and macroorganisms, the differences in
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radioactivities show a measure of the relative biological contribution to
the radio-distribution in the river-seawater solution. Column 3 of
Table I shows one set of river-seawater mixtures with antibiotics added
and the differences from those percentages without antibiotics are listed
in column 4. The loss in radioactivity from the pa ticulate phase due to
biological activity is greatest in 60Co, 54Mn, and 5Zn which is expected
due to the biological importance of these elements. Tin-113, 110Ag and
155Eu are not metabolically h.--zportant trace elements; therefore, the
distribution of these radionuclides due to the addition of antibiotics more
than the precision of the measurements, is not changed. Antimony-125
appears to have a negative effect on the redistribution of radioactivity,
the addition of antibiotics causes more 125Sb to come out of solution and
go into the particulate phase. Figure I shows the changing fractionation
of these radioisotopes on mixing river water with seawater. This data
is summarized in Table I for a 50% river-seawater solution.

Table I

The Particulate Percent of Several Radionuclides
in 50% River-Seawater Solutions

Radionuclides Percent Particulate Percent Particulate
with Antibiotics

Change Due to
Antibiotics

113Sn

65Zn

110Ag

155Eu

60 Co

54Mn

125Sb

98

92

90

88

85

84

69

98

89

90

85

58

68

76

0

-4 %

0

-3
-27%

-16%

+7%
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VERTICAL MIGRATION OF THE OCEAN SHRIMP,
PANDALUS JORDANI: A FEEDING AND

DISPERSAL MECHANISM'
WILLIAM G. PEARCY

Department of Oceanography, Oregon State University
Corvallis, Oregon 97331

Ocean shrimp, mainly immature males, were common in nighttime
midwater trawl collections off Oregon. They were captured every month
of the year except May and June. Annual catches varied greatly at the
some stations during 7 years.

Shrimp caught in midwater at night were foraging on euphausiids
and copepods. The stomachs of shrimp caught in bottom trawls, on the
other hand, contained benthos, but no identifiable pelagic animals. Be-
sides being related to feeding behavior, vertical migration may enhance
dispersal of shrimp.

INTRODUCTION

Mills}- species of crustaceans display circadian or diel rhythms of be-
liavior (Bainbridge, 1961 ; Brown, 1961: Cloudsley-Thompson, 1961;
Allen, 1966). Diet changes in the vertical distribution of the ocean
shrimp, Pa)idalus jordani Rathbun, are evidenced by day-night differ-
ences in catches. Larger day than night catches are reported in bottom
trawls, but larger night than day catches are reported from midwater
trawls and from baited pots suspended above the bottom (Schaefers
and Johnson, 1 957 ; Schaefers and Powell, 1958; Alverson, McNeely,
and Johnson, 1960; Milburn and Robinson, in press). These trends
indicate that the ocean shrimp migrate off the bottom and into the water
column at night.

This paper reports further evidence for pelagic distribution of the
ocean shrimp during the night, correlates this- behavior with feeding,
and speculates on the adaptive significance of such migrations.

METHODS

Pelagic shrimps were collected with 6-ft. Isaacs-Kidd midwater trawls
during periods of darkness. A total of 343 collections was made during
all seasons from July 1961 to July 1967. A 10-mm (stretch measure)
liner was used throughout the trawl net after July 1962. Before this,
a 13-nun mesh liner was used in the posterior half of the net and 77-mm
mesh in the forward half of the net. Tows were at stations located 15,
25, 45, and 65 nautical miles offshore along 3 latitudes off Oregon:
Columbia River (46° 14.4' N), Newport (44 39.1' N), and Coos Bay
(43° 20.4' N). Most collections (235) were made off Newport. Tows
were made from the Aeona or Yaquina. The trawl descended at 50 m
of wire per minute and ascended at 30 m of wire per minute while the
' Accepted for publication November 1969. This study was supported by grants fromthe National Science Foundation (GB-1538), Institutional Sea Grant (GH-10),

and the Atomic Energy Commission (AT (45-1) 1750; RLO 1750-52).
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ship was under way at. 4 to 6 knots. Beyond the continental shelf, tows
were to a maximum depth of about 200 m. Over the shelf tows sampled
about halfway to the bottom.

Catches were preserved at sea with neutralized formalin, and the
shrimps sorted from the collections ashore. Carapace lengths (from base
of eyestalk to posterior dorsal margin) of all ocean shrimp were meas-
ured to the nearest mm and the occurrence of females carrying eggs was
noted.

INSHORE-OFFSHORE DISTRIBUTION

Ocean shrimp were common only at nearshore stations, 15 and 25
miles offshore, where the depth of water was 500 In or less. (hlh- four
individuals were captured in trawls farther offshore over deeper water
(Table 1). Catches of ocean shrimp were extremely variable. Over 80;%C
of the 1,369 shrimp collected were captured in only 4 collections. The
greatest number of shrimp taken in a single catch was 637, or 41 shrimp
per 1000 m3 of water filtered.

TABLE 1

Average Catches of Ocean Shrimp, Pandalus jordani, in 343 Midwater Trawl Tows
at Stations 15, 25, 45 and 65 Nautical Miles from Shore Along

Three Station Lines, July 1961-July 1967

Columbia River Newport Coos Bay
46° 14.4' N 44' 39.1' N 43° 20.4' N

Miles offshore 15 25 45 65 15 25 15 65 1 15 24 45 65

No. P. jordani------------ 269 0 0 2 732 309 1 1 55 0 0 0

No. tows with P. jordani_ 6 0 0 1 5 27 1 1 2 0 0 0

Av. no. per tow------------- ', 45 -- 2 146 11 1 1l 27 __

Total no. tows___________
I

15 16 16 11 53 57 61 04 15 15 14 6

Percentage of all tows with
P. 140.0 0 0 9.1 9.4 47.4 1.6 1.6 13.3 0 0 0

Ocean shrimp was numerically the dominant shrimp species at the
15-mile station off Newport. The shrimp Sergestes siniilis Hansen pre-
dominated at all other stations, except at the 15-mile station off the
Columbia River, where Pasiphaea pacifica Rathbun was numerous
(Pearcy and Forss, 1969). Although the average number of shrimp
in tows that caught ocean shrimp was highest at the station 15 miles off
Newport, 146 per tow, the highest frequency of occurence was found 25
miles off Newport, where ocean shrimp occurred in 47.4% of all tows.

SEASONAL VARIATIONS

Seasonal trends were suggested in the catches of ocean shrimp (Table
2). In general, the largest numbers of shrimp were collected from No-
vember to April, while the highest frequency of occurrence was from
August to April. No shrimp were found in midwater trawl catches
during May and June at any of the stations. Alverson et al. (1960)
suggested that vertical movements of ocean shrimp probably are sea-
sonal.



165

OCEAN SHRIMP MIGRATIONS

TABLE 2

Monthly Catches of Ocean Shrimp, Pandalus jordani, in 140 Midwater Tows
at Stations 15 and 25 Miles Off Newport and 15 Miles Off

the Columbia River and Coos Bay

127

Month .1 F M A M J J A S 0 N D

Total no. P. iorrlani------ . 197 55 52 232 0 0 12 53 13 12 649 90
Total no. tows with P. jordani 8 5 2 5 0 0 2 4 4 3 2 6

Total no. tows _-_ 12 16 15 12 5 9 15 9 10 11 9 17

Percentage of all tow with
P. jordani ___ 66.7 31.2 16.7 41.7 0 0 13.3 44.4 40.0 27.3 22.2 35.3

SIZE STRUCTURE

Ocean shrimp are protandric hermaphrodites; i.e., they are first
males and later females, although "primary" females are sometimes
found (Butler, 1964). Most of the ocean shrimp taken were small, 8-12
11111 carpace length, and represented young-of-the-year males (Figure
1). The mode of 15 mm represents shrimp in their second year (age
group 1) that were either males or transitional between males and fe-
males (Butler, 1964; Robinson and Milburn, 1967). Some egg-bearing
females were caught, mainly in a collection 15 miles off Coos Bay in
March 1962. Ovigerous females ranged in size from 17 to 25 mm and
were probably age groups II and III.

25r-

20t-

4 5 6 7 8 9 10 1 112 13 14 15 16 17118119120 21 22 23 24

CARAPACE LENGTH (mm)
FIGURE 1-Length-frequency distribution of ocean shrimp, Pandolus jordani, from all mid-

water catches.

FOOD HABITS

The stomach contents of 129 shrimp from 18 midwater trawl collec-
tions made at various stations and seasons indicated that these shrimp
were preying on pelagic animals (Table 3). Euphausiids were the most
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common identifiable food, appearing in over 50% of the stolnaclis.
Euphaxsia pacifica, the most numerous euphausiid off Oregon, was
identified from many stomachs. Sometimes as many as four euphausiids
completely filled a stomach. Th,ysaiiocssa spiai f rra, a common neritic
euphausiid, was also found. Copepods were the second most eoitnooil
food. occurring in 150 of the stomachs. These included Calauns fin-
nmarchicus, Calanus sp., and Metrida sp.

TABLE 3

Items Identified from the Stomachs of 129 Ocean Shrimp
Collected at Night in Midwater Trawls

Food item

Euphausiids--------------------
Copepods-----------------------
Fish scales ---------------------..
Chaetognath jaws ---------------
Shrimps-----------------------
Amphipods----------------------
Eggs---------------------------
Polychaetes--..-------------------

Sand grains----------------------
Empty stomachs_________________

Number occurrences

70
1!)
.t

20
48

The stomach contents of 58 shrimp collected in bottom trawls from
the same general area were examined for comparison with those of
pelagic-caught ocean shrimp. Contents usually consisted of unidentifi-
able compacted soft material. Sand grains often were present, but
these also were found in stomachs of pelagic shrimp. Shell fragments
of mollusks and polychaete jaws and setae were sometimes present.
Crustacean remains, common in ocean shrimp from midwater, were
rare, and identifiable euphausiids and copepods were never found.
These marked differences indicate that the shrimp caught in the water
column at night were feeding primarily on small pelagic animals,
whereas shrimp caught on the bottom were feeding on bentliic orga-
nisms and "detritus".

ADAPTIVE SIGNIFICANCE OF VERTICAL MIGRATION

These results suggest that the nocturnal migrations of ocean shrimp
are related to feeding behavior. Ocean shrimp are exploiting the large
biomass of euphausiids and copepods found over the continental shelf
off Oregon.

Euphausiids and copepods also migrate vertically and presumably
would be close to bottom predators. like ocean shrimp, during daylight
hours and near the surface at night. The reason,from an evolutionary
viewpoint, why the foraging of ocean shrimp occurs after dark, even
though they must migrate far above the bottom to feed at this time,
may be their decreased vulnerability to large visual predators. How-
ever, pelagic ocean shrimp still may be prey for larger carnivores at
night. Gotshall (1969) found that ocean shrimp constituted the domi-
nant food organism of hake, Merluccius productns, and arrowtooth
flounder, Athcresthes stomias, off northern California. lie believes that
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flue vertical migrations of hake may correspond with those of the ocean
shrimp.

Perhaps when population density at one location is high, competition
for food or space, which leads to increased emigration through in-
creased nocturnal foraging in the water column, may occur. Because
sliritnp that migrate vertically may be displaced laterally by currents,
yerii,.M migrations may also be a dispersal mechanism.
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Measurement of Columbia River Flow Time from
Han f ord Reactors to Astoria, Oregon--Summer 1966

PETER J. HANSON AND WILLIAM O. FORSTER

Oregon State University, Corvallis, Oregon 97331

Abstract. Chromium-51 induced in the Hanford production reactors was used to measure
Columbia River flow times between the reactors and Astoria, Oregon. This opportunity came
during the summer of 1966 when all reactors were inoperative for the first time in 22 years.
Chromium-51, introduced into the river as chromate anion (''Cr.) tends to remain in solution,
thus providing a suitable water-mass tracer. The complex inverse relationship of flow time to
volume discharge is seen in our values of 12 days flow time from the reactors to Astoria,
Oregon, during an average discharge of 290,000 cfs and 19 days flow time at a low volume
discharge of 130,000 cfs. Such short travel time could be critical in the event of an accidental
release into the river of extremely hazardous levels of radioactivity.

INTRODUCTION

The nuclear reactors at Hanford, Washing-
ton, use Columbia River water for coolant on a
once through basis followed by brief storage
and/or direct return to the river. Two of the
more important radionuclides induced by the
reactors are chromium-51 and zinc-65. Chrom-
ium-51 is the activation product of sodium
dichromate added to the coolant water as a
corrosion inhibitor, and zinc-65 is the activation
product of natural zinc in the river and of cor-
rosion in the reactors.

The Columbia River is perhaps the most
radioactive river in the United States; an esti-
mated 95% of all low level radioactive wastes
effluent into natural waters are received by this
water course. An estimated kilocurie per day of
neutron induced radionuclides enter the Co-
lumbia River below Priest Rapids Dam. The
activities are decreased in transit downstream
by dilution from two major tributaries, the
Snake and the Willamette; by physical decay;
and by impoundment behind the four dams be-
tween Richland, Washington, and Astoria, Ore-
gon. A quasi-steady state level of radioactivity
had been established in the Columbia River pre-
vious to the 1966 shutdown. Suspension of all
reactor operations for a period of approximately
49 days during July and August 1966 marked
the first pause in the quasi-steady state input
of radioactivity to the Columbia River. The
six reactors were shut down serially over a

three-day period ending July 9. Normal opera-
tions were subsequently resumed over a three-
day period ending August 25 (R. T. Jaske, per-
sonal communication, 1967). During the outage
the coolant discharge fell to between 5% and
15% of normal operating levels [Nelson and
Haushild, 1967]. The levels of chromium-51
and zinc-65 decreased immediately to 1% and
5%, respectively, of operating levels; the
residual levels orginating from leaching and
sloughing of film from reactor tubes and fuel
elements with negligible formation of activa-
tion products. With resumption of reactor op-
erations the radionuclide levels returned, for
the most part, to normal operating levels.

Chromium-51, introduced into the river as
the hexavalent chromate anion, tends to remain
in solution ('Cr.) as it passes down the river
and into the Pacific Ocean [Cutshall, 1967].
Zinc-65, however, quickly becomes associated
with the sediments and suspended particulates
('Zn,). At Astoria, Oregon, during normal re-
actor operations the zinc-65 in the water col-
umn averages 70 to 80% particulate compared
to 10 to 20% for chromium-51 [Hanson, 1967].

SAMPLING

River water was sampled with a stainless

steel pump and forced through a 0.45 micron
membrane filter to separate soluble and particu-
late fractions. Chromium-51 and zinc-65 were
concentrated from solution by scavenging with

1129
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freshly precipitated hydrous ferric oxide. De-
tails of radionuclide concentration, sample prep-
aration, gamma-ray spectrometry, and data re-
duction techniques appear elsewhere [Hanson,
1967].

RESULTS AND DISCUSSION

Chrorn-ium-51 water-mass tracer. Figure 1

shows dissolved and particulate chromium-51
and zinc-65 concentrations at Astoria during
and after the reactor outage. Normal concen-
trations of dissolved chromium-51 for early
July range from 700 to 800 pCi per liter [Han-
son, 1967]. Extrapolation of the dissolved
chromium-51 curve (-"Cr,,) back to this ex-
pected range of concentration indicates that
radionuclide levels began to descend about two
days before sampling began.

Low association with particulates and a
tendency to remain in solution make chromium-
51 the better tracer for flow time measurements.
The rapid decline of over two orders of mag-
nitude in the dissolved chromium-51 ("Cr.)
concentration in opposition to the concentration
increasing influence of the normal decline in

river discharge at this time of year tends to
demonstrate further chromium-51 ("Cr.) as the
better water-mass tracer. The river and estu-
arine sediments provide a reservoir of partic-
ulate radionuclides [Jennings, 1966]. The rate
of decline of particulate levels of chromium-51
is reduced in the river by scouring of surficial
sediments [Hanson, 1967].

The time required for the river to flow from
the Washington reactors to Astoria, Oregon, a
distance of 350 river miles, can be interpolated
from Figure 1 by considering the difference in
time between reactor shutdown and the final
passage of significant levels of radioactivity past
Astoria. Similarly by considering the difference
in time between the resumption of reactor
operations and the initial passage of significant
levels of radioactivity past Astoria, a second
value of the flow time can be measured.

The location of the reactors along a 15-mile
reach of river, coupled with the three-day
reactor shutdown and start-up periods, caused
initial longitudinal radionuclide gradients to be
introduced into the river. Longitudinal disper-
sion and changes in river discharge due to

25 -30 31 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24
AUGUST SEPTEMBER

1966
'Cr and 'Zn soluble and particulate levels of activity at Astoria during Hanford

reactor shutdown.
Fig.
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dams and natural v aviation further .modified
these gradients. For these reasons, the midpoints
of the rapidly falling and rapidly rising portions
of the soluble chromium-51 curve provide the
dates Jul}- 20 and September 12, respectively, on
which to base the flow time measurements. With
similar reasoning, July S and August 24 were
chosen as the average shutdown and start-up
dates.

The interpolated flow times for the Columbia
River between the reactors and Astoria are 12
days for the period July S to July 20 and 19
days for the period August. 24 to September 12.
The average discharge at Astoria during the
period July S to July 20 was approximately
290.000 cfs, and during the period August 24 to
September 12 it was approximately 130,000 cfs
[U. S. Geological Survey, 1966].

Nelson et al. [1966] used radionuclides intro-
duced into the Columbia River by the Hanford
reactors to time the river flow between the re-
actors and points downstream. The only value
given for the flow time to Astoria was 5.7 days
during a period of very high discharge (657,000
efs). This represents a minimal value of flow
time. Direct comparison of the flow times
measured here and those of Nelson et al. [1966]
cannot be made, owing to large differences in
discharge and the effects of upstream dams and
reservoirs. However, flow times to Astoria extra-
polated from their data and those measured here
agree closely, considering the numerous variables
mentioned above. Under the prevailing dis-
charges, 12 and 19 days are credible values for
the flow times of the Columbia River between
the Hanford reactors and Astoria., Oregon.

ION ULU S1oN
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The river flow tinges determined to be be-
tween 12 and 19 days are a complex function of
river discharge and water impoundment prae-
tices. This short travel time could be critical in
the event of an accidental release into the river
of extremely hazardous levels of radioactivity,
when such countering measures as impoundment
of the 'hot' water in a reservoir could be under-
taken.
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ABSTRACT

Sergestes similis is the most abundant pelagic shrimp in modified subarctic waters off
Oregon and the northeastern Pacific Ocean. Off Oregon, its distribution changes with
season and distance from shore. Largest numbers were caught in waters over the conti-
nental slope in 6-ft midwater trawls and 1-m plankton nets. Smallest catches were over
the shelf and greater than 65 nm (120 km) offshore. Largest nearshore catches were made
during winter, largest offshore catches during summer.

Observations on the size of eggs in ovaries, the percentage of females with mature eggs,
and the catches of young shrimp all indicated that spawning of the S. similis population
is prolonged through most of the year. Young shrimp were not uniformly abundant, how-
ever, suggesting pulses of spawning in winter and spring.

Growth rates and age structure estimates from length-frequency histograms implied that
the population is largely comprised of animals of age-group 0. Individuals mature sexually
after about one year when they attain a carapace length of 11 mm. Large individuals over
12 mm are rare and may die after spawning.

INTRODUCTION

Sergestid shrimps are often prominent
members of the pelagic community of ani-
mals. Sergestes similis Hansen 1903 is the
only oceanic sergestid found in samples
from the Washington and Oregon coasts
and the Gulf of Alaska; it is frequently
very abundant between 420-500 N lat
where the West Wind Drift diverges into
the California Current and the Alaska
Gyral (Milne 1968). Pearcy and Forss
(1966) found this species in large numbers
in near-surface waters at night off Oregon.
Aron (1962) collected sergestids [later
identified as S. similis by Milne (1968) ]
almost to the exclusion of other animals
when midwater trawl catches were large
off Washington. Off California, Barham
(1957) reported a dense population of S.
similis in Monterey Bay, and Yaldwyn
(personal communication) found that this

'This research was supported by National Sci-
ence Foundation Grant GB-1588 and GB-5494
and U.S. Atomic Energy Commission Contract
AT(45-1)1750 (RLO 1750-48).

species was common in southern California
net collections.

Sergestes similis is known to migrate
vertically (Pearcy and Forss 1966) and
may be related to layers of acoustical scat-
tering in regions of the northeastern Pacific
Ocean. Barham (1957) concluded that it
was one of the main pelagic species cor-
related with scattering layers in Monterey
Bay, California. Later, he observed (Bar-
ham 1963) that S. similis was consistently
associated with the lower component of
a sonic scattering layer off San Diego,
California.

Sergestes similis is important in the
oceanic food web. It preys on euphausiids
and copepods (Renfro and Pearcy 1966)
and is in turn preyed upon by large car-
nivores such as albacore, rockfish, and
predatory mesopelagic fishes and squids
(Pereyra, Pearcy, and Carvey 1969; Pearcy,
unpublished data).

The lack of basic information on the
biology and ecology of oceanic shrimps
prompted this study on the distribution,

755
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Fic. 1. Location of midwater trawl and meter
net stations off Oregon. Station numbers denote
nautical miles from the coastline. Bottom contours
are in fathoms.

size-structure, and growth of S. similis in
the northeastern Pacific Ocean off Oregon.

METHODS

Pelagic shrimps were collected with mid-
water trawls and meter nets. A 6-ft Isaacs-
Kidd midwater trawl was used to make
358 collections during all seasons from July
1961 to July 1967. After July 1962, a 5-mm
(squared measure) mesh liner was used
throughout the trawl. A flowmeter or
depth-distance recorder was used to esti-
mate the volume of water filtered; where
meter readings were not available, the vol-
ume of water filtered was estimated from
distance trawled and filtration efficiency
(Pearcy and Laurs 1966). All tows were
made at night. They were oblique from
the surface to 200 m, depth permitting.
From 1961-1964, 208 tows were taken
along three latitudes off Oregon: off the
Columbia River (46° 14' N) ; Newport,
Oregon (44 ° 39' N) ; and Coos Bay, Ore-
gon (43° 20' N) at stations 10 or 20 nm
(18.5 or 37 km) apart (Fig. 1). Most of

\V. C. PEARLY AND CARL A. FORSS
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the collections (257) were made from 15
to 65 nm (28-120 km) from shore off
Newport. During 1964-1967, this was the
only station line sampled.

In addition to the trawl samples, 176
collections were made with a 1-m-diameter
plankton net (mesh aperture 0.571 mm)
between May 1963 and May 1967. Both
oblique and vertical meter net tows, usu-
ally to 200 m, were made at night at the
same stations as the tows with the mid-
water trawls. For oblique tows, the bridle
of the meter net was attached to the
towing cable above the midwater trawl
so that both nets sampled simultaneously.
Further details of sampling methods are
given by Pearcy (1964).

Collections were preserved in buffered
formalin. All S. similis were sorted from
the collections, carapace length was mea-
sured from tip of rostrum to mid-dorsal
posterior margin of carapace, and the sex
of adults was determined. Over 1,000
female shrimp, of various sizes and col-
lected during the different seasons, were
dissected and examined for eggs. Ten eggs
from each female were measured with an
ocular micrometer.

INSHORE-OFFSHORE AND SEASONAL.

DISTRIBUTION

Sergestes similis was by far the most
abundant species of pelagic shrimp col-
lected in the upper 200 in (Table 1). It
constituted over 90% of the numbers of
all species of shrimps except at two shallow
inshore stations. At the station 15 nm (28
km) off the Columbia River, Pasiphaea
pacifica Rathbun 1902 was abundant; and
15 nm off Newport, Pandalus jordani Rath-
bun 1902, generally considered a benthic
species, was common in our collections.

The other nine species of Natantia were
rarely captured and comprised only a
minor portion of the total catch. Catches
of most of these uncommon species were
higher in mesopelagic than epipelagic wa-
ters (Pearcy and Forss 1966).

Geographic variations in the catches of
S. similis are shown in Table 2. It was
present in over 80% of all collections, av-
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TABLE 1. Species of shrimps captured within the upper 200 m along the three station lines off Oregon,
and the per cent of the total catch that each species composes at each station; 28,016 individual shrimp
were collected in 208 midwater trawl collections, July 1961-July 1964, when all of these station lines

were sampled

Columbia River Newport Coos Bay
46' 14' N lat 46° 39' N lat 43° 20' N lat

Distance offshore (nm) Distance offshore (nm) Distance offshore (nm)

15 25 45 65 65- 15 25 45 65 65- 15 25 45 65 65-
165 165 165

Sergestes similis 31.1 94.4 99.2 100 99.8 28.8 96.6 99.8 99.9 99.8 93.3 99.5 99.7 99.4 99.8
Pasiphaea pacifica 67.7 4.8 0.8 0.1 1.0 <0.1 5.4 0.4
Pandalus jordani 0.9 71.1 2.3 1.3
Hymenodora frontalis 0.1 0.3
Bentheogennema sp. 0.1 0.3 0.2
Pasiphaea chacei 0.1 <0.1 0.1 0.1 0.6
Gennadas propinquis 0.2 0.1 <0.1 0.1
Notostomus japonicus <0.1 0.1 0.1
Petalidium suspiriosum <0.1 <0.1
Bentheogennema borealis 0.1 0.1
Systellaspis braueri <0.1
Hymenodora gracilis <0.1

eraging about nine individuals per 1,000
m3 of water filtered. The frequency of
occurrence was high (50-100%) at all sta-
tions except the inshore station off New-
port where it was only 17%. The lowest
catches per cubic meter were also made
at this inshore station. These trends for
low catches at the station 15 nm (28 km)
off Newport are obvious from Fig. 2,
which summarizes catches from 1961-1967.
This is the only station we sampled over
the continental shelf, where water depth is
less than 200 m; depth or factors related
to depth apparently play an important role
in limiting inshore distribution of S. similis.

Although S. similis appeared in all tows

at stations 65 to 165 nm (120 to 306 km)
offshore, the catches were highest at sta-
tions located over the continental slope.
The highest average catches (26/1,000 m3 )
were made at the inshore slope station off
Coos Bay on the southern station line.
These results, with low catches over the
shelf and highest catches over the slope,
are similar to those reported by Pearcy
(1964) for common mesopelagic fishes.

Latitudinal or north-south variations in
the catches of S. similis were not obvious
(Table 2). The average catch and the fre-
quency of occurrence were rather similar
for all station lines, if we exclude the shelf
station.

TABLE 2. Midwater trawl catches of Sergestes similis along the three station lines off Oregon, 1961-
1964, when all of these lines were sampled

Distance offshore (nm)

15 25 45 65 65-165

Columbia River (46 ° 14' N lat)
No./1,000 m' 8 11 8 4 6
% tows occurred in 92 92 92 80 100
No. tows 12 12 13 10 6

Newport (44° 39' N ]at)
No./1,000 m' 1 10 17 9 8
% tows occurred in 17 50 100 96 100
No. tows 22 24 25 24 9

Coos Bay (43° 20' N lat)
No./1,000 m' 26 11 6 3 9
% tows occurred in 92 100 100 83 100
No. tows 12 12 10 6 8
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100 a carapace length of 10 mm or less. About
half the 11-mm females contained eggs,
and the proportion of ovigerous females
increased with size (Fig. 3).

Breeding seasonality of S. similis is indi-
cated by variations of the per cent of
females with mature eggs and by egg di-
ameters. The proportion of females with
large eggs was low during July, August,
and September (Fig. 4). Egg diameters
were also smaller during these months
than any others. Eggs of individual shrimp
were fairly uniform in size; the range of
variation was 80-160 µ.

The eggs spawned by one female in the
laboratory on 17 February 1967 were 230-
330 p. in diameter. Some of these eggs
later hatched into nauplii. If eggs 230 µ
in diameter and larger are mature, then
over 37% of the eggs measured were ma-
ture (230-480 µ) during October-June.
All eggs examined from females collected
during July-September had immature eggs
less than 230 p (Fig. 4). These data sug-
gest that some portion of the S. similis
population spawns during most of the year,
but a seasonal minimum, or cessation of
spawning, occurs during summer.

Male specimens with a carapace length
of less than 11 mm invariably had a
petasma (copulatory organ) with lobes in-
completely developed, whereas those with
a carapace length of 11 mm and larger had
a well-developed petasma. Individuals less
than 11 mm, however, may sometimes be
mature. Milne (1968) and H. C. Genthe,
Jr., (personal communication) observed
adult males of 9.5 or 9.0 mm.

Considering all samples, about 24% of
the midwater trawl catches of S. similis
were 11 mm or larger and were considered
to be adults. The catches of adult males
and females were similar, indicating an
approximate 50:50 sex ratio. There was
no evidence for protandry or protogyny.

20

a.
0

9 r o' 17 T1 2 I I4 I5 I6 17 I8

CARAPACE LENGTH (mm)

FiG. 3. Percentage of females with large eggs
(>80 µ) in ovary. No Sergestes similis between
5 and 10 mm contained large eggs.

Sergestes similis was collected in every
month of the year. At offshore stations,
frequency of occurrence was high (Table
2) and shrimp were taken in almost every
collection of every year. Catches at the
Newport stations, where sampling was
most frequent and extended over the en-
tire seven-year period, are illustrated in
Fig. 2. The highest catches were during
winter at the 25-nm (46 km) station,
during summer and late fall or winter at
the 45- and 65-rim (83 and 120 km) sta-
tions, and during summer at the stations
beyond 65 nm. Thus, the maximum abun-
dance inshore during winter tends to shift
to an offshore maximum abundance during
summer. This inverse relationship among
nearshore and offshore stations is corre-
lated with surface currents which have a
net onshore component during winter and
a net offshore component during summer
(Collins 1964; Burt and Wyatt 1964; Pat-
tullo, Burt, and Kulm 1969).

MATURITY AND EGG SIZES

Female S. similis apparently are sexu-
ally mature at a carapace length of 11
mm. Of 1,092 shrimp dissected, large eggs
(>80-p. diam) and well-developed ovaries
(appearing yellow under the carapace)
were not found in any of 366 females with

SIZE STRUCTURE, RECRUITMENT,
AND GROWTH

Histograms in Fig. 5 show the average
number of S. similis of various carapace
lengths captured at all the Newport sta-
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Fic. 4. Percentage of females with large eggs (above) and average egg diameter (below) during
the months of the year. A total of 223 females were examined, 20 for each month except July, August,
and October, when -18, 13, and 10 respectively were examined.

tions between May 1963 and May 1967
when both meter net and midwater trawl
collections were made at these stations.
These diagrams describe features of size-
structure and growth of the population.
The two collection methods complement
each other by sampling a wide range of
sizes and therefore reveal more than either
one alone.

To facilitate comparison of the relative
catching ability of these two nets, the av-
erage catch of each size category was plot-
ted for the paired oblique meter net and
midwater trawl collections (Fig. 6). As

expected, the meter net retained a larger
proportion of small shrimp, those 6 mm
and less in carapace length, than did the
midwater trawl. No 2-3 mm and only a
small number of individuals of 4, 5, and 6
mm were collected in the midwater trawl
because of escapement. The trawl, on the
other hand, consistently caught more large
shrimps (>7 mm) than did the meter net.
However, most of the largest size cate-
gories (11-16 mm) were represented to a
surprising degree in the oblique meter
net catches. The major difference between
these two collecting methods is the under-

50
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nets, all Newport stations combined, May 1963-May 1967. Each vertical tick mark represents 2/1,000
m'. A broken bar indicates that numbers exceeded the ordinate values for that month.

sampling of the juveniles by the mid-
water trawls.

Because of extended spawning, pro-
longed recruitment of young into our sam-
ples was expected. Larval shrimp (acan-
thosoma and mastigopus stages, 1-2-mm
carapace length) were caught in meter net
collections during winter and spring (De-
cember-June). No larvae were collected
during late summer and fall (August-No-
vember) with one exception (September
1966). Thus, our data on recruitment and
on sizes of eggs in females are corrobora-
tive: The low number of small shrimp in
late summer and fall follows the absence

of females with mature eggs during July-
September. Small shrimp 1-4 mm in
length, however, were present in samples
every month of the year, but not neces-
sarily in every month of each of the four
individual years.

Sometimes small age-group 0 shrimp
were numerous at different times during
the same year, suggesting two pulses of
spawning activity. For example, in 1966
large numbers of small shrimp (50-110 per
1,000 m3) were found in February and
March, intermediate numbers in June (15-
33 per 1,000 m3), but none in April. Size-
frequency histograms from meter net col-

1__

]JANUARY
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FIG. 6. Comparison of the sizes of Sergestes similis captured simultaneously in oblique meter net
and midwater trawl collections, Newport stations, May-December 1963.

lections in 1963 and 1964 (Figs. 5 and 7)
also reveal recruitment and progression of
two modal groups during each year, one
starting about March and another in late
summer or fall. Bimodal size-frequency
distributions of shrimps in the meter net
samples (June-October 1963; February,
March, and June 1966) are additional evi-
dence for pulses of spawning activity.

The size-structure of the S. similis popu-
lation sampled shows the presence of only
one or two obvious size-groups. Usually
one size-group or modal size dominated
the catches of each type of net during any
one month. Individuals of two different

size-groups are sometimes apparent, how-
ever, when catches of both meter nets and
midwater trawls are considered together
in Fig. 5.

Changes in the average or modal lengths
of shrimp during various months enabled
some estimates of growth. Because of ex-
tended spawning, however, a well-defined
progression of modes giving growth rates
was not always evident. Undoubtedly the
difficulty in describing growth is also com-
pounded by our sampling of different
portions of a nonrandomly distributed pop-
ulation as it moved by our stations. There-
fore, we plotted average or modal lengths

9 1 11/11/21161 171
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FIG. 7. Growth trends of Sergestes similis derived from progressive increases in the modal sizes in
Fig. 5. The horizontal lines correspond to 11 mm, the size at sexual maturity. Closed circles represent
meter net collections, and open circles represent midwater trawl collections.
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Fic. 8. Average growth of Sergestes similis. Each line represents a growth trend from Fig. 7 shifted
horizontally so that actual sizes for each month are similar. Months on the abscissa are thought to cor-
respond to age of the shrimp after hatching.

of shrimp from meter net and midwater
trawl collections from all stations for those
series of months that appeared to show
growth trends (Fig. 7). The horizontal
lines separating year-classes correspond to
11 mm, or size at maturity.

All these trends suggest that the S. si-
milis population off Oregon is composed
primarily of age-group 0 shrimp and that
individuals attain sexual maturity after
about one year.

During 1963 and 1964, modal progres-
sions were evident starting in winter or
early spring as well as in summer or fall.
Because of such differences within one
year-class, and because of differences
among sizes of shrimp at the same months
among different year-classes, we plotted all
growth trends together by horizontally
shifting each line connecting points in Fig.
7. Lines were then drawn through the
points, considering meter net and mid-
water trawl series together as best esti-
mates in several instances. This gives a
rather narrow envelope of growth trends
(Fig. 8). Such a plot ignores the possi-
bility that growth may differ between sea-
sons. If we assume that juvenile shrimp of

about 3 min are a month old, then at the
end of one year, shrimp are about 11 mm
long. Average growth rate is hence about
0.8-nun carapace length per month. The
growth rate of small shrimp may be faster
(Fig. 8), averaging almost twice the over-
all average.

Large shrimp between 12-17 mm, repre-
senting age-groups older than one year,
were present in small numbers. No modal
groups were obvious, hence nothing could
be inferred about their growth. The ab-
sence of large individuals suggests that S.
similis may be an annual species that dies
after spawning. Other interpretations, of
course, are plausible. Large shrimp may
simply avoid the nets more effectively than
small individuals or may reside in deep
water. We did capture more S. similis in
oblique midwater trawl tows to 1,000 m
after darkness than during daylight hours
(Pearcy and Forss 1966), suggesting that
shrimp may see and avoid the trawl. A
comparison of the lengths of S. similis from
nighttime 6-ft and 10-ft Isaacs-Kidd mid-
water trawl collections to 200 m indicated
that a few more individuals over 12 mm
were caught in the 10-ft net, again suggest-



181

SERGESTES SIMILIS

ing avoidance, but they formed only a
minor proportion of the total catch.

All shrimp do not migrate into near-sur-
face waters at night; we captured S. similis
below 150 m at night in a midwater trawl
equipped with an opening-closing device
(Pearcy and Forss 1966). However, the
modal sizes and size ranges of S. similis in
these 0-150-m nighttime tows were similar
to those in deeper tows to 150-500 and
500-1,000 in. Thus, our nighttime tows in
the upper 200 m with a 6-ft trawl probably
provided representative samples of large
shrimp.

There are only a few previous studies
of the age and growth of sergestid shrimp.
Our observations agree well with those of
Barham (1957). He concluded that S. si-
milis in Monterey Bay, California, reached
maturity and spawned after one year of
age and disappeared after spawning.
Two overlapping size-groups of S. si-
milis were present. One size-group appar-
ently spawned in December or January;
the other spawned in June and July, under-
going the same development history but
six months out of phase with the winter
population.

Omori's (1969). comprehensive study of
Sergestes lucenss Hansen 1922, a species
fished commercially in bays off Japan,
reveals a life history similar in many as-
pects to that of S. similis. Sergestes lucens
spawns from May to November, with most
spawning in July and August. Females lay
about 2,000 pelagic eggs (diam 0.25-0.27
mm). Growth of young is rapid and all
larval stages are completed within a month
after hatching. The life span of S. lucens
is about 15 months. It matures sexually at
10-12 months of age and dies within two
months after spawning.
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Sebastodes flavidus, a Shelf Rockfish Feeding on Mesopelagic
Fauna, with Consideration of the Ecological Implications

WALTER T. PEREYRA,I WILLIAM G. PEARCY,2 AND FORREST E. CARVEY, JR.'

PEREYRA, WALTER T., WILLIAM G. PEARCY, AND FORREST E. CARVEY, JR. 1969.
Sebastodes flavidus, a shelf rockfish feeding on mesopelagic fauna, with consideration of
the ecological implications. J. Fish. Res. Bd. Canada 26: 2211-2215.

Yellowtail rockfish (Sebastodes flavidus) aggregated along the southern edge of the
Astoria Canyon, probably in response to the increased availability of mesopelagic food.
The myctophid Stenobrachius leucopsarus was the dominant food organism.

Received March 19, 1969

ON THE AFTERNOON OF June 26, 1967, a moderate scattering layer was detected
on a 38.5 kHz echo sounder at depths of 60-73 fath above a bottom depth of
75 fath along the southern edge of the Astoria Canyon (Fig. 1). Subsequent
sampling in this layer with a large midwater trawl resulted in a 375-lb catch
that was predominantly (93%) yellowtail rockfish, Sebastodes flavidus Ayres.

N

LEGEND

-Sampling haul

Area of commercial
fishing operations

Depths suitable for
El daytime residence by

dominant mesopetogic
organisms

FIG. 1. Astoria Canyon area showing location of sampling haul, commercial fishing operations,
and usual daytime depth of dominant mesopelagic organisms. All soundings are in fathoms.

The yellowtail rockfish were feeding predominantly on mesopelagic fauna.
In this note we shall show that the aggregation of this species in this area was
probably a response to the increased availability of the mesopelagic food.

Area - The Astoria Canyon begins about 10 miles off the mouth of the
Columbia River and ranges in depth from 70 to 1000 fath. For 11 miles

'Exploratory Fishing and Gear Research Base, U.S. Bureau of Commercial Fisheries,
Seattle, Washington 98102.

'Department of Oceanography, Oregon State University, Corvallis, Ore. 97331, USA.

Printed in Canada (J1419)
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it is quite steep and from 4 to 7 miles wide. The southern wall of the Canyon
adjacent to where we trawled drops 350 fath in about 12 miles (Fig. 1).

This area is strongly influenced by the discharge from the Columbia
River. When our observations were made in June, discharge from the Columbia
was at its peak. Of greater importance to our discussions is the presence of
a surface current flowing to the south (Budinger et al., MS, 1964).

Methods - - The scattering layer was sampled with a BCF Mark I Universal trawl having
a 121-ft headrope and footrope and constructed of 21-inch mesh throughout (Jurkovich, 1968).
The last 12 ft of the codend were lined with 1-inch mesh. The trawl was spread with 5- by 8-ft
aluminum hydrofoil doors (McNeely et al., 1965). The trawl was positioned in the scattering
layer with a strain-gauge-type, real-time depth telemetry system utilizing electromechanical
trawl cables (Lusz, 1968).

Stomachs were removed from the fish a short time after capture and preserved in 100]0
fonnalin. The size and sex of all fish sampled were noted. The number of organisms and displace-
ment volume of the stomach contents were determined on shore.

Feeding on mesopelagic fauna - The stomach contents of 22 S. flavidus
(17 male and 5 female ranging in size from 44 to 52 cm, were examined. Food
volumes in the stomachs ranged from 11.2 to 54. 1 nil (Table 1) with a trend

TABLE 1. Range and average volume of food groups from 22
stomachs of Sebastodes flaridus.

Volume

Food group Avg (nil) Range (ml)

Myctophid (Stenobrachius lcucopsarus) 21.1 7.9-45.1
Crustacea 3.8 0.2-9.8
Squid 1.0 0.0-7.1
Other 2.3 0.9-5.4

Total 28.2 11.2-54.1

toward higher volumes in the larger fish. None of the stomachs was empty.
Also, less than 101,?' of the contents were unidentifiable. On the average about
90% of the stomach contents were mesopelagic organisms, with the myctophid
Stenobrachius leucopsarus (Eigenmann and Eigenmann) 3 being found in all
stomachs and accounting for 75%1c, of the average food volume (Fig. 2). The
crustaceans Sergestes similis Hansen, Thysanoessa spinifera Holmes, and
Pasiphaea pacifica Rathbun were the only other species frequently encountered
(Table 2).

Four widow rockfish, Sebastodes entomelas (Jordan and Gilbert), which
were captured with the S. flavidus, had also fed on mesopelagic fauna, but

This species has been recorded as Lampanyctus leucopsarus; however, the subgenus Steno-
brachius is distinctive enough to warrant full generic status (R. L. Wisner as cited by Berry and
Perkins, 1966).
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FIG. 2. Composition of stomach contents of 22 Sebastodes
,flavidus.

the percentage that S. leucopsarus comprised of the stomach contents was
lower (54)

While removing S. flavidus stomachs it was noted that, internally, the
fish were very oily. This condition was not noted for specimens of this species
trawled from other shelf areas off Oregon and Washington. The lipid content
of S. leucopsarus from Oregon coastal waters is high and averages over 50%
of the dry weight (Heath and W. G. Pearcy, unpublished data), suggesting
that the observed oily condition of S. flavidus may be caused by feeding on
organisms of high lipid content.

TABLE 2. Frequency of occurrence of species identified
from 22 stomachs of Sebastodes flazidus.

Species Frequency of occurrence

Fish

Stenohrachius leucopsarus 1,00
Sebastodes sp. 0.05

Invertebrates
Sergestes similis 0.91
Thysaniie.ssa spini fera 0.86
Pasiphaea pacifica 0.55
Euphausia pacifica 0.23
Unidentified euphausiid 0.18
Hyperia hyslrix 0.05
Gonalus fabricii 0.27
Gonalussp. 0.05
A braliopsis felis 0.05

M. S. Alton (personal communication) noted that S. flavidus taken inciden-
tally with Pacific hake, Merluccius productus (Ayres), off Oregon and Washington
fed primarily on the euphausiids 7'. spinifera and Euphausia pacifica, and
that deeper mesopelagic organisms were not normally encountered in the
stomachs examined. This feeding behavior differs from that which we observed
and may be due to the uniqueness of the situation in the area of the Astoria
Canyon, as will be shown.
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Ecological considerations - From the limited evidence available it ap-
pears that S. flavidus aggregate on the south side of the Astoria Canyon in
response to the availability of mesopelagic food organisms transported to that
area. Aron (1962) and Pearcy (1964) found that S. leucopsarus was the numer-
ically dominant species of fish in oceanic midwater trawl catches off Washington
and Oregon. Pearcy and Laurs (1966) and Taylor (1968) demonstrated that
this species makes extensive vertical migrations. Both of these factors may
contribute to the high availability of S. leucopsarus as a forage organism for
S. flavidus in the observational area.

The action of a southerly current on the vertically migrating fauna was
most likely the transport mechanism bringing about the observed distributional
pattern. Within 12 miles of the site of observed concentration of S. flavidus,
the Astoria Canyon is sufficiently deep (300 fath) to allow the mesopelagic
species to descend to their usual daytime depth (Fig. 1). At night when the
mesopelagic fauna ascends from the Canyon into the upper layers, the pre-
vailing southerly currents need only carry these mid-depth organisms a short
distance (1-2 miles) before they are over depths shallower than their normal
daytime depth. Thus with a current of about 0.5 knots (Budinger et al., MS,
1964) and a darkness period of 5-6 hr the fauna could easily be transported
to the edge of the Canyon where it would descend at dawn to the vicinity
of the outer shelf. Because the depth of the shelf would be shallower than the
usual daytime residence depth of the vertically migrating organisms, they
would be concentrated at or near the bottom where they might be more available
to predatory species such as S. flavidus. When feeding aggregations of S.
flavidus occur, they in turn may be more available to fishermen. Several Soviet
and United States trawlers were observed fishing intensively at depths from
65 to 80 fath along the southern edge of the Canyon. Both fishing activity
and sound scatterings were absent on the north side of the Canyon. These
differences support the hypothesis that vertically migrating fauna were trans-
ported to the south where predators such as S. flnvidus were concentrated.

We surmise that S. flavidus, which were sampled in the afternoon (1340
1420 hr P.S.T.), were feeding intensively during daytime hours after the roes-
opelagic organisms had descended to the vicinity of the outer shelf. This
conclusion is based on the fact that (1) none of the stomachs was empty and
most were full, and (2) the stomach contents were relatively undigested.

A similar interaction between a current and a vertically migrating popu-
lation, resulting in a net transport of oceanic prey into shallow water where
they are vulnerable to neritic predators, was postulated by Isaacs and Schwartz-
lose (1965) off Baja California. Their study was based on the distribution of
sound scatters and lacked direct evidence for predation provided by an exam-
ination of the stomach contents of suspected predators. Scattering layers
have been observed in other areas of the North Pacific where the shelf drops
rapidly into deep water (R. L. McNeely, personal communication; Donaldson,
MS, 1968).
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Marine Invertebrates, Chemical Signals, and Marine Products,

JAMES E. MCCAULEY

(Department of Oceanography, Oregon State University, Corvallis, Oregon 97331)

Recently there has been a renewed interest in the seas as a source of pharma-
ceutical products. The report of the Commission on Marine Science, Engineering,
and Resources (15) entitled Our Nation and the Sea recommends the establishment
of a National Institute of Marine Medicine and Pharmacology in the National
Institutes of Health to evaluate the resources of the sea. The institute should:

"Inventory presently known bioactive substances.
"Examine those factors which relate to the ecology of marine organisms

and their pharmacology.
"Determine present pharmacological evaluation problems.
"Develop inexpensive screening methods.
"Institute a national system of information, storage and retrieval.
"Provide regional facilities for collecting, storing, and distributing bio-

active material to universities, research institutes, and industry."
This statement emphasizes the need for more intensive study of many aspects

of the sea and the organisms which inhabit it, and stresses the need to improve
methods of study.

Man has long used marine organisms and products of marine organisms. The
dye from Mediterranean snails and the ink from the squid Sepia were used long
ago. Man has looked to marine organisms for food, and as a source of raw ma-
terial for clothing, shelter, tools, and ornaments.

In 1867 G. Brown Goode (37) compiled a list of animal resources and included
many marine species. Most were sources of food, or raw materials for clothing
or other manufactured goods, but a few could be classified as sources of chemicals
such as oils, spermicetti, etc., and a few were of medicinal value such as the con-
cretions of crustacean stomachs or eyes which were used as antacids. Included
in this list were a number of sources of "medicinal" substances which had economic
value to the medicine man and the witch doctor.

In 1923 1). K. Tressler (85) published the first edition of Marine Products of
Commerce, a book that dealt with technological progress. Again he was concerned
primarily with foods and raw materials for industry, but many products were
included which found their way into the pharmaceutical industry. A revision of
this book by Tressler and Lemon (86) included most of the great advances in the
technology that occurred since the first volume was written.

Today, man has derived many medicinal products from marine organisms; many
from plants and microorganisms, but also many from animals. der Marderosian
(56) reviewed these in a symposium in 1967 at the University of Rhode Island.
Most of these products have come from poisonous tissues or from venoms, com-
pounds which have dramatic effects. Their effect on biological systems is already
established in nature and, in controlled dosages, many have proven to be useful
medicines. Toxins may be lethal, they may immobilize, they may confuse, or
they may have more subtle effects, and they do not necessarily affect all species in
the same way.

Toxins produced in the tissues of one species generally have their effects on a
different species, but many other substances produced by one species elicit re-
sponses in another species. These responses are generally not as dramatic as the

'Presented 19 August 1969 at the Symposium on "Marine Biomedicinals Corvallis,
Oregon. The Symposium was sponsored by the Section of Pharmacognosy and Natural
Products of the Academy of Pharmaceutical Sciences and the American Society of
Pharmacognosy.
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spouse from predaceous starfishes and snails, but may either flee from the snails
or seek refuge on their shell (94).

Some species of the genera lcmaea, Tegula, Haliotis, and Littorina, show marked
escape responses from Pisaster ochraceous, P. giganteus and Pycnopodia helianthoides,
but some species in these genera do not (28). Feder found that .lcmaea scabra
(Gould) did not flee from these starfishes but that .1. scutum Eschscholtz, .1.
limatula Carpenter and A. pelta Eschscholtz showed the typical responses. He
felt that this response has been effective because these limpets are not found in
starfish diets in the same proportion to their availability as are the less mobile
Mytilus californianis Conrad and several species of Balanus.

The response of the keyhole limpet, Didora aspera (Eschscholtz) to forcipulate
starfishes is also chemically mediated but differs from the response of other limpets.
It flees in the same way, but also extends the mantle out over the shell, thereby
reducing the hard area on which a starfish predator may obtain a firm grasp with
its tube feet (57).

Gonor (38) has shown that the snail .X assari us l uteosoma (Broderip and Sowerby)
which flees from the snail Xatica unifasciata is mediated chemically over short
distances, and that fluid squeezed from X. unifasciata as it withdraws into its
shell is also an effective stimulus.

North Borneo strombid snails, Strombus gibberulus Linnaeus and S. luhuanus
Linnaeus have escape responses which involves leaping away from the predator
with a strong kick of the foot (39). This response is evoked by contact with a
chemical produced by the cone snail Conus marinareus Linnaeus. Kohn and
eaters (51) found similar responses among the herbivorous gastropods Strombus
canarium Linnaeus, Lambis lanibis Linnaeus and Trochis pyramis Born to Callus
textile Linnaeus.

Burke (6) showed that the chemoreceptors were located along the side of the
head tentacles, on the epipodia, and on the osphradium of T. funebralis. He
found that the osphrodium is capable of detecting an extract containing 2.6X 10-5
parts by net weight of the tube feet of Pisaster ochraceous.

The chemical factor which brings about the escape response in .1 cmaea is
found in the epidermis of the tube feet of the starfish predator (30). This factor
is probably associated with proteins in the tube feet. The substance has been
partially purified, is stable, and can be separated from the colloidal material to
which it is attached. The final partially purified product is partially characterized
(30).

Recently Carr (7, 8) has studied chemoreception in Xassarius obsoletus (Say)
and shown that certain fractions of an extract derived from shrimp initiates a
proboscis searching response. This is not an escape response but a response to
certain foods. Amino acids, lactic acid, urea, and a number of other compounds
produced the response, but a number of other fractions did not. This suggests that
X. obsoletus has considerable stimulus specificity.

Recognition by sea anemones.-One of the more interesting predator-recognition
responses is that of certain sea anemones which detach themselves from the sub-
stratum and swim with sharp bending movements of the column. This swimming
is a response to a specific chemical stimulus which is believed to permit the anemone
to escape from a predator. The anemone Stomphia coccinea (Muller) responds to
contact with the starfishes Solaster (=Crossaster) papossus Linnaeus, Hippasterias
spinosa Verrill, H. phrygiana Parelius, or Dermasterius imbricata Grube, but fails
to respond to a different species of Solaster, Mediaster aequalis Stimpson, Henricia
lezdescula (Stimpson) Pisaster spp., Evvasterias spp., or any of the ophiuroids
(67, 69, 95).

Other sea anemones show similar swimming responses. Passano (63) reported
that Epiactis prolifera Verrill responds similarly to S. coccinea. More recently
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Ross and Sutton (78, 79) have found that larger individuals originally thought
to be S. coccinea belong to I clinostola and that these also exhibit the same behavior;
Robeson (70) included members of two genera of the family Gonactiniidae and
three genera of the Boloceroididae which swim by beating their tentacles.

Yentsch and Pierce (95) found that seawater containing the mucoid slime from
the aboral surface of Dermasterias spp. elicited the swimming response in S. coc-
cinea but the slime from other starfishes tested did not. They were able to get
the response with electrical shock and later Ross and Sutton (76) found that a cer-
tain threshold was required for swimming, but at lower electrical stimuli the
anemone simply retracted.

Ross and Sutton (77) were able to get the swimming response by touching the
anemone with objects that had been rubbed on the aboral surface of Dermasterias
sp., but found that the response was inhibited if the crown of the anemone was
first flooded with a food extract.

Ward (87, 88) found that a homogenate from the aboral surface of Dermasterias
sp. contained the active fraction which induced swimming in S. coccinea and that
this fraction is dialyzable, thermostable, and primarily carbohydrate; further
evidence suggested that the substance was probably an aimino polysaccharide.
Ward (87, 58) isolated minute dermal spherules in the aboral surfaces of Der-
maslerias sp. which appear to he related to this chemical fraction.

Robeson (68) reported that the predatory nudibranch Aeolidia papillosa
Linnaeus will also cause S. coccinea to swim in the typical manner. This response
is more plausible than the reaction to the starfish because .1. papillosa has been
observed feeding upon S. coccinea. An extract of _9. papillosa elicited a response
similar to that obtained with extracts from Dermasterias sp. or Hippasteri-as sp.,
but the chemical stimulant may not be the same because the responses are not
quite identical (68, 70).

The swimming response of I ctinostola sp. can be elicited as a result of contact
with the swimming Stomphia coccinea, but the converse is not the case (79).
Moreover, a swimming S. coccinea does not stimulate another S. coccinea. Ross
and Sutton (79) were unable to demonstrate a chemical signal but felt it must
be present, and suggested the fortuitous occurrence of a substance in S. coccinea
which resembled one from some other organisms to which .lctinostola sp. has de-
veloped an escape reaction.

The evolutionary development of the anemone swimming response is not clear
because Stomphia coccinea is not known to be the prey of any starfish (83). Al-
though Ray (65) and Robeson (70) have both stated that S. coccinea did not occur
near Dermaslerias sp., Mauzey, Birkeland, and Dayton (59) found both S. coccinea
and :lctinostola sp. occurring with species of Dermasterias, Solaster (=Crossaster),
Hippasterias, and Gephyreaster and concluded that the swimming response was
indeed an effective behavioral device to protect the anemone from starfish predators.

.Va.ture of substances detected by prey.-Although several groups of invertebrates
have been shown to produce chemical substances which evoke an escape response
in a different species, most of the examples have involved starfish predators. Yet
the nature of the substance has not been identified. In the case of the S. coccinea
swimming response, Ward (87-89) tentatively characterized the substance as an
aminopoly saccharide associated with dermal spherules on the aboral surface of the
starfish. In the case of the fleeing response in Acmaea spp., Feder and Lasker
(30) characterized a stable product; soluble in DMSO; colloidal in water; insoluble
in ethyl ether, acetone, and petroleum ether; stable at dry room temperature;
unaffected by light and heat (to 60°C) ; exhibiting absorption peaks at 260 to
322 my, and associated with proteins in the tube feet.

Fange (27) produced contractions of the isolated radular muscle of Buccinum
undatum Linnaeus by using water extracts from the starfishes Marthasterias
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glacialis (Muller), _I sterias rubens Linnaeus, and Henricia sanguinolenta (Mtiller).
Feder and Arvidsson (29) studied extracts from M. glacialis and found it would
evoke strong escape responses in the snail, B. undatum, and in the brittle star
Ophiothri.r tragilis (Abildgaard). They found that the active ingredient is con-
tinually exuded from the living starfish and that the partially purified sub-
stance is adsorbed to or partly masked by colloids or other nonsoluble materials,
is relatively thermostable, and is dialvzable.

Mackie, Lasker. and Grant (55) have studied the response of the snail Buc-
cinunz uudaturn to substances from the starfishes .-lsterias rubens and Marlhasterias
glacialis, and found that certain saponin-like substances from the tissues of both
starfishes elicit responses in the snail. These responses vary with the concentra-
tion of the extract. They believe that the saponin-like molecule exists in an equilib-
rium mixture of free saponin and its protein complex which either stimulate or
damage sensory cells on the foot of the snail.

Hashimoto and Yasumoto (45) showed that the poison of certain starfishes is
probably a saponin, and in light of the wide range of effects of plant saponins,
they suggest that starfish saponins may be responsible for many of the responses
which other species show when exposed to starfish stimuli. They rioted the
resemblence between paper chromatograms of this starfish saponin and holothurin
isolated from certain sea cucumbers. Although holothurin is not known to cause
any predator recognition responses among the prey of sea cucumbers, its bio-
medical importance is well established (62), and its structure known (33). Similar
saponins have been isolated from starfishes from the Pacific Northwest, several of
them noted as eliciting predator recognition responses above: Pycnopodia heli-
anthoides, Patiria miniata (Brandt), Pisaster brevispinus, and P. ochraceous.
These are discussed more fully by Nigrelli, et al. (62) and the reader is referred to
that paper for a list of pertinent references.

Although the detailed chemistry of these chemical signals is as yet unknown,
their existence is rather easily demonstrated as shown above. Such chemicals
when adequately characterized, could possibly be used to control noxious species
directly, or might have other more subtle uses. These chemicals can be demon-
strated to influence biological systems but much more research is required before
we know enough about this influence to control it adequately.

COM MENSAL. RELATIONSHIPS

In the animal and plant kingdoms there are literally thousands of examples
of commensal relationships in which two species live in rather intimate contact
for their mutual advantage. Many of these species pairs are mutually dependent
on each other. A classic example is the termite with its protozoan gut-fauna.
In other species pairs, the relationship is not as obligatory and the species may be
able to exist alone. These relationships have long been recognized and have
been described in great detail, but a systematic study of the mechanics of bring-
ing two individuals together to establish this relationship had not been studied
with marine animals until Davenport initiated his systematic and thorough studies
about 1948 (17-20, 22).

The importance of the olfactory sensors for parasites to locate a host has been
demonstrated previously by Thorpe and Jones (84) who were able to show that
the ichneumonid endoparasitic insect Nemeritis canescens (Gray.) could locate the
meal worm or the wax moth host by olfaction.

Partnerships inmh,ing polychaetes.--Davenport (17) studied the response of
commensal polynoids (Annelida: Polychaeta) of the genus .irctonoe to various
starfish hosts by using a modification of the Y-tube used by Thorpe and Jones (84).
The two arms of the "Y" were attached to two aquaria in such a way that water
from either aquarium could be diverted down either arm. A starfish was placed



193

1)LCEMii1 R 19691 McCAULEF: CHEMICAL 431

in one aquarium and the water from both tanks allowed to escape through the
Y-tube. A commensal polynoid introduced into the base of the Y-tube could
then move into one of the arms against the current of water. The choices made
by the worm were treated statistically and the worm was shown to choose the
host aquarium under most conditions.

Arctonoe fragilis (Baird) was attracted to its natural host starfish Evasterias
troschelli Stimpson and A. pulchra Johnson to its host Stichopus californicus
(Stimpson). However, the species of Arctonoe commensal with the mud star,
Luidia foliolata (Grube) was not attracted to its host. Furthermore, A. fragilis
which was attracted to its normal host showed no response at all to Pisaster ochrace
ous a starfish which is closely associated with E. troschelli ecologically. The
attractants from E. troschelli and S. californicus differed because neither species
was able to attract the normal commensal of the other.

The chemical attractant from E. troschelli tends to persist in the seawater for
some time after the starfish is removed from the aquarium but was lost com-
pletely within 24 hours (22). Injury to the starfish in removing it from the
aquarium immediately destroyed its ability to attract the worm; a mechanism which
probably assures the worm of finding a healthy, undamaged host. Davenport
and Hickok (22) found that the attractant did not pass through a dialyzing mem-
brane within two hours. They also found that the viscera of S. californicus and
E. troschelli- had a repellent effect on the commensal worms, and thus concluded
that the attractant was from the surface of the host.

Davenport (18, 20) continued his studies with the polynoid commensals and
identified other partnerships. The polynoid Polynoe scolopendrina Savigny and
the tubuiculose terebellid polychaete Polymnia neublosa (Montagu) show a high
specificity, the attractant is unstable, and present outside of the living tissues of
the host, perhaps in the tube material but absent from the mucus.

Arclonoe vittata (Grube) is normally found in a wide variety of hosts, most
commonly in the key-hole limpet, Diarlora aspera but also on starfish belonging to
Solasler, Dermasterias, Pteraster and Henricia. It is also found on the sea cucumber
S. californicus and the polyehaete worm Xeoamphitrite sp.; the chiton Cryptochiton
stelleri (.Nliddendorf); and additional gastropods belonging to Acmaea, Puncturella,
Cidariria and .1 rgobucciiium (36). Davenport (17) and Hickok and Davenport
(46) were unable to get conclusive responses to other hosts from A. vittata which
were removed from D. aspera, suggesting that the identity of the attractant is
"learned" by the worm.

Davenport (18, 20) noted that host specificity was not always high and that
some polychaetes could be attracted to hosts that were not closely related. He
suggested that although hosts are unrelated, they may produce attractants that
are chemically similar.

Gerber and Stout (36) studied that Arctonoe vittata-Diadora aspera relation-
ship and concluded that it was quite specific, and that the choice of host made
early in the life of the worm persisted. This view was supported by the fact that
very small worms were found in D. aspera and very few free living worms were
encountered.

Davenport (18) studied the British polynoid Acholoe astericola (Delle Chiaje)
and found that it had a strong response to its host, Astropecten irregularis (Pennant),
but also responded strongly to a number of starfishes that do not serve as hosts in
British waters. The attractant apparently comes from living host tissues, is
apparently released in quantity in the host stomach, is destroyed by temperatures
above 45 C, is quite unstable, and is rapidly oxidized.

In the same study Davenport (18) found that chemotaxis apparently was im-
portant in two polynoid-polychaete commensal pairs: (Gattyana cirrosa (Pallas)-'
Amphitrite johnstoni Malmgren and Lepidasthenia argus Hodgson-A. edwardsi
Quatrefages.



194

432 LL.uv 1)1,v Ivun.:32, No. 4

In studies on Podarke pugetensis Johnson, a new testing device gave some
indication about changes in speed and direction of the worm in contact with the
host attractant (21). In these tests the worm turned toward the source in most
cases and appeared to be "physiologically trapped" in the host-factor stream.

The giant chiton Cryptochiio: stelleri (Middendorf) also appears to have a
diffusable substance which attracts commensals (92). The peacrab Opisihopus
transvversus (Rathbun) and the polynoid .1. 2vitiata both move into the C. stelleri
arm of the Y-tube olfactometer.

Partnerships involving crabs.- Davenport, Camougis, and Hickok (21) studied
the behavior of the pinnotherid crab Pinni.va chaetopterana Stimpson, a commensal
of the parchment worm C'haelopterus pergamentaceus Cuvier in the Woods Hole
region. When these crabs contact the host factor, there is a marked increase in
the amount of turning and the crabs appear to be "behaviorally trapped" in the
area of host-factor. This host factor to which the crab responds is relatively
stable, elicits a response after 24 hours, is destroyed by heat, and does not pass
through a dialyzing bag overnight. Various chemical tests would indicate that
the "Chaetopterus factor" is a relatively time-stable protein.

Sastrv and Menzel (x1) found that the male of the crab, Pinnotheres malculatus
Say which lives commensally in the gills of the scallop .1 equi pee/eu irradians
concentricus Say is attracted equally well to both the scallop and to the peashell
_ltrina rigida Solander even when the female is not present in the mollusc. They
did not look at the chemical nature of the attractant.

In the commensal partnership between the crab Dissodactylus mellitae (Rath-
bun) and the sand dollar Mellita quinquesperforata (Leske) from the North Carolina
coast, Johnson (49) was able to demonstrate a chemical attraction that appeared
to be highly specific for this partnership.

Partnerships involving molluscs.-The tiny bivalve molluscs, Montacuta sub-
striata (Montagu) and M. ferruginosa (Montagu) are found commensally with
several spatangoid sea urchins in British waters, suggesting that there is not a
high degree of host specificity (34). These small clams can exist in a free living
state or can apparently move from host to host quite easily. Experimental
investigation of this relationship suggests that the clams respond to water currents,
and a chemical from the host, but that the chemical is not specific for each
spatangoid (35, 61).

The bivalve mollusc _lrthritica bifurea (Webster) has been shown experimentally
by Wear (90) to be attracted chemically to its annelid host, the tuhiculous poly-
chaete, Pectinaria australis Ehlers.

Commensal sea anemones.-Ross (71) reviewed the nature of the commensal
partnership between various sea anemones and hermit crabs, and reported that
Calliactis parasitica (Couch) was the active participant in establishing its relation-
ship with Eupagurus bernhardus (Linnaeus). In other partnerships involving this
anemone, the hermit crab is the active partner, grasping the anemone with its
chelae and placing it on the shell, but with E. bernhardus the role of the hermit
crab is completely passive (74, 75). This anemone readily attaches to shells con-
taining the hermit crab and to shells of the living snail Buccinum undatum but
failed to attach to shells that had been boiled in an alkali (71). The behavioral
pattern of settling involves the grasping of the shell by the tentacles of the anemone,
release of the pedal disc of the anemone and then a somersaulting of the anemone
to attach its foot.

Ross and Sutton (74) were able to show that the anemone was chemically
attracted to the molluscan shell rather than to the hermit crab that was using
the shell, but they did not show the nature of the attractant.

Ross (72, 73) reported that Stomphia coccinea showed a preferential settling
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on shells of the mussel Volsella (= Modiolus) modiolus (Linnaeus) and that this
response was again to a substance which could be destroyed by boiling in strong
alakli. Actinostola sp. noted above to react similarly to S. coccinea also exhibits a
selective settling on V. modiolus, although the settling behavior differs in some
details (78, 79).

Once attached to a molluscan shell, the anemone generally stays put, whereas if
the anemone is on the glass of an aquarium, on a rock, or unattached it grasps the
first available molluscan shell. Davenport, Ross, and Sutton (24) were able to
demonstrate that information sensed by the pedal disc on the anemone that was
attached to a mollusc was somehow transmitted to the tentacles and that the
tentacles in turn no longer attached themselves to each new mollusc which pre-
sented itself. The nature of this information obtained from the shell and the
mechanism of transmittal to the tentacles remains to be studied.

The relationship between pomacentrid fishes and anemones has been reviewed
by Gudger (40). These damsel-fishes live among the tentacles of the giant anemone
and are apparently not bothered by the anemone which feeds upon other fishes,
many much larger than the pomacentrids. Protection from the nematocysts of
the anemone was shown by Davenport and Norris (23) to be localized in some
factor in the mucus secreted in the outer surface of the skin of the fish. This
factor is fast acting in its effects, heat labile, and is not found within the tissues of
the fish.

Parasite attraction. Closely- related to the attraction of one commensal partner
to another is the attraction of a parasite to its host. Much ecological work has
been done with the medically important species and the fact that a degree of
specificity exists is well documented. However, little is known about the nature
of the attractants. Lincicome (52) has stated that much of the parasitic relation-
ship is biochemical involving a metabolic dependency and a mutual exchange of
chemical substances. Parasites are generally thought of as producing nutritional
and metabolic disturbances-in their hosts, but Fisher (32) suggested that many of
the abnormalities are caused by parasite-produced substances which either replace
or augment the endocrine substances of the host.

Cheng (10, 11) has reviewed the literature on parasitic relationships involving
molluscs, and included references to many papers. Trematodes have complex
life cycles which usually involve a molluscan host for some of the larval stages.
There is little doubt that the trematode miracidium is chemically attracted to the
molluscan host, but Cheng (11) feels that there is sufficient evidence to indicate
that the attractant need not be specific, and that because it attracts a miracidium
does not imply that successful establishment and growth is ensured.

Among the marine species, there is not much information about the attraction
of parasites or the influence of a chemical substance of a host on its parasite.
Cheng, Shuster, and Anderson (12, 13) have shown that tissue extracts of certain
marine clams cause the cercarial stage of the trematode Himasthla quissentinsis
(Miller and Northrup) to encyst.

Maclnnis (54) has not worked with marine species, but has shown that miricidia
of the human blood fluke Schistosoma mansoni Sambon is attracted to certain simple
organic molecules. Short-chain fatty acids, some amino acids and a sialic acid
were shown to attract these miracidia. Sialic acids represent a group of naturally
occurring substances widely distributed in tissues, particularly in mucins and blood
group substances. They are components of complex lipids and carbohydrates (93).

Other responses.-In the commensal partnership where the small limpet Acmaea
asmi (Middlendorf) lives on the surface of the turban shell Tegula funebralis, the
limpet is apparently not attracted by a chemical which diffuses through the water,
but when contact is finally made by other processes, a factor in the snail shell ap-
pears essential for the relationship to be maintained (1).
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In some intraspecific relationships, chemical signals have been shown to mediate
behavior. Dix (25) for example has shown that the aggregating behavior of the
sea urchin Evechinus chloraticus (Valenciennes) is probably mediated in part by
a chemical substance which is independent of sexual attraction. Such cases are
probably extremely common but fall beyond the scope of this paper.

In this paper I have dealt with only a few of the relationships in which one
species has an effect on another as a result of a chemical stimulus. There are,
of course, many more. I have not dealt with the role of odor in the detection of
food, of the role of phermones in the establishment of sexual partnerships, the
role of toxins and venoms, the role of certain exocrine substances on the determi-
nation of sex or modification of a symbiotic partner, the role of metabolites in
nutrition, the role of enzymes or antibiotics, or the role of countless other
relationships.

These which I have discussed are generally substances which elicit a response
in a limited number of species. Today, we do not know a great deal about the
chemistry of the factors involved but we do know that different kinds of sub-
stances may bring about highly specific responses in different species and that
these responses may differ from species to species.

The phenomena which I have considered are basic biological relationships in
which a chemical substance produced by one species modifies the behavior in
another species. The biological activity of these substances is well established but
the chemistry is, as yet, largely unexplored. In assuming an ecological approach
to marine pharmacology, as suggested by Sieburth (82), these relationships must
not be overlooked. Commensal and parasitic relationships in the sea are extremely
common and probably involve most species at some stage in their life cycle. A
better understanding of the nature of the chemical substances which mediate be-
tween species will aid the marine biologist in understanding these relationships
and perhaps reveal substances of interest to the pharmacognosist. The potential
is great and the field is new.

LITERATURE CITED
1. Alleman, L. L. 1968. Factors affecting the attraction of Acmaea a.cmi io Tegula funebralis.

Vel iger 11 (suppl.) : 61-63.
2. Bauer, V. 1912. Zur Kenntnis der Lebenweise von Pecten jacobaeus L. Zool. Jb. Aht. 3,

Alg. Zool. Physiol. 33: 127-150.
3. Bauer, V. 1913. Notizer aus einem biologischen Laboratorium am Mittelmeer. Int.

Rev. Hydrobiol. 6: 31-37, 147-154.
4. Blake, J. W. 1960. Oxygen consumption of bivale prey and their attractiveness to the

gastropod Urosalpinx cinerea. Limnol. Oceanogr. 5: 273-280.
5. Bullock, T. H. 1953. Predator recognition and escape responses of some intertidal gastro-

pods in presence of starfish. Behavior 5: 130-140.
6. Burke, W. R. 1963. Chemoreception by Tegula funebralis. Veliger 6(suppl.): 17-20.
7. Carr, W. 1967a. Chemoreception in the mud snail Nassarius obsoletus, I. Property of

stimulatory substances extracted from the shrimp. Biol. Bull. 133: 90-105.
8. Carr, W. 1967b. Chemoreception in the mud snail, Nassarius obsoletus II. Identification

of the stimulating substance. Biol. Bull. 133: 106-127.
9. Carthy, J. D. 1958. An introduction to the behavior of invertebrates. George Allen, and

Intvin. 380 p.
10. Cheng, T. C. 1967. Marine molluscs as hosts for symbiosis: with a review of known

parasites of commercially important species. Adv.Mar. Biol. 5: 1-424.
11. Cheng, T. C. 1968. The compatability and incompatability concept as related to trema-

todes and molluscs. Pacific Science 22(2): 141-160.
12. Cheng, T. C., C. N. Shuster and A. H. Anderson. 1966. Effects of plasma and tissue

extracts of marine pelecypods on the cercaria of Himasthla quissetensis. Exptl. Parasitol.
19: 9-14.

13. Cheng, T. C., C. N. Shuster and A. H. Anderson. 1966. A comparative study of tl-.c
susceptibility and response of eight species of marine pelcypods to the trematode Hirnasthla
quissetensis. Trans. Amer. Microscop. Soc. 85: 284-295.

14. Clark, W. C. 1958. Escape responses of herbivorous gastropods when stimulated by
carnivorous gastropods. Nature 181: 137-138.



197

DECEMBER 19691 McCAGLEY: CHEMICAL 435

15. Commission on Marine Science, Engineering and Resources. 1969. Our nation and the
sea. Report of the Commission on Marine Science Engineering, and Resources. U. S.
Government Printing Office, Washington, D. C. 305 p.

16. Dakin, W. J. 1910. The visceral ganglion of Pecten with some notes on the physiology
of the nervous system. Mitt. Zool. Sta. Neapel. 20: 1-40; Abst. in Zool. Zentr. 17: 796.

17. Davenport, D. 1950. Studies on the physiology of commensalism. I. The polynoid
genus Arctonoe. Biol. Bull. 98: 91-93.

18. Davenport, D. 1953a. Studies on the physiology of Commensalism. III. The polynoid
genera Acholoe, Gattyana, and Lepidasthenia. J. Mar. Biol. Assn. 32: 161-173.

19. Davenport, D. 1953b. Studies on the physiology of Commensalism. The polynoid
genera. Polynoe, Lepidasthenia and Harmothoe. J. Mar. Biol. Assn. 32: 273-288.

20. Davenport, D. 1955. Specificity and behavior in symbiosis. Quart Rev. Biol. 30(l): 29-46.
21. Davenport, D., G. Camougis and J. F. Hickok. 1960. Analyses of the behavior of com-

mensals in host-factor. I. A hesionid polychaete and a pinnotherid crab. Animal
Behavior. 8: 209-218.

22. Davenport, D. and J. Hickok. 1951. Studies on the physiology of Commensalism II.
The Polynoid genera Arctonoe and Halosydna. Biol. Bull. 100: 71-83.

23. Davenport, D. and K. S. Norris. 1958. Observations on the symbiosis of the sea anemone
Stoichactis and the pomacentrid fish Amphiprion percula. Biol. Bull. 115: 397-410.

24. Davenport, D., D. M. Ross and L. Sutton. 1961. Remote control of nematocyst discharge
in the attachment of Calliactis parasitica to the shells of hermit crabs. Vie et Milieu
12: 197-209.

25. Dix, G. 1969. Aggregating in the echinoid Evechinus chloroticus. Pacific Science 23:
123-124.

26. Edwards, D. 1969. Predators on Olivella biplicata, including a species-specific predator
avoidance response. Veliger 11: 326-333.

27. Fange, R. 196:3. Toxic factors in starfishes. Sarsia 10: 19-21.
2S. Feder, H. M. 1963. Gastropod defensive responses and their effectiveness in reducing

predation by starfishes. Ecology 44: 505-512.
29. Feder, M. and J. Arvidsson. 1967. Studies on a sea-star (Marthasterias glacialis) extract

responsible for avoidance reactions in a gastropod (Buccinum undatum). Ark. Zool.
19: 369-379.

30. Feder, H. M. and R. Lasker. 1964. Partial purification of a substance from starfish
tubefeet which elicits escape responses in gastropod molluscs. Life Sciences 3(9) : 1047-
1051.

31. Fischer, P. 1869. Note sur la Natation de Pecten maximus. J. Conchyl. 17: 121-123.
32. Fisher, F. M., Jr. 1963. Production of host endocrine substances by parasites. Ann.

New York Acad. Sci. 113: 68-73.
33. Friess, S. L., R. E. Durant, J. D. Cahnley and T. Mezzetti. 1965. Some structural require-

ments underlying Holothurian A interactions with synoptic chemoreceptors. Biochem.
Pharmacol. 14: 1237-1247.

34. Gage, J. 1966a. Observations on bivalves Montacuta substriata and M. ferruginosa com-
mensal with spatangoids. J. Mar. Biol. Assn. 46: 49-70.

35. Gage, J. 1966b. Experiments with behavior bivalves Montacuta substriata and M.
ferruginosa commensals with spatangoids. J. Mar. Biol. Assn. 46: 71-88.

36. Gerber, H. S. and H. S. Stout. 1968. Sensory basis of symbiotic relationship of Arctonoe
vitiate (Grube) (Polvchaeta: Polynoida) to keyhold limpet (Diadora aspera). Physiol.
Zool. 41: 169-179.

:37. Goode, G. 13. 1876. Classification of the collection to illustrate the animal resources of
the United States. 1'. S. Nat. Mus. Bull. 6. 126 p.

38. Gonor, J. J. 1965. Predator-prey reactions between two marine prosobranch gastropods.
i'eliger 7: 228-232.

39. Gonor, J. J. 1966, Escape responses of North Borneo strombid gastropods elicited by the
predatory prosobranches .4ulicca vespertilio and Conus marmoreus. Veliger 81: 226-230.

40. Gudger, E. W. 1947. Pomacentrid fishes symbiotic with giant sea anemones in Indo-
Pacific waters. J. Asiatic Soc. Bengal. 12: 53-76.

41. Halstead, B. W. 1959. Dangerous marine animals. Cornell Maritime Press. 146 p.
42. Halstead, B. W. 1965. Poisonous and venomous marine animals of the world, vol. 1. Supt.

Documents, U. S. Govt Printing Office, Washington, D. C. 994 p.
43. Halstead, B. W. 1968. Poisonous and venomous marine animals of the world, vol. 2. Supt.

Documents. U. S. Govt. Printing Office, Washington, D. C. 1070 p.
44. Halstead, B. W. 1969. Poisonous and venomous marine animals of the world, vol. S. Supt.

Documents, U. S. Govt. Printing Office, Washington, D. C.
45. Hashimoto, Y. and T. Yasumoto. 1960. Confirmation of saponin as a toxic principle of

starfishes. Bull. Jap. Soc. Scient. Fish 26: 1132-1138.
46. Hickok, J. and D. Davenport. 1957. Further studies in the behavior of commensal

polychaetes. Biol. Bull. 113: 397-406.
47. Hodgson, E. S. 1955. Problems in invertebrate chemoreception. Quart. Rev. Biol.

30: 331-347.



198

436 Lu,v i»_v [VOL. 32, NO. 4

4S. Hoffmann, H. 19:;0. Uber den Fltichreflex bie A'assa. Z. vergl. Physiol. 11: 662--688.
49. Johnson, I. 1952. The demonstration of a host factor in commensal crabs. Trans.

Kansas .-lead. Sri. 55: 458-464.
50. Kohn. A. J. 1961. Chemoreception in gastropod molluscs. Amer. Zoologist 1: 291-308.
,A. Kohn, A. J. and V. Waters. 1966. Escape responses of three herbivorous gastropods to

the predatory gastropod, Conus textile. Animal Behavior 14: 340-345.
.'i2. Lincicome, D. R. 1963. Chemical basis of parasitism. Ann. New For k Acad. Sci.

113: 360-380.
53. Lucas, C. E. 1947. The ecological effects of external metabolites. Biol. Rev. 22: 270--295.
54. Maelnnis, A. J. 1965. Responses of Schistosoma mansoni miracidia to chemical attractants.

J. Parasitol. 51: 731-746.
55. Mackie, A. M., R. Lasker and P. T. Grant. 1968. Avoidance reaction of a mollusc

Buccinurn undatuni to saponin-like surface-active substances in extracts of the starfish
Asterias rubens and Jlarthasterias glacialis. Comp. Biochem. Physiol. 26: 415-428.

56. Marderosian, A. D. 1968. Current status of drug compounds from marine sources. In
H. D. Frendenthal, ed., Drugs from the sea. Washington D. C., 'Marine Technical Society
p. 19-66.

57. Margolin, A. S. 1964a. The mantle response of Diadora aspera. Animal Behavior.
12: 187-194.

58. Margolin, A. S. 1964b. The running response of Acmaea to sea stars. Ecology 45:
191-193.

59. Mauzey, K. P., C. Berkeland and P. K. Dayton. 1968. Feeding behavior of asteroids
and escape responses in their prey in the Puget Sound Region. Ecology 49: 603-619.

60. Montgomery, D. H. 1967. Responses of two haliotid gastropods (blollusca), Haliotis
assimilis and Haliotis rufescens, to the forcipulate asteroids (Echinodermata), Pycnopodia
helianthoides and Pisaster ochraceous. Peliger 9: 359-368.

61. Morton, J. R. 1962. Habit and orientation in the small commensal bivalve mollusc,
3Montacuta ferruginosa. Animal Behavior. 10: 126-133.

62. Nigrelli, R. F., M. F. Stempien, Jr., G. D. Ruggieri, V. R. Liguori and J. T. Cecil. 1967.
Substances of potential biomedical importance from marine organisms. Federation Proc.
26(4) : 1197-1205.

63. Passano, L. M., III. 1957. Prey-predator recognition in the lower invertebrates. In:
B. T. Scheer, Ed., Recent advances in invertebrate physiology. University of Oregon.
Eugene, pp. 37-47.

64. Pearcey, F. G. 1885. Investigations on the movements and food of the herring and
additions to the marine fauna of the Shetland Isles. Proc. Roy. Phys. Sot-. Edinburgh.
8: 389-415.

65. Ray, D. L. 1959. Trends in marine biology. In: I. Pratt and J. E. McCauley, eds., Marine
biology, proc. 20th biol. colloquium, Oregon State University, Corvallis, Oregon pp. I-S.

66. Rees, W. J 1907. The Living Scallop. In: Ian Cox, ed. The scallop: Studies of a shell
and its influence on humankind. London, Shell Transport and Trading Co. pp. 1 -32.

67. Robson, E. A. 1961a. Some observations on the swimming behavior of the anemone
Stomphia coccinea. J. Exptl. Biol. 38: 343-363.

68. Robson, E. A. 1961b. The swimming response and its pacemaker system in the anemone
Stomphia coccinea. Jour. Exptl. Biol. 38: 685-694.

69. Robson, E. A. 1963. The nerve net of a swimming anemone, Stomphia corcinea. Quart.
Jour. Microscop. Sci. 104: 535-549.

70. Robson, E. A. 1966. Swimming in Actinaria. Sym. Zool. Soc. London. 16: 333-360.
71. Ross, D. M. 1960. The association between the hermit crab Eupagurus bernhardus (L.)

and the sea anemone Calliactis parasitica (Couch). Proc. Zool. Soc. London 134: 43-57.
72. Ross, E. D. 1954a. Preferential settling of sea anemone Stomphia coccinea on mussel

Modiolus modiolus. Science 148: 527.
73. Ross, D. M. 1965b. Complex and modifiable behavior pattern in Calliactis and .Stomphia.

Amer. Zoolog. 5: 573-580.
74. Ross, D. M. and L. Sutton. 1961a. The response of the sea anemone Callictis parasitica

to shells of the hermit crab Pagurus bernhardus. Proc. Roy. .Soc. London Ser. B 155:
266--281.

75. Ross, D. M. and L. Sutton. 1961b. The association between the hermit crab Dardanus
arroser (Herbst) and the sea anemone Calliactis parasitica (Couch). Proc. Ray Soc.
London Ser. B 155: 282-291.

76. Ross, D. M. and L. Sutton. 1964a. Swimming response of sea anemone Stomphia cove inca
to electrical stimulation. J. Exptl. Biol. 41: 73+-749.

77. Ross, D. M. and L. Sutton. 1964b. Inhibition of swimming response by food and of
nematocyst discharge during swimming in sea anemone Stomphia coccinea. J. Exptl.
Biol. 41: 751-757.

78. Ross, D. M. and L. Sutton. 1967a. Response to molluscan shells of swimming sea anemones
Stomphia rorrinea and Actinostola new species. Canadian J. Zool. 45: 89.5-906.

79. Ross, D. M. and L. Sutton. 1967b. Swimming sea anemones of Puget Sound--Swimming
of Artinostola new species in response to Stomphia coccinea. Science 155: 1411) -1421.



199

URCEMIii?R 19691 McCAi LEN : CHEMICAL 4:37

80. Russell, F. E. 1965. Marine toxins and venoms and poisonous marine animals. Adv.
Marine Biol. 3: 256-384.

81. Sastry, A. and R. Menzel. 1962. Influence of hosts on the behavior of the commensal
crab, Pinnotheres maculatus Say. Biol. Bull. 123: 388-395.

82. Sieburth, J. M. 1968. Ecological approach to marine pharmacology. In H. D.
Frendenthal, ed., Drugs from the sea. Washington, D. C. Marine Technical Society
p. 67-68.

83. Sund, P. N. 1956. A study of the muscular anatomy and swimming reaction of Stomphia
coccinea. Quart. J. aiicroscop. Sci. 99: 401-420.

84. Thorpe, W. H. and F. G. W. Jones. 1937. Olfactory conditioning in a parasitic insect
and its relation to the problem of host selection. Proc. Roy. Soc. London Ser. B. 124:
56 8 1.

85. Tressler, D. K. 1923. Marine products of commerce. Chem. Catalog Co. Inc. New York
762 p.

86. Tressler, D. and J. Lemon. 1951. Marine products of commerce. Reinhold, N. Y. 782 p.
87. Ward, J. A. 1962. A further investigation of the swimming reaction of Stomphia coccinea.

Amer. Zool 2: 567 (abstract).
88. Ward, J. 1965a. An investigation on the swimming reaction of the anemone Stomphia

coccinea. 1. Partial isolation of a reacting substance from the asteroid Dermasterias
imbricata. J. Exptl. Zool. 158: 357-364.

89. Ward, J. 1965b. An investigation on the swimming reaction of the anemone. Stomphia
coccinea. 11. Histological location of a reacting substance in the asteroid Dermasterias
imbricata. J. Exptl. Zool. 158: 365-369.

90, Wear, R. G. 1966. Physiological and ecological studies on bivale molluscs Arthritics
bilurca (Webstcr, 1908) living eommensally with tubiculous polvehaete Pectinaria
australis Ehlers, 1905. Biol. Bull. 130: 141-149.

91. Weber, H. 1924. Ein Umdreh- and Fluchtreflex bie Nassa mutabilis. Zool. Anz. 60:
261-269.

92. Webster, S. K. 1968. An investigation of the commensals of Cryptochiton stelleri
(\liddendorff, 1846) on the Monterey Peninsula Area, California. b'eliger 11: 121-125.

93. West, E. S. and W. R. Todd. 1961. Textbook of biochemistry. New York, Macmillan.
14231).

94. Yarnell, John L. 1964. The responses of Tegula funebralis to starfishes and predatory
snails (\lollusca: Gastropoda). Veliger 6 (Suppl.): 56-58.

95. Yentsch, C. S. and D. C. Pierce. 1955. A "swimming" anemone from Puget Sound.
Science 122: 1231-1233.




