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ECOLOGICAL STUDIES OF RADIOACTIVITY
IN THE COLUMBIA RIVER ESTUARY
AND ADJACENT PACIFIC OCEAN

I. INTRODUCTION

by William O. Forster and James E. McCauley

This progress report deals with more than 70 separate, but closely
related projects, which are oriented toward expanding knowledge about
the ecology and radioecology of a major river entering the ocean.

This project was initiated by Dr. C. L. Osterberg in 1962 and has
continued to expand to the present time. During the ensuing seven years
much research has been done and knowledge of the river and its influence
on the ocean greatly expanded. It is, therefore, entirely proper that
much of the effort this year was placed on the preparation of summary
papers to be included in an Atomic Energy Commission sponsored book
entitled "Bioenvironmental Studies of the Columbia River Estuary and
Adjacent Ocean Region". This book is being written jointly by staff
members from the Atomic Energy Commission; Battelle Northwest;
U. S. Bureau of Commercial Fisheries; University of Washington,
Laboratory of Radiation Ecology, College of Fisheries, and Department
of Oceanography; and Oregon State University, Department of Oceanography.
Thus far, members of this department have contributed ten chapters to
this book and four more are in various stages of preparation. These
chapters are listed below and complete manuscripts are bound in a volume
supplemental to this report:

Carey, A. G. , Jr. and J. E. McCauley. Benthic Ecology of the Oregon
Continental Shelf, Slope, and Cascadia Abyssal Plain.

Forster, W. O. Radionuclide Distribution in the Columbia River and
Adjacent Pacific Shelf Sediments.

Forster, W. O. Radiochemistry of Trace Elements in the Columbia
River and Environment.

Gross, G. , A. G. Carey, Jr, , G. A. Fowler, and L. D. Kulm. Distribution
of Organic Carbon in Surface Sediment, Northeast Pacific Ocean.

McCauley, J. E. A Preliminary Checklist of Selected Groups of Inverte-
brates from Otter Trawl and Dredge Collections off Oregon.



Neal, Victor T. Physical Aspects of the Columbia Estuary.

Osterberg, C. L. Methods for the Measurement of Hanford-Induced
Radioactivity in the Ocean.

Osterberg, C. L., and W. G. Pearcy. Radioecology of Pelagic Animals.

Park, P. K. , 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. , and W. 0. Forster. Seasonal and Areal Variations of
Radionuclid Activities and Specific Activities of Organisms in the
Columbia River Estuary.

Small, L. F. Effects of the Columbia River Plume on Two Copepod
Species.

Small, L. F., and H. Curl. Effects of the Columbia River Outfall on
Primary Production and Light Attenuation in the Sea.

The drainage basin of the Columbia River is the largest source of
fresh water in the United States and discharges 90% of the runoff in the
total Northeast Pacific Ocean in the spring between 38° -48° N latitude.
The introduction of low-level induced radionuclides into the river at
Hanford makes this river unique and makes possible many tracer studies
which might otherwise be more difficult, if not impossible. Although the
nuclear wastes from Hanford's single pass system have been reduced by
the shut-down of several reactors a significant quantity of induced radio-
isotopes still are discharged into the Pacific Ocean. This high amount
of radioactivity containing all types of chemical elements from entirely
conservative (51 Cr and 124Sb) to non-conservative (65Zn, 60Co, 54Mn,
and 59Fe) isotopes is diluted by the tremendous volume of the Columbia
River to low level activities. Thus, this great variety of tracers are
passed down river through the estuary and out into the ocean where they
are removed from the water in proportion to the basic chemical, biological,
physical and geological principles operating on these radio and stable
nuclides. This complex removal problem is augmented by recycling of
previously removed elements back into these same reservoirs.



The fairly new subject of radioecology, is a study of the cycling of
radionuclides between the water, sediment and biota. Radioecology at
Oregon State University has grown over the past six years to a group of members
members that includes five specialists from diverse backgrounds. These
specialties help us to study the cycling of radionuclides in the water,
sediments, and the biota more effectively. This report, therefore, is
varied. It includes contributions from many disciplines. For convenience
the following papers on closely related subjects are grouped together in
an abiotic and biotic classification.

Last summer we were able to take five Master's candidates to the
Estuary and remain there for sampling which was done with the cooperation
of Clatsop Community College. These students lived at Barbey Hall
on that campus and had the college laboratories available to them as well
as the University of Washington's radiation detection trailer that was
sent down from Dr. Allen Seymour's lab. The following studies were
made at this time: Vanadium in Estuary Flora and Fauna; Phosphorus
(32P) turnover in Starry Flounder; 124Sb and 51Cr in the Lower Columbia
River; Rates of Uptake and Loss of 65Zn in a Short Laboratory Food
Chain;and Distribution of 65Zn/60Co Ratios in Fractionated Sediments.
All of these.studies are presented in greater details in this report.

The various responsibilities on this project have been allocated
among the five cooperating investigators. Dr. Forster has handled
the general administration of the research and ai pervised research in
general radiochemistry. With the cooperation of his students he has
produced much information dealing with trace elements in water, sedi-
ment, and biota; flow rates in the river; the changes in chemical species
that occur as waters enter an estuary; and the analysis of stable and
radioactive isotopes. Dr. Renfro has been involved in the radiobiology
and ecology of a number of estuarine species and has worked out the
pattern of transfer of radionuclides through a simple food web. His
students have been involved in research dealing with the transfer of
radionuclides through the biological part of the ecosystem. Dr. Pearcy
has supervised research on pelagic animals in the open ocean and on
benthic fishes. His students have investigated various aspects of the
population structure and behavior of these forms.

Dr. Carey and Dr. McCauley have directed research involving
benthic animals; Dr. Carey interested in the ecological and radioecological
aspects of animal-sediment relationships; and Dr. McCauley interested
in depth related morphological phenomena and estuarine-ocean boundary
populations. In addition Dr. McCauley has had the responsibility for
coordinating the efforts to produce the chapters for the book mentioned
above, for editing all the papers that have been submitted for publication,
and for compiling and editing the progress report. He wishes to thank
all who contributed to this report for their excellent cooperation.
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An addition to the oceanographic fleet, the R/V SACAJAWEA, is
being partially funded by the Atomic Energy Commission. Bids were
opened in June and construction is expected to be completed before the
end of the year. The boat will be 37 feet in length, aluminum construc-
tion, capable of reasonable speed in order to make a maximum number
of sampling stations in the Columbia River.

SACAJA WEA will be powered with an M 440 Chrysler engine
capable of 20 knots. Astoria, Oregon will be the home port.

NOTICE

The progress report that follows includes research results
ranging from unproved ideas to scientific papers published
during the tenure of this contract. The end of the contract
year finds several facets of our work in various states of
preparation, therefore the reader is cautioned that all except
the published papers are subject to revision before being
presented for publication.

R/V SACAJAWEA



RADIOANALYSIS PROCEDURES

by Ingvar L. Larsen

Quantitative and qualitative determination of radionuclides in sam-
ples collected from the marine environment is accomplished by gamma-
ray spectrometry. Three 512 multichannel analyzers (Nuclear Data,
model 130) are utilized. Coupled to each of these analyzers are 5" x 5"
NaI(Tl) well detectors which permit counting the samples in a standard
geometry. In addition, two solid NaI(T1) solid crystals (a 3" x 3" and a
5" x 3") are used for counting bulk samples such as sediments, large
volume solutions, and ion exchange resin beds. The analyzers are cali-
brated at 10 Kev. /channel. Sample counts are routed to one half of the
analyzer's memory bank and stored until the counting time has been
completed. Background counts are stored in each of the analyzer's re-
maining memory channels and are subtracted from gross counts to ob-
tain net counts. Readout of the data consists of a Tally paper tape punch,
an X-Y plotter, and a typewriter printout.

Reduction of the sample counts into units of radioactivity (usually
expressed in picocuries per gram sample size) is accomplished by a
computer located on campus. Two programs are available; one for simple
spectra which corrects for Compton effects, and the other for complex
spectra (i. e. , those having overlapping photopeaks). The latter program
is a least squares type. Both programs compare sample counting rates
to rates of known standards. These standards are obtained from com-
mercial radionuclide suppliers and generally have an overall accuracy
of 3% or better. Standards on hand include: 60Co, 124Sb, 125Sb, 59Fe,
65Zn, 137Cs, 95Zr-95Nb, 54Mn, 106Ru-106Rh, 75Se, 144Ce-144Pr,
51Cr and 32P. A standard of 40K was prepared from a weighed potassium
salt.

Counter performance is checked daily by 10 minute counts each of
a 40K reference source aid a background count. Counts obtained are
compared to previous values and when they fall outside XX 1-3 x standard
deviation, a recount is made in order to determine whether this happened
by chance or by a malfunction of one of the analyzing systems. Weekly
resolution measurements using a 137Cs source are made as a further
check on performance of the detector systems.

Samples from the marine environment are generally low in radio-
activity and are counted for either 100, 400, or 800 minutes, depending
upon the anticipated level of radioactivity. Before counting a sample, a
check on analyzer drift is made by counting a 137Cs and 60Co source,

5



and adjusting the gain controls when necessary. To aid electronic sta-
bility, constant temperature is maintained in the counting room and a
line voltage regulator is utilized.

During the year, maintenance was performed on a paper tape punch
system and on a multichannel analyzer. Replacement of a new photo-
tube on the 5" x 3" solid NaI(Tl) crystal was also necessary.

An approximate summary of the number of samples counted from
July, 1968, to June, 1969, is given in the following table. These data
do not include background measurements or standards. Samples which
are counted for less than 100 minutes were generally spiked laboratory
studies or biological uptake experiments. In some cases, a sample may
have been counted for 100 minutes then recounted for 400 or 800 minutes
in order to improve the counting statistics. This was considered as two
separate counts and tallied under both counting times in the table.

Sample counting less than
time, minutes 800 400 100 100
Approx. number 216 820 1275 387
of counts made

6



STABLE ELEMENT ANALYSIS BY ATOMIC ABSORPTION SPECTROMETRY

by Jerry Wagner, Ingvar L. Larsen and William O. Forster

During the 12 month period from July 1, 1968 to June 30, 1969,
approximately 5, 678 samples were analyzed for many of the trace elements
in all types of organisms, sediments, and water. These can be subdivided
as follows:

Benthic studies 819
Nektonic studies 611
Estuary and seawater studies 1, 218
Estuary biota studies 830
Thesis and experimental laboratory

studies 1, 146
Other 732

5, 678

A subdivision of the above analysis by element is as follows

Zinc 3,975 Lead 103
Chromium 411 Ruthenium 48
Manganese 372 Magnesium 40
Nickel 142 Calcium 36
Vanadium 136 Antimony 25
Copper 134 Molybdenum 10
Iron 121 Scandium 6
Cobalt 113 Gold 6

5, 678

A Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer
in conjunction with a Digital Concentration Readout instrument (Perkin-
Elmer Model DCRI) was used for most of the elements analyzed. The
DCRI allows the operator to read directly the concentration of each sample
in parts per million to four figures without interpolation.

A linear line calibration computor program written in FORTRAN
language for a model CDC 3300 computor has been developed to be used
in conjunction with the DCRI output. Based on the slope and intercept
of a line it gives readings in terms of the standard with an error analysis
.included. Accompanying the error analysis for any desired confidence
level is included the "T" statistic, standard error of the estimate and
correlation coefficient. Utilizing proper techniques this error analysis
can yield a value of precision generally within 3% at the 95% confidence
level based upon the calibration line established by the standards.
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In order to increase our capabilities in studying sediment and water
samples we have recently purchased four high intensity lamps, included
are molybdenum, platinum-ruthenium, scandium and zirconium lamps.
Recent studies have shown ruthenium concentrations great enough to be
detectable in sediments off the Oregon coast.
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INTRODUCTION TO ABIOTIC RESEARCH

by William O. Forster

The abiotic research has been further classified into (a) methods
used in our laboratory in order to process samples for radio and stable
analyses, (b) special techniques that have been used successfully this
past year in separating and analyzing for either stable or radioisotopes,
(c) Columbia River, (d) Estuary, (e) offshore plume and adjacent North-
east Pacific Ocean radio- and stable distributions and forms in the water
columns and (f) sediment research along the continental shelf.

Radioanalysis by gamma spectrometry and beta counting has in-
creased markedly over previous years as is indicated in the breakdown
of samples counted. Beta counting facilities have been purchased and
already two students (John Bolen and Pat Romberg) are using it for their
research on 32P specific activities in the estuarine ecosystem. The
stable element analysis by atomic absorption has also increased tremendously
( 150%) this past year with a far greater proportion of non-zinc determinations.

Seven techniques papers are included in this report and are as
follows: the trace element distribution in snow and water by concentration
and extraction procedures; radio-detection of 51Cr by sorption, large
volume precipitation and in situ probe measurements show interesting
inner-relationships; fallout radionuclides were assessed by gamma
analysis of air filters and correlated with rainfall; an interesting aspect
in the benthic area was shown with the in situ bottom sediment collector.

Eighteen papers were written on the various aspects of stable and
radioisotope distribution in the different media, these were subclassified
on the basis of salinity of the environment from river, to brackish estuarine,
to plume and open ocean conditions. Both the depth distribution and the
changes in form brought about by the salinity effects are emphasized.
These papers include water mass tracer techniques in the river, changes in
form of both the stable and radioactive isotopes caused by pollutants
added 'to the Columbia River system as well as salinity changes in the
Estuary, yearly nutrient levels at depth in the Estuary, the levels of
activity of several non-Hanford radionuclides in non-plume open North-
east Pacific Ocean water.

A final area of study was the sediment water interface where two
papers illustrate the differences in radioactivities in clay samples and
stable concentrations in black sands.
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IN SITU PROBE MEASUREMENT OF 51 Cr

by William 0. Forster, Lauren Larsen and Jerry Wagner

The in situ measurement of 51 Cr activities has several advantages
over medium volume (2.0 liters) or large volume (600 liters) precipitation
techniques. An important one is that the probe detects all forms of 51Cr,
not only the soluble (+6) which is precipitated above if reducers are used
but also the sorbed (+3) form, whether it be attached to detritis, organisms,
or inorganic particles. Another important feature of the in situ probe is
that results are immediately available and any changes in costly ship
operation can be made to take advantage of the dynamic conditions at
that time. Figure 1 shows the results of a cooperative cruise by scientists
from Battelle Northwest Laboratories at Richland, Washington; Laboratory
of Radiation Ecology, University Washington at Seattle, Washington;
Atomic Energy Commission Air Surveillance from Las Vegas, Nevada;
and our Marine Radioecology Group at Oregon State University, Corvallis,
Oregon. The linear 51 Cr-salinity plots described on page of this
progress report would look more like the relationship shown in Figure 1
if 51 Cr activity measurements were taken continuously over a full tidal
cycle. Here the 51Cr activities decrease rapidly with distance from
the source and dilution by the flood tide. The maximum dilution of the
Columbia River Estuary water by the sea water is noted at flood tide
while the maximum activities are at ebb tide. This diurnal change in
activities due to sea water dilution is approximately equal to the yearly
change in activities due to water discharge of the Columbia River. The
combined effects would net an order of magnitude dilution of 51 Cr at
flood tide during the spring freshet.
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ATOMIC ABSORPTION SPECTROMETRIC ANALYSIS OF VARIOUS
OXIDATION STATES OF CHROMIUM

by Hal Stanford and William O. Forster

Recent work has shown that the oxidation state of an element is
another variable with which to contend when employing atomic absorp-
tion spectroscopy. Using identical matrices, the absorbance of chromi-
um-III proves to be 4% greater than that of chromium-VI at the same
concentration. This has been observed using both air-acetylene and
nitrous oxide-acetylene flames. This effect was found when chromium-
III was prepared by reducing chromium-VI solutions made from potas-
sium dichromate and also when prepared by oxidizing chromium-III
made from acid dissolution of chromium metal. Because of the con-
version of chromium-VI to chromium-III at the pH at which this work
was done, analyses were made immediately after preparation of solu-
tions.

Chromium in Sea Water
The oxidation state in which chromium occurs in seawater is not

well documented. A technique for the extraction and concentration of
only chromium-VI from seawater is being developed by using the solvent
methyl .isobutyl ketone. Comparative analysis of subsamples (one with
all the chromium oxidized to the +6 state and the other with no oxidation)
should produce data on the fraction of chromium in each oxidative state.
The primary analytical tool for examination of the concentrate will be
atomic absorption spectroscopy. Extraction efficiencies are to be
checked using a 5lCr tracer.
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LARGE VOLUME PRECIPITATION

by William O. Forster and Lauren Larsen

Large volume (600 liter) precipitation techniques were used on a
plume cruise in the spring of 1968 to determine the changing activities
of the major radionuclides in the Columbia River, Estuary and in off-
shore waters. This method gives a total analysis of the constituents as
filtering was not done. The cruise occurred when the plume was not
well defined, either to the north in a typical winter pattern or to the
southwest, like a typical summer plume. This transitional state of the
plume has many unique characteristics that have not been previously
studied.

The activities of the three most abundant radionuclides in water
samples from the Columbia River, Estuary and adjacent Pacific Ocean
are shown in Figure la, b and c. Each activity has been mathematically
corrected to the activity it would be if dilution by the seawater were the
only cause of the lowered activities in brackish and high salinity water.
The formula used, is based on the assumption that the radionuclides
act conservatively in seawater, or that there is an inverse linear rela-
tionship between the radionuclide and salinity.

Afresh water Asea water x f

f = dilution factor = 32. 5 %c/32. 5-S%

If steady state levels of the river radionuclide were only diluted by the
incoming tide, then one would expect that all the corrected downstream
activities of one radionuclide would be the same values found at the junc-
tion of the two media. This was tested and displayed in Figure la, b
and c. The lower curve represents the uncorrected individual radionu-
clide activities in varying salinity water from zero to 29. 3%r. The top
curve represents the individual activities corrected back to the fresh
water-brackish water interface. The crosshatching shows the amount
of correction for each sample.

The unexpected results for all three radionuclides, 51 Cr, 46Sc and65Zn, is that only in the fresh river water and high salinity water does there
seem to be a conservative relationship. In the intermediate brackish
water the corrections are too low to raise the actual activities to the
prediluted values. This means there is a removal of the river radio-
nuclides on mixing with the incoming tide with subsequent renewal in high
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Figure. I. Radioactivities of Zinc-65, Scantium-46 and Chrome-51 in

the Columbia River Estuary by large volume precipitation
from cruise 6804.
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salinity water. Table I lists the steady state input of the three radio-
nuclides to the Estuary and compares the percentage loss in brackish
and in high salinity waters. The steady loss of calculated activities on
mixing with seawater occurs for both soluble and particulate elements.
They seem to decrease to a constant 23-26% of the original steady
state levels and then increase rapidly to an almost full recovery in the
case of isotopes associated with particles and only 59% recovery in the
case of soluble 51Cr.

Table I

Activity in S%( Percent of original activity (S=%,)
Radionuclide pCi/l Calculated at S = 23% Calculated at S = ?9. 3%

51 Cr 276 23% 59%

65 Zn 11 26% 91%

46
Sc 9.4 25% 100%

=0
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SORPTION TECHNIQUES TO CHARACTERIZE THE FORM AND DEPTH
OF COLUMBIA RIVER PLUME WATER

by William O. Forster, Lauren Larsen, Jerry Wagner, Dick Perkins

The average input of 51 Cr to the ocean by the Columbia River is
one curie per day (Perkins et al. , 1965). The actual activities change
more than an order of magnitude due to dilut by the river during
seasonal changes. In the hexavalent form, Cr does not react rapidly
with the sediments and biota of either the river or the ocean. These
conservative properties permit its use as a water mass tracer of the
Columbia River water at sea. Previously, large volume (600m1) precipi-
tation studies were carried out in order to map the characteristic summer
and winter plume structure. This study was initiated to characterize
the depth and horizontal distribution of 51Cr during the spring transition
season with the new reduction-sorption technique. Unfortunately most
of the sampling occurred during gale conditions so many samples were
from the protected Estuary. Table I lists the data available from this
study.

This new sampling technique was first performed on a coastal
cruise on the ESSA ship, R/V SURVEYOR in November 1968. Pumping
seawater at 38 liters per minute through four parallel 30 cm diameter
fiber glass filters removes the particulate fraction in the water. This
water then passes through a thick adsorption bed of 28 cm diameter by
0; 7 cm thick which consists of A12O3 impregnated with SnC12. This
provides quantitative retention of the dissolved 51Cr (+6). These filter
sorption beds were changed every sample and following their return to
the laboratory, were counted directly in a 9" NaI(Tl) well crystal, The
sensitivity is 0. 01 pCi/l for 51 Cr which is 106 dilution to the values in the
upriver reach of the Columbia. One hour pumping easily collects the
51 Cr from over 2000 liters of seawater, resulting in a convenient 500 ml
sample ready to be counted directly. Estimates in the lab were made that
up to 6000 liters of seawater could conveniently be passed through the beds
before saturation of 51 Cr. All samples were run as duplicates. The
range in relative standard deviations for the soluble fraction is from 1. 5%
to 22%. The latter value includes a variable depth sample due to the swift
tidal action in the Estuary. The particulate fraction also had a wide range
of precision from less than 1% relative standard deviation to over 200%.
The Estuary sample size averaged approximately 200 liters of water before
plugging the filters while the cleaner seawater did not reduce the flow
rates with over 2000 liters through the beds.
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Table I

51 Cr in the Columbia River and Adjacent Plume Water by
Reduction-Sorption Techniques

51 Cr Activities
Columbia River S%( Soluble (+6) Particulate +3
Estuary Stations pCi/l pCi/l %

River
A storia Dock 0. 58 263 25. 0 8. 7

Buoy 19 4. 32 246 52. 5 17. 5

Buoy 26 0.68 317 28. 8 8. 1

Buoy 33 0.40 258 32.8 11. 0

Buoy 40 0. 38 244 27. 1 10. 0

Buoy 47 0. 24 213 22. 5 9. 6

Harrington Point 0. 34 226 20. 6 8. 4

Plume
46°13' x 124°12' 30.60 4.54 0.42 8.5

46°30' x 124°26'
5 m 32. 24 4. 56 0. 86 15.9

15m 3.37 0.73 17.4

45 m 0. 59 0. 19 24. 2

46°21' x 124°40'
5 m 32.48 0. 59 ---- ----

15 m 0. 53 ---- ----
45m 0.94 0.16 14.5
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The mean soluble river 51 Cr (+6) activity was 252 pCi/l with the
particulate fraction equal to 30 pCi/l, making a total 51Cr equivalent
to 282 pCi/l with 10% being particulate in this high salinity water.
This will be studied further.

One sea water station showed a loss of activity with depth, with
a corresponding increase in the particulate fraction, but another showed
an increase in soluble activity at the pycnocline. A more thorough
coverage of these points will be checked further by later sampling.

REFERENCE

Perkins, R. W., J. L. Nelson, and W. L. Haushild. 1965. Limnol.
Oceanogr. Vol. II, p. 235.
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APDC EXTRACTION EFFICIENCY FOR VARIOUS TRACE RADIONUCLIDES

by William O. Forster and Jerry Wagner

The efficiency of extracting trace elements from sea water must be
known before an accurate assessment of their seasonal changes in the en-
vironment can be made. Previouslyy, scavenging of seven radionuclides
(51Cr, 46Sc, 54Mn, 59Fe, 60Co, 6 Zn, and 125Sb) was done by co-precipi-
tation with Fe(OH)3 and carriers. If 65Zn were the only radionuclide of
interest, a specific extraction was made with NaDEDTC in MIBK. Now,
a general chelating agent with high efficiency for most elements is avail-
able in Ammonium Pyrrolidine Dithiocarbamate (APDC), described by
Brooks, Presley and Kaplan (1967). In order to adapt the procedures
to our needs we ran initial extraction efficiency tests for all seven radio-
nuclides. The results are shown in Table I.

Table I

Radionuclide Pre-extraction Activity
nCi

Post Extraction Activity in Extractant
Residua
Activity % Activity %

51 Cr 9. 85 1.65 16.7 7.95 83. 2
46

Sc 7. 67 . 60 7.9 7. 80 100.01
54Mn 13.45 11. 35 4.0 0.25 16.0
59 Fe 10.58 ND 0. 0 10.6 100. 01
60
Co 124. 50 0. 10 0.8 124.5 100.01

65Zn 15. 20 ND 0.0 15.2 100.01
125Sb

6. 66 2. 85 13. 0 1. 52 27. 4

IThe figures were estimated to be 100% based on excessive 60Co
in the photopeak area of the lower gamma energy radionuclide. This would
result in more counts in the photopeak after extraction than before. This
reaffirms Ian Kaplan's belief that Sc, Fe, Co, Zn and perhaps Cr are all
quantitatively removed from natural water by the APDC in MIBK extract-
tion.
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DETECTION AND ANALYSIS OF AIRBORNE
GAMMA EMITTING RADIONUCLIDES

by James E. Gilson and William O. Forster

Air sampling, principally for detection of gamma emitting fission
products due to weapons testing, was begun in December, 1968, and
continued through May, 1969. The purpose was to investigate both quali-
tatively and quantitatively the radionuclides detected and correlate the
data with known weapons tests, seasons, and rainfall.

Radionuclides are introduced into the atmosphere by three mechan-
isms: 1) Exhalation of radon and thorium from the earth's surface, 2)
Cosmic ray formation, and 3) Artificial production including weapons
testing and accidents at reactor sites.

Fallout from bombs is divided into 1) local fallout (in the vicinity
of the test site), 2) intermediate or tropospheric fallout which may be
carried carried around the earth, but does not enter the stratosphere and
thus has a relatively short residence time, and 3) stratospheric fallout.
The fission radionuclides detected in this research are almost exclusively
stratospheric fallout due to the paucity of atmospheric tests and the great
distance from the test sites.

A high volume Staplex air sampler was used with a filter which
collects particles in the 0. 1 i. range. The sampler passed approxi-
mately 45 cubic feet of air per minute and was used for a period of 24
hours, During the first five months of 1969 samples were collected
approximately once each week, Rainfall is recorded for each 24 hour
sampling period. This is of interest since over 80% of the fallout reaches
the ground by scavenging from washout and/or rainout.

The gamma emitting radionuclides were detected in a 5" x 5" NaI(T1)
well detector coupled to a nuclear data 512 multichannel analyzer. The
counting time was 400 minutes. The data reduction was accomplished by
means of a least squares program using a CDC 3300 computer. The
samples were analyzed for five fission products: 144Ce, 106Ru_106Rh,
103Ru-103Rh, 137Cs, and 95Zr-95Nb. Figure 1 shows a typical spectrum.

The results of the computer program are compiled in Table 1, This
information for four of the radionuclides is graphed against the date on
a semi-log graph in Figure 2. Rainfall is also noted on this graph. It
is observed that the activity of 95Zr-95Nb relative to the other three
radionuclides 137Cs, 106Ru_106Rh, and 144Ce increased during the five
month period.
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Table I

Activity in fCi/m f = 10

Sample Collection
Date 144 Cr 106 106Ru- Rh 103

R
103u- Rh 137

Cs 95 95Zr- Nb

12-28-68 16 ± 40% --- --------- 8. 2 ± 27% 2. 7 t 55% 4.4 ± 32%

2-15-69 ---- --- --- --------- 5. 0 f 26% 0. 81 t 37% 3.4 ± 17%

3-8-69 28 t 17% 44 ± 20% 26 14% 4. 5 t 25% 23 ± 11%

3-16-69 26 ± 11% --- ----- --- 15 t 12% 2. 4 ± 24% 15 ± 8%

3-23-69 42 ± 14% 35 ± 37% 29 t 3% 5. 4 t 25% 22 ± 11%

4-19-69 50 t 10% 49 t 20% 24 t 8% 4. 2 t 26% 39 ± 5%

5-3-69 31 ± 7% 16 ± 31% 16 t 5% 2. 3 ± 20% 23 ± 4%

5-15-69 50 t 7% 34 t 25% 21 ± 7% 3. 2 ± 31% 49 ± 4%

5-18-69 43 ± ? 26 ± ? 18 ± ? 1.6 t ? 45 ± ?

5-24-69 95 ± 11% 74 ± 24% 37 ± 9% 5. 6 t 40% 99 ± 4%

3 -15
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The senior author expects to continue this project at his next post in
Nairobi, Kenya. It is questionable, however, whether the radioactivity
in the air at that latitude will be found in amounts great enough to be
measurable by the same techniques.

REFERENCES

Israel, H. , and A. Krebs. 1962. Nuclear Radiation in Geophysics.
Academic Press, New York.

Terill, James G. 1968. Measurement of Airborne Radioactivity, Train-
ing Manual. U. S. Dept. of Health, Education, and Welfare.
Washington, D. C.
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TRACE ELEMENTS IN SNOW FROM THE PACIFIC NORTHWEST

by William O. Forster, Jerry Wagner, Herbert Curl, Peter Becker

Snow samples have been collected from the Coastal Range and the
Cascade Mountains of the Pacific Northwest for the past three years and
analyzed for ten of the most important trace elements. Analysis pro-
cedures involved collecting representative samples in relatively uncon-
taminated areas, filtering the ( 10 liters) melt to eliminate debris from
further processing; evaporation on a hot plate to concentrate to ?5 ml ;

acidification with HC1 to keep the elements in solution; and direct aspira-
tion of these elements into the flame of an atomic absorption spectrometer.

A previous classification of snows by USGS divides them into acidic
and salty depending upon concentrations of the sulfate and the sodium chloride
in the snow. For instance, the acidic upstate New York area has over
twice as much sulfate (4. 7 ppm) as the coastal North Carolina area. Some
coastal areas have 5 to 7 ppm of sodium and chloride respectively.

Our study was initiated in order to learn more about the distribution of
trace elements in differing mountain ranges, and subsequently to describe
the chemical contribution that precipitation makes to streams and ground
water.

Table 1 shows the ranges and means of all samples processed from
the Coast and Cascade ranges of Oregon. The order of presentation in
the Table is based on the ranking as determined by the ratio of the concentra-
tion of the element in the Columbia River divided by its respective seawater
concentration. This ranking effectively divides the trace ions into three
groups, the extremely high ratios, of Cr, Pb and Fe that have shown maxi
mum pollution levels; the intermediate ratios of approximately unity and
the low ratios of the highly soluble major sea water constituents, Ca and Mg.

A preliminary look at the data shows the following relationships:

1. The snow from the Coast range has on the average twice the con-
centration of Mg and about half the Ca than does the snow from the Cascades.
This is coincident with extremely low river water/seawater ratios.

2. Both Cr and Pb with high river water/seawater ratios, also show
the highest difference between the two ranges with the snow from the Cas-
cades approximately double that from the Coast. The lead contamination,
shows low values (4-8 ppb) when compared with California areas.
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Trace Element Concentrations (ppb) in Snow Melt from the Pacific Northwest
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3. Those elements that are about the same concentration in both
the river and the sea (Co, Ni, Mn, Fe), also have about the same ranges
and means from snow from both mountain ranges.

4. Zinc and Cu also have equivalent concentrations in both the river
and sea but unlike the above ions, there is twice as much in the snow on
the Cascades compared to the snow on the Coast range.
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IN SITU BOTTOM SEDIMENT COLLECTORS

by A. G. Carey, Jr. , R. Mesecar and J. Groelle

New instrumentation rias been developed to collect in situ large
quantities of sedimentary particles falling to the floor of Cascadia Basin
for estimates of tie input of radionuclides and organic materials. Tne
influence of the Columbia River plume on these factors will be determined
by placing one collecting device on Cascadia Plain off northern Oregon
and one on the plain off southern Oregon. Seasonal changes will be de-
termined by summer and winter placement of the bottom sediment col-
lectors at the two stations, during periods of southern and northern ex-
tension of the plume.

These free-fall, in situ collectors are a redesign of sediment col-
lectors developed by Isaacs (Scripps Institution of Oceanography). The
sampler is now partly constructed and is basically an umbrella that is
placed inverted on the bottom and after a predetermined sampling period
jettisons the anchor and floats to the surface.

The umbrella, two meters in diameter, opens and closes under
timer control (see Figure 1). The umbrella is held closed during the
launch and bottom placement operations by a sugar wafer timer. Shortly
after the sampler is on the bottom, the umbrella is opened when the weighted
tie block for the umbrella strings is released and moved downward. Denser
materials collected in the "herculite" umbrella are anticipated to move into
the collector cup at the base of the umbrella.

Dual-timed releases preset for a fixed sampling period, are used
to initiate the umbrella closure in preparation for its return to the surface.
The two timed releases mechanically operate so that either one or the
other will release the anchor.

A mechanical linkage has been provided to ensure that the umbrella
and collector cup are closed before the anchor is released. When the
anchor is released, syntatic foam floats, capable of being submerged
3000 meters, are used for floatation. A radio beacon and radar target
will be mounted on the sampler mast for location purposes after the de-
vice returns to the surface.
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COLUMBIA RIVER FLOW TIMES DURING
THE 1966 HANFORD REACTOR SHUTDOWN

by William O. Forster and Peter J. Hanson

Several soluble radionuclides have been used to determine the flow
times of the Columbia River 24Na (15 hr), 51 Cr (28 d), and 1311 (8 d),
(Nelson et al. , 1966). The 1311 is added as an external spike while the
24Na and 51Cr are introduced continuously to the river. Previously,
the intransit decay has been the measure of the flow time between two
stations. The precise measurement of the flow requires several vari-
ables to be constant, such as the input of the radionuclide, homogeneous
distribution throughout the cross section of the river with no lateral dis-
persion, no dilution by tributaries and no biogeochemical losses down-
stream. Some of these restrictions placed on the system for precise
measurement of river flow times were relieved in the summer of 1966
when all Hanford nuclear operations were suspended. This marked the
first pause in the quasi-steady-state input of radioactivity to the Columbia
River since 1944. During this 49-day outage, radioactivity dropped to
residual levels originating from leaching and sloughing of film from re-
actor tubes and fuel elements. The levels of 51Cr and 65Zn decreased
immediately to 1 and 5 percent of their previous activities respectively.
Samples had been collected in Astoria, Oregon and processed by medium
volume precipitation during the early part of the summer so continuous
measurements during and after the outage gave an excellent opportunity
to time the river flow. Data are presented in Table 1.

The fastest response to the shutdown and start up is shown by soluble
51 Cr (51 Crs). Soluble 65Zn (65Zns) is of such low level (N 1 pCi/l) that
the trends are inconclusive. The particulate fractions of both 51 Crp and
65Znp decrease and increase slower than soluble 51 Crs because the
sediments provide a feedback mechanism during the outage and a sink
when the reactors became operational.

The interpolated Columbia River flow times from 51Cr and 65Zn
measurements are in Table 1. These rates are interpolated for this
intermediate and low flow rate of the Columbia River for 1966 and for
1964.

The wide ranges in calculated river flow times for each radionu-
clide are due to the great differences in biogeochemical properties of
each form. The soluble 51Cr moves rapidly downstream with the current
while the particulate forms move slowly and are recycled into the sedi-
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Table 1

Columbia River Flow time (days)
Discharge at 51 Cr 51 Cr 65Zn 65ZnAstoria (cfs) s p p s

1966
29 0, 000 12 18 19

130,000 19

1964
300, 000

700,000 20

52 520

15. 1

Table II

River Discharge
(cfs)(D)

Radionuclide Flow-
times (days)(T) log D x log T Author

290,000 51 Crs 12 2. 7 hanson & Forster

51
(1969)

130,000 Crs 19 2.7 hanson & Fdrster
4 (1969)

630,000 2
Na 3. 6 1. 6 Nelson et al.

131 (1966)
108,000 1

14.6 2.4 Nelson et al. (1966)

657, 000 24Na 5. 7 2. 1 Nelson et al. (1966)
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mental and biotic reservoirs. If the flow times are normalized to con-
stant volume, Nelson et al. (1966) found a linear relationship between
the log of flow time and the log of discharge in the upriver reach between
the reactors and Vancouver, Washington. Table II lists these log-log
values for the soluble components for several Columbia River studies.
The mean values of 2. 3 for the log-log ralationship is perhaps a reason-
able estimate for the overall reach from the reactors to Astoria, Oregon.
However, the various dams slow transport considerably as indicated by
the low slope of 1. 6 at high volume discharge. This freshet fast flowing
water is not returned to the extent that water is retained during the rest of
of the year.
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CHEMICAL WATERMASS TRACER

by Peter J. Hanson and William 0. Forster

Research to develop a watermass tracer that is able to be activated
by neutron activation is continuing (Hanson and Forster, 1968). Laboratory
experiments designed to test the stability of several tracer elements in
various chemical forms in a river environment has been completed and
is reported here. A field test of two tracers, developed in the laboratory,
has been conducted under environmental conditions and is in the final
stages of analysis.

The following eight elements were tested for solution stability in
river water and sediments under controlled laboratory conditions: Eu,
Tb, Sc, In, Co, Cr, Sb, and Cs. The first seven were tested in the
three chemical forms, ionic, EDTA chelate and DTPA chelate. Cesium
was tested only in the ionic form.

The laboratory tests were run on freshly sampled Columbia River
water and sediments held at field temperatures in thermostatically con-
trolled shaker baths in an attempt to simulate river conditions. Radio-
active forms of the various tracers were added to standard samples of
river water and sediments held in 100 ml polyethylene tubes to give a
tracer concentration of 10 ppb. The tubes were shaken for varying
periods up to several days after which water and sediment were separated
by centrifugation. The solution stability of a tracer is indicated in figures
la and lb by the extent to which it remained in solution during the period of
the experiment.

From the laboratory experiments the following conclusions are
drawn:

1. Chelation of metal ions with either EDTA or DTPA im-
proves solution stability over the ionic form in all cases.
2. The theoretically superior stability of DTPA over EDTA
is evident for Eu, Tb, Sb, and In.
3. For Sc and Cr, EDTA and DTPA are equally stable.
4. Chelates of Co with EDTA appear to be more stable
than with DTPA.

5. The simple ionic forms of Cs, In, Eu, Sc, Co, Tb
and Cr are rapidly removed by sorption onto sediments.
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Figure. la Solution St abilities for Chelate and Ionic Forms of Water Tracers
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Figure.Ib Solution Stabilities for Chelate and Ionic Forms of Water Tracers
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6. The unchelated form of Sb is nearly as stable in solution
as the EDTA and DTPA forms.

7. Sorption to the polyethylene tubes was negligible com-
pared to sorption on the sediments in those cases of heavy
loss from solution.

The field test consisted of the measurement of the discharge of a
small stream (2-3 cfs) using the constant-rate injection method and the
DTPA chelates of Eu and Tb as tracers. The discharge measured by
the neutron activated tracers will be compared with that measured by
the United States Geological Survey rating curves as a check. A rhodamine
B dye discharge measurement was also conducted for comparative pur-
poses and showed significant losses from solution. The EuDTPA and
TbDTPA samples are presently in the process of being neutron activated
and counted.

This research is being carried out in the laboratories of Battelle
Northwest, Richland, Washington, where Dr. Hanson is a USAEC post-
graduate fellow.



37

THE CHANGING FORM OF THE RADIONUCLIDES 65ZN AND 51CR

DOWNRIVER FROM THE DALLES TO ASTORIA, OREGON IN
DECEMBER, 1966

by W. O. Forster, C. L. Osterberg, and P. J. Hanson

The changing form of the radionuclides as they move downstream
has concerned those interested in the chemistries of these elements in
various ionic strength solutions. Two transition metals, chrome-VI
and zinc-II behave oppositely in the Columbia River due to differences
in their ionic potential. Anionic chromate remains soluble throughout
the passage to the mouth of the Estuary while cationic zinc quickly be-
comes either particulate or associated with particles.

The purpose of this study was to quantify these changes in form for
both the transition metals as they move with the river water downstream
into the brackish Estuary. Detection of the radionuclides was by gamma-
spectrometry of the precipitate brought back to Corvallis, Oregon, after
collecting 20 liter surface samples and scavenging the radionuclides
with ferric hydroxide. This method will recover 99% of the 51Cr-VI if
a reducing agent is used to insure all the 51Cr-VI is in the 51Cr-III state.
Zinc-65 is also quantitatively recovered if zinc carriers are added. The
data from this cruise are in Figures 1-3.

The regular decrease downstream in soluble and particulate activities
of both 51Cr and 65Zn are shown in Figure 1 and 2. Although there are
three different ordinate scales, the constant trend of each species is shown
in Table I. The rate of loss of activity of any species is a function of
several parameters, such as physical decay, biogeochemical cycling in
the ecosystem, dilution by tributaries and holdup by the dams. These
factors can be qualitatively assessed by noticing the changes in rate of
loss of both radionuclides in the vicinity of Bonneville Dam, Portland/
Vancouver, Willamette and Estuary. There is a horizontal portion of
the activities-downstream curve at 200 km for all four species, with
a decreasing order of 65Znp> 65Zns' 51Crp> 51Crs. This is due to
the holdup in the lake behind Bonneville Dam, especially in the case of
particulate 65Zn. 51Crs is only slightly detained as the soluble fraction
mixes thoroughly with the water and passes through the dam with very
little time log.

The domestic additions to the Columbia River at Portland/Vancouver
area also have no effect on the activity loss rate of 51Crs but 5 Crp, 65Zns,

and 65Znp loss rates are all decreased. The three latter species move
along speedily with the water in this stretch between Bonneville Dam and



38

Table I

The Slopes of Activity of Each Radioactive Species Downstream During
December 1967

Radioactive Change in Activity pCi
Species Change in Distance km

51 Cr soluble -7. 8

51 Cr particulate -0. 20

65 Zn particulate -0. 08

65 Zn soluble -0. 03
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the two cities so little decay and removal by the system is apparent.
However, immediately below this area, the Willamette River enters the
Columbia River (160 km) and by dilution, the loss rates of the 65Znp,
65Zns, and 51 Crp are increased. The 51 Crs activity loss rate, again,
is unaffected by our detection. These slopes remain constant downriver
until the broadening of the Estuary and mixing with the sea water causes
all four species, to remain at approximately the same activities through-
out the whole Estuary. This is especially true in the case of 51 Crs and
51 Cry

The very convergent slopes of 65Zn species and slightly convergent
slopes of 51 Cr species allows one to predict. the downstream character of
the particulate percentage of 51 Cr and 65Zn. The slightly convergent and
low relative activities of 51Crp show a gradual increase of particulate
51 Crp with a slope of +0. 011% per km. This is shown at the bottom of
Figure 2. The net effect of the very convergent 65Zns is difficult to
visualize as the 65Znp is alternately held back in Bonneville Lake and
then passes quickly to the Estuary via the more acidic Willamette. The
resulting particulate percentage 65Zn values are shown at the bottom of
Figure 1. The upriver trend is slightly positive rising from 60% 65Znp
to 70%. In the Estuary there is a sharp drop in particulate percentage
65Zn to 40% which is probably due to disassociation of 65Zn from parti-
culate material by competition with Mg++ and Na+ in the sea water. Other
studies in this report have shown this shift from particulate 65Zn to
soluble 65Zn in sea water to be complete (5%) within 30 km of the Estuary
mouth. A plot of particulate 51Cr/65Zn ratios downstream should magnify
the changes that occur in the Estuary as the previous discussion illustrated
the sympathetic changes upstream of both 51Crp and 65Znp and the opposite
behavior of these two species in the Estuary. Figure 3 illustrates this
in two ways. The bottom figure relates the particulate activities directly
and this shows that at 30 km upstream the constant 51 Crp activities com-
bined with the continuing decrease in 65Znp activities cause a doubling
of the ratios. The top figure in Figure 3 is a comparison of the particulate
percentages of each species and the slight increase downstream by 51 Crp
is magnified by the steep drop by 65Znp resulting in a tripling of the ratio
in the brackish water.
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ANTIMONY-124 IN THE LOWER COLUMBIA RIVER

by Stephen V. W. Pope, W. C. Renfro and W. O. Forster

Antomony-124 and chromium-51 in the Columbia River remain
mainly in the soluble fraction as they are transported from the Hanford
reactor (Perkins, Nelson and Haushild, 1966). The ratio of their activi-
ties might be used to estimate time of flow of the river. However, 124Sb

is present in small concentration so that precise determination of its
activity by routine technique is difficult.

Samples of water collected at eight stations from Bonneville Dam
to Point Adams, Oregon, were concentrated by ferric hydroxide scaveng-
ing. Antimony-124 was analyzed by coincidence counting and also by well
counting. The experimental standard deviation from coincidence counting
was less than half that of well counting.

The ratio of soluble 51 Cr to 124Sb did not show a significant trend
in the river and should not contain a systematic error. The ratio (W)
between two points in the river (A and B) can be compared by:

(51 Cr/124Sb)A

W (51Cr/124Sb)
B

If the decrease of activity: at point A is due only to physical decay of 51 Cr
and 124Sb, then the activities are related by

t
(51Cr)B = (51Cr)A

Cr

and
b(124Sb)B (124Sb) lS t

B A

Substitution into the first equation yields

W = e-(NSbA Cr) t
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Solving for t, the final equation is

t = In W/-(T Sb- CrA

The calc1 lated length of time necessary for the ratios from coincidence
counted Sb to exceed one experimental standard deviation would be
about ten days. Hence, estimated flow time shorter than ten days would
be dubious unless several samples were taken.

REFERENCE

Perkins, R. W., J. L. Nelson and W. L. Haushild. 1966. Behavior and
transport of radionuclides in the Columbia River between Hanford
and Vancouver, Washington. Limnology and Oceanography 11 235-248.
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EFFECTS OF PAPER MILL WASTES ON
PARTICULATE ACTIVITY OF 65Zn

by Stephen V. W. Pope, W. O. Forster and W. C. Renfro

The sulfite waste liquor discarded from paper and pulp mills ap-
pears to effect the amount of particulate activity of 65Zn in the Columbia
River. As seen in Table I, samples from above and below pulp mill,
outfalls at Camas, Washington, showed that particulate activity of 6Zn
decreased downstream from the outfall, although no definite increase in
the levels of soluble 65Zn was observed.

Two stations were selected above and below the Willamette River
to observe dilution effects on the physical distribution of activity. On
7 March the soluble activity increased downstream from 1. 6 pCi/l to
4. 7 pCi/l in spite of the Willamette River. The downstream station was
at St. Helens, Oregon where waste fluid from a pulp mill was being dis-
carded into the river during sampling. This increase of soluble activity
was possible due to the release of 65Zn from particulate matter that
was induced by the outfall. A similar increase was not observed on
3 April when samples were taken above and below the Willamette River
at stations near the 7 March stations, but on the Washington side of the
river.

The organic substances in the sulfite liquor probably compete with
particulate matter for Zn ions. However, samples were not taken further
downstream to see if the particulate activity decreased more or if the
initial decrease persisted. So the long term effect is uncertain. The
rate of exchange between organic and particulate matter is probably
rapid since the sulfite at St. Helens was dumped into the river only
50 yards upstream from the sampling location.
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Table I

Station Site Date
Particulate Activity

Above Outfall
Particulate Activity

Below Outfall

Camas, Wash.

Camas, Wash.

27 Feb

13 Mar

7. 5± 0. 6 pCi/l

9. 1_± 0. 8 pCi/l

6. 0±0.4 pCi/l

7. 6±1. 8 pCi/l

Particulate Activity
Above Willamette R.

Particulate Activity
Below Willamette R.

St. Helens, Ore. + 7 Mar
1

5. 8'L 0. 4 pCi/l
1

1. 2±0. 1 pCi/l
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THE EFFECTS OF KRAFT MILL WASTES AND DOMESTIC
POLLUTANTS ON DISSOLVED METALLIC ELEMENTS IN

AQUATIC ENVIRONMENTS

by H. M. Hennebry and William 0. Forster

Various waste products from mining, manufacturing, farming, and
domestic sources enter a river system. Prior to removal to the sea,
chemical interactions between effluent contents and naturally occurring
dissolved materials in water can be expected. The effect of various
wastes on dissolved elements in aquatic environments can help clarify
potential routings and reservoirs for radionuclides which may be intro-
duced into similar environments.

Assuming that a dynamic equilibrium exists between particulate and
ionic states of dissolved elements in river water, changes in these ratios
and total amounts of selected elements in the presence of Kraft mill ef-
fluent and city sewage discharge are being investigated in the Columbia
River at Camas, Washington (Fig. 1):

Neutron activation analysis is used as a sensitive tool in order to
study diffusion of the river, cation exchange capacity of filterable solids
from the effluents, and trace elemental abundance.

Chemical features of each effluent such as pH, silicate, phosphate,
and sodium concentrations are used to assure that collections have been
made in the plume of interest. Table I summarizes typical values of
selected data for the effluents and rivers converging at Camas, Washington.

Diffusion characteristics of the stream in the vicinity of the sulfite
liquor outfall are now being examined by spectrophotometric techniques
to determine the rate of dispersion with distance downstream by using the
absorbance characteristics of the liquor itself. These studies will be com-
pared to dispersion rates of sodium from the same effluent which has a
sodium concentration of 120 mg/l which is approximately 15 times the
sodium conc. in the river.

Using neutron activation analysis, homogeneity of sodium in paired
samples of unfiltered river water above the pipeline area was measured
(Table II). The mixing from surface to at least 40 feet is very uniform
for sodium as is the horizontal distribution. Samples within the plume
areas are now being evaluated for comparison.
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Figure 1. Location of the pipeline areas from the city of Camas and
Crown Zellerbach Corporation in the vicinity of Lady
Island in the Columbia River.



49

Table I. Summary of selected characteristics of effluents entering the
Columbia River in the vicinity of Lady Island at Camas, Washington,
November 27, 1968.

Source pH T°C 02(ml/l) PO4(4m/l) Si02(µm/1) Na(mg/l)

Columbia R. 8. 0 9 9 0.9 172 8. 0

Washougal R. --- 9 9 0.9 168 5. 5

City of Camas 7. 0 20 4. 5 97. 0 277 14. 0

Clairifier 6. 7 18 1. 7 1. 0 283 44. 0

Holding Pond
(liquor)

2. 5 25 --- --- 3. 52 120. 0

Table II. Homogeneity of sodium abundances in mg/l with standard devia-
tions using instrumental neutron activation analysis in the Columbia River
at Camas, Washington, November 27, 1968.

Depth (feet) Columbia River
Na conc. (gm/1)

Clairif.ier

Surface -------------- 7. 86 ± . 23

20 7. 62 f . 81 7. 88 ± 43

40 7. 69 ±. 47 8. 20 f.03

x 7. 66 ± . 54 7. 98 ± . 25
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Table III summarizes manganese values of paired samples at two
stations in the Clairifier outfall, and one station upstream ahead of the
outfalls. The manganese concentrations for these surface samples show
a greater relative standard deviation than for sodium samples but the
presence of the effluent from the Qairifier appeared to have no measure-
able influence on the abundance of soluble manganese in the river during
this sampling period.

Table III. Homogeneity of manganese abundances of surface samples in
mg/l with standard deviations using INAA from the Columbia River at
Camas, Washington, November 27, 1968.

Station Surface concentration (mg/1)

River . 016 t . 002

Clairifier outfall . 017 ± . 007

Clairifier outfall . 015 '001
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CHROME-51/ZINC-65 RATIOS IN COLUMBIA RIVER ESTUARINE
WATER DURING TIDAL CHANGES

by William O. Forster and Peter J. Hanson

Ratios of radionuclides are studied mostly as timing devices based
on the assumption that no changes are occurring in the system other than
decay. Sometimes opposite types (soluble/particulate) of radionuclides
are paired in order to study the interaction of these radionuclides with
the changing environment. The dynamic Columbia River Estuary provides
an excellent laboratory in which 51 Cr and 65Zn can be studied by a com-
parison of their ratios; 51 Cr occurring mostly inthe soluble fraction and
65Zn in the particulate fraction. These soluble and particulate ratios
are shown in Fig. 1 for both high and low tidal conditions. Several
features are interesting. 1) The ratios are approximately 15 times greater
for the soluble fractions than for the particulate fractions. 2) The ratios
at high tide were in general, greater than at low tide. This is especially
so, in the case of the particulate fractions, where the high tide ratios
averaged 80% more than the low tide ratios. 3) Although the low tide
lacked salinity changes, the soluble ratios had pronounced peaks and
valleys. 4) The obvious soluble maxima occurs at depth of high tide.
5) The divergence of the high and low tide values for the particulate
fraction. 6) The relative standard deviation of all four relationships are
approximately the same (13%) even though there are no salinity effects
at low tide.

As the ratios change by either decay or changes in activities of
either radionuclide, it is important to illustrate the effects that some
biogeochemical processes will have on the ratios.( The decay constant
for 51 Cr is 8. 8 times larger than 65Zn therefore lan ageing of the water
or suspended sediments makes the resulting ratio `lower. The addition
of seawater to the estuary (flood tide) increases the particulate matter in
the water, especially at depths. This may be due to scouring of bottom
sediments and/or flocculation of dissolved substances in river water by
sea water. Scouring causes aged sediments to be suspended and would
lower the particulate ratio if both radionuclides were equally resuspended.
However, the radionuclide ratios on the sediments seldom resemble the
water ratios therefore resuspension of fine grained particles ( < 2µ)
would raise the ratio by adding more 51 Cr. Nelson et al. (1964) found
51 Cr to be 100 times more concentrated on the Columbia River Estuary
sediments than 65Zn. The opposite effect, or lowering of the ratio would
result if the fine particles sank and organic particles were resuspended
with more 65Zn than 51 Cr. The important role of flocculation as a source
for radionuclides should not be ignored. Harris (1963) concluded that about
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Table I

Ranges of Radionuclide Activities Associated with Each Form

During the Tidal Study at Astoria,

Oregon

Tide Form Radioactivity Ci 1
51 Cr 65Zn

Surface Deep Surface Deep

High Soluble 900 800 6 3

Particulate 100 300 10 20
Low Soluble goo 900 5 6

Particulate 100 100 10 15
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one quarter of the total sediment load of the Savannah River is completely
flocculated by water of 5%salinity in less than 12 hours. The dissipation
of colloidal and suspended sediments by brackish water is well known but
the relative contribution of each radionuclide on these particles is not
known.

Explanations of the above ratio changes, follow: 1) The high ratios
of soluble relative to particulate fractions is primarily due to the high
soluble 51Cr and high particulate 65Zn values. Table I shows the ranges
of activities encountered for each form during the tidal changes. 2) The
high tide ratios, especially the particulate fraction, are more than the
low tide ratios primarily due to the particulate 51 Cr increasing 50% faster
than the particulate 65Zn in the high tide while the opposite is occurring
in low tide. The ratios of the soluble fraction are closely matched to the
depth of 10 meters where the incoming salt wedge quickly decreases the
soluble 65Zn while the soluble 51Cr decreases slowly. This results in
an increase in ratio at depth. 3) The obvious maximum ratio at depth
at high tide is due to the slight decrease in soluble 51Cr combined with
a 50% loss in soluble 65Zn. The sea water can cause the shift from
soluble to particulate forms for both 65Zn and 5l Cr but the excess parti-
culate 51Cr must come from scoured fine grained sediments.

REFERENCES

Nelson, J. L. , R. W. Perkins and J. M. Nielsen. 1964. Progress in
studies of radionuclides in Columbia River sediments. USAEC.
HW-83614.

Harris, R. W. 1963. Hydraulics of Savannah Estuary. Washington, D. C.
U. S. Public Health Service Pub. # 999 -R3.
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PARTICULATE 65Zn AND 51Cr IN COLUMBIA RIVER ESTUARY

by William O. Forster and Peter J. Hanson

Often, it is indicative of a changing environment to know the chang-
ing percentage of a radionuclide that occurs associated with particles.
Perkins et al. (1966) established river values for particulate 51Cr and
65Zn as 7. 6% and 76% respectively. This was done with a 0. 3µ pore
size filter at a Vancouver, Washington station. In a more basic and re-
ductive site the above percentages should rise in opposition to an acidic
and oxidative site where the percentages should drop. The effects of
the entering salt wedge on estuarine radionuclides has been studied in
this lab and some of the results are in Table I.

It would be easy to assume that the extra 1. 0 ppt of salt solution
caused the increase of 4% for 51 Cr and 10% for 65Zn. However, we are
not only measuring the increased salinity but the forces that accompany
this wedge also scour the loose surface sediments and resuspends them
into solution. This, not the dependence on'the salinity, could increase
the percentage of both particulate 51Cr and 65Zn.

A further look at this problem at a downstream station with a greater
tidal range of salinities. The results are in Table 2.

With this data, the picture is not as clear as one would like. During
half of the tidal cycles, the particulate formation of 65Zn remained con-
stant, and half of these tidal periods showed an isohaline condition from
the surface to the bottom. At the first intermediate tide, particulate 65Zn
remained at 80% even though the salinity changed from 3%nc to 20% at the
bottom. This is strong argument for the percentage of particulate 65Zn
being independent of salinity. Also, at both the intermediate tides be-
tween high and low tide and at low tide, the water remained fresh ( < 3 ppt )
but particulate 65Zn increased 5% in both cases. There are only two
tidal periods (high and low-high) out of the total of eight where an in-
crease in salinity corresponds with an increase in particulate 65Zn.
In both of these cases, the maximum salinity change was observed, from
surface (4%() to bottom (20%c) while only a token increase (+ 5%) in parti-
culate 65Zn was observed in one while the other increase was substantial
(10%a)



56

Table I

The Percentage of Particulate Fractions of 65Zn and 51 Cr in the
Columbia River Estuary During Tidal Changes - Astoria Station

Particulate Fraction (%)
Tidal Cycle Salinity % 51 Cr Zn
A storia, Oregon Station Surface Bottom Surface Bottom Surface Bottom
Low
High

0 0
0 1.0

5

8

8

12
60 80
60 90

Table 2

The Percentage of Particulate Fractions of 65Zn and 61 Cr in the
Columbia River Estuary During Tidal Changes - Point Adams Station

Tidal Cycle Particulate Fraction (%)
Point Adams Station Salinity %c 51Cr ! Zn
Oregon Surface Bottom Surface Bottom Surface Bottom
Intermediate 3 20 20 55 80 80

High-Low 2 2 20 22 95 95
Intermediate 2 8 10 30 80 80

High 4 20 20 50 78 82

Intermediate 3 3 15 20 78 82

Low 3 3 20 30 80 85'
Intermediate 1 1 20 30 82 82

Low-High 4 20 30 40 80 90

Table 3

A Summary of the Particulate 51 Cr and 65Zn Values from the
Columbia River Estuary

Particulate Fraction (%)
'STCr 65Zn Comments
13.1 70.7 For all depths
21. 6 79.6 Point Adams only
14.7 76.6 Point Adams - surface
31. 7 86. 2 Point Adams - bottom

8. 3 61.6 Astoria - surface
20. 3 87.7 Astoria - bottom
7. 6 76. 0 Perkins et al. (1966)

19 64 Seymour and Lewis (1964)
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Particulate chrome-51 increases relative to salinity were also
equivocal. Half of the tidal cycles that were isohaline had increases in
the 51Cr particulate from two to ten percent from the surface to the
bottom. However, during the other half of the tidal cycles, which includes
the maximum salinity ranges, all had corresponding large increases in
particulate 51 Cr. The average increase was 25%. This made half of those
particulate 51Cr values over 50%. This can also be explained by invoking
the scouring theory as was done to explain the 65Zn non-systematic
changes.

A summary of the values for particulate 51Cr and 65Zn are in
Table 3.

REFERENCES
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of Washington, M ineograph. 69 #leave s.
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YEARLY VARIATION OF SPECIFIC ACTIVITIES OF '' 'Zn IN THE
COLUMBIA RIVER ESTUARY

by William O. Forster and Jerry Wagner

In order to understand better the cycling of the biologically important
element zinc in an ecosystem, activity levels in both the organism and
the environment in which they live must be known. Also, to relate activity
levels in organisms with widely divergent uptake patterns, specific activities
should be known. For these reasons, we have monitored the radioactivity
and stable concentrations in several areas in the Columbia River Estuary.
It was important to examine the extreme upstream station where organisms
would live in essentially fresh water and maximum radioactivity as well
as the high salinity low activity environment of the euryhaline organisms
near the sea. Data have been collected for three years on 65Zn specific
activities by NaDEDTC chelation and extraction with the solvent MIBK.
Values of both the radio and stable zinc may be Jow as the process is
selective for ionic zinc, zinc chelated with less stable complexes, and
adsorbed zinc that is easily removable in time periods equivalent to 10-60
minutes. The same percentages of radio and stable zinc isotopes should
be extracted which would result in a reasonable evaluation of the specific
activities. Other methods of determining zinc levels (large or medium
volume precipitation or sorption bed exchange) have resulted in comparable
levels of both the 65Zn and the total zinc.

The Alder Slough data is dependant on alternate seasonal drainage
by Alder Creek which adds more stable zinc during the winter rains. This,
combined with continued low levels of 65Zn activities makes a low three year
mean specific activity of 0. 2 .iCi/g. Slough organisms with specific ac-
tivities greater than the environment which are numerous (Renfro,. 1968)

is strong evidence for an "isotope effect" or the 65Zn could be in a form
that is more available for uptake and retention than is the stable zinc.

A comparison between the brackish Sand Island and the fresh Astoria
values shows a random seasonally mixed stable zinc concentration. The

sea water dilution of the constant source of 65Zn activity at Sand Island
is generally well below the activity levels at the Astoria Station. Decay

is not a factor in this short distance. The resulting specific activities
at these two stations correspond for the most part to the change in acti-
vities, except for the three periods, June, 1967 and 1968, and March,
1969. In all three cases the higher specific activities at the downstream
station was due to extremely high stable zinc concentrations at the upstream
station combined with average 65Zn activities at both stations. Table I
gives the three year running averages of stable, radioactive and specific
activities at each station.
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Table I

Three Year Averages of Stable Zinc, Radioactive 65Zn, and
Specific Activities in the Columbia River Estuary

Mean (Range)
Stable Zinc 5Zn Activities Specific Activities

Station (ppb) ( pCi/l) (p.Ci/g)

Astoria, Oregon 8 (4-23) 3 (1-10) 0. 3 (0. 1-1. 0)

Sand Island, Oregon 10 (3-22) 2 (0. 5-9) 0. 3 (0. 1-0. 5)

Alder Slough, Oregon 11 (4-21) 2 (0-8) 0. 1 (0. 0-0. 6)

REFERENCES

Renfro, W. C. 1968. Transfer of radionuclides through marine food
webs. AEC Progress Report 68-7, Department of Oceanography,
Oregon State University, pp. 17-22.
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MONTHLY SOUTH-CHANNEL COLUMBIA RIVER ESTUARY
CHEMICAL DATA

by William O. Forster, P. Kilho Park and William C. Renfro

Monthly water samples were taken in the Columbia River Estuary
to determine the synoptic and seasonal distributions of three plant nutrients
(P043, SiO32, NO )alkalinity, pH, CO2 concentrations, dissolved oxygen,
and salinity. All stations were sampled at the surface, at five meters and
near the bottom. The monthly variation of these parameters with depth
is shown in Figures 1-5. Only the high productive months are shown.

This study is part of a 4 year nutrient study of the Columbia River
Estuary that was begun to help determine the influence that the Columbia
River has on the chemistry of the ocean off Oregon. To understand the
origin, the pattern of transportation, and changes in nutrients in the
plume waters, one must first study the source water in the River and
Estuary.

A look at the data shows no typical mixed or layered Estuary
unless a definite time in the tidal cycle is observed. In general, at
high tide during the spring freshet one would observe a two layered
system similar to the temperature and salinity data shown in Figure 2 and 4.
Oppositely, during summer low river flow at high tide the well mixed
estuary view is illustrated by the temperature/salinity data in Figures 1, 3 and 5.

It is hoped that data of this type will help relate the effects that
water quality and nutrient conditions have on plankton abundances and
distribution in the Estuary. This increased understanding of the ecology
of the plankton will in turn help in the understanding of the cycling of the
radionuclides through this complex ecosystem.
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Fig.2
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Fig.4
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THE VARIABILITY OF SIX RADIONUCLIDES WITH DEPTH AT
TWO STATIONS OFF THE OREGON COAST IN 1968

by William O. Forster and Dave Robertson 1

Usually the plume structure south of the Columbia River mouth is
not well developed during April but for several days preceding the April,
1968, cruise northerly winds prevailed. This gave unseasonably high
levels of radioactivity on the Newport line stations. The activity levels
for several radionuclides at stations NH-35 and NH-40, and at six
depths from the surface to 200 meters are in Table I. Chrome-51, 65Zn
and 46Sc are about ten times more radioactive at the surface at NH-40
than at NH-35, Salinity values show this five miles to include the boundary
between ocean and plume water because the near shore water has not
been contaminated as much as the water at NH-40 by the more radioactive
water of the Columbia River. Manganese-54 and 95Zr/95Nb do not show
this difference because both are very low levels of radioactivity at the
surface and the Hanford contribution is supplemented by that from fallout.

All the radionuclides decrease in a log-linear relationship when the
log of the activity is plotted against depth. The more vertical lines of
several conservative elements to a depth of about 28 meters indicates a
mixed lens of fresh water over the coastal seawater. This is not noticed
at NH-35.

Antimony-1 24 is extremely erratic in depth distribution compared
to the rest of the radionuclides. The main exception to this upper uni-
formity is 65Zn which is biologically transferred to depths more quickly
than the non-metabolically important elements which results in an increased
relative activity of that radionuclide.

The changing percent particulate with depth at two stations is shown by
a surprising 51Cr change indicated in Table 2, where both stations show a
large increase in the percentage of particulate 51Cr at depths. In the
plume surface water 51 Cr is 98% soluble while at depth it drops to 78%
soluble. Out of the plume (NH-35) the change is more drastic, as the
surface water had no particulate 51 Cr and at depth there was none in
solution. This increase in particulate 51 Cr at depth will be investigated
further.

1Battelle Northwest Laboratories, Richland, Washington



Table 1

The Variability of Six Radionuclide Activities with Depth at Two Newport Hydrostations in April, 1968

Approximate Depths
Surface 14 meters 28 meters 48 meters 81 meters 200 meters

Radionuclide NH 35 40 35 40 35 40 35 40 35 40 35 40

51Cr . 357 3. 171 , 418 1.998 . 161 . 234 . 044 . 217 . 010 . 115 . 041 . 071

95Zr/Nb .228 256 236 .155 185 084 105 110 065 026 037 015

65Zn
. 090 1. 665 , 124 1. 384 . 034 . 090 . 032 . 055 . 068 . 043 .064 . 020

1Z4Sb
104 267 004 068 ---- 003 002 002 008 ---- ---- ----

54Mn .038 .017 .008 .015 .007 .012 .003 .006 .002 .007 .003 ----

46Sc
. 040 . 293 . 036 . 234 . 012 . 019 . 006 . 009 . 008 . 006 . 009 . 003

All activities are in pCi/liter and include the soluble and particulate fraction.
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Another unexpected result was the extremely low (5-6%) percentage
of particulate 65Zn. This is a ten-fold drop from the estuary-river
ratios and is probably due to the exchange with the excess Mg++ions
in seawater. In the out-of-plume station (NFIr35) the particulate 65Zn
doesn't vary more than 30% from an average 8%. However, the in-plume
station (NH-40) shows very low percentage (< 1%) particulate of 65Zn
associated with particles rising to a maximum (11%) at the pycnocline
and then falling again to a minimum (( 1%) at depth.

Scandium-46 responded differently depending on its position in the
plume. If outside the plume, the particulate 46Sc remained approximately
constant at 28%, however inside the plume, it constantly increased from
surface (9%) to depth (75%). There was no visible change in this trend
at the pycnocline.

The light fission fragments 95Zr/95Nb changed in the same way as
did 46Sc. Outside the plume it remained roughly constant at 21% while
inside the plume there was a constant increase from a low of 9% in
mixed water at the surface and below the pycnocline it reached a high of
80%. A possible explanation may be that the high productive surface off-
shore water sank beneath the plume and was transported on shore by up-
welled water. Optical density measurements have confirmed this flow
during upwelled conditions. This high organic content water would then
have many sites available to adsorb the soluble 95Zr/95Nb and 46Sc.



Table 2

The Percentage of Four Radionuclides Associated with Particles at Selected Depths at Two Stations
off the Oregon Coast in April, 1968

Approximate Depths
Surface 14 meters 28 meters 48 meters 81 meters 200 meters

Radionuclide NH 35 40 35 40 35 40 35 40 35 40 35 40

51 Cr 0 1.4 4 2. 0 0 8. 5 2. 3 9. 2 100 27 100 22

95Zr/95Nb 18 10 30 13 22 5 12 39 18 70 27 88

65Zn
8 1 6 1.5 8 6 11 12 5 6 1

46Sc
33 8.5 22 12 41 32 16 45 75 50 33 66

--
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PERCENTAGE OF SIX RA DIONU CLIDES ASSOCIATED WITH
PARTICLES FROM SURFACE TO 1. 6 KM IN THE NORTHEAST

PACIFIC OCEAN WATER

by William 0. Forster and Dave Robertson

A study of trace element and radionuclide concentrations in the
marine ecosystem was conducted in the Northeast Pacific Ocean about
350 miles west of Newport, Oregon. The characterization of these ele-
ments can lead to a better understanding of the biogeochemical and hydro-
logical processes in which they participate. This site was selected to be
representative of open ocean and essentially free from contamination by
the Columbia River which contributes its characteristic radionuclides to
the Pacific.

Samples were collected by pumping large volumes (360-7600 liters)
of sea water from depths to 1. 6 km through filters (0. 34) and adsorption
beds (A12O3 and KCFC). The particulate fraction on the filters and the
soluble fraction extracted from the A1203 were brought back to Hanford,
Washington to be counted by sensitive multidimensional gamma spectro-
scopy. A plot of the percentage of the particulate phase for each radio-
nuclide at various depths is shown in Figure 1.

The "s" orbital elements (Cs, Ra, Be) are all very soluble in deep
water as one would expect. The "d" orbitals (Co and Ru) although generally
soluble show opposite behavior at depth. Cobalt at the surface is 60% solu-
ble, increasing steadily to over 90% by 0. 6 km; while ruthenium at the sur-
face is 90% soluble, dropping to 60% soluble at 1. 6 km. For thorium, an
"f" orbital element, one would predict it to be mostly particulate in sea
water, however it is 80% soluble near the surface and 50% soluble at
depths. A caution is added, that the small pore size (0. 3i) plus the
poorly known extraction efficiencies of A1203 and KCFC for the above
radionuclides tend to maximize the values of the particulate fraction.

The total radioactivity at the surface from both the soluble and parti-
culate fractions of these radionuclides is approximately 1. 14 pCi/l of
which 70% is from 137Cs. Table I shows the sources and maximum sur-
face activity of each radionuclide.

Figure 2 shows the activities of these same radionuclides in depth
at the same open ocean station (NH 350). The large decrease in activity
for all the fission and neutron induced products would be expected consider-
ing the circulation patterns of the deep ocean. The major sources of 21 0Pb
and 210Po in surface waters is the radon in the atmosphere.
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Table I

Radionuclides Half life Source""
Surface Activity
pCi/1000 liters

137 Cs 30 y FO-FP 785

7 Be 53 d hY- (16O, 14N) 195

106 Ru 1 y FO-FP 80

226 Ra 1620 y Natural 75

60
Co 5. 3 y FO-NIP 1. 6

228Th 1. 9 y Natural 0. 5

FO-FP is Fallout-Fission Products

FO-NIP is Fallout-Neutron Induced Products

h Y = Cosmic ray interactions
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CHANGING FORM AND LEVELS OF ACTIVITY OF SEVERAL
COLUMBIA RIVER RADIONUCLIDES AS THEY MIX WITH

NORTHEAST PACIFIC OCEAN WATER

by William O. Forster, Lauren Larsen and Jerry Wagner

Several stations from the April, 1968, cruise represent the changing
conditions the radionuclides encounter as they first mix with sea water in
the Columbia River Estuary (Station 9) and then pass out the mouth (Station
18) and into the Northeast Pacific Ocean (Station 20). The total activity
of each radionuclide, which includes both the soluble and the particulate
fractions, decreases by a log-linear relationship with distance. The
slope of the decrease is a function of the mixing characteristics of the
plume, the physical decay of the nuclide, and other biogeochemical as-
pects. Lowman et al. (1966) showed the chemical removal of several
river elements mixed with seawater to be in the following sequence,
Sc> Fe> Co,-,, Zn> Mn>Ni> Cu> Ca This is not an Irving-Williams
chelating order. Our data (Table 1) show 46Sc, 60Co, 65Zn and 54Mn to
be depleted downstream in somewhat this same sequence. Manganese-54
activities are very erratic between the stations and 65Zn is probably re-
cycled back into the water by organisms, as its slope is the least in that
group. Both 1 24Sb and 51Cr appear to have a comparable loss rate with
distance indicating the non-conservative nature of these soluble anions.

The percentage of these radionuclides associated with particles
changes markedly as they move from a brackish environment into sea
water salinities. In all cases (Table I) except 51Cr and 124Sb, the highly
particulate estuarine species dropped to a fraction of its estuary value,
46Sc (0. 60), 51Cr (0. 00), 54Mn (0. 10), 60Co (0. 60), 65Zn (0. 07),
95Zr/Nb (0. 13). However, the soluble anion '24Sb increased offshore
three-fold to 7% particulate. Chrome-51 was abnormally high in the
estuary at 20% particulate so the increase to 33% offshore did not appear
to be much of a change but ordinarily that would be at least an order of
magnitude increase. These changes can be seen for 46Sc and 65Zn in Figure 1
where the activities of these radionuclides, as well as the percent particulate
of each species is plotted downstream. Scandium-46 remains associated
with particulate material for a longer period and higher salinity than does
65Zn, which decreases rapidly from 80% particulate in the river water to
55% in the plume waters.

REFERENCE

Lowman, F. G. , D. K. Phelps, R. McClin. 1966. Disposal of Radioactive
Wastes into Seas, Oceans and Surface Waters, International Atomic
Energy Agency, Vienna, p. 299.
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Figure .1. Soluble, particulate and percent particulate levels in the
Columbia River Estuary cruise 6804.
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Table

The Total Activities and Percentage of Several Columbia River
Radionuclides Associated with Particles on Dilution with

Northeast Pacific Ocean Water

Station

Total Activities

46Sc 51 Cr

(pCi/l) and Percentage Particulate

54Mn 60Co 65Zn 95Z r/Nb 124
Sb

1. Pier 1, Astoria, 12.62 98. 59 0. 55 0. 19 12. 52 o,64 1.60
Oregon (#9) 94% 20% 51% 84% 72% 86% i.9%

2. West of lightship 0. 50 0. 60 0. 002 0. 002 0. 088 0. 17 0. 005
and mouth (#18) 16% 0% 5% 50% 9% 1 1 % 0%

3. West-Willapa Bay, 0. 007 0. 074 ---- 0. 002 0. 080 ---- 0. 005
Washington (#20) 57% 33% ---- 50% 5% ---- 7%
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DEPTH DISTRIBUTION OF SEVERAL TRACE ELEMENTS IN

NON-PLUME WATERS OUTSIDE OF THE COLUMBIA RIVER PLUME
1967

by Dave Robertsonland William O. Forster

The depth distribution of several trace elements from waters out-
side the influence of the plume of the Columbia River were compared to
salinity changes that occurred during June, 1967, (Fig. 1). Ordinarily
depth plots of the conservative elements should parallel the salinity of
seawater. The non-conservative elements, however, show large fluctu-
ations with depth. Here, the salinity change was only 5%, therefore, most
of the conservative elements would not show this parallel trend with depth,
as the precisions of the methods are about that same value. These pre-
cisions are shown on Fig. 1 b e s i d e the element. Only antimony and
cesium may be measured precisely enough so the relationship with salinity
may be considered real. Scandium, cobalt and zinc are measured with
the least precision but in spite of this it is obvious that the distribution
of these elements are biogeochemically controlled. Quantities of elements
in the part per trillion range, cobalt and scandium, are about an order
of magnitude lower than previously determined in open water; while
quantities of elements in the part per billion range, within the precision
of the method, are similar to those reported previously. Strontium
values in the part per million range are also low compared to previously
accepted values.

1Battelle Northwest Labs, Hanford, Washington.
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THE CONSERVATIVE NATURE OF 51Cr IN SEA WATER

by William O. Forster

Soluble 51 Cr has been labeled an ideal water mass tracer due to
its conservative nature in seawater. This means that 51Cr (+6) remains
soluble with no biogeochemical interactions, so that any change in concen-
tration is due to physical processes. Dilution occurs by atmospheric
precipitation, melting of ice, land runoff and mixing with less saline
water masses. Concentration of the conservative element occurs by the
opposite processes of evaporation, freezing and mixing with more saline
water masses. The best test for a conservative element is to plot the
concentration of that element versus the salinity under varying conditions
to determine the best least squares fit between the two variables. The
results of four linear inverse plots of salinity versus 51 Cr activities
collected over the past three years are in Table 1.

If either the steady state input of 51Cr activity or the salinity of
the offshore water changes, it results in variable intercepts and slopes.
The 51 Cr activities change primarily by either a variable output from
Hanford or dilution by the Columbia and its tributaries. The salinities
of the open ocean can change by any combination of the factors mentioned
above. It appears from Table I then, that the long term effects in the
ocean have reached equilibrium as the offshore salinity has remained
relatively constant from 1965 to 1966. This is indicated by extrapolation
of the 51 Cr-S%1least squares line to zero 51Cr activities, or where there
is no fresh water dilution of the open ocean water. However, the 51 Cr
activities at zero salinity where there is no dilution by sea water, show
wide changes over the year. All of these can be explained by either a
lowered input by Hanford or dilution by the river system. The lowest
51 Cr activity at zero dilution of 264 pCi/l came during the Hanford shut-
down of July-August 1966. It is amazing that such a soluble radionuclide
with only l month half life is found at all 350 miles offshore one month
after the input ceased. At this time the streambed and suspended sedi-
ments which ordinarily is a tremendous sink for the radioactivity, turns
into the source for this delayed detected radioactivity. The five-fold
range of negative slopes are indicative of the variance of the 51 Cr ac-
tivities in the Columbia River.
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Table 1

The Slopes and Intercepts of Several 51Cr Activities Versus Salinity

Plots in the Columbia River Area

Sample Time
pCi/l/S%c
slope

pCi/l
Y -intercept

S%c

X-intercept

June, 19651 15. 8 513 32. 5

Feb., 19661 42. 5 1380 32. 5

Aug., 19661 8. 1 264 32. 5

Ma 19662 21 4 680 31 7y,
I

. .

1L. Frederick (1966).

2P. Hanson(1967)
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VANADIUM DISTRIBUTION IN THE WATER, SEDIMENTS, AND BIOTA
OF COLUMBIA RIVER ESTUARY AND PLUME WATERS

by R. Dyer, W. O. Forster, and W. C. Renfro

Trace metal distribution in the oceans has long been of interest
both commercially, in marine mining operations, and biologically, in
productivity studies. In the lower Columbia River and plume waters
radioactive isotopes have proven useful as environmental tracers in
determining routes, rates, and reservoirs of trace elements. But for
many of the more abundant trace metals in the marine hydrosphere,
either there are no radioactive counterparts present or they are note
present in sufficient quantity to be used as tracers. For these the
study of trace element distribution and dynamics must be through analysis
of the stable element or analysis of its neutron-activated isotope in the
laboratory.

Geochemical action of the Columbia River has introduced consider-
able amounts of vanadium into the sea (Clark, 1958; Bowen, 1966), yet
sea water concentration values obtained in this study as well as those of
Krauskopf (1956) and Ishibashi (1953) indicate that vanadium is present
in only 3-5 micrograms per kilogram (ppb). Biological mechanisms
appear to be the most effective removal agents at present.

Analyses using an atomic absorption spectrophotometric technique
show substantial enrichment factors

r Concentration in organism (ppb in ash)
Concentration in sea water (ppb)

in some marine and estuarine organisms. We found values ranging from a
high of. approximately 27, 000 in algae to an average of 13, 000 in selected
invertebrates. Table 1 presents some analytical results from samples of
the Columbia River area. While the estimated relative standard deviation
for the lower concentration levels may be as high as f 50%, the evidence
suggests that the biota i.s significant in controlling the ultimate sea water
concentration of vanadium.

Another point under consideration in this study is the vanadium con-
centration of an organism as related to trophic level and phylogenetic
scale. Webb (1939) in his study of ascidians observed that the biochemical
function of vanadium appeared to have become vestigial in the more ad-
vanced members of the class. Furthermore, Fukai and Meinke (1959)
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Dry wt. x 100 Ash wt. x 100 ppm V in ash
Fresh wt. Dry wt. ( ash)

Phytoplankton - - - - 78.8 51.4

Zooplankton
Euryternora sp. 9. 1 39. 0 71.4

Coelenterate (Jellyfish) =.=Below de-
Chrysaora melanaster 19. 6 56. 7 tection limit

Coelenterate (Sea anemone)
Anthopleura xanthogrammica 18. 5 15. 2 51. 2

Polychaete
Nereis sp. 15.6 32.6 41. 2

Mysid Shrimp
Marine

--------------- -
25.9 23.9 49. 3

- -----------
Estuarine

--------------
14.6

---------------
13. 2

-----------------
85. 8

Decapod Below de-
Crangon franciscorum 21.2 20. 0 tection limit

Mussel
Mytilus sp. (soft parts) 15. 2 12. 6 48. 7

Holothurian
Parastichopus californicus ---- 30. 6 37. 5

Chordate
Salpa fusiformis ---- ---- 37. 5

Sand s ole
Psettichthys melanostictus ---- 11.7 *Below----------------------------

Tomcod
------------- ---------------

detection
Microgadus proximus ---- 8.9 limit

Alga
Enteromorpha intestinalis 17. 6 36. 2 83. 3

Carex sp. 16.6 39. 2 97.5

*Using a .high-brightness lamp at an expansion setting of 10 x on the atomic ab-
sorption spectrophotometer, the sensitivity for vanadium is 0. 1 ppm/1% absorp-
tion, and the absolute value to the detection limit is 0. 1 ppm. Standard solutions
for this analysis were 0. 20 g sample in 25 ml. 0. 36 N HC1.
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have suggested that vanadium decreases with ascending trophic level.
An observed inverse relationship between vanadium concentration and
ascending phylogenetic and trophic levels would lend credence to these
ideas.

The third point under investigation is the interaction between the
water, sediment, and biota in vanadium transfer. Samples were taken
at a series of hydrographic stations off Newport and Tillamook Head
on the Oregon coast. Sediment, water, and biota were collected con-
currently at selected sites and are being analyzed to determine the
individual or combined effects the sediments and biota may have in
controlling the vanadium concentration in the water. Sediments are
also being analyzed for sulfur to determine whether sulfide coprecipita-
tion could be a significant chemical removal agent of vanadium. Pro-
files are being made of the station lines to relate depth, organic and in-
organic carbon, and sulfur to the vanadium concentration in the sediment.
These profiles will help to assess the relative importance of biological
and chemical factors in controlling vanadium concentration.
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STABLE ZINC CONCENTRATIONS IN NORTHEAST PACIFIC WATERS

by William O. Forster

Several cruises into coastal waters resulted in a variety of water
samples that were analyzed for stable zinc concentrations by extraction
techniques. The zinc-specific chelating agent NaDEDTC was used in
one liter of filtered sea water and separated into the organic solvent
MIBK. A back extraction with dilute HC1 provided a 30 x concentration
factor for the total Mn ure. Replicate analyses on a given sea water
source spiked with 65Ztracer, gave a recovery of 97 ± 2%. This is
comparable with the recoveries of 97 ± 5. 4% Joyner and Finley (1966)
found with the standard addition technique. This procedure is the best
overall as the resulting linear Beer's Law plot gives an indication that
the tracer and the stable zinc in the sea water are removed consistently
over a wide concentration range.

The data from one cruise (Figure 1) shows the results of duplicate
analyses at five depths from coastal waters from 45°N to 37°N latutide.
There was a consistent decrease in concentration with depth, with the
surface and 10 meter depth (r 19 ppb) approximately double the zinc
levels below. There was no obvious increase at the boundary pycnocline
between the mixed layer and the intermediate water below (pycnocline)
as has been found by previous investigators.

The precision between successive stations was poor at all depths
sometimes varying more than 200%. This would be expected, as zinc
is a non-conservative biologically important element it should show this
patchiness. Duplicates, for the most part, showed much better precision.

In Figure 2a and 2b the stable zinc concentrations in the plume are
compared to the salinity distributions. The early spring plume was
not defined by either parameter although stron northwesterly winds
preceeded the cruise. Very high zinc concentrations were found along
the coast which are very unlike plume and upwelled zinc levels.

REFERENCE

Joyner, T. and J. S. Finley. 1966. The determination of manganese and
iron in sea water by atomic absorption spectrometry. Atomic Ab-
sorption News Letter. 5(1): 4.
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Figure 2a. Surface salinity distribution in offshore northeast Pacific
waters.
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TRACE ELEMENTS IN BOTTOM SEDIMENTS OFF
SOUTHERN OREGON COAST

by William O. Forster, Jan Naidu and Jerry Wagner

Offshore mining is in its infancy but due to demands of a growing
population and advancing technology, all potential offshore mineral and
metal deposits must be evaluated. This study was initiated in order to
determine the possible value of the mineral byproducts in processing
placer sites on the continental shelf for the precious metals, Au, Pt,
and Pd.

The USGS survey of 1966, found gold concentrations up to 150 ppb
in surface black sands off the shelf near Cape Arago and Sebastion,
Oregon. This association with the black sands is believed to be relict
beach placers formed during previous low level stand of the sea. A

later study by the same group found similar patchiness of gold around
Eureka, California with values up to 390 ppb. The high operating costs
combined with a lack of advanced technology needed to work in the marine
environment has left this potential wealth untapped. In today's economy,
gold alone will not be able to pay the way for modern marine shelf ex-
ploitation. Other minerals will have to be available in the same processing
in order to profitably carry on with the project.

Samples were taken from the black sands area off the southern
Oregon Coast. The approximate location of these are between 42° 17' ,
124° 26' and 42°52', 124°41'.

Processing was carried out by dissolving the samples with fuming
HNO3/conc. HCl, filtering and then evaporation to dryness. The dry fil-
trate was then taken up in HC1 and aspirated directly for the determination
of trace elements by Atomic Absorption Spectrometer.

The concentrations of these trace elements are listed in Table I

and graphed in Figure I for easier interpretation . A rough measure
of variability between samples was made by dividing the range of values
by the mean. This showed the lead concentrations to be 50% less variable
than any other metal and more than 350% less variable than copper and
vanadium which showed the greatest changes. The variability is probably
not a function of concentration although the small differences at low levels
makes a large percent change as is in the cases of copper and vanadium.
But, both iron and zinc which show high concentrations have intermediate
variability.



Table I

Element Concentration in µR/jZ of Bottom Sediment
Va Pb Cu Ru Co Cr Mn Ni Zn Fe

Station No. x101 x102 x103

1 61 11 94 184 158 231 169 287 111 506 371

2 26

I

94 126 225 206 238 268 114 450
f

357

3 21 88 123 225 231 212 319 120 413 359

4 23 81 196 188 256 200 437 129 464 355

5 44 94 133 158 269 225 281 116 438 382

6 46 63 57 188

I

119 148 218 58 291 248

7 22

4

63 47 119 106 175 181 42 239 206

8 19 81 44 i- 58 88 137 161 39 244 194

9 36 76 49 119 125 125 238 42 426 ?98

Mean 33 82 107 171 181 181 266 86 386 308

Range 19- 63- 44- 119- 88- 125- 161- 39- 239- 194-
61 94 196 225 269 238 437 129 506 382

Variability 1.3 0.4 1.4 0.6 1. 0 0.6 1. 0 1. 0 0. 7 0.6
Range/Mean
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The high concentrations of all the trace elements, with the excep-
tion of manganese and vanadium makes this area an extremely important
source of metals for our advancing technology. The 30% iron, 3% zinc
and 0. 3% nickel are concentrated enough to profitably mine the area but
with increased amounts of cobalt, lead and copper available as byproducts
this makes the area much more attractive.

An interesting relationship is made by comparing the concentrations
of these ten metals from the black sands area to the mean crustal con-
centrations of the earth. This is shown in Figure 1. All the metals,
except manganese and vanadium, are from 300% to several thousand
percent more concentrated in the black sands than in average crustal
rock. Zinc has been concentrated by over two orders of magnitude.
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DISTRIBUTION OF 65Zn AND 60Co IN FRACTIONATED
SEDIMENTS OF THE COLUMBIA RIVER ESTUARY

by W. H. Delaplane, W. O. Forster, and W. C. Renfro

The usefulness of 65Zn/60Co ratios as tracers of sediment move-
ment from the Columbia River is based on the assumption that the ratio
65Zn/6OCo is a constant as the particles enter the marine environment.

A preliminary study to test the constancy of 65Zn/6oCo ratios in
bulk sediments throughout the estuary found a range of 2. 48 to 43. 4 with
a mean of 11. 5.

The immediate goals of this project are: 1) to develop a method for
dispersing and fractionating sediments into sand, silt, and clay; 2) to
make a statistical survey of 65Zn and 60Co in the fractionated sediments
of the Columbia River Estuary; and 3) to investigate a possible correla-
tion between variability of levels of radioactivity in each fraction with the
presence of oxidizable organic material.

Several methods of dispersing bulk sediments into the particle
size components of sand, silt, and clay have been investigated. Each
method was evaluated not only for completeness of separation but also
for variability of radionuclide distribution. Of these methods, dispersion
by mechanical shaking in distilled water has been found to have the best
combination of completeness of separation and low statistical variability.
Dispersion is followed by Stokes' Law settling to remove clay and by
wet sieving to separate sand from silt.

A modified method of the Walkley-Black chromic acid oxidation
(Jackson, 1958) has been developed to determine the percent oxidizable
organic matter in the sediments.

Radioanalysis is carried out by 4 -'r gamma-ray spectrometry.
Sediment samples are packed in 12 cc plastic tubes and counted for 100
minutes in a 5x5 inch NaI(T1) detector coupled to a Nuclear Data ND-130
AT 512-channel analyzer. Background is subtracted and data read-out
is by punch tape, X-Y recorder, and typewriter.

Spectra are resolved byCDC 3300 computer with an eight-nuclide
least squares program which prints radionuclide activity and its standard
deviation in picocuries per unit sample size.
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Table 1. Comparison Among Fractions

(pCi/g dry sed. )
-0/6 Comp. % Organic Zn 5Zn/6 Co60co 6

CLAY High 25.72 8. 58 104. 80 14.55 53.8
Low 0.77 3.79 43. 16 1.44 7. 2
Mean 7. 79 5. 56 77. 85 5. 35 20.9

SILT High 74. 14 6. 52 59.63 2. 21 85. 5
Low 2.77 1. 22 12. 15 0. 00 15. 3

Mean 44.94 2.86 28.44 0.98 33. 3

SAND High 96.43 26.06 60.24 3.49 ?2.7
Low 13.39 0.29 5. 17 0. 00 11.6
Mean 47.28 4.53 23.46 1.04 26.6
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Table 1 gives a general comparison of results among sediment
fractions collected May 24, 1969 from throughout the estuary. Among
each of the three fractions broad ranges of values are observed for each
of the parameters: percent composition, percent organic matter, 65Zn
and 60Co activity, and 65Zn/60Co ratios.

The highest average values of organic matter (5. 66%), 65Zn activity
(77. 85 pCi/g), and 60Co activity (5. 35 pCi/g) occur in the clay fraction
as one might expect from surface area considerations. However, clay
has the lowest average 65Zn/6OCo ratio. This may be attributed to the
fact that variation in 65Zn/6OCo ratios correlate to variation in 60Co
activity as is shown in Figure 1. For the several clay fractions 65Zn
and 60Co values are given and plotted as a function of the 65Zn/60Co
ratio. Note that the increase in ratio is not the result of changing 65Zn
values but corresponds to a decrease in 60Co values.

REFERENCE

Jackson, M. L. 1958. Soil chemical analysis. Englewood Cliffs, N. J.
Prentice-Hall, Inc. , p. 214-222.
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INTRODUCTION TO BIOLOGICAL ASPECTS OF RADIOECOLOGY

by James E. McCauley

Radioecology depends, to a large extent, on the interrelation-
ships between the biological portion of the ecosystem and their relation-
ship to the abiotic environment. In our research at Oregon State University
we have attempted to integrate our studies around this organization. A
division of papers included in this progress report into realistic groups
is at least somewhat artificial. The biological papers included have
been further arranged to show the scope of the work in progress and
can be subdivided into papers dealing with distribution and abundance of biota
with feeding habits, with trace elements, with phosphorus and zinc meta-
bolism, with radionuclides in the biota, and with the trasnfer of radio-
nuclides through a food web.

The faunistics papers include contribution to the species composi-
tion, abundance, and distribution of salps, gastropods, scaphopods,
ophiuroids, and gregarine parasites of Brisaster. The population structure
of Euphausia pacifica, Brisaster latifrons and lanternfishes, is included.
The community structure at the ocean-estuarine boundary and certain
benthic populations, and the effect of a planktonic community on sound
scattering are included.

The feeding habits of some benthic fishes and lanternfishes and the
dynamics of plankton and nutrients in the Columbia River Estuary are
discussed in separate papers.

The behavior of certain inorganic elements in various species of
plants and animals includes papers on trace elements in foraminiferans
and phytoplankton, Ca: Mg ratio in Allocentrotus fragilis, phosphorus
and/or zinc metabolism in a number of species, radionuclides in benthic
fishes and invertebrates, and the transfer of radionuclides through a
marine food web.

These papers included in this section and listed above constitute
research in progress, but in addition there are a number of completed
papers included in the section on thesis, papers in press, and publications.
Included among these are a thesis on polychaete annelids (Hancock), and
published papers, 65Zn studies on tuna (Pearcy and Osberberg), 65Zn
in echinoderms (Carey), 65Zn in starry flounder (Renfro and Osterberg),
effect of storage on 65Zn (Renfro, Phelps and Guthrie), sediment animal
relationships (Griggs, Carey and Kulm), species associations of benthic
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fishes (Day and Pearcy), effects of pressure on vertical migration (Pearcy
and Small), oxygen consumption of Euphausia Pacifica(Pearcy, Theilacker,
Lasker), radionuclides in an amphipod (Cross, Dean, Osterberg), and
radionuclides in salmon (Kujala, Larson, Osterberg).

These studies contribute to a better understanding of the role of
the biota in transferring radionuclides.
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INVESTIGATIONS ON THE BENTHIC SHELLED GASTROPODS
OFF OREGON*

by Gerard Bertrand

The present investigation of benthic shelled gastropods off Oregon
includes four lines of study: (1) taxonomy of the organism, (Z) bathy-
metric distribution, (3) comparison of the faunal composition and the
species abundance of the nearshore abyssal plain 65 miles off Newport,
Oregon, and that of the Tufts Abyssal Plain 350 miles off Newport,
Oregon, (4) symbiotic relationships between anemones and gastropods.

The preliminary taxonomic investigation begun by Dr. James E.
McCauley has been continued and expanded. The original list of 45
species which he compiled has grown to over 60 species with several
thought to be new. The present identifications will be verified by the
author at the Museum of Comparative Zoology at Harvard in September
of this year.

Preliminary investigations show a difference in bathymetric dis-
tribution between a line of stations west to 65 miles off Newport and a
line of stations west to 65 miles off Tillamook Head, Oregon. Compari-
son of the two faunas with the environmental data, in particular with
sediment type and organic carbon, will be made.

Gross differences have been found in the gastropod fauna taken from
one cruise in January, 1966, in the Tufts Abyssal Plain region, and the
fauna of the nearshore abyssal plain region. These regions are separated by
the Juan de Fuca Ridge which could provide an obstacle to distribution.
The coastal area off Oregon is known to be the limit of the southward
distribution of many northern species. It is possible that a faunal transi-
tion zone may exist on the abyssal plain also.

Most of the gastropods found below 800 meters have epizoic anemones.
Those species investigated seem to be species specific in their attachment.
The anthozoans have not yet been identified but they are in the hands of
Mr. Charles E. Cuttress of the University of Puerto Rico, Mayaguez
for study.

In all aspects these investigations are in preliminary stages and
real progress is not expected until the coming year.

*Supervised by Dr. Carey
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POLYCHAETOUS ANNELIDS

by D. R. Hancock and A. G. Carey,

A study of the systematics and ecology of the polychaete fauna on
a portion of the Newport transect line has been concluded and papers are
in preparation. The species composition and distribution with depth have
been analyzed for the continental slope and Cascadia Abyssal Plain. The
distribution of the fauna with depth (Figur'e 1) is complex and the relative
effects of sediment and bottom water characteristics are being analyzed.
Some of the changes in fauna appear to be influenced significantly by
sediment, as some of them are associated with significant shifts in sedi-
ment composition (Carey, 1965).

REFERENCE

Carey, A. G. , Jr. 1965. Preliminary studies of animal-sediment inter-
relationships off the central Oregon coast. Ocean Science and Ocean
Engineering, 1: 100-110. (Transactions of Joint Conference and
Exhibit, Marine Technology Society and American Society of
Limnology and Oceanography, 14-17 June 1965, Washington, D. C.
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DEPTH DISTRIBUTION OF SCAPHOPODS OFF OREGON

by Frances Bruce and Andrew G. Carey, Jr.

During the past eight years of sampling benthic invertebrates off
Oregon, a number of species of scaphopods have been collected. There
appear to be nine species in our samples. Five species have been sent
to Dr. William K. Emerson of the American Museum of Natural History
for identification and are referred to here as Dentalium species "A", "B",
"D", "E" and Cadulus species "C". The remaining four species are
Dentalium agassizi, Dentalium pretiosum, Dentalium rectius and Cadulus
californicu s.

We have collected scaphopods from depths as shallow as 50 meters to
as deep as 3900 meters. The greatest concentration of scaphopods occurs
between 50 and 250 meters with. 76. 47% of the total number of individuals
collected and with seven species (Dentalium sp "A", Dentalium sp "B",
Dentalium sp "D", Cadulus sp "C", Cadulus californicus, Dentalium
rectius and Dentalium pretiosum) represented. Only two species (Den-
talium sp "E" and Dentalium agassizi) occur exclusively below 1500 meters,
but three other species have ranges extending to 2600 meters (Dentalium
sp "A", Dentalium rectius, Cadulus californicus). The greatest species
diversity occurs from 150 to 250 meters with five forms (Dentalium sp
"B", Dentalium sp "D", Cadulus sp "C" and Cadulus californicus and
Dentalium rectius) occurring there.

Of the nine species of scaphopods that we have collected, four
(Dentalium sp "B", Dentalium sp "D", Cadulus sp "C", and Dentalium
pretiosum) occur exclusively above 250 meters, two exclusively below
1500 meters (Dentalium sp "E", Dentalium agassizi) and three (Dentalium
sp "A", Dentalium rectius and Cadulus californicus) extend from 50 meters
to 2650 meters. Figure 1 summarizes the distribution by depth of each
of the nine species of scaphopods off Oregon as we have collected them.
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THE OCEANIC SHRIMP Sergestes similis OFF THE OREGON COAST

by W. G. Pearcy and Carl A. Forss='_

(This paper has been submitted for publication and the published form
will be included in a future progress report. The abstract of the paper is
included below. )

ABSTRACT: Ser estes similis is the most abundant pelagic shrimp
in modified Subarctic waters off Oregon and the northeastern Pacific.
Off Oregon its distribution changes with season and distance from shore.
Largest numbers were caught in waters over the continental slope in 6-ft.
midwater trawls and one-meter plankton nets. Smallest catches were,
over the shelf and greater than 65 miles offshore. Largest nearshore
catches were made during the winter; largest offshore catches during
the 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, however, suggesting
pulses of spawning in the 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.

*Department of Biology, Walla Walla College, College Place, Washington.
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OPHIUROID ECHINODERMS COLLECTED OFF OREGON

by Michael A. Kyte

Since 1.961 the benthic communities off of Oregon have been sampled
extensively using various methods including otter trawls and dredges.
An important component of these communities is the Ophiuroidea. How-
ever, until 1969 the specimens of Ophiuroids that had been collected had
not been analyzed for species, for bathymetrical distributions, or for
other ecological relationships, some had been analyzed for radionuclides.
The only source for the composition and bathymetrical distribution of the
Ophiuroid fauna was the paper by Astrahantseff and Alton (1965).

I have examined all of the Ophiuroid material in the collections. Ex-
cept for a few specimens that will have to be compared with type material
all of the specimens have been identified. A key to Washington and British
Columbian Ophiuroid species (Kyte, 1969) has been expanded to include
Oregon species. Also, along with a complete species list, a bathymetrical
distribution has been compiled. Both are included with this report.

At least thirty one species in eighteen genera and seven families are
commonly found in Oregon waters. These are distributed from the inter-
tidal to the abyssal areas. Several are restricted to one or two of these
zones while others are found over a large range of depths.

The effect of sediment on the distribution of Ophiuroidea and associ-
ated species is currently being studied by Dr. A. G. Carey, Jr. and my-
self. This study will be finished and the results compiled by the end of
1969. The major paper will give these results and describe new species
of Ophiuroidea. Also, the associations of Ophiuroidea with other benthic
organisms are being studied.

REFERENCES

A strahantseff, S. and M. Alton. 1965. Bathymetric distribution of
brittlestars (Ophiuroidea) collected off the Northern Oregon coast.
J. Fish,Res. Bd., Canada. 22(6): 1407-1424.

Kyte, M. A. 1969. A synopsis and key to the recent Ophiuroidea of
Washington state and Southern British Columbia. J. Fish. Res. Bd. ,
Canada. (In press).
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Species List
(species collected to date by Oregon State University)

Phylum Echinodermata
Subphylum A sterozoa

Class Stelleroidea
Order Phrynophiurida

Suborder Euryalina
Family Asteronychidae

Asteronyx loveni

Family Gorgonocephalidae

Gorgonocephalus caryi

Order Ophiurida
Suborder Chilophiurina

Family Ophiuridae

Amphiophiura superba
Amphiophiura ponderosa
Ophiocten pacificum
Ophiura sarsii
Ophiura lutkeni
Ophiura irrorata
Ophiura bathybia
Ophiura leptoctenia
Ophiomusium lymani
Ophiumusium multispinum
Ophiumusium jolliensis

Suborder Laemophiurina
Family Ophiacanthidae

Ophiacanthella sp.
Ophiol.imna bairdii
Ophiophthalmus normani
Ophiophthalmus cataleimmoida
Ophiophthalmu s eurypoma
Ophiacantha diplasia
Ophiacantha bathybia
Ophiacantha rhachophora
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Suborder Gnathophiurina
Family Ophiactidae

Ophiopholis aculeata
Ophiopholis bakeri
Ophiopholis longispina

Family Amphilepididae

Amphilepis platytata

Family Amphiuridae

Pandelia carchara
Amphiura koreae
Unioplus strongyloplax
Axiognathus squamata
Diamphiodia occidentalis
Amphiodia urtica
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Bathymetrical Distribution
Littoral-
inner sub-
littoral

Outer
sublit-
toral

Upper
bathyal

Lower
bathyal Abyssal

0-50 m 50-200 200-800 800-2000 2000-5000

Diamphiodia occidentalis x
Ophiopholis aculeata x x
Ophiopholis bakeri x x
Ophiura lutkeni x x
Axiognathus squamata x x
Amphiodia urtica x
Ophiacantha diplasia x
Unioplus strongyloplax x
Gorgonocephalus caryi x
Ophiura sarsii x x
Asteronyx loveni x x x x
Ophiophthalmus cataleimmoida x
Ophiopholis longispina x
Amphiophiura ponderosa x x
Ophiomusium jolliensis x x
Amphiura koreae x x x
Ophiophthalmus normani x x x
Ophiura irrorata x
Ophiophthalmus eurypoma x
Amphiophiura superba x
Ophiacanthella sp. x
Ophiomusium lymani x x

Ophiomusium multispinum x x

Ophiacantha bathybia x x

Ophiura leptoctenia x x

Ophiocten pacificum x x
Ophiolimna bairdii x x
Pandelia carchara x x

Ophiacantha rhachophora x x

Ophiura bathybia x
Amphilepis platytata x
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SEVERAL NEW SPECIES OF UROSPORIDAE (Sporozoa: Gregarinida)
FROM THE HEART-URCHIN Brisaster latifrons

by Charles L. Brownell and-James E. McCauley

In 1876 Giard described the first echinoid sporozoan Lithocystis
schneideri from the coelom of the littoral spatangoid sea urchin Echino-
cardium. The black plasmodial masses of degenerate host coelomocytes
which characterize such infections lead Giard to suggest their relation-
ship with certain of the lower plants (Myxomycetes and Chytridineae).
Later authors (Leger, 1896) recognized their similarity to gregarines
of the genus Urospora, established in 1875 by Schneider for a coelomic
parasite of sipunculids.

The several species of Echinocardium gregarines referred to by
Giard simply as "micro-" and "macro spores", were separated by
Pixell-Goodrich (1915) into four species: Lithocystis foliacea, Urospora
neopolitana, U. echinocardii, in addition to the original L. schneideri.
She discovered a fifth species in the coelom of Spatangus: L. microspora.

Pixell-Goodrich distinguished the two genera (Urospora and Litho-
cystis) on the basis of immature stages -- the male gamete of Urospora
bears a flagellum, that of Lithocystis does not. She believed the nature
of the spore tail could also be used to separate the genera Urospora's
tail is filamentous, Lithocystis' is tubular and usually flattened.

Since the publication of Pixell-Goodrich's (1915) work on the grega-
rines of the British spatangoids, Echinocardium and Spatangus, no new
echinoid sporozoans have been reported. Their discovery in Brisaster
from Oregon waters terminates more than 50 years of silence.

In the course of opening over 200 specimens of B. latifrons for a
study of the animal's reproductive periodicity and morphological varia-
tion, I had an opportunity to investigate these unusual parasites. Not a
single individual was found to be free from infection. Some hosts failed
to yield identifiable spores but the remains of phagocytized cysts were
universally present.

By microscopically examining the contents of many cysts (430 at
this time), I have been able to distinguish several distinct types of spores
most of which, I believe, constitute new species. At present these number
seven. They are separable on the basis of the following features: spore
dimensions, tail length, funnel shape, elaborations of the epispore, ar-
rangement of spores inside the cyst, form of the sporozoites, and diameter
of the cyst.

--
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In order to properly assign the new species to their respective
genera, it is necessary to examine the male gametes for the presence of
a flagellum. Since all the spores in any one cyst develop nearly simulta-
neously, one cannot identify gametes by examining a single cyst. By
searching out hosts yielding only one species of spore, I have so far been
able to link two species with their gametes. One belongs to the genus
Lithocystis, the other, Urospora. Descriptions of the new parasites
would be inadequate without the inclusion of several carefully drawn
figures ... which at this time have not been completed.

Whether the host-parasite relationship is one of true parasitism or
commenselism is conjectural. In some hosts I have found large numbers
of what appear to be sporozoites or very young trophozoites encapsulated
by the coelomic epithelium, particularly that of the gonads. Whether
such encapsulations effect gonad development is yet to be investigated.
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GEOGRAPHIC DISTRIBUTION AND RELATIVE ABUNDANCE
OF THE SALPIDAE OFF THE OREGON COAST

by L. T. Hubbard, Jr. and W. G. Pearcy

Salps off Oregon were examined in order to determine their geo-
graphic distribution and their relative abundance. Between July, 1961,
and June, 1964, 317 midwater trawls and 86 one-meter net tows were
made at depths to 200 m at stations ranging from 5 to 165 miles off-
shore along five hydrographic transect lines. Relative abundance and
geographic distribution of salps were variable in time and space and few
distributional patterns were evident. Largest catches occurred in
spring and summer.

Six species of salps were identified from the catches: Helicosalpa
virgula, Iasis zonaria, Salpa fusiformis, Pegea confoederata, Thalia
democratica and Thetys vagina. S. fusiformis and I. zonaria were the
two most common species and were found throughout the year, although
largest numbers usually coincided with the season of upwelling. The
other species appear to be warm water forms whose abundance off
Oregon may be related to wind stress and advection from the south or
west.
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Parabassogigas andis (Gunther), A DEEP-SEA OPHIDIOID
FISH FROM THE NORTHEASTERN PACIFIC OCEAN

by Rodney J. Eagle*

(This paper has been submitted for publication and the published
form will be included in a future progress report. The abstract of the
paper is included below. )

ABSTRACT: The collection of seven specimens of Parabassogigas
grandis (G'unther) off Oregon extends the range of this twice-collected
species to the Northeastern Pacific. Characteristics are described
which were omitted from the original description and a size range from
351 to 1090 mm showed striking size-related differences in eye morphology,
dentition, and gill-arch structure. (JEM)

Laboratory of Radiation Ecology, University of Washington, Seattle,
Washington.
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VARIABILITY IN THE HEART-URCHIN Brisaster latifrons

by Charles L. Brownell and James E. McCauley

Two variants of this common irregular echinoid were described by
Agassiz (1898) under the names Schizaster latifrons and S. townsendi.
McCauley (1967), by analysis of both locally-collected specimens and those
collected elsewhere and deposited in the U. S. National Museum, was un-
able to find a single character that justified distinguishing the two at the
species level. He reduced the latter name to synonomy.

It was noticed by McCauley and Carey (1967) that specimens of B.
latifrons taken from deeper water had slightly larger posterior petals
than those taken from shallower water. In order to confirm and perhaps
elaborate the relationship, a more comprehensive biometric analysis
has been undertaken. In addition to the petal ratio investigated by McCauley
(1967), several other morphological indices were selected, which, taken
together, may provide insight into the patterns of test plate production and
growth relative to such environmental variables as temperature, pressure,
availability of food, and so on.

Brisaster latifrons for the study came from two sources: Oregon
State University cruises made during the period 1961 to 1969 and Albatross
cruises made during the period 1889 to 1905. The latter were made avail-
able by Dr. David L. Pawson of the U. S. National Museum.

To simplify measurement of certain structures the spines were re-
moved and the test was opened by sawing along the ambitus.

Measurements were made' by one of the following methods: vernier
calipers, ocular micrometer, or by simple projection onto a piece of
millimeter-ruled graph paper. The following twelve measurements were
selected for study:

a.
b.

c.

d.

e.
f.

g.
h.

1.

J.

k.

1.

length
width
height
length of petal I
length of petal II
width of petal I
width of ambulacrum III
level of maximum width to posterior
apical system to posterior
separation of the posterior petals
height of the periproct
width of the periproct
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Measurement h was rejected on the basis of irreproducibility, resulting
primarily from the assymetry of many specimens.

By combining the above measurements in various ways the following
nine ratios were obtained. The letter s denotes what is hereafter termed
the "size" of the specimen. It is calculated by taking the cube root of
the product of the dimensions, length, width, and height: abc (Kermack,
1954).

c/a relative height
d/s relative length of petal I
e/s relative length of petal II
f/s relative width of petal I
g/s relative width of ambulacrum III
i/a level of the apical system
j/s relative separation of the posterior petals

.(kl/s relative size of the periproct
e/d ratio of petal II to petal I

Expressing the size of a structure as a ratio eliminates, to a first
approximation, errors resulting from attempting to compare individuals
of different sizes. Additional accuracy requires estimating the relative
growth rates of structures to be compared. Toward this end, allometric
curves for each of the nine ratios were calculated. The curves, fitted by
method of least squares to a quadratic, were then used to correct the
measured ratios of all individuals to an arbitrarily chosen specimen size.

For comparative purposes the specimens from Oregon waters were
separated into four bathymetric zones: lOOm-155m, 200m-245m, 400m-600m,
and 8OOm-840m. These four zones are designated by the numbers 1 through
4, respectively. Following each ratio ranges are arranged in order of
decreasing magnitude based on the means of their values corrected for
allometric growth; e. g. the ratio c/a is greatest in zone 4 and smallest
in zone 2.

Ratio Bathymetric range
c/a 4 1 3 2

d/s 4 3 1 2

e/s 3 4 2 1

f/s 4 3 1 2

g/s 1 2 3 4

i/a 4 3 1 2

j/s 2 1 3 4

kl/ s 3 1 2 4
e/d 2 1 3 4
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In six of the nine ratios listed above, the 200m-245m depth range
yielded values at one extreme -- the 800m-840m depth range yielded
values at the other extreme. Whether this more or less consistent
morphological variation is entirely environmental cannot be conclusively
established with available information.

It is noteworthy that the variant Agassiz (1898) named Schizaster
townsendi is very similar to the specimens taken off Oregon at depths of
about 600m and greater. Characters attributed to latifrons by Agassiz
and later authors (particularly Clark, 1917, and Mortensen, 1951) ap-
pear most frequently in specimens collected at depths of about 400m and
less. The rejection of townsendi as a valid species requires the acceptance
of either or both of two possibilities: (1) The environment in which the
heart-urchin develops exerts a direct and rather precise influence on its
morphology; (2) There exists a number of populations, genetically iso-
lated to varying degrees, but not isolated enough to warrant their re-
tention as separate species. The former can be tested only by carefully
controlled rearing experiments; the latter, only by the acquisition of
much more data on larval development and transport, and a rigorous
definition of terms.

Pelagic larvae have not been recorded, to my knowledge, and the
genetic homogeneity that necessarily accompanies them must, at this
time, remain unproven. The Atlantic form Brisaster frag.ilis reportedly
has pelagic larvae despite the presence of large yolky eggs, which are
normally indicative of echinoderms exhibiting direct development,
(Runnstr8m, 1929). In all probability, the Pacific species will eventually
be shown to possess a pelagic stage as well.

At this time the Albatross specimens are still being analyzed, but
preliminary results indicate the same trends that have appeared in local
collections. Specimens taken from the deepest stations invariably ap-
proach the typical townsendi variant (long, wide posterior petals; narrow
frontal ambulacrum). Off Oregon they are taken in relatively low densities
(0. 2 per meter2) at this depth (McCauley and Carey, 1967); the content
of their intestines is drastically reduced; and the gonads reach only a
fraction of the size typical of specimens from shallower water. Despite
the high organic carbon content of the sediment at depths of about 800m
off Oregon (McCauley and Carey, 1967), the urchins appear to be re-
sponding to some environmental stress, perhaps related to low tempera-
ture conditions.

At the shallow extreme one finds stresses of a different kind. One
station, at 100m, yielded sexually mature, but clearly stunted individuals.
Sediment analysis indicated a high percentage of sand and correspondingly



116

low organic carbon content (McCauley and Carey, 1967) and supplied
reason to suspect a causal relationship.

The source of variability in B. latifrons is certainly not to be
found in a single environmental factor. It is a complex phenomenon,
best studied under controlled laboratory conditions where longitudinal,
rather than cross-sectional growth data might be obtained. Several at-
tempts to procure healthy specimens have been unsuccessful, and definite
conclusions may have to wait until such time.

The preceding discussion is part of a general study on the biology
of B. latifrons, which includes several other problems: reproductive
periodicity, morphology of external appendages and their possible role
in feeding, stomach content analysis, and parasitism.
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SIZE STRUCTURE AND GROWTH RATE OF Euphausia pacifica
OFF THE OREGON COAST

by M. C. Smiles, Jr. and W. G. Pearcy

Changes in the length-frequency distributions of Euphausia pacifica
from meter net collections over a four year period indicated that this
common euphausiid lives for approximately one year. It disappears from
our catches at a size of about 22-24 mm. Based on recruitment of
young, we conclude that spawning is prolonged, extending from June
through December, but generally is most prominent in the autumn
months.

Average growth was calculated to be about 2. 0 mm per month with
growth appearing to be faster during adolescent than older stages.

The population density of Euphausia pacifica was higher at stations
within 25 miles of the coast than farther offshore. Moreover, the pro-
portion of juveniles was much higher inshore, suggesting that spawning
is pronounced inshore.
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DIVERSITY AND SIMILARITY OF BENTHIC POPULATIONS OFF THE
COAST OF OREGON

by Jeffrey M. Stander and Andrew G. Carey, Jr.

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 abundance were also attempted. An impor-
tant 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 epifaura were sampled
with a beam trawl (Carey, 1968). Polychaetous infauna were sampled
with an anchor-box dredge (Carey and Hancock, 1965). The trawls and
dredges taken are listed in Table I.

The diversity index chosen is Simpson's (1949) index; the measures
of similarity and ecological distance are related. These measures are
preferred because of their ease in calculateion and basic simplicity. In
addition these measures may be interpreted as estimates of well-defined
population parameters (as Simpson has pointed out), which have straight-
forward probabilistic interpretation.

Diversity, the degree of unlikeness withina population, is measured
by Simpson's index, 1 X, where X is a measure of concentration, and

Z
1ri = proportion of ithspecies in

total population

Z = total number of species in
population

X represents the probability that two successive random samples of size
1, will produce organisms belonging to the same species. A biased and
unbiased estimator of X is presented.

A similarity measure, P , is the population constant related to the
degree of unlikeness between two populations, and

2
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Table I

Summary of Dredges and Trawls

INVERTEBRATE MACRO-EPIFAUNA: POLYCHAETE INFAUNA:

Station Depth No. of trawls Station Depth No. of dredges

NAD 2 50 3 NAD 11 800 18

NAF 4N 100 3 NAD 12 1000 1

NAF 6N 150 3 NAD 13 1200 1

NAD 8 200 2 NAD 14 1400 3

NAD 11 800 3 NAD 15 1600 2

Total 14 NAD 16 1800 1

NAD 17 2000 2

NAD 18 2200 1

NAD 19 2400 1

NAD 21 2800 7

NAD 22 2800 4

NAD 22A 2860 2

NAD 23 2900 1

NAD 24 2800 1

Total 45
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Z

F 12 ji'= 1'1i T12i

ifli = proportion of ith species in
first population

IT2i = proportion of .ith species
in second population

The /0 12 represents the probability that two successive random samples
of size 1, one from the first population and one from the second will
produce organisms belonging to the same species.

Ecological distance is defined as "the square root of the sum of the
squared differences between the measures of each species", (McIntosh,
196 7 ). It is not only a function of the similarity between them, but also
of the diversity within each one. Thus

Z
Distance

12 it (li

=
Xl+ X2 - 2 12

where X. = concentration measure of population
i (j = 1, 2)

A two-species, two-dimensional graphical analogy is presented for
diversity and distance which is easily generalized to n-species and n-
dimensions.

We believe that a valid measure of diversity is one piece of relevant
information necessary for elucidating the sufficient parameters of eco-
logical systems. Therefore, the methodology presented has broad appli-
cation to studies of population structure.
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GROWTH AND REPRODUCTION OF A LANTERNFISH*

by William W. Smoker

Stenobrachius (Lampanyctus) leucopsarus (Eigenmann and Eigenmann),
the most abundant of the mesopelagic myctophid fishes in the northeast
Pacific, has been shown to be about 29 mm in standard length at age I,.
44 mm at age II, 57 mm at age III, and 76 mm at age IV, by utilizing
otolith rings to establish age. Using length frequency data from col-
lections made between 1961 and 1967, size classes and size class means
were determined by probability paper techniques.

According to the von Bertalanffy growth curve the rate of change
of length in time is proportional to the difference between the length of
the fish at a given time and the maximum possible length (that at which
the growth curve closely approaches its asymptote. ) The constant of
proportionality is given by K, i. e. the rate at which length reaches the
asymptote. Using non-linear-curve-fitting the size class means were
fitted to this curve: the asymptotic length of S. leucopsarus is estimated
to be 125 mm (S. E. = 13. 7) and the monthly rate K is estimated to be
0. 02 (S. E. = 0. 004). The length frequencies of age groups determined
by otolith examination correspond well to this curve.

Seasonality of reproduction is indicated by the annually cyclic
appearance of recruits (20-25 mm fish) in the midwater trawl samples
examined; recruits constitute their greatest proportion of the samples in
early winter. Seasonality of larval abundance cannot be shown well in
trawl samples. I intend to examine ovaries for seasonal patterns in
maturity.

*Supervised by Dr. Pearcy
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SOUND SCATTERING BY MARINE ORGANISMS IN THE
NORTHEASTERN PACIFIC OCEAN

by H. A. Donaldson and W. G. Pearcy

Temporal and spatial variations in the depth, thickness, and vertical
movement of scattering layers were studied in waters off Oregon.

Usually one or two layers migrated toward the surface at dusk and
descended into deeper water at dawn. Reflectors migrated between the
upper scattering layer and the surface during twilight periods. Although
individual scattering layers migrated at a fairly constant rate during a
single twilight period, rates of ascent and descent varied from day to
day. Average rates were 2-3m/min.

The top of the scattering layer averaged 40m during the night and
varied between 50-245m at night. The bottom of the deepest recorded
layer was 450m.

The thickness of the scattering layers in the water column, regard-
less of intensity, was usually greater during day than night and greater
over the continental slope than abyssal depths. In some years it was
greater during the summer than other seasons.

Euphausiid biomass and thickness of scattering were positively cor-
related while copepods, fishes, shrimps, and squids were poorly cor-
related with the thickness of the layers. On a cruise between Hawaii
and Alaska, Central Waters had large amounts of scattering but low mid-
water trawl catches, Transitional Waters had high intensity scattering
layers and high biomass, and Subarctic Waters had very reduced scat-
tering layers but high biomass.
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VERTICAL MIGRATION OF Pandalus jordani:
A FEEDING AND DISPERSING M ECriA NISM

by William G. Pearcy

(This paper has been submitted for publication and the published
form will be included in a future progress report. The abstract of the
paper is included below.

ABSTRACT: Pandalus jordani, 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 same stations during seven 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.
Vertical migration is postulated as an evolutionary adaptation to alleviate
competition for food and to enhance dispersal of shrimp at high population
densities.
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THE FEEDING HABITS OF THREE SPECIES OF LANTERNFISHES
(Myctophidae) OFF CENTRAL OREGON

by H. R. Tyler

The feeding habits of the lanternfishes Tarletonbean.ia crenularis,
Diaphus theta and Stenobrachius leucopsarus were studied by analyzing
1, 735 stomachs from 54 collections taken from 1961 through 1967 in the
slope waters off Newport, Oregon.

Forty-three taxa of food items were identified. Euphausiids
(Euphausia pacifica), copepods (Calanus _pp. and Metridia spp. ) and
amphipods (Parathemisto pacifica) were the most common food items in
the three fishes. Copepods were numerically most abundant, but euphau
siids made up most of the biomass and accounted for most of the identifiable
food in 41% of the T. crenularis, 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
were found in 1% of the D. theta, 20% of the T. crenularis and 24% of
the S. leucopsarus collected at night.

Limited data suggest that during the winter 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 and state of digestion during the night,
morning and afternoon indicated that most of the lanternfishes fed pri-
marily at night in the upper 200 meters, with some morning and after-
noon feeding.

Comparisons of stomach contents with catches of plankton suggested
that euphausiids, copepods and amphipods were selected as prey over
medusae, larval fish and shrimp.

Supervised by Dr. Pearcy
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FEEDING HABITS OF BENTHIC FISHES

by David Stein

The stomach contents of 1283 individuals of 21 species of fishes in
eleven families were examined. Due to the lack of specimens in some
species, only four of these species provided sufficient data for valid con-
clusions about their feeding habits. Many of the fish contained more than
one type of food, so that the total number of fish in each food category
does not reflect the total number of fish examined.

Both Lyopsetta exilis and Glyptocephalus zachirus (Pleuronectidae)
feed on a large variety of prey, although Lyopsetta eats primarily crusta-
ceans and Glyptocephalus primarily polychaetes. A zoarcid, Aprodon
cortezianus, contained many bivalves and much sediment, suggesting
simultaneous ingestion of both materials. The only agonid examined,
Xenopyxis latifrons, ate primarily crustaceans, mainly crabs and shrimps.

The stomachs of many fish contained no food; some species were
predominantly empty (Anoplopoma fimbria, Chalinura filifera, Chalinura
serrula, Nernatonuris longifilis, Sebastodes elongatus, and Sebastodes
crameri). One possible explanation for this phenomenon is regurgitation
upon capture. These are deep water or relatively deep water species.
Often their stomachs are everted due to expansion of the air bladder
caused by the change in pressure resulting from retrieving the net.
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Sebastodes flavidus, A SHELF ROCKFISH FEEDING ON
MESOPELAGIC FAUNA, WITH CONSIDERATION OF THE

ECOLOGICAL IMPLICATION

by Walter T. Pereyra-, William G. Pearcy, and Forrest E. Carvey, Jr

(This paper has been submitted for publication and the published
form will be included in a future progress report. The abstract of the
paper is included below. )

ABSTRACT: 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.

-Exploratory Fishing and Gear Research Base, U. S. Bureau of Commercial
Fisheries, Seattle, Washington, 98102.
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PLANKTON AND NUTRIENT ECOLOGY OF THE
COLUMBIA RIVER ESTUARY

by Lois Haertel

Monthly samples of oxygen, nutrients, phytoplankton, and zooplank-
ton were taken in the Columbia River estuary from 26 April 1967 to
26 August 1968. Samples were taken at surface and at 10 m at stations
spaced throughout. the estuary in. order to sample a wide range of salini-
ties in both the north and south channels. Samples were analyzed for
distribution with season, salinity and depth. Interrelationships between
plankton and nutrients were examined.

Figure 1 compares some of the data obtained in this study with three
previous years of data for the major zooplankter of the estuary, Eurytemora
affinis. The values for zooplankton (principally Eurytemora), phosphate
and phytoplankton for 1967-1968 are particularly interesting. Zooplankton
excretion of essential phytoplankton nutrients (phosphate and ammonia-
nitrogen) has been discussed by many authors (Harris, 1959; Ketchum,
1962; Pomeroy et al. , 1963; Martin, 1965, 1968). Although ammonia
was not measured in this study, comparison of phosphate and zooplankton
levels during the phytoplankton growing season (April-September) in 1967
and 1968 indicates a strong potential for zooplankton control of phosphate
levels. Linear regression analysis of zooplankton vs. phosphate during
this time gives a strong correlation coefficient (r = .90). Direct evi-
dence does not exist for phosphate limitation of phytoplankton abundance.
However, the good correlation between the time sequences of zooplankton,
phosphate and phytoplankton increases and decreases, particularly during
1967 (Figure 1) suggests this to be a strong possiblity, and certainly
worth further investigation.
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ECOLOGY AND RADIOECOLOGY OF BENTHIC ANIMALS

by A.G. Carey, Jr.

The major objectives of the ecological and radioecological research
sponsored by the U. S. Atomic Energy Commission on the benthic fauna
and their environment includes: (1) the definition of the species composition,
distribution, and abundance of benthic invertebrates, particularly the
large epifauna; (2) the clarification of certain interactions of the fauna
with its environment; and (3) the elucidation of the role played by the
benthic invertebrate fauna in the concentration, transport, and cycling
of certain elements that are radioecologically important in the northeast
Pacific Ocean off Oregon.

Benthic samples were collected on five cruises during this report
period. Thirty-four otter trawl, 75 beam trawl, 273 Smith-McIntyre
grab, 178 Fjarlie bottle bottom water, and 13 multiple core samples
were taken. Standard stations on three station lines (Newport, 44°39',
Tillamook Head 45°57', and 200-meter contour between these lines)
were sampled seasonally for further definition of the distribution and con-
centration of certain radionuclides and their stable isotopes in the benthic
environment in space and time. Sampling on a new station line (125°35. 0'
W longitude) along the axis of Cascadia Abyssal Plain was initiated in
January 1969 to define the fauna and its ecology and radioecology. Stations
have been located at twenty mile intervals.

The three-meter beam trawl has been used to obtain quantitative
samples of the epibenthos along the CP-1 (Cascadia Plain-1) Station
Line. A redesign of the distance counting wheels has improved the relia-
bility and lessened maintenance; aluminum wheels two meters in circum-
ference have been constructed.

A Kulm-Fowler multiple core (Kulm and Fowler, 1966) has been
utilized to obtain undisturbed samples of sediment from Cascadia Plain,
for study of gamma-emitting radioisotopes and organic materials. The
five cores obtained at each lowering are extruded and cut in sections for
determination of these features with depth of sediment. The unconsolidated
flocculent layer on the sedimentary surface is swirled off prior to extruding.

The Smith-McIntyre grab equipped with a Fjarlie water bottle and a
small pinger (Carey and Paul, 1968) has been used routinely to collect
environmental data, and sediment samples (i. e. top 1 cm. ) for radio-
analysis.



131

During this report period, the detailed seasonal study of radionuclides
in the benthic environment over a broad depth range has been concluded,
and a new project in the ecology and radioecology of the Cascadia Abyssal
Plain fauna has been initiated.

A. Seasonal sampling at fourteen stations spaced on the Newport,
Tillamook Head, and 200-meter contour lines was concluded after the
October, 1968, Benthos Cruise. The objectives of this segment of the
AEC sponsored research are: (1) to define the distribution and concen-
tration of radionuclides in the fauna in space and time and (2) to define
the cycling of elements in the bottom environment at various depths and
distances from the Columbia River mouth.

Analyses of these data are underway. Distribution and concentration
of radionuclides in the echinoderm fauna with depth and distance have
already been reported (Carey, Pearcy and Osterberg, 1966; Carey, 1969).
The seasonal data are now being analyzed and only preliminary results
can be indicated. Further study of the data by statistical means is
necessary before firm conclusions can be drawn. Graphic analysis indi-
cates that there are seasonal changes in the levels of 65Zn in the fauna
from 50 to 2800 m depth. These changes are much less intense in the
deep fauna and occur later in the year. When specific activity data are
available more insight will be gained into average rates of movement of
elements from shallow to deep water and from the river mouth to off-
shore bottom environments.

Characteristic shelf and plain stations have been,and will be, sampled
to provide continuous coverage of seasonal changes and to allow continued
research on the benthic food web. Demersal fish food sources have been
continued in cooperation with Dr. Pearcy.

B. The Cascadia Plain ecological and radioecological study was
initiated with the January, 1969, Benthic cruise. Quantitative samples
of large epifauna were obtained with the 3-meter beam trawl and sediment
samples with a 5-barrel multiple phleger-type corer. The first station
line CP-1 has been sampled on two cruises at twenty mile intervals. The
samples are being processed; preliminary observations indicate larger
populations of animals closer to the Columbia River. Whether these
changes are caused by effects of the river or a decrease in depth is not
clear at the present time.

Radioanalysis and trace element analyses of sediments from the
stations are underway. Sediments from depth within the cores including
the unconsolidated surface floc is being studied. These attempts to de-
fine 65Zn and other gamma-emitting radionuclides in the benthic environment
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are being undertaken with the cooperation of the radiochemists. Estimates
of organic materials with sediment depth and distance from the river are
being determined by organic carbon (e. g. Gross et al. unpublished) and
organic nitrogen analyses.

Radio- and trace element analyses of bottom water are underway
to provide fuller coverage of the environmental levels of the elements
and their radioisotopes.
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RADIOECOLOGY OF BENTHIC FISHES*

by H. A. Vanderploeg

Benthic fishes constitute a significant portion of the benthic com-
munity and are of direct economic importance. They are often top
carnivores in the food chain. Moreover, some species migrate into the
water column to feed on pelagic organisms. This study, a continuation
of an earlier one, examines the zinc-65 radioecology of benthic fishes
caught off Oregon. Earlier, emphasis was placed on differences among
species in zinc radioecology as it related to depth and season. The pur-
pose of this study is to elucidate variations in specific activity of zinc-65
of benthic fishes caught at a single depth as it relates to season, distance
from the Columbia River, and species' ecology.

Fishes were collected in a 7 m semi-balloon shrimp trawl from
stations off the central Oregon coast from July, 1967, to October, 1968.

One set of stations was located along the 200 m contour on and be-
tween the Tillamook Head (TH) and Newport (NH) station lines. Stations
TH-23 and TH-28 were the 200 m stations located 23 and 28 nautical
miles from shore on the Tillamook Head Line. NH-25 was the 200 m
station (25 nmi from shore) sampled on the Newport Line. The Tillamook
Head and Newport Lines originate, respectively, 34 and 181 km south of
the Columbia River. Stations A, B, and C lie between them as shown in
Figure 1. Deep samples were collected at the 2, 300 m-deep TH-72 and
2, 800 m-deep NH-65 stations.

126° 124 122°

'COLUMBIA RIVER

460

450

Supervised by Dr. Pearcy.
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Fishes were sorted from the trawl samples and frozen. In the
laboratory, ashore, they were identified and measured. Stomach con-
tents were removed, and the stomach washed before further processing.
Stomach contents, or subsamples thereof, were identified immediately
or preserved for later identification. If enough stomach contents were
present, they were also analyzed for stable and radio-zinc. It was felt
that the removal of stomach contents would eliminate part of the vari-
ability in specific activities of 65Zn observed among individuals of the
same species. Also a knowledge of food habits is necessary to explain
65Zn specific activity differences among different species.

Each sample for analysis consisted of a single species of whole
fish minus the stomach contents. To provide enough material for radio-
analysis, several individuals often constituted one sample. Samples,
were dried at 65° C to a constant wei ght, ashed at 450° C in a muffle
furnace, ground with a-mortar and pestle and packed into 13 cc plastic
tubes. A total of 83 samples were analyzed both by gamma-ray and atomic
absorption spectrometry. Picocuries of 65Zn and µg of total Zn were cal-
culated for each gram of ash-free dry weight. From these values specific
activity was calculated.

Specific activities of the fishes caught at 200 m are listed in Table 1
for each species by date and station of collection. The species are listed
in descending order of average specific activities for the period. Table 2
shows data for the two deeper stations.

At the 200 m stations, no consistent trend in specific activity can
be discerned, relative to distance from the Columbia River or to season.
That no trend is observed can in part be due to insufficient data. Data
for this period are still being compiled. However,Lyopsetta, for which
we have the most data, a seasonal trend was also absent for the reported
period. During January, 1968, no significant difference (P 7. 2) existed
between the specific activities for the two most widely separated 200-meter
stations, TH-23 and NH-25. In addition, there was no significant dif-
ference between specific activities (P>. 2) of Lyopsetta caught in July,
1967, and in January, 1968. Sebastolobus altivelis shows almost a con-
stant specific activity, regardless of station location or date. On the
other hand, species like Aprodon cortezianus, Xenopytix latifrons, and
Microstomus pacificus showed station or seasonal differences, but the
paucity of data in these species and/or lack of consistent trends prevents
generalization. Furthermore, no significant difference in specific acti-
vities was found between NH-65 and TH-72 for either Chalinura serrula
(P > . 2) or C. filifera (P >. 1). Moreover, the standard deviations for
the average specific activities of all species are as small or smaller than
the standard deviations of individuals collected at a particular station
in a given month.
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Table 1. Stable zinc and specific activity for species of benthic fishes
captured at 200 m off Oregon. Values in parentheses are average specific
activities and their standard deviations calculated from the means for
each station and date combination listed for each species.

Station Date N Zn Specific Activity
(µg/g) OII µCi65Zn/g Zn

A

Thaleichthys pacificus(0. 18 ± 0. 01)

Jan68 1 34. 1 ---- .19
Jan68 1 37.2 ---- .18

Lyopsetta exilis
TH-23 Jul67 1 59. 1 ----
TH-23 Jan68 8 62.9 5.7
TH-23 Apr63 1 68.0 ----
A Oct67 2 61.7
B Oct67 1 b1.3
C Jan68 2 48. 1
NH-25 Jul67 5 70. 2
NH-25 Jan68 9 55.9
NH-25 Oct68 2 57. 1

2. 6

21. 9
6. 3
9. 8
3. 1

0.12±0.03)
. 12 ----
.11 .02
17 ----
12 .04

. 13 ----

.13 .08

.08 .04
11 . 02

.07 .00

Sebastodes helvomaculatus (0. 11 ± 0. 01)

TH-28 Ju167 2 59. 2 0.8 . 11

Aprodon cortezianus (0. 10 + 0. 03)
A Jan68 1 165
A Apr68 2 154
B Jan68 1 122

--- 13
7.8 .07
---- 09

Xenopytix latifrons (0. 10 f 0. 02)
TH-28 Ju167 1 72. 0 ---- 09
A Oct67 1 92. 2 ---- 13
A Apr68 1 77.4 ---- 11

B Oct67 1 75.8 ---- . 10
B Jan68 1 82.5 ---- .08
NH-25 Oct67 2 65. 3 0. 1 .13
NH-25 Apr68 1 58.4 ---- 10
NH-25 Oct68 1 62.9 ---- .06

.01

. 02

B
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Table 1. (cont. )

Station Date N Zn Specific Activity
(µ ) 4Ci65Zn/g Zn

Sebastodes cramerii (0. 09 ± 0. 04)

B Jan68 1 60.4 ---- . 12
C Jan68 1 58.2 ---- . 11

N1-f-25 Oct68 1 71. 6 ---- 04

Sebastodes elongatus (0. 09 ± 0. 00)

B Jan67 1 62.1 ---- . 09
C Oct67 1 64. 2 ---- . 09

Microstomus pacificus (0. 08 f 0. 06)

TH-28 Ju167 1 57. 1 ---- . 03
A Apr68 1 44.6 ---- .06
B Oct67 1 47. 2 ---- .06
C Oct67 2 46. 6 2. 8 . 16 . 17

Gyptoce p halus zachirus (0. 08 ± 0. 02)

TH=28 Ju167 1 50. 1 ---- .06 ---
A Jan68 2 ---- --- .09 ---
A Apr68 2 102 42. 5 . 10 .01
B Jan68 2 70. 0 17. 7 . 08 .03
NH-25 Oct68 2 58. 2 5. 6 .06 . 02

Sebastolobus altivelis (0. 08 ± 0. 01)

TH-25 Oct67 1 49. 3 ---- . 10

TH-28 Ju167 1 75. 0 ---- . 09
A Apr68 1 39. 2 ---- .07
B Oct67 1 62.7 ---- . 09

C Oct67 1 56.6 ---- .08
NH-25 Ju167 1 63.6 ---- .06
NH-25 Oct67 2 58. 7 6. 8 .08

Raja stellulata (0. 04 f 0. 01)
TH-28 Ju167 1 37. 5 ---- .05
NH-25 Ju167 1 33.6 ---- .04

. 03
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Table 1. (cont. )

Station Date N Zn Specific Activity
(µg/g) GF- I.LCi 65Zn/g Zn

Icelinus filametosis (0. 04)
TH-28 Ju167 1 44.8 ---- .04

Polistrotrema stouti (0. 02 + 0. 02)
TH-28 Ju167 1 --- ---- .01
B Jan68 1 41.3 ---- .04
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Table II. Stable zinc per gram ash per dry weight and specific activities
by month and station for species of benthic fishes caught at 2300 or 2800m
off Oregon.

Station Date N Zn
(µ1 CT-

Specific Activity
µCi 65Zn/g Zn Cr

Chalinura filifera (0. 010 f 0. 004)

NH-65 Oct67 2 55.4 20.7 .013 .0037
NH-65 Jan67 1 66. 1 ---- 014 ----
TH-72 Ju167 3 68.3 21. 1 .0089 . 0059
TH-72 Apr68 1 37.4 ---- .0049 ----

Chalinura acrolepsis(0. 0041)

TH-72 Apr68 1 86. 1 ---- . 0041

Chalinura serrula (0. 0095 * 0. 0084)

NH-65 Jul67 2 65.6 26. 8 022 .0025
NH-65 Jan68 1 57. 2 ----- .0044
TH-72 Jul67 2 82. 2 6. 7 .0068 .0074
TH-72 Apr68 1 73. 1 ---- . 013 ----
NH-350 Mar67 1 88. 7 ---- .0009 ----

Antimora rostrata (0. 0056 ± 0. 0044)

TH-72 Ju167 1 107 ---- .0024
TH-72 Ju168 1 48. 1 ---- .0087

Nematonurus longifilis (0. 0051 + 0. 0005)

NH-65 Ju167 1 105 ---- . 0051
NH-65 Oct67 1 112 ---- .0059
TH-72 Apr68 1 94.1 ---- .0043
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Apparent specific activity differences exist among the species of
benthic fishes. If all the data for each species are considered, significant
differences in specific activity at the one-percent level can be demonstrated
between several species pairs. However, because the data are incomplete,
strict comparisons between species for specific dates and stations are not
yet possible.

Assuming that all zinc enters the fishes through the food chain, the
specific activity of the fishes is then mostly influenced by their zinc turn-
over rates and the specific activities of their prey. It follows that a de-
crease in specific activity is expected with ascent through trophic levels.
Explanation of certain differences among species are then evident. The
hagfish (Polistrotrena stouti) a predator of larger fishes, probably exhibits
a low specific activity (See also our 1967 progress report for more data)
because of its high trophic-level rank. Lyopsetta, the slender sole,
possibly exhibits a relatively high specific activity because of its frequent
ascents into the water column to feed on euphausiids and other pelagic
crustaceans with high specific activities. Since stomach contents have
not yet been carefully worked over, other generalizations are pending.

Besides affecting specific activity differences among species, food
habits may influence the specific activity of some species as it relates
to season and location. For example, Lyopsetta, as stated previously,
does not show seasonal or locational trends. This may be a result of
its integration of specific activities of prey both from the bottom and from
the water column. There is no reason to believe the specific activities
of benthic prey should be in phase with specific activities of pelagic prey
with regard to season or location. Evidence compiled to date suggests
that locational trends in specific activity of pelagic organisms are highly
variable with season (Osterberg et al. , 1964), whereas this variability
is probably not observed for the benthos (Carey, 1967). In addition,
seasonality has been demonstrated for epi-pelagic organisms, but not for
deeper ones (Pearcy and Osterberg, 1967).

Migration is another factor which must be considered in explaining
lack of trend with season and station. Migration might also explain the
great differences observed in specific activity among members of the
same species.

The relative constancy in some of the species specific activities as
related to season may prove useful in estimating uptake and excretion
rates of zinc. However, the specific activities of the fishes' prey must
also be constant over long periods before the necessary equilibrium model
can be applied to the fish and prey data.
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Neither seasonal nor locational trends in specific activity are clear
for any of the species studied. This may be caused by food or migratory
habits of some species, but, again, there is not yet sufficient data to
substantiate any conclusive interpretations.

The apparent differences in specific activities among species are
thought to result from differences in species diets and turnover rates.

More information is being compiled on the fishes' specific activities.
Stomach contents will soon be analyzed. After this new information is
studied, perhaps clearer relationships can be established. The data may
possible prove useful to estimate zinc uptake and excretion. rates.
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TRACE ELEMENT CHARACTERIZATION OF PHYTOPLANKTON

by Hal Stanford, John Pequegnat, William O. Forster and Larry Small

Use of a special netting and pumping procedure have made it pos-
sible to obtain pure phytoplankton samples from the coast of Oregon.
Identification and preserving of the samples carried out at sea with
subsequent ashing and then acid digestion in the laboratory places
samples in a form suitable for analysis by atomic absorption spectro-
metry. Determination of several biologically important trace elements
(Cr, Mn, Fe, Co, Ni, Cu, Zr; Sn, Au, and Pb) has been made and cor-
relation of this data with species and season is in progress. In addition
to comparison of metal concentrations with standards, a single standard
addition technique has been used for some elements in order to evaluate
the matrix effects. More extensive studies on the zinc content of phyto-
plankton, using standard additions are planned.
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TRACE ELEMENT COMPOSITION OF
NORTHEASTERN PACIFIC FORAMINIFERA

by William O. Forster and Gerald A. Fowler

The most abundant microscopic animals covering the abyssal sedi-
ments in all the oceans are the foraminifera (forams). Although they
are now frequently used for dating and environmental analysis, little
data are available on the trace element composition of these animals.
Although this study was initiated to determine the variability that exists
in unsorted planktonic forams that had been seived through a 62µ mesh,
an interesting chemical relationship was examined. This is shown in
Fig. 1 by a log plot of the abundances of the elements studied here ver-
sus the atomic number (Z) all compared to abundance in seawater. The
usual pattern of a decrease in abundance with increasing atomic number
is shown in both matrices along with the alternate high/low concentrations
of neighboring elements. The high concentrations always being the even
atomic numbers. It was noticed that if the elements were normalized to
the least abundant in both seawater and forams, cobalt, there is a regular
increasing order of selectivity starting with manganese and continuing
through copper. The forams show an apparent pre-ference for cobalt above
all other elements and that secondarily there is an obvious decrease in
preference as the atomic number increases. This can be seen better from
Table I. Even though calcium is a major constituent of organisms, it
appears to be highly selected against by the forams, about the same as
copper is. The most abundant element in seawater, magnesium, is most
selected against by the forams. Its concentration in forams is equivalent
to an element a million times less concentrated in seawater, which is
equivalent to Cu, Ni, or Mn in seawater. A surprising relationship
shows zinc in an intermediate position to nickel and copper in selectivity
by the forams. Neither nickel or copper have been found to be essential
trace elements in forams while zinc is a basic metabolite for most organ-
isms. Iron and manganese are concentrated to the same extent in forams
but both are much less concentrated than cobalt is.
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Table I

The Relative Concentration Factors of Trace Elements in Forams and Seawater

Element Z Log Concentration
Seawater (ppm)

Seawater Concentration
Normalized to Co C 1. 1

Log Concentration
Foram (ppm)

Concentration Factors
Forams/Seawater

Mg 12 3. 2 9. 0 2. 5 0. 28

Ca 20 2. 6 8. 4 5. 4 0. 64

Mn 25 -3.3 2.5 2.3 0.92

Fe 26 -2.0 3.8 3.5 0.92

Co 27 -4.7 = 1 . 1 1 . 1 = l . 0

Ni 28 -3.3 2.5 1.9 0.76

Cu 29 -3.5 2.3 1.5 0.65

Zn 30 -2.0 3.8 2.7 0.71
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RELATION OF THE CALCITIC Ca: Mg RATIO TO
ENVIRONMENTAL PARAMETERS OF Allocentrotus fragilis

by James L. Sumich and James E. McCauley

Previous analyses of the Mg++ content of calcareous marine organ-
isms (Chave, 1954, for example) have shown a direct correlation of Mg++
content of calcareous parts with sea water temperature; but the large
variability reported is not adequately explained by water temperature alone.
This study was undertaken to determine the variation of the Mg++ content
of the spine calcite of one species of regular echinoid. Allocentrotus
fragilis was chosen for this study because of its extensive depth range
of 800 meters. The spines of only one species were analysed to eliminate
possible phylogenetic variability inherent in previous studies, and only
spines were used to eliminate differences between tissues in the same
animal.

Samples of A, fra ilis were obtained from the continental shelf and
slope areas off the Oregon Coast from 1962 to 1967 as part of a benthic
sampling program. Preservation was with buffered formalin.

Primary and secondary spines of A. fragilis were removed, soaked
in bleach to remove organics, dissolved in concentrated HC1, then diluted
to a measurable concentration with distilled water. The relative concen-
trations of Ca++ and Mg++ were determined using flame spectrophotometry
(wavelength settings: 422.7mµ for Ca++; 371. 0 mµ for Mg++). The
Ca: Mg ratio was then computed, thus simplifying the procedure by elimi-
nating the necessity for accurate weighing and diluting of the samples.

Spines from 120 A. fragilis were analysed for Ca++ and Mg++. The
Ca: Mg values obtained ranged from 9. 0 to 21. 4. Assuming MgCO3 was
the sole source of Mg++, the MgCO3 fraction of the calcite varied from
less than 5% to 10%. The Ca: Mg values generally decreased with in-
creasing depth (see graph below; regression line fit by least squares).



146

.

.

.

.

8- a ,

0 200 400 600 800
VARIATION OF CALCITIC CO: Mg OF A.

FRAGILIS SPINES WITH DEPTH (M.)

Contrary to previous results (Chave, 1954) the Mg++ content of the
spine calcite did not decrease with decreasing water temperature (in-
creasing depth) over the existing temperature range of about 5° C. As
this temperature range was comparatively narrow, possible correlations
of other environmental parameters with calcitic Mg++ content were examined.

Salinity was rejected as a possible factor due to its small variability
over the depth range.

The dissolution effects of increased hydrostatic pressure on carbo-
nates were considered. A s CaCO3 has a greater free energy of formation
than does MgCO3 (-269. 8 and -246. 0 kcal. /mole; Riley and Skirrow, 1965),
MgCO3 could be differentially enriched under conditions of partial dis-
solution at greater depths.

The dissolved oxygen content of the bottom water in the area sampled
steadily decreases from 6-7 ml/l at the surface to less than 0. 5 ml/l at 800 meter
meters. Although no oxygen consumption values are presently available
for A. fragilis, values reported by Florey (1966) for the closely related
Strongylocentrotus indicate that occasional anaerobiosis may occur at the
oxygen minimum level (800 meters). Dissolution of calcareous skeletal
parts of marine organisms to buffer products of anaerobiosis has been
reported (Hoar, 1966; Dugal, 1939). The occurance of calcite dissolu-
tion in response to anaerobiosis of A. fragilis at greater depths could
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cause effective enrichment of calcitic MgC03 similar to that resulting
from dissolution caused by increased hydrostatic pressure.

Because of the wide statistical variation obtained, these analyses
will be repeated using atomic absorption spectrophotometry. A parallel
analysis of the calcite of another sea urchin having an extensive depth
range, Brisaster latifrons, is also planned.
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PHOSPHORUS TURNOVER IN THE STARRY FLOUNDER
(Platichtys stellatus)

by G. P. Romberg, W. C. Renfro and W. O. Forster

Phosphorus-32, present in the Columbia River and originating from
the Hanford Atomic Works, was used as a tracer to study phosphorus turn-
over in starry flounder. A chemical extraction technique concentrated
phosphorus for radioanalysis and was adapted to allow the calculation of
32P specific activity based on precipitate weight. Three methods for
determining the biological half-life of phosphorus were attempted. Ac-
cumulation and retention studies proved to be unsuccessful. Specific
activity and food studies however, indicate that there may be a marked
difference in the phosphorus biological half-life for two age groups of
starry flounder.

Because phosphorus is accumulated through food, the concentration
of 32P in an organism is dependent on both the concentration of 32P in
the food and the turnover rate of phosphorus in the consumer. For an
equilibrium condition; Foster (1959) gives the corresponding mathemati-
cal relationship which is rearranged to yield TB/2 = Tp/2 [ (Cs/ Cn)-1]
where TB/2 = the biological half-life of phosphorus, TP/2 = the physical
half-life of 32P, Cs = a representative 32P specific activity of the food
consumed, and Cn = the 32P specific activity of the consumer. Calcula-
tions using experimental data yield a biological half-life of 7. 13 days for
the zero year class flounder and 55. 2 days for the one year class.

During the summer when starry flounder were actively feeding and
growing the 32P specific activities were as high as 170 pCi 32P/gm P
and 36. 7 pCi 32P/gmP for the zero and one year age groups respectively.
In the winter when the fish were not eating or growing, the 32P concentra-
tion was found to drop considerably resulting in 32P specific activities ap-
proaching zero. This further substantiates the belief that the primary
method of 32P accumulation is by consumption of radioactive food.
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SEASONAL UPTAKE, RETENTION AND CONCENTRATION OF
PHOSPHORUS-32 IN JUVENILE STARRY FLOUNDER

by John Bolen, William O. Forster and William C. Renfro

A study has been initiated to determine seasonal uptake, retention
and concentration of phosphorus-32 in the first year class of starry
flounder (Platichthys stellatus). Because of the great affinity of organisms
for phosphorus, phosphorus-32 is probably the most biologically impor-
tant radionuclide present in the Columbia River system from the Hanford
reactors, and some knowledge of its environmental behavior is therefore
desirable.

Accumulation studies will be carried out four times during the coming
year (i. e. fall, winter, spring and summer) by introducing non-radioactive
starry flounder from Yaquina Bay into Alder Slough, a small water body
connected to the Columbia River Estuary. The flounder will be slowly
acclimated to water of Alder Slough salinity and contained in a cage. Re-
tention experiments will be performed concommitantly by transfering
starry flounder from the Columbia River system to a comparable but non-
radioactive Yaquina Bay environment. Flounder, prey organisms and
water in Alder Slough will be radioanalyzed for approximately one year
in order to examine (1) temporal and seasonal changes and (2) relation-
ships of 32P activity concentrations in prey organisms and water to those
in the flounder.

Samples will be analyzed for both radioactive and stable phosphorus.
Phosphorus-32 will be chemically separated from environmental media,
precipitated as magnesium ammonium phosphate and beta counted with
a silicon surface barrier detector. Stable phosphorus will be determined
gravimetrically and colorimetrically.
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UPTAKE OF 32P AND 65Zn BY YOUNG CHINOOK SALMON IN THE
COLUMBIA RIVER

by G. P. Romberg and W. C. Renfro

An unusual opportunity to study uptake of radioactivity in fingerling
chinook slamon recently occurred when a large number of marked fish
were released from a hatchery at Ringold, Washington. On May 12, 1969,
at approximately 2100 hours, 200, 000 cold branded chinook salmon from
6. 5-10. 5 cm long were released to the Columbia River 22 km downstream
from the Hanford reactors. Some of these marked fish were collected at
The Dalles Dam by biologists of the Bureau of Commercial Fisheries as
they dipped the gate wells. Samples of five fish were taken approximately
weekly at The Dalles, placed in plastic bottles containing 10% formalin,
and mailed to Corvallis, Oregon, where they were analyzed for 32P
specific activity and 65Zn concentration. For a background level, fish taken
directly from the hatchery pond were mailed to Corvallis and analyzed.

The 32P specific activity in fish taken at The Dalles Dam is shown
in Figure 1. The 65Zn concentration for the same fish is shown in Figure
2. Although the 32P specific appears to be approaching a constant value
at the end of the sampling period, the 65Zn concentration is still increas-
ing steadily. These findings suggest that phosphorus turnover is faster
than zinc turnover in young chinook salmon.

Levels of activity found in these fish have also been successfully
used to test a model in which 32P specific activity in conjunction with
65Zn concentration can be used to study the feeding and migratory be-
havior of Columbia River fish. The model, as shown in Figure 3 is based
on the assumption that if a fish remains in the Columbia River and is
actively feeding, then the accumulation of 32P and65Zn will follow a
definite trend. Should the levels of activity found in a fish fall outside
the limits of normal variation then either abnormal feeding or migration
must have occurred.

I



Figure 1. Phosphorus-32 specific activity in marked Chinook salmon from the
Dalles Dam.
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Figure 2. Zinc-65 concentration in Chinook salmon from the Dalles Dam.
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Figure 3. A model describing the behavior of a fish based on phosphorus-32
specific activity and Zinc-65 concentrations.
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DETERMINATION OF SPECIFIC ACTIVITY OF 65ZN IN
TISSUES OF Mytilus californianus.

by Ingvar L. Larsen

Specific activity, defined as the ratio of a given radioisotope to the
total amount of all the isotopes of a particular element (usually expressed
as 4Ci/gm element), may be used to assess the degree of contamination
of the environment. This ratio has particular importance in the regions
where marine organisms are harvested and marketed as food sources
in man's diet for it forms the basis for the "specific activity approach"
(NAS-NRC, 1962) which states: If the specific activities of the elements
of the sea in the region of the growth, development, and habitation of
marine food organisms can be maintained below the allowable specific
activities of these elements in man and his seafood, the allowable radia-
tion for any individual cannot be exceeded as a result of the consumption
of marine products.

Mussels which occur in large numbers and concentrate zinc, are
widely distributed along the Pacific Coast. They are readily obtainable
and make ideal biological monitors. For these reasons, mussels were
selected for this study. Samples of mussels (Mytilus californianus)
were collected from six stations along the Northwest Pacific Coast.
Figure 1 shows the collections sites. Most distant stations were approxi-
mately 400 miles apart.

Samples were collected by hand, placed in plastic sacks, frozen
with dry ice and returned to the laboratory for dissection. Portions of six
different organ systems were removed from individual specimens and
were analyzed for radioactive zinc (65Zn) and stable zinc. Radioactive
measurements were accomplished by gamma-ray spectrometry. Stable
element analysis was done by the application of atomic absorption spec-
trometry.

Dissected tissue was dried and then ashed in a muffle furnace with
temperature maintained at approximately 450°C. The ash was then dis-
solved in concentrated nitric acid and subsamples of this solution were
taken for both radioactive measurement and stable element analysis.
A comparative study utilizing neutron activation for analysis of stable
elements is expected to be completed by the end of the summer.
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Table
Preliminary Specific Activity Data for the Mussel

Mytilus californianus
65 activity µCi 65Zn m Zn in various tissue.

Total
tissue

Dist. from No. of Size weight

Collection Col. River specimens range
) used (cm.)imdd

Muscle
x 10-2

Foot
x 10-

Mantle
x 10-2

Gills
x 1 C-2

Rep orgns.
x 10-2

Viscera
x 10-2

mean
x 10-2areaate an ..

Westport, Wash.
7July67 54 North 10

9. 8-15. 2
T= 11.9 63.4 73.2 64.8 63.0 74.2 63.7 61.6

Tillamook Head, Ore,
63u1 67 19 South 12

7.8-10.0
X =8.9 63.2 65. 0 74. 5 72.4 79.4 65.4 74. 8

Yaquina Head, Ore.
6_Jul 67 108 South 16

8. 4-11. 8
X = 10..0 12. 8 16.4 15.3 17.7 21. 2 18.6 16. 8

Cape Arago, Ore.
29June67 208 South 14

10. 6-12. 7
X= 11. 5 4.45 6. 87 10.4 4. 75 13.7 5.42 6.99

Harris Beach, Ore.
29June67 293 South 20

6.8-9.1
X = 7. 8 4. 01 1.91 5. 07 1. 12 1. 29 5. 31 3. 45

Patricks Point, Cal.
28June67 357 South 21

5.5-8.1
X = 6. 4 0. 69 3. 07 6. 38 0. 19 5. 80 5. 64 2. 89

Counting errors for samples collected at Harris Beach and Patricks Point ranged from 38. 4% to 619%, very
little radioactivity observed.

Counting errors for samples from Westport to Cape Arago ranged from 0. 827% to 56. 1%.

Overall ratio of wet tissue to dry tissue to ash tissue: 37. 0 : 5. 38 : 1. 0.

ed
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Table 1 summarizes the preliminary data. Levels of radioactivity
at stations for Harris Beach, Oregon, and from Patricks Point, California,
were below our detectable limit and therefore have large counting errors
associated with them. Thus the values for specific activity for 65Zn at
triese two sampling stations are not as reliable as that found at the re-
maining stations.

The values of specific activity agree generally with earlier deter-
mined values. For example, Alexander and Rowland (1966) report speci-
fic activity values for 65Zn in soft tissue for Mytilus californianus for
Yaquina 1-lead, Oregon, during August, 1964, as 278 pCi/mgm (0. 278 µCi/gm)
and at North Head, Illwaco, Washington, as 706 pCi/mgm (0. 7C6 µCi/gm).
Their samples collected from La Jolla, California, in 1964-65, with a
65Zn level of radioactivity attributed to fallout, yielded a specific activity
of 0. 39 pCi/mgm (0. 00039 4Ci/gm). Specific activity for total soft tissues
based on a weighted average value, yielded a value of 0. 0289 µCi/gm for
my samples collected at Patricks Point, California, in late June, 1967.

A decreasing trend in specific activity for 65Zn occurs with distance
from the Columbia River southward along the coast. Values at the south-
ernmost stations may be attributed to fallout 65Zn as well as being in-
fluenced by the Columbia River.

REFERENCES

Alexander, G. V. , and R. H. Rowland. 1966. Estimation of 65Zn Back-
ground Levels for Marine Coastal Waters. Nature, 210(5032):
155-157.

National Academy of Sciences-National Research Council, 1962. Dis-
posal of Low-Level Radioactive Waste into Pacific Coastal Waters.
Washington, D. C. Publication 985.
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ZINC-65 AS A TOOL TO IDENTIFY STOCKS OF COHO IN THE OCEAN

by William O. Forster and Robert Loeffel-

It has been known for 40 years that some chinook originating in
the Columbia River system migrate into the norther Gulf of Alaska. Most
of the coho from the same river system and from Oregon and Washington
coastal streams were believed to have stayed in coastal waters adjacent
to their natal area. Serious tagging efforts began in 1958 near Kodiak Island,
Alaska, and these coho were found off the Oregon coast in June, 1959.
This was the first suggestion of a larger coho migration (Hartt, 1966).
This was followed by salmon distribution and abundance studies made by
the Fisheries Research Board of Canada (FRBC) and the Fisheries Re-
search Institute (FRI) of the University of Washington on the high seas
in the years 1963-1966. Here, coho were taken in large numbers during
March, April and May between 42°N and 47°N and westward to 160°W.
longitude (Figure 1). Tagging also demonstrated that coho originating
all along the eastern rim of the Pacific were recovered in collections
made from fish tagged 300-600 miles at sea. Recently, numerous juvenile
coho tagged from June to September of their first ocean year along the
British Columbia and southeastern Alaskan coasts have been recovered
in their last summer in the troll fishery off the mouth of the Columbia
River.

Because coho captured during their last summer of life are known
to be near their stream of origin, the evidence points toward a migration
that takes juvenile Oregon and Washington coho northward along the coast
into the Gulf of Alaska by the end of the first ocean summer. This is
followed by a southward movement to waters several hundred miles off
Oregon and Washington and finally by an eastward migration back to the
coast during their last spring in the ocean. Such a migration pattern
explains the "sudden appearance" that coho characteristically make in the
coastal troll fisheries each spring and the scarcity of first ocean year
age coho in the Oregon troll catches.

In 1966, Korea began high seas fishing east of 175°W longitude for
salmon. They were not restricted by treaty bindings like the Japanese.
The need for better definition of the migration patterns of all stocks was
apparent at that time.

A planned release in 1967 and 1968 of several million fin-marked
1965- and 1966-brook coho from hatcheries in Oregon and Washington,
provided an unusual opportunity to study coho of known origin.

,-Oregon Fish Commission, Portland, Oregon
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The radionuclide 65Zn from nuclear reactors at Hanford, Washington,
is brought to the ocean by the Columbia River. Once in the ocean it is
carried north with the Columbia River plume during the winter months
and south during the summer (Osterberg, Cutshall and Cronin, 1965).
Organisms in the ocean befit een southern Vancouver Island and northern
California are exposed to Zn and accumulate the material by direct
assimilation or by consumption of animals lower ;in the food chain. Since
Oregon-Washington coho generally enter the ocean while the plume is to
the north they concentrate 65Zn sufficiently to distinguish them from fish
that were never in the Columbia River plume. This natural internal
marking gave us the opportunity to match the migration times and routes
with coho of known origin. Samples were collected by the FRBC in the
area bounded by latitudes 48° N and 58° N and extending westward from
124° W to 161 ° W.

Coho collected for radioanalysis were preserved in formalin and
shipped to Astoria where they were ground, dried to a constant weight
and charred. All fish were individually processed through 65Zn analysis.
The stomach contents of the fish, but neither the stomach or other body
parts, were removed.

Evaluation of the 65Zn activity was carried out by the Oregon State
University Department of Oceanography, Radiob.iology Section, following
techniques described by Carey, Pearcy and Osterberg (1966). The
charred material was ashed at 450°C and counted by gamma-spectroscopy.
Counts were made for 100 minutes when 65Zn was high and up to 400 minutes
when it was low, All values obtained were adjusted to a standard counting
time and corrected to time of collection for loss of activity due to decay.
The 1967 sampling included 212 coho with none marked and the 1968 col-
lection included 74 coho of which 20 carried fin marks.

Values of 65Zn activity for the 1967 coho ranged from a low of 7
to 518 picocuries per gram ash (pCi/g ash). The 1968 fish by contrast
had much lower activity levels ranging from 0. 8 to 129. 8 pCi/g ash, with
the activity in only four fish exceeding 50 pCi/g ash.

The samples were grouped into 2° latitude intervals starting with
48 Variation both between and within groups was evident. In 1967 the
highest values occurred in the 48° collection and activity in those fish
having more than background levels decreased with increasing latitude
(Figure 2). Variation within sample great enough to suggest exposure
difference was evident in the 48°, 54°, 56° and 58° groups. Background
levels of 65Zn activity appeared possibly less than 20 pCi/g ash based on
the portion of the samples (33%) with these comparatively low values.
However, the Bering Sea coho values suggests the background levels may
be no more than 4 pCi/g ash.
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ZINC-65 DISTRIBUTION IN TISSUES OF THE PACIFIC HAKE

by J. R. Naidu, William O. Forster, and William G. Pearcy

The Pacific Hake - Merluccius productus (Ayres) - will be exploited
as a food source for man. It is now harvested for animal food (Baxter
and Pruter, 1965), and it forms an important link in the food chain of the
marine ecosystem (Best, 1962). Zinc is essential to normal growth and
development of animals. Evidence for this comes from the common en-
zyme carbonic anhydrase, which contains 0. 33% zinc. This enzyme
catalyzes the dehydration of carbonic acid and participates in the elimi-
nation and incorporation of carbon dioxide.

In view of this role combined with problems of tracing radioactive
elements through the aquatic food chain to man, it was felt that a 65Zn
estimation in the various tissues of the Hake, would augment this search
for pathways of radionuclide transference.

This species is primarily found in relatively deep water, 50-74 fathoms,
off the Continental Shelf. Extensive fisheries are found in Europe, South
Africa, Argentina, Northwest Atlantic and Chile. In the Pacific, they ex-
tend from the Gulf of Alaska to the Gulf of California. They are noted for
their diurnal vertical migration in search of food and are found in deeper
depth in the day and shallower depths in the night. They are known to
feed extensively on Euphausiids and shrimps although they are carnivorous
in nature and feed on almost anything (Gotshall, 1969).

The specimen used for this study was caught off Oregon in a beam-
trawl on April 26, 1969. Table I shows the 65Zn stable zinc and specific
activities for each tissue.

The activities per gram ash as well as the stable zinc concentrations
of each tissue coincide for the most part within a ranking of plus or minus
one. However, the skin and liver show unusually low activities of the
radionuclide while the spleen has a relatively low concentration of the
stable element. This deviation results in the specific activities of the
skin and liver being lower and the spleen being higher than they would be
if these tissues were consistent in both stable and radio ranking as the
rest of the tissues..

The adsorptive properties of the skin, the storage of the liver and
the filtering by the spleen are important physiological processes that
govern the uptake and retention of these trace elements by these differing
tissues. As the 65Zn comes from the Columbia River while the stable zinc



Table I

Tissue
65Zn

pCi/g. ash

Radio-
active
Rank

Total Zn
µ . ash

Stable
Rank

Specific Specific
Activity Activity

µCi65Zn Zn

1. Skin 14. 24 6 1472 8 . 0098 . 03

2. Bones - vertebrae
and skull 1.62 1 151 1 , 0107 . 02

3. Liver 51. 84 10 4288 12 .0121 .06

4. Scales and mucous 11.67 4 704 5 . 0161

5. Eyes 41. 57 9 2443 10 .0170

6. Fins 7. 76 2 374 3 .0207 .02

7. Gills 12, 24 5 420 4 , 0291 . 05

8. Flesh 8. 70 3 298 2 .0292 . 06

9. Heart 32. 26 1 1033 6 .0312

0. GI Tract 37. 77 8 1134 7 . 0322 09

1, Gonads (ovary) 110.49 11 3060 11 ( , 0362 04

2. Spleen 145. 51 12
1

1576 9 .0925

*from Pearcy and Eagle, 1968.
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comes from various sources, without knowing the medium these fish
came from and the length of time they were living there, one can not
determine any relative metabolic turnover rates of the respective tissues.

In comparing the 65Zn, total zinc and the specific activity of the
various tissues in the Hake as determined by Pearcy and Eagle (1968),
we note that the 65Zn values were much lower in.the present study while
the total zinc was about the same. The specific activities, therefore,
were correspondingly lower in the present study. This loss of radio-
activity may have been caused by the reduction in the number of reactors
at Hanford over the past few years, which has reduced the output of 65Zn
activity into the Columbia River and subsequently into the offshore waters
of the Pacific.
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SPECIFIC ACTIVITIES OF 65Zn IN STAGHORN SCULPINS AND
SAND SHRIMP IN THE COLUMBIA RIVER ESTUARY

by James Steinfeld and William C. Renfro

Monthly collections of fishes and crustaceans have been made in the
Columbia River Estuary for several years and their 65Zn specific activi-
ties (µCi 65Zn/g Zn) determined. Two species regularly caught by otter
trawl in the river near Astoria, Oregon, are the staghorn sculpin,
Leptocottus armatus, and the sand shrimp, Crangon franciscorum. Be-
cause stomach content analyses of the sculpin show that it regularly eats
sand shrimp and other crustaceans with similar 65Zn specific activities,
the seasonal patterns of radioactivity in these two animals were studied
for similarities and interrelations.

Figure 1 shows 65Zn specific activities of sculpins and shrimp
taken at the Astoria station during 1966 and 1967. Each point on the
shrimp curve represents a composite sample of 5 to 20 whole animals
ranging between 20 and 80 mm total length. The sculpin samples were
muscle and bone from one to ten fish ranging from 80 to 170 mm in stan-
dard length. The confidence intervals shown are single standard devia-
tions calculated from estimates of counting errors, weighing errors, and
uncertainty in activity of the 65Zn standard used to calibrate the gamma
ray spectrometer. The curves are smoothed using moving averages of
three.

Peak 65Zn specific activities in the shrimp occurred in the spring
and late summer when rising water temperatures induced increased meta-
bolic rates and food intake. Highest sculpin values occurred roughly two
months later. Similarly, minimum 65Zn specific activities in the shrimp
were measured in November and December 1966, several weeks earlier
than the minimum sculpin values.

During much of this two year period the shrimp consistently had
specific activities one to three times higher than that of the fish. Several
factors may influence the specific activity of these animals. These factors
include: (a) the specific activity of water, (b) the animal's trophic level,
and (c) the turnover rate of the element by the organism. The differences
between the shrimp and fish may be due to (b) or (c) or a combination of
these two factors.
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The time lag between maximum and minimum levels in the two
species probably are due to their respective positions in the trophic
structure of the estuarine ecosystem. The sculpin, which obtains much
of its 65Zn from feeding on shrimp and other organisms of similar
specific activity, could be expected to follow (but lag behind) its prey
in specific activity.
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LABORATORY ANALYSIS OF RATES OF UPTAKE AND LOSS
OF ZINC-65 BY A MARINE, UNICELLULAR ALGA

by Richard D. Tomlinson, W. C. Renfro and W. O. Forster

Marine phytoplankton appear at the bottom of many food chains
which also include man. For this reason, investigation of radionuclide
uptake and accumulation by these organisms is necessary for the further
understanding of environmental radionuclide transport, and for the con-
tinued maintenance of low radiation levels in human tissues.

In our laboratory, a series of experiments is underway to collect
data on the uptake and retention of 65Zn by a marine, unicellular alga,
Isochrysis galbana. Radionuclide uptake curves are often expressed as
activity/x vs. elapsed time, where the normalizing factor, x, is tissue
weight, cell number or a light absorbance value. For the current studies
we are using a Coulter Counter (Model A) to generate values for x in
terms of total cell volume or total cell surface area. Use of these para-
meters eliminates some of the problems associated with manual cell
counts and weight and light absorbance measurements. Hopefully, they
will also provide insight into the culture size distribution changes that
affect uptake and retention through biological dilution. It is anticipated
that values of total cell surface may also help clarify the nature and extent
of the contribution of surface adsorption to the total uptake of 65Zn, while
eliminating any need for artificial "killed-cell" studies.

Figures IA through 1D show some results derived by using a
Coulter Counter in conjunction with studies of radionuclide uptake by
algae. Initially, the algal growth medium was prepared, innoculated
with approximately 4 µXi/l of 65Zn and allowed to incubate at 21 °C for
two weeks. During this period, a light, flocculant precipitate formed and
settled to the bottom of the container. This was thought to be an iron
compound which precipitated because EDTA had been eliminated from the
medium to avoid chelation of Zn. When the alga was added to the incubated
medium, the culture was stirred and the settled precipitate mixed homo-
geheously throughout the medium. The result was a sudden rise in the
level of 65Zn in suspension, since a large amount had been removed from
suspension by the precipitate, and remained associated with it. This
increase in the level of suspended 65Zn may be clearly seen in Fig. IA.

After about 15 hours, the precipitate had once again settled to the
bottom and the level of radioactivity in the suspension had become es-
sentially constant at a level of activity that was approximately 50 pCi/l
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lower than that at time zero. This decrease was due primarily to uptake
by algal cells, a large percentage of which settled out of suspension during
this initial period of physiological adjustment to the new environment. As
shown by Coulter Counter data given in Fig. 1 C, the cells that settled
out comprised about 50 percent of the total starting cell volume.

It has been assumed that the previously-mentioned precipitate was
in radiochemical equilibrium with the filtrate at time zero, so that the
bottom curve in Fig. 1A (time vs the level of 65Zn in the suspension filtrate)
is representative of the 65Zn removed by the algae alone. On this basis,
Fig. 1B was drawn. The upper curve in Fig. 1B (65Zn activity in the
total algal material) indicates that uptake equilibrium was established at
about 23 hours elapsed time. The equilibrium activity level was approxi-
mately 80 percent of the level of total activity in the solution, and repre-
sents the 65Zn associated with both the algae in suspension, and the cells
clinging to the sides and bottom of the container. The bottom curve in
Fig. lB (65Zn activity in suspended algae per unit volume of suspension)
shows that only part of the total 65Zn associated with the algae is to be
found in suspension. The level of 65Zn sorption by algal cells on the
container surfaces may be calculated as the difference between these two
curves. Figure 1D is an example of the influence of biological dilution
on radioisotope uptake by algae. It was obtained by dividing the values
from Fig. 1 C into those given in the lower curve in Fig. 1B (65Zn uptake
by suspended cells).
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SEASONAL VARIATION AND DISTRIBUTION OF
65ZN, 54MN, AND 51CR IN TISSUES OF THE CRAB

Cancer magister Dana

by David A. Tennant - and William O. Forster

(This paper has been submitted for publication and the published
form will be submitted in a future progress report. The abstract of the
paper is included below. )

ABSTRACT: Crabs were collected from the Columbia River Estuary
and their tissues were measured for both stable and radioactive, Cr, Zn,
and Mn during 1966-67. Specific activities and radioactivities fluctuated
throughout the year in much the same manner. Maximum radioactivities
seem to be related to river discharge while peak specific activities may
be due to metabolic changes in the crab. Chromium-51 and 65Zn accounted
for nearly all of the gamma radioactivity in the tissues, 65Zn being mainly
concentrated in soft tissues and 51Cr in hard tissues. Manganese-54
concentrations were highest in the setae and calcareous exoskeleton, pre-
sumably because of surface adsorbed 54MnO2.

Chromium-51 concentrated in the setae, gills and hepatopancreas
suggested that both surface adsorption and physiological processes are
instrumental in its accumulation.

Zinc-65 is noticably concentrated in soft tissues probably because
of its enzyme role in metabolism. Surface adsorption seems to play a
minor role in the accumulation by crab tissues of this radionuclide.

Specific activities suggest that surface adsorbed radionuclides are
turned over faster than absorbed radionuclides.

*Wah Chang Metallurgical Laboratory, Albany, Oregon.
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65Zn SPECIFIC ACTIVITIES OF STARRY FLOUNDER ORGANS

by William C. Renfro and William O. Forster

Juvenile starry flounders, Platichthys stellatus, are present in the
Columbia River Estuary throughout the year. Individuals up to 15 cm
(about two years old) are common in otter-trawl catches indicating that
young fish remain in the estuary during all their early life. Because
these fish live in and take food from an environment containing trace,
but measurable levels, of radiozinc, all of their organs contain this bio-
logically important radionuclide.

One of the most useful and meaningful units for characterizing radio-
activity of an organism or its organs is that of specific activity. Specific
activity is the ratio of the activity of the radioisotope to the concentration
of all isotopes of the element in the sample. Defined another way, it is
a measure of the fraction of the atoms of a particular element which is
radioactive. The specific activity of 65Zn, for example, is often given
in units of microcuries of 65Zn per gram total zinc (4Ci 65Zn/g zinc).

If the organs of a Columbia River fish are analyzed separately, their
65Zn specific activities are often found to differ. These differences be-
tween organs in the same individual probably reflect differences in the
rates at which the organs turn over zinc. To be more explicit, each
organ uses a certain small amount of zinc for its biochemical reactions.
If one organ uses more zinc than another, it may have a higher concen-
tration of both 65Zn and stable zinc per unit weight, However, the rela-
tive proportions of radioactive to stable atoms in the two organs will be
different only if one organ turns over zinc slower than the other. In
this way individual zinc atoms remain longer in the slower organ thus
the 65Zn atoms have a longer time to decay and the 65Zn specific activity
is reduced. The net result is that turnover rate and specific activities
of a biologically important element are directly related. These relations
are shown mathematically in the following equations:

SA = SA e
AT

a (1)a o

SAb = SAo e-ATb

where: SA
0

= 65Zn specific activity of the body compartment
(usually body fluids) with which the organs ex-
change zinc and 65Zn,
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71= the fraction of 65Zn atoms in the organ decaying
per day
. 693/half-life of 65Zn in days.

T = average time a 65Zn (or stable zinc) atom spends
a in organ a, i. e. , the turnover time of zinc in

organ a in days.

Dividing (1) by (2

SA -AT

a =
-

, a , and In
SAa

= 7 (T-T
SA

b)
b e

T
b SAb

a

hence, Tb-Ta =
SA

n a (3
SAb

7T

Equation (3) relates the differences in turnover times of zinc in two organs
to the log 65Zn specific activity ratio of these organs.

Figure 1 shows the 65Zn specific activity ratios of organs from
starry flounders in the estuary during 1963-65. The data are fitted with
a least squares line through the origin and the slope shown in the equation
for each set of data is the best estimate of the ratio of each organ pair.
In most instances, several flounders of similar size comprised each
sample. However, the fish were taken from three different locations
during all seasons. Furthermore, a series of ratios of all organs was
usually not available from the same fish or group of fish making up a
sample. The organs are shown in order of decreasing 65Zn specific
activity; that is, liver > alimentary tract > gills > muscle-bone > skin.

The following table utilizes the ratios from Figure I and equation
(3) to calculate the differences in turnover times between the various
organs:

I II III
-1

11/ 111

organ /organ Ratio In I T day Tb-Tb
/SASA

a
b days

liver/al. tract 1. 13 . 1222 .00283 39. 8
al. tract/gill 1. 06 . 0583 . 00283 20. 6

gill/muscle-bone 1. 14 . 1310 . 00283 46. 4
muscle-bone/skin 1. 07 . 0677 .002E3 23.9
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The differences in organ turnover times are additive as is demonstrated
in the following equations:

Tat- T1 = 39. 8 (4) Tat = T1 +39. 8

Tg-Tat = 20.6 (5)

Tb - T = 46.4 (6) T = Tmb-46.4
m g g

Ts-Tmb = 23.9 (7) Tmb = Ts-23.9

Substituting (4) into (5):

T g-T1= 39.8+20.6 (8)

Substituting (6) into (8):
Tmb - T1 = 46.4 + 39.8 + 20.6 (9)

Substituting (7) into (9):

T T1 = 23.9 + 46.4 + 39.8 + 20.6 = 130.9 days.

When the 65Zn specific activities of liver and skin were plotted, the least
squares line fitted through the origin and the scatter of paired observa-
tions showed the ratio to be 1. 44. Calculation of the difference between
liver-skin turnover times (Tb-Ta) using equation (3) yielded 129. 1 days
a value very close to the 130.9 day difference computed above.
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TRANSFER OF RADIONUCLIDES THROUGH A MARINE FOOD WEB

by William C. Renfro

For a quarter of a century small amounts of many radioactive ele-
ments have passed down the Columbia River to the estuary and ocean.
Within the estuary a number of processes, physical, chemical, geological,
as well as biological, tend to interrupt these radioactive atoms in their
flow. Concentrations of 65Zn , 32p, 46Sc, 54Mn, and other radioisotopes
in estuarine organisms and sediments are much greater than in the inflowing
river water. Consequently, the study of the manner in which various eco-
system components partition these radionuclides is essential to a better
understanding of estuarine radioecology.

A comprehensive study of the partitioning of radionuclides in the
estuary might involve a budget of the total activities of the radionuclides:
(a) entering from the river, (b) in estuarine water, sediments, plants,
and animals, (c) in organisms entering or leaving the estuary, and (d)
in water and suspended materials entering the ocean from the estuary.
Ideally, such a budget would be prepared over a full year in order to
span the annual cycle of river discharge, plant life histories, and animal
population dynamics. Great effort and expense would be required to
make an intensive series of measurements of the large and complex
Columbia River Estuary. A much more modest approach is described
in this report.

The objective of this continuing project is to estimate the activities
of 65Zn, 51Cr, and 46Sc held in various components of a small part of the
Columbia River Estuary on a given date. In addition, inventories of these
radionuclides in the study area are made in different seasons to determine
the magnitudes of seasonal changes. The results provide additional in-
sight into the relative importance of water, sediments, plants, and animals
as reservoirs of radioactive elements.

The area studied is Alder Slough, a small arm of an extensive
tidal flat near Warrenton, Oregon. The arbitrarily delimited inventory
area encloses 6, 990 m2 and has a volume of 17, 200 m3 when the water
level stands at +0. 5 m above mean sea level. Sediments in the slough
range from very soft to firm. Below the first few centimeters the sedi-
ments are dark and reduced, containing much hydrogen sulfide. The
slough is ringed by thick growths of emergent rushs and sedges during
the summer which die and decay in the winter.
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Sampling techniques were designed to obtain estimates of radio-
nuclides in all major components of the ecosystem. The first inventory
was made in July, 1968, and the second in December, 1968. Results of
a third inventory made during the spring of 1969 are not yet completed.

During the July, 1968, inventory, slough water samples were taken
every two hours over a 24 hour period from the surface and from near
bottom with a Van Dorn sampler. A measured volume of each sample
was filtered through a 0. 45i membrane filter to trap radionuclides in the
particulate form. On return to the laboratory, the dissolved radionuclides
were concentrated by co-precipitation with ferric hydroxide. The precipi-
tate was collected by filtering and radioanalyzed in NaI(Tl) well crystals
as was the filter paper containing the suspended particulate material.
For the December 1968 inventory, only one water sample from mid-
depth was obtained.

Only those radionuclides in the top one cm of the sediment were
inventoried although detectable levels of several radioisotopes are present
to considerable depths in the sediments of Alder Slough. To insure repre-
sentative sampling, a glass Petri dish, 1. 0cm x 9. 0 cm, was used to take
samples of the top cm from sediments throughout the slough. Ten of these
mud samples were thoroughly mixed together then weighed and a subsample
radioanalyzed. Detritus contained in the top cm of sediments was also
radioanalyzed after being separated by straining through nylon mesh
with a pore size of 0. 5 mm.

The areal distribution of the attached plants was plotted on an ac-
curately scaled map of the area, then the density of each species was
estimated in order to obtain a measure of the biomasses. Plant density
was estimated by counting the numbers of individual plants within three
circular areas of 0. 64 m2 selected by placing a plastic ring 0. 9 m in
diameter into different stands of plants within the inventory area. Repre-
sentative plants were then radioanalyzed and the total activities of the
radionuclides estimated from these data. The biomass of the sessile
alga, Enteromorpha intestinalis, was estimated by measuring the area
of intertidal surfaces covered by mats of the alga, then removing a
sample from a measured area for radioanalysis.

Fishes and shrimp were caught during low tide with a small mesh,
15 m seine towed across a measured distance of the slough. The area
covered by the seine was divided into the total low tide area to obtain
a factor for estimating the biomass of each species collected. The
small tube-dwelling amphipod, Corophium, was collected by placing
small sticks encrusted with its tubes into a dilute formalin solution in
which they died after leaving their tubes. The density of Corophium
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was estimated by direct counts of the number of tubes in various repre-
sentative intertidal areas harboring the animal. To complete the data
necessary to extrapolate the total activity contained in amphipods in
the inventory area, the mean weights of large numbers of the animal
were measured. In this manner, the biomass of Corophium was esti-
mated using the. number of tubes (containing one amphipod per tube) per
unit area, ash weight per amphipod, activity per gram ash weight, and
total area sampled. The total activity of radionuclides contained in
the isopod, Gnorimosphaeroma, and the amphipod, Anisogammarus,
was arbitrarily estimated as one-tenth of that of Corophium.

The results of measurements made during a 24-hour period in
mid-July, 1968, are shown graphically in Figure 1. Tidal heights,
taken from tide tables for Astoria, Oregon, have been adjusted in time
and amplitude for the Alder Slough area. The tidal range of about two
meters is intermediate between neap and spring tide ranges which occur
each lunar month.

Surface water temperatures, measured by bucket thermometer,
varied mainly with the intensity of solar insolation. Highest surface
temperatures (22°C) occurred in late afternoon, followed by a decrease
to a minimum (17°C) by early morning. Temperatures of water samples
from near the bottom followed those of the surface but were usually
slightly lower.

Salinities, measured with an in situ conductivity probe,were low
throughout the water column. Both surface and bottom salinities were
near 1%, during the entire tidal cycle. The pH, measured by pH paper,
was also nearly constant throughout the 24 hour period, being near 6
in all water samples.

Table 1 permits a comparison of activity levels associated with the
particulate fraction (i. e. , retained by the 0. 45 filter) and the ionic
fraction (i. e. , passed through the filter and concentrated by Fe(OH)3
coprecipitation) in surface and near-bottom water samples. Apart
from several large differences between surface and bottom radionuclide
activities, the values are generally similar and no consistent patterns
are apparent. For this reason, surface and bottom activities for each
radionuclide are averaged in the lower portion of Figure 1.

Particulate 65Zn activities were mostly between 2-4 pCi/l and
closely followed the tidal levels. Ionic 65Zn activities ranged from
0-3 pCi/l (usually comprising 6-30% of total 65Zn activity in the water)
and also followed the tidal levels.
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Table I

Slough Water Activities 17-18 July 1968
Particulate Fraction

46
Sc

65 ZnTime
Surface Bottom Surface Bottom Surface Bottom

2000
2200
0000
0200
0400
0600
0800
1000
1200
1400
1600
1800

2. 1'- 0. 7
3.6to.9

0

2.8±1.1
2. 1'- 1. 0
2.4±0.9
4.4-0.7
3. 6+0.9
1. 7 0, 5
4.9`1.3

3.1`0.5

16.4±1.3
5 .71 .6
3. 2±1. 3
1.1±0.7

0

4.3{0.8
3.5'-0.6
4. 0 0. 9
3.4±0.8
0.9'_-0.7
4. 3 ±1. 1
1.9-`0.5

19.8±2.1
16.5±2. 7
18.8±2.4
25.9 * 3. 1
18.0±2.3
46.6'_3.7
23.4±2. 1
16.5±2.7
11.7±1.4
26.9,_±4.3
--------
15.0±1.4

32.7"2.9
25.8±5.3
18.6±3.3
26.7.2.8
18. 715. 0
36.9± 2.4
33.5±2.3
37. 5!-3. 3
26.8±2.6
23. 6± 2. 4
26.4±3. 5
12.5±1.2

5.4±0.6
4.4±0.7
4.6`0.7
0.1±1.C
0.6±0.9
4. 1 ± 0. 7
4.8±0.5
4.4±0.7
2.1±1.4
4. 2±1. 0

2.770.4

5.1!0.7
4.6±1. 1
2.011.1
1.6±0.7
4. 5 '- 2. 1
8.7±0.6
4.4±0.4
5. 6 ± 0. 6
5.7±0.6
3.7±0.5
3.9"-'0.7
2. 6±0. 4

Ionic Fraction
46

Sc
65Zn 51 CrTime

Surface Bottom Surface Bottom Surface Bottom
2000 1. 5-1. 3 213.1±l1.0 0. 2-0.9
2200 0 2.9±1.5 201. 6±7. 5 195.3±10.1 1.9}0.6 1.5`0.9
0000 0 1.3±1.3 223.5*_9.4 221. 5_±9. 5 1.7±0.8 1. 4±0.9
0200 1.4±2.4 2. 8±1. 5 72.3±8.0 46. 3± 6. 3 3.5±1.9 0.4±1.4
0400 0 0 6.3±2.9 28.6±6.9 2. 3 ± 0. 7 2.6±2.4
0600 ------- 0 64.4±9.3 2. 7-4 2. 0
0800 2. 2 70. 5 0. 4±0. 7 69.2±3.8 177. 8± 8. 3 0 2.7--2.0
1000 10. 5 0. 6 0 225.7±-8.0 94.7±5.2 1. 5±0. 5 1. 8±0.7
1200 0 0 38.43. 1 53.4± 4. 5 0.9±0.6 1.20.8
1400 j0. 2 ± 0. 7 0 166. 3*_ 7. 6 88. 6± 3. 4 1.8±0.7 0. 6 ± 0. 5
1600 0 0. 3; 0. 7 129.5±5.0 112. 8±4. 7 1.4±0.4 1. 6± 0. 5
1800 L0. 4 1 0. 6 0 137.7±8. 1 158. 3±7.1 0.7_'0.7 1, 2±0. 6

----------- Organism not collected.

51
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Scandium-46 particulate activities, like those of 65Zn, followed
the tidal levels through a range from 1-6 pCi/l. In most cases 46Sc
that was dissolved in the water amounted to about 30% of total 46Sc acti-
vity and showed little correlation with the levels of the tide.

In contrast to 65Zn and 46Sc, the activity of dissolved 51 Cr was
much greater than that of particulate 51 Cr. Dissolved 51Cr usually
amounted to 80-9 0% of total 51 Cr activity and varied directly with the
tidal height. Particulate 51Cr remained nearly constant over the 24
hour period.

The close correlations between tidal fluctuations and total 65Zn,
51Cr, and 46Sc activities suggest that they depend on the relative amounts
of Columbia River water present in Alder Slough; that is, the larger the
proportion of fresh river water, the greater will be the activity levels.
Because radioactivities are lowest at low tide, water samples taken at
low tide would yield low estimates for total radionuclides contained in the
inventory area over the tidal cycle. This is probably the case for the
December inventory, when a single water sample was taken at low tide.

The total activities of 65Zn, 51 Cr, and 46Sc held in the top one
cm of sediments are shown in Table 2. The amounts of 65Zn and 46Sc
were similar in both seasons but more 51Cr was present in December
than in July. Values in parenthesis below the sediment figures indicate
the activities of the three radionuclides associated with detritus strained
from the sediments. The higher total activities in this detritus during
winter apparently stems in part from the large amounts of plant debris
which dies and is incorporated into the sediments during the fall and
winter. However, this cannot be the entire explanation for the higher
total 51 Cr in detritus because the total amount of the radionuclide in
all the plants standing in July was less than half that in the December
detritus. Another mechanism increasing 51 Cr activity in detritus may
involve chemical changes taking place during decay. If the chemical
conditions around and within decaying plant material were capable of
reducing 51 Cr-VI to 51 Cr-III, then the latter ions would be concentrated
by their ready sorption to particulate matter (Cutshall, 1966; Jennings
and Osterberg, 1969).

Dense stands of the sedges, Scirpus and Carex, were present in
the inventory area in July with the former containing a greater share
of the radioactivity. In December no Carex and only small shoots of
Scirpus were present, so that total plant biomass was much reduced.
As a result, the total j.Ci's of each of the three major radionuclides
in plants constituted a very small fraction of the total radionuclides
present.



Table 2

Radionuclide Activities in Alder Slough
4ci

Item

Water - Ionic
Particulate

Sediment-Top cm
Detritus

Plants Scirpus
Carex
Enteromorpha

Animals- Corophium
Anisogammarus
Gnorimosphaeroma
Crangon
Cymatogaster
Leptocottus
Mylocheilus
Plati chthy s

65 Zn
July 6.8 Dec 68

15.2=16.3 0
64. 3-34. 1 0

2560. 0 = 304. 21 2010! 243
(25. 43. 0)

53.3±11.5
3. 3µO.9
0.5`0.1

6. 7`- 11.6)

7.4±1. 8

0.92±0.5
0.09±0.05
0. 09± 0. 05
0. 010. 002
0. 33±0. 06
0. 02± 0. 003
0. 34± 0. 23
0. 26 * 0. 05

0. 6±0. 3
0. 1±0.04
0. 1 * 0. 04

0

51 Cr
July 68 Dec 68

2155,±1105
420. 0 1111. 4

61. 3 t4. 0
29.1;49.7

X5840601
(0. 1 ± 0. 02)

210.1!43.7
4.711.7
2. 0±0. 1

0.8!0.6
0. 1 ± 0. 06
0. 1 t 0. 06

0

0

0

0

0

8110_ 738
(435;42.3)
16.0=4.0

2.9{1.5
0. 3:i 0. 2
0. 3}0. 2

0

46
Sc

July 68 Dec 68

26. =20. 3 i 0

67. 6'- 24.3 17 5. 0± 28. 0

10901-131, 91811` 113. 5
(0) 1(32.215.7)

39.918.3
1.4±0. 5
0.50.1

0

1. 3l 0. 6

0.2 0. 1
0.0210.01
0.0210.01

0

0

,226 1920

I

-------- Organism not collected.
0 .... Activity detectable but total not significant.

-
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The green alga, Enteromorpha, growing in dense mats on inter
tidal surfaces during July, although high in radioactivity, had a small
total bi.omass and thus a low total radioactivity. Enteromorpha was too
sparse to sample in December.

Alder Slough is a highly productive area with large populations of
fish and crustaceans. It is note worthy.therefore, that all of the 65Zn,
51 Cr, and 46Sc contained in these animals amounted to at most only
a fraction of one percent of the total activities of the radionuclides in
the inventory area. In winter months most of the fish and shrimp leave
this cold, shallow area and the small remaining animal biomass is due
to the small isopods (Gnorimosphaeroma) and amphipods (Corophium
and Anisogammarus). These small crustaceans represent a reservoir
always present in the slough but one of relatively small total activity.

Although the concentrations of 65Zn, 51 Cr, and 46Sc vary seasonally
and even daily in the estuary, there is a continual input of these radio-
nuclides to the Alder Slough ecosystem. Hence, the total radioactivities
of water and sediments (exclusive of detritus) might be expected to vary
within limits imposed by radioactivity of the river water entering the
estuary. In addition, changes in the physical and chemical properties
of the environment can alter the concentrations of radionuclides in both
water and sediments (Bachmann, 1963; Duke et al. , 1969). Thus, the
total activities of the three radionuclides held in the top cm of sediment
were roughly equal in both July and December. The total activities of
65Zn and 46Sc in the surface layer in December were about 20% lower than
in July. Total 51 Cr activity on the other hand, showed an increase which
could only partially be explained by additions of 51 Cr-rich detritus. It
appears probable that changes in such chemical parameters as pH, Eh,
and concentrations of dissolved organics could cause some of the seasonal
differences noted in the sediment radionuclide levels.

The total amounts of radionuclides associated with plants in the
inventory area is closely correlated with seasonal changes in plant bio-
mass. Both the annual plants and algae attain greatest biomass as well
as highest radioactivity per unit weight in the summer. With the advent
of winter the plants die and decay so that they contribute little to the total
inventory in the slough.

Fish and shrimp biomass show great seasonal changes yet these
changes have negligible effects on the total radioactivity. Although all
the animals, as well as plants, concentrate the radionuclides thousands
of times above the levels in the water, their total radioactivities are
trivial when compared to those of the sediments. The role of surface
sediments as the major reservoir of radionuclides in the Columbia River
Estuary can be clearly seen in Table 3.
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Table 3

Distribution of Radionuclides as Percentages of Total Activities in Alder Slough

657n 51 Cr 46Sc

July 68 Dec 68 July 68 Dec 68 July 68 Dec 68

Water 2.9% 0 29. 8% 1.3% 7.7% 8.2%

Sediments 94. 5% 99. 5% 67. 7% 98.4% 88. 9% 91.6%

Plants 2.1% 0.5% 2.5% 0.3% 3.4% 0. 1%

Animals 0. 5% 0 0 0 0 0. 1%
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ESTUARY-OCEAN BOUNDARY STUDIES

by Alan Roy King and James E. McCauley

A study of the benthic fauna at the mouth of the Columbia River
Estuary was initiated in February, 1969, but the unreliability and ulti-
mate retirement of the R/V SHOSHONE caused us to terminate the pro-
gram at that location. Subsequently the sampling program was shifted
to the entrance of Yaquina Bay and samples were collected at stations
within the mouth of the Bay and in the Pacific Ocean three miles off-
shore. Collections were made from February, 1969, until early May
but have been temporarily suspended so that the senior author could
meet Selective Service obligations.

A preliminary study of the collections reveals that many sampling
problems remain to be solved. The five-foot beam trawl appeared to be
more selective than expected and many species known to be common
were collected rarely, if at all. Sufficient data are not yet available to
permit meaningful conclusions. However, cursory examination suggests
that the fauna within the mouth of the estuary, where salinities drop to
as low as 25%c on occasion, is similar to the fauna three miles offshore,
and also a suggests that catches of shrimp are greatest in the mouth of
the estuary during periods of slack tide.

Additional data are required to confirm either of these suggestions.
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STUDENT PARTICIPATION

We hereby acknowledge the contribution of students who have been
associated with the program during the past year. One has earned his
doctorate and four 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

Thomas M. Beasley AEC Battelle Northwest Grad. Fellow

Dr. Beasley had work experience with Battelle Northwest (and
General Electric) at Hanford, Washington, before coming to Oregon
State University. He worked on 210Po and 212Pb in marine organisms
under the direction of Dr. Osterberg and Dr. Forster. After completing
his degree, he joined the Laboratory of Radiation Ecology at the Univer-
sity of Washington.

MASTER OF SCIENCE

James Gilson

Mr. Gilson holds an M. S. in Physics, obtained at Oregon State
University in June, 1969. His Master's research was done in collabora-
tion with the Radioecology group, and concerned fallout radionuclides
in the air over Corvallis, Oregon. At present, Mr. Gilson is teaching
in Nairobi, Kenya.

Danil R. Hancock Biologist, FWPCA

Mr. Hancock holds a B. S. in biology from the University of California
at Santa Barbara. He was a full-time assistant in the benthic ecology
program for three years before devoting full time to his graduate studies.
He has worked with Dr. I Carey on the ecology and systematics of poly-
chaete annelids. He is currently employed by the Pacific Northwest
Water Laboratory of the Federal Water Pollution Control Administration.

Michael Smiles

Mr. Smiles holds 'a B. A. from Adlephi University. He worked
on the growth rates and age structure of Euphausia pacifica under Dr.
Pearcy. He is currently awaiting military service.
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Franklin White USN

Mr. White received a non-thesis Master's degree after completing
course work at OSU last year. He is now on active duty in the Navy.(Pearcy).

DOCTOR OF PHILOSOPHY CANDIDATES

Gerard Bertrand 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
with Dr. Carey on the ecology of continental shelf infauna and the ecology
and systematics of gastropod molluscs.

John Bolen Predoctoral Fellow (USDI)

Before coming to OSU, Mr. Bolen spent a number of years as a
Teaching Fellow with the Cincinnati Federal Water Pollution Control
Administration. He is now working on a Ph. D. degree in General
Science based on research in Marine Radioecology. His studies are
concerned with 32P specific activities in the water, sediments and
biota in the Columbia River. (Forster, Renfro).

Peter J. Hanson AEC-Battelle Northwest Grad. Fellow

Mr. Hanson completed his Master's work at Oregon State University
in June, 1967. He is currently approaching completion of his Ph. D.
research, working at Hanford, Washington. (Forster).

Howard Hennebry USDI Traineeship

Mr. Hennebry holds a B. S. from Eastern Montana College and an
M. S. from the University of North Dakota with additional graduate work
from the Universities of Washington and Wyoming. His Ph. D. work is
on the influence of pollution on the physical form of various stable elements
in the Columbia River (Forster, Renfro).

Lois Haertel Instructor - Department of Zoology

Mrs. Haertel has both a B. S. and M. S. from the University of
Illinois in zoology. She spent more than a year directing the estuarine
field program prior to returning to full-time school work. She will re-
ceive her Ph. D. in July, 1969, for research on nutrients and plankton
in the Columbia River Estuary (Osterberg, Forster, Renfro).
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Janakiram Ramaswamy Naidu AEC Asst.

After receiving an M. S. from the University of Washington in
1962, Mr. Naidu worked for six years for the Indian Atomic Energy
Commission in Bombay, India. His Ph. D. research concerns the uptake
and specific activities of neutron-induced radionuclides in samples
from the Columbia River Estuary (Forster, ' Renfro).

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

Charles L. Brownell

Mr. Brownell holds a B. A. from Colorado College. He is working
on allometric growth and general biology of the heart urchin, Brisaster
latifrons as it is related to depth (McCauley).

John Butler NDEA

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

Walter H. Delaplane, Jr. AEC Asst. , USDI Traineeship

Mr. Delaplane holds a B. S. degree in chemistry from the University
of Arizona, and has also studied undergraduate programs'at Southern
Methodist University and the University of Alaska. He is presently com-
pleting his Master's thesis work on 65Zn/60Co ratios in estuarine and
coastal sediments (Forster, Renfro).

Robert S. Dyer USDI Traineeship

Mr. Dyer holds a B. S. from the University of Pennsylvania and
has done two years of graduate work at the Upstate Medical Center,
New York and Long Island University, NewYork. At present, he is
completing research for his Master's degree on the distribution of
vanadium in marine organisms (Forster, Renfro).



. 19o

Dave Evans

Mr. Evans received a B. S. in chemistry from UCLA in 1968. After
completing one year of coursework at OSU, he is presently engaged in
research relating to the changes in physical form of Hanford radionuclides
upon entering the Columbia River Estuary (Forster).

Alan R. King.

Mr. King holds a B. S. from San Jose State College. He has been
working on the benthic ecology of the estuarine-ocean boundary with
Dr. McCauley. He has had to interrupt his studies to serve with the
U.S. Navy.

Ingvar L. Larsen AEC Research Associate

Mr. Larsen has operated the gamma ray spectrometer for the past
five years and holds a B. S. degree from Portland State College. In
addition to supervising all gamma-ray analyses and teaching the laboratory
course in gamma-ray spectrometry, he is continuing his research for
the master's degree on the uptake of 65Zn ix. mussels. He is also em-
ploying neutron activation and atomic absorption techniques for analysis
of stable element levels in mussel tissue (Forster, Renfro, Osterberg).

Wen Yuh Lee Taiwan National Scholar

Mr. Lee comes with training in fisheries ecology from Taiwan.
He is starting a problem in zooplankton research with Dr. McCauley.

Paul Longueville

Mr. Longueville holds a B. S. degree obtained at LaCrosse Univer-
sity, Wisconsin, in 1967. He has finished one year of coursework at
OSU and is doing his Master's research on pesticide concentrations in
marine biota (Forster, Pearcy).

Stephen Van Wyck Pope USDI Traineeship

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 (Forster,
Renfro).
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William Smoker NSF

Mr. Smoker is finishing up his M. S. research and will soon
enter the Coast Guard. His thesis is on the age, growth and size struc-
ture of the lanternfish, Stenobrachiusleucopsarus (Pearcy).

Jeffrey M. Stander

Mr. Stander holds a B. S. degree from the University of California.
He is working with Dr. Carey on the distribution, abundance, and diversity
of epifauna on the Newport Transect Line using the quantitative beam
trawl. He is also contrasting the diversity of epifauna with polychaete
worms, the major component of the infauna.

Harold M. Stanford Research Assistant

Mr. Stanford holds an Sc. B. in chemistry from Brown University.
His Master's research involves determination of the oxidation states
of chromium in seawater (Forster).

James Steinfeld Research Assistant

Mr. Steinfeld obtained a B. S. in Zoology from the University of
Oregon. He is working as a part-time research assistant under Dr.
Renfro on studies concerning the radionuclide budget in Alder Slough
on the Columbia River. He is a graduate student in the Fisheries
and Wildlife Department at Oregon State University.

James L. Sumich

M r. Sumic h holds a B. S. degree from the University of Oregon
and has taken graduate work at the University of Hawaii. He is working
on the biology of the sea urchin Allocentrotus fragilis under Dr. McCauley.

Richard D. Tomlinson USDI Traineeship

Mr. Tomlinson attended Washington State University for two years
before transferring to the University of Washington, where he received
a B. S. in Oceanography. He is currently completing his Master's re-
search on 65Zn uptake and retention rates in a marine, unicellular
alga (Renfro, Forster).
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Harry Tyler NDEA

Mr. Tyler has his B. S. from the University of New Hampshire.
He is currently completing his thesis on the feeding habits of three
common species of lanternfishes (Pearcy).

William R. Vermeere AEC Assistant

Mr. Vermeere has his B. S. from Oregon State University. He
worked as night supervisor of the Oregon State University gamma-ray
counting lab for four years before going to serve as a radiation specialist
for the Oregon Board of Health. He is currently teaching classes in
Radiation Biology at the University of Oregon while finishing work on
his M. S. under Dr. Renfro. His thesis work concerns relationships
between 65Zn uptake and reproductive cycles in the seastar Pisaster
ochraceous (Forster, Renfro).
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THESES

One student has completed the doctorate and four the master',s
degree. Two of the master's degrees were non-thesis. Abstracts of
the three theses are included below and complete copies will be submitted
as supplements to this progress report.

LEAD-210 IN SELECTED MARINE ORGANISMS*

by Thomas Miles Beasley

Abstract of Ph. D. Thesis

The concentrations of 21 0Pb have been determined in a variety of
marine organisms. The specimens analyzed were taken during different
times of the year and consequently during different hydrographic regimes
which afforded the opportunity to compare 21OPb concentrations in organ-
isms living in upwelled water further from shore. Less extensive measure-
ments of 21OPo in the same species permitted an estimate of the radiation
dose rate to which these organisms may be subject from this internally
deposited isotope, in addition to that which results from cosmic rays and
the 40K which is ubiquitous in ocean waters.

The concentrations of 210Pb in marine organisms from trophic
level II and III were generally well correlated with inshore and offshore
stations. This can be explained if one considers the input of this isotope
from rainfall and the offshore transport of isotope enriched water due to
upwelling. During the conditions of high coastal rainfall inshore organisms
residing in the surface layers of the ocean (upper 100 meters) displayed
higher 210Pb concentrations than did the same species offshore ( > 45
nautical miles). Under conditions of low rainfall and offshore transport
of surface water, the organisms at more than 45 nautical miles offshore
generally showed higher 210Pb concentrations than did those inshore.

Lead-210 concentrations in lanternfish, which have been shown to
reside at different depths in the water column, displayed decreasing
concentrations of 210Pb as their depth of residence increased. Similar
results reported for stable lead measured in waters off the California
coast would suggest that perhaps inorganic processes regulate the
amount of lead in surface waters rather than biological ones.

Dr. Charles L. Osterberg and Dr. William O. Forster, Major Professors
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Ratios of 210Po/210Pb in oceanic organisms exceeded 1 in all cases,
showing preferential uptake of 210Po even though the ratio of these iso-
topes in rain water, the major input source, has been measured at " 0. 1.
Although the interpretation of this result requires clarification, it is postu-
lated that changes in chemical form of the isotopes as they enter the marine
environment, coupled with differences in the effective half life exhibited
by each isotope in the organisms, combine to produce higher 210Po
levels than those observed for 210Pb.

The radiation dose rate for fishes residing near the surface is
shown to increase some 6-fold as a result of internal 210Po concentra-
tions, yet this figure would be expected to show variation depending
upon 210Po input to surface waters, and turnover times in the organisms.
Benthonic polychetes, which receive high dose rates from 226Ra incorpora-
ted in marine sediments showed an increase in dose rate of some 2-fold,
giving possible total dose rates approaching 1. 4 rad/year.

BATHYAL AND ABYSSAL POLYCHAETES (ANNELIDS) FROM
THE CENTRAL COAST OF OREGON

by Danil Ray Hancock

Abstract of Master's Thesis

Polychaete annelids from 48 benthic samples containing over 2000
specimens were identified. Samples were taken with either an anchor
dredge or an anchor-box dredge from a 15 station transect (44°39. 1'N)
that ranges from 800 to 2900 meters in depth. Sediment subsamples
were collected and analyzed for organic carbon and sediment particle
size using standard techniques. Temperature and oxygen of the water
near the bottom were taken with a modified Smith-McIntyre grab; however,
these measurements were not taken simultaneously with the dredged
biological samples.

The results indicated that at least 115 species in 53 families of
the class Polychaeta were represented in this transect line. This study
found an absence of the families Serpulidae and Syllidae and a reduction
of the number of species in the families Nereidae, Cirratulidae and
Capitellidae. Only five genera had not previously been reported from
the deep sea. The depth distribution of the polychaetous annelids re-
covered in this study, coupled with limited physical data, suggest that
five faunal regions can be distinguished. Nine new forms of polychaetous
annelids are tentatively described, and others are anticipated in future
collections. Suggestions for future studies are also indicated.

"Dr. Andrew G. Carey, Major Professor
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SIZE STRUCTURE AND GROWTH RATE OF EUPHAUSIA PACIFICA
OFF THE OREGON COAST*

by Michael C. Smiles, Jr.
Abstract of Master's Thesis

Euphausia pacifica lives for a period of approximately one year,
disappearing from the catches at a size of about 22-24 mm. Spawning,
which occurs mainly inshore, extends from June through December, but
generally is most prominent in the autumn months.

Average growth is calculated to be approximately 2. 0 mm per
month or 0. 06 mm per day, with growth appearing to be faster during
adolescent stages and somewhat slower during the older stages. These
growth rates are several times greater than previous estimates for
E. pacifica.

These studies were based on length measurements obtained from
monthly vertical meter net collections from stations off Newport,
Oregon over a four year period.

"Dr. William G. Pearcy, Major Professor
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PAPERS PRESENTED AND MEETINGS ATTENDED

ANDREW G. CAREY, JR.
Pacific Northwest Oceanographers Conference,
February 20-22, 1969.

Vancouver, B. C.

Professional Engineers of Oregon Annual Convention, North Bend,
Oregon, May 9, 1969.
Title: "Ecology of the Sea Floor".

Conference on Quantitative Evaluation of Biological Data in Coastal
Water, Pacific Northwest Water Laboratory, Corvallis, Oregon,
April 22-23, 1969.

The National Science Foundation Summer Institute in Systematics,
Smithsonian Institution, Washington, D. C. , June 22-July 11, 1969.

WILLIAM O. FORSTER
Perkin Elmer Corporation Seminar, Portland, Oregon, April,
1969.
Title: "Atomic Absorption Spectrophotometry".

University of Alaska, Fairbanks, Alaska, September, 1968.
Title: "Organic Matter in Natural Water".

University of Arizona, Tucson, Arizona, April, 1969.
Title: "Peaceful Uses of Nuclear Explosions".

United States Naval Radio Defense Laboratory, San Francisco,
California, April, 1969.
Title: "Marine Radioecology at OSU".
Abstract: The history of the marine radioecology group at Oregon
State University was developed with special emphasis on background,
research at OSU and present position. Several specific areas of
mutual interests were discussed in order to plan for future joint
sampling and processing ventures. The most promising research
that would utilize the capabilities of each lab are, studies of biota,
sediments and water in various environments. These environments
range in salinity from < 1%c in the Columbia River, through the brackish
intermediate Estuary, the higher salinity offshore plume water, to
the open ocean salinities of > 32. 5%c(w.ith W. C. Renfro).
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American Chemical Society, Oregon State University Branch,
Oregon State University, Corvallis, Oregon, May 14, 1969.
Title: "Chemical Oceanography".
Abstract: Chemical oceanography as interdisciplinary activity in
contrast to the classical multidisciplinary grouping whereby per-
sonnel merely occupy a common building. The former usually
shows a well integrated research program like Ian Kaplan's at
UCLA. His biogeoradiochemical approach was discussed to show
the interrelationships in individual sediment, water and biotic re-
search. Other studies of radiochemical interest were discussed as
well as techniques illustrating how samples are collected in the field.
A relationship was made between the 51 Cr information that is avail-
able if one removes it from natural water by large volume precipi-
tation in comparison to pumping through ion-exchange beds of
A1203 . SnCl2.

Finally, the nature of the chemical oceanography course at OSU
was discussed relative to the nature of sea water and the processes
that change those compositions.

Oregon State University 30 Stater Group, Corvallis, Oregon,
October 8, 1969.
Title: "Oceanography".

Abstract: Some of the most surprising and enjoyable aspects of
working in Oceanography are discussed - with emphasis on the di-
versity of backgrounds of the participants plus the worldly interests
of their research. A caution is interjected about recruiting students
into the field based on emphasizing the aspect of adventure. A realis-
tic approach is suggested which includes recognizing the tedium of
science, separation from family, mal-de-mer, etc. The R/V
CAYUSE cruise notice was used as an example. Slides were shown
illustrating where oceanography is done in the world and at what
funding level, Oregon's role in national oceanographic efforts, the
Sea Grant program, the facilities and ships available to us at OSU,
some typical activities of chemical, biological, geological and
physical oceanographers.

JAMES E. McCAULEY
Western Society of Naturalists, Corvallis, Oregon, December 27-29,
1968. (Served on local committee.)

Oregon Academy of Science, Portland, Oregon, February 22, 1969.
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WILLIAM G. PEARCY
Pacific Northwest Oceanographers Conference, Vancouver, B. C..
February 20-22, 1969.
Title: "Variations in Abundance of Oceanic Animals on Ocean
Conditions off Oregon".
Abstract: Variations of the average catches of the common species
of mesopelagic fishes and squids were correlated with percentage
Subarctic water and heat content of the upper 100 m off Oregon for
the period 1961-1967. Some years were unusual oceanographically
and biologically. The catches of squids had pronounced seasonal
variations in most years.

Tuna Conference, Lake Arrowhead, California, November, 1968.
Title: "Oregon State University Research Project on Albacore
Oceanography".

Eastern Pacific Oceanographic Conference (EPOC), Lake Arrowhead,
California, November, 1968.

WILLIAM C. RENFRO
American Institute of Biological Sciences and Special Meeting of
American Society of Limnology and Oceanography (Symposium on
Sea Level Canal Bioenvironmental Studies). Columbus, September
3-7, 1968.

U. S. Bureau of Commercial Fisheries, Radiobiological and Biological
Laboratories, Beaufort, North Carolina, September 8-10, 1968.

Center for Graduate Studies, Richland, Washington,
February 19, 1969.

Symposium on Education for the Peaceful Uses of Nuclear Explosions,
University of Arizona, Tucson, Arizona, March 31-April 2, 1969.

U. S. Naval Radiological Defense Laboratory, San Francisco, California,
April 7, 1969.
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Reprinted from: Proceedings of the Second National
.Symposium on Radioecology. Ann Arbor, Michigan
1967. USAEC Div. Tech. Info. Ext. , 1969.

ZINC-65 IN ECHINODERMS AND SEDIMENTS IN THE MARINE
ENVIRONMENT OFF OREGON

Andrew G. Carey, Jr.

Department of Oceanography, Oregon State University, Corvallis

Abstract. Artificial radionuclides, induced in water used as a coolant in the Hanford
reactors, are discharged into the Pacific Ocean by the Columbia River. Gamma-ray spec-
trometric measurements show that levels of 65Zn decrease in both sediments and benthic
animals with distance from the mouth of the river and with depth of water. Although 65Zn
decreases rapidly in animals below 400 meters, it was detected to 2900 meter depths in
animals but not in the sediments. Levels of 65Zn in benthic animals appear to be asso-
ciated with depth, distance from the point source, position of the Columbia River plume
in the surface waters, and ecology of the organisms. The bottom fauna is thought to be
important in determining the distribution of induced radionuclides on the ocean bottom.

Introduction

The role of benthic invertebrate organisms in determining the fate of certain radionuclides in
the oceanic bottom environment off Oregon has been studied. A wide range of habitats is under
the influence of the outflow of Columbia River water that contains an almost constant amount of
many neutron-induced radionuclides. These radionuclides have their origin in the high neutron
flux of the Hanford (Richland, Washington) reactors where large volumes of water from the Co-
lumbia River are used for cooling purposes. Radioactive elements, induced from the trace ele-
ments in the river water, are transported down the river and out to sea. Assuming an equilibrium
condition for the induced radionuclides discharged from the Columbia River into the northeast
Pacific Ocean, it is estimated that 14,000 Ci of 65Zn are present in the marine environment
(Wilson 1965).

The water from the Columbia River after discharge into the northeast Pacific Ocean forms a
shallow lens of low salinity water up to 40 m thick that can be detected far from its source. Its
position has been determined by various means including the measurement of salinity, nutrients
and 51Cr (Barnes and Gross 1966, Osterberg, Cutshall, and Cronin 1965), and it is known to shift
seasonally in response to changes in wind and current patterns. In the summer the river plume
lies to the southwest off Oregon and northern California; it is 900 km from the coastline at its
southernmost extent. In the winter the plume flows northward, inshore, along the Washington and
British Columbia coasts.

Radionuclides from atmospheric atomic testing, as well as induced radionuclides from the
Hanford reactors, have been detected in the environment and in organisms up to 490 km from the
coastline, the westward limit of our sampling off. central Oregon, and to depths of 2860 meters
(Osterberg, Carey, and Curl 1963, Pearcy and Osterberg 1964, Barnes and Gross 1966). Biologi-
cally, 65Zn is the most important gamma-emitter discharged to the ocean from the Columbia
River. It has been detected in all major portions of the marine biota, i.e., phytoplankton, zoo-
plankton, nekton and benthos (Carey et al. 1966).

The sea floor and its sediments receive much of the radioactivity introduced by man into the
surface waters (Osterberg et al. 1966, Pomeroy et al. 1966, and Barnes and Gross 1966). The
invertebrate fauna inhabiting the bottom environment is numerous and varied. Some animals filter
the bottom water for food while others ingest large quantities of sediment with its associated or-
ganic materials. Marine organisms are constantly removing certain elements from their environ-
ment and concentrating them in their tissues. The investigation of the role of the fauna in deter-
mining the distribution of radionuclides in the benthic environment is an important part of the
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study of the fate of radionuclides in a marine ecosystem. Although primarily concerned with

echinoderms, the preliminary radioecological data reported in this paper elucidate the role of the
benthic invertebrates in determining the distribution and concentration of 65Zn that is discharged
into the Pacific Ocean from the Columbia River.

The financial support of the U.S. Atomic Energy Commission (Contract AT(45-1)1750) and the

National Science Foundation (Grant GB-4629) is gratefully acknowledged. This is AEC publica-
tion RLO 1750-20. The National Science Foundation (Grant GA-295) supported a large share of

the research vessel operations. The author wishes to acknowledge the valuable assistance of

D. R. Hancock, M. A. Alspach, R. R. Paul, and I. L. Larsen. C. L. Osterberg, W. G. Pearcy,

and J. E. McCauley have offered valuable comments.

Methods
Samples of the large macro-benthic invertebrates and their sedimentary environment have

been collected from two station lines perpendicular and one parallel to the coastline. The Til-
lamook Head Line (45" 56 'N) and the 200-meter Contour Line have been sampled for the past

year while the Newport Station Line has been sampled for the past four and one-half years on a
seasonal basis (Fig. 1). The Tillamook Head Line originates 34 km south of the Columbia River

mouth; the Newport Line, 181 km south. The sampling pattern was designed to determine the
amount of 65Zn in the sediments and in the benthic organisms with depth and distance from the

Columbia River mouth.
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Fig. 1. Location map, showing the three station lines and the bathymetry of the study area.
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The area under study is very diverse and includes bottom environments on the continental
shelf, continental slope and Cascadia Abyssal Plain. The continental shelf is about 43 km wide
with the shelf break occurring at about 200 m depth. The slope is about 59 km wide off Newport
and extends downward to a depth of 2860 km. The sediments range from well-sorted fine sands
on the inner shelf to silty-clays on the plain.

Organisms from 24 stations on the Newport Station Line from 25 in to 2860 in depths were ra-
dioanalyzed for gamma-emitters. Seasonal sampling on the Newport and Tillamook Head Station
Lines was maintained at the following depths: 50, 100, 150, and 200 in on the shelf; 800 and
1600 in on the slope; and 2810 in on the plain.

The benthic fauna was collected with a 7-meter Gulf of Mexico, semiballoon shrimp trawl.
Upon retrieval, the organisms were sorted on the ship; care was taken to avoid contamination.
Initially, animals were preserved in 10% formalin-seawater; but more recent samples have been
deepfrozen to facilitate analyses for total zinc. The organisms were sorted to species in the
laboratory and, when practical, they were dissected into organ systems and tissue levels.

The animal samples were prepared in the laboratory by drying to constant weight at 65 C, then
ashing in a muffle furnace at 550 C, grinding with a glass mortar and pestle until finely powdered,
and sealing in plastic tubes with a cork and paraffin wax. The sample tubes were placed in the
well of a 5-in. Harshaw NaI(TI) crystal, and gamma-ray emissions were counted with a 512-
channel Nuclear Data AT-130 gamma-ray spectrometer. The counting time was 400 or 800 minutes
depending on concentration of 65Zn in the sample.

For determination of 65Zn in the sediments, samples were collected with a 0.1 mz Smith-
McIntyre bottom grab with removable, hinged top plates added to prevent washing of the sample
during ascent. The top 1 cm of sediment was carefully lifted off the undisturbed portions of the
sample and dried. One hundred cc of dried sediment were placed on top of the detector and
gamma-ray emissions were counted for 400 minutes. The spectra were plotted on an X-Y recorder
and compared by inspection. Data reduction with our methods was precluded by the presence of
natural radioactivity in the sediments.

Animals were analyzed for total zinc by atomic absorption spectrometry; they were dried,
ashed and put into solution with concentrated nitric acid for the analysis. Specific activities
were calculated by using these data and the 65Zn activities. Ash-free dry weight was used as a
standard measure of biomass to minimize variations from hard parts, e.g. shells, and from gastro-
intestinal contents.

Results

Sedimentary Environment. Zinc-65 was positively detected in the sediments on the conti-
nental shelf on the Tillamook Head Station Line at the 150 m station, and there were indications
of significant 65Zn at a depth of 200 meters (Fig. 2). The photopeaks in the zinc energy chan-
nels from the deeper samples are thought to be caused by Compton scatter and by sum peaks from
the natural radioactivity present in the finer deep-sea sediments.

The amount of radiozinc in the sediments along the 200 in Contour Line rapidly decreases
with distance southward of the river. Beyond 115 km no 65Zn could be detected in the sediments
(Fig. 3).

A fairly complete depth series of sediment samples from the Newport Station Line showed no
65Zn at any of the stations sampled.

Benthic Invertebrate Fauna. The amount of gamma-emitting radionuclides was measured in
many different benthic organisms from a broad range of environments from the inner shelf to the
abyssal plain. Such a variety of environments creates interestingly large changes in physical
characteristics in the stations studied. Echinoderms are ubiquitous macrofauna living in all the
environments sampled. The data presented come from analyses of this group of animals. How-
ever, because few organisms have broad enough distribution ranges, a series of species in any
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Fig. 2. Gamma-ray spectra of sediment samples from the Tillamook dead Station Line. March 1966.

Note the prominent peak in the 65Zn energy region. A trace of 65Zn may he present at the 200-meter sta-

tion.

taxonomic group has to be used to investigate the change with depth of t'SZ,n in the fauna. Orga-

nisms with similar food sources have been compared whenever possible to minimize variation.

Distribution with Depth. Depth affects the distribution and concentration of 65Zn in bottom

organisms. An initial rapid decrease of 65Zn is noted in asteroids from the Newport Station Line

in depths of less than 800 in (Fig. 4). All feeding types of starfish are plotted to demonstrate

the general trend with depth. A series of weight-normalized gamma-ray spectra of starfish from a

more complete depth series has shown that the largest reduction in the radioisotope occurs below

400 m (Carey et al. 1966).
Calculations of specific activities for 65Zn, the ratio of 65Zn to stable Zn, were undertaken

for a representative series of echinoderms from several stations on the Newport Line (Table 1).

The echinoderms listed in the table are part of the detrital food chain, feeding on organic ma-

ter.al associated with the sediments (Carey, unpublished data); the carnivores have been ex-

cluded to minimize interspecific variation. The specific activities of these animals generally

decrease .with increasing depth. This pattern is related to the Columbia River plume and its

southwest flow in June.
Several echinoderms, e.g., Parastichopus californicus and Luidi:, foliolnta, contain less

65Zn close inshore in the summer than they do near the edge of the continental shelf. Specific
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Fig. 3. Gamma-ray spectra of sediment samples from the 200-meter Contour Line southward from the
Columbia River. August 1965. Note the prominent 65Zn peak at 81 and 115 km.
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Table 1. Specific activities of 65Zn (pCi 65Zn/µg Zn) of echinoderms with depth.

All are detritus or deposit-feeders. Organisms collected at stations on Newport Line,

June 1966 (exclusive of 2800 meter sample which was collected July 1965).

Depth (m) Species Specific Activity 65Zn Mean Sp. Act.

100 Ophiura sp. 0.05

Brisaster latifrons 0.05 0.05

150 Parastichopus califomicus 0.07

Allocentrotus fragilis 0.18 0.13

200 Parastichopus califomicus 0.14

Allocenttotus fragilis 0.10

Brisaster latifrons 0.03 0.09

400 Ophiura sarsii 0.02

Nearchaster aciculosus 0.02

Ctenodiscus crispatus 0.01 0.02

800 Heterozonias altematus 0.01 0.01

2800 Paelopatides sp. 0.003

Hymenaster sp. 0.0003 0.002

Table 2. Effect of distance on 65Zn in Allocentrotus fragilis (echinoid) along the 200-meter

Contour Station Line. Counting and analysis error included.

Distance from
Columbia R.

(km)

Picocuries 65Zn/g jig Zn/g ash-free Specific Activity of 65Zn

ash-free dry wt dry wt with Maximum Range

81 89.86 ± 7.52 416.11 ± 29.13 0.22 (0.19-0.25)

115 119.24 ± 6.79 619.66 ± 43.38 0.19 (0.17-0.22)

139 48.30 ± 3.35 564.80 ± 33.89 0.09 (0.08-0.10)

activities for L. foliolata, a carnivorous starfish, determined from samples collected in June
1966 were 0.006 at 50 m, 0.009 at 125 m, 0.06 at 150 m, and 0.2 at 200 m. These low inshore
values were probably related to the southwest flow of the Columbia River plume in the summer.

The inner edge of the plume is approximately 80 km off the central Oregon coast at this time
(Osterberg et al. 1966), and an inshore band of upwelled water exists between the plume and the

coast of Oregon. The inshore environment may be separated from the 65Zn in the Columbia River

plume during the summer.
Distribution with Distance. Distance from the source of 65Zn in the environment also affects

the distribution of radiozinc in the benthic invertebrates; there is a general trend for a decrease
in specific activity of 65Zn in the fauna at the same depth with increasing distance from the
Columbia River mouth (Table 2). A preliminary comparison of data from the Newport and Til-
lamook Head Station Lines demonstrates lower levels of 65Zn in the fauna at similar depths

along the more southern line of stations.
The specific activity for 65Zn, the ratio of picocuries of 65Zn to micrograms of Zn (pCi

65Zn/g ash-free dry weight: jig Zn/g ash-free dry weight), varies less than the levels of 65Zn
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Table 3. Variation of specific activities for 65Zn in echinoderms collected June 1966
from Newport Station Line at a depth of 200 meters

207

Species Common Name Food Source
65Zn Specific

Activity

Paraslichopus californicus Sea cucumber Detritus-sediment surface 0.14

Allocentrotus fragilis Sea urchin Detritus-sediment surface 0.10

Brisaster latifrons Heart urchin Organics within sediment (?) 0.03

Luidia foliolata Sea star Predator on ophiuroids (and 0.02

some echinoids and holo-
thurians)

alone. As specific activities include stable zinc in the calculations, the effects of environ-
mental fluctuations and biological variations in stable zinc concentrations are minimized.

Distribution with Food Source. There are intraspecific and interspecific variations in the
concentration of 65Zn in the bottom organisms. The former are less important than the latter as
many organisms are generally pooled in the laboratory to obtain an adequate sample for radio-
analysis. Also, radioanalyses of replicates of one species demonstrate that the results are rea-
sonably close. Radiozinc concentrations between species, however, can vary as much as an
order of magnitude in organisms from the same collection (Table 3). The differences in specific
activity appear to be related to the feeding habits of the organism. These data suggest that the
specific activity of 65Zn declines as the organisms become further removed in time from the
input of food to the benthic environment. Surface-living organisms, e.g., Allocentrotus fragilis,
would receive more radiozinc in their detrital food supply than those living within the sediments,
e.g., Brisaster latifrons, or those feeding on other benthic organisms, e.g., Luidia foliolata.
Such a decline in specific activity is probably caused both by the decay of 65Zn and by the mix-
ing of it with stable zinc. These processes could occur during the lag period between assimila-
tion of Zn by detritus feeders on the sediment surface and assimilation of those organisms in
turn by predators.

Discussion and Conclusions

Ba nes and Gross (1966) reported an inverse relationship between 65Zn in the sediments and
distance from the source; the fall-off of the 65Zn level was very rapid with increasing distances
rom the mouth of the Columbia River. A comparison of the activity ratios of 60Co and 65Zn in

the sediments on the continental shelf near the river led them to conclude that the net transport
of sediments in shallow water is to the north and west. This finding explains the very rapid de-
cline of 65Zn in the sediments reported here. The net transport of sediment to the north and
west of the river decreases the influx of 65Zn to the bottom environment in the area studied. In
intertidal mussels Seymour and Lewd (.1964) also found a more rapid decrease of 65Zn to the
south of the Columbia River than to the north. Zinc-65 activity in 1_:ussels 32.2 km to the south
of the river had declined to one-half its initial level, while a similar reduction was reached 64,4
km to the north.

The transfer of radionuclides along simple food . hains has been studied in the benthic en-
vironment off Oregon (Carey et al. 1966). From analyses of stomach contents of ophiuroids
(Ophiura spp.) and an asteroid (Luidia foliolata), it was concluded that the brittle star ingested
sediment and the starfish preyed 'almost exclusively on the ophiuroids. Zinc-65, not detectable
in the sedimL. its, had been concentrated to significant levels by the brittle star and then passed
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on to L. foliolata. It would appear that the main source of radionuclides for the predaceous star-

fish is its prey rather than the low level of radionuclides in its environment.
The specific activity of 65Zn also appears to be dependent on the mode of feeding of the

benthic organisms. The differences in the ecology of the sea urchin, A. fragilis, and the. heart

urchin, B. latifrons, and the resulting differences in 65Zn activity and specific activity are anal-

ogous to observations by Phelps of al. (1969) on the concentrations of certain trace elements in

benthic organisms. They found that selective deposit feeders ingesting organic materials from

the sediment surface contained more stable iron than the burrowing non-selective deposit feeders.

The Fe, like 65Zn, wa:; found more highly concentrated on the surface of the sediments than be-

low the water-sediment interface.
In waters off Oregon during the summer 65Zn has been found by Osterberg et al. (1965) to be

highest in the pelagic fauna offshore and to the south of Newport, while in contrast the levels in

the bottom fauna fall off with depth and distance from the Columbia River source of the induced

radionuclides. It has been suggested by Carey et al. (1966) that the difference is due to the sur-

face nature of the river plume, the concentration of zinc in the surface organisms, and the more

or less fixed nature of the benthos. The surface water with its burden of radionuclides flows to

the north (winter) or the southwest (summer) and the planktonic and micronektonic organisms re-

maining within the core of the plume could concentrate more nuclides with longer times in the

river-influenced water. Pearcy and Osterberg (1967) noted that epipelagic fauna collected in the

plume in the upper 150 m of the water column had higher 65Zn activity than those from 150-500 m

and 500-1000 m depths. The 65Zn declined with depth. The specific activity of the surface

fishes 120 km off Newport, July 1965, is about twice that found in any of the benthic invertebrate

fauna off Oregon (Pearcy, personal communication). Benthic organisms, however, receive larger

amounts of radionuclides closer to the river. The rapid decrease of ` 5Zn with depth in the bottom

fauna is probably a function of both the concentration of 65Zn by surface organisms and the re-

tention of 65Zn in less dense surface waters until much of the 65Zn has decayed and/or been

transported from the area by surface currents.
Zinc-65, flowing into the Pacific Ocean from the Columbia River, decreases in concentration

in the bottom fauna and the sedimentary environment with increasing depth and distance from the

river mouth. Though the level of 65Zn in the sediment rapidly decreases with distance and can-

not be detected at the Newport Station Line 181 km to the south of the Columbia River, the ben-

thic invertebrate fauna there is able to concentrate the radioisotope to readily detectable levels.

Deposit-feeding organisms undoubtedly pass on their,burden of 65Zn to their predators, the next

step in the food chain. These data suggest that the marine fauna is an important factor in deter-

mining the distribution of neutron-induced radionuclides in the marine bottom environment.
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THE EFFECT OF TEMPERATURE, SEDIMENT, AND FEEDING ON THE BEHAVIOR

OF FOUR RADIONUCLIDES IN A MARINE BENTHIC AMPHIPOD'

Ford A. Cross, s John M. Dean, 3 and Charles L. Osterberg

Department of Oceanography, Oregon State University, Corvallis

Abstract. Laboratory studies were conducted to determine the effects of temperature,

feeding, and presence of sediments on the behavior of 65Zn in a new species of gammarid

amphipod (Anonyx sp.). This benthic amphipod was captured in 80 meters of water off the

Oregon coast. In the feeding experiments, 144Ce, 46Sc, and 51Cr were used in addition

to 65Zn. Accumulation and elimination rates of 65Zn were temperature dependent, al-

though the effect appeared to be minimal within this organism's seasonal temperature

range. Individual differences in 65Zn accumulation rates for amphipods of similar size

had a mean standard deviation range of 14-19%. Elimination rates of 65Zn were in-

creased in the presence of sediment and were significantly greater in feeding than in non-

feeding amphipods. Anonyx which fed on adult Artemia labeled simultaneously with

65Zn, 144Ce, 46Sc, and 51Cr retained 55% of the 65Zn and less than 10% of the 144Ce

and 46Sc. Transfer of 51Cr was not measurable. Zinc-65 loss during molting depended

upon whether the zinc had been accumulated from food or from water. When uptake was

from water, approximately 20% of the 65Zn body burden was lost with the cast exoskel-

eton, whereas only 2.0% was lost when 65Zn was accumulated from food. The potential

role of Anonyx in the cycling of radioactivity in the marine environment is discussed.

Introduction

The distribution of radioactive wastes in the sea partly depends upon the biota. Motile forms
may accumulate radioactivity in a specific locality and disperse it by means of horizontal or ver-
tical migrations. Less-motile or stationary forms, however, may tend to concentrate and retain
radioactivity within a given locality. This last process may be significant in situations where
radioactivity is being introduced into the sea via river systems. Large benthic populations living
near the river mouth would be exposed to radiocontamination before the physical processes of di-

lution and dispersion could become fully operative. Radioactivity associated with organic detritus
would probably be consumed and cycled back into the food web at a rate faster than bacterial de-
composition. Certain benthic populations may also be able to remove radioactivity from the inor-

ganic fraction of the sediment, thus reducing the biological safety factor often attributedto sedi-
mentary processes involving radioactive wastes (Waldichuk 1961). Local populations of commer-
cially important demersal fishes feeding on these benthic organisms might require radiological

monitoring.
Gammarid amphipods are an important member of shallow water benthic communities along the

Oregon coast and constitute over 50% of the fauna in this region (Carey 1965). An important group
in this amphipod community is the family Lysianassidae which actively seek out and consume
detrital accumulations and dead or dying organisms (Enequist 1949). A characteristic genus of

1This work is based upon a Ph.D. dissertation submitted to Oregon State University by Mr. Cross and
was supported by the U.S. Atomic Energy Commission Contracts AT(45-1)1750; AT(45-1)1830 and Public
Health Service Training Grant 1T1-WP-111-01. Part of the results presented in this paper were obtained at
Battelle Memorial Institute, Pacific Northwest Laboratory in Richland, Washington, on apredoctoral Rich-
land Graduate Fellowship.

2Present address: Bureau of Commercial Fisheries, Radiobiological Laboratory, Beaufort, North
Carolina.

3Ecology Section, Battelle Memorial Institute, Pacific Northwest Laboratory, Richland, Washington.
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this family is Anonyx which occurs along northern coast lines at relatively shallow depths (Sars
1895). Some members of this genus are efficient skeletal cleaners and will even attack and eat
live animals whose movements are restricted. Hart (1942) reported that Anonyx nugax consumed
herring and cod held in live boxes and Scarratt (1965) listed Anonyx sp. as damaging 50 lb of
lobster which were being held in the same manner overnight.

In this study, a new species of Anonyx4 (Fig. 1) was trapped in sandy sediment at depths of
80-120 m off the central Oregon coast. This organism apparently burrows into the sediment
during the day and emerges to feed at night as we have been unable to trap it during daylight.
Anonyx sp. proved to be excellent for experiments, because they could be maintained in the labo-
ratory for several months, were of suitable size (average 21-23 mm in length and over 200 mg in
wet weight), and could be obtained in large numbers.

The purposes of this study were: (1) to examine 65Zn metabolism in the laboratory as influ-
enced by temperature, food, and sediment (46Sc, 144Ce, and hexavalent 51Cr were also used in
the feeding experiments), and (2) to call attention to the potential role of these organisms in the
cycling of radionuclides in northern coastal waters.

Materials and Methods

Field Collection Procedures. Test animals were captured in traps made of 1-gal cans with
lids modified so that amphipods could enter but not escape (Cross 1968). These traps were baited
with freshly killed herring, anchored to the bottom and left for several hours. The captured amphi
pods were placed in glass jars in a refrigerated case and transported either to the Battelle North-
west Laboratories or to the Department of Oceanography at Oregon State University where experi-
ments were conducted.

4This species is currently being described by Dr. J. Laurens Barnhard of the U.S. National Museum
using specimens from our collections.

Fig. 1. Typical specimen of Anonvx so. from Oregon coastal waters.
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Results and Discussion

Effect of Temperature on the Accumulation of 65Zn from Seawater. The effect of temperature

on the accumulation of 65Zn from seawater was studied in amphipods at temperatures of 3, 7, and

12 C ± 0.5 C in filtered (pore size 0.45 It) seawater containing 25 µCi/liter of 65Zn (specific ac-

tivity 1.8 µCi/µg). Periodically six amphipods were removed, blotted on an absorbent napkin,

weighed, and measured for radioactivity. Two 5-ml samples of the seawater also were taken with

each group of amphipods. Zinc-65 measurements were made with an auto gamma spectrometer in

a 3 x 3 inch well crystal. The original data were reduced by computer processes to microcuries

65Zn/g wet weight of each amphipod. Mean values and standard deviations were calculated for

each sample of six amphipods and appropriate corrections for geometry and physical decay were

included in the computer program.
The accumulation of 65Zn by Anonyx sp. was temperature dependent (Fig. 2) although uptake

curves were similar for 7 and 12 C, two temperatures that approximate the seasonal range for this

organism. It is evident from the shape of the curves that equilibrium was not attained during the

experiment.
Although the mean weights of the amphipods

group (P > 0.05), the grand mean of the amphipoe
less (P < 0.01) than in the 3 and 12 C group. Ms

the refrigeration system, leaving only enough or[
lection, made approximately 1 month later to obt,
contained significantly larger organisms.

The range of the standard deviations, expressed as percent, for each sampling interval and

its mean value represents differences in the ability of individual amphipods to concentrate 65Zn

(Table 1). These mean values are very similar to a standard deviation value of 19.5% for concen-

trations of 65Zn in eight peamouth chubs (Alylocheilus caurinum) of nearly equal lengths and

weights taken in a single seine haul from the Columbia River estuary (Renfro 1966).

12° C

7° C

o 3° C

Cone In Se.nter

11

to
TIME (HOURS)

120 140

Fig. 2. Accumulation of 65Zn by Anonyx sp. as a function of temperature. Each point represents the

mean and standard error for six amphipods.
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Table 1. Individual variation in the accumulation of 65Zn from seawater
by similar-sized amphipods, based on the percentage standard deviation

of six individuals from each sampling interval

Temperature

(C)
Standard Deviation Mean

(percent) Range

3 14.1 7.7-25.2

7 18.7 12.3-32.5

12 14.4 9.3-24.7

These sources of variation must be considered when comparing the 7 and 12 C curves. Al-

though no inverse correlation between the amount of 65Zn/g and body weight was apparent, ad-
sorption processes are probably involved in accumulation of 65ZIt from seawater (Fowler 1966,
Kormondy 1965, Watson, Davis, and llanson 1963). Since the amphipods used in the 7 C experi-
ment were smaller than those used in the other two experiments, they had a higher surface area
to volume ratio and might be expected to accumulate more 65Zn per unit weight than the larger
organisms. Although the uptake curves at 7 and 12 C are very similar, the ability of the smaller
organisms to accumulate more 65Zn per unit weight and the higher individual variation within the
7 C group may have caused the two curves to appear more similar than would have occurred had
the amphipods been of equal size.

The accumulation of 65Zn from seawater also has been shown to be temperature dependent in
euphausiids (Fowler 1966) and in attached marine algae (Gutknecht 1961b). Saltman and Boroughs

(1960) have demonstrated a temperature dependency in accumulation of 65Zn for fish liver slices
in vitro. Kormondy (1965), however, reported uptake of 65Zn in the freshwater dragonfly, Plat-
hemis lydia, to be independent of temperature.

Most marine animals, when accumulating 65Zn from seawater, do not reach equilibrium within
a few days as reported for the freshwater Odonata (Kormondy 1965). Anonyx sp. did not reach
equilibrium after a period of 99-168 hr. This agrees with similar experiments reported for eupha-
usiids (Fowler 1966), echinoderms and shrimp (Hiyama and Shimizu 1964), blue crab (Rice 1963),
post-larval flounder (Ross 1964), hard clams (Price 1965), and oysters (Chipman, Rice, and Price
1958).

Effects of Temperature and Presence of Sediment on Elimination Rates of 65Zn. Three groups
of amphipods (24 animals per group) were placed in filtered seawater containing 25 lrCi 65Zn/liter
at 3, 7, and 12 C for 10, 8, and 6 days. Unequal periods of accumulation were used so that the
three groups would accumulate similar levels of 65Zn. Each amphipod was then weighed, meas-
ured for radioactivity, and placed in individual containers with 65Zn-free seawater of the same
temperature. Twelve animals from each temperature group were placed in containers with ocean
sediment and 12 in containers without sediment. Each amphipod was removed from its container
at regular intervals for 29 days, placed in a test tube with 2 ml of chilled seawater, radioaualyzcd

in a single channel analyzer, and returned to the container. The seawater was changed frequently
to prevent cycling of 65Zn between the amphipods and seawater. Mortality in the 3 C group re-
duced the number of available amphipods from 24 to 11.

The logarithm of the fraction of 65Zn retained was plotted versus time for each amphipod.
The slope (b) of a least squares fit to the straight-line portion of the curve was used to calculate
the effective half-life from the equation: To = (In 2)/b. The biological half-life (Tb) was then
obtained from the expression: T b = T T I(T - T e), where T = physical half-life.

Temperature appears to influence the biolpogical half-life (pl'b) of 65Zn, especially between 3

and 7 C (Fig. 3). Also Tb values obtained in the presence of sediment are less at each tempera-
ture than Tb values obtained in the absence of sediment.
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Fig. 3. Effect of temperature and sediment on the biological half-life of 65Zn. Each point represents
mean and standard error for the number of individuals indicated in the parentheses.

Table 2. Analysis of variance of the effect of the temperature and sediment
on the biological half-life of 65Zn in Anonyz sp.

Source df Sum Squares Mean Squares F-Value

Aa adjusted for B 2 0.28150 0.14075 13.64b

B` adjusted for A 1 0.03605 0.03605 3.49d

ABe adjusted for A and B 2 0.00471 0.00236 0.23d

Error 48 0.49544 0.01032

aEffect of temperature.
bHighly significant (at 99%6 level).
"Effect of sediment.
dNot significant (at 997. level).
elnteraction effect of temperature and sediment.

A weighted squares of means analysis of variance (Steel and Torrie 1960) was employed to
test if these differences were statistically significant. This particular test was used because
mortalities resulted in unequal numbers of individuals in each treatment group. The results of
this test showed that temperature significantly affects the biological half-life of 65Zn in Anonyx
sp.; but neither the effect of sediment nor the interaction of temperature and sediment could be
considered (P > 0.05) to alter the elimination rate of 65Zn significantly (Table 2).

A positive correlation between temperature and elimination rates of 65Zn has been shown for
the isopod, Idothea (Odum and Golley 1963), the estuarine fish, Fundulus (Shulnman, Brisbin, and
Knox 1961), the snail, Littorina (Mishima and Odum 1963) and the euphausiid, Eupltausin pacifica
(Fowler 1966). Odum and Golley (1963) and Mishima and Odum (1963) suggested that the elimina-
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tion rate of 6 5Zn can be used as a "tag" for the turnover of organic matter in both terrestrial and
aquatic organisms. This hypothesis, however, has been questioned by both Fowler (1966) and
Kormondy (1965) for organisms which accumulated 65Zn from water. Fowler demonstrated that
formalin-preserved euphausiids lost 65Zn at rates similar to live euphausiids and Kormondy found
that loss rates of 6 5Zn in the dragonfly, Plathemis lydia, were independent of temperature. This
latter finding does not agree with results obtained in the present study.

Although the elimination rates of 6SZn were higher in the presence of sediment at all three
temperatures tested (Fig. 3), the differences were not statistically significant (P > 0.05). Some
cycling of 6SZn between the amphipod and the seawater may have occurred, although the seawater
in the individual containers was changed at least once a week. In the containers with sediment,
some of the 65Zn eliminated by the amphipods may have become sorbed onto the sediment elimi-
nating the possibility of it being accumulated again by the amphipods. This sorption of 6SZn to
sediment might result in lower Tb values for the amphipods than if the sediment had not been
present. The observed differences in elimination rates of 6 5Zn in Anonyx sp. might also be ex-
plained by the release of stable zinc to the seawater due to the presence of sediment. An in-
crease in the concentration of stable zinc in the seawater would probably increase the exchange
of zinc, both stable and radioactive, between the amphipod and the water. The net result would
be an increase in the elimination rate of 65Zn from Anonyx sp.

The absence of a significant interaction between temperature and the presence or absence of
sediment on the elimination rates of 65Zn suggests that these two environmental factors are
acting independently. Duke et al. (1969) measured the effects of four environmental factors (tem-
perature, salinity, p11, and total zinc) on the accumulation of 65Zn in some estuarine invertebrates
and reported that interaction of these factors at the levels tested was not statistically significant.

The Transfer Efficiency of 6SZn, 46Sc, 51Cr, and 144Ce to Anonyx Through Food. Adult
brine shrimp (Artemia salina) were placed in plastic containers with 400 nil of membrane filtered
seawater. Four microcuries each of 65Zn, 51Cr, 46Sc, and 144Ce were added to the water. Since
S1Cr was purchased in the trivalent state, it was oxidized to the hexavalent state before being
used because radiochromium in the Columbia River complex is predominantly Cr(VI) (Cutshall,
Johnson, and Osterberg 1966). The brine shrimp accumulated radioactivity for 5 days and then
were held for 2 days in a similar container with non-radioactive seawater. This last procedure
allowed the brine shrimp to lose much of the loosely bound radioactivity and thus reduced losses
to the water when the brine shrimp were fed to the amphipods.

Fifteen amphipods were held individually in 400 ml polyethylene beakers suspended in 12 C
water and received a single feeding of one brine shrimp having known concentrations of all four
radionuclides. Feeding was scheduled in the late afternoon, allowing the amphipod to feed during
the night. If the brine shrimp was eaten, the radioactivity in the amphipod was measured the next
morning and on subsequent days. During this time the amphipods were not fed. The seawater in
the individual containers was changed weekly to prevent cycling of radioactivity between it
and the amphipods.

All measurements of radioactivity were made in the well of a 5 x 5 inch NaI(Tl) crystal
coupled to a 512-channel pulse height analyzer. Because of the complex spectra obtained from
measuring four radionuclides simultaneously, the ez:;a were reduced by computer techniques. In
this process, over-lying photopeaks and interfering Compton effects were stripped from the spectra
before quantitative determinations were made for each radionuclide.

The data were analyzed in the same manner as described above for the determination of bio-
logical half-lives. The intercept of the straight-line portion of the curve' with the abscissa then
represents the percentage of radioactivity originally present in the brine shrimp which was re-
tained by the amphipod as a long-lived component. This percentage is the transfer efficiency.

A comparison of gamma spectra of an individual brine shrimp with an amphipod the day after
feeding shows discrimination in favor of "Zn (Fig. 4). Very little of the 144Ce, "Cr, and 46Sc
in the brine shrimp was retained by the amphipod, whereas a significant "Zn peak is present in
the amphipod spectra.
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Fig. 4. Comparison of gamma spectra between an adult brine shrimp (Artemia) labeled with four radio-

nuclides and an amphipod (Anonyx) 12 hours after consuming that particular brine shrimp.

Table 3. Mean transfer efficiency values for 65Zn, 46Sc, and 144Ce

resulting from feeding on labeled adult Artemia

Radionuclide ne Mean (%) S.E.M. b (%)

65Zn 7 55.7 2.6

46Sc 14 9.4 1.7

144Ce 14 6.2 1.8

°Number of individuals.
bStandard error of the mean.

Since Anonyx sp. remonstrated little ability to retain significant amounts of 46Sc, 144Ce, and

51Cr(VI) through feeding, transfer efficiencies could not be determined by graphical analysis as

with 65Zn. Instead, estimates of transfer efficiency were made by taking the ratio of the amount

of each radionuclide remaining in the amphipod on the day after feeding to the amount originally

present in the brine shrimp (Table 3). Hexavalent 5 t Cr was not measurable by either technique.
Because of the greater amount of 65Zn in the amphipod, many counts in the area of the 144Ce and
S1Cr photopeaks resulted from Compton interactions from 65Zn. This increased the counting
errors making accurate determinations of low amounts of 144Ce and "Cr much more difficult.

The mean transfer efficiencies (Table 3) cannot be generally applied to Anonyx sp. because

the nature of the food and the amount eaten may affect the percentage of radioactivity retained.
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The present values, obtained on the basis of a single feed-ng, are also based on the assumption
that 100% of the radioactivity accumulated by the brine shrimp was ingested by the amphipod
since no partially eaten brine shrimp were ever noted. Some radioactivity might be lost with
small bits of gills, pleopods, etc., which may have broken off the brine shrimp when it was
clasped and consumed by the amphipod.

Another factor affecting the transfer efficiency from one trophic level to another is tissue
localization of the radionuclide. The brine shrimp accumulated the four radionuclides directly
from seawater. Thus more of the radioactivity might adsorb onto the less digestible tissue than
if accumulation had been from feeding. For example, Baptist and Boss (1965) fed grass shrimp
(Palaemonetes pugio), which had accumulated i 44Ce from seawater, to the estuarine fish, Fun-
dulus. They reported no transfer of 14 "Ce and attributed this to the presence of the radionuclide
on the undigestible carapace.

In comparison with the present study, Nakatani and Liu (1964) fed gelatin capsules contain-
ing 200 1Ci of 65Zn to 100 yearling rainbow trout (Salmo gnirdnerii) and reported that only 13%
(about 26 1tCi) was present 8 days after feeding. Chipman, Rice, and Price (1958) found only 27%
of the original doses present in croaker (Alicropogon undulatus) after 12 hr, regardless of whether
they had been fed 65Zn in gelatin capsules or had it pipetted directly into their stomachs. The
reef fish, Chaetodon miliaris, is reported to have assimilated only 10% of the 65Zn while feeding
on labeled Artemia (Townsley 1960). These variable transfer percentages of 65Zn probably illus-
trate species differences, differences in feeding rates, amount fed, and mode of 65Zn accumula-
tion of the consumed organism.

The low transfer values of 144 Cc obtained in this study are not surprising when compared
with values reported for other marine organisms (Baptist and Boss 1965, Baptist 1966, and Chip-
man 1958). Apparently the particulate nature of 144Ce (Greendale and Ballou 1954) and a low
biological demand by marine organisms for this element result in poor transfer across the gut
wall. Osterberg, Pearcy and Curl (1964) reported that the levels of i41Ce in predaceous animals
were much lower than in filter feeders captured off the Oregon coast after the Russian atmos-
pheric tests of 1961-62.

Because of their chemical similarity, scandium behaves in much the same manner in nature as
cerium (Palumbo 1963). Scandium-46 is a neutron-induced radionuclide present in the Columbia
River system from the Hanford Atomic Products Operation. Nelson, Perkins and Nielsen (1961)
have identified 06Sc in Columbia River water and on suspended sediments. Haertel and Osterberg
(1965) observed the occurrence of 46Sc in the estuarine copepod, Eutytemora hirundoides, and on
detritus (mainly wood fiber) in the Columbia River estuary. Very little laboratory data exist on
the behavior of this radionuclide in marine organisms. Gutknecht (1961a) has shown that the ac-
cumulation of 46Sc by marine macroalgae is due to adsorptive processes. In the present study
the small amount of 46Sc retained by the amphipods during feeding was quickly eliminated. Thus
it behaved much like 144 Cc.

Effect of Food Consumption onthe Biological Half-Life of 65Zn in Anonyx sp. Fifteen am-
phipods, held individually in 400 ml polyethylene beakers suspended in 12 C water, were fed 10
brine shrimp labeled with 65Zn once a week for 4 weeks. After this period each amphipc, re-
ceived a single feeding of five non-radioactive brine shrimp in an attempt to clear the gut of any
.residual radioactive food. Then 8 of the amphipods each were fed 10 non-radioactive brine shrimp
per week for 3 weeks, while the remaining 7 amphipods were not fed during the same time period.
Amphipods were measured for 65Zn twice a week during this 3-week period in the same manner as
described in the previous experiment.

Food consumption greatly influenced the elimination rate of 65Zn (Table 4). The average bio-
logical half-life of 65Zn was 34.7 days for fed amphipods and 104.2 days for unfed ones. Thus
feeding increased the elimination rate of 65Zn in Anonyx by approximately a factor of three.

The effect of food consumption on elimination rates of 65Zn agrees with the findings of Odum
and Golley (1963). They reported that the biological half-life of 65Zn in marine isopods which
ate large amounts of non-radioactive food was less than in individuals which ate little or no food.
Bryan (1966) obtained similar results when comparing elimination rates of fed and unfed crabs.
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Table 4. Mean biological half-lives of 65Zn (Tb), effective half-lives (T.), and
elimination rates (k) for: (A) amphipods receiving multiple feedings of labeled

brine shrimp and starved during measurement of elimination rates, and (B)
amphipods receiving multiple feedings of labeled brine shrimp and fed

non-labeled brine shrimp during elimination measurements

Ae Bb

Mean (days) S.E.M. ` Mean (days) S.E.M.

Tb 104.2 12.3 34.7

T 73.1 30.4
e

k -0.0067 -0.0200

eNumber of individuals - 4.
bNumber of individuals - S.
`Standard error of the mean.

8.2

Shulman, Brisbin, and Knox (1961), however, were not able to demonstrate any effect on the bio-

logical half-life of 65Zn in small estuarine fish by varying food intake. The mean Tb value of

34.7 days for the feeding amphipods in our studies is similar to biological half-lives for 65Zn re-
ported by Mishima and Odum (1963) for the gastropod Littorina irrorata at 15 C. These snails
also fed on non-labeled food during the observations.

Loss of 65Zn Through Molting. Although molting was infrequent, several molts occurred dur-

ing the experiments in which elimination rates of 65Zn were measured. Since molting took place
in seawater free of radioactivity, very little contamination of 65Zn could have occurred from the

surrounding medium, although a small amount of 65Zn could have been lost to the seawater before

the exoskeleton was discovered and measured for radioactivity. Daily checks were made during
the experiments to assure quick recovery of exoskeletons. As soon as a molt was discovered, the
amphipod and the cast exoskeleton were radioanalyzed separately to determine the fraction of ra-

dioactivity lost at each molt.
The percentage of 65Zn remaining with the cast exoskeleton depended upon the mode of up-

take. When accumulation was initially from water the fraction of 65Zn lost at molt was 19.7% ±

4.6% (eight observations). If accumulation was through feeding, however, the fraction of 65Zn

lost at molt was 2.0% t 1.6% (four observations). These differences appear reasonable since ac-

cumulation from water should result in a greater amount of 65Zn sorbed to the exoskeleton. This

molting loss value of 19.7% is very similar to that given for the euphausiid, Euphausia pacifica.

Fowler (1966) reported that, under similar conditions, E. pacifica lost approximately 18% of the

total body burden of 65Zn in the first molt. The values reported in this paper and those obtained
by Fowler are substantially less than the 94% molting loss of 65Zn listed by Kormondy (1965)

for the dragonfly larvae, Plathymis lydia.
The Potentia/Role of Anonyx in the Cycling of Radionuclides. Amphipod populations, as

represented by the gent. Anonyx, may be important in the cycling of radioactivity introduced into

the sea via river systems. During the period 1961-63 approximately 900 curies per day of neu-
tron-induced radioactivity flowed into the Columbia River estuary and adjacent Pacific Ocean
(Environmental Studies and Evaluation Staff 1962, 1963, 1964). While much of the radioactivity

remaining in the dissolved state would be confined to the plume which is located in the top 40

meters (Barnes and Gross 1966), some of it would be carried down to the benthic environment as

a result of sedimentary processes (Jennings 1966, Osterberg, Kulm and Byrne 1963, Gross,

McManus, and Creager 1963).
The pelagic biota also would contribute to the descent of radioactivity from the surface

waters to the benthic environment as Polikarpov (1966) stated: "Continuous transport of radio-
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active substances to the bottom deposits occurs as a result of the death of organisms and de-
tritus formation. The total amount of radionuclides thus transported to the bottom of a water in the
course of a single season may be hundreds of times greater than their content in the whole mass
of live organisms in the water at any given moment. Therefore, the living matter of a water be-
haves like a pump in pumping radioactive substances from the water into bottom deposits." This
biological transport of radioactivity to the benthic environment should be especially important di-
rectly off the mouth of the Columbia River during summer since the nutrient rich water of the
plume has much higher standing crops of both phytoplankton (Anderson 1964) and zooplankton
(Cross 1964) than ambient waters.

The main source of radioactivity for Anonyx is probably the food web since most of the radio-
activity in the dissolved state would remain in the plume and nearby surface waters. Radioac-
tivity associated with dead organisms and fecal pellets would sink through the water column and
be available to Anonyx and other benthic organisms. For example, the rapid descent of t 44CC to
depths of 2800 meters has been attributed to the association of this radionuclide with fecal pel-
lets voided by filter-feeding zooplankton (Osterberg, Carey and Curl 1963).

The exact position of Anonyx sp. in the food web is not known. In the laboratory it consumed
dead fish, beef liver, and both live nauplii and adults of Artenda. These diverse feeding habits
may also be employed by this organism in nature as some gammarids undergo seasonal or noc-
turnal swarming in the water column (Fage 1933). The excellent swimming ability and large eyes
of Anonyx sp. may allow it to undertake these migrations and feed on zooplankton although no in-
dication of this was seen in the present study.

Since Anonyx sp. is of good size and at times abundant, it seems reasonable to assume that
it is preyed upon by demersal fishes inhabiting Oregon coastal waters. Thus it appear.; that ben-
thic amphipods, as represented by the genus Anonyx, are important in the cycling of organic
matter along the Oregon coast and their role in the cycling of radionuclides may be underesti-
mated.
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SEDIMENT RADIOACTIVITY IN THE COLUMBIA RIVER ESTUARY'

C. David Jennings2 and Charles Osterberg

Department of Oceanography, Oregon State University, Corvallis

Abstract. Surface sediments of the Columbia River estuary contain more 51Cr and

65Zn than the river water flowing over them. Highest concentrations of radioactivity are
found in fine sediments whose distribution is irregular and subject to variation with chang-
ing river flow. Columbia River radionuclides have been measured in sediments at a dis-

tance of 10 km from the mouth of one of its small tributaries, sometimes with higher radio-
nuclide concentrations than the Columbia River sediments. Sediment radioactivity was
measured with an in situ gamma-ray detector attached to a multichannel analyzer, making
it possible to analyze many samples rapidly with a minimum disturbance to surface layers.

INTRODUCTION

Radionuclides introduced into an aquatic ecosystem will be distributed among three phases:

the water, the biota, and the sediments. Because a large part of the radioactivity concentrates in
the sediments, a study of this phase was made of the Columbia River estuary where the distribu-
tion of the radioactive sediments is under the tidal influence of the Pacific Ocean. Although
sediments contain a sizable portion of the total radioactivity of the system, they are, in many

respects, the most difficult to sample. The surface layer of sediment, which contains most of the
man-made radionuclides, is not easily removed in its undisturbed state in quantities sufficient for
radioanalysis. Coring devices collect the least disturbed samples, but the proportion of surface
sediments is small and samples are effectively collected only in fine sediments. In the Columbia
River estuary much of the bottom is sand or is immediately underlaid by sand,'making coring
difficult. Dredged and grabbed samples contain relatively large proportions of surface sediments,
but older, less radioactive sediments are often mixed into the desired sample and confound analy-
sis. An in situ probe eliminates the need to collect a sample and, therefore, circumvents these
problems.

Chromium-S1 and 65Zn, the radionuclides observed in highest concentrations in Columbia
River sediments, are quantitatively discussed in this paper.

Methods

Sediment radioactivity reported in this study was measured with a probe designed for field use
(]ennings, Cutshall, and Osterberg 1965). A gamma spectrum was made at each station by lower-
ing the probe onto the sediment and counting for 10 minutes. This short counting time was
possible because the probe "sees" a much larger surface sample than could be conveniently
counted in the laboratory. The probe is lightweight and easily handled on small (9 m) fishing
boats which operate routinely in the Columbia River (Fig. 1). These rapidly collected data were
immediately available for inspection so that areas of special interest could be sampled in more
detai 1.

'Support from USAEC contract AT(45-1) 1750 and P11S training grant 1T1-WP-59-01, RLO-1750-21.

2Present address: Bureau of Commercial Fisheries, Radiobiological Laboratory, Beaufort, North
Carolina 28516.
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Fig. 1. Sediment probe in operation in the Columbia River. Skin divers observing the probe on the
bottom reported that it disturbed the sediment only slightly when it touched bottom.

The probe was calibrated by uniformly distributing a known amount of "Cr and 65Zn on the
surface of a circular board of 30 cm radius and counting it under water with the sediment probe.
This approximation to field conditions assumes no contribution to the gamma-ray spectrum from
below the surface layer of sediment nor from farther away than 30 cm. Geometrical spreading and
absorption of gamma rays in the medium combine to make this a fairly good assumption.

However, some contribution would be expected from gamma emitters in the sub-surface layers,
causing the surface layer to appear more radioactive than it actually is. Thus probe measure-
ments give the maximum amount of radioactivity present in the surface layer. On the other hand,
gamma rays from radionuclides in the sub-surface layers, attenuated by overlying sediments,
would not be accurately evaluated by the probe. Thus, radioactivity of the entire sediment column
could be higher than the probe data would indicate.

In summary, the probe defines an upper limit for radioactivity in the surface layer, but probably
determines a lower limit for the radioactivity in the entire sediment column.

These errors are not particularly objectionable since they are essentially constant in all the
probe measurements. They are minimized by the inherent property of sediments which finds new
(i. e., radioactive) sediments normally on top of old sediments. Any radioactivity present in the
old sediments would be subjected to loss by decay, with 51Cr particularly vulnerable because of
its short (28-day) half-life. The radioactivity measured by the in situ probe corresponds closely
with that which benthic organisms experience.
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Results and Discussion

Radionuclides Detected. The radionuclides identified in highest concentrations in this
study, "Cr and 65Zn, are produced by neutron activation of stable trace elements and corrosion
inhibitors in the water used to cool the Hanford reactors. Although naturally occurring 40K was
ubiquitous and 60Co and 54Mn were distinguishable in many of the spectra, "Cr and 65Zn were
nearly always predominant. Cobalt-60 and 54Mn were most prevalent in sediments containing high
"Cr and 65Zn concentrations, but with activities much lower than "Cr or 6 5Zn.

The predominance of radioactivity in Columbia River sediment over that in the water can be
seen by comparing a spectrum of the sediment surface with a spectrum of the overlying water
(Fig. 2). At this station the sediment radioactivity is more than an order of magnitude higher than
that of the water, subjecting benthic organisms living in this sediment to a considerably higher
radiation dose than the plankton or nekton living in the water above.

Radioactivity Distribution. Several factors affect the concentration of radionuclides in
estuarine sediments. As the river reaches the estuary it broadens and the water drops much of
its sediment load due to river slowdown and to flocculation of colloidal particles (Harris 1963).
Nelson, Perkins, and Nielsen (1966) showed that small silt- and clay-sized particles contain a
much greater concentration of radionuclides than do coarser particles. River flow rate, saltwater
intrusion, and shape of estuary interact to produce a complex pattern of sediment deposits in an
estuary. The wide variation of radioactivity values seen in the Columbia River sampling area
(Fig. 3 and Table 1) results from the complex interactions. Highest sediment radioactivity was
observed in protected areas in the upstream portion of the estuary. Miller Sands and Snag Island,

60 so loo 120 140 160 ISO 200

Fig. 2. Spectrum with (A) probe on sediment (B) probe at the water surface at station 26. Counting
times were equal (10 min).



303

W
V
O

v

v
CL

WASHINGTON

OREGON

old

MILES

Fig. 3. Sample station locations in the Columbia [liver. (See Table t for sediment radioactivity.)

small islands in the central river, protect stations 9 and 10, respectively, and Tongue Point pro-
tects stations 26 and 27 which appear to be sediment traps. These four stations have high
radionuclide concentrations.

The sediments on the south side of the estuary experience conditions considerably different
from those on the north side. There are essentially two channels in the estuary: the main
channel near the southern bank of the river, and an ill-defined secondary channel along the
northern bank. Sandy shoals make up much of the remaining central portion of the estuary. Sta-
tions on the north side of the estuary (stations 1-8, Fig. 3) vary less in sediment radioactivity
than do stations on the south side. In general radioactivity on the south side of the river is
highest at upstream stations with lesser amounts downstream, probably due to depletion of sus-
pended load by river slowdown in the upper estuary.

During December 1964, a hard freeze followed by sudden warming and heavy rains caused
destructive flooding in the Columbia River and its tributaries. Although most of our sampling was
done prior to the flood, selected stations were resampled for comparison in January 1965 after
the flood waters had receded. While the picture is not complete from the few stations sampled
after the flood, the upstream areas (note stations 9 and 26) clearly had their accumulation of radio-
active sediment swept clean by the high flow with some redeposition apparent downstream.
Perkins, Nelson, and Haushild (1966) have likewise reported scouring of sediments during spring
high waters in the upper Columbia River. Scouring not only influences the radioactivity budget of
the sediments but also contributes to the instability of the habitat of benthic communities in the
estuary.

Radioactivity in a Columbia River Tributary. Youngs River, a small river whose navigable
portion is about 10 km in length, empties into the Columbia River just below Astoria, Oregon
(Fig. 3). Chromiuir-S1 and 65Zn were observed in sediments throughout the entire navigable
portion of Youngs River, indicating at least occasional contact with Columbia River water. Sev-
eral stations showed radionuclide concentrations higher than sampling sites near the mouth of the
Columbia River, and one station 4 km upstream had as much 5 1Cr and 65Zn as the Columbia River
sediments with highest radioactivity.
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Table 1. Surface sediment radioactivity in the Columbia River before and after the December 1964 flood.
Figure 3 shows the locations of the sample stations.

Station
Number

Radioactivity Before Flood Radioactivity After Flood
September 1964 January 1965

(nCi/cm 2) (nCi/cm 2)

51Cr 65Zn 51Cr 65Zn

x 10-2 x 10-2

1 0.322 2.02

2 0.585 8.20
3 0.133 1.94 0.167 1.40
4 0.046 1.70
5 0.468 7.05
6 0.467 1.40
7 0.614 8.90 0.525 5.86
8 0.272 4.75

9 1.81 33.0 0.079 0.34

1 Q 0.830 15.5
11 0.082 1.09

12 0.082 0.74
13 0.107 0.88
14 0.308 6.30

15 0.218 2.02
16 0.292 3.35

17 0.414 7.18 0.352 6.72

18 0.825 7.50 0.220 3.15

19 0.636 4.02 0.149 1.22

20 0.336 12.7 1.17 10.5

21 0.287 4.71

22 0.690 18.0 0.825 10.3

23 0.063 1.41

24 0.303 2.80
25 0.118 4.91
26 1.65 45.6 None
27 1.38 22.3
28 0.242 3.83

An interesting relationship appears when ratios of SICr/65Zn are plotted against distance
from the mouth of Youngs River (Fig. 4). The 51Cr/65Zn ratios increase to a point 3 km from
the mouth and then decrease to the end of our sampling stations 10 km upstream. Since S ICr
(28 d) has a shorter half-life than 65Zn (245 d), one would normally expect this ratio to decrease
away from the source of the radioactivity, the Columbia River. This is obviously what happens
beyond the 3 km station. Apparently other phenomena operate to enhance the uptake of "Cr with
respect to 65Zn on sediments from the mouth to the 3 km station.

A possible explanation is found in the chemical behavior of chromium. Chromium-51 in
Columbia River water remains almost completely as a hexavalent anion, Cr2O2- or CrO2- (Nelson,
Perkins, and Nielsen 1964). Cutshall (1966) has shown that 51Cr in the form of the trivalent
cation is rapidly sorbed by the sediments, while Cr-VI is taken up slowly compared to Cr-Ill. If
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Fig. 4. Variation in 51Cr/65Zn activity ratio throughout the navigable portion of Youngs River.

sediments are previously oxidized with H202, the uptake of Cr-Ill is unaffected, while uptake of

Cr-VI occurs even more slowly.
Two conclusions can be drawn from these observations: (1) If Cr-VI is reduced to Cr-II1, it

will be rapidly sorbed by the sediments, and (2) some sediments appear capable of reducing Cr-

VI to Cr-Ill. It is possible that the region of Young-, River from its mouth to the 3 km station may

have the proper environment to reduce some 51Cr-VI to 51Cr-III thus increasing the sorption of

"Cr 1on the sediment. Gross (1966) also suggested this possibility for sediments of Willapa Bay,

Washington.
The distribution of sediment radioactivity from place to place in an estuary containing radio-

active water depends on (1) contact of the sediments with the radioactive water, (2) the current

regime set up by river flow and tidal action and modified by the shape of the estuary, (3) floccu-

lation of colloidal suspension upon contact with ocean water, (4) sediment particle size and

composition, and (5) the chemical form of the radionuclide as modified by its immediate environ-

ment. These factors combine to present a complicated picture of sediment radioactivity distri-

bution.
An in situ probe directly measures radioactivity in the field and thereby problems of collecting

an undisturbed sample are avoided. A quick assessment of the distribution of radioactivity in an

estuary or harbor is possible with this technique and could be of particular value following a

nuclear incident in a harbor when expedition is necessary.
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Distribution of 65Zn In Tissues of Two Marine Crustaceans.
Determined by Autoradiography'
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ABS'l'ltA( 'i

In the bcnthic amphipod .4nonyx sp., and the euphausiid Euplnunsia pacif ca I lansen, 66Zn
accumulated from seawater was shown by autoiadiography to be localized predominantly in the
exoskeleton and interstitial spaces of the myofibrils. Also, the gut and hepatopancreas of Anonyx
sp. and the eye of E. pacifica contained 'Zn. The presence of ObZn in crustacean exoskeletons may
affect the efficiency of transfer of "Zn through the food web and the vertical distribution of
"'Zn in the Pacific Ocean along the Oregon coast.

INTRODUCTION

WE HAVE USED the technique of autoradiograplty to determine the distribution
of 65Zn in tissues of the benthic amphipod Anonyx sp.5 and the euphausiid
Euphausia pacifica Hansen. To date, the study of the distribution of both
radioactive and stable elements in tissues of aquatic crustaceans has been
limited to the larger decapods (Vinogradov, 1953; Bryan, 1961, 1964, 1965,
1967a; Hiyama and Khan, 1964; Hiyania and Shimizu, 1964; Polikarpov,
1966; Sather, 1966). The methods used by these investigators to describe
elemental distribution were the same as those used for fish and mammals,
i.e., dissection and analyses of individual body parts. This approach has
little applicability to small crustaceans, such as euphausiids and amphipods,
because dissection and accurate elemental analyses are extremely difficult.
The use of autoradiography, which can be either qualitative or quantitative,
allows one, however, to determine the presence of a radionuclide in animal
tissue without dissection.

Recently both Anonyx sp. and E. pacifica have been the subject of lab-
oratory investigations dealing with the metabolism and cycling of 65Zn in
the marine environment. Uptake and elimination rates of 65Zn as affected by

'Received for publication June 14, 1968.
'Present address: U.S. Bureau of Commercial Fisheries, Radiobiological Laboratory,

Beaufort, N.C. 28516.
3Battelle Memorial Institute, Pacific Northwest Laboratory, Richland, Washington 99352.
+Present address (C.L.O.): U.S. Atomic Energy Commission, Division of Biology and

Medicine, Lnvironmental Sciences Branch, Washington, D.C. 20545.
6Anonyx sp. is a new species and is currently being described by 1)r .1. l.aurens l3aruhard

of the U.S. National Museum using specimens from our collections.
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food, temperature, and sediment have been determined for Anonyx sp. (Cross,

MS, 1968; Cross et al., 1968) and similar rates have been determined for

E. pacifica with regard to temperature and concentrations of 65Zn in sea water

(Fowler et al., 1968). The purpose of this paper is to describe the distribution
of `5Zn in tissues of Anonyx sp. and T. parifira by the use of autoradiograplly.

M] 'I I1U1)S

I'hc experimental animals mere captured in neritic waters off the Oregon
coast during the summers of 1965 and 1966. The amphipods \\ ere collccicd \\ ith

baited traps placed on the bottom at depths of 80-120 ill, whereas euphausiids
were obtained by towing a -n) net to a depth of 3 u) at night. All animals
were transported alive to the Battelle Northwest Laboratory in Richland,
Washington, where the experiments were conducted.

The two species were held in separate containers at 7- 10 C in membrane-

filtered (0.45 µ pore size) sea water containing 25 µCi 65Zn/liter and an average
concentration of stable Zn of approximately 20 µg/liter. After 8 days in the
radioactive water, the animals were removed, preserved in 101%(, buffered for-

Inalin, imbedded in paraffin, and sectioned with a microtonie. Autoradiographs
were prepared by dipping de-paraffinized slides of the annual tissue into a
liquid nuclear tract emulsion (a mixture of equal portions of Ilford K-5 Nuclear
Tract Emulsion,G in gel form, and distilled water). The slides were then placed
in light-tight boxes in a refrigerator at 5 C, and left for about 3 weeks until
the en)ulsiot) was exposed. The emulsion was developed in Kodak I)-19 de-

veloping solution, and the slides were stained with haemotoxylin and eosin.

This technique is a modification of a method described by Novek (1962).

DISTRIBUTION OF GB7_N IN TISSUES OF ANONYX SP.

Autoradiographs of amphipods that accumulated GSZn from sea water
showed that the exoskeleton was a predominant site of localization of 65Zn.
The GSZn in the exoskeleton appeared to have penetrated into the inner layers
(Fig. 1A). Zinc-65 was present also in most of the cracks and fissures of the
outer portion of the exoskeleton. Thus, a portion of the exoskeleton may be
permeable to zinc. Little is known about the crustacean exoskeleton, except
that it exhibits varying degrees of permeability to water and salts in the
environment (I)ennell, 1960).

Another area of high concentration of 65Zn was muscle tissue. Were much

of the radionuclide apparently is restricted to interstitial spaces of the myofibril=

(Fig. I B) an indication that part of the body burden of 65Zn is in the body

fluids. This observation agrees with results obtained by Bryan (1964) wwho
found that changes in the concentration of zinc in the muscle of the lobster
Ilontarus vu/guris varied NNith changes in the concentration of zinc in blood
located iii the extracellular spaces. Also, muscles that can contract quickl,,

6t'rade names referred to in this publication do not imply endorsement of commercial

products
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have less zinc than slow-contracting muscles, and muscle-to-blood ratios for65Zn in "slow" muscle are roughly double those for "fast" muscle (Bryan,
19671)). Bryan suggested that "slow" muscle is the more permeable to zinc;
if musculature in amphipods is comparable with that in decapods, the muscle
of Anonyx sp. in Fig. 113 may be fast-contracting muscle because very little
65Zn has penetrated into the muscle tissue.

Some 61ZII was present in the gut (Fig. 1C) and in the hepatopancreas
(Fig. 1D). Because 65Zn was accumulated directly from filtered sea water by
the amphipods, the presence of this radionuclide in the gut could not be clue
to absorption front radioactive food, unless bacteria were available as a source
of nutrition. If Anonyx sp. swallows sea water, the presence of 65Zn in the
gut would not be surprising. Bryan (1964) stated that when the lobster II.
vulgaris was exposed to sea water of high stable zinc content (100 ug per liter),
much of the accumulated zinc was taken up in the hepatopancreas but very
little by the gut. Comparison of our data with Bryan's may not be completely
valid because the lobsters lie used were exposed to sea water longer (15 43
days) than the exposure period for Anonyx sp. (8 days).

DISTRIBUTION OF "ZN IN TISSUES OF I?UPIIA USIA I'ACIFICA

The distribution of 65Zn in exoskeleton and muscle tissue of E. pacifica
was similar to that already described for Anonyx sp., i.e., 65Zn was present on
the outer surface of the exoskeleton (Fig. 2A) and in the interstitial areas
around the myofibrils (Fig. 2B). The musculature shown in Fig. 2B, from the
dorsal cephalothoracic region, contained small amounts of GSZn, and (night
be "fast" muscle. Fowler et al. (1968) reported that body fluids lost during
dissection of internal tissues of euphausiids accounted for about 17% of the
total body burden of 65Zn.

Autoradiographs gave no evidence of GSZn in the gut of euphausiids.
The canals of the hepatopancreas, however, showed some traces of 65Zn (Fig.
2C) which might have entered there via the gut, or by absorption from the
blood after absorption through the gills. It is not known whether E. pacifica
swallows significant amounts of water.

The eye of E. pacifica contained 65Zn along both sides of the cornea and
along the outer surface of the lens (Fig. 2D). Zinc-65 has been detected also
in the eye of a fin whale, Balaenoptera physalus (Osterberg et al., 1964c),
and in the eyes of several species of freshwater fish taken from the Columbia
River (Watson, 1966). Leiner and Leiner (1944) reported the presence of stable
zinc in the eyes of both freshwater and marine fish. Retention of 65Zn in the
eyes of E. pacifica may be of little quantitative significance, however, because
these organs accounted for only 4% of the total body burden in this species
(Fowler et al., 1968).

ECOLOGICAL IMPLICATIONS

The distribution of elements in tissues of marine crustaceans may have
ecological as well as physiological significance and may affect the efficiency
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with which the elements are transferred through the food web. Elements
sorbed to exoskeletal material might not be as readily assimilated by a consumer
as those located in body fluids or bound to muscle or internal organs. Indirect
evidence indicates that the method by which 65Zn is accumulated by Anonyx

sp. and E. pacifica affects the fraction of 65Zn associated with the exoskeleton.
In experiments Measuring elimination rates of GSZn in Anonyx sp., Cross et
al. (1968) found that the fraction of the GSZn lost at molting was about 201j',

of the total body burden when accumulation had been directly from filtered
sea water and only 21%, when accumulation had been from food (Arlemia).
Similarly, in E. pacifica the loss of 65ZI1 at molting was about 18% when
accumulation was from filtered sea water (Fowler and Small, 1967) and only
1% when accumulation was from ingestion of labeled Anemia (S. W. Fowler,
L. F. Small, and J. M. Dean, unpublished data). These differences in the
loss of 65Zn at molting appear reasonable since accumulation of 65Zn from
water should result in a larger fraction of the total body burden sorbed to the
exoskeleton than if accumulation had been from food.

Molting by large populations of E. pacifica also might play a significant
role in the vertical distribution of 65Zn along the Oregon coast. During the
summer months this region receives the waters of the Columbia River, which
contain significant amounts of 65Zn as a result of the Hanford Atomic Oper-
ations plant in Richland, Washington. Euphausia pacifica often represents
the largest biomass of macroplankton in Oregon coastal waters (Osterberg
et al., 1964a) and serves as forage for a variety of marine animals including
the lanternfish, Lampanyctus leucopsarus (Osterberg et at., 1964b); coho
salmon, Oncorhynchus kisutch (Kujala et al., 1968); and the baleen whale,
Balaenoptera physalus (Osterberg et al., 1964c). In addition, E. pacifica un-
dergoes diet vertical migrations, ranging from the surface at night to greater
than 200 in during the day (Osterberg et al., 1964a), and therefore is available
to mesopelagic as well as epipelagic predators. Fowler and Small (1967)
postulated that sinking exoskeletons of E. pacifica could significantly affect
the vertical distribution of 65Zn along the Oregon coast, since these organisms
have a molting frequency of about 5 days. Because of the benthic habits of
Anonyx sp., however, molted exoskeletons of this species would concentrate
near the bottom and not affect the vertical distribution of 65Zn.

We have demonstrated that autoradiography is a useful means by which
knowledge of elemental distribution can be gained. Although the autoradi-
ographs presented in this study were not analyzed quantitatively, they do

give an insight into the relative capacities of various tissues to concentrate
65Zn directly from sea water. If we assume chemical similarity between 65Zn

and stable zinc, relative concentrations of the stable isotope in various tissues
are also indicated by the method.
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FIG. 1. Autoradiographs (400X) showing the presence of sIZn in Anonyx (A) exoskeleton, (B)
(D) hepatopancreas. The presence of 6$Zn is shown by the darkened areas i xoskeleton and along

of muscle (see arrows), and by the scattered black dots gut and hepatopancr
Cross et al. - J. Fish. Res. Bd. Canada

Y:.

sp. for muscle, (C) gut, and
n the e the interstitial spaces
in the eas.



FIG. 2. Autoradiographs (400X) showing the presence of 6,Zn in E. pacifica for (A) exoskeleton, (B) muscle, (C) hepatopancreas, and

(D) eye. Arrows point to areas of localization of es Zn.
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Abstract-The transport of sediments from shallow water by turbidity currents and their deposition
within Cascadia Channel in the northeast Pacific Ocean have created a unique environment. Thick
organic-rich turbidity current deposits of postglacial age in Cascadia Channel contrast markedlyto the thin, less rich, hemipclagic clays overlying clean late Pleistocene sands on the adjacent abyssalplain to either side. The bcnthic animal population in the channel is four times as abundant asthat of the adjacent plain. Burrowing organisms
burrows of distinct sizes and shapes within the s
the depth and the frequency of burrowing withir
over a distance of 65 knm within Cascadia Charm;
unique environment in the channel and that th.
and composition and by the increased supply o

currents on abyssal organisms, ant
ARRHENIUS, 1952; and ERICSON, Ewir
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Benthic ecologists, on the other hand, cc
and examine its contents with no knowlc
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Deep-sea sedimentation and sediment-fauna interaction in Cascadia
Channel and on Cascadia Abyssal Plain
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in Cascadia Channel have left many well-preserved
uccessive turbidity current deposits. A variation in
t these deposits has been recognized and correlated
el. It is postulated that the turbidity flows create a

fauna is affected by differences in sediment size
f utilizable organic material.

INTRODUCTION

GEOLOGISTS in sampling a small surface area gain little knowledge of organisms
present which may be reworking and modifying the sediment. HEEZEN, EWING and
MENZIES (1955) have, however, speculated on the effects of submarine turbidity

f others (BRAMLETTE and BRADLEY, 1942;
tG, WOLLIN and HEEZEN, 1961) have
tisms found in deep-sea sediment cores.
tmmonly retrieve a mixed bottom sample
Age of the vertical sediment distribution,

the sedimentary processes active in the area, or the sources of the sediment. CAREY
(1965) and SANDERS, HESSLER and HAMPSON (1965) have attempted to relate faunal
abundance and composition to sediment characteristics in the abyssal environment.

Cascadia Abyssal Plain, adjacent to the states of Oregon and Washington, has
an area of approximately 170,000 km2 (Fig. 1), and is an excellent location to charac-
terize sediment-fauna interactions. Bordered on the west and south by hills and
seamounts it slopes consistently to the south, parallel to the continental margin. The
eastern half rises to a depth of 2100 in, and depths generally increase from 2380 into 2930 in north to south, largely due to the two extensive submarine fans off the
mouths of the Columbia and Fraser rivers. The Columbia River drainage of
670,000 km2 discharges 12.2 x 106 ms of sediment/year (computed by CARLSON,
1967); it is a major sediment source in the northeast Pacific Ocean.

Cascadia Channel, with its contributing submarine canyons, originates on thecontinental slope off Oregon and Washington and extends 950 km seaward across
*Department of Oceanography, Oregon State University, Corvallis, Oregon 97331, U.S.A.
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Fig. 1. Cascadia Abyssal Plain and adjacent areas (contours in fathoms).

Cascadia Abyssal Plain, through Blanco Fracture Zone, and on to Tufts Abyssal
Plain to the west (Fig. 1). This preliminary study is concerned only with the portion
of the channel which crosses Cascadia Plain where there is an average gradient of
about 1 : 1000. Bathymetric profiles show a relief of 40-320 m and depths of 2600 m

at the base of the continental slope, to 3200 in where it enters Blanco Fracture Zone.
The flat bottom of the channel is 0.6-3.5 kni wide, and the top, 1.2-&0 kin.

Cascadia Abyssal Plain has been characterized primarily by the deposition of
pelagic and hemipelagic clays during postglacial time (< 12,500 B.P.). Fairly high
depositional rates to the cast (8-10 cm/1000 years) are due primarily to the settling
of large volumes of suspended sediment from the Columbia River discharge, while
the postglacial sediments to the west, farther from the river's influence, are finer-
grained and have accumulated at rates of 2-3 cm/1000 years (DUNCAN, 1968). Beneath

these sediments, sand layers increase in thickness and in number with depth (KULM
and NELSON, 1967). A radiocarbon date for sediments from the western plain indicates
that sedimentation rates during the late Pleistocene were as high as 170 cm/1000 years.
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In the northeast Pacific Ocean off Oregon the abundance of sea-floor organisms
generally decreases with increasing distance from shore (CAREY, 1965), however, large
benthic populations occur on the continental shelf and slope and on the abyssal
plain in certain areas. Such areas arc thought to be associated with higher food
input to the bottom environment, which is sometimes reflected by higher levels of
organic carbon in the sediment.

Some organisms are deposit feeders, living in or on the sediment, and ingesting

sedimentary material for its associated organics (SOKOLOVA, 1959). Since fine-grained
abyssal sediments usually contain less utilizable organic material than nearshore fine

sediments, each organism must be an efficient processor of large amounts of sub-
strate (ALLEN and SANDERS, 1966). Some ophiuroids are selective and ingest only
the finer particles (TuRPAEVA, 1957), while many of the polychacte worms, un-
selectively ingest the whole sediment (MURRAY and HIORT, 1912; ZENKEVITCII, 1963).
Surface-living forms (e.g. ophiuroids and holothurians) create tracks and irregular
concentrations of egested sediment. Benthic organisms modify sediments by the
formation of burrows, destruction of grain size, solution of rock fragments, addition
of fecal material, initiation of cementation, leaching of pigments and utilization of
organic matter (DAPPLES, 1942).

METHODS

Benthic infaunas from Cascadia Abyssal Plain and Cascadia Channel were
sampled by an anchor-box dredge (CAREY and HANCOCK, 1965) or an anchor dredge

(SANDERS, HESSLER and HAMPSON, 1965). Subsamples of sediment were taken for
organic carbon before processing the sample for animals. The sediment was carefully

washed through a 0.42 min aperture sieve by flotation with a large volume of sea-

water at low pressure. In the laboratory animals were picked from the sieved sedi-

ment and debris. All organisms, except Foraminifera, nematodes, and ostracods,
were picked quantitatively, sorted, enumerated, and weighed (wet preserved weight).
Calcium carbonate and organic carbon contents of sediment were determined using

a Leco induction furnace and gas analyzer (CURL, 1962). The methods used for
obtaining and processing piston cores and sediment samples were described by
ERICSON, EwING, WOLLIN and HEEZEN (1961) and by CARLSON (1967) at Oregon

State University.

RESULTS

1. Deep-sea sediments

Piston cores taken along the axis of Cascadia Channel reveal a characteristic

sequence of postglacial (< 12,500 years B.P.) sediments. Olive green silt layers
(5Y 3/2 GSA Rock Color Chart 1963), usually between 45 and 30 cm in thickness,
alternate cyclically with thin gray clays (5Y 4/1) from 1 to 5cm thick (KuLM and
GRIGGS, 1967) (Table 1). Although both are termed olive gray in the G.S.A. rock
color chart, the colors of the two sediment types differ and will be called olive

green and gray.
Thick olive green silt beds overlie the thin gray clay layers, with the contact

between the two, sharp and probably erosional (grooves are usually cut into the
underlying softer clay) (Fig. 2). A typical silt bed has a distinct laminated basal zone
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Table 1. Comparison between green silt and gray clay.

Olive green silt Gray clay

Color
GSA rock color chart Olive gray (5Y 3/2) Olive gray (5Y 4/1)
Our designation Olive green Gray

Coarse fraction Detrital grains at base grading Predominantly biogcnic-
upwards into mica and plant Radiolaria, diatoms, fecal pellets,
fragments etc.

Texture Sand or silt grading to I lonwgcncous clay or silty clay
silty clay

Fauna Displaced shallow water bcnthic Deep water bcnthic Foraminifcra,
Foraminifcra planktonic t oraminifcra,

Radiolaria, diatoms
Sedimentary structures Erosional basal contacts, Homogeneous

graded bedding, laminations

SAND-SILT DETR/TAG B/OG£N/C PLANT ORGAN/C CALCIUM

CLAY GRAINS MATERIAL FRAGMENTS CARBON CARBONATE

Fig. 2. Textural and compositional analyses of a typical turbidity current unit with overlying
pelagic clay from Cascadia Channel. Detrital, biogenic, and plant fragment contents are
calculated as percentage of the coarse fraction (> 0.062 mm). Note burrowing and reworking

in the tipper portion of the turbidity current unit.
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of poorly sorted fine silt to fine sand (mean diameter 0.008-0.062 mm) which grades
upward into finer sediment with a gradual decrease in the percentage of silt and sand
and with an increase in clay content (Fig. 2). Detrital quartz, feldspar, and ferro-
magnesian minerals predominate in the coarse fraction (> 0.062 mm) of the basal
layer. Mica may also be an important constituent. The Foraminifera present are
largely forms indigenous to the continental shelf and slope (DUNCAN, 1966; GRIGGS,
1966). In the overlying clayey sequence, mica and terrestrial plant fragments increase
in abundance (to perhaps 70-80% near the top) as the percentage of other detrital
mineral grains decreases. Within a graded unit the calcium carbonate decreases
from 1.0% by weight in the coarse basal material to 0.5% in the upper fine clayey
tail (Fig. 2), while the organic carbon content increases from 0.5% to 2.5%. The
increase in .the organic carbon closely parallels that of the plant fragments in the
coarse fraction (Fig. 2).

Interbeddcd with the thick, olive green silts are thin, homogeneous gray clay
layers, which are texturally uniform within a single core. Their upper contact is sharp
and irregular; the lower, usually reworked and difficult to locate precisely. Burrows
containing gray clayey material extend downward into the underlying olive green silt
sequence. The coarse fractions of the gray clays are predominantly biogenic (Radio-
laria, diatoms, Foraminifera, and fecal pellets). The calcium carbonate content ranges
from 0.6% to 1.6% by weight, and the organic carbon from 0.9% to 1.8%. The
sediments represent the accumulation of fine gray clay, skeletal remains and some
particulate organic material which settle slowly out of the water column.

The graded silt layers are unique to Cascadia Channel; postglacial sediments
on the adjacent abyssal plain generally consist only of hetnipelagic clay. The grada-
tion in grain size and composition, erosional basal contacts, vertical sequence of
structures, regular interbedding with hemipelagic clays and physiographic distribu-
tion of the olive green silts indicate deposition from turbidity currents. Turbidity
currents commonly originate when a mass of sediment on the sea floor becomes
unstable and begins to move following some disturbance. The load of suspended
sediment produces an excess in density over that of the surrounding water, which
enables the current to flow. The displaced shallow-water benthic Foraminifera,
textural properties, and organic carbon contents of the coarse sediment indicates
transportation from the continental shelf and slope. The mineralogy of the sand,
physiography at the head of the channel, and sediment movement on the shelf in
this area (GROSS and NELSON, 1966) suggests that the large volumes of material
which move down the channel have come from the Columbia River.

The basal contacts of the thin pelagic clay layers in Cascadia Channel are irregular.
Organisms have reworked the gray clay and the upper several cni of the underlying
olive green silt. Distinct burrows or borings of variable size and shape extend from
2 to 50 cm downward into the underlying graded silty beds below the reworked area.
They are circular, oval or elongate, vary from I to 35 mm in diameter, and can be
classified according to their size, shape and discoloration (Table 2).

2. Abyssal benthos

At the base of the continental slope and in the axis of Cascadia Channel (Stas.
21 and 24A, see Fig. 3 and Table 3) there are four times as many animals per square
meter as at Stas. 24 and 25,on the plain (Figs. 4 and 5). The greater number of
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Shape needle-like oval to elongate

Size (width) Imm 2-4 mm
Maximum 10-15 cm 30 cm
penetration dept
Orientation usually in vertical variable

Coloration Gray (5X4/l) Gray (5Y4/I)
Physiographic Astoria Canyon Astoria Canyon
occurrence Astoria Channel Astoria Channel

Cascadia Channel Cascadia Channel
(floor and levees) (floor, walls, levees

Abyssal plain
Comments Burrows commonly Transitional in size

found only in upper between I and 3
10-15 cm. Most
abundant in outer
Cascadia Channel

4

circular, oval oval to elongate
to elongate
5-10 mm
40 cm

1-3.5 cm
40 cm

variable, commonly variable
oblique to vertical
Gray (5Y411) Gray (5Y4/1)
Throughout all Willapa Canyon
canyon, channel, Upper Cascadia
and abyssal Channel (at
plain environments depths < 2750 m

Most abundant Burrow
burrow type. across
Many contain small a core
ovoid fecal pellets or
hollow calcareous tubes

5

circular, oval
to elongate
5-10 mm
30 cm

variable

Olive-green (5Y312
Cascadia Channel
(floor and levees)

Patchy distribution
in cores; commonly
packed with small
ovoid fecal pellets

6

elongate,
segmented tube
5-10 mm
50 cm

usually horizontal

Gray (5Y4, 1)
Cascadia Channel
(floor, walls,
levees)

Segments consis
of crescent shap
gray layers
separated by
o:ic-'_ een

Average °;
organic carbon
eat in upper 10

Eastern Cascadia Plain
Cascadia Plain - East
of Cascadia Channel
Axis of Cascadia
Channel
Cascadia Plain - West
of Cascadia Channel

sediment

Table 2. Classification and characteristics of burro s.

3

th

Burrow types

c
may extend 9
he width of

Table 3. Benthic faunal abundance and organic carbon content at dredge stations
G

c
Station Depth (m) No. dredge samples cont cm

21 2510 5 1170 (527-1820) 5.57 (3.52-6.70) 1.7
24 2810 3 330 (167- 520) 1.82 (1.73-2.00) 1.7

24A 2900 2 1011 (602-1419) 2.20 (1.31-3.08) 2.2

25 2810 4 (no.)
2 (wt.)

154 ( 9- 537) 0.98 (0.07-1.89) 1.1

Mean number Mean Fret wt.
mtbna(s/m= g'm'
(with range) (with range)
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benthic organisms, the higher organic carbon content of the sediment, and the
extensive past burrowing all strongly suggest that more food is available.

The organic carbon content of the surface sediment (upper 10 cm) on the plain
is about 1.1 % at Sta. 25 and somewhat higher (1.7%) at Sta. 24. This area has
received only minor amounts of terrestrial material since the end of the late Pleistocene
and the detritus available to the benthos generally comes from material which has
settled through the water column. The station at the base of the continental slope has
a higher input of food materials from the high primary production in surface waters
during periods of upwelling, and also from the large volume of suspended sediment
and particulate matter from terrestrial runoff. Organic carbon values from surface
sediments at the base of the slope (Sta. 21) range from 1.5% to 1.9% and those
from several stations in the axis of Cascadia Channel (Sta. 24A) are high, averaging
2.2%. Although the channel is 100 kni farther seaward than Sta. 21, the organic
carbon content is higher. It represents a narrow band of organic-rich sediment ex-
tending across the more impoverished abyssal plain.
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sediment sequence in Cascadia Channel by contrast consists of finer grained material

with a higher organic content, providing a better environment for the burrowing
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Although the abundance and composition of the fauna is almost identical at Stas.
24A and 21 (Fig. 4), the biomass (wet wt.) is lower at 24A. This difference in weight
can be explained by the smaller organisms, chiefly annelids, found in the channel.
Annelids predominate in both areas and constitute about 78% of the macrofauna.
Arthropods are of secondary importance and molluscs are third in abundance in the
channel, while molluscs exceed arthropods at the base of the slope.

3. Paleoecology

A variation in the abundance and penetration depth of burrowing occurs within
the sediment sequences from the axis of Cascadia Channel. Conditions which
governed this were widespread along the axis, as indicated by three cores (Nos.
6509-27, 6609-23, and 6509-26, see Fig. 6) taken over a distance of 65 km.
All consist of typical alternating olive green silts and gray clays. Similarities are
apparent in the depth of penetration and the abundance of burrows. The second,
fifth and seventh graded layers contain abundant and distinct burrows to depths of
25 cm or greater. In intervening flows, however, they are much less abundant and are
restricted primarily to the upper 5 or 10 cm.

Due to the confined nature of the channel and the apparent continuity of deposits
over a distance of at least 200 km, it seems likely that individual turbidity currents are
continuous and can be correlated. Burrowing in these cores indicates that environ-
mental factors which controlled the animal assemblages were widespread. Additional
cores from the axis of Cascadia Channel to the north and south show similar patterns.

The uniform nature of the sediments on Cascadia Abyssal Plain and in Cascadia
Channel suggests that the benthic environment has been stable since the late Pleistocene.
Animals inhabiting the region today are probably of the same ecologic types or
possibly the same species that formed the various burrows in the sediments deposited
since that time. The distribution and abundance of the present fauna can be used
to understand more fully the patterns of sediment reworking by the past fauna.
Organisms can be found living today of the appropriate size to create all burrows
observed. Types 5 and 6, however, are distinctive burrows made by specialized
feeding and behavioral patterns of unknown animals. A table and composite photo-
graphs compare the area's typical benthic fauna and relate it to the burrow types
described in Cascadia Channel (Table 4, Figs. 7-9).

Table 4. Summary of living benthic fauna and burrow types (ecological data from
ZENKEVITCH, 1963; BRUUN, 1953; CAREY, unpublished data).

Size range of Postulated Postulatedanimals Ecology and sediment burrow(width in mm) food source disturbance type

1.0-1.5, polychactes deposit and detritus burrows
tanaids feeders tubes

polychaetes deposit and detritus
12-4

5-10

11-30

feeders 2
polychaetes deposit and detritus
pelecypods feeders 3
polychactes deposit and detritus
echinoids feeders 4
holothurians
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27 23

Fig. 6. Correlation of burrowing in piston cores from the axis of Cascadia Channel. Note
radiocarbon date in core 27. Successive sedimentation units are labeled on the right.
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DISCUSSION

Most burrowing organisms at abyssal depths are deposit feeders ingesting the sedi-
ments for the organic matter present. Their food supply must consist of material which
has settled from the surface waters, or has been transported from shallow depths by
some means such as turbidity currents. The former material initially settles out on the



Fig. 5. Top': Bottom photograph from Sta. 21 on Cascadia7Abyssal Plain at the base of the
continental slope. Epifauna : holothw ians (PaelopaNdes sp. and Peniagone sp.) and ophiuroid.
Note fecal castings and worm tubes. Bottom : Bottom photograph from station 24A - in
the axis of Cascadia Channel. Cloud is from trip weight. Note fecal castings and sea anenome.

Compare winnowed nature of bottom with that of above photograph.
[facing p. t66]
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Fig. 5. Top': Bottom photograph from Sta. 21 on CascadiaTAbyssal Plain at the base of the
continental slope. Epifauna : holothui ians (Paelopatides sp. and Peniagone sp.) and ophiuroid.
Note fecal castings and worm tubes. Bottom : Bottom photograph from station 24A - in
the axis of Cascadia Channel. Cloud is from trip weight. Note fecalcastings and sea anenome.

Compare winnowed nature of bottom with that of above photograph.
[facing p. 166]
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Fig. 8. Burrows of Type 3 pictured with burrowing organisms of corresponding size ranges.
Organisms pictured are polychaete worms and pelecypods. Scales in centimeters. Burrows of
Type 4 pictured with burrowing animals of corresponding size ranges. Upper organism is a

holothurian; center organism is an echinoid; two remaining organisms are polychaetes.
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sediment surface where it is available as a food source to epifauna and some specialized
infauna. The thin zones of complete reworking beneath each pelagic clay layer
suggest that the benthic burrowing organisms obtain most of their food from the
upper 5 cm of sediment. This depth is in good agreement with the 2-4 cm noted by
ARRHENIUS (1952) and the 5 cm found by ERICSON, EWING, WOLLIN and HEEZEN
(1961). The general confinement of the burrowers to this interval indicates either
that there is enough organic material here to support the population, or that there
is a necessity for the organisms to remain close to the sediment water interface,
possibly due to oxygen requirements.

The variation in the burrowing within the successive sedimentary sequences,
and its correlation (Fig. 6) within the channel, indicate that some property of the
turbidity currents is variable, or some geographically widespread environmental
factor changes with time. Differences in the grain size distribution and/or organic
contents of individual turbidity current deposits could significantly affect the penetra-
tion and the frequency of burrowing. However, the individual sequences are quite
uniform with respect to texture and organic content, and no significant change in
either is associated with the lower limit of burrow penetration.

. As the coarse basal layers of each turbidity current deposit are undisturbed by
organisms the fauna may have been buried by the flow and been unable to reach the
sediment-water interface. The large environmental differences between the source
area and depositional site of the sediment, and the nature of a turbidity current make
it doubtful that organisms transported from shallow water would survive to repopulate
the channel.

The time interval between turbidity currents may be an important factor determin-
ing burrow variation. The thickness of the pelagic clays deposited between the graded
units gives some indication of this time. They are quite uniform within a single core,
and no correlation exists between thickness and the frequency and penetration depth
of burrows. Accurate measurement of layer thickness is difficult, and some erosion
may have occurred as indicated by grooves commonly cut into the upper surface of
the clays. The time interval cannot, therefore, be completely evaluated.

The addition of fecal material is significant within the cores from Cascadia
Channel. Although certain individual burrows are filled with small pellets, the entire
structure is not necessarily a single fecal pellet as has been described previously
(BRAh1LETTE and BRADLEY, 1942). The coarse fraction of a typical pelagic clay from
the channel may be 95 % fecal pellets, 12 % of the total weight.

The great penetration depth (up to 50 cm) of the burrows, their horizontal orien-
tation in some cases, their presence in a sequence of organic rich sediment, and the
occurrence of the segmented type, indicate that most of the gray material within them
has been formed in situ by the alteration of the olive green silt. In addition, the coarse
fraction of the reworked sediment is predominantly detrital grains and plant frag-
nments, as is the adjacent olive green silt. The gray material in the deeper burrows
has not been transported downward from the overlying pelagic gray clay. The
" bleaching " of the sediments, " apparently by the reducing action of the body
juices " (DAPPLES, 1942), seems to describe most of the borings are have encountered.
The occurrence of Type 5 burrows, which are unbleached, indicates that some
organisms lack the ability to remove the olive green color from the sediment. Ovoid,
olive green fecal pellets, filling these burrows, indicates reworking by the animals.
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Organic carbon measurements of one large Type 4 burrow and the olive green
silt adjacent to it show that the reworked material contained 1.7 % organic carbon

while the silt contained 2-2%, suggesting that a maximum of 23% of the organic
carbon could have been removed by this particular animal. By comparison, GORDON

(1966) and GEORGE (1964) working with live organisms found that two polychaete
species removed 8 % and 45 % of the organic carbon from intertidal muds.

Turbidity currents can affect abyssal life in two ways : (1) as an immense de-
structive and burial force, and (2) as a major force carrying nutrient rich organic
material to great depths (HEEZEN, Ewii G and MENZIES, 1955). The rapid emp! cc-

mcnt of these coarse graded beds and their destructive impact on the benthic fauna is

illustrated by lack of burrowing upward from the pelagic clays into the overlying
coarser units. Each turbidity current destroyed and sealed off the underlying sedi-
ment with its associated benthic fauna.

Cascadia Channel is an avenue for transporting terrestrial detritus to the deep-sea
environment. Although there are no measurements on the nutritional value, our
data strongly suggest that a significant amount of the organic material is available to

the benthic fauna, significantly affecting their abundance. Terrestrial plant fragments

are probably not directly utilized by the benthic macrofauna, but may be the initial

step in an abyssal food web involving bacteria, other micro-organisms, and eventually
the macrofauna. In the shallow Danish Wadden Sea the basic source of nutrition for
benthic invertebrates is organic detritus derived chiefly from the decay of shallow-
water rooted vegetation (DARNELL, 1967). In a Georgia salt marsh Sparlina frag-

ments become richer in protein with decomposition (ODUM and DE LA CRUZ, 1967).

Some abyssal faunas are known to ingest plant particles (BARNARD, 1962). BRUUN

(1953) and MENZtES, ZANEVELD and PRATr (1967) have suggested that terrestrial
plant detritus can be important in the abyssal food web.

Turbidity currents are still actively depositing organic-rich sediments in Cascadia

Channel (NELSON, KULM, CARLSON and DUNCAN, 1968). These sediment flows
originate on the outer continental shelf and the upper continental slope where primary
production in the overlying water column is high, and where terrigenous material
from the Columbia River drainage is deposited. They have been relatively inactive

over the remainder of Cascadia Abyssal Plain, with the exception of Astoria Channel,
during postglacial time (KULM and NELSON, 1967). As a consequence, only small
amounts of organic material are being supplied except near the continental margin
where primary production and terrestrial runoff are high. The organic material must
settle out through 2800 in of water in this area where much of it is removed and/or
oxidized before it reaches the deep-sea floor.

These integrated geological and biological studies of the abyssal sea floor off the
northwestern United States have shown that turbidity currents do affect the ecology

of the benthic environment. The mass transport of sediments has increased the
incorporated organic material and the faunal abundance in Cascadia Channel.
While all turbidity currents do not necessarily transport high amounts of organic
material to the benthic environment, it is concluded that this is probably a widespread
mechanism for supporting large populations of abyssal benthic organisms in many

areas adjacent to continents.
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Species Associations of Benthic Fishes on the Continental
Shelf and Slope off Oregon,
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ABSTRACT

Four species associations of benthic fishes found off the coast of Oregon within the depth
interval from 40 to 1829 m were characterized by two or three most abundant species, depth
range, and average sediment type.

Little overlap was found among species associations because many species had maximum
abundance or were found only in one association. When a species occurred in more than one
association, different sizes of fish were often found. Species on the lower continental slope had the
broadest depth range, and a few species were found only in the deepest association.

Sixty-seven species of bottom fishes representing 21 families were collected, but 86% of
the total number of fishes were from the families Pleuronectidae, Scorpaenidae, and Bothidae.

INTRODUCTION

BENTHOS ARE AN IMPORTANT COMPONENT of the marine ecosystem, and more
information is needed on their ecology, species associations, and distributional
patterns. This is particularly true in the northeastern Pacific Ocean, where
international exploitation of fish stocks has increased much more rapidly
than knowledge necessary for effective management of these fisheries (Alverson,
et al., 1964).

Until recently, little was known about the depth distribution and species
composition of benthic fishes inhabiting the northeastern Pacific Ocean.
Grey (1956), for example, stated that no conclusions could be reached on the
composition of the deepwater fishes of the eastern Pacific region, because
little bottom fishing has been conducted in these waters since the Albatross
cruises of the late nineteenth and early twentieth centuries.

Trawling surveys in recent years, mainly by the U.S. Bureau of Com-
mercial Fisheries, have greatly increased knowledge about the distribution
and abundance of demersal fishes of the northeastern Pacific (Alverson, 1953;
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Hitz and Alverson, 1963; Alverson et al., 1964). Catch data from commercial
trawlers have also been used to show seasonal variations in the catch patterns
at various depths for some commercially important fishes (Alverson, 1960)
and to show the species composition of the Oregon otter trawl fishery (Harry,
MS, 1956).

'hhe purpose of this study was to learn if species associations or assemblages
of benthic fishes are obvious from an analysis of catch data off the central
Oregon coast and, if associations are apparent, to learn how they are related
to bottom sediment type and depth of water. ']'his paper is based on it survey
of benthic fishes at depths from 40 to 1829 in on the continental shelf and
slope off the central coast of Oregon. The continental terrace off Oregon is
narrow and steep, extending to 106 109 kill from shore (Byrne, 1962; Shepard,
1948). This feature permitted sampling a wide range of depths and sediment
types on the shelf and slope within a short distance from shore.

METHODS

Benthic fishes were sampled with a semi-balloon shrimp trawl (Greenwood,
1959). The headrope of the trawl was 6.7 m long and the footrope 8.2 m long.
The net was constructed from 32-n1It (stretch measured) cotton netting of
number 18 thread. Either wood or metal otter doors were used to spread the
trawl.

All tows were made with the single warp method in which it bridle, com-
posed of two 30-nt legs of braided nylon rope, connected the otter doors and
net to the 9.5-mm towing cable.

The trawl was set and retrieved while the ship was underway at low
speeds, and towed at a speed of approximately 3 knots. The duration of each
tow, estimated from the time the maximum amount of cable was in the water
to the beginning of retrieval, was 20 null where the depth was 274 m or less,
and 30-60 min where the bottom was deeper. The amount of cable required
to trawl on the bottom was established by trial. A 4:1 to 6:1 ratio of wire
length to water depth was used for the stations inshore of the 366-n1 contour
and 2.5:1 or 3:1 for deeper stations. These ratios are similar to those given by
Pereyra (1963) for a 13.1-n1 flat shrimp trawl.

In all, 36-samples were collected off the central Oregon coast from Cape
Foulweather to Waldport at depths from 40 to 1829 In (Fig. 1) between July
1961 and June 1962. Fourteen samples were obtained over the shelf (146 m
or less) and 22 samples on the slope (146-1829 nn).

Station positions were determined primarily by Loran with radar and
echo-sounding equipment as supplementary navigational aids. A Precision
Depth Recorder in conjunction with an Edo Echo Sounder was used to de-
termine depth and suitable bottom topography. Tows were usually made
over comparatively flat terrain parallel to the bottom contour lines. Never-
theless, the trawl was torn or lost during 6 of 12 unsuccessful toes, evidence
of the roughness of the bottom in this area. The Main obstruction to bottom
tra\\ ling on the shelf as a region of rock out-cropping knoxN n as Stonewall



I

aa'

:3d

'zd

Al

. 28

7e

I

11

I

:.I

a
'Al

20

DAY AND PEARCY: SPECIES ASSOCIATIONS 2667

CAPE FOULWEATHER

FIG. 1. Location of trawling stations off the central coast of Oregon. The length of the lines
indicates the total distance of the tow, including ascent and descent of the trawl.

Bank (Fig. 1). Sampling locations on the shelf were usually on the periphery
of this rock formation.

Benthic fishes in the samples were sorted into taxonomic groups and the
most abundant species were identified and measured (total length) at sea.
The remaining fish were preserved in 10°%o formalin at sea and identified and
measured ashore.

A Dietz-LaFond sampler was used to collect sediment from the con-
tinental shelf, and a Phleger corer with a 300-mm sample tube was used on
the slope. Sediment samples were collected at each trawl station for particle-
size analyses. Hydrometric and settling tube methods were used to determine
the percentage composition of sand, silt, and clay (Wentworth scale).

RESULTS

SPECIES COMPOSITION

A total of 7689 fishes representing 21 families and 67 identified species
was collected during this study (Table I). Most of these fishes are considered
to be benthic or demersal, although some are pelagic and swim just above
the bottom; others may migrate vertically and occur near the bottom only
during daytime. Midwater fishes, mainly mesopelagic species (see Pearcy,
1964), were collected as the net descended or ascended through the water
column but are not included.

25

118 /

SO 40
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TABLE 1. List of benthic fishes collected off the central coast of Oregon during this study.

Families and species

Myxinidae
Eptalrelus deani (Evermann and
Goldsborough) 1906

Eptalrelus stoutii (Lockington) 1878
Squalidae

Squalus acanthias Linnaeus 1758
Rajidae

Psammobalis spinosissimus Beebe
and "lee-Van 1941

Raja binoculata Girard 1854
Raja kincaidii Garman 1908
Raja rhina Jordan and Gilbert 1880
Raja trachura Gilbert 1891

Chimaeridae
Hydrolagus colliei (Lay and Bennett)

1839

Alepocephalidae
Alepocephalus convexifrons Garman 1899

Moridae
Antimora rostrata Gunther 1878

Gadidae
Microgadus proximus (Girard) 1854

Macrouridae
Coryphaenoides acrolepis (Bean) 1883
Coryphaenoides pectoralis (Gilbert) 1891

Embiotocidae
Cymatogaster aggregate Gibbons 1854

Bathymasteridae
Ronquilus jordani (Gilbert) 1888

Stichaeidae
Plectobranchus evides Gilbert 1890

Zoarcidae
Aprodon cortezianus Gilbert 1890
Bothrocara brunneum (Bean) 1890
Bothrocara remigera Gilbert 1915
Embryx crotalina (Gilbert) 1890
Lycodes diapterus Gilbert 1891
Lycodopsis pacifica Collett 1879

Brotulidae
Cataetyx rubrirostris Gilbert 1890

Scorpaenidae

Sebastolobus alascanus Bean 1890
Sebastolobus allivelis Gilbert 1893
Sebastolobus spp.
Sebastodes alutus (Gilbert) 1890
Sebastodes crameri Jordan 1896
Sebastodes diploproa (Gilbert) 1890
Sebastodes elongatus (Ayres) 1859
Sebastodes entomelas (Jordan and

Gilbert) 1880

Families and species

Sebaslodes helvomaculatus (Ayres) 1859
Sebastodes melanops (Girard) 1856
Sebastodes proriger (Jordan and

Gilbert) 1880
Sebastodes saxicola (Gilbert) 1890
Sebastodes wilsoni Gilbert 1915
Sebastodes zacentrus (Gilbert) 1890

I-fexagrammidae
Ophiodon elongates Giratrd 1854

Anoplopomatidae
Anoplopoma fimbria (Pallas) 1811

Cottidae
Chitonolus pugetensis (Steindachner)

1877
Ilemilepidotus spinosus (Ayres) 1855
Icelinus Jilamentosus Gilbert 1890
Icelinus lenuis Gilbert 1890
Paricelinus hopliticus Eigenmann and

Eigenmann 1889
Radulinus asprellus Gilbert 1890

Bothidae
Citharichthys sordidus (Girard) 1854
Citharichlhys sligmaeus Jordan and

Gilbert 1882
Pleuronectidae

Atheresthes stomias (Jordan and Gilbert)
1880

Embassichthys bathybius (Gilbert) 1890
Eopsetta jordani (Lockington) 1879
Glyptocephalus zachirus Locking-ton 1879
Isopselta isolepis (Lockington) 1880
Lepidopsetta bilineata (Ayres) 1855
Lyopselta exilis (Jordan and Gilbert)

1880
Microstomus pacificus (Lockington) 1879
Parophrys vetulus Girard 1854
Platichihys stellatus (Pallas) 1811
Pleuronichihys decurrens Jordan and

Gilbert 1880
Agonidae

Agonopsis emmelane (Jordan and
Starks) 1895

Asterotheca infraspinata (Gilbert) 1904
Asterotheca pentacantha (Gilbert) 1890
Bathyagonus nigripinnis Gilbert 1890
Occa verrucosa (Lockington) 1880
Xenerelmus latifrons (Gilbert) 1890
Xeneretmus triacanthus (Gilbert) 1890

Liparidae
Careproctus melanurus Gilbert 1891
Rhinoliparis attenuatus Burke 1912
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Pleuronectidae, Scorpaenidae, and Bothidae were clearly the dominant
families. They comprised approximately 86% of the total number of specimens
in the catch. Numerically abundant species for each of these families were:

% of catch within family
Pleuronectidae

Lyopsetla exilis
Glyptocephalus zachirus
Parophrys vetulus
Microstomus pacificus

Total

Scorpaenidae
Sebastolobus altivelis 54
Sebastolobus alascanus 34

Total 88

Bothidae
Citharichthys sordidus 97

Families contributing the most species were: Scorpaenidae (13 species),
Pleuronectidae (11), Agonidae (7), Cottidae (6), Zoarcidae (6), and Rajidae
(5).

Species associations, or groups of species commonly found living together,
were revealed by comparing indices of similarity among all collections (e.g.,
Wieser, 1960; MacFadyen, 1963). The percentage composition was computed
for all species in each sample, and all possible sample pairs were compared.
For each species common to both samples, the lower of the two percentage
composition values was taken as a measure of species association between
the two samples. The sum of these low values then provides an index of sim-
ilarity for the two samples. For example, if species X, Y, and Z occurred in
samples I and II at the following percentages:

Sample I (%) Sample II (%)
Species X 10 50
Species Y 75 20
Species Z 15 30

then the index of similarity is 45% for these two samples. Finally, we arranged
the values obtained from all possible combinations of samples in a trellis
diagram to show the relations among samples.

This trellis diagram (Fig. 2) shows the degree of similarity for samples
of benthic fishes collected with increasing depth across the continental shelf
and slope. Three benthic fish associations are obvious. Note the clusters of
samples of high similarity (>50%) separated by regions of low similarity
(< 29.9 io). In the region of deepest sampling a fourth association is suggested.

The dominant species, depth intervals, and average sediment types for
these associations, designated as species-groups I, II, III, and IV, are given
in Table II. Dominance is pronounced.Only two or three species contributed
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FIG. 2. "Trellis Diagram" illustrating the degree of similarity of the benthic fish fauna at the
stations on the shelf and slope off the central coast of Oregon.

from 77 to 93% (by number) of the fish fauna in each association. Also, the
depth interval and sediment type associated with each species-group are
different.

Although not apparent from Fig. 2, the association represented by species-
group IV is distinct, based on changes in species composition. Deepwater
species, Coryphaenoides acrolepis and Antimora rostrata, were dominant in
these catches, whereas Sebastolobus altivelis and S. alascanus decreased relative
to species-group III.

Almost one-half the total number of species of benthic fishes was found
only in one association. Species limited to one association comprised 50% of
the species in group I, 480-/0 in group II, 47% in group III, and 22% in group
IV. Thus the degree of fidelity, or restriction to one association, remained
approximately constant with increasing depth through species-group III but
decreased rapidly with group IV. This trend for deeper species to have a broader
depth range is also illustrated in Fig. 3.
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(Squalus suckled should be replaced with Squalus acanthias.)
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Other species were found in two or more associations, but these were
usually much more abundant in one species-group than in any other, and
88% of the species exhibited high abundance (>60% of total number) in
only one particular association. When species were found in more than one
association, moreover, individuals of different sizes were often found in dif-
ferent associations. The average size of Parophrys vetulus, Citharichthys
sordidus, Eopsetta jordani, Microstomus pacificus, and Anoplopoma fimbria
increased in species-groups found in progressively deeper water. Thus overlap
of the associations was small, since species generally were associated with
only one species-group, or showed high abundance in one particular species-
group, or were segregated by size.

ASSOCIATIONS AND SEDIMENT TYPE
The sediment texture varied from 100% sand on the upper shelf to a

silty clay on the lower slope. Usually the average sediment type was different
for each species association of fishes (Tables II and III), a relation previously
described for benthic invertebrates (e.g. Thorson, 1955).

Sometimes species-groups and sediment types did not coincide exactly.
For example, two distinct sediment types were found in the depth range
of species-groups II and III, where finer sediments were collected at the deepest
stations (Table III). This lack of correspondence suggests that faunal sim-
ilarities are maintained in regions of sediment transition, and conversely,
that factors other than sediment may govern the distribution of associations.
We should be cautious in our interpretations, however. Because of the varia-
bility of sediments particularly on the upper slope and lower shelf (see Table
III) the sediment sampled and the sediment trawled over could be different.

TABLE II. Depth interval, average sediment type, and dominant species for each species-group.

Species
Depth

interval
Avg sediment

type for each %
associations (m) species association (%) Dominant species composition

42-73 100 sand Citharichthys sordidus 64.0
Parophrys vetulus 16.3
Total 80.3

II 119-199 69 sand, Lyopsetta exilis 66.4
19 silt, Glyptocephalus zachirus 11 4
12 clay Total 77.8

III 594-1143 17 sand, Sebastolobus altivelis 49.7
55 silt, Sebastolobus alascanus 30.9
28 clay Total 80.6

IV 1383-1829 1 sand, Coryphaenoides acrolepis 51.6
53 silt, Sebastolobus altivelis 26 3
46 clay Antimora rostrata 14.7

Total 92.6
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TABLE III. Sediment composition at each biological sampling location, and average sediment
composition with respect to depth and the benthic fish associations.

S m l
Avg

d th
Sediment composition (%)

Av sediment
Species-groups

pa e
no.

ep
(m) Rock Sand Silt Clay

g
composition (%)

38 42 100
13 42 100
10 73 100 100 sand
22 73 100
50 73 100

8 73 100
36 104 100 Rock

14 110 65 19 16

18 119 88 5 7

11 119 89 5 6

9 128 73 10 17

49 137 89 5 6
81 sand,
10 silt,

35 137 89 5 6 9 clay
II 34 137 89 5 6

17 174 56 25 19

46 174 87 11 2

33 199 23 53 24
54 199 23 53 24
12 221 47 28 25
31 329 53 31 16
44 357 23 53 24
16 366 52 20 28
26 508 38 48 14 28 sand,
30 594 14 64 22 48 silt,
51 647 28 58 14 24 clay
20 675 14 64 22
43 686 28 58 14

III 21 887 20 42 38
42 887 3 56 41
53 984 35 45 20
27 1,015 12 54 34

28 1,143 1 51 48
29 1,353 1 54 45 1 sand,
52 1,383 1 54 45 53 silt,

IV 40 1,426 1 51 48
46 clay

24 1,829 2 53 45

DEPTH DISTRIBUTIONS

Figure 3 shows the depth distributions of the species collected. The
depth ranges of species found on the shelf are clearly less than the ranges of
species found on the slope. Some species, such as Glyptocephalus zachirus
and Microstomus pacificus range from shelf waters deep into the slope waters.

Forty-two species occurred on the continental shelf; 43 occurred on the
continental slope; thus, the total number of species was about the same. The
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total number of species collected in each association was 26 in group 1, 31 in
group II, 19 in group III, and only 9 in group IV.

DISCUSSION

Sampling bias is an inherent problem in any study of natural populations,
such as benthic fishes. A portion of the benthic fishes along a given path will
avoid or escape any net. Thus only a partial estimate of the benthic fish pop-
ulations can be obtained by the use of one type of sampling equipment.

That the catch composition will; be different in different types of trawls
is shown by comparing our results with those obtained by Alverson et al.
(1964). They used a larger net (28.7-m eastern fish trawl) and larger mesh
(89-137 mm stretch) than our shrimp trawl and towed with a double rather
than a single warp. As expected, the shrimp trawl retained smaller sizes of
fishes than the larger fish trawl (Jurkovich, 1954; Pereyra et al., 1967). Also,
the relative abundance of some species was grossly different in the two studies.
Whereas Alverson et al. (1964) reported 22 species of rockfishes and 14 flatfishes
off Oregon and Washington, we collected only 12 rockfishes and 13 flatfishes.
Sebastodes elongatus, our most abundant rockfish species, was not significant
in their rockfish catches off Oregon. Conversely, Sebastodes alutus, Merluccius
productus, and Squalus acanthias were important species in their catches but
were only rare or absent in our survey. Thus, the 6.7-m shrimp trawl apparently
did not retain large demersal species or species which are more nektonic and
may range off the bottom.

The differences between the studies may be accentuated by the fact that
Alverson et al. (1964) sampled extensively off both Oregon and Washington,
whereas our study was confined to a small area. By summarizing their catches
over a large geographic area, they combined associations found on different
sediment types, possibly explaining in part why dominant species within various
depth intervals were different in the two studies.

Perhaps the combined results of both studies would provide a more accurate
average picture of the benthic fish associations off Oregon. Unfortunately,
there is no basis for combination; the collections were made in different areas,
and Alverson et al. (1964) ranked their species by weight instead of numbers.
As a result, it is not known whether the larger, more nektonic fishes, such as
rockfishes and hake, are closely associated with our species-groups. Since they
are more pelagic in their ecology, it may be expected that depth and sediment
type are not as important to the distribution of these species as they are to
the benthic species.
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RADIOISOTOPE MEASUREMENTS OF THE VISCERA OF PACIFIC SALMON

Norman F. Kujala, I. Lauren Larsen, and Charles L. Osterberg

Department of Oceanography, Oregon State University, Corvallis

Abstract. Pacific salmon, Oncothynchus spp., concentrate certain gamma-emitting
radionuclides (65Zn, 54Mn, 40K, and 137Cs) in their viscera. In some cases the pattern
of concentration of radionuclides seems related to the position of the freshwater plume of
the Columbia River, a well-known source of 65Zn in the northeast Pacific Ocean. Fishes
whose migration paths were far south of the river had more 65Zn, but less 54Mn. In south-
eastern Alaskan waters there was a distinct difference in relative abundance of 65Zn and
54Mn in salmon. Manganese-54 was the dominant isotope in salmon of northern Alaskan
waters and 65Zn was more prominent in the spectra of fishes from Canadian and contingent
United States waters. The Columbia River plume undoubtedly accounted for this increase
in 65Zn.

Concentrations of radionuclides differ with species and stocks of salmon. The chinook
and coho salmon, which feed more on small fishes than the sockeye, accumulated the
highest concentrations of 65Zn, 54Mn and 137C5. On the other hand, the sockeye, feeding
on a lower trophic level, had low radioactivity, with 54Mn the dominant radionuclide, some65Zn and no 137Cs. The chum and pink salmon examined most nearly resembled the sock-
eye in radioactivity.

Ocean food habits and migratory pathways both appear relevant to the levels of arti-
ficially produced gamma-emitters in the viscera of salmon.

Introduction

The Columbia River is a major source of radioactivity in the northeast Pacific Ocean because
of the radionuclides introduced by the nuclear reactors at Hanford, Washington. One of these,
65Zn, is found in most marine organisms in waters off Oregon. When it was learned that the
viscera of salmon from this area also contained relatively large amounts of 65Zn, the likelihood
that viscera could be used to monitor the northern-most extension of Columbia River effluent wasconsidered.

Salmon runs occur in coastal streams from California to Alaska, and commercial fisheries
exist along the entire range. Thus, viscera could be obtained from salmon taken from 640 Km
south to about 4500 Km north of the mouth of the Columbia River. Analysis of these samples
should provide a measure of the decrease in 65Zn activity with distance from the Columbia River.
These data should in turn help further our understanding of the movement of Columbia River
water at sea in response to winds and currents. Columbia River water forms a plume in the ocean

ler and northward during the winter with the pre-
ly, too, background information gained could
mon of Asiatic stock from those originating in
are known to intermingle at times, a radioactive
ternational problem.
ile not all objectives were realized, the affinity
our techniques clearly demonstrate that the in-

f its anticipated limit.
Zinc-65 (245-day half-life) was not the only radionuclide present. In some cases, 54Mn (310-day half-life) was present in even larger amounts. Cesium-137 (30-year half-life) was also ob-served on occasion. Both S4Mn and 137Cs appear to originate primarily from fallout, rather than
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Fig. 1. Northeast Pacific Ocean currents in relation to the Columbia River and eleven collecting

stations with Bristol Bay' tagged sockeye migration routes.

the Columbia River. Natural radioactive potassium-40 (1.3 x 109 year half-life) was also present

in all samples, but was of no concern in this study.

Differences in the radionuclide content of various species were observed, and some of these

differences seem to be related to diet. Some are clearly due to migration, or the lack of it.

Therefore it seems likely that data of the type provided in this study could someday prove useful

as an ecological tool, supplementing classical techniques already employed.

Methods and Materials

Salmon used in this study were caught in summer, 1964 and 1965, by commercial fishermen in

eleven areas of the Pacific Ocean (Fig. 1). The entire salmon visceral mass was removed, placed

in a glass or plastic container and preserved in I

to the Oregon State University laboratory for ana

ashed (650C) for concentration. Ashed samples
or 400 minutes in the well of a five . five-inch IN
Data 130 AT 512 channel spectrometer. Photopt
and the radioactivity of each gamma-emitter was calculated in picocuries per gram of dry weight

on an IBM 1620 computer.

Results

A total of 132 samples was analyzed from five species of Pacific salmon. All contained

artificial radionuclides. Zinc 65, 54Mn, 137Cs and 4 0K were the gamma-emitters identified.
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Table 1. Artificial radionuclides (picocuries per gram dry wt.)a in viscera of Pacific salmon
captured in the summer, 1964

Chinook Sockeye Coho
Collection Location 65Zn 54Mn 65Zn 54Mn 65Zn S4Mn

Bristol Bay, Alaska (6)b 1.77 1.71 (5) 0.86 1.47

Cook Inlet, Alaska (6) 1.52 2.70 (5) 3.61 8.80

Petersburg, Alaska (3) 3.45 0.45 (5) 1.18 1.91 (5) 6.46 4.93

Skeena River, Canada (4) 3.45 0.18 (5) 1.94 2.65 (4) 15.02 0.90

Johnstone St., Canada (4) 8.74 0.49

Barkley Sound, Canada (8) 5.52 3.24

St. Juan de Fuca, Canada (2) 44.88 0.08 (5) 2.28 3.00 (4) 43.71 1.40

Astoria, Oregon (7) 49.15 0.04

Depoe Bay, Oregon (9) 59.28 0.85

Eureka, California (4) 81.87 0.72 (3) 44.98 1.73

*Standard deviation range is ±0.01 to ±0.32.
6Number of fish averaged.

Furthermore, distinct differences in radioisotope concentration by species and area of capture
were evident.

Chinook Salmon, Oncorhynchus tshawytscha (Walbaum 1792). Several features were noted in
the concentration of radionuclides by chinook salmon (Table 1). Low, but nearly equal, levels of
65Zn and 54Mn (<2.0 pCi/g) were found in Bristol Bay samples. Bristol Bay lies north of the
Aleutian Island chain. These islands provide a barrier to the intermixing of the Alaskan current
with Bristol Bay or Bering Sea surface waters (Dodimead, Favorite, and Hirano 1963). Tag re-
turns indicate that the Bristol Bay chinook spends its ocean life in the Bering Sea and central
north Pacific (I.N.P.F.C. 1963), areas probably beyond the influence of Columbia River water so
that low 65Zn concentrations in fish would be expected because of the great distance (over
4500 km). Watson and Rickard (1963) also found low levels of radioactivity (<2.0 pCi/g) in pink
and chum salmon taken farther north at Point Hope, Alaska.

The marked increase of 65Zn concentrations in southeastern Alaska chinook may indicate that
this is the northern-most limit of Columbia River influence. A herring (Clupea pallasii) from a
Petersburg coho stomach had also concentrated over 14 pCl/g of 65Zn.

Farther south, chinook from the Strait of Juan de Fuca had higher 65Zn levels (45 pCi/g,

Table 1), definitely indicating association pith Columbia River water which is chemically de-
tectable in this area during the winter (Barnes 1964, Frederick 1967).

The highest concentrations of 65Zn (82 pCi/g, Table 1) occurred in chinook caught 640 km

south of the Columbia River at Eureka, California. These fish could have been in Columbia

River plume water nearly all of their ocean lives. Plume water has been traced as far south as
Cape Mendocino (Barnes and Gross 1966). Furthermore, chinook in the Eureka troll fishery are
principally Sacramento River stocks which migrate northward as far as Vancouver Island, Canada
(Moore, McLeod, and Reed 1960a). Similarly, Osterberg, Pattullo and Pearcy (1964) found more
65Zn in eupliausiids taken 183 km south of the Columbia River in summer than those collected
27 km off the river's mouth, both locations within influence of the plume. Radiozinc has also
been measured in mussels (Mytilus californianus) collected off northern California (Osterberg
1965).

Two groups of Chinook with different levels of radioactivity appear to be present in Astoria
samples. These are probably two stocks with different migratory patterns (Fig. 2). Type A may
have migrated out of the influence of the Columbia River whereas Type B, with the higher 65Zn
value, may have remained in plume waters. Recent tag studies tend to substantiate this theory.
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Fig. 2. Two types of gamma spectra of the chinook salmon possibly indicating different ocean migra-

tion routes. The ordinate of each spectrum is on a log scale, and each sample was counted for 100 minutes.

Many Columbia River chinook confine their ocean life to the area between the mouth of the river

and Vancouver Island, while others migrate great distances into northern waters along the Aleutian

Chain (personal communication with Mr. Robert Loeffel, Oregon Fish Commission biologist,

December 1965). To pursue this further, chinook viscera samples were collected in 1966 from

several rivers of the Columbia Basin to determine if the two types were still present. The two

types and other radionuclide concentrations were found which may be used to separate chinook by

season and natal stream. The results are being prepared for future publication.

No noticeable correlation of radioactivity to size or sex was discernable in the eight samples

(size 12-34 lb).
We can offer no plausible explanation for the higher 54Mn levels found in all species of salmon

from northern waters than from southern waters.
Cesium-137 was found in small but measurable amounts in several chinook samples. Cesium

is not considered biologically important, and little is known of its distribution in marine organisms

(Vinogradov 1953). The preferential accumulation of 137Cs in some chinook is not readily ex-

plained. It may be an age or trophic level effect since the chinook has a relatively long life

cycle and feeds more on small fishes than other salmon. Kolehmainen, llasanen and Miettinen

(1964) found an increase of 137Cs in the plankton to brown trout food chain of Lapland lakes, and

Pendleton and Hansen (1964) also observed a 3.4 fold increase in concentration of 137Cs in

higher trophic levels in a terrestrial environment.
Sockeye Salmon, Oncorhynchus nerka (Walbaum 1792). The similarity of spectra of sockeye

samples from all collecting areas along the Pacific Coast was striking. All sockeye had low

levels of both 54Mn and 65Zn (with 54Mn usually dominant) and there was no marked increase in

6-Zn in samples taken close to the Columbia River (Table 1). Lower levels of 65Zn and 54M11 in

sockeye may be due to an ocean life in the Gulf of Alaska or central North Pacific beyond the

range of appreciable Columbia River influence. Bristol Bay sockeye which we analyzed had been

tagged (physically tagged, not radioactively) in the Gulf of Alaska (see Fig. 1). Sockeye eat

mostly amphipods, euphausiids, copepods and crustacean larva, (Allen 1956, Aron 1956), while

chinook and coho consume more small fishes (Clemens and Wilby 1961).
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Coho Salmon, Oncorhynchus kisutch (Walbaum 1792). The Cook Inlet coho had the highest
concentration of 54Mn of any salmon used in the study (Table 1, Fig. 3). Coho from this area
generally migrate westward along the Aleutian Chain (I.N.P.F.C. 1961). Their feeding habits
resemble those of the chinook, but coho are not as selective (Ileg and Van flyning 1951). Perhaps
the coho had been feeding extensively on organisms rich in 54Mn. For example, crab megalops
and young rockfishes collected at Eureka, California, had high levels of 54Mn, while other orga-
nisms from the same location showed no evidence of this radionuclide (Fig. 4, Table 2).

The definite reversal in relative abundance of 54Mn and 65Zn in southeastern Alaskan coho
was similar to the chinook. In Cook Inlet coho, 54Mn concentration was higher than that of 65Zn.
At Petersburg, farther south, the two isotopes were nearly in equal concentrations with 65Zn
slightly higher. Four hundred miles farther south (Skeena River) "Mn was reduced to a trace
and 65Zn concentration more than doubled (see Table 1).

The southeastern Alaska coho has a generally random migration pattern of local movement
(Moore et al. 1960b), possibly within the limits of the influence of Columbia River waters.

COHO SALMON
SUMMER 1964

Fig. 3. Gamma spectra of equal amounts of viscera from coho salmon taken from Alaska to California.
Note the distinct reversal of the 65Zn-54Mn photopeaks (100 minute counts).
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Fig. 4. The two gamma spectra illustrate the differences in radioisotope concentration by salmon food
organisms. 65Zn and 54Mn in crab larvae and only 65Zn in euphausiids in the same area (100 minute counts)

Table 2. Artificial radionuclides (picocuries per gram dry wt.)o in organisms from salmon stomachs
and in corresponding viscera

Stomach Contents
Corresponding Salmon

Species Location 65Zn 54Mn

Viscera

65 4
Species Zn Mn

Pacific herring, Clupea pallasii Petersburg 4.06 0.85 Coho 6.43 3.03

Pacific herring, Clupea pallasii Petersburg 7.70 2.81 Coho 5.30 4.10

Pacific herring, Clupea pallasii Petersburg 14.57 3.80 Coho 7.39 4.48

Pacific herring, Clupea pallasii Depoe Bay 52.28 0.22 Coho 33.03 0.14

Northern anchovy, Engraulis mordax Depoe Bay 52.76 1.91 Coho 99.57 3.27

Euphausia spp. Eureka 43.04 0.57 Chinook 39.88 0.27

Euphausia spp. Eureka 127.50b 0.65b Chinook 111.01 2.02

Euphausia spp Eureka 27.75b 2.20b

Megalops, Cancer magister
Megalops, Cancer rnagister

Eureka
Eureka

58.05 b

124.11

b }10.40

8.18

Coho

Coho

46.72

46.24

4.11

0.14

Young Rockfishes (5) Sebastodes s;.. Eureka 122.50 5.71 . Coho 34.00 0.94

Tapeworms (parasites) Bristol Bay 7.98 5.20 Chinook 1.67 4.69

BStandard deviation range is ±0. 1 to ±0.92.
bEstimates by multiplying wet we'ght by five.

Absolute delineation of the effects of Columbia River effluent is difficult because of the 65Zn
background level throughout the ,rld from nuclear testing (Osterberg et al. 1964).

The lower 65Zn level in coho from Johnstone Strait may appear anomalous in view of the
relative proximity of the Columbia River, but this station is shielded from plume waters by
Vancouver Island. Small coho to ed in the Gulf of Georgia moved in all directions but remained
most of their lives in inside wate--- Similar restricted migratiuns were evident in Hecate Strait
where populations of many small ::reams were involved (Foerster 1955). These fishes probably
had less contact with Columbia E .er water
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In the Strait of Juan de Fuca the definite increase in 65Zn (43 pCi/g) was undoubtedly a
direct result of Columbia River discharge. The majority of these Canadian and Washington coho
also have a short random migration (Moore et al. 1960b) and much of their ocean life has been
spent in plume waters.

Coho samples taken in the Eureka area contained nearly as much 65Zn as samples taken
closer to the mouth of the Columbia. Tag studies. indicate that Eureka coho originate principally
from Oregon coastal streams (Ibid.) and would be associated with the Columbia River plume
water most of their ocean lives.

Manganese-54 diminished in samples having high 65Zn concentrations. Lower 54Mn concen-
trations, as found in coho, were also noticeable in chinook from more southern waters (i.e.,
Vancouver Island to Eureka). Pearcy (1966) noted similar trends in the albacore, Thunnus
alalunga, taken off Oregon. Albacore with high levels of 65Zn had less 54Mn than fish with
lower amounts of 65Zn.

Cesium-137 appeared in three Canadian coho samples (<0.50 pCi/g). Coho, like chinook, feed
at a higher trophic level but are generally smaller in size and mature earlier. Salmon that feed
more on plankton (sockeye, pink, and chum) did not seem to concentrate ' 3 7Cs.

Pink Salmon, Oncorhynchus gorbuscha (WWWalbaum 1792), and Chum Salmon, 0. keta (Walbaurn
1792). Pink and chum salmon radioisotope concentrations are listed in 't'able 3. The higher
concentrations of 65Zn in pink salmon may be due to a more extensive southern migration within
the Columbia's influence. Tagged Alaskan pink salmon have recently been caught in Oregon and
Washington waters (personal communication with Mr. Jack Van Ilyning, Oregon Fish Commission
biologist, May 1966).

The chum had nearly equal low concentrations of both 54Mn and 65Zn (Table 3). These values
are somewhat higher than those of sockeye. Although the two species have similar diets, chum
feed more on small fishes than do the sockeye (Allen 1956). Pink and chum salmon normally
migrate into far northern Pacific waters (Hartt 1960) beyond the influence of the Columbia River.

Comparison of Petersburg Samples. Differences in range and timing in the migration of the
five species of Pacific salmon precluded simultaneous sampling of all species at all locations.
However, all five species were collected at Petersburg, Alaska, within a few days. Variations
in the concentrations and radionuclides found in the different species of salmon can best beseen in Fig. 5 and Tables 1 and 3. It is important to remember that, although all species were
caught at Petersburg, the past history of the individual species may have been different. That
is, much of the radioactivity contained in the fishes could have been accumulated elsewhere.
Principal differences in the spectra (Fig. 5) are the higher t 3 QCs and lower 54Mn peaks in chinookthan in the other species.

Western Pacific Salmon. The foregoing results were from salmon viscera taken along the
Pacific Coast of North America in 1964. The following year, August 1965, salmon viscera were
obtained from the Japanese Fisheries Agency. These samples were collected on the high seas
with the R/V WAKASHIO MARU in the vicinity of the western Aleutian Islands (51° to 54° N and169° to 175° E). The four species collected were chinook, coho, sockeye, and chum.

Table 3. Artificial radionuclides (picocuries per gram
dry wt.)a in viscera of pink and chum salmon (1964)

Collection Pink Chum

Location 65Zn 54Mn 65Zn 54Mn

Cook Inlet, Alaska (3) 3.73 3.52

Petersburg, Alaska (3)b 5.17 1.49 (2) 2.76 2.69

"Standard deviation range is ±0.02 to ±0.07.
bNumber of fish averaged.
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Fig. 5. Gamma spectra of viscera of all five species taken in the same area illustrate the differences
by species, especially accumulation of 137Cs in chinook (100 minute counts).

Table 4. Artificial radionuclides (picocuries per gram
dry wt.)a in western pacific salmon viscera

obtained from Japan (1965)

Species 65Zn 54 Mn

Chinook (2)b 0.55 1.63

Sockeye (10) 0.31 0.90

Coho (2) 0.37 2.08

Chum (16) 0.38 1.08

eStandard deviation range is ±0.07 to ±0.14.
bNumber of fish averaged.

The results are listed in Table 4 and the spectra in Fig. 6. The low 65Zn concentrations
indicate that the fish have not been associated with Columbia River water. The spectra of
sockeye and chum are similar to those of Alaska samples collected the previous year; both have
low levels of 65Zn and S4Mn with 54 Mn dominant. Unfortunately, only two chinook and two coho
were available. More samples of these species would be needed to establish the extent of the
Columbia Rivet influence in this area.
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Fig. 6. Gamma spectra of salmon viscera collected by the R/V WAKASIIIO MARU at 51° to 54° N and
169° to 175° W (100 minute counts).

Other Related Results. Herring, anchovies (Engraulis mordax), euphausiids, crab larvae, and

rockfishes (Sebastodes sp) taken from salmon stomachs had measurable amounts of gamma-
emitters (Table 2). Herring and anchovies contained approximately the same concentrations of
65Zn and -"Mn as their salmon predators; euphausiids contained only 65Zn; crab larvae from the

same area concentrated both 65Zn and "Mn (Fig. 4); and small rockfishes contained the most
65Zn. The higher values in the prey than the predator, particularly of 65Zn, are probably due to
more thorough drying prior to weighing of the smaller organisms than large salmon viscera.

Liver, stomach, pyloric caeca, gonads, and gills of the salmon were sometimes examined
individually. Liver and ovaries had the most 54Mn and the pyloric caeca and testes tended to
concentrate more 65Zn. Gills of two coho examined had the highest concentration of 54Mn.

Mussels, Mytilus sp., and clams, Siliqua sp. and Clinocardiurn sp., taken in Alaska contained
less than 1.0 pCi/g of dry wt. Of 65Zn. This value appears to be due to world-wide fallout and
may be considered indicative of background levels in organisms in water free from contamination
by the Columbia River.

Conclusion

Although our data are sparse when we consider the dimensions of our sampling area and the
size of the salmon populations, our study suggests that radioactive elements introduced by the
Columbia River can be of ecological value. Combination of our techniques with studies of tagged
fishes may help establish migratory patterns. Where we were able to compare our radiotracer
results with those obtained with physical tags there was general agreement. Perhaps of more
immediate interest is the possibility that salmon from the North American fishery can be dis-
tinguished from Asiatic stocks by differences in their 65Zn content.
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ZINC-65 AND MANGANESE-54 IN ALBACORE THUNNUS
ALALUNGA FROM THE WEST COAST OF

NORTH AMERICA

William G. Pearcy and Charles L. Osterberg
Department of Oceanography, Oregon State University, Corvallis 97331

ABSTRACT

Zinc-65 and manganese-54 were the dominant artificial radionuclides in the livers of
albacore collected along the coast of North America from Washington to Baja California
during the summers 1962-1966. The concentrations and specific activities of these radio-
nuclides changed considerably during summer, indicating rapid responses to different
radioecological conditions.

Off Oregon and Washington 'Zn levels, as well as specific activities, in albacore increased
markedly during summer months. Association of albacore with the effluent of the Columbia
River accounted for this enhancement. The °`Zn concentrations of albacore from southern
and Baja California were about 10% of those off Oregon and Washington with no seasonal
trends evident. Highest radioactivities per gram and specific activities of 'Zn were found
late in summer off Oregon. The 66Zn concentrations off southern Oregon at this time
were as high as those off northern Oregon near the mouth of the Columbia River, probably
because of the southward drift of plume waters coupled with the lag time for accumula-
tion of 'Zn through several trophic levels. We have no evidence either for immigration
of °6Zn-tagged albacore into the southern California fishery or for immigration of southern
albacore, with low BOZn content, into the northern fishery during one season.

Manganese-54 enters the ocean primarily from fallout of nuclear weapons tests. Both
the radioactivity and the specific activity of 'Mn in albacore off Oregon and Washington
decreased during summer. Thus ''Mn appeared to be more available to albacore in
offshore waters than in the nearshore waters. The levels of "Mn in albacore-were rather
similar during the years of this study; this was unexpected since all the "Mn presumably
originated from 1961-1962 nuclear weapons tests.

INTRODUCTION

This is a study to identify the major
gamma-emitting radioisotopes found in
albacore along the west coast of North
America and to describe geographical and
seasonal variations in isotopes that may
provide clues to the migratory behavior
and ecology of this nektonic species.

The albacore Thunnus alalunga (Bon-
naterre, 1788) is a fast-swimming, migra-
tory tuna common to epipelagic waters of
temperate and subtropical regions of the
Pacific, Atlantic, and Indian oceans. In
the North Pacific it undertakes trans-
Pacific migrations between America and
Japan (Otsu 1960; Clemens 1961). Every
summer a portion of the population, pri-
marily young fish, migrates into nearshore
waters along the North American coast.
The most productive fishing for these
albacore is between central Baja California
and the Columbia River (Clemens and
Craig 1965; Otsu and Uchida 1963).

The Columbia River may influence both
the distribution and radioactivity of alba-
core in the area of the northern fishery.
During summer, when albacore appear off
Oregon, the high, seasonal runoff of the
Columbia River forms a large fan-shaped
plume of low-salinity surface in the ocean
water extending to the southwest as far
south as northern California (Barnes and
Gross 1966; Reid, Roden, and Wyllie
1958). Both the strong vertical density
gradient of the plume halocline, which
may be superimposed upon the summer
thermocline, and its shallow depth result
in more rapid heating of surface waters
in the plume region than in surrounding
waters (Owen 1968). Distribution of alba-
core is influenced by temperature; they
prefer warm water between 15 and 20C
(Flittner 1961; Clemens 1961). In the
Pacific Northwest, highest catch rates oc-
cur between 14 and 17C (Alverson 1961;
Johnson 1962). Hence larger concentra-
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tions of albacore are found in the plume
than in the colder adjacent waters, at
least early in summer (Owen 1968; Pearcy,
unpublished). Later in the season, when
offshore waters are warmer, the distribu-
tion of forage animals is probably more
important than water temperature in af-
fecting albacore distribution within this
region.

The Columbia River is also a distinctive
source of artificially produced radionu-
clides. These radionuclides, induced by
neutron activation of the river water used
to cool the Hanford reactors, are trans-
ported into the Pacific Ocean and can be
detected in the low-density plume waters
far at sea (Osterberg, Cutshall, and Cronin
1965; Gross, Barnes, and Riel 1965). More-
over, radionuclides, such as 6SZn, have
been found in many marine organisms off
Oregon (Osterberg, Pearcy, and Curl 1964;
Pearcy and Osterberg 1967; Carey, Pearcy,
and Osterberg 1966), including animals
such as saury, squids, and euphausiids,
known to be prey of albacore.

The question naturally arises: do alba-
core off Oregon, because of their predilec-
tion to feed in warm, radioactive plume
waters, incorporate unusual amounts of
certain radionuclides, or is their summer
sojourn in waters influenced by the Co-
lumbia River too brief to affect their radio-
activity? To answer this, we compared the
levels of certain radionuclides in albacore
with distance of capture from the mouth
of the Columbia River and with season in
Oregon waters.

We wish to thank L. Larsen and R.
Eagle for assisting with radioanalysis and
D. Tennant and W. Forster for stable
element analyses. Cooperation of J. H.
Johnson, A. T. Pruter, D. L. Alverson, J.
Meehan, D. K. Justice, and the crews of
the Acona, Yaquina, John N. Cobb, Black
Douglas, Try-End, Golden Glow, and
King in providing albacore is greatly
appreciated. R. Owen, G. Flittner, J.
McCauley, and D. Merten made helpful
comments on the manuscript. This re-
search was supported by U.S. Atomic En-
ergy Commission Contract AT (41-5 )1750
(RLO-1750-23).

METHODS
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Albacore, ranging in size from 520 to
850 mm (fork length), were collected by
trolling surface jigs. Livers were removed
aboard ship and preserved either by freez-
ing or with formalin; 165 were prepared for
radioanalysis. We used livers because they
are large and could be readily obtained
from commercial fishermen.

In the laboratory, livers were weighed,
dried, ashed (500 to 570C), ground with
a mortar and pestle and packed into
15-cc plastic tubes for radioanalysis. The
high lipid content precluded reliable dry
weights and often caused the livers to boil
over during ashing, even if excess lipids
were ignited before ashing. Therefore, re-
sults are based on asked weights.

Tubes of ash were analyzed for gamma-
emitting radionuclides in the well of a
12.7-cm2 sodium iodide (TI) crystal with
a 256 or a 512 channel pulse-height ana-
lyzer. Counting time was 100 min. Read-
out information was stored on paper punch
tape, transferred to I.B.M. punched cards,
then analyzed by a least squares program
to give picocuries per gram of ash, cor-
rected for decay.

Minimum detectable activity, 3(N/t)",
where N = the counting rate of back-
ground and t = counting time of back-
ground, was equivalent to 5 picocuries (pCi
or j Ci) for GSZn and 2.2 pCi for 54Mn at
the time of counting. The 65Zn was above
minimum detectable activity in all samples,
the 54Mn in all but onp sample.

Total concentrations of zinc and man-
ganese were determined in 38 frozen liv-
ers; these had been placed in plastic bags
immediately after the albacore were cap-
tured to avoid contamination. Ash sam-
ples ranging from 30 to 200 mg were
digested in fuming nitric and 0.37 N
hydrochloric acids and analyzed with an
atomic absorption spectrophotometer (Per-
kin-Elmer model 303), giving micrograms
Zn or Mn per gram of ash.

Coefficients of variation (standard devi-
ation/mean) of the three absorbance read-
ings of each sample solution averaged 5%
or less. In 16 instances, subsamples (usu-
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Fic. 1. Examples of gamma-ray spectra of the livers of albacore collected along the west coast of
North America: A. 31 July 1964 off northern Oregon; B. 20 July 1964 off southern Oregon; C. 10
July 1964 off Baja California; D. 1 September 1964 off southern Oregon.

ally three) of the same liver ash were was caused, at least in part, by uneven-
dissolved and run separately. Coefficients ness in the distribution of Zn and Mn
of variation of those replicates ranged from within the ash since thorough mechanical
0.6-24%. The larger variation associated mixing or use of a larger sample of ash
with different samples of the same ash resulted in lower coefficients of variation.
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Frc. 2. Zinc-65 per gram of albacore liver ash for three regions off the west coast of North America
during the summers of 1962 (E]), 1963 (+), 1964 (0 ), 1965 (A Oregon, A Washington), and 1966
(0). The distances in kilometers indicate how far albacore captured from the three regions were from
the mouth of the Columbia River.

RESULTS

Gamma-ray spectra of albacore livers
collected early in our study indicated inter-
esting geographic and seasonal variations
of certain radionuclides. Typical spectra
are shown in Fig. 1. The major photopeaks
are from 65Zn and 54Mn, with secondary
peaks from 40K, 144Ce, 137Cs, and 80Co.
Our major interest here is in 85Zn and
54Mn, not only because they were the main
artificial radionuclides in albacore, but
also because they originated primarily from
different sources-the Columbia River and
atmospheric fallout (Osterberg, Pattullo,
and Pearcy 1964; Folsom et al. 1963).

Comparison of radionuclides from three
representative albacore captured in July
1964 off Baja California, southern Oregon,
and northern Oregon shows decreased lev-
els of 65Zn from north to south (Figs. 1A,
B, and C). Zinc-65 is the principal radio-
nuclide in the spectrum for the northern
Oregon albacore, but the 54Mn photopeak
predominates in the other two spectra.
This shift from the 65Zn to 54Mn also
seemed to be related to season, since alba-
core from southern Oregon captured later
in summer often had substantially lower
54Mn and higher 85Zn than fish captured
from the same region in July (cf. Figs. 113

and D). Such differences prompted fur-
ther study of spatial and temporal varia-
tions of 65Zn and 54Mn in albacore. The
levels of radioactivity we found in alba-
core were extremely low and do not rep-
resent a hazard to human health.

Zinc-65

The 85Zn content (picocuries per gram
ash plotted on a log scale) of 162 albacore
from three general regions off the west
coast of North America during the summer
months of 1962-1966 is shown in Fig. 2.
The 65Zn content of albacore livers from
southern and Baja California, ranging from
10-100 pCi/g, was relatively low compared
with levels off Oregon and Washington,
and no seasonal change was evident.

Early in the season off southern Oregon
the levels of 65 Zn were similar to those
found off southern California, but they
increased dramatically during summer to
values about 10 times higher than those
found during early July. This enhance-
ment of 85Zn is obvious for both 1963 and
1964.

Off northern Oregon and Washington
the average 65Zn content for the entire
summer was higher than in the other re-
gions. The 65Zn content increased during
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TABLE 1. Picocuries of "Zn and "Mn and total
Zn and Mn concentrations per gram of albacore

liver ash

Northern Oregon (45-305 km from
Columbia River)

30 Aug 1963 352 2,300 12.9 47.7
21 Sep 1963 1,050 4,070 62.4 151
21 Sep 1963 283 1,750 14.1 58.0

31 Jul 1965 224 2,920 88.6 121
31 Jul 1965 381 3,050 76.5 101
22 Aug 1965 334 2,430 27.3 50.5
22 Aug 1965 490 2,240 31.2 77.3
22 Aug 1965 733 2,760 25.1 86.8
22 Jul 1965 465 2,530 20.8 109
22 Aug 1965 375 3,220 24.7 76.9
15 Sep 1965 688 2,040 21.3 79.9
22 Sep 1965 678 2,580 16.6 87.4
9 Oct 1965 - - 13.9 101

27 Jul 1966 159 3,620 13.0 83.0
20 Sep 1966 961 2,670 5.2 88.9
20 Sep 1966 713 1,990 6.4 95.2
20 Sep 1966 650 2,130 3.6 76.8
20 Sep 1966 661 1,740 4.5 84.7
20 Sep 1966 585 1,970 6.9 93.9
20 Sep 1966 733 2,980 8.1 84.4
20 Sep 1966 493 2,900 9.8 94.1
26 Sep 1966 579 3,540 5.3 85.4
26 Sep 1966 574 2,750 6.5 89.9
26 Sep 1966 1,070 3,620 5.9 101
26 Sep 1966 717 2,140 5.2 81.2
26 Sep 1966 822 3,000 7.8 102
26 Sep 1986 373 2,440 11.0 88.2
26 Sep 1966 558 2,240 5.1 92.1
26 Sep 1966 443 2,250 9.3 82.7
26 Sep 1966 1,010 3,890 10.4 -

Southern Oregon (415-555 km from
Columbia River)

20 Jul 1963 133 2,470 37.3 50.2
24 Jul 1963 40 1,760 18.0 33.1
5 Sep 1964 450 4,100 44.3 112
5 Sep 1964 383 4,750 47.8 -
5 Sep 1964 623 3,430 73.2 141
5 Sep 1964 729 3,450 74.3 143
5 Sep 1964 320 2,920 43.2 136

Southern California (1,840 km from
Columbia River)

30 Jun 1964 46 3,070 45.5 69.8

The c,-'Zn content of different albacore
livers from any location and at any time
often varies by an order of magnitude.
Interpretation of our results is also made
difficult by the distribution of data within
and between years. It was impossible to
obtain livers throughout summer for all
locations and for all years. Because there
is no evidence for gross differences among
years, the combined 'Zn data are thought
to describe average trends.

Major regional and seasonal changes
occur in the 115 Zn content of albacore from
along the west coast of North America
(Fig. 2). These differences are not neces-
sarily a reflection of the levels of 6-Zn in
the environment. Conceivably, total zinc
available to the albacore could vary with
regions, or metabolic requirements for zinc
could vary with seasons, affecting similar
variations. To examine these possibilities,
specific activities (pCi 05Zn /µg Zn) were
determined for 37 albacore samples. Total
zinc content ranged from 1,740 to 4,750
ttg/g ash and 65'Zn ranged from 40 to 1,070
pCi/g ash (Table 1). The specific activi-
ties of 65Zn (Fig. 3) increased markedly
during summer off northern Oregon. This
trend is also suggested by the scanty data
for southern Oregon. Significantly, all spe-
cific activities were low (<0.1) off Oregon
in July and off southern California (one
value).

We conclude that radioactivity from the
Columbia River significantly affects the
°5Zn content of migratory albacore tuna.
In general, either the closer the albacore
were taken to the mouth of the Columbia
River or the later in the year they were
captured off Oregon, the higher was the
°5'Zn or specific activity.

Manganese-54

Off northern Oregon the 54Mn levels
appeared to decrease during summer, par-
ticularly during the summers of 1965 and

the summer months of 1963, 1965, and 1966 (Fig. 4). Similar variations are not
1966. However, the total increase during as apparent off southern Oregon, but off
summer was not as great as off southern southern and Baja California the average
Oregon, possibly because of the absence 54Mn value for October was lower than
of data for July. values for July or August 1964 (Fig. 4).
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subsequently recaptured off Oregon, al-

though a northward migration off Califor-
nia is well documented from tag returns
(Clemens 1961). Clemens believes these
northward traveling albacore veer offshore
and are outside the range of the fishing
fleet by the time they are as far north as
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Fic. 3. Specific activities of 06Zn for 1963 (+), 1965 (A), and 1966 (0).

The specific activities (54Mn/total Mn)
decreased rapidly during the summers of
1965 and 1966 off northern Oregon (Fig.
5). Generally, specific activities are high
early in summer and low in late summer.
Changes in 54Mn were the major cause of
seasonal variations of specific activities
(Table 1).

DISCUSSION

Flittner (1963) postulates that albacore
enter waters along the Pacific coast of
North America in two segments with dif-
ferent arrival times and migratory paths:
early arrivals migrating into southern wa-
ters off Baja and southern California and
late arrivals migrating into waters off
Oregon and Washington. In nearshore wa-
ters these segments do not intermix, al-
though they may do so farther offshore.
Data on recovery of tagged albacore also
support the idea of two portions of the
population along the coast. No albacore
tagged off Oregon have been recaptured
off California during the same season
(R. Meehan, personal communication; Otsu
and Uchida 1963). Nor are there any

Oregon and Washington.
Although our data are few, they also

furnish no evidence for interregional mix-
ing of northern and southern albacore

during one season. Because of the slow
turnover - of assimilated 65Zn in fishes
(Chipman, Rice, and Price 1958; Joyner
and Eisler 1961), we would expect detect-
able fiSZn tags to remain in albacore for
several months after they leave plume
waters off Oregon. However, albacore
with high 65Zn content were not found off
southern California. Conversely, the in-
creased 65Zn values off Oregon and the
general absence of albacore with low 65Zn
content late in the season is evidence for
a single period of recruitment of albacore
during July off Oregon and absence of
large-scale intermixing with albacore from
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as well as other organisms off Oregon
(Osterberg, Pattullo, and Pearcy 1964), is
the Columbia River. This °5'Zn may he
largely confined to the summer plume or
may be residual from previous years and
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NORTHERN OREGON-WASHINGTON SOUTHERN OREGON SOUTHERN B BAJA CALIFORNIA
(45-305km) (4/5-555 km)
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Fic. 4. Manganese-54 per gram of albacore liver ash for three regions off the west coast of North
America during the summers of 1962 (E]), 1963 (+), 1964 (0 ), 1965 (A Oregon, A Washington),
and 1966 (Q). The distances in kilometers indicate how far albacore captured from the three regions
were from the mouth of the Columbia River.

the south or from offshore regions (luring
summer.

Our data also suggest that albacore
rapidly accumulate 65Zn after they migrate
into Oregon waters. Based on the data for
southern Oregon (Fig. 2), the 65Zn in their
livers averaged about eight times higher
in September than in July. We believe the
primary source of the 65Zn for albacore,

mixed more thoroughly in the water
(Pearcy and Osterberg 1967). Zinc-65 is
probably accumulated by albacore through
the food chain by feeding on organisms
with high specific activities. The time re-
quired for 65Zn to be accumulated through
several trophic levels may introduce a lag
that explains why albacore off southern
Oregon, downstream in the plume, may
have as high a 65Zn content as those off
northern Oregon near the Columbia River
source. A similar explanation was given
by Osterberg, Pattullo, and Pearcy (1964)
for the higher 65Zn activity in euphausiids
off central Oregon than near the mouth
of the Columbia River. Kujala (1966) also
found more 65Zn in salmon taken at

Eureka, California, than in the same spe-
cies collected near the Columbia River.

The rapid decrease in specific activities
off northern Oregon (Fig. 5 and Table 1)
suggests that 54Mn is several times more
available to albacore in offshore waters
than in nearshore waters after they enter
the fishery. The 54Mn was also lower in
October than July or August off southern
and Baja California (Fig. 4). Turnover of
manganese must also be rapid, as specific
activities in 1965 declined from about 0.75
to 0.2 in two months.

Although some 54Mn is induced by the
Hanford reactors and enters the Pacific
Ocean (Perkins, Nelson, and Haushild
1966) the major source of 64Mn accumu-
lated by albacore off Oregon and Wash-
ington can not be the Columbia River. If
it were, we would expect 54Mn to increase
with time off Oregon. We can conclude,
therefore, that the major sources of 65Zn
and 54Mn are different. Nearshore waters
where albacore were collected appear
lower in 54Mn than offshore waters. Other
evidence supports this contention. Pearcy
and Osterberg (1967) reported 54Mn in
small midwater animals from the central
Pacific waters but not in similar animals
collected near shore in subarctic waters.
Fallout radioactivity of other radioisotopes
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Effects of Pressure on the Respiration of Vertically
Migrating Crustaceans 1

By WILLIAM G. PEARCY AND LAWRENCE F. SMALL
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Oregon State University, Corvallis, Ore., U.S.A.

ABSTRACT

The rates of oxygen consumption of Euphausia pacifica Hansen, Thysanoessa spinifera

Holmes, and Sergesles simitis Hansen at 1 atm were compared with the rates at 16-50 atm.
Differences were not significant, indicating little effect of pressure on respiratory rate. Apparently
temperature has more influence than pressure on the respiration of these species during their

diel vertical migrations.

INTRODUCTION

MANY MARINE ANIMALS are sensitive to hydrostatic pressure. Small changes
in pressure of 1 atm or less often elicit changes in swimming behavior or ac-
tivity (see Knight-Jones and Morgan, 1966, for review). However, little is
known about the effect of pressure on the metabolism of aquatic organisms,
especially deepsea or vertically migrating animals that normally experience
extreme pressures or extreme diel changes in pressure. Recent studies have
indicated the influence of temperature on the respiration of vertically mi-
grating animals (McLaren, 1963; Lasker, 1966; Small and Hebard, 1967),
but we need to know if hydrostatic pressure also modifies respiration before
the results of such studies can be extrapolated to the respiration of animals

in nature.
This study was undertaken to learn if there is an effect of hydrostatic

pressure on the oxygen consumption of three species of common pelagic
crustaceans off Oregon: Euphausia pacifica Hansen, Thysanoessa spinifera
Holmes, and Sergestes similis Hansen. Euphausia pacifica is an oceanic eu-
phausiid known to migrate vertically several hundred meters within the
upper 500 m (Brinton, 1962, 1967). Thysanoessa spinifera is a neritic eu-
phausiid which undertakes a limited diel migration (Brinton, 1962; M. Alton,
personal communication). Sergestes similis is a sergestid shrimp which mi-
grates within the upper 500 m (Pearcy and Forss, 1966).

METHODS

Animals for the experiments were captured in nets towed from the R/V
Yaquina during various seasons of the year, between 9 and 120 km off the
central Oregon coast. Short duration net tows were made within the upper
100 m after darkness, usually with 1-m diam plankton nets, although on

'Received for publication February 9, 1968.
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several occasions an Isaacs-Kidd midwater trawl was towed slowly near the
surface to collect large euphausiids and shrimp.

The contents of the codend buckets of the nets were immediately emptied
into plastic containers filled with fresh sea water. Individual euphausiids and
sergestids were removed with large-bore plastic pipettes or nylon gauze funnels
and maintained in 1- or 2-liter containers filled with unfiltered sea water in
the dark at 10 C. If the animals were not used within a few days after capture,
the water was changed periodically and the animals were fed Anemia nauplii
or mixed phytoplankton cultures.

All experiments were conducted in constant temperature rooms, generally
at 10 C. Several experiments were carried out aboard ship immediately after
the animals were collected, but most were done ashore. Animals were removed
from their holding containers and rapidly transferred with coarse nylon funnels
or stainless mesh wire spatulas, which did not retain small plankton or detritus,
into 65- or 130-nil glass B.O.D. bottles. The water in these bottles had been
membrane filtered (0.8 µ nominal pore size), or filtered through No. 12 nylon
bolting cloth for shipboard experiments, and air-equilibrated at the cold-room
temperature.

Bottles, each containing one animal, then were stoppered with either
glass or finely tapered neoprene stoppers. Neoprene-stoppered bottles were
placed inside a pressure chamber, 135 mm inside diam by 450 mm deep. Glass-
stoppered bottles were placed inside a darkened container and held at 1 atm
pressure. During each experiment several bottles without animals were in-
cluded as controls both inside and outside the pressure chamber. We increased
the pressure by using a hydraulic pump filled with glycerin and distilled water.
A Heise temperature-compensated gauge indicated pressure in pounds per
square inch above 1 atm. The pressure inside the chamber was increased in
a step-wise fashion during the first 30-60 min of an experiment then main-
tained at constant pressure during the remainder of the experiment. Exper-
iments lasted 16-24 hr, depending upon the size of the animals and the size
of the bottles used. The pressures selected were equivalent to those at depths
of 150-475 m in the ocean, a range that included the daytime depths of the
oceanic animals studied.

At the end of an experiment, the pressure was rapidly released and the
condition of the animals was noted in each bottle. Occasionally dead or mori-
bund animals were found; oxygen consumption for these was not included in
the results. A Winkler procedure was used to determine dissolved oxygen
(Strickland and Parsons, 1965). Animals were dried to constant weight in a
dessicator or drying oven. Average oxygen consumption during the experiment,
expressed as liter (mg dry wt)-' hr ', was calculated from the difference
in dissolved oxygen between the bottles incubated together with and without
animals.

RESULTS AND DISCUSSION

The results of 19 experiments on 282 animals are summarized in Table I.
Increased pressure had no apparent effect on the oxygen consumption of



Euphausia pacifca
1965July 16 1.39 1.37-1 1.22-2.09

,

19658Dec 1.32 1.14-1 1.11-1.28
,.

196610Mar 2.38 1.50-3 1.13-2.07
,.

1966July 1 2.04 1.12-3 1.77-3.32
,

July 19, 1966 1.79 1.19-2
0 0 1

1.56-3.06
10-2.961

21Nov 1966 .8 -1.10 .

,.

20Dec 1966 1.66 0.89-2 0.65-1.82
,.

23Jan 1967 1.24 0.98-1 0.90-1.52
,.

Pooled estima 1 .61 ±0.63 64'

Thysanoessa spinifera
2.12 1.64-3 1.67-2.31

1.96 1.19-3 1.22-2.32

1.69 1.38-2 1.35-2.98

2.81 1.91-3 1.61-3.96

2.39 1.58-4 1.32-4.23

2.05 1.46-2 1.16-2.12

2.21 ±069 .88A

ergestes similis
Mar 1 1966 0.95 0.63-1 0.89-1.34

,.

Jan 18 1967 0.77 0.37-1 0.70-1.06
. ,

20Jan 1967 1.66 1.34-1 (1.96-3.75
,.

18Feb 1967 1.50 0.61-2 0,69-1.74
,.

Feb. 17 1967 1.42 1.05-1 1.16-1.32
,

Pooled estima 1.23±0.44 11'

e standard deviation
nducted aboard ship
is filled with phytop

TABLE I. Comparison of respiration of Euphausia pacifcca, Thysaitoessa spinifera, and Sergestes similis subjected to 1 atm and higher pressures.

Outside pressure chamber (1 atm) Inside pressure chamber

liter O2mg-lhr-1 µliter O2mg-1hr-1

Date
Temp

(C)
No.

animals Mean Range
Pressure

(atm)
No.

animals Mean Range

10 2 .41 32 3 1.57

10 5 .47 32 3 1.17

10 3 .90 16 17 1.71

10 7 .86 35 7 2.57

10 5 .61 35 4 2.28

7-10 5 .79 35 8 1.74

10 11 .32 35 13 1.15

10 7 .94 50 4 1.19

to 45 59 1.64=1=0.

Apr. 12, 1966 4-8 8 .79 16-18 6 2.05

Apr. 12, 1966b c 4-8 8 .03 18 8 1.72

July 19, 1966 10 5 .17 35 6 1.96

July 20, 1966 10 10 .85 35 12 2.97

July 20, 1966 10 10 .43 35 10 2.95

Aug. 4, 1966 10 15 .85 35 13 1.78

Pooled estimate 56

S

55 2.29±0

10 2 .28 35 2 1.12

10 11 .11 50-52 9 0.83

10 3 .91 50 5 1.83

10 10 .08 50 11 1.26

10 10 .76 35 5 1.25

to 36 32 1.21±0

'On of the estimate.
bCo within 12 hr of capture
cGu lankton.
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the three species of Crustacea studied. For each species there was no significant
difference between pooled mean respiration of control animals and animals
at high pressure. Of particular interest is the fact that 7'. spinifera, subjected
to pressures much greater than normally experienced, showed no change in
oxygen consumption with increased pressure. Considering all species together,
animals subjected to high hydrostatic pressures had slightly higher average
oxygen consumption than control animals in 10 experiments, but the reverse
was true in the remaining 9 experiments. In every experiment the ranges of
oxygen consumption of animals inside the pressure chamber overlapped the
respiratory ranges of control animals. Statistical significance was not computed
for individual experiments because of the relatively small number of animals
per experiment.

The lack of correlation between respiration and pressure does not mean
that the animals are insensitive to changes in hydrostatic pressure; it only
indicates that no large changes in oxygen consumption accompany high pres-
sures. These experiments were conducted at pressures thought to approximate
those experienced by the species in nature (except for T. spinifera). If ab-
normally high pressures had been used, tolerance limits might have been
approached, causing behavioral changes or death which would have been
reflected in oxygen consumption (Regnard, 1891, as cited in Johnson et al.,
1954; Fontaine, 1930; Napora, 1964).

Only a few other reports are known on effects of pressure on respiration
of vertically migrating euphausiids or shrimp. In a series of experiments on
six species of euphausiids from the tropical Atlantic and Indian Oceans and
one species from the North Atlantic Ocean at different temperatures and pres-
sures, Teal and Carey (1967) found that pressure affected respiration in only
two species. One of these species, Thysanopoda monacantha, was mesopelagic
and did not come to within 150 m of the surface at night. Respiration of T.
monacantha was approximately constant with depth, indicating that temper-
ature-induced decrease in respiration was offset by pressure-induced increase.
Napora (1964), working with the mesopelagic shrimp Syslellaspis debilis,
also found that pressure effects on respiration essentially compensated for
temperature effects. Teal and Carey suggested that constant metabolism
throughout the normal migratory range of rnesopelagic Crustacea might be
the rule.

The other species affected by pressure in the experiments of Teal and
Carey was Meganycliphanes norvegica, a species endemic to the North Atlantic.
The respiration of M. norvegica was slightly decreased by pressure of 100
atm, so that metabolism at a depth equivalent of about 100Q m was somewhat
lower than if there had been no pressure effect. However, pressure effects were
not significant at pressures corresponding to depths of 0-500 m, a range which
probably includes the maximum depth of M. norvegica.

The other five species of euphausiids investigated by Teal and Carey
showed a lack of metabolic response to pressure changes encountered during
normal migrations. This result was similar to that we achieved with two
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euphausiids and a shrimp from the North Pacific. Within normal depth ranges
it appears that temperature is more important than pressure in modifying
respiratory rates of species that are found in epipelagic waters at night.

The three species in this paper had significantly different oxygen consump-
tion rates. After pooling data from inside and outside the pressure chamber,
averages and standard deviations were computed for each species as follows:
T. spinifera: 2.25 liter 02 Mg-' hr 1 (±0.79); E. pacifica: 1.64 µliter 02 mg'
hr' (±0.63); S. similis: 1.22 µliter 02 mg' hr' (±0.50). The average value
of E. pacifica was higher than values reported for this species at 10 C (by
using manometry) by Lasker (1960, 1966), Small et al. (1966), and Small
and Hebard (1967); however, one standard deviation ± the mean included
the mean values reported in these other papers. Using Winkler determinations,
Paranjape (1967) reported a low average consumption for E. pacifica (0.79
liter mg-' hr') at 10 C which he believed was due to the unusually low oxygen

concentrations in the fjord where lie collected his animals.
Thysanoessa spinifera had a higher respiratory rate than E. pacifaca.

This result was in contrast to that of Small et al. (1966), who found no dif-
ference in weight-specific respiration between the two species. Season of the
year might have been a factor, however. They made their comparisons with
animals collected in the winter and the early spring. Thysanoessa spinifera
specimens in this study were collected in the summer, except for some collected
in April (and these had intestinal tracts filled with phytoplankton, a condition
which could have increased respiration). Small and hlebard (1967) measured
no seasonal differences in respiration of E. pacifica, but this species char-
acteristically undertakes rather extensive vertical migrations and is subjected
daily to a relatively wide temperature range. Thysanoessa spinifera, on the
other hand, migrates much shorter vertical distances, and might become
acclimated to either relatively high or relatively low temperatures in the
summer, depending on the intensity of upwelling. Strong upwelling brings
relatively cold, saline water to the surface layers along the Oregon coast in
summer, but there are years in which upwelling is weak and surface waters
remain warm through the summer. Acclimation to different temperatures in
different seasons could effect changes in respiratory rates of T. spinifera.
The molting and reproductive physiology, condition, and acclimation history
of the animals also might have contributed to differences in measured res-
piration in the various studies.

Mean weight-specific respiration of S. similis was less than that of the
two species of euphausiids, regardless of pressure level. Respiration of S.
similis was measured only during winter months, however. A contributing
factor also might have been the different weight ranges of the three species.
Decreased weight-specific respiration with increased animal weight has been
documented for many crustaceans (see Wolvekamp and Waterman, 1960).
In our studies, S. similis weighed between 5 and 173 Ing dry weight (mean =
74 mg), which was significantly greater than either E. pacifica (range = 1 13
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mg, mean = 5 mg) or T. spinifera (range = 2-59 mg, mean = 21 mg). How-
ever, when weight-specific respiratory rates were plotted against animal weight,
variability was great and no definite trends were noted. Small and Hebard
(1967) and Paranjape (1967) concluded that weight-specific respiration of
E. pacifica was not a function of weight.
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A MODIFICATION OF THE SMITH-MCINTYRE GRAB FOR SIMULTANEOUS
COLLECTION OF SEDIMENT AND BOTTOM WATER'

Simultaneous collections of sediment,
bottom water, and benthic organisms are
desirable for ecological studies of the sea
floor. Benthic organisms are affected by
both the sedimentary and the aquatic por-
tions of their environment; therefore, in-
formation on all phases is necessary for
understanding the interactions of the ani-
mals with their surroundings.

A 0.1-m2 Smith-Mclntyre bottom grab
sampler (Smith and McIntyre 1954), a 1.3-
liter Fjarlie water-sampling bottle (Fjarlie
1953), and a small deep-sea pinger with a
bottom trip switch have been integrated
(Fig. 1) for efficient, simultaneous collec-
tion of these samples. The device operates
easily and collects samples from a wide
range of depths and sediment types. A
combined deck cradle and washing trough
has been built to handle the sampler and
its samples on board ship. We gratefully
acknowledge the assistance of R. S.
Mesecar for design and construction of the
pinger, D. R. Hancock for modification of
the grab, the Department of Oceanogra-
phy machine shop for construction of the

'This work was supported by National Science
Foundation Grant GB-4629 and U.S. Atomic En-
ergy Commission Contract AT (45-1)-1750, AEC
Reference RLO-1750-24. Shiptime was supported
by National Science Foundation Grant GA-934
and the U.S. Atomic Energy Commission.

equipment frames, and J. M. Stander for
photographing the sampler.

The Smith-McIntyre grab obtains sam-
ples from sandy as well as from softer
substrates. While it has disadvantages
common to all grab samplers (Gallardo
1965), its spring-loaded jaws and two bot-
tom contact triggers ensure penetration
into the sediments. The sturdy frame en-
closing and supporting the mechanism of
the Smith-McIntyre grab provides a suit-
able platform on which to mount the
associated instruments of the combination
benthic sampler.

The bottom grab that forms the basic
unit for the benthic environmental sampler
was slightly modified from the original
design. It was built and partially rede-
signed by the University of Copenhagen
Marine Biological Laboratory, Helsingor,
Denmark. We have added hinged, sheet-
metal top plates that tightly cover the
screen tops of the grab during ascent and
minimize washing of the sample. During
descent, water flows freely through the
screen tops, reducing the leading turbu-
lence (Wigley 1967).

At deep stations under heavy swell con-
ditions, it is often impossible to use the
winch tensionometer as an indicator of
bottom contact because of ship surge. A
positive identification of bottom contact is



Frc. 1. Photograph of the benthic environmental sampler. The water bottle with trip rod and the
pinger are balanced on opposite sides of the grab.

provided by a small pinger with a bottom-
activated switch attached to the grab frame
(Fig. 1). The pinger can be heard to
depths of 2,800 m. A bottom echo return
from the pinger often makes possible accu-
rate positioning of the environmental sam-
pler near the bottom.

The Teflon-lined Fjarlie water bottle
(Kahl Sci. Instr. Co., El Cajon, Calif.) was
incorporated into the unit because it re-
mains stationary while the thermometer
rack rotates, and because it has excellent
flushing characteristics (Fjarlie 1953). The
protective frame for the water bottle pro-
vides a rigid mount, protection for the
standard deep-sea reversing thermometers,
and a simplified bottom trip mechanism.

The broad steel frame is open on two sides
with additional openings in the top and
bottom through which the end caps of
the water bottle protrude (Fig. 2).

The original messenger trip mechanism
was removed from the water bottle and
replaced with a bottom-activated push-rod
on the outer surface of the protective
frame. The push-rod is 10 cm longer than
the Smith-McIntyre trigger plates and en-
sures activation of the water bottle mech-
anism prior to the impact of the grab
sampler. Clean water samples are ob-
tained. A magnet is mounted on the push-
rod, and a magnetic switch, normally
closed, is mounted in an aluminum pres-
sure case (Fig. 3). As the push-rod touches
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FIG. 2. Side-view diagram of the water bottle
frame, illustrating the protective housing, the
push-rod, and the magnetic pinger switch.

the sea floor, the magnet moves past the
switch, opening the contacts and tempo-
rarily turning off the pinger. As the sam-
pler leaves the bottom, the push-rod and
the magnet fall back into place, and the
pinger is reactivated.

The cradle, built for use with the grab
in these studies (Fig. 4), provides both a
firm base on which to secure the sampler
on deck and a washing trough for sieving
the sediment samples for benthic orga-
nisms. Quick-release clamps hold the grab
firmly in the cradle, and bolts provide a
secure attachment for hoisting the entire
unit. The cradle incorporates a sheet-
metal round-bottom trough with a slot in
the bottom and a collecting chute beneath.
Sediment can be washed slowly from the
grab while it rests in the cradle. The
water and sediment flow into the trough,
are collected by the chute, and are then
discharged onto a screen beneath the
spout. The rate of sediment discharge can
be controlled by opening and closing the
jaws of the grab.

5 cm

MAGNET

MAGNET/C
SWITCH

PUSH-ROD

547

BOTTOM TRIP

Fic. 3. End-view diagram of the water bottle
frame, illustrating the push-rod and the magnetic
switch.

BOTTLE
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FIG. 4. Diagram of the combined grab cradle
and wash trough.

Construction details

The Fjarlie bottle frame, which is at-
tached to the Smith-McIntyre grab frame,
is constructed of '/s-inch (3.2 mm) steel
plate. The water bottle frame is attached
vertically to the grab by a triangular
frame of Y2-inch (1.27 cm) steel strap
and is secured by 1- x 1/2-inch (2.54 x 1.27
cm) bolts. The water bottle is fastened in
its frame with four contoured polyvinyl
chloride blocks and stainless steel hose
clamps. The push-rod is constructed of Y4-
inch (6.4 mm) square steel rod and moves
through guide plates mounted on the out-
side surface of the bottle frame. A 13/4-
inch-diameter (4.45 cm) steel disk is
screwed onto the lower end of the
push-rod for efficient operation in soft
sediments.

The pinger mount is constructed of 7/32-
inch (2.1 mm) steel plate. It is attached
to the grab frame by 1/2-inch (1.27 cm)
steel strap and by 1- x 1/2-inch (2.54 x 1.27
cm) bolts (Fig. 4). The pinger is mounted
vertically with two contoured steel clamps
lined with rubber. The wiring harness,
connecting the magnetic switch on the
water bottle mechanism to the pinger cir-

cuitry, is led across the grab framework
and taped into position.

The top plates of the grab are con-
structed of 24-gauge sheet metal; each one
is hinged near the middle of the grab with
a strip of Herculite material (Herculitc
Protective Fabrics Corp., Newark, N.J.).
The plates are fastened at the inner edge
of each jaw with 1/-inch (6.4 mm) screws
and are free to swing open on guide
screws at the outer edge of each jaw.

The framework of the combination grab
cradle and wash trough is constructed of
wood; it supports the 24-gauge sheet metal
trough and chute. Spring-loaded release
clamps secure the grab to the cradle for
stowing it on deck between samples.

Operation

The operation of the grab water-bottle
sampler is simple and relatively trouble-
free. The grab and the water bottle are
cocked; the pinger, switch, and thermom-
eters are checked for proper functioning;
then the unit is hoisted over the side. The
sampler is lowered at a rate of 50 m/min
on standard %s-inch hydrographic cable
(4.8-mm diameter) until it is 10-20 m
above the bottom. Though the environ-
mental sampler is heavy (297 kg), its
large surface area prevents lowering at a
greater rate.

The unit is maintained above the sea
floor for 10 min to equilibrate the reversing
thermometers and to flush out the water
bottle. The grab is positioned by cable
length and water depth, or when possible
by the bottom reflection of the pinger sig-
nal plotted on the oscilloscope. After the
10-min equilibration period the grab is

lowered slowly until bottom contact is indi-
cated either by cessation of the pinger
signals or, in shallow water, by the sudden
decrease in cable tension. Then the sam-
pler is raised slowly until the initiation of
the pinger signals or an increase in cable
tension or both indicates pull-out from the
sediment and clearance from the sea floor.
The grab unit can then be retrieved at a
rate of 100 m/min without washing the
sample.
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Upon retrieval the pinger is shut off, the
inner thermometer rack with the three
thermometers is removed, water samples
taken, and the sediment sample processed.

ANDREW G. CAREY, JR.
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pared for analysis, 15 were frozen, and 15
were preserved in formalin. After one year,
the preserved fish were divided into same
pies comprised of five individuals.

Analyses for °"Zn and total Zn cn'ce1Y
'trations (Fig. -1) show sharp differences

k3
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INFLUENCE OF PRESERVATION AND STORAGE ON RADIOZINC AND

T )TAI. ZINC CON(;ENTIIATIONS IN FISIh

From almost the beginning of the atomic
age, radioecological studies have been car-
ried out in aquatic and marine environ-
)nents (Hines 1962). In many of these
studies the radionuclide 65Zn was shown to
be concentrated and transferred by orga-
nisms at all trophic levels (Lowman 1960;
Osterberg, Pearcy, and Curl 1964; Foster
and McCannon 1962). The levels of 65Zn
in organisms are often slight, necessitating
long counting times. When samples accu-
mulate, it is necessary to preserve and store
them. We have examined some of the
effects of freeze preservation and formalin
preservation on Zn and 65Zn concentrations
in fishes.

The experimental animals were the
shiner perch Cymatogaster aggregata and
the starry flounder Platichthys stellatus.
They were caught during late summer by
seine in Alder Slough, a small arm of the
Columbia River estuary. Shiner perch
belong to the family Embiotocidae, a ma-
rine group bearing living young; the small
fish used in this study were probably born
in or near the slough during midsummer.
The starry flounders were also less than a
year old, having entered the estuary as
larvae or postlarvae during the previous
winter. Because all individuals of each
species were small juveniles, variations re-
sulting from differences in sex, size, and
location of capture were minimized.

Shortly after capture the fish were
packed in crushed ice. They were returned
to the laboratory within 24 hr and treated
in three ways: one group was immediately
prepared for radioanalysis; the second was
placed in several sealed plastic bags and
frozen; and the third was preserved in a
10% solution of unneutralized stock formal-
dehyde in distilled water.

The fish were prepared for radioanalysis
by removing and discarding the gut con-
tents, drying at 60C in a forced draft oven

'This research was supported by U.S. Atomic
Energy Commission Contract AT(45-1)1750 (Ref:
RLO-1750-25).

for 24 hr, then dry-ashing in a muffle fur-
nace at 550C for 24 hr. Samples of the
ash were placed in plastic counting tubes
and counted for 100 min in a 5- x 5-inch
(12.7 x 12.7 cm) NaI (Tl) well crystal
coupled through a photomultiplier to a 512
channel analyzer. Radioactivity concentra-
tions expressed as picocuries 65Zn per gram
ash (pCi/g ash) were corrected for phys-
ical decay to the time of collection.

The concentration of total (stable plus
radioactive) Zn was determined by digest-
ing the ash in fuming HNO3, diluting
to fixed volume with dilute HC1, and
analyzing by atomic absorption spectro-
photometry. Concentration units are micro-
grams Zn per gram of ash (µg/g ash).

Two experiments were carried out. In
the first, a collection of juvenile shiner
perch and starry flounder taken in a single
seine haul was returned to the laboratory
in ice 24 hr after capture. From each spe-
cies, 5 individuals were immediately pre-

between the frozen samples and those pre-
served in formalin. When "Student's" t-
tests of the differences between means
were made, the formalin- and freeze-pre-
served fish were significantly different at
the 5% level. The formalin-preserved fish
had 65Zn and total Zn concentrations close
to those of the fish immediately prepared
for analysis (in ice 24 hr).

This experiment was repeated with re-
finements when another collection of juve-
nile shiner perch was taken a year later
from the same location. One purpose of
this second experiment was to examine the
effects of storage time on 65Zn and total Zn
concentrations. Three samples of five juve-
niles were removed from the ice and im-
mediately prepared for analysis. At the
same time, comparable samples were pre-
served in formalin or frozen in lots of 15
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days after removal from the ice, three
samples of five individuals each were ana-
lyzed (Fig. 2). At the 5% level of signifi-
cance, we determined that after 50 and
180 days the formalin-preserved samples
differed significantly from frozen samples
in total Zn but not in "Zn concentrations.

The results of the first experiment indi-

influence zinc concentrations. ID this case,
the concentrations of °`Zn and total Zn in
freeze-preserved fish averaged about 40%

less than in either the fish immediately
analyzed (on ice 24 hr) or those stored for

one year in formalin.
In contrast, the concentrations of °;Zn

and total Zn per gram ash in the second
experiment did not show such large differ-
ences. The freeze-preserved fish generally
averaged slightly lower in a:'Zn and total

Zn concentrations than the freshly ana-
lyzed samples. However, the formalin-
preserved samples appeared to increase

slightly in GiZn and total Zn concentrations
during the 6-month storage period. suggest-

ing that preservation might somehow he
affecting ash weight. The difference be-

tween formalin-preserved samples held 3.5

(lays and those stored 180 days, although
large, was not significant at the 5% level.
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cate that over long storage periods the
method of fish preservation may radically
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The obvious implication of these results
is that interpretations of radioanalyses and
elemental analyses of fish samples stored
for long periods should consider method of
preservation. Additionally, comparisons of
such data from fish samples preserved and
stored under different conditions should he
approached cautiously.

WILLIAM C. RENFRO
ROGER V. PHELPS
THOMAS F. GuTHRL.

Department of Oceanography,
Oregon State University,
Corvallis 97331.
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RADIOZINC DECLINE IN STARRY FLOUNDERS AFTER TEMPORARY
SHUTDOWN OF HANFORD REACTORS

William C. Renfro and Charles Osterberg

Department of Oceanography, Oregon State University, Corvallis

Abstract. Concent.ations of 65Zn and total Zn were measured in starry flounders col-
lected periodically over a one-year period from Alder Slough, a small arm of the Columbia

River Estuary. The nuclear reactors at Hanford, Washington, which supply most of the
65Zn in the river were shut down for 45 days during this period. As a result, the input of
radioactivity to the study area was greatly reduced and specific activity QiCi 65Zn/g total
Zn) in the flounders declined. The time required to reduce the 65Zn specific activity by
one-half under these conditions in which the flounders continued to obtain 65Zn from their
food web and water is termed "ecological half-life." The "ecological half-life" for 65Zn
in juvenile starry flounders was 139 days under the conditions prevailing in this study.
The effective half-lives of 65Zn in three flounders held in the laboratory were 56, 91, and
162 days, depending on the initial concentration of 65Zn in each test fish.

Introduction

299

The nuclear reactors at Hanford, Washington, are cooled by Columbia River water in a
"single pass" process. In passing through the intense neutron fluxes of the reactors, trace
quantities of many elements in the water are activated. Most of the radionuclides thus produced
have short half-lives and decay to below detection limits before completing the 370 mile trip down-
river to Astoria. Of the three most abundant gamma emitters from Hanford reaching the Columbia
River Estuary, 51Cr, 239Np, and 65Zn, the latter is most readily accumulated by organisms.
Zinc-65 is present in the water, sediments, and biota of the estuarine ecosystem, and has been
measured in many animals in the adjacent Pacific Ocean (Osterberg 1962, Watson, Davis, and
Hanson 1963).

Since April 1966, we have been studying the radioecology of Alder Slough, a small arm of the
Columbia River Estuary 6 km from the river's mouth (Fig. 1). Objectives of the work are (a) to
relate the 65Zn concentrations of the various species to their trophic position in the ecosystem,
(b) to examine'the variance in 65Zn concentrations among comparable individual animals, and
(c) to attempt measurements of Zn turnover times in some organisms.

About 9 July 1966, all the Hanford reactors were shut down for approximately 45 days, afford-
ing an unparalleled opportunity to observe the response of the ecosystem to reduced input of
65Zn. One of the most abundant animals in Alder Slough is the starry flounder, Platichthys
stellatus (Pallas). Juveniles of this species measuring 40-100 mm (standard length) were
present throughout the year. This report is confined to the dynamics of 65Zn in starry flounders
under the unique conditions which prevailed in the estuary during this one year period.

Methods

Field Samples. Juvenile flounders (mostly 50-70 mm) were collected by seine on 18 sam-
pling dates from 9 April 1966 through 15 March 1967. The fish were immediately preserved in
formalin and prepared for radioanalysis within a few days after capture. From each collection
usually five individuals were analyzed after first removing their gut contents, drying to con-
stant weight at 60 C, and packing in plastic counting tubes. Radioanalysis was by means of a
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Fig. 1. The Columbia River Estuary showing the location of the study area.

5 x 5 inch NaI(Tl) well crystal coupied to a 512 channel spectrometer. Counting time for each

fish was 100 minutes, and the activities reported are corrected for radioactive decay occurring
after collection and prior to analysis. To determine the total (radioactive plus stable) Zn con-
centration in each flounder, we ashed the dried sample at 550 C in it muffle furnace, digested

it in concentrated nitric acid, and analyzed by atomic absorption spectrometry.
On each collection date temperature and salinity of the water were measured with a portable

induction salinometer at several locations in the area. At the same time 8 liters of water were
collected to be analyzed for both particulate and dissolved ''5Zn. This analysis was accom-
plished by co-precipitating the dissolved "Zn with ferric hydroxide, filtering the solution plus
precipitate onto Whatman No. 42 filter paper, and counting in the gamma ray spectrometer.

Loss Rate Experiments. Laboratory experiments were performed to provide 6SZn turnover

times for juvenile flounders to compare with the turnover times observed in the field. Three

small flounders collected on 15 February 1967 from Alder Slough, similar in size to those taken

during the previous summer, were selected for study. These fish were individually maintained

at a constant temperature (15-16 C) in gallon jars half filled with water from the study area.
Each test fish was fed one or two adult brine shrimp which had been held for three days in
seawater containing 25 microcuries "Zn per liter (pCi '-;Zn'I) and then had been rinsed for
five hours in non-radioactive seawater. Water in the jars was discarded and replaced daily
during the first four days. However, the supply of water from the slough was soon depleted so

that the test fish were held in the same batch of slough water after the fourth day. It was

constantly aerated and was filtered each day. Radioanalysis of this water before and after the
experiments revealed a fourfold increase in iiSZn concentration. This was not believed to have

a significant effect on the loss rate from the flounders because n5Zn concentrations per unit
wet weight of the test fish were at least 105 times greater than that in the water.

The loss rate of "Zn from each fish was measured by periodically placing it in it water-
filled plastic container and counting atop a solid 5 5 inch Nal(TI) crystal. The counting
efficiency for this configuration was not determined, and therefore the "Zn values are ex-
pressed as counts per minute per gram dry weight (CPM/g) in the "Zn photopeak channels.

Although the test fish were fed one to three non-radioactive brine shrimp daily, they were
generally inactive and became emaciated. Each experiment was terminated by death of the

test fish.
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Results

301

Environmental Conditions. Environmental conditions in Alder Slough during this study are
shown in Fig. 2. Warmest water temperatures occurred during June through September followed

by a decline through March. Salinity in the slough was influenced by discharge rates of Alder
Creek, by Columbia River flow, and by input of saline water from the estuary due to tidal ex-
change. Throughout the year there was salinity stratification, the bottom layer having about
twice the salinity of the surface waters. Salinities above 5°I were present only during the°°
period of low stream flow of the Columbia River.

The decline of fiSZn in the water is shown in the bottom graph of Fig. 2. The first water
sample analyzed for fiSZn was collected on 23 July, about 14 days after reactor shutdown.
According to Nelson, Perkins, and Haushild (1966), about 10 to 12 days would be required for

a parcel of water to travel from the Hanford reactors to Astoria under the prevailing river dis-
charge rate (intermediate flow). Assuming longitudinal dispersion of 65Zn below the reactors
and assuming that tidal exchange would require at least several days to reduce the fiSZn con-
centration of water in the slough, it is probable that the 65Zn concentration of the 23 July water
sample had not been influenced by reactor shutdown. Water collected 4 August, however,

showed a reduction in 65Zn concentration followed by marked decreases later in August; thus it
was during late July that the Alder Slough ecosystem first experienced the effects of reactor
shutdown. The reactors resumed operations about 25 August during a period of low river flow.

Under these conditions, the first newly activated 65Zn would require more than 18 days to

reach Astoria (Nelson et al. 1966). Indeed, our analyses show that little 65Zn was present in
Alder Slough water on 13 September (19 days after reactor startup) but by 22 September the
65Zn content of the water had increased. A concurrent study at Astoria by Hanson (1967) showed

sharp drops in ionic 65Zn and 51Cr in mid-July followed by increases in mid-September. Hanson

found that 65Zn and 51Cr in the particulate form changed less rapidly. Based on the above con-
siderations, Alder Slough experienced diminished input of 65Zn from 1 August through 15
September.

RIVER
DISCHARGE

65Zn IN WA TER
(DISSOLVED AND
PARTICULATE)

FEB

/967

Fig. 2. Alder Slough conditions (physical, chemical, radiological measurement:.).
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Zinc-65 Concentrations. Differences in 65Zn concentrations among individuals are apparent

in the upper graph of Fig. 3. All individuals selected for radioanalysis from a given collection

were caught in the same seine haul and were juveniles of approximately equal size. Therefore,

variations in fiSZn body burdens due to sex, size, and location of capture were minimized.

Standard deviations were calculated for each 65Zn concentration based on (a) counting errors,

(h) weighing errors, (c) variations in sample geometries, and (d) uncertainty in the activity of

the 65Zn standard used to establish counting efficiency of the analyzer. These standard de-

viations ranged from 5 to 7% of the nominal 65Zn concentrations and thus are small compared

with sample ranges. The largest range occurred among fishes caught on the first collection

date. The flounder with the highest 65Zn concentration was two to almost three times higher

than the others. Throughout the year the samples had ranges from 26 to 186 picocuries 55Zn

per gram dry weight (pCi 65Zn/g) although most ranges were 40 to 90 pCi 65Zn/ g. The
pooled estimate of the population standard deviation was 37 pCi 65Zn/g.

Seasonal changes in 65Zn concentrations in flounders are indicated in Fig. 3. To mini-

mize the influence of extreme values, the trend lines connect median rather than mean values.

In general, 65Zn concentrations increased from April through July then declined through

December, although there was considerable fluctuation in the median values from one sample

to the next.
Total Zn Concentrations. Total Zn in comparable individuals tended to follow 65Zn vari-

ations (Fig. 3). Except for the first, all samples had ranges of 14 to 82 micrograms Zn per

gram dry weight (gig Zn/g), with a pooled estimate of the population standard deviation of

32 jig Zn/g. The fish with high 65Zn content on the first collection date also proved to have

a high total Zn concentration. Similarily, other individuals high in 65Zn were usually found

to be high in total Zn. Thus, specific activities were less variable than total or radiozinc

concentrations.

Fig. 3. Concentrations of 65Zn and total Zn in juvenile starry flounder (Platich(hvs stellatus).
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Total Zn appeared to increase slightly during the summer and fall. After October there
were greater fluctuations in median values and more variation among individuals than in
earlier seasons.

Specific Activities. The lower portion of Fig. 3 shows specific activities of flounders from
Alder Slough. This ratio, microcuries 65Zn per gram of total Zn in the fish's body (PCi 65Zn/g
total Zn), is sensitive to small changes in either 65Zn or total Zn concentration. For example,
the individual with high concentrations of both 65Zn and total Zn in the first collection had the
lowest specific activity. Hence, it had a smaller fraction of radioactive atoms in its zinc pool
than other individuals in the sample.

Spring and early summer months saw definite increases in specific activity, probably as the
result of rising water temperatures and attendant increases in food intake and metabolic rates.
In early August, about four weeks after reactor shutdown, specific activities began to decrease,
and continued to diminish even after the reactors resumed operations. Probably, the continued
decline in specific activities after 65Zn was again being added to the ecosystem stemmed from
diminished food intake accompanying lowering water temperatures of the fall and winter seasons.

Turnover Times. Figure 4 provides a comparison of the loss rates of 65Zn observed in the
field and in the laboratory. None of the values were corrected for radioactive decay after time
zero. The upper graph is a semi-log plot of the specific activities of flounders caught in Alder
Slough during the interval when f 5Zn was present in reduced concentrations in the ecosystem
(1 August-15 September 1966). To estimate the time required for the specific activity to be
reduced by one-half, a line of regression was fitted to these points and extrapolated to the
value equal to one-half the specific activity estimated for flounders on 1 August. The re-
sulting half value time was 139 days.

The lower portion of Fig. 4 presents the results of loss rate experiments conducted in the
laboratory. In each curve the initial 65Zn values were high because the flounder retained some

ti
- SPEC/F/C ACTIVITIES (FIELD)

Teco/2 . /59 DAYSo
2 LOG Y-.19538-.00216Y
15

V
y

30
DAYS AFTER 3/ JULY /966

RELAT/VE ACT/V/T/ES (LAB.)
A

Tej2 . 56 DAYS

B Tel, . 9/ DAYS

LOG Y-2.47770-00556X

LOG Y 2 0398/- 0033/X

LOG Y / 97642 - 00186X

DAYS AFTER INGEST/ON OF 65Zn - SPIKED BR/NE SHRIMP

Fig. 4. Loss of 65Zn from juvenile starry flounders (Plafichthys sfallafus).
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Table 1. Measurements of flounders used in loss rate experiments

Standard 65Zn Initially Half Value

Flounder Length
(mm)

Dry wt.

(g)

Assimilated
(CPM/g)

Time Te/2
(days)

A 57 0.30 300 56

B 67 0.52 110 91

C 57 0.29 95 162

or all of the radioactive brine shrimp in its gut at the time of radioanalysis. After the first few

days of the experiment, during which the water was changed daily, the test fish retained about

one-half of the 65Zn consumed. Regression lines fitted to the slow component of each loss

curve were extrapolated back to the ordinates (time zero). Values of these intercepts were then

assumed to represent the 65Zn each fish assimilated. The times required for flounders A, B,

and C to lose one-half the 65Zn initially assimilated are given, with related measurements, in

Table 1.

Discussion

Individual Variation. There was considerable variation in concentrations of bSZn and total

Zn among individual fish which in other respects were similar. Among the factors which might

cause such variation are.(a) differences in metabolic rates, (b) movement of flounders into Alder

Slough from areas having higher or lower concentrations of 65Zn, (c) differences in Zn require-

ments, and (d) differences in food habits or intake rates. Perhaps all these factors, plus others,

interact to produce the variation observed. Based on estimates of population standard devia-

tions of 65Zn and total Zn, we conclude that about 95% of the observations in a given sample

should fall within ±61 pCi 65Zn/g and ±53 ug Zn/g (in terms of coefficients of variation these

values are, respectively, 38% and 35%). These estimates agree generally vith Seymour ;1966),

who stated that a 25% variation in 65Zn values would not be uncommon for individual oysters

from Willapa Bay, Washington.
Turnover Times. Specific activity is a measure of the proportion of radioactive to total

atoms of an element in an organism, organ, or other component of an ecosystem. Discounting
differences in physico-chemical forms of the radionuclide of interest and its isotopes, several

factors may influence the specific activity of an aquatic organism. These include: (a) the

specific activities of food and water, (b) the level of the organism in the trophic structure, and

(c) the turnover rate of the element by the organism. Changes in one or more of these factors

may change the organism's specific activity. Thus, when 65Zn input to Alder Slough decreased,

the 65Zn specific activities of flounders also began to diminish.
By determining the rate of change of 65Zn specific activity during an interval of reduced

65Zn input, we obtained an estimate of Zn turnover time under one set of natural conditions.

As Odum and Golley (1963) emphasize, turnover times are not constants, but extremely in-

teresting variables. The time required to reduce the activity of an organism by one-half is

termed biological half-life (Tb/2). If the effect of physical decay of the radionuclide is also

included in the half value determination, the resulting time is often called effective half-life

(Te/2). In most instances in which biological half-lives have been determined, the organism

has been rendered radioactive then placed in a non-radioactive medium and fed non-radioactive

food. The specific activity of 65Zn in flounders from Alder Slough was affected not only by

physical decay and biological turnover but also by the continued consumption of radioactive

prey which were also declining in 65Zn specific activity.
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To our knowledge, no term is presently available to describe the time required to reduce

specific activity by one-half under such conditions. Therefore, we would propose the term

"ecological half-life" (Tecoi2) and distinguish it from effective half-life (Te/2) because the

latter is not affected by continual addition of radioactivity to the organism from its food web.
The turnover time of Zn computed from field data (Fig. 4) is not strictly comparable with.

the results of laboratory loss experiments. As previously indicated, the "ecological half-
life" obtained from the field is influenced by addition of 65Zn from the food web. Presumably,
this would decrease the loss rate and extend the half-life of 65Zn in the Alder Slough flounders.
The three effective half-lives observed in the laboratory varied from 56 to 162 days and appeared

to vary as a function of the initial concentration of 65Zn. Flounders A and C were almost
identical in length and weight (Table 1) but A assimilated three times the initial amount of C.

However, the effective half-life of C was three times longer than that of A suggesting that the
turnover rate is influenced by initial concentration. Flounder B, although larger than A and

C, initially assimilated an intermediate concentration and lost 65Zn at an intermediate rate.
Rice (1963) presented a curve for the retention of 65Zn by postlarval flounders (Paralichthys

sp.) resulting from unpublished laboratory experiments by Hoss. Extrapolation of this loss rate
curve suggests an effective half-life of around 140 days.

Seymour (1966) transferred oysters (Crassostrea gigas) containing 65Zn from Willapa Bay,
Washington, to Puget Sound where environmental 65Zn is virtually absent. He calculated the
effective half-life of eight lots of oysters to be 135 days, which is very close to the 139 day

"ecological half-life" for the Alder Slough flounders.
It is surprising that 65Zn specific activities of flounders exhibited such prompt response to

shutdown of the Hanford reactors. Partially responsible for the decline in these specific ac-
tivities was the slight increase of stable Zn concentrations in the fish during late summer and

fall. Possibly the flounders required, or were able to obtain, more Zn during this period. In

any event, it would have required many weeks to note changes in these fish, had we not also
determined their total Zn concentrations. Determinations of specific activities and "ecological
half-lives" would be of prime importance in the case of acute radioactive contamination of an

ecosystem.

Acknowledgments

This report is part of a thesis presented in partial fulfillment of the degree of Ph.D. at
Oregon State University. The investigation was supported by Public Health Service Fellow-
ship Number 5-FI-GM-23, 006-03 from the National Institute of General Medical Sciences and

the U.S. Atomic Energy Commission (RLO-1750-19) which are gratefully acknowledged. We
also thank I. L. Larson, Dr. J. M. McCauley, and Dr. W. O. Forster for advice and analytical
assistance.

Literature Cited

Hanson, P. J. 1967. Vertical distribution of radioactivity in the Columbia River Estuary. M.S. thesis.

Oregon State University, Corvallis. 77 pp.
Nelson, J.'L., R. W. Perkins, and W. L. Haushild. 1966. Determination of Columbia River flow times

downstream from Pasco, Washington, using radioactive tracers introduced by the Hanford reactors.

Water Resources Research 2: 31-39.
Odum, E. P., and F. B. Galley. 1963. Radioactive tracers as an aid to the measurement of energy flow

at the population level in nature. pp. 403-410 in: Radioecology. V. Schultz and A. W. Klement, Jr.

(Eds.). Reinhold, New York.



379

Osterberg, C. 1962. Zn65 content of salps and euphausiids. Limnol. Oceanog. 7: 478-479.

Rice, T. R. 1963. Review of zinc in ecology. pp. 619-631 in: Radioecology. V. Schultz and A. W.

Klement, Jr. (Eds.)- Reinhold, New York.
Seymour, A. H. 1966. Accumulation and loss of zinc-65 by oysters in a natural environment. Disposal

of Radioactive Wastes into Seas, Oceans and Surface Waters. Proc. Intern. Atomic Energy Agency.

Vienna. pp. 605-619.
Watson, D. G., J. J. Davis, and W. C. Hanson. 1963. Interspecies differences in accumulation of gamma

emitters by marine organisms near the Columbia River Mouth. Limnol. Oceanog. 8: 305-309.



the dark than the light.
Larger animals consumed less oxygen per unit weight than smaller ones. This factor

contributed to differences between mean oxygen consumption rates of separate experiments.
Although we obtained higher rates from the Winkler than the manometric method, the
differences were not significant. The average rate (1.34 µl O, mg-' hr-') from all our
experiments (79 animals) was intermediate in the range of values reported in the literature.

I

OXYGEN CONSUMPTION OF EUPHAUSIA PACIFICA: THE
LACK OF A DIEL RHYTHM OR LIGHT-DARK EFFECT,
WITH A COMPARISON OF EXPERIMENTAL TECHNIQUES'

William G. Pearci
Department of Oceanography, Oregon State University, Corvallis 97331

and
Gail H. Theilacker and Reuben Lasker

Bureau of Commercial Fisheries, Fishery-Oceanography Center, La Jolla, California

ABSTRACT

We found no evidence for diel rhythms in the respiration of individual Euphausia
pacifica during long-term (11-32 hr) Warburg manometric experiments. Changes from
light (1.2 X 10' µw cm -1) to dark (<1.8 X 10' µw cm-') also had no appreciable effect
on oxygen consumption of most of these euphausiids. Respiratory rates often decreased
with time regardless of light conditions, but 2 of 20 animals respired consistently more in

INTRODUCTION
Euphausia pacifica is one of the most

abundant euphausiids in the North Pacific
and an important prey for many pelagic
carnivores. It is also one of the best stud-
ied oceanic crustaceans. Probably more is
known about the energetics of E. pacifica,
including respiration, growth, molting and
feeding, than of any other euphausiid
(Lasker 1960; Jerde and Lasker 1966;
Ponomareva 1963; Small 1967; and others).

Because of the importance of respiration
in understanding energy flow, and because
of different respiratory rates cited in the
literature, we investigated the possibility
of a diel rhythmicity in or a light effect
on the oxygen consumption of E. pacifica.
Two techniques generally have been used
for mea:.;::ing oxygen consumption in past
studies on euphausiids: Warburg manom-
etry and the Winkler analysis for dissolved

' The research was conducted at the Fishery-
Oceanography Center, La Jolla, California, and
supported in part by National Science Foundation
Grant CB-1588. We thank E. M. Kampa for help
in calibrating our photometer and J. R. Zweifel
for help with statistical analyses.

oxygen. We also compared these tech-
niques.

Endogenous diet rhythms have been
reported in the metabolic rate of some
bcnthic crustacea (Brown 1961) and in
the vertical migration of pelagic crusta-

ceans (Harris 1963; Enright and Hamner
1967). Diel rhythms of oxygen consump-
tion, however, have not, to our knowledge,
been reported in vertically migrating spe-
cies. If they occur they might also be
related significantly to changes in behavior,
such as the changes in avoidance capability
indicated by the much larger night than
day net catches of euphausiids (Tucker
1951; Brinton 1967).

Such differences might also be related
to light, as light intensity is known to have
an important influence on the migratory
behavior of oceanic animals. The vertical
migrations of E. pacifica are closely associ-
ated with a certain low level of irradiance
(Kampa and Boden 1954; Boden, Kampa,
and Abbott 1961). For such migratory
species adapted to a specific photic envi-
ronment, changes of light intensity might

219
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Fic. 1. Oxygen consumption of nine Euphausia
pacifica during a 26-hr Warburg experiment in
continuous darkness.

be expected to influence laboratory esti-
mates of respiratory rates.

METHODS

The E. pacifica was collected and main-
tained in the laboratory by the techniques
of Lasker and Theilacker (1965). Respira-
tion was measured in Warburg flasks at
IOC on individual animals after they had
been kept in the dark at 10C for 4 to 72 hr.
Warburg experiments were run for 11 to
32 hr. Manometers were shaken for 5 min
before each reading (shaking for 10-15
min gave the same results). Winkler de-
terminations of oxygen consumption were
made with 65- and 130-m1 BOD bottles
(Strickland and Parsons 1965). Animals
were dried in a drying oven and oxygen

consumption expressed as µl (mg dry
wt)-1 hr-1.

Light intensity was measured in µw C111-2

with a Keithlcy anuneter and high voltage
supply using an RCA 931-A photonnlltiplicr
tube and cosine collector. An Eastman
Wratten No. 47 blue filter was placed over
the phototube window to approximate the
spectral sensitivity of the E. pacifica eye
(see Boden et al. 1961). The photometer
was calibrated using Wratten No. 47 and
Coming IR69 filters, a Bureau of Stan-
dards lamp, and a thermopile. Warburg
manometers were read in the dark with
a red-filtered flashlight (Kodak Wratten
No. 29).

DIEL RIIYTHMICITY

Three Warburg experiments were run in
continuous darkness for periods of 11 to 32
hr to provide information on diel changes
in respiratory rates of individual E. pa-
ci f ica. There were no trends of consist-
ently high or low oxygen consumption
rates (Qoz) to indicate day-night differ-
ences. In the first two experiments, the
oxygen uptake rates during the initial day
periods did not differ from those for the
night (1.12 vs. 1.16 and 1.12 vs. 1.06 µl
02 mg-1 hr 1). The results of the third
long-term experiment (Fig. 1) show the
variability between readings for individual
euphausiids, which was most pronounced
during the first part of the experiment.
They also show that readings at one time
(about 2400 hours) were high for all ani-
mals, presumably because of time differ-
ences in response of the thermobarometer
and experimental manometers to variations
of temperature or barometric pressure.
Because of the variability of the method,
small changes in oxygen consumption,
though real, may not be detectable.

LIGHT-DARK EXPERIMENTS

To assess the effect of light intensity,
we conducted two Warburg experiments
in which oxygen consumption of individ-
ual euphausiids was measured during pe-
riods of both light (1.2-1.6 X 102 µw cm 2)
and dark (<1.8 x 10-5 µ-,v cm-"-). The high
irradiance level was used because it dupli-
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0.05) indicating significant changes in
oxygen consumption rates during the ex-
periments (Table 1, Col 5). One animal
in each experiment (Table 1, 4h and Sc)
showed interesting and consistent changes:
??cspiration was significantly higher in the
dark, and initial and final rates were not
different. We found two significant dif-

t

TABLE 1.
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Summary of oxygen consumption rates of Euphausia paeifica during the light and dark
experiments

µl 02 mg-1 hr-1 Probability for equal regressions*

(1) (2) (4) (5) (6) (7) (8)
Warburg

expt Animal dark light dark
Common
regression D1 vs. L L vs. D. Dr vs. D3

4 a 1.30 1.25 1.00
b 0.94 0.84
c 1.69 1.10 <0.05 <0.05
d 1.59 1.44 1.54
e 1.86 1.39 1.18
f 1.75 1.24 1.35
g 1.98 1.88 1.87
h 1.91 1.11 2.03 <0.05 <0.05 <0.05

1.33 1.38 0.94 <0.05 <0.01
2.18 1.91 2.68 <0.05

Warburg
expt Animal

µl O, mg-1 hr-1

dark
Common

slope L1 vs. D D vs. L. L1 vs. Ls

a 2.97 2.22 1.65 <0.01 <0.01 <0.05 <0.01

b 0.81 0.80
c 0.76 0.86 0.53 <0.01 <0.01 <0.01

d 1.56 1.01 <0.01 <0.01
e 1.15 1.89 1.13 <0.01 <0.01 <0.01
f 1.38 1.60 1.28
g 1.84 1.87 1.53
It 1.41 1.55 1.25

1.37 1.26 0.96
0.60 0.56 0.32

* Blank spaces indicate p > 0.05. Probabilities are approximate because tests are interrelated.

cated the light intensity used by Lasker
(1966) in his experiments on E. paci f ica.
Table 1 summarizes the results of these
experiments. Light and dark treatments,
each lasting 6-8 hr, were included in each
experiment. The sequence of treatments
was dark-light-dark in the Warburg 4
experiment and light-dark-light in War-
burg 5. This procedure was selected so
that initial and final treatments would be
the same and changes independent of
treatment could also be examined.

Values for the cumulative amount of
oxygen consumed were plotted for the
time of manometer readings for each cu-
phausiid, and lines fitted to the points of
each treatment by least squares. The null
hypothesis, that no difference in slopes
existed between treatments for individual
animals, was not rejected for 13 of the 20
cuphausiids. For these individuals, one re-
gression line for all three treatments fit the

points as well as did separate lines for each
treatment. Thus, in contrast to our expec-
tations, the changes between light and
dark had surprisingly little effect on the
respiration of these animals.

For the other seven E. paci f ica, how-
ever, the null hypothesis was rejected (p <

ferences between the initial and final light
treatments in Warburg 5 (Col 8), indi-
cating a decline of respiratory rates during
the experiments. Moreover, 8 of 11 of the
significant differences between consecu-
tive treatments (Cols 6 and 7) were caused
by a decrease of rates with time.
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Warburg 3 was higher than in the other
Warburg- experiments, we plotted the oxy-
gen consumption rate against the weight
of each euphausiid (Fig. 2). The slope of
'a least squares fit of the data (b = -0:19-)
differs significantly (p < 0.01) from zero.
The rate of respiration per rig dry weight
was related to the total weight of the ani-
mal. This is contrary to the reports of
others that weight specific oxygen con-
sumption of E. pacifica did not vary with
.weight (Small and Hebard 1967; Paranjapc
1967; Lasker 1966). After we normalized
.respiratory rates to a standard weight, the
difference between Warburg. 3 and War=,
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TABLE 2. Comparison between experiments of oxygen consumption rates of Eupbausia pacifica

Date of No. of Avg Avg
expt

(1987)
Light

conditions (hr) siids
individual

dry wt (mg) QOx SE)

Collection 1 (23 Oct 1967)
Warburg 1 24 Oct Dark 11 9 3.85 1.12 0.23

Warburg 2 26-27 Oct Dark 11 9 3.02 1.12 0.42

Winkler 27 Oct Dark 7 & 27* 16 2.18 1.54 0.58

Collection 2 (13 Nov 1967)
Warburg 3 13-14 Nov Dark lit 9 4.76 1.09 0.16

Winkler 13-14 Nov Dark 6 & 21* 17 4.83 1.31 0.33

Warburg 4 15 Nov Dark 6 9 3.09 1.65 0.39

Warburg 5 16 Nov Light 6 10 3.20 1.38 0.64

Short experiments were in 65-m1 and long experiments in 130-m1 bottles.
t The first 11 hr of this 32-hr experiment were used to calculate rates.

COMPARISONS BETWEEN EXPERIMENTS

The two methods of measuring oxygen
consumption were compared for each col-
lection of animals (Table 2). Although the
Winkler method gave higher mean rates
than the Warburg method used at the same
time, the differences between Qos values
were not significant (p between 0.10 and
0.05). Small and Hebard (1967) also found
no difference between Winkler and War-
burg estimates of oxygen consumption of
E. paci f ica.

The average respiratory rates of E. pa-
cifica during the initial periods of the
Warburg experiments for the first collec-
tion (1.12 µl O mg-1 hr-1) did not differ
significantly from the average for the sec-
ond collection (1.37 µl 02 mg-1 hr-1). The
animals had the same average oxygen
consumption rate in the first two Warburg
experiments. The average rates between
experiments on the second collection, how-
ever, were much more variable. Means

TABT.E 3. Average oxygen consumption rates of
Euphausia pacifica at 10C

Reference
Mean -!- 95%

C.I.

Pearcy and Small (1968) 1.65 ± 0.12
Lasker (1966) 1.47 ± 0.12
This study 1.34 ± 0.11
Small, Hebard, and McIntire (1966) 1.28 ± 0.07
Small and llebard (1967) 1.23 ± 0.17
Small and Hebard (1967) 1.31 ± 0.07
ParanJape (1967) 0.79 ± 0.22

for the initial treatments of Warburg 4 and
5 were 1.65 and 1.38 µl 0., mg -1 hr-1 re-
spectively-rates significantly higher than
the 1.09 of Warburg 3 (p < 0.05).

Because the mean weight of animals in

burgs 4 and 5 was not significant (p < 0.4).

COMPARISON WITH EARLIER STUDIES

Our average oxygen consumption rate of
1.34 µl mg-1 hr-1 (based both on Warburg
and Winkler methods) is intermediate be-
tween the rates given by Lasker (1966)
and Small and Hebard (1967) (Table 3).
When all the means are arrayed in order
from highest to lowest, the 95% confidence
intervals of consecutive means overlap, ex-
cept for the value given by Paranjape. His
low value is probably related to the adap-
tation of E. pacifica to the low oxygen
content of the fjord where he collected

Duration
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Fir. 2. Relation of oxygen consumption to dry
weight of individual Euphausia pacifica from the
Warburg experiments.

his animals (Paranjape 1967). The other
studies were all conducted on oceanic ani-
mals from Oregon or southern California,
but differences were not correlated with
latitude.

The results of our experiments and of
those of Pearcy and Small (1968) are, in
a sense, reassuring. Neither diel period,
nor light or dark, nor pressure had a sig-
nificant effect on respiration of E. pacifica;
therefore rates measured at the salve tem-
perature by different workers should be
comparable. The large variations found,
which may well be real, still offer a prob-
lem. The biggest problem, however, is how
any of our rates for captive and confined
animals correspond to those in the normal
ocean environment of E. pacifica.
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