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ECOLOGICAL STUDIES OF RADIOACTIVITY
IN THE COLUMBIA RIVER ESTUARY

AND ADJACENT PACIFIC OCEAN

1. INTRODUCTION

by William O. Forster and James E. McCauley

This progress report deals with 65 separate, but closely related projects
oriented toward. expanding knowledge about the effects of a major river
entering the ocean. 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 radioisotopes still are discharged into the Pacific Ocean. This
high amount of radioactivity containing all types of chemical elements from
entirely conservative (51Cr 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 re-
moved 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. The first stage of our
program discribes the amounts of each radionuclide and its total stable
counterpart in each reservoir. As this is a dynamic system with external
tidal flushing, a continuous monitoring program is necessary. Much of our
effort is biological., We must know what animals are present, as each ani-
mal represents an individual pool or accumulation of radioactivity.
Individual species behave differently and the systematic identification of
each is of prime importance. Once the animals are collected they must be
studied and classified, their position in the food web, their migratory patterns
determined, and finally their affinity for radio as well as stable nuclides
determined by gamma ray spectrometry and atomic absorption spectrophotome-
try. When possible various tissues are examined separately because tissues
differ in their chemical structure and metabolism.

The sediments are also important in a study of radioecology. Sediments
are concentrators of radionuclides; rriore so than water because specific sorp-
tion, ion exchange, precipitation, and sedimentation processes remove ions
from water and place them in a lower 'chemical and physical potential energy
level. In addition, the sediments, like the biota, show great variation,
especially in the type of fauna it supports. Finally, the benthic organisms
have been shown to be important in the recycling radionuclides back into the
water column.

The water, as the medium in which the biota lives and the sediments are
formed also deserves special attention. However, before analysis of the
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seawater for radionuclides can be accomplished the individual elements
must be concentrated and/or separated from the rest of the medium. This
separation is usually done in the laboratory with tedious wet chemical
procedures due to the extremely low concentrations of the trace elements of
concern.

Radioecology began at Oregon State University in 1962 with Dr. C. L.
Osterberg and has since grown over the past 6 years to a group of members
that includes six specialists from diverse backgrounds. These specialties
help us to study the cycling of radionuclides in the water, the 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.

Estuarine research, under the direction of Dr's. Forster and Renfro,
has had the advantage of the "Shoshone", a 32-foot towboat, which is
available for most sampling operations in the Columbia River and in the
estuary. This has allowed more freedom for student research and continued
monthly sampling in the estuary;thereforean increased amount of time has
been spent studying this radiosystem. The following studies carried out
there during this year: Columbia Estuary Fishes; Estuary Plankton Study;
Transfer of Radionuclides through Estuarine food webs; Distribution of
65Zn, 54Mn, 51Cr into the tissues of the Dungeness Crab; Soluble particulate
fractions of 65Zn, 51Cr, 46Sc as compared by Large Volume Precipitation,
Medium Volume Precipitation, and in situ Detection Techniques.

We were also able to take five Master's candidates to the estuary during
the summer and remain on site, with the cooperation of Clatsop Community
College, for a many fold increase in sampling efficiency. These students
lived at Barbey Hall 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, Phosphorous 3,2p)

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.

Perhaps the most comprehensive study of the year was the cruise in
April 1968 which included an interlab survey of the lowered radioactivity in
the estuary and immediately adjacent plume. The four labs involved were
University of Washington's Laboratory of Radiation Ecology; Battelle
Northwest Laboratory of Radiation Chemistry; Las Vegas, Nevada, Air
Survey Laboratory;and ours from Oregon, State University.

Radiochemistry,. under the direction of Dr. Forster, has contributed to
knowledge of the extent of radionuclides in the Columbia River. and Plume
in the following studies; In situ probe detections of 51Cr for tracking the
River, Estuary, and Seawater; Columbia River flow rates determined by
tracer studies, Precision of replicate medium volume precipitations and
large volume precipitations.
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Much of the behavior of radionuclides in the river and environs becomes
more meaningful if we understand the behavior of the stable isotopes. Dr.
Forster has had the supervision of a program that enables us to calculate
specific activity of some of the radioactive isotopes and this is particularly
interesting in the biological studies. This program. includes several studies
on stable zinc, chrome, manganese and cobalt by various precipitation,
extraction and evaporation techniques for concentration of the element of
concern. Also, two independant studies were undertaken, one to examine
the stable element concentrations in planktonic foraminiferans which relate
the bio-geo-chemical aspects of foram uptake; the other is geo-chemical
the determination of the rate of influx of extra-terrestrial material by
analysis of trace elements in deep sea sediments.

Chemical studies are differentiated from the above Chemistry section,
because it uses classical chemical oceanography techniques to study the
ocean near the mouth of the river. Dr.'s Park and Forster supervise this
program which contributes to an over-all understanding of the influence of
the river, based on basic nutrient data, on the biological productivity and
distribution of organisms at that time.

A program of the chemistry of radioisotopes as it occurs in plants and
animals is supervised byy Dr.'s Renfro and Forster This program includes
studies on ZlUPb and 210Po in several organisms, 0OCo in Artemia, bb Zn

isaster andTT_in mussels, 55Fe in several organisms, radiosensitivity o
relative specific activity changes of 65Zn in Rockfish by accumulation from
food and water.

The programs dealing with the ecology and radioecology of oceanic
animals is directed by Dr. Pearcy. The successful development of an
electrically operated 'opening and closing net has been the highlight of the
year. Other projects have dealt with the specific activities of animals
in the vicinity of the Columbia River Plume, radioactivity in albacore and
hake, and several studies on the biology of nektonic crustaceans.

The benthic program has been directed by Drs. Carey and McCauley.
Studies on the feeding habits of asteroid, reproductive habits of a deep-sea
holothurian, and systematic and distribution of echinoid have largely been
completed. A new beam trawl and a modified Smith-McIntyre grab-water
collection system have been developed. Preliminary studies suggest that
bottom photography used in conjunction with the beam trawl will be a useful
tool. Animal-sediment relationships, studied in conjunction with some of
our geologists, include a study of organic content and of the effects of
animals on the sediment. A preliminary check list of,the epifauna inverte-
brates is being prepared. The distribution and concentration of radionuclides
in the benthic fauna have been further, defined.

Finally we must again stress the overall interrelationships of the
program. One need only look at the joint authorships in the sections and.
papers in this progress report to recognize the overlap between areas.
This emphasizes the integrated nature of the research.

Dr. Forster, in addition to supervising several sections of the research
has assumed the responsibility for the over-all administration of the research.
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Dr. McCauley has had the responsibility for editing all the papers that
have been submitted for publication and for compiling and editing this progress
report. He wishes to express his sincere thanks to all who contributed for
their excellent cooperation.

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 finished papers are subject to revision before being presented for
publication.
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RADIOANALYSIS PROCEDURES

by Ingvar L. Larsen

Radioanalysis of samples is accomplished by means of gamma ray
spectrometry. Two 5x5 inch NaI(Ti) well crystals have been in use for
the past several years. A third 5x5 inch well crystal wa.s received in
late November and initial counting of samples with it began around the
first of the year. Each crystal is coupled to a Nuclear Data series AT
130-512 multichannel analyzer. Background measurements are stored
in one-half of the memory channels and subtracted from the sample
count which is recorded in the second half of the analyzer memory. Data
output from the analyzers is done by means of a punch paper tape system,
an X-Y recorder, and a typewriter printout.

Data reduction is accomplished by one of two methods. Complex
spectra containing overlapping photopeaks, such as from 65Zn and
4 Sc, are done by a least squares program using a 3300 C. D. C. computer
located on campus. Spectra containing only one or two monoenergetic
gamma ray photopeaks are reduced by the use of a desk calculator, with
background and Compton contributions taken into consideration. In both
methods, sample counting rates are compared to the counting rates of
known standards which have been counted in a similar fashion and geometry.

Constant temperature conditions are maintained in order to minimize
electronic drift associated with such temperature fluctuations. Also, a
positive pressure gradient is maintained in the counting room to aid in
reducing the amount of in-blown material. At the beginning of each working
day the analyzers are checked for counting performance. A ten minute
background count for each detecting system is made and the total counts
for the 256 channels are integrated. These values are then coi.pared to
previous determined values. Similarly, a sample containing K is also
counted for ten minutes and the number of counts falling under a selected
region of the photopeak are summed and also compared to previous
determined values. If values fall outside of the mean plus or minus
three times the standard deviation., a recount is performed in order to
determine whether this occurred by chance or may be attributed to some
fault of the analyzing system. Resolution measurements using a 137Cs

source is made weekly for each NaI(Tl) crystal as a -further check upon
the performance of the detecting system. Prior to ea h 100 minute sample
count, the analyzers are checked for drift by using a d37Cs and 60Co
source, and the proper adjustment of the gain control made when necessary.

Standards obtained from a supplier are diluted into the. desired
levels of radioactivity (approx. 103 pCi), and placed into plastic. counting
tubes. Replicate counts are made upon the standard within a 24 hour period
and these values are averaged to reduce the counting error of the mean
count rate of the standards. These average values are then used in con-
verting sample counting rates into units of radioactivity. Radionuclide
standards which are on hand include the following: 60 106124

75'
125Sb,

46Sc, 59Fe, 65Zn 137Cs, 95Zr-95Nb, 54Mn, Ru- Rh, Se,
144Ce-144pr, 51Crand 40K. In the past, radioactive standard with
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an overall accuracy of +5% have been used to determine sample activity.
However, as of last August,we ordered new standards having an overall
accuracy between +2°%o to +3%. Some of these standards have been
received while others are still on order.

Maintenance on one punch tape system and the digital typewriter
readout control on one of the analyzers were required during this past
year of operation. These units were sent to their respective manufacturers
for service and replaced back into operation upon completion of the
required service.

From July 1967 to June 1968 an approximate breakdown of the number
of samples counted and their counting times is given in Table 1. In
some cases a sample may have been counted for one time period and then
recounted for a longer duration in order to obtain better statistics. This
would be recorded as two separate sample counts. Samples which were
counted for 10 minutes or less, were generally either spiked laboratory
studies concerning chemical recovery techniques or radionuclide uptake
studies.

Table 1
Breakdown of Samples Counted

counting time, minutes
800 400 ,100 40 10 othe r

Number of
samples
counted 207 771 1116 294 281 959
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STABLE ELEMENT ANALYSIS BY ATOMIC ABSORPTION SPECTROMETRY

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

During the 12 month period from July 1, 1967 to June 30, 1968,
approximately 3717 samples were analyzed for many of the trace elements
in all types of organisms, sediments, and water. These can be sub-
divided as follows:

Benthic studies 192
Nekton studies 1012
Estuary and seawater studies 778
Thesis and experimental

laboratory studies 1735

3717

A subdivision of the above analyses by element is as follows:

Zinc 2634 Cobalt 34
Manganese 349 Nickel 24
Chromium 326 Copper 22
Calcium 212 Gold 4
Iron 56 Lead 4
Magnesium 52 37T7

A Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer in
conjunction with a Digital Concentration Readout instrument (Perki.-
Elmer model DCR1) was used for most of the elements analyzed. The
digital concentration readout instrument was used for the first time this
year and has several advantages. First, it allows the operator to read
directly the concentration of each sample in parts per million to four
figures without interpolation. Secondly, it allows systematic analysis
since each determination has a set amount of time for each "readout"
which is repeated for each sample analyzed. Thirdly, . the background
setting is easily subtracted out since it can be read directly from the
digital readout display in ppm.

Standards are made daily from a more concentrated stock solution.
The stock solution is made up from a reagent grade metal on compounds
if the purified metal cannot be obtained or put into solution readily.
For example, zinc metal granules are first washed briefly with concen-
trated HC1 then with acetone, dried in a warming oven, weighed, dissolved
in a small amount of concentrated HC1, then diluted with (0. 36 N) HC1.
to obtain a stock solution of 500 parts per million. The standards are
used to calibrate the AAS before a "set" is started and again as a check
after each sample is run. Each sample is aspirated twice and the back-
ground or "zero" reading subtracted from the average of the two readings,
the answer is expressed directly in parts per million of the element
analyzed.
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Calibration of the AAS and digital readout instrument is performed
each time a set of samples are to. be analyzed (usually six to ten samples
constitute a set).

In order to increase our capabilities we have recently purchased a
Nitrous Oxide burner assembly and a high intensity Vanadium lamp to
enable determination of the more refractory elements which do not
absorb satisfactorily in the Air-Acetylene flame.



RESEARCH IN PROGRESS

A. ESTUARINE RESEARCH

by William C. Renfro

The Columbia River Estuary may be thought of as a large outdoor
experimental aquarium. Into this aquarium is continually introduced a
supply of several radionuclides in very low concentrations. Discounting
any isotopic effects, the radioactive atoms are assumed to behave in the
system in the same manner as the stable atoms of an element. Conse-
quently, we take advantage of extremely sensitive radiation detection
systems to measure the concentrations of radionuclides which in turn
serve as tracers of the more abundant non-radioactive isotopes. By
this means we may learn the fate of radionuclides in the environment
while attaining better understanding of the cycles of biologically important
trace elements in estuarine ecosystems.

The study of the ecology of estuarine organisms begun by Haertel,
continued by Kujala, and presently carried out by Renfro, is in its fifth
year. This program has produced an important fund of ecological and
radiological information which benefits many of the other research studies.

Haertel's thesis research promises to be 'a thorough evaluation of the
relationships between phytoplankton, zooplankton, nutrients, and several
other environmental variables. This work will greatly enhance our under-
standing of the ecology of the estuary.

The study of food web relations in Alder Slough near Warrenton, Oregon,
continued. Regular sampling of water, sediments, plants, and animals for
the determination of 65Zn specific activities follows up Renfro's thesis
research which is included in an appendix of this report.

Another completed thesis project is that of Tennant whose study of
65Zn, 54Mn, and 51Cr distribution in the Dungeness crab is also included
here.

Investigations of ionic-particulate distribution of 65Zn, 46Sc, and
51Cr specific activities of sediments in the estuary are also outlined.
Such studies further our knowledge of the complicated patterns- of radio-
nuclide exchange between sediments and water.

Of particular importance to better. understanding of biological turn-
over of radiophosphorus by organisms is Romberg's proposed research.
This Master's thesis-program will study radionuclide uptake and retention,
of animals held in cages in the environment.
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SEASONAL VARIATION OF 65ZN, 54MN, AND 51CR RADIOACTIVITY AND
SPECIFIC ACTIVITY IN TISSUES OF CANCER MAGISTER DANA*

by David A. Tennant and William O. Forster

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 tometabolic
changes in the crab. Chromium-51 and 65Zn accounted for nearly all of the
radioactivity in the tissues, 65Zn being mainly concentrated in soft tissues
and 51Cr in hard tissues. The 65Zn accumulated presumably stems from its
importance as a trace metabolite while the 51Cr is probably adsorbed.

INTRODUCTION

Zinc-65., 54Mn, and 51Cr have been- found to be accumulated by most
aquatic biota living in the Columbia River below Hanford, Washington. These
elements are expo-sed to a neutron flux in the reactors at Hanford and become
radioactive. The 51Cr is from Na2Cr2O7 added to the coolant waters to in-
hibit corrosion. Zinc and manganese are natural trace elements in the river
and are. also part of the metal structures which route the coolant waters. Thus
65Zn, 54Mn, 61Cr, and other radionuclides are produced at Hanford and are
transported downriver to the Pacific Ocean. Enroute, they are concentrated
and dispersed by biota, particulate matter, sediments, and water currents.

Although biota influenced by Hanford-produced radionuclides have been
studied, relatively little literature pertains to 1) edible organisms, 2) the
tissues which are prime radioisotope accumulators, and 3) the effect that
seasonal changes may have on the propensity of the. organism to concentrate
radionuclides.

The Dungeness crab, Cancer magister Dana is a commercially impor-
tant seafood which inhabits the Columbia River estuary. The total crab landings
in Oregon for the 1965-66 season brought crab fishermen an estimated one and
one-half million dollars (Case, personal communication), which gives an indi-
cation of the amount of crab consumed. Although Toombs (1966) analyzed this-
crab for radioactivity he failed to separate the tissues for individual analyses.

Submitted to ECOLOGY
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This study was conducted in order to determine which tissues of the
Dungeness crab are most likely to accumulate 65Zn, 54Mn, and 51Cr, and
to observe the changes in the levels of radioactivity throughout the year.
Total element concentrations were also measured so that specific activities
could be determined. Specific activity is defined here as the ratio of the
activity of radioactive isotope to the concentration of total element. The
importance of the specific activity approach is emphasized by the National
Research Council, Committee on Oceanography (1962) in specifying maximum
allowable concentrations of radionuclides' in the sea. This committee has
stated that if the specific activity of food ingested is less than the maximum
permissible specific activity for the human body, then no person can obtain
more than an allowable amount of radioactivity from his food.

The crab tissues analyzed in this study were taken during 1966-67
from the Columbia River estuary downstream from Astoria, Oregon.

EXPERIMENTAL METHOD

Sampling

Crabs were captured by using both an otter trawl and crab pots. The
crabs were immediately placed in a full pail of estuarine water and frozen
alive.

Sample Preparation

The individual pooled tissues were ashed in porcelain crucibles for
12 hours at 450° C, cooled in a dessicator, and weighed. The ash was divided
for analysis of both total and radioactive element.

Weighed portions of ash in 15 cc plastic counting tubes were radio-
analyzed. Sugar was interspersed with the ash to provide a standard counting
geometry. The ash for total element analysis was weighed in 25 ml volumetric
flasks, digested with fuming nitric acid to near dryness on a hotplate, cooled
and diluted to volume with dilute hydrochloric acid.

Instrumentation

Gamma analysis was in a 5 x 5-inch NaI(Tl) well crystal (nearly 4 pi
geometry) connected to a 512 channel analyzer (Nuclear Data, AD 1 30).
Counting time .was for 100 minutes. Activity of the samples was determined
by comparing the counting rate of the sample with the counting rate of a
,standard of known activity. Total element determinations were made by
atomic absorbtion spectrometry (Perkin-Elmer model 303).
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RESULTS AND DISCUSSION

Results are shown in Figures 1. The precision with which the data
points were estimated are given in Table 1.

Table 1. Grand means (in per cent) of the standard error of the
mean for the radioactivity and the specific activity of
the three radionuclides. The grand means were computed
from the monthly error terms. Dashes indicate that either
a single observation was made or that the element was not
detected.
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From Figures 1, four things should be noticed:

The specific activities of the three radionuclides fluctuate
throughout the year in the same manner as the radioactivity.

In many cases peak specific activities and radioactivity occur during
high river discharges.
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5(3) Most of the radioactivity in the tissues is from 6 Zn and ' Cr, while
the -""*Mn contribution is nominal.

(4) Zinc-65 contributes the reatest amount of activity in the soft body
parts (Figs. 1 ) while 91Cr contributes the most in the calcareous
body parts.

Seasonal fluctuations in crab-tissues radioactivity may be caused
both by fluctuations in the amount of radionuclides available to the tissues
and by differences in tissue utilization of the elements.

Perkin.- et al. (1966) found that high levels of 65Zn and 54Mn occurred
in the Columbia River during high river discharge due to sediment scouring.
Silker (1964) also found that trace elements added to the Columbia from
tributaries (available for neutron activation at Hanford) was greatest during
high river flow. Therefore, it is likely that the peak radionuclide concen-
trations in he crab tissues result from the increased radionculides avail-
able for uptake during the spring runoff.

The peak specific activity values in the crab tissues during this same
period of the year might be a result of (1) 'increased specific activity of the
environment, (2) an unproportionally high uptake of radioisotopes to stable
isotopes, and (3) increased turnover rate of the radionuclide in the tissues.
The specific activity of the environment was not measured, and it is assumed
that isotopic fractionation does not occur providing that all isotopes are in
the same chemical and physical form. Nevertheless, it is possible that
increased turnover rate of trace elements occurs during the spring and the
summer seasons. Warming temperatures may cause a step-up in the feeding
activity and the metabolic processes, which in turn may cause trace metabo-
lites to be replaced rapidly. Consequently, higher specific activities would
be resultant.

That 65Zn and 51Cr are the source of most of the radioactivity in the
crab tissues is in agreement with other radiological surveys made of Columbia
River waters. At Vancouver, Washington, 260 miles from the reactors,
routine water samples have 51Cr.665Zn, and 32P accounting for 96. 5 percent,
2. 2 per cent, and 1. 1 per cent respectively, of the total radioactivity in the
water (Seymour and Lewis, 1964). Manganese-54, therefore, could not account
for more than 0. 2 per cent of the total radioactivity. In the estuary (100 miles
downstream) Seymour and Lewis (1964) found that 51Cr is only 20 times more
abundant than 65Zn.

From Figures 1 it is seen that 51Cr is more abundant than 65Zn in
only two tissues. This over-concentration of 65Zn is probably explained in
terms of metabolic utilization by the crab. Concentration factors (Table II)
suggest zinc is an essential constituent of many enzymes (Keilen and Mann,

1
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1944; Vallee, 1962). That 54Mn was even measurable in the crabs is
probably due to concentration factors of the magnitude reported above.

Table II. Concentration factors of stable zinc, chromium, and
manganese in nature by groups of marine organisms
(Polikarpov, 1966).

Organism Zinc Chromium Manganese

Brown algae 420-1,400 60 3W-20,000

Sponges 30 800 3,000-95,000

Scyphomedusae 1,600 1, 600 120

Malacotracan
crustaceans

9,400-15,000 - 7,500

Molluscs
(muscle)

2,600-40,000

Echinoderms 25-56 140-9,000 3,500-33,000

Echinoderm
(muscle)

1,400 - 200

Fishes 280-15, 500 2, 000 95-126, 000

Zinc-65 is more abundant in the soft tissues than 51Cr, while,the reverse
is true for the hard tissues. This apparent trend is probably due to greater
.metabolic activity in the soft tissues than in the hard tissues. The higher
activities of 51Cr in the hard tissues may be due to adsorbtive phenomena as
the entire underside. of the carapace and many of the mouth parts,are covered
with setae (hair).
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TRANSFER OF RADIONUCLIDES THROUGH MARINE FOOD WEBS

By William C. Renfro

The study of trophic level relations initiated in Alder Slough in'1966
was continued this year. This small estuarine ecosystem contains water
from three sources: a) fresh water from Alder Creek, b) fresh water
(with tracer radionuclides) from the Columbia River, and c) salt water
from the Pacific Ocean. At least monthly, samples of water, sediments,
plants, and animals are collected for radioanalysis and total element
analysis. Close observation in the field and microscopic examination of
stomach contents in the laboratory are carried out in an attempt to under-
stand the food web interrelationships of the more abundant residents.

During two years of this study the most significant event was the
shutdown of the Hanford reactors in summer 1966. Particular attention
has been given to the response of radioactivity levels in organisms during
the 45 day period when radioactivity input to Alder Slough was reduced.
This report attempts to show that under the conditions prevailing the
loss rates of 65Zn specific activity by the various organisms are related
to their trophic levels.

METHODS AND MATERIALS

Analyses of 65Zn in Alder Slough water samples began in April 1966.
Water was ollected in plastic containers and'returned to the laboratory.
To extract 5Zn, four-liter unfiltered samples were brought to pH 7,
carriers and FeC13 were added, then pH was increased by addition of
NH4OH to 9. 5 whereupo a flocculent Fe(OH)33 precipitate formed. The
precipitate, containing 0SZn previously both dissolved and in particulate
form in the water, was filtered onto filter paper which was packed into
a plastic counting tube for radioanalysis. This is essentially the method
of co-precipitation described by Osterberg, Cutshall, and Cronin (1965).

Collection of organisms was by hand or seine. The predominant
attached alga in the study area, Enteromorpha intestinalis, was taken on
each sampling date from a single location and returned fresh for preparation
and analysis. The amphipod, Corophium salmonis, lives in tubes constructed
of sediment particles which it cements together wit glandular secretions
(Barnes 1963). To collect amphipods, objects. encrusted with their tubes
were placed in a container filled with dilute formalin. Within minutes the'
amphipods left the tubes and upon dying settled to the bottom of the container.
In the laboratory the amphipods were sorted individually with jeweller's
forceps until a sufficient number (usually, 1, 000 or more) were accumulated
for analysis.

Fish and crustaceans were collected at low tide in a small mesh bag
seine and immediately preserved in 10% formalin. Following identification
in the laboratory, fish to be radioanalyzed were rinsed in tapwater. and
their gut contents removed. From each collection, five shiner perch,
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Cymatogaster aggregata, of comparable length were analyzed individually.
Sand s ramp, ran on ranciscorum s amples composed of 50 to 100
specimens were analyzed from each collection.

To determine 65Zn specific activity it is necessary to measure both
Zn activity concentration and total Zn concentration. For gamma-ray

analysis of bSZn the samples were dried to constant weight at 600 C in a
forced-draft oven. The dry samples were then packed into plastic counting
tubes and counted for 100 minutes in a 5 x 5 inch NaI(T1) well crystal
coupled through a photomultiplier to a 512 channel analyzer. The results
were corrected for geometry and radioactive decay from time of collection.

Following radioanalysis, all plant and animal samples were dry-a shed
at about 550° C in a muffle furnace. The resultant ash was digested in hot
HNO3 and then diluted to volume with dilute HC1. Total Zn concentration
was determined by atomic absorption spectrophotometry. The water
samples were not measured for total Zn content.

RESULTS AND DISCUSSION

Shown in Figure 1 are 65Zn concentrations of water samples in
picocuries per 1'ter (pCi/1) and the 65Zn specific activities of organisms
in microcuries b5Zn per gram total Zn (pCi/g). Specific activity is the
ratio of activity of a radionuclide to total concentration of the element in
the organism. It is a measure of the fraction of atoms of the element
which are radioactive and thus reveals much information about the rate of
turnover of the element by the organism.

Water

Toward the end of July, about 20 days after the reactors were shut
down on 9-11 July, the levels of 65Zn in Alder Slough water began to
decline. The65Zn concentrations in the water dropped through August
then rose after mid-September to about one-half the July level. Hence,
he period 1 August through 15 September can be considered a time when

oSZn input to the Alder Slough area was reduced. The specific activities
of organisms in the ecosystem also declined during this interval.

Algae - Trophic level I

The green alga, Enteromorpha intestinalis, obtains its Zn directly
from the water. Like of er primary producers, this plant has a rapid
turnover rate for Zn. When the 65Zn concentration in the water diminished,
the rapid exchange of all Zn atoms between the alga and water caused a
sharp reduction in the fraction of Znatoms in the plant which were radio-
active. The specific activity of 65Zn fell from 0. 94 µCi/g on 4 August to
less than 0. 50 µCi/g on 11 August (Fig. 1). At this rate, the time required
for 65Zn specific activity to be reduced by one-half was roughly 8 days.
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Amphipod - Trophic level II - III

Observations in the field and laboratory suggest that the amphipod,
Corophium salmonis spends much of its life inside its tube. By rapid
movement of itsposterior appendages the amphipod produces a flow of
water through the tube which it filters through a very fine-meshed branchial
filtering basket.. Presumably, much of its diet consists of phytoplankton,
microorganisms, and organic detritus. However, Corophium is not limited
to microscopic food because it easily consumes brines rimp nauplii 1 mm
long which are carried by the induced current into its tube. Because of
the small size of this amphipod (rarely, < 10 mm total. length), attempts to
dissect and analyze its stomach contents were unsuccessful. The observa-
tions reported above, however, indicate that Corophium may be a herbivore
as well as a secondary 'carnivore, feeding both on plan ts and herbivorious
microorganisms.

Unfortunately, amphipods were not analyzed during early August. On
24 July, prior to reduction of 65Zn input into the ecosystem, the °5Zn
specific activity of Corophium was 1. 38 µCi/g. By 30 August the level had
fallen 45% to 0. 76 pCi/g, indicating that less than 50 days were required
.under the existing conditions to diminish 65Zn specific activity to one-half
(Fig. 1).

Shiner perch - Trophic level III

Young shiner perch, Cymatogaster aggregata, were born viviparously
in late July at standard lengths of 0 tom They were abundant in
Alder Slough through October, growing at a rate of about 9 mm per month.
During August and September their diet consisted almost entirely of cope-
pods and cladocerans. At this life stage the fish may be considered to be
a primary carnivore, feeding exclusively on herbivorous animals.

The 65Zn specific activities of five perch taken on each collection date
are shown in Figure 1. A line of least squares is fitted -to the semi-
logarithmic plot of points between 1 August and 15 September. The equation
for this line is:

Log Sp. Act. = 0. 207 - . 006 x days.

From this equation the time to reduce specific activity by one-half (T)
may be determined by the equation:

T log 2 .301 = 50.2 days.
Regression Coefficient . 006

Thus, under th, 5 conditions prevailing, amphipods and shiner perch
diminished in b Zn specific activity at about the same rate.

Sand shrimp - Trophic level III-IV

Sand shrimp, C ran on fransiscorum inhabiting Alder Slough were mostly
juveniles from 2 to 40 mm intotal egth. , Their stomachs, which lie in
the anterior dorsal portion of the cephalothorax, appear to lack the
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musculature and efficient gastric mill necessary to grind food items into
small, digestible pieces. However, the mandibles are sturdy appendages
with four sharp cusps which are capable of grinding food into manageable
size. Much of the identifiable items in the stomachs were of animal origin.
Most prevalent were amphipods and isopods, although polychaete worms and
mysid shrimp were also in evidence. Also included in most stomachs were
mud and sand grains. These observations suggest that juvenile sand shrimp
are carnivores which ingest some mud in swallowing their prey.

Followi%% the reduction of 65Zn input into the ecosystem the specific
activity of bb Zn in sand shrimp declined as shown in Figure 1. The least
squares line fitted to points representing composite samples of 50 to 100
shrimp is described by the equation:

Log Sp. Act. = 0. 169 - 0. 0044 x days.

Hence, under the prevailing conditions the half value time,T, for 65Zn
specific activity is:

T . 301 _ 68.4 days.
0044

Several processes influence the loss rates of 65Zn specific activities in
these organisms. First, the numerator of the ratio (activity of radio-
nuclide) is diminished by radioactive decay. Secondly, the relative values
of both the numerator and denominator may change as the organism indis-
criminately exchanges all isotopes of the element with its environment.
Indeed, this exchanage, or biological turnover, is more important than
radioactive decay when biological half-life of the element in an organism
is shorter than physical half-life of the radionuclide (National Academy of
Sciences, 1962).

A third process influencing the rate of 65Zn specific activity loss involves
the organism's place in the trophic structure. All organisms in the ecosystem
contain 65Zn. Thus,. an animal feeding at a particular trophic level will
continue to take up 65Zn from its food web despite the fact that these prey
organisms are diminishing in their 65Zn specific activity. As Davis and
Foster (1958) stated, "Each troph.ic level thus serves as a kind of pool or
reservoir in which essential elements are retained for some mean length
of time before they are passed on to the next level. " During this retention
period radioactive decay will diminish specific activity and hence the next
higher trophic level can only have a lower specific activity. The 65Zn
specific activity of an animal will depend, to a. large extent, on the position
of the animal along the food web and on the turnover rate of Zn by the
animal.

In the present case, the loss rate.of specific activity of 65Zn was fastest
in the primary producers and slowest in the secondary carnivores. This
rate of loss may be expressed as the time required to reduce specific
activity by one-half. Under these circumstances in which specific activity
of an organism declines due to radioactive decay and biological turnover
but is maintained to a certain extent by continual intake of radioactivity
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from the organism's food web, the half value time has been termed
"ecological half-life" (Renfro and Osterberg, 1968). Ecological half
lives determined during this study appeared to vary with the food habits
of the organism. Organisms highest in the food web had longest ecologi-
cal half lives.
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ELEMENTAL DISTRIBUTION IN AQUATIC ENVIRONMENTS
AS INFLUENCED BY INDUSTRIAL AND DOMESTIC POLLUTANTS

by H. M. Hennebry' and W. O. Forster

A study is underway to determine the influence of industrial and
domestic pollutants on the distribution of trace elements in aquatic
environments.

Appropriate sites along the Columbia River between Portland and
Cascade Locks are under consideration. Neutron Activation Analysis
accompanied by radiochemical separation, techniques will provide the
sensitivity necessary to determine the concentrations of Cl, Na, K, along
with Mn, Zn, Co, Ag, Au, Ba, and Sc. Other representative rare earth
elements will also be determined in the water,' sediments, and in selected
biota. The influence of seasonal variations (i. e. as fluctuations in water
volume, temperature, and sediment loads), on elemental partioning among
the three environmental compartments will also be considered.
The uniformity of distribution of the elements in a vertical and horizontal
cross section of the river at the sampling stations will also be assessed.

National Science Foundation Academic Year Institute student.
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ECOLOGY OF COLUMBIA RIVER ESTUARY PLANKTON POPULATIONS

by Lois Haertel

The purpose of this study is to investigate thoroughly the ecological
relationships between zooplankton, phytoplankton and nutrients in the
Columbia River Estuary. Emphasis is placed on the seasonal dynamics
of nutrients in the river water and ocean water entering the estuary, the
seasonal dynamics of zooplankton and phytoplankton populations in the
estuary, and the distribution anomalies of both plankton and nutrients
within the estuary.

METHODS

Six stations have been chosen to represent conditions downstream,
upstream and at intermediate positions in both the north and south channel
of the estuary. These stations were sampled monthly at both high and
low tide from April - September 1967. The four stations in the south
channel were sampled monthly at high tide downstream and low tide up-
stream from November 1967 - June 1968, and all six stations will be
sampled throughout the summer of 1968.

Temperature, salinity, oxygen, pH, alkalinity, inorganic phosphate,
nitrate, silicate and total carbon dioxide are sampled at the surface and
at ten meters depth by means of a bucket and Van Dorn bottle, water
samples for measurement of phytoplankton abundance by means of both
chlorophyll method and the cell count method are collected at the same
time for both depths. Zooplankton composition and abundance at surface
and 10 meters is determined by means of 10 minute tows with Clark-
Bumpus samplers fitted with #6 mesh nets.

Samples of zooplankton for radioanalysis are taken by means of 1/2
meter #6 mesh net, of phytoplankton by means of #25 mesh net.

PRELIMINARY RESULTS

A sample of the data obtained in the study is given in Figure 1, which
shows the distribution of oxygen, inorganic phosphate, and nitrate at
three different seasons. Oxygen is always maximum in the fresh water
entering the estuary whereas phosphate is usually maximum in the
oceanic water especially during the upwelling season offshore (May through
October). Nitrate is also maximum in the oceanic water offshore during
the upwelling season, but unlike phosphate, reaches high proportions in
the river water, during the winter. Of special interest, is the tendency
toward an oxygen minimum and a nutrient maximum in the bottom waters
of the second farthest downstream station in both channels. These two
stations happen to be located in the area of greatest salinity change in the
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estuary, and the occurrence there of an oxygen minimum and nutrient
maximum agrees with the classic "nutrient trap" theory. This suggests
a nutrient distribution dominated by biological action, which is quite sur
prising; considering that the flushing time of the estuary is so short
(1-5 days, as calculated by Neal, 1966); one would expect physical forces
to predominate.

Nutrients are being further investigated to determine what correlation
exists between nutrient values in the salt wedge and amount of offshore
upwelling (as measured on the north-south wind component). Results thus
far indicate a good correlation with nitrate values, but less correlation
with phosphate and oxygen values.

Data on both zooplankton and phytoplankton distribution, abundance,
and radionuclide composition are currently being compiled.
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COLUMBIA RIVER ESTUARY FISHES

by William C. Renfro

In late 1963 several sampling stations in the estuary were established
(Figure 1). Each of these stations was occupied monthly and bottom fishes
and invertebrates were collected by otter trawl. Measurements of tem-
perature, salinity, radioactivity, dissolved oxygen., and other character-
istics of the water were usually taken. Many of the animals collected
were radioanalyzed and their stomach contents studied to determine their
food habits. This program has produced a large fund of information
about the ecology of the estuary (see Haertel and Osterberg, 1967).

Study of the radioactivity data has convinced us that specific activity
(i. e. , the ratio of activity concentration of the radionuclide to total con-
centration of the element) is the most meaningful measurement for
many applications. Although it is necessary to determine both radio-
activity and total element concentrations to compute specific activity, the
final value has.several advantages over activity concentration. First,
the specific activities of different species can be compared although the
species have widely varying elemental compositions. Secondly, the
inclusion of stable element concentration allows us to account for temporal
changes which may occur. Finally, the specific activity provides some
insight into the rate at which an element is turned over by an organism.

Shown in the upper portion of Figure 2 are 65Zn specific activities
of muscle and bone samples from small starry flounders taken over the
years at the farthest upstream station. Each datum point represents a
composite sample of 1 to 10 juvenile fish mostly 30 to 70 mm in standard
length. Although the trend line is -fitted by eye and subject to considerable
interpretation (particularly the dashed portions), the seasonality in 65Zn
specific activity is evident. From low values attained toward the end of
the winter period of reduced metabolism and negligable food intake, the
levels rise steadily through the summer. Following the period of increased
metabolism and rapid Zn-65 turnover of the warm months when 65Zn
specific activities reach their peaks there is a corresponding period of
decline. Notice that during the late summer of 1966, when shutdown of
the Hanford reactors reduced the input of 65Zn into the estuary, the decline
of 65Zn specific activity may have begun earlier, been more precipitous,
and ended at lower than usual levels. Note also that the summer maximum
65Zn specific activity was relatively low in 1967. This may,reflect the
reduced numbers of production reactors presently operating at Hanford.

The lower portion of Figure 2-is a scatter of points showing the 65Zn
specific activities of flounder measuring 100 to 200 mm in- from all four
sampling stations. Each point represents a sample of muscle and bone
from 1 to 5 individuals. These yearling fish are highly mobile and hence
are unlikely to remain in one location for extended periods. Despite this
fact, flounders from upstream stations generally have higher 65Zn specific
activities than contemporary fish from more seaward stations (that is,



Figure 1. Columbia River Estuary Sampling Stations.
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H and A usually 7 C and B on the same date). The line fitted by eye
through the points attempts to indicate seasonal changes in 65Zn specific
activity levels throughout the estuary. Where sufficient points are
present the trends gene rally appear similar.

Of particular interest is the difference in levels between the young,
rapidly growing flounder and the larger fish. Almost without exception
the smaller fish have greater 65Zn specific activity than the larger
flounder captured on the same day. Presumably, the smaller fish
turn Zn (and 65Zn) over at a more rapid'rate and feed on a lower trophic
level (Orcutt, 1959) attaining relatively higher 65Zn specific activities.

Similarly, the specific activities of 65Zn in sand shrimp (Cranaon
franciscorum) are presented in Figure 3. Each point represents a
composite sample of 5 to 50 whole shrimp varying in size from small
juveniles to mature adults. Shrimp from the station nearer the ocean
(Chinook Point) always exhibit lower specific activity than the shrimp
from the Astoria station. This phenomenon can be at least partially
explained by isotope dilution. At the Chinook Point station, comparatively
large amounts of ocean water containing stable Zn are present to reduce
the 65Zn specific activity ratio. Hence, shrimp from the downstream station
live in and take their food from an environment having lower 65Zn specific
activity than at locations less influenced by tidal mixing.

As a concluding observation, it must be pointed out that these figures
emphasize the constant changes taking place.-in the estuarine ecosystem.
There appears to be no season when the.65Zn specific activity of the
organisms is not undergoing change.
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Influence of Preservation and Storage on Radiozinc

and Total Zinc Concentrations in Fish"

William C. Renfro, Roger V. Phelps, and Thomas F. Guthrie

From almost the beginning of the atomic age, radioecological studies
have been carried out in aquatic and marine environments (Hines, 1962).
In many of these studies the radionuclide 65Zn was shown to be concen-
trated and transferred by organisms at all trophic 'levels (Lowman, 1960;
Osterberg, Pearcy, and Curl, 1964; Foster and McCannon, 1962). The levels
of 65Zn in organisms are often very slight, necessitating long counting
times. When backlogs occur it is necessary to preserve and store samples
pending analysis. This paper examines some of the effects. of freeze pre-
servation and formalin preservation on Zn concentrations in fishes.

The experimental fishes used were the shiner perch, Cymatogaster
aggregate, 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 marine group which bears 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 one 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 hours and treated in three ways:

a) group one. was Immediately prepared for radioanalysis,
b) group two was placed in several sealed plastic bags and frozen,
c) group three was preserved in a 10 percent solution of unneutral-

ized stock formaldehyde in distilled water.

The fish were prepared for radioanalysis by removing and discarding
the gut contents, drying at 60°C in a forced draft oven for 24 hours, then
dry-ashing in a muffle furnace at 5500C for 24. hours. Samples of the
resultant ash were placed in plastic counting tubes and counted for 100
minutes in a 5 x 5-inch Nal(T1) well crystal coupled through a photomulti-
plier to a 12 channel analyzer. Radioactivity concentrations expressed as
picocuries b5Zn per gram ash (pCi/g ash) were corrected for. physical decay
to the time of collection.

The concentration of total (stable plus radioactive) Zn was deter-
mined by digesting the ash in fuming HNO 31 diluting to fixed volume with
dilute HCI, and analyzing by atomic absorption spectrophotometry. Concen-
tration units are micrograms Zn per gram of ash (ug/g ash).

This paper has been submitted to Limnology and Oceanography for consideration.
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Two experiments were carried out. The first began when a collection

of juvenile shiner perch and starry flounder taken in a single seine haul
was returned to the laboratory in ice 24 hours after capture. From each

species five individuals were immediately prepared for analysis, 15 were
frozen, and 15 were preserved in formalin. After 1 year the preserved
fish were divided into samples comprised of five individuals.

Analyses for b5Zn and total Zn concentrations (Fig. 1) show sharp
differences between the frozen and the formalin-preserved samples at the
end of 1 year. When student's t-tests of the differences between means
were made, the formalin- and freeze-preserved 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 hours).

The first experiment was repreated with refinements when another
collection of juvenile shiner perch was taken a year later from the same
location. One purpose

and total Zn concentrations. In this experiment,
three samples of five juveniles were removed from the ice and immediately
prepared for analysis. At the same time comparable samples were preserved
in formalin or frozen in lots of 15 fish each. At intervals of 31, 50,
and 180 days after removal from the ice,.three samples of five individuals
were prepared for analysis. The results of these analyses appear In
Figure 2. Using t-tests at the 5% level of significance we determined
that after 50 and 180 days the formalin-preserved samples differed signif-
icantly from frozen samples in total Zn.but not in 65Zn concentrations.

The results of the first experiment indicate that over long storage
periods the method of fish preservation may radically influence zinc
concentrations. In this case, the concentrations of 65Zn and total Zn
in freeze-preserved fish averaged about 40% less than in either the fish
immediately analyzed (on ice 24 hours) or those stored for 1 year in
formalin.

In contrast to the first experiment, the concentrations of 65Zn and
total Zn per. gram ash in fish in the second experiment did not show such
large differences. The freeze-preserved fish generally averaged slightly
lower in 65Zn and total Zn concentrations than the freshly analyzed
samples. However, the formalin-preserved samples appeared to Increase
slightly in 65Zn and total Zn concentrations during the 6 month storage
period suggesting that preservation might somehow be affecting ash weight.

Obvious implications of these results are that interpretations of
radioanalyses and elemental analyses of fish samples stored for long
periods should consider method of preservation. Additionally, compari-
sons of such data from fish samples preserved and stored under different
conditions-should be approached cautiously.
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PHOSPHORUS TURNOVER IN THE STARRY FLOUNDER
(PLATICHTHYS STELLATUS)

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

Chemical elements tend to circulate within the biosphere via more
or less definite biogeochemical cycles. Phosphorus is one of the essential
elements of protoplasm and is often an important factor in limiting and
controlling the abundance of organisms. Study of phosphorus turnover
in a particular component of the biosphere not only contributes to know-
ledge of the entire phosphorus cycle, but also may lend some insight
into the behavior of phosphorus in other,similar components of the bio-
sphere.

A study of phosphorus turnover in two age groups of starry flounder
(Platichthys stellatus) has been initiated. Phosphorus-32, present in
the Co urn. is River as a result of Hanford Atomic Works, will be used
as a tracer. The Columbia River estuary near Astoria and Willapa Bay,
Washington, have been chosen as the study areas.

Three separate methods for determining biological half-life and thus
phosphorus turnover rate will be employed. (1) Accumulation studies
will be carried out by introducing a population of uncontaminated flounder
into the Columbia River and determining the rate of 32P accumulation.
(2) Retention studies will be made by transferring a population of native
Columbia River flounder to Willapa Bay and determining the rate of 32P
loss. (3) Specific activity and food studies will involve determining the
specific activity of starry flounder and relating this to the specific
activity of the food it consumes.

Samples will consist of fish meat and bone and be wet ashed.
Analysis for total phosphorus will be performed by the common colori-
metric method using a Beckman DU spectrophotometer.. A chemical
extraction procedure will be utilized to concentrate phosphorus for radio-
analysis. Radioanalysis for 32P will be done on a low background beta
counter.
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R E S E A R C H I N PR O G R E S S

B. RADIOCHEMISTRY

by William O. Forster

The new in situ probe was field tested in April, 1968 in the Columbia
River Estuary; diver, and Plume. In spite of the manufacturer's specifica-
tions to ruggedize the unit so full immersion in natural systems were expected,
water was pumped through our t,.7-sarge volume precipitation units and then equili-
brated to ambient temperature before detection. The spectra of 10 separate
water samples showed only Cr-51 to be present in significant amounts. Causes
of these low levels are speculated on.

Delaplane is fractionating the sediments collected in the River, Estuary,
and sb.elfoff the mouth of Columbia River outlet into sand, silt and clay and
then attempting to determine the separate 65Zn/60Co ratios of each fraction.
One of the assumptions made by Barnes and Gross (1966) in their determina-
tion of se iment transport by radionuclide activity ratios was that once both.
65Zn and bOCo became associated with particulate matter, the only variation
in activity ratio is due to differential decay rates. No data is available, but
this assumption is under examination.

Many attempts have been made in this, lab to make use of different
radionuclides that behave the same in the river, i. e. both cons-ervative,
elements, in order to trace the motion of a unit of water. Pope is trying
coincident counting techniques, with University of Washinton' s radiation
detection trailer, on water samples gathered at several sites along the
Columbia River in order to determine the low levels of 124Sb. Combined
with activities of 51Cr at the same station should give a measure of the
speed of the river during that sampling period.

Hanson is also working on the same general problem but his approach is
the removal of certain tracer elements (10) fromthe water and by activation
of these samples in a neutron flux, determine the affinity of each of these to
either remain in solution or become particulate. His capabilities are in-
creased by being a resident fellow at Battelle Northwest Labs where all his
research is expedited.

Dyer is trying to determine the vandium concentrations present in the
flora and fauna in the lower Columbia River as well as that present in the
water around these organisms and the sediments below. Many questions are
raised relative to the variation vanadium by trophic levels, seasonal charges
and phylo-genic relationships. It is hoped that some of these will be answered
by the research.
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IN SITU PROBE DETECTION OF RADIOACTIVITY IN THE
COLUMBIA RIVER ESTUARY

by I. L. Larsen, W. C. Renfro, and W. O. Forster

A joint field testing of our 3"x3" in situ probe and the Uni-
versity of Washington's 5"x5" in situ probe was carried out in
April of this year in the Columbia River Estuary. An air survey
by the Atomic Energy Commission.(Las Vegas, Nevada, labs)
coordinated our individual sea operations in order to allow us to
make comparisons of activities determined in similar water at the
same time.

Harshaw Chemical Company made our underwater detector
with a doped Americium-241 light pulser at 2 mev (gamma energy
equivalent) in the crystal in order to check linearity and compen-
sate for changes in temperature and voltage while the unit is
submerged. All cable connectors were hermetic Amphenol and
the ruggedized stainless steel case could be lowered to a depth of
75 feet as long as the temperature changes were less than 5°C/hour.
In spite of the manufacturer's specifications, we pumped the sea
water (10'C) into the hold of the ship and equilibrated the water to
ambient (20°C) before immersing the probe for detection. This
process only took 10 minutes. The results are shown in Table 1.

Our calculations on board ship were based on a comparison
of the areas under the photopeaks at 31 mev + 4 channels, less
background, of the sample and standards measured in the same
medium and geometry. Later calculations using the least square
program at Corvallis showed the in situ values to be only a first
approximation.

The extremely low activities of total 51 Cr (soluble plus par-
ticulate) was confirmed by the University of Washington data. Three

ssible reasons are given for the greater than 10 fold drop in
Cr levels over previous years: (1) the new John Day Dam was

filling at this time, thus the lower Columbia was more dilute from
the Willamette and other tributaries, (2) the normal spring runoff
at this time normally dilutes the activities by a factor of three,
(3) the bulk addition of the potassium dichromate was reduced to a
minimum excess over previously calculated stochiometry (personal
communication).

.
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Table 1. In Situ Gamma Activity in the Columbia River Estuary,
April 1968.

Station
Date No.

Calc. on Bd. Calc. at
Ship C o rvallis

Area- Time Cr5i (PCi/L) Cr51

4/23/68 9 Astoria Dock - 6 a. m. 115 121 + 24%

4/23/68 10 No. Lightship - 10 a. m. 0 33 + 84%

4/23/68 11 Cape Disappointment
1 p. M.,

18 43 +64%

4/23/68 12 Chinook Point - 3'p. m. 91 61 +49%

4/23/68 13 Tansey Pt. - 4 p. m. 52 40 +180%

4/24/68 14 3 miles No. Lightship -
8 a. m.

56 70 +41%

4/24/68 15 5 miles No. Lightship -- Discarded no RA
10 a. m.

4/24/68 16' 10 miles No. Lightship - 26 22 + 310%
12 a. m.

4/24/68 17 15 miles No. Lightship - 75 54 + 115%
12:30 p. m.

4/24/68 18 20 miles No. Lightship - 36 Discarded
2:30 p. m.
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DISTRIBUTION OF ZINC-65/COBALT-60 RATIOS
ON FRACTIONATED SEDIMENTS

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

In determining, the rate and direction of discharge from an ecosystem
of radioactivity asoci ted with the particulate phase, it has been demon-
strated that 65Zn / g"Co ratios are the most useful tags (Barnes and
Gross, 1966).

The use of 65Zn /60Co to estimate minimum transit time
for radioactive particles' moving from the mouth of the Columbia River
is based on two assumptions: 1) the activity ratio is a constan s the
particles enter the marine environment; and 2) once 65Zn and "Co become
associated with particulate matter the only variation in activity ratio is
due to differential decay rates; i. e. , neither nuclide is subject to exchange
with the environment.

The second assumption would seem valid from the results of Johnson,
et al. (1967) regarding the exchangeability of zinc and cobalt from sedi-
ments. Research has been initiated in this laboratory to test the first
assumption with respect to both whole sediments and fractionated sedi-
ments. Particular attention is being paid to the fractionated sediment
approach, as evidence shows that the predominant amount of activity may
be found in the finer fractions (Abrahams and. Johnson, 1966). By deter-
mining the predominantly active fraction the surveillance of activity in
sediments will be enhanced. Hence, the'purpose of this study is to
develop a procedure to fractionate sediments that will not alter the original
physical properties and nuclide ratios of the sediments, and to determine
the rate and direction of transport of each fraction away from the Columbia
estuary.
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Sb-124 AND Cr-51 IN THE LOWER COLUMBIA RIVER WATER
by S. V. W. Pope, W. O. Forster and W. C. Renfro

It has been suggested that 124Sb could be used with 51Cr to determine
flow rates in the Columbia River Plume, since both elements are con-
servative. This means their concentrations are altered locally only by the
process of diffusion and advection. However, Frederick (1967) used 1L4Sb
to measure the flow rate of the plume and found that it differed from a
corresponding value using 51Cr by 4. 6 cm/sec, a difference of 30% below
the summer average of 15 cm/sec. From this, Fredricks suggests 124Sb
is not conservative. On the other hand, Perkins, Nelson and Haushild (1966)
analyzed Columbia River water for severalradionuclides and found 124Sb in
the soluble and particulate phases did not vary beyond a range of 2. 5 pico-
curies/liter for one station for the whole year. Fredricks, however,
based his assumption on a determination in oceanic water while Perkins
et al. , made their determinations on fre water. The purpose of this
investigation is to check the behavior of 4Sb and 51Cr in the lower
Columbia River from Bonneville Dam to Astoria to see if diffusion,
advection and physical decay are the main factors in the distribution of
activity of these conservative radionuclides.

Three sampling stations in the channel are chosen at Astoria, St.
Helens, and the downstream side of Bonneville Dam. Duplicate samples
of twenty liters of river water will be pumped'through a 0. 45 micron
membrane filter from three meters. Sampling at each station will be
timed to sample the same water as it flows downstream.

The water will be evaporated to dryness in the laboratory and the
residual salts will then be mixed with a hot 10% agar agar solution.
After solidification, the sample will be solidified and the activity of

124Sb

will be determined by coincidence counting between two 5'' x 5" NaI(Tl)
crystals that are conneoted to a Nuclear' Data 512 channel analyzer. Each
crystal will be gated for a specific photopeak.
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VANADIUM DISTRIBUTION IN THE FLORA AND FAUNA,
OF THE LOWER COLUMBIA RIVER

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

The purpose of this study is to develop a rapid but sensitive method of
detection for the vanadium present in the flora and fauna in the lower Columbia
River (up to 100 miles from the mouth) and to determine these levels.

Problems under consideration:

1. What controls the removal of vanadium from sea water? This
problem has been approached both biologically and chemically and bio-
logical organic reactions currently hold favor. . For example, in coastal
waters the tunicates have been ascribed as the principal removing agent
since vanadium is often found concentrated to more than 1', 000 p. P. M.
within them (Burton, 1966). Nicholls et al. (1959) have suggested that sedi-
mentation of pteropod shells may be a primary pathway for vanadium removal.
Others feel that plankton in general are the primary vanadium removal agent
(Bertrand, 1950). But lack of work in this field leaves the answer open to
question. An attempt to determine if there i's any particular biological con-
trol organisms that may be acting to limit vanadium concentrations in the lower
Columbia River will be made.

2. Is there selective concentration within certain plant and animal
structures ?

3. Does a relationship exist between vanadium concentration and
feeding habits (e. g. filter feeders vs. plankton feeders) ?

4. Is there evidence that the marine or estuarine flora and fauna
concentrate vanadium to a greater extent than limnetic or' fresh water
flora and fauna?

5. Is there any seasonal variation in the vanadium concentration of
flora. and fauna ?

6. What combination of methods will give the best vanadium detection
results ? It may be necessary to employ solvent extraction techniques
(e. g. with pyrrolidine dithiocarbamic acid) on large samples. This
coupled with the use of a high-intensity vanadium lamp under optimizing
conditions of an atomic absorption spectrometer should give statistically
good vanadium detection results.

A feasibility study using an atomic absorption spectrometer has
shown that ashed samples of various lower Columbia River algae do
contain vanadium.
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CHEMICAL WATERMASS TRACER

by Peter J. Hanson and William 0. Forster

The high sensitivity of neutron activation analysis for many of the
heavier elements suggests a useful technique for tracing watermass move-
ments. Standard tracing techniques at the present time generally involve
the use of radioactive isotopes with their inherent hazards or the use of
dyes which have a low degree of sensitivity, possible color pollution, or
photochemical densitization. Any stable tracer will eliminate radiological
hazard, thus the practical goal is to achieve a sensitivity greater or equal
to any now available dye or radioactive tracer technique.

A basic prerequisite for any watermass tracer is complete and stable
solubility in the watermass. A tendency for the tracer to form or become
associated with particulates causes the tracer to experience accelerations
other than those experienced by the water molecules or polymolecules.
Thus, the question of whether the tracer is actually indicating true water
motion is raised.

A possible means for stabilizing an element in solution is to form a
soluble chelate with the element and a suitable ligand. For example,
chromium might be stabilized by forming a polydentate chelate ethylene-
diaminetetraacetic acid (EDTA). Many elements form strong, soluble
chelates with a variety of ligands of which the above example is significant.

The underlying assumption of any chemical thermodynamic model of
the Columbia River is the attainment of equilibrium in a time reasonable
for the reactions of concern. Solution history, time and temperature are
important parameters affecting the attainment of equilibrium. Researchers
(see, Equilibrium Concepts in Natural Water Systems, Amer. Chem. Soc. ,
Publ. No. 67, 1967, 344 p.) have shown that the order of adding reagents
in preparing solutions can greatly affect the time required for the solutions
to come to equilibrium.. It is known that both high dilution and- proximity
to neutral pH appear to lengthen the half-time for equilibrium in natural
waters. The possibility is good that many inorganic solutes have not had
time to come to equilibrium, and thus kinetic models might well be con-
sidered for natural water systems.

At the present time, experiments designed to test the stability in river
water of ten tracer elements in various chemical forms are being initiated.
Radioisotopes of Sc, C o, Rb, In, Sb, Cs, Hg, Eu, Dy, and Tb in simple
salt and chelate forms will be tested to discover their tendencies to remain
in solution or become particulate. Actual Columbia River water and sedi-
ments will be used in. controlled laboratory radiotracer experiments.
With the information-from these experiments a determination as to the
feasibility of larger scale environmental tests using one of the above
,mentioned tracers can be made. The ultimate goal is to apply the tracer
to an actual environmental situation.
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This research is being carried out in the laboratories of Battelle
Northwest, Richland, Washington, under the sponsorship of R. T. Jaske
and supervision of R. W. Perkins.
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MEDIUM VOLUME PRECIPITATION VERSUS
LARGE VOLUME PRECIPITATION

.by William O. Forster, Lauren Larsen, William C. Renfro

The recent joint cruise with Battelle Northwest Labs in April 1968
illustrated the variety of methods available to determine trace metal
concentrations in aqueous media. They effectively used pumping through
cation and anion exchange in beds and permanganate scavanging to remove
and concentrate the metallic species of concern. Our lab used duplicate
analyses for two chemically similar techniques, the ion hydroxide co-
precipitation with carriers and reducers, but with a large difference
in size. The large volume precipitation (LVP) is done with 160 liters
of unfiltered water (Frederick, 1967), while the medium volume precipi-
tation (MVP) is done with 20 liters of filtered water (Hanson, 1967).
Although the concentration factors only slightly favor the MVP (40x) over
the LVP(30x) from the primary processing, a subsequent laboratory
processing for both increases the factors for MVP (800x) and the LVP (300x).
Thus, radion.lclides that are very low in activity and are scavanged
efficiently by the technique can easily be determined by gamma spectro-
metry. Two other advantages of MVP over LVP are 1) that it also gives
a measure of the particulate fraction of the radionuclide which combines
with the above soluble fraction to give the total concentration in the
medium, 2) it is much simpler to expedite both in the amounts of solutions
used in the process as well as the time to carry out duplicate analyses.
The only disadvantage being, the time lag between the collection of the
sample and the interpretation of the results which is usually done back
at the lab in Corvallis, However, if the analyzer equipment is aboard ship
for LVP, these same MVP samples could be processed immediately by
placing the precipitate on top of the crystal in the lead cave in the hold
of the YAQUINA.

All of the data have not been processed from this cruise but it is
instructive to illustrate some initial comparisons, see Figures 1 and 2.
First, future publications will illustrate the precision of the duplicates
but for this note, all of the values are plotted relative to salinity. This
means samples taken at different days are all plotted together, if the
salinities were alike, and this makes a wider range of values for each
salinity.

The most obvious trend in both Figure 1 and Figure 2 is the rapid
decrease in activities of all three radionuclides as they move downriver
(into increasing salinities) into the estuary and out into the open ocean.
Physical dilution of the river constituents by seawater is the major cause
of these losses but also are physical decay, bioaccumulation and sorption
to particulate materials.

The ratio of 65Zn and 46Sc by LVP methods compared to MVP methods
are usually 4 and 3, respectively. This means the total 65Zn and total
46Sc is about 4 and 3 times more than the sol ble fraction of each radio-
nuclide or the percent particulate is 75% for oSZn and 67% for 46Sc at
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Astoria station. These values compare favorably with those of Perkins,
Nelson, Haushield (1964). In contrast, a soluble radionuclide like 5lCr
would probably show identical values no matter which method was used,
and indeed this is true. Chrome-51 may be only 2-3% particulate so
this small a difference is not noticed between the methods. In general,
the 65Zn/46Sc ratios were approximately 1. 3 for the LVP values. It is
worth noting that the 65Zn photopeak at 1. 11 m. e. v. would be almost
double if the 46Sc photopeak contribution were not removed by estimating
the amount from the 2. 01 m. e. v. sum peak. These same ratios, 65Zn/46Sc,
for MVP are almost 1, even though the `46Sc is of lesser total activity,
it has a greater soluble fraction 33%/25% = 1. 3), therefore, the soluble
MVP determinations indicate equal activities of the 2 RM.
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The following is a draft of an article submitted by David Robertson
from the Battelle Northwest Labs for their Annual Report (#25) to the
Atomic Energy Commission. This was a joint venture between the two
groups so we are including the preliminary information in our progress
report.

AN ENVIRONMENTAL AND RADIOECOLOGICAL STUDY AT A
NORTHEAST PACIFIC OCEAN STATION 350 MILES OFF NEWPORT, OREGON

by D. E. Robertson, Wm. O. Ferster;* and H. G. Rieck

The oceans contain, in solution or suspension, virtually all of the stable
elements of the earths' crust. Also present are the primordial, naturally
occurring radionuclides and the cosmic-ray produced radionuclides which are
continuously supplied to the oceans from the atmosphere. With the arrival of
the nuclear age, artificial radionuclides have been introduced into the marine
environment in fallout from nuclear weapons testing and from nuclear waste
disposal into the sea. The characterization of these radionuclides and stable
elements in the marine environment can lead to a better understanding of the
biogeochemical and hydrological processes in which they participate. However,
these constituents are present in the oceans in such minute concentrations
that very sensitive methodsof analyses are.required for their detection and
measurement. Consequently, very little is known concerning their distribu-
tion and behavior in the marine environment. Recent advances in instrumental
methods for radionuclide measurements (1, 2) have provided a sensitive means
for the precise identification and measurement of complex radionuclide
mixtures. These methods, when used in conjunction with neutron activation
analysis, provide, by far, the most sensitive method for measuring many of
the stable trace elements in seawater and in marine organisms and sediments.

These analytical techniques were utilized in conducting an environmental
and radioecological study at a Northeast Pacific Ocean station about 350 miles
off Newport, Oregon (see Fig. 1). This area was selected because it was
representative of the open ocean and remained essentially free from the influ-
ence of the Columbia River which transports a moderate quantity of radioactivity
from the Hanford Reactors to the Pacific Ocean. The study was conducted in
cooperation with scientists from Battelle Northwest Labs aboard the R/V
YAQUINA. - Measurements of trace radionuclides and trace elements in the
water column, and in various trophic levels of marine organisms were performed
which describe the inventory and behavior of these constituents in a marine
ecosystem of the Northeast Pacific Ocean.

*This study was conducted in cooperation with scientists from Oregon
State University headed by Wm. O. Forster and including A. Carey,
J. McCauley, Wm. Pearcy and C. Osterberg.
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Seawater Sampling and Collection of Marine Organisms

Trace radionuclides were extracted from large volumes of seawater
(360-7600 liters) by pumping the seawater through a specially designed filtra-
tion-sorption apparatus. 3) This assembly contained a large filter area
provided by eight 12 inch diameter membrane filters (0. 3 micron) followed by
A1203 and potassium cobalt ferrocyanide (KCFC) sorption beds. Particulate
material was removed on the filters, while a known fraction of the radio-
nuclides in the, filtered water was held on the sorption beds. The KCFC
specifically removed 137C s from seawater, while the Al 2203 removed many
trace radionuclides with varying efficiency. Deep seawaEer samples were
taken by pumping seawater through a 1 inch diameter polyethylene hose
extended to about 20, 300, 600, 900 and 1500 meters. The hose was lowered
and retrieved from a large, motorized reel. Samples of seawater for trace
element analyses were also taken through a PVC tap placed in the hose at a
point just before seawater intered the pump and filtration-sorption assembly.
Seawater samples for trace element analysis were also collected in modified
Van Dorn bottles lowered to depths as great as 3500 meters on a hydrowire
while surface water samples were collected in a plastic bucket on the end of a
polyethylene rope. All seawater samples were stored in polyethylene bottles
containing sufficient purified hydrochloric acid to lower the pH of the sea-
water to about 1. 5. This procedure prevented the adsorption, of certain trace
elements in seawater onto the container surfaces. (4)

Samples of surface, midwater and benthic marine organisms were collected
by trawling at night. A small sample of mixed zooplankton was also collected
by pumping seawater through a fine-meshed net. All of the identification of
species was done by Oregon State University marine biologists. A deep
(3700 meters) sea sediment sample was also obtained using a Smith-Mclntire
sediment sampler.

Radionuclide Counting (Battelle Northwest Labs)

The radionuclide contents of the Al O beds were analyzed by drying the
2 3Al 0 and placing it in 1/2 inch thick by 4 inch diameter plastic Petri dishes

anA directly counting the dishes for 1000 minutes in a large multidimensional
gamma-ray spectrometer. The membrane filters were dried and compacted
into 1/2 inch thick by 2 inch diameter discs and likewise counted in the same
analyzer. Samples of marine organisms, which were large enough for radio-
nuclide analysis, were ashed and then compressed into 1/2 inch thick by
2 inch diameter discs for counting. Also, a 100 gram sample of dried deep
sea sediment was placed in a 1/2 inch thick by 4 inch diameter plastic dish
and counted for 1000 minutes.

This detector system is described in detail elsewhere (5), but briefly, it
consists of two 11-inch diameter by 6-inch thick NaI (Ti) crystals which are
viewed through 4 inch thick pure NaI light pipes. Each NaI (T1) crystal is
surrounded by a 36 inch diameter by 18 inch thick plastic phosphor anticoin-
cidence shield. The response from the principle detectors are fed to a
Packard 4096 multiparameter analyzer. The low background and Compton
response, plus the high efficiency of the large Nal (T1) crystals permit an
extremely sensitive and selective analysis of even minor constituents in
complex radionuclide mixtures.
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TABLE I
Radionuclide Concentrations in a Depth Profile Taken in the Pacific Ocean
350 Miles off Newport, Oregon, June, 1967

Radionuclide
Depth

(Meters)
Particulate

d/m/ 1000 liters
Soluble

d/m/ 1000 liters 'Particulate
137Cs

20 (6/25/67) 0 2116 0
20 (6/26/67) 0 1330 0

328 0 94 0
656 0 4
984 0 4

1639 0 4

106 Ru 20 (6/25/67) till 262 4
20 (6/26/67) 3. 4 78 4

328 0.3 2.6 10
656 -j0. 6 r1. 1 "-3 5
984 40.6 <1

1639 <0. 6 <1
60Co 20 (6/25/67) 1.4 5. 4 21

20 (6/26/67) 0. 3 -0.2 -62
328 0.2 N0. 3 X32
656 -0.03 v0. 3 N3
984 .0.03 <0. 3 -

1639 <0. 03 <0. 3
226Ra 20 (6J25J67) 0 228 0

20 0 110 0
328 1.4 42 3
656 v 0.3 84 0.4
984 N 0.6 116 0.5

1639 0. ?' 132 0. 5
228Th

20 (6/25/67) -- -- -
20 (6/26/67) <0. 5 ' 3 -

328 0.9 3. 5 20
656 -0.5 110.5 -
984 ,,0. 5 'CO. 5 -

1639 -0.6 <0. 5 -
7
Be 20 (6/25/67) 74 370 17

20 (6/26/67) 10 412 2
328 <10 "-50 -
656 <10 <50 -

984 <10 <50 -

1639 <10 <50 -

The A 1203 adsorption bed efficiencies for 106Ru, 60Co, 226Ra, 228Th and 7Be
were 43, 5, 51, and 43 percent, respectively. The KCF-1 adsorption bed
efficiency for 137Cs was 49 percent.

0
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TABLE II

The Vertical Distribution of Particulate 210Po, 210Pb, 55Fe and Stable Lead and
Iron in the N. E. Pacific Ocean -350 miles Off Newport, Oregon, June, 1967

210Po 210Pb Stable Stable
Depth d/m/ 1000 d/m/ 1000 Pb Fe Fe

(meters) liters liters gm/liter d-/m/ 1000 liters jJgm/titer

20 (6/25/67) 134.2 119.9 2.09 266.4 132

20 (6/26/67) 48.8 48.8 . 231 3.3 12. 1

305 31. 1 9. 8 . 0693 3. 1 3. 7

610 13. 5 28.9 . 0999 ---- 11.6

914 24.4. 11.8 . 0603 4. 7 8.5

1524 17.5 9. 3 . 0355 3.1 8. 5

55
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The KCFC containing the 137Cs was dried and placed in 500 ml poly-
ethylene bottles and counted directly in a 9 inch diameter by 9 inch thick
antic oincid enc e- shielded Nal (Ti) well crystal. (6)

The particulate material contained on the membrane filters was also
analyzed for 55Fe, 210Pb, 210Po, plus stable iron and lead by dissolving
fractions of the filt rs and performing standard chemical and radiochemical
separations. The 55Fe and 210Pb were determined by beta proportional
counting and the 21OPo was measured by alpha scintillation counting. The
stable iron was determined by standard spectrophotometric methods, while
the stable lead was measured by atomic absorption spectrometry.

Neutron Activation Analysis

The seawater samples were prepared for neutron activation by repeatedly
pipetting and evaporating 5. 00 ml aliquots in clean, 7 ml polyethylene vials
until a total of 15-20 ml had been evaporated to dryness under a heat lamp.
The vials were then sealed with plastic tape and irradiated, together with
comparator standards of the elements of interest,in the well-thermalized region
of a Hanford production reactor. After the neutron irradiation, the samples
were allowed to decay for about five weeks before counting, to allow the
initially high concentrations of 24Na, 42K and 82Br to decay to insignificance.
The samples were then counted for 1000 minutes on a multidimensional
gamma-ray spectrometer. In this manner the trace elements Sr, Rb, Cs,
U, Sb, Co and Sc could be directly measured. In addition, Zn and Fe could
also be measured by counting the samples for 1000 minutes on a 20 cc
Ge (Li) diode.

Small marine organisms were freeze-dried and placed in cleaned poly-
ethylene vials. Larger organisms were dissected and individual parts
freeze-dried and placed in clean vials. The vials were sealed and irradiated,
along with dilute cobalt standards for neutron flux monitors, in a Hanford
production reactor. After the neutron irradiation on the samples were allowed
to decay for several weeks to reduce high interferring concentrations of the
short-lived radionuclides 24Na, 42K and 82Br .to non-detectable amounts. The
samples were then counted on a multidimensional gamma-ray spectrometer for
1000 minutes.

Results and Discussion

I. Radionuclides in the Ocean

The soluble and particulate fractions of the radionuclides 137Cs1 106Ru,
60Co, 22Th and7Be were measured in a depth profile (see Table 1). Also,
the particulate fractions of 55Fe, 210Pb and 210Po were measured as a
function of depth (see Table II). The first sampling at 20 meters conducted
on 6/25/67 was apparently taken in an area of high biological productivity,
since the membrane filters became clogged after only 360 liters of seawater
had been pumped through the filtration-sorption assembly. Also, relatively
high concentrations of bOCo, 106Ru2226Ra, 137Cs and particulate 55Fe,
21_0Po and 210Pb were observed on the filters and in the sorption beds, indi-
cating that these radionuclides had been concentrated in the water and in
particulate material to various degrees by biological processes.
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The radionuclide concentrations in the water sampled at 20 meters on
6/26/67 were more representative of the actual amounts present in the ocean.
13 7C s, which exists totally in solution and is not significantly taken up by
biological material, was present at 20 meters at a concentration of about
1330 dis/min/1000 liters and could be traced to a depth of about 656 meters
where its concentration was about 4 dis/min/1000 liters. Since this radio-
nuclide is relatively unreactive in the marine environment, its vertical distri-
bution should provide an- indication of the mixing rates in the upper layers of
the ocean. 7Be was also detected and measured at the surface and at 328
meters at concentrations of about 422 and 50 dis/min/1000 liters, respec-
tively. This radionuclide is continuously being deposited in the oceans from
the atmosphere where it is produced by cosmic-ray spallation of oxygen and
nitrogen. Its convenient half-life of 53 days makes it a potentially valuable
radionuclide for tracing mixing processes in the upper 200-300 meters of
the ocean.

Cobalt-60 could be traced to 656 meters, where its concentration at that
deptf was nearly equal to its surface concentration of about 0. 5 dis/min/100.
liters (except in the waters associated with the high productivity where its
uurface concentration was about 6. 8 dis/min/100 ml). Thus, it appears that
0Co is more rapidly mixed with deep water by biological transport or

sedimentation of detrital material enriched with cobalt.

Ruthenium-106 was present at the surface and at 656 meters at
concentrations o a out 81 and 1. 7 dis/min/1000 liters, respectively. This
radionuclide is associated to a lesser extent with particulate material than
60Co, thus its concentration decreased rapidly with depth.

Radium-226 concentrations were in good agreement with those reported by
Koczy in Pacific Ocean vertical profiles. (7) The 226Ra, which was measured
by counting its daughter, 214Bi, was present at the surface at about 110
dis/min/1000 liters (except for the sample taken in the plankton bloom), and
reached a minimum concentration of about 42 dis/min/1000 liters at about 328
meters. The concentration then gradually increased to about 132 dis/min/1000
liters at 1639 meters. Koczy has postulated that this type of profile is due to
226Ra becoming dissolved from the sediments and diffusing through the lower
layers of the ocean and that some of this bottom water reaches the surface by
up-welling processes. Thus, the high 226Ra concentration at the surface and
in deep waters and the minimum concentrations in the midwater regions of the
profile. Therefore, it appears that a considerable amount of up-welling had
taken place off the Oregon coast during the summer of 1967.

Thorium-228 was measured by counting its daughter 208 T1. Except for
two high values at 20 and 328 meters, the concentrations estimated at 656 and
1639 meters, of about 0. 5 dis/min/1000 liters, were in fair agreement with
previous estimates. (8) The 228Th in deep waters appeared to be present
mainly in the particulate form. This was not surprising since thorium is
known to be rapidly precipitated from seawater by chemical processes.

Except for the high55Fe concentrations in the plankton bloom, particulate
55Fe was observed at near the same concentration of about 3 dis/min/1000
liters throughout the water column.down to 1524 meters. This homogeneous
distribution with depth was quite unexpected and suggests that 55Fe is trans-
ported to deep waters at a relatively rapid rate by either biological transport
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or sedimentation of detrital material c )ntaining iron, or by a combination
of both processes. Menzel and Spaeth9) have reported the soluble and
particulate ( > 0. 5 µ) concentrations of iron in depth profiles in the Sargasso
Sea and concluded that these two forms were present: in roughly a 1: 1 ratio
and that there was little variation in concentrations as a function of depth.
This observation also supports the results of Lewis and Goldberg (10) who
measured iron in Pacific Ocean waters. Therefore,, the particulate 5 Fe
concentrations measured in this work would represent approximately one-
half of the total 55Fe inventory if the fallout 55Fe simulated the behavior
of the stable iron contained in the oceans. However, this assumption may
not necessarily be valid, as will be shown. later.

Particulate 210Po and 210Pb were present at 20 meters at about
49 dis/min/1000 liters (except in the area of high biological activity) and
their concentrations showed a variable decrease with depth. The higher
surface values were due to the introduction of 210Pb from the atmosphere
where it

'
by the decay of 222Rn gas. Rama, et al (11) and

Goldberg l reported about 100 dis/min/1000 liters in surface waters of
the Northeast Pacific Ocean and found the 210pb to be completely in solution,
They also found a higher concentration (280 dis/min/1000 liters) at 2000 meters
and suggested a removal of 210Pb from surface waters to deep waters by
biological or inorganic processes, although they could detect no 210Pb in
biological material or in particulate material collected on membrane filters.
Our' data suggests that higher 210Pb concentrations are found at the surface
and that a significant fraction is associated with particulate material. The
210pb concentrations in surface waters observed in all of these studies is
much lower than the amounts predicted from estimates of washout rates of
210pb from the atmosphere. (13)

II. Radionuclides in Marine Organisms

The concentrations of several fallout and natural radionuclides were mea-
sured in 14 surface, midwater, and. bent i.c marine organisms (see Table III).
All of the organisms contained 65Zn ando°Co. This was not surprising since
it is well known that most marine organisms concentrate stable zinc and cobalt
from seawater. However, it was surprising to observe such high concentra-
tions of 65Zn and 60Co. This was not surprising since it is well known that
most marine organisms concentrate stable zinc and cobalt from seawater.
However, it was surprising to observe such high concentrations of 65Zn and
60Co in the benthic marine organisms taken from a depth of about 3800 meters.
This observation again confirms the speculation that radionuclides which are
readily accumulated by marine organisms and detrital material are transferred
to deep waters at a relatively rapid rate by biological transport or sedimenta-
tion processes. Also, 0OCo was detected at about 7 dis/min/kg in a sample
of deep sea clay sediment taken in this area These sediments also contained
23700 and 3590 dis/min/kg of Ra22 and Th228, respectively. 54Mn was present
in all surface and midwater organisms and in the benthic organisms C;halnara
serrula (rat-tail fish) and Ophiuroidea. The high concentrations of 2 Ra and
228Th contained in most benthic organisms limited the sensitivity for measur-
ing 54Mn. The 226Ra and 228Th were accumulated in the benthic organisms
from the sediments, which contain relatively high concentrations in these
radionuclides.



TABLE III

RADIONUCLIDE CONCENTRATIONS IN MARINE ORGANISMS TAKEN
350 MILES OFF NEWPORT, OREGON

Organism
Depth

(meters)
Wet wt.
(grams) 65 Zn

1. Cololabis saira (saury) Surface 369 144

2. Kelp Scrapings
(mostly barnacles)

Surface 1010 64.9

3. Tactostoma macropus Midwater 130 166

4. Sergestes similis Midwater 135 275

5. Diaphus theta Midwater 172. 2 (410

6. Lampanyctus ritteri Midwater 189.0 174

7. Lampanyctus leucopsarus Midwater 56 X354)

8. Mixture of small
organisms

i A r3-

Midwater 137.0 124

9. Chalnara serrula
(rat-tail)

3 750 204 80

10. Dytaster gilberti 3 750 170 123

11. Paelopatides confundens 3750 60 100

12. Abyssicucumis albatrossi 3750 517 100

13. Ophiuroidea 3750 119 '355`

14. Scotopianes theeli 3750 237 82

JUNE 1967

54 60Mn Co

`3

;`312`' \2l.3 ;

141 3.4

129 8. 1

0282= 10.4

129 3.1

108 1.0

132 2

6.9 9.9

U. D. 3.9

11 11

U. D. 21.4

290 84.2)

U. D. 56, 3'`1

dpm/Kg wet weight'
106Ru 137Cs 226 Ra

228Th

U. 65 U.

195 U. 15.4 U.

U. D. U. D. U. D. U. D.

U. D. U. D. U. D. U. D.

U. D. 34 5. 8 U. D.

U. D. 45 U. D. U. D.

U.D. U, D. U. U.

U. D. 27 U. D. U. D.

U. U. D. 12 U.

U. D. U. 221 12

U. D. U. D. 265 58

28 U. D. 860 240

U. U. D. 2810 304

U. D. U. D. 3350 766

U. D. = Undetectable

D.
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Ruthenium-106 was found in a surface sample of kelp which contained
many barnacles. The barnacles were removed with part of the kelp and the
sample was ashed and counted. Mauchline and Templeton(14) have reported
that the edible seaweed, Porphyra umbilicalis, concentrates 106Ru from
fission products discharged into the Irish Sea at Windscale. It is likely that
many species of seaweed concentrate ruthenium from seawater and that
ruthenium may be an essential element for these species. Radium-226 was
also found in this sample and was probably present in the shells of the barna-
cles. These shells are composed mainly of calcium carbonate and the 226Ra
was probably coprecipitated with calcium (since their chemical properties
are similar) from seawater during the construction of the shells by the barnacles.

III. Trace Elements in the Ocean

The concentrations of Sr, Rb, Zn, U, Cs, Sb, Co and Sc were measured
in 12 surface samples from Newport to the station located 350 miles off Newport,
Oregon. These elements were also measured on station in depth profiles (see
Table IV). The concentrations of most of these elements were in good agree-
ment with presently accepted values (15), except for Co and Sc which were
about 3-10 times lower in these samples. The strontium, cesium and antimony
were about 10-30 percent lower than several recently reported values. (15)
Very little variation with depth was observed, except for Co and Sc, which
averaged about 2 and 7 times lower, respectively in sub-surface waters. Most
of the elements, except Zn, Co and Sc, which are associated to a large extent
with particulate material, were homogeneously dis ributed throughout the
water column and in the surface samples. The Sc measurements are believed
to be the final measured in seawater' since Wattenberg first estimated its
concentration to be 0. 04 ppb in 1943.

These measurements provided a good opportunity to study the quality
of seawater sampled by various methods. The seawater samples pumped
through the polyethylene hose appear to be relatively free from contamination'
except for one high cobalt concentration which may or may not be due to
contamination. Samples taken in Van Dorn bottles appeared to contain sporatic
contamination from zinc and cobalt. The surgical rubber tubing used in the
construction of these samplers contained about 0. 3 to 4% zinc as an impurity
and this is the probably source of the zinc contamination. Several nylon com-
ponents of the BNW samplers contained about 0. 1% cobalt and this is a possible
source of contamination. A seawater sample taken in a Nansen bottle appeared
to be contaminated with strontium and zinc.

IV. Trace Elements in Marine Organisms

The trace elements Zn, Co, Ag, Cs, Sb and Sc were measured in about
28 marine organisms (see Table V). When the organisms were small enough
their whole-body trace element content was measured. When the organisms
were too large to be analyzed whole, they were dissected and samples of flesh
and total gut were analyzed. Several liver and gill samples were also dissected
for analyses.

Most organisms contained relatively high concentrations of zinc and
cobalt. These elements are generally considered to be essential for most
biological systems, since zinc is well known as an enzyme activator and cobalt
is associated with vitamin B12. Some samples, particularly the gut of several



TABLE IV

TRACE ELEMENT CONCENTRATIONS IN THE NORTHEAST
PACIFIC OCEAN WATER

Depth
Sample Sampler (meters) Date Concentration (micrograms per liter) Salinity

Sr Rb Zn U Cs Sb Co Sc

Plastic Bucket Surface 6-23-67 6300 158 ---- 3. 21 0,183 0. 258 0. 300 0, 0105 -----
2 " if 6-23-67 7000 138 ---- 3. 26 0, 207 0. 174 0, 032 0. 0010 32. 098
3 it it 6-24-67 5950 135 ---- 3. 43 0, 216 0. 228 0. 063 0. 0024 29. 561
4 It if 6-24-67 5410 162 16.4 3. 21 0, 199 0. 215 0.403 0. 01 08 29. 526
5 it if 6-24-67 5220 128 ---- 2. 82 0. 194 0. 140 0. 057 0. 0023 30. 962
6 " it 6-24-67 5690 157 5. 7 2.97 0, 209 0. 159 0. 087 0. 0016 32. 072
7 " If 6-24-67 6760 139 ---- 3. 23 0. 202 0. 133 0. 062 0. 0027 32. 126
8 it 6-24-67 6310 137 ---- 3. 08 0. 204 0. 130 0. 060 0. 0019 32. 601
9 If 6-24-67 6450 147 2. 6 3.60 0. 234 0. 126 0. 033 0. 0014 32. 677

10 " If 6-24-67 5870 151 13. 6 3. 28 0. 214 0. 101 0. 118 0. 0033 32. 658
11 Station Surface 6-25-67 6170 137 ---- 3.15 0. 217 0,145 0. 044 0. 0014 32. 670
12 " " 6-25-67 6610 145 ---- 3. 30 0. 215 0, 166 0. 091 0. 0035 32. 697

Average Surface Concentration 6145 145 ---- 3. 21 0. 208 0. 165 0. 065 0, 0036 -----

ON STATION PUMP

13
14
15
16
17
18

Plastic Hose 20 6-25-67 6360 134 ---- 2.98 0. 237 0. 156 0. 021 0. 0012 32. 718
20 6-26-67 6460 137 ---- 3.16 217 0.137 0. 042 0. 0004 3?. 776

305 6-25-67 6920 101 2. 1 2.94 0. 238 0. 143 0. 039 0. 0012 33.937
609 6-25-67 6910 163 ---- 3. 28 0. 212 0. 136 0. 017 0, 0007 34. 139
914 6-26-67 8580 159 6.5 3. 02 0. 220 0.149 0.103 0. 0039 34. 351

1524 6-27-67 6980 95. 2 2. 3 3. 38 0. 240 0. 149 0. 046 0. 0016 34. 527

ON STATION CAST

19 OSU Van D. 25 6-26-67 6200 127 ---- 2.94 0. 227 0,164 0. 021 0. 0005 32. 744
20 BNW Van D. 200 6-26-67 5740 142 ---- 3. 38 0. 234 0. 207 . 0. 039 0. 0005 32. 877

21 it 500 6-26-67 7410 145 ---- 3. 44 0. 230 0. 170 0. 060 0. 0006 34. 060
22 If 1000 6-26-67 7510 159 ---- 3. 60 0. 255 0,193 0. 023 0. 0010 34, 280
23 " 2500 6-26-67 6490 121 ---- 2. 76 0. 200 0.174 0. 027 0. 0006 34. 565
24 to 3500 6-26-67 6490 164 ---- 3.82 0. 269 0. 215 0. 041 0.0008 34, 646

ON STATION CAST

25 Nansen Bottle 940 6-27-67 8730 146 ---- 3.40 0. 238 0. 222 0. 031 0. 0005
26 BNW Van D. 960 6-27-67 7340 119 34.3 3. 22 0. 239 0. 222 0.087 0.0011
27 OSU Van D, 980 6-27-67 7060 158 ---- 3. 56 0. 233 0.169 0. 023 0. 0006 -----
28 BNW Van D. 1000 6-27-67 6760 136 ---- 3.16 0. 227 0.164 0. 026 0.0004 34. 255

0)

0.



62

TABLE V
Trace Element Concentrations in Marine Organisms Taken 350 Miles Off Newport, Oregon, June, 1967

Organism Concentration (parts per billion wet weight of organisms

Zn Co A& C. Sb Sc

1. Lepas anitifera 8, 250 21.9 <8 ,20 <10 ,<0. 4
2. Gonatus fabricii 18, 800 47.6 <5 ,..10 <9 <0. 09
3. Mytylis californianus 5.280 92.6 <3 .. 8 <8 ...0. 04
4. Mixed zooplankto (56, 78.5 <1 ,., 9 18.4 5.46
5. Aeolidia foliolotasq!d0(flesh) 19;-g00 10. 8 2. 4 -9 ---- <0. 1
6. Aeolidia foliolota (t'etrtacles) 11,600 5. 2 2.9 -.9 <7 <0. 2
7. Cololabis saira (sautA (flesh) 11,500 19 ---- 10.8 <0. 1 <0. 02
8. Cololabis saira (gills) 16, 500 7. 6 ---- < 9 4.6 0. 27
9. Cololabis saira (liver) 26, 200 37.3 2.3 16.6 <0. 3 <0. 1

10. Hierops crockeriy,(whole) 11,700 5.5 5 13.1 4.8 -. 0.07
11. Argyropelec lk `hnus (whole) 27, 200 17.5 1.5 9. 1 6. 1 0. 09
12. Large Gamarid Amphipod (whole) 13, 800 14 11 3.6 3. 5 0.05
13. Periphylla periphylla (whole) 3, 710 4.3 5 .,.0. 5 8. 7 0.05
14. Melamphaes lugubris (gut) 7, 840 20. 1 2. 7 9. 5 2. 5 0. 17
15. Large shrimp (whole) 9,830 21. 2 114 <6 <2 0. 11
16. Large shrimp (tail) 5, 190 9.9 7. 3 11.2 Z. 5 -0. 02
17. Large shrimp (gut) 5,480 18. 1 258 <2 ---- -0.06
18. Nansenia,5p. candida (?) (flesh) 8,950 9.9 ---- 13.6 0.9 0.095
19. Nansenia Sp candida (gut) 21,600 25.2 1. 0 11.6 0. 7 0. 13
20. Bathylagus ochotensis (flesh) 5, 190 4. 5 -o.6 12. 9 1.4 0. 33
21. Bathylagus ochotensis (gut) 12, 800 27. 1 2. 2 17 1.3 0.09
22. Chauliodus macouni (flesh) 5,870 4.5 8.8 11.6 2. 1 -0.03
23. Chauliodus macouni (gut) 13, 700 8 184 9. 5 4,7 0. 17
24. Lampanyctus ritteri (flesh) 2,990 5.9 <4 21.9 3.8 0.29
25. Lampanyctus ritteri (gut) 74, 500 11.5 521 14.6 23.4 0. 73
26. Tarletonbeania crenularis (flesh) 18, 800 9 ---- 24. 2 1. 3 -0.04
27. Tarletonbeania crenularis (gut) 22, 500 18.8 200 24. 7 7. 9 -0.09
28. Lampanyctus leucopsarus (flesh) 7,360 3.3 <0. 04 19.2 4. 9 <0. 01
29. Lampanyctus leucopsarus (gut) 38,400 8.8 101 15.9 21.3 <0. 008
30. Sergestes similis (whole) 9,760 6. 7 10 5.4 <2 -0.5
31. Sergestes similis (whole) 11,300 8. 9 242 13.2 5.6 ..-0. 08
32. Tactostoma macropus (flesh) 2,380 3. 9 <9 11.3 4. 2 O. 06
33. Tactostoma macropus (liver) 12, 100 3.5 <9 6. 3 5. 2 -0. 02
34. Tactostoma macropus (gut minus liver) 11,300 6, 2 68 7 7. 3 0. 19
35. Hetropod (large free-living mollusk) (gut) 10, 500 472 54.5 4. 3 25.5 3.3
36. Chiroteuthis (squid) (body and gut) 16, 200 13. 1 250 6.4 <2. 0.21
37. Chiroteuthis (tentacles and flesh) 16, 200 4. 7 46 9 3.3 0. 11
38. Diaphus theta (whole) 11, 900 23.8 74, <4 4. 1 0. 26
39. Diaphus theta (gut and gills) 18, 300 24. 1 25. 3 8. 3 9 -0.06
40. Chal%ataserrula (rat-tail) (flesh) 2,710 6.4 ---- 18. 1 22.6 0. 16
41. Chalrraara serrula (gills) 15, 000 66.2 5. 1 ,..8 12. 1 8.47
42. Chalnara serrula (liver) 47, 000 64 11. 1 6. 5 24.7 0. 25
43. Unidentified medusa 18, 700 12.2 2. 8 1. 3 -2 0. 22
44. Nuda medusa 368 0.28 0.05 --0. 2 ---0. 4 -0.003
45. Microstomus pacificus (whole) 10, 300 6.3 5. 5 4. 7 --3 0. 08
46. Microstomus pacificus (flesh) 5,590 1. 2 -0.5 3. 7 <0. 2 <0. 005
47. Sponge spicule (hexactinellid) 1,670 15. 1 131 -3. 4 -5 1.6
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shrimp species, squid and several fishes, contained extremely high con-
centrations of silver, suggesting that silver may be an essential element
in their body metabolism.

Generally, much higher concentrations of zinc, cobalt, and antimony
were found in the gut and liver samples of marine organisms than in their
flesh, whereas cesium was generally distributed rather evenly throughout
their bodies. High concentrations of scandium were most often found in
samples of gills and gut.

It was impossible to perform a reasopable trace element analysis for
most benthic organisms because of the relatively high concentrations of
sediments in their bodies. Attempts to wash these organisms with doubly
distilled water to remove these sediments were unsuccessful.

V. Specific Activities of Seawater and Marine Organisms

From the concentrations of the radionuclides and stable trace elements
measured in the ocean and in marine organisms it was possible to deter-
mine the specific activities of 60Co, 65Zn and 137Cs in seawater and in
several marine organisms (see Table VI). In cases where the trace element
concentrations were measured in both the flesh and gut of marine organisms,
the trace element content of their whole bodies were estimated by taking
weighted averages.

A comparison of the specific activities ant the marin organisms and in
eO 65Zn were generallyOCo andseawater showed that the specific activities of

several orders of magnitude greater in the marine organisms than in the
seawater. However, the specific activities of 137Cs in both seawater and
marine organisms were essentially the same. This is an a tremely
important observation, since it indicates that the OOCo and 65Zn exist in the
oceans in physical and/or chemical forms which are different from their
corresponding stable elements contained in the oceans, and that these forms
are more readily available for biological assimilation. It also means that
predictions of the uptake of certain radionuclides in the ocean by marine
organisms may be several orders of magnitude too low, when based on the
behavior of their corresponding stable elements. Also, predictions of the
inventory of certain radionuclides in the oceans, based on radionuclide
measurements in ma ine organisms may be several orders of magnitude
too high. Palmer (" ), recently found that the specific activity of 55Fe in
salmon was about 10, 000 times greater than the 55Fe specific activity in
Northeast Pacific Ocean Water, which indicates that 55Fe is also in a form
which. is different and more readily available for biological uptake than the
stable iron in the ocean.

Conclusions

The following general conclusions may be drawn from the observations
made during the environmental and radiological study which was conducted
in Jun 1967, 350 miles off Newport, Oregon:

1. Artificial radionuclides, such as 137Cs, which are in true solution
and biologically inert have penetrated the first 650 meters by hydrological
mixing processes, although greater than 95% of the total radioactivity resides
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TABLE VI

COMPARISON OF SPECIFIC ACTIVITIES OF 60 cot 65ZN, AND
137CS IN SURFACE SEAWATER AND IN MARINE ORGANISMS

Seawater Specific Activity (d/m/gram of element)
60Co Co 1x104
65Zn - Zn 1 x 102

137Cs-Cs 4x106

Marine Organiser. Specific Activity Ratio of: Specific Activity in
m gram o e ement) Organisms

Specific Activity in
Seawater

1. Cololabis saira
(saury)

60Co - Co %1 x 106 ,, 100

65Zn - Zn 4 , 1x1 04 > 100

137Cs-Cs '6x106 ti 1.5

2. Diaphus theta

60Co - Co 4x105 40

65Zn - Zn 3.4 x 104 > 340

137 Cs - Cs 'L4 x 106

3. Lampanyctus ritteri

60Co - Co '\.4 x 105 '" 40

65Zn - Zn '6x103 >
60

137Cs Cs 2 x 10 6 0.5

4. Sergestes similis

60Co - Co 1 x 106 100

65Zn - Zn 3x104 > 300

1

5. Tactostoma mac ropus
60Co - Co w7x105 'ti 70

65Zn - Zn "u2 x 103 > 20

-

1
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in the first 300 meters. Radionuclides such as 55Fe, 65Zn, 60Co and 54Mn,

which are readily assimilated by marine organisms, have reached great
depths by biological transport or sedim ntation rocesses. 55Fe was mea-
sured at a depth of 1524 meters, while 0SZn, 6UCo and54Mn were detected
and measured in benthic marine organisms taken from a depth of about
3750 meters.

2. Concentrations of certain radionuclides are much higher in both the
water and in particulate material ( >0. 3 µ) in localized areas of high biologi-
cal productivity. Thus, surface waters may show highly variable concentra-
tions for radionuclides and trace elements which are readily accumulated by
marine biota.

3. The specific activities of 65Zn, 60Co and 55Fe are several orders
of magnitude greater in marine organisms than in Northeast Pacific Ocean
water, indicating these radionuclides exist in forms which are different and
more readily available to marine organisms, than their corresponding
stable trace elements contained in the oceans. Thus, estimates of the uptake
of these radionuclides in marine organisms based on their stable element
behavior may be several orders of magnitude too low, while estimates of the
inventories of the radionuclides in the oceans based on their specific activi-
ties in marine organisms may be several orders of magnitude too high.

4. The cosmic-ray produced radionuclide 7Be (53 d) was measured at the
surface and at a depth of 328 meters. This radionuclide appears to be an
excellent tracer for studies of mixing rates in the upper layers of the oceans.
However, its geographical distribution and behvior in surface waters of the,
worlds' oceans need to be defined to determine the effect of latitudinal
variations on its production in the atmosphere and subsequent deposition in
the oceans.

5. Vertical profiles of 226Ra in the Northeast Pacific Ocean may be good
indicators of coastal up-welling processes. High concentrations of 226Ra in
surface waters and in deep waters (where the 6Ra content is increased by
the dissolution of the sediments) with minimum concentrations in the midwater
regions of the profile indicate that deep waters reach the surface by coastal
up-welling.

6. The trace elements Sr, Rb, U, Cs and Sb appeared to be quite
homogeneously distributed in surface and deep waters of the Northeast
Pacific Ocean and their concentrations observed in this work were in fair
agreement with recently reported values. The Zn, Co and Sc showed greater
variability in the surface and deep water samples and the Co and Sc concen-
trations averaged about 3-10 times lower than previously accepted values.
These elements are associated to a large extent with biological and particu-
late material which accounts for their heterogeneous distribution in the
oceans. The Sc values are believed to be the first measurements in seawater
since Wattenberg first estimated its concentration to be 0. 04 ppb in 1943.

7. Marine organisms highly concentrate zinc and cobalt in their bodies,
particularly in the liver and gut. These elements are well known for their
role in the biochemical functions in organisms. Several species, particular-
ly shrimp, squid and some fishes, highly concentrate silver in their bodies,
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suggesting this element may play an important role in certain biological
systems. The antimony, cesium and scandium were not significantly
concentrated in marine organisms and are probably not considered essential
elements.
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RESEARCH IN PROGRESS

C. CHEMICAL STUDIES

William O. Forster, Leader

Several cores from the Central Pacific, received from the Lamont
Labs, had a wide range of sedimentation rates. Mr. Stanford is going
to analyze parts of these cores from the same time period for several
metals in order to ascertain the relative amounts of extraterrestrial,
terrestrial, and submarine volcanic contribution to each sample. These
metals are going to be determined'by atomic absorption spectrometry.

The ubiquitous planktonic foraminifera, a much studied organism by
the biologists and geologists, was studied for its trace element compo-
sition. Calcium and magnesium as alkaline earths plus manganese, iron,
cobalt, nickel, copper and zinc as transition metals were determined by
atomic absorption spectrometry. Precision studies reveal some very
variable elements among some species, while others are remarkably
constant.

The experimental work carried out by Guthrie on the determination
of specific activities of as many radionuclides as possible in a variety
of medium from fresh water, brackish estuary water, to seawater of
32. 5 ppt was very productive. Several methods were contrasted for ease
of manipulation, scope of analysis, and reproducibility. As a result,we
now have excellent methods available to determine specific activities
of our most frequent neutroninduced radionuclides, i. e. , 51Cr, 65Zn,
46Sc, and 54Mn,ll with the same technique. Values are tabled to show
the variability of Cr and 65Zn in estuary water over the past year.
Although the MIBK extraction was the first method used to get both
stable and radioactive nuclides from the same sample, it appears to
have less advantages than evaporation for fresh water samples and
Fukai's trace iron scavenging for sea water samples.
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ELEMENTAL COMPOSITION OF NORTH PACIFIC FORAMINIFERA

By W. O. Forster, G. Fowler, and T. Ozawa

The most abundant microscopic animals covering the abyssal sediments
in all oceans are the foraminifera (forams). These much studied animals,
50, 000 species have been described to date, have had a renewed popularity
due to the fact that the abundance of planktonic forms from cores show the
paleoecologist the changes in the temperture of the sea water above these
deposits for the Pleistocene period. Dr'. H. C. Urey also analyzed the
oxygen isotopes found in the calcium carbonate in the shells of the plank-
tonic forams to relate these isotope ratios to temperature of formation.
Both methods correlate well with the geologically deduced Pleistocene
-climatic changes.

In spite of the great volumes of data on the forams, surprisingly little
quantitative information is available on the chemical composition of the
shells, expecially the 3d transition elements (Mn, Fe, Co, Ni, Cu, and Zn).
It is with that in mind that this study was initiated.

METHODS

A North East Pacific Coast sediment core was sieved thru a ,6Z11 mesh.
This fraction consisted mainly of forams which are designated as "coarse"
fraction. Planktonic forams were visually sorted out of this coarse
fraction to give the "pure" fraction. Two samples (approximately 200 mg
of each fraction) were dissolved in 5ml HC1 (6N) and diluted to 25m1 with
HC1 (0. 37 N) and analyzed for Mg, Mn, Fe, Co, Ni, Cu, Zn by atomic
absorption spectroscopy (Perkin Elmer Mod 303). - To determine Ca,
1 ml of the above solutions were diluted to 200 ml with HC1 (. 37 N) first
and then run.

In order to determine the variability in the "coarse" fraction, ten separate
'coarse"solutions were prepared (0. 200 g/25 ml) and analyzed as above.
Also, ten'cearsd"samples were taken from a stock solution (2. OOOg/250 ml)
and analyzed. The results are shown in Table I.

The most precise element to determine was magnesium which showed
more than 2% precision for all the samples, replicate 't oarse'as well as
purified samples. The elements calcium, iron, zinc, copper, and
manganese also illustrate a high reproducibility between replicates so one
would hesitate to manually separate the forams from the course sieving
unless one were interested in a very high precision. However, cobalt and
nickel proved troublesome to run by atomic absorption as replicates agree
within 25 to 50%.

It should be noted that no species segregations were made on these
samples therefore much of the variability might be eliminated by including
that step in the procedures.



TABLE I

ELEMENTAL COMPOSITION OF PLANKTONIC FORAMINIFERA FROM NORTH EAST PACIFIC

Samples Ca(%) Fe(%) Mg(ppm) Mn(ppm) Zn(ppm) Ni(ppm) Cu(ppm) Co(ppm)

"Pure" 24.8 0.314 293 205 47.0 71.3 29.5 12.5

"Coarse" 22.7 0.346 294 280 72. 7 58.4 27.3 4.7

10 Coarse-
range 22.2 0.319 283 298 71.7 45.5 26.7 9.9

from one 21.8- 0.314- 281- 296- 70.3- 0 -, 26.3- 0-
sample 22.7 0.331 287 300 73.1 113 29.5 18.8

10 Coarse-
range 23.1 0.297 284 287 62.8 42.1 27.4 6.2

from 10 19.2- 0.287- 280- 296- 70.3- 17.5- 26.3- 0.0-
samples 25.0 0.312 288 300 73.1 113 29.5 18.8
range
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EXTRATERRESTRIAL MATERIAL INFLUX AS
DETERMINED IN DEEP-SEA SEDIMENTS

By H. M. Stanford and W. 0. Forster

The results of deep-sea sediment studies to ascertain influx rates
of extraterrestrial material are uncertain and controversial because the
sedimentation rate determinations are unreliable. We are beginning a
program to re-examine several trace metals as a function of sedimentation
rate in reliably dated cores.

Using cores for which paleomagnetic evidence indicates approximately
uniform and continuous sediment accumulation, we will look for evidence of
a fraction of certain key elements which might be extraterrestrial in origin.
Prime criteria for selecting key elements include a short residence time in
the ocean, and depletion in the earth's crust relative to meteorites. Nickel
will be central for this study.

Determination of the trace element content of the total sediment will
be accomplished by complete dissolution of the sample. All metals of
interest will be released into one solution phase which will be analyzed by
using the Perkin-Elmer Model 303 Atomic Absorbtion Spectrophotometer.
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SPECIFIC ACTIVITY OF ZINC-65 IN NATURAL WATER

by William O. Forster and Thomas Guthrie

INTRODUCTION

During the past year we have compared several methods for trace
metal determination in natural waters for. the ultimate purpose of developing
a field procedure for the analysis of specific activities. The salinity factor
causes any chemical procedure to be widely variable due to the extreme
ranges of pH and ionic strength from fresh water to seawater. To reduce
these effects we tried four different methods to concentrate and separate
trace metals of concern from Columbia River Estuary water. The methods
are described as follows: a) chemical extraction with chelate of organic
solvent (MIBK Extraction), b) physical evaporation with an oven to dryness
(PE) c) chemical coprecipitation of small volume samples with carriers
(SVP) and iron hydroxide, d) chemical coprecipitation without carriers and
with trace iron scavanger (TIP).

Specific Activity of Zinc-65 in Natural Water (MIBK Extraction)

Specific activities of 65Zn in unfiltered estuary water have been deter-
mined from samples taken monthly from four stations in the Columbia
River estuary. The stations are, in order of decreasing distance from the
Hanford reactor, Sand Island (Buoy 10), Chinnok Point, Astoria (Buoy 39),
Harrington Point. Zinc was extracted by chelating with sodium di-ethyl
di-thiocarbamate (NaDEDTC) at the natural pH of the estuary water
(6. 5-7. 5). The chelate was then extracted into methyl iso-butyl ketone
(MIBK) and back extracted into (. 36 N) HCl, which is then diluted to 25 ml.
for a final 30 fold concentration of zinc. The solution is then aspirated
into a Perkin-Elmer Model 303 atomic absorption spectrophotometer and
compared with zinc standards in the same solvent to determine the total
amount of zinc. The solution remaining is then measured, evaporated to a
small volume, and rinsed into a counting tube for determination of zinc-65
gamma activity by a 5" x 5" NaI (Ti) well crystal, and compared with 65Zn
standard activities determine with the same crystal with the same geometry.

For any given date, the specific activity of 65Zn in water taken from
stations closest to the Hanford reactor should be highest, and this activity
should decrease with distance from the reactor. From Table 1 it can be
seen that for each month's samples this is generally true with the single
exception of 8 April Astoria, which is slightly lower than would be expected.

A disadvantage of this technique is that it only extracts zinc which
is available to the chelate and not the particulate or more stable complexed
forms. But this is no problem if specific activity is all that is desired, as
the specific activity of particulate Zn is assumed to be the same as that of
soluble 65Zn; therefore, the fraction removed is the same in both cases.

Specific activities of 65Zn in estuary water by this method, have ranged
from 0. 05 - 1. 5 µCi/g Zn, with the highest values regularly occurring at
Harrington Pt. Also, the specific activities have shown a downward trend
from July to December, and since then have been steadily rising, which
may reflect river flow patterns.



73

TABLE 1

COLUMBIA RIVER ESTUARY SPECIFIC ACTIVITIES
OF ZINC-65 BY MIBK EXTRACTION

Stable Zinc 65Zn
SA _µCi.Zn65

(ppb) Activity (pCif7 g

June 26, 1967 Slough 12.17.76 0.641
Alder Creek 30 2.63 0.087
Buoy 10 15.-2 2.36 0.357
H. P. 10.6 5.04 0.475

July 24, 1967 Slough 9.0 1.33 0. 15
C.P. 6.7 2.14 0.319
A t 13 3 6s . . 2. 9 0.202

Aug. 19, 1967 H. P. 11.04.87 0.443

Dec. 28, 1967 Slough 20.7 1.26 0.061
Buoy 10 9.3 2.67 0.28
C. P. 7.0 2.21 0.32
H. P. 6. 8 3.72 0.55

Jan. 26, 1968 Slough 7.3 .35 0.048
Buoy 10 8. 0 2; 71 0. 34
C. P. 13.3 4. 64 0.349
A t is or a 5.5 3.81 0.64
H. P. 5.o 4.13 0.83

March 12, 1968 Slough 9.3 1.41 0.15
Buoy 10 8.0 4.05 0.51
C. P. 7. 7 3.90 0.51
A t i 6s or a 8.3 5.07 0. 1

HP. 6.0 6.10 1.02

April 8, 1968 Slough -- -- ---
Buoy 10 28.7 7.92 0.276
C. P. 14.5 11.0 0. 757
A i 6stor a 14.0 8. 4 o.617
H. P. 13.3 19.4 1.46

May 10, 1968 Slough
Buoy 10 -- --
C. P. 10.04.35 0.435
A storia 22.'7 11.1 0.490
H. P. 18.7 13.5 0.738

C. P. = Chinook Point
H. P. = Harrington Point
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Concentration of Estuary Water to Yield Specific Activities of Cr-51 and Zn-65

In an attempt to obtain the specific activity of 51 Cr as well as 65Zn,
duplicate 900 ml. aliquots of estuary water samples having a salinity below
0. 5 ppt were evaporated in an oven to dryness in beakers. The residue was
then boiled with fuming nitric acid, dissolved in (. 36 N) HC1, rinsed into
25 ml. volumetric flasks and diluted for a 36 times concentration factor.
This solution is aspirated into a Perkin-Elmer 303 atomic absorption
spectrometer and anlyzed for total zinc, manganese, and chromium by
comparing with standards dissolved in the same medium. The remaining
solutions are then pooled and counted on the gamma ray spectrometer.

The results for both the total zinc and the 65Zn comparable to those
obtained by MIBK extractions, although generally somewhat higher, see
Table 2. This could be attributed to the particulate matter in the water
which is dissolved by the fuming nitric acid. The specific activities of
65Zn in the concentrates are higher than in the MI.BK method but this slight
difference could be due to the presence of 46Sc, which contributes counts
to the 65Zn peak. The radioactive 51Cr is found at levels quite similar to
those found in small volume precipitates done on the same samples
(around 400 pCi; L).

Total chrome determined in the concentrated solutions atomic absorption
spectrophotometer ranges from 30-60 ppb, which stretches the sensitivity of
the machine. This 5cprresponds to 1-2 ppb in the original water sample. The
specific activity of Cr in the river thus ranges from 100 - 400 µCi/g Cr,
two orders of magnitude greater than 65Zn. This is to be expected since the
primary source of chromium in the river is the Hanford reactor site itself,
where it is added in great amounts to retard corrosion. This is in contrast
to zinc, which is naturally present in trace levels.

TABLE 2

COLUMBIA RIVER ESTUARY SPECIFIC ACTIVITIES OF 65ZN and
51CR BY EVAPORATION

Date .&

Station
Stable 65Zn Act SAof65Zn Stable Cr
Zn ppb pCi/L µCi/gZn ppb

51Cr Act.
pCi/L,

SAof51Cr
.Ci/gCr

Mar 12, 1968
Slough 12.03.54 0.303 2.5 4.68 1.87
Ha r rington Pt. 12.2 20.31.66 2.3 4 70 204

April 9, 1968

Slough 7.6 1.83. 0.24 1.6 14.7 9.21
A storia 15.9 18.11.14 1. 7 413 243
H. P. 23.7 26. 7 1.13 1.4 3 70 264

May 16, 1968
Astoria 10.9 24.22.22 1.36 621 456
H. P. 20.9 23.11.11 2.31 272 118
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Small Volume Precipitation of Estuary Water (SVP)

Duplicate four-liter aliquots from water samples collected monthly
from the four Columbia River estuary stations have been precipitated in
the laboratory with 4% FeCl3 and NH3 as the precipitating agents, MnCI2,
ZnC12, CoC2, CrCl3 as the carriers, and SnC12 as the reducing agent to
convert Cr+ to Cr+3. After the precipitate has been allowed to settle in
the beaker, it is filtered through a #42 Whatman.filter paper in a Buchner
funnel. The paper is then rolled up and placed in a counting tube for
gamma radiation nalysis. The principal radionuclides present have been
6Sc, 51Cr, and 0SZn. Other radionuclides which have shown up inter-

mittently are 54Mn, 124Sb, 40K, and 60Co.

The levels of 65Zn and 51Cr have followed the same trends demonstrated
by the MIBK extractions (see Table 3). The principal trend is the increase
in radioactivity with distance from the mouth of the estuary. Typical values
for 51Cr and 65Zn activity in icocuries per liter of water are, respectively,
100-500 pCi/L and 10-30 pCi/L. The extremes of 51Cr and 65Zn are from
1. 5 - 29.3 and 17-1765 respectively. This method has proven to be
relatively quick and foolproof. Its only drawback is that specific activities
cannot be determined from it, since the large amounts of FeC13 and carriers
present too much contamination.

TABLE 3

COLUMBIA RIVER ESTUARY ACTIVITIES OF 65ZN and 51C
BY SMALL VOLUME PRECIPITATION

Date/Station 65Zn Activity
(pCi/L)

51Cr Activity
(pCi/L)

So/oo

June 26, 1967 Slough 10.5 177
B-10 16.9 393 0.1
H. P. 16.8 500 0.1

July 24, 1967 Slough 6.3 241 4.9
C. P. 9.2 384 0.3
Astoria 33.6 1354 0.1
H. P. 42.0 1765 0.1

Aug 19, 1967 Slough 7.2 108 4.9
C.P. 4.9 68 3.0
H. P. 14.5 9 74 0.1

Sept. 20, 1967 Slough 7. 7 215 3.3
C. P.
H. P.

4.9
4.5

64
349 0.1

Oct. 31, 1967 Slough 13.0 121 2.1
Nov. 29, 1967 Slough 17.6 231 0.5

C.P. 1.5 17.1 25.7
H. P. 10.5 7 80 0.0

Dec. 28, 1967 Slough 1.7 47 0. 1
B-10 9.8 199 17.6
C. P. 10.2 202 11. 7
H.P. 13.5 616 0.8
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Table 3 (Continued)

Date/Station 65Zn Activity
(pCi/L)

51Cr Activity
(pCi/L)

S/oo

Jan. 26, 1968 Slough 1.4 6 0.3
B-10 12.1 72 5.9
C. P. 11.3 113 5.5
Astoria 13.6 228 o.8
H. P. 16.5 269 0.2

March 12, 1968 Slough 3.4 10 o.6
B-10 8.2 75 10.5
C. P. 4.8 114 11.5
Astoria 12.8 325 2.0
H. P. 20.9 404 0

April 9, 1968 Slough 2.6 0 11.2
B-10 15.4 405 2.1
C. P. 20.1 467 2.2
Astoria 22.4 481 0.3
H. P. 24.7 397 0.1

May 10, 1968 Slough 15.0 98.3 2. 8
C. P. 11.1 160 5. 7
Astoria 26.8 242 1.0
H. P. 27.7 308 0. 1

May 16, 1968 C. P. 12.6 492 1. 7
Astoria 29.3 600 0.3

Trace Fe (OH)3 Coprecipitation to Yield Specific Activities of 51Cr and
65Zn in Natural Water*

Several attempts were made to use lesser amounts of FeCl3 and propor-
tionately lesser quantities of contaminants, to coprecipitate total zinc and
chromium which could then be redissolved in acid and aspirated into the
atomic absorption spectrophotometer. The FeC13 coprecipitation method
has been proven to work for radionuclides; hence it should work for the
corresponding stable nuclides. This would give a measure of specific activ-
ity, and the use of less FeCl3and absence of carriers would also reduce the
contamination. The initial attempts failed, principally due to the problem
of forcing such a small amount of FeC13 to precipitate in a large volume of

*Adapted from "A Differential Method of Analysis for Trivalent and
Hexavalent Chromium in Sea-Water" written by Rinnosuke Fukai and
Daniele Vas in Journal of the Oceanographical Society of Japan, V. 23,
No. 6, pp. 298-305, December, 1967.



77

H2O. But Fukai and Vas (1967) claimed that coprecipitation could be
accomplished by forming a slurry of Fe(OH)3 precipitate using 0. 1%
FeCl3 in a separate container, then stirring the slurry in the water
sample for 6 hours. This was done in our laboratory on duplicate 4-liter
unfiltered estuary water samples, using 10 ml. of 0. 1 ppt FeCl3 and
15 ml. 3. 5°%o NH3 to form the slurry. After stirring magnetically for
six hours with SnCl2 as reducer, the ppt was allowed to settle overnight
and filtered the following day through a 47 mm Gelman 1. 2µ membrane
filter. The membrane complete with precipitate was then transferred to
a 25 vol flask and dissolved by boiling in fuming HNO3 and then diluting
with 0. 36 N HCl. This solution is then aspirated into the atomic
absorption spectrometer and anlyzed for total zinc, chromium, and
manganese and other metals of lesser interest. Blanks are prepared
using the same reagents and similar membrane filters, and their aver-
age value in each of the metals of interest is subtracted from the average
sample value determined on the atomic absorption spectrometer. Since
this procedure results in a 160 times concentration, the zinc in the final
solution is a levels of several ppm, and Cr is present at levels of several
tenths of a ppm. The remaining solutions are then pooled and condensed
sufficiently to rinse into a counting tube for gamma ray analysis. Follow-
ing this, specific activities of the radionuclides can be calculated.

Specific activities have ranged from 43-145 microcuries/gram for
chromium-51 and 0. 69 -1. 2-2. 0 microcuries/gram for zinc-65 in the few
samples which have been treated in this matter to date. Comparison of
the 65Zn and 51C r .values with those obtained by small volume precipitation
on the same water samples shows a very close correlation. The 65Zn
values are almost identical, and 51Cr in this trace FeC13 method tends to
be about 80% of the small volume precipitation values; a figure which may
be increased by use of more reducers.

TABLE 4

COLUMBIA RIVER ESTUARY SPECIFIC ACTIVITIES OF
65ZN AND 51CR BY TRACE IRON COPRECIPITATION METHOD

Date/ Stable
Station Zn ppb

65Zn Act
(pCi./L)

SA Zn65
µCi/gZn

Stable Cr
ppb

51Cr Act.
pCi/L

SA
51Cr

µCi/gCr

April 8,1968
B-10 22.1 15.30.69 0.9 37 43
C.P. 16.5 18.21.10 0.8 41 52

May 10, 1968
14.1 16.9 1.20 1.3 193 145
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Comparisons of Results by MIBK Extraction, Concentration by Evaporation
(PE) Small Volume Precipitation (SVP) and Trace Iron Precipitation (TIP)

To date, all of the above techniques have been used in combination on
only a few water samples. Comparing zinc-extracted by all four methods,
the lowest levels of 65Zn are always found in the MIBK extractions, and the
highest levels are generally in the evaporation concentration. However,
the 65Zn values in all but the MIBK have not yet been corrected for the pre-
sence of 41Sc, which emits energy at the same level as 65Zn,. The MIBK
avoids this problem, since it preferentially extracts zinc. However, it
fails to extract zinc which is in the particulate form. Hence more zinc,
both stable and radioactive, should be found in the other methods. This is
generally true.

Looking at the chromium values found in the three methods (all but MIBK),
the pCi/L in the trace coprecipitation is generally lowest, ranging from
10-85% of the values found in the SVP and evaporation (PE). The 10% recov-
ery values were obtained when no reducer was added; addition of 5 ml.
0. 47% SnC12 2H20 yielded the 85% recovery. Use of increased amounts
of reducer enhances the recovery but also increases the contamination.

An experiment was done to compare the effect on a SVP of leaving out
reducer and carrier ions. Absence of carrier ions resulted in about 90%
recovery of both Cr-51 and Zn-65. Absence of SnCl 'reducer resulted in
only around 30% recovery of Cr-51, and as expectedlad no effect on
Zn-65 recovery.

Total chromium can only be determined by the trace coprecipitation or
concentration technique. The trace precipitation takes longer and involves
more apparatus, but it results in a 160X concentration of metallic ions.
The concentration method is quite straightforward, but yields only a 36X
concentration factor, and cannot be used with water samples exceeding 0. 5
ppt salinity since the resulting concentrated solution will clog the atomic
absorption spectrometer burner if it exceeds more than 2% salinity. The
levels of both 51Cr and total chromium found in the concentrates exceed
those found in the trace coprecipitation, but specific activities calculated
from these values are higher for the coprecipitation indicating that part of
the chromium found by atomic absorption may be due to contamination.
With only a 36X concentration factor, the concentrated chromium is at
levels of 50 ppb, which is stretching the sensitivity of atomic absorption and
is barely above background noise. With a 160 X concentration it is possible
to set up a good standard curve of absorbance vs. ppb for standards in the
100-200 ppb range.

In summary, the most adaptable of these four is the trace coprecipita-
tion procedure.' It can be used on all types of water samples, and it can be
used to determine specific activities of many radionuclides. Some improve-
ments could be made to speed it up, such as sonic vibration instead of mag-
netic stirring, and more reducer could be used to improve recovery. Also
higher purity Fe+3 could be used to reduce the blank values. Also if even
greater concentration were desired, larger water samples, such as 10 liters,
could be coprecipitative. The percent of the metal in particulate form
could be determined by prefiltering the water through a .45 micron mem-
brane filter, then dissolving the membrane in the same way as the
precipitate.
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TABLE 5

COMPARISON OF ACTIVITIES AND SPECIFIC ACTIVITIES OF
ESTUARY WATER BY SEVERAL METHODS

Stable Zn Radiozinc SA 65Zn Stable Radio SA51Cr
(ppb) (pCi/L)

Methods
µCi/g Zn Chrome

(ppb)
Chrome
pCi/L

µCi/gCr

MIBK 9.0 2.31
Extraction

0.26

S. V. P. -- 3.36 115

Evaporation
Concentration 6, 6 5.95 0.91 1.97 64 32

Trace
Coprecipi-

tation 7.6 3.03 0.40 0.91 87 95

The following procedural outlines summarize the four separate methods
used in the analysis of chromium and zinc for both the stable and radioactive
isotopes. More pooled water will be tested by all the procedures so better
comparisons between the methods can be made and the best features of each
combined into a workable field procedure.

MIBK Procedure (Methyl iso-Butyl Ketone extraction of Zinc)

1. Measure out eight 750 ml aliquots of well-mixed water sample into
1 liter separatory funnels.

2. Add 2 ml (2%) Sodium Diethyl Dithiocarbonate (NaDEDTC)
3. Add 100 ml Methyl iso-Butyl Ketone (MIBK)
4. Spike with 5 ppm zinc (in double distilled water - not HC1) in duplicate:

0 ppm add 0 ml. 5 ppm Zn
0,.6 ppm add 3 ml. 5 ppm Zn
1. 0 ppm add 5 ml. 5 ppm Zn
1. 6 ppm add 8 ml. 5 ppm Zn

5. Shake for 60 minutes at medium speed on modified Wrist Action shaker.
6. Let stand for 15 minutes, or until separated.
7. Drain lower phase and discard.
8. Add 20 ml. (0. 36 N) HC1
9. Shake for 20 minutes at high speed

10. Let stand for 15 minutes, or until separated.
11. Drain lower phase into 25 ml. volumetric flasks and dilute to mark

with (0, 36 N) HC 1
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12. Aspirate into atomic absorption spectrophotometer to determine
zinc concentrations.

13. Plot absorbance of PPM (AAS) vs. PPM (spiked) and draw best
line. The X-intercept divided by 30 will be the original ppb zinc in
the water sample.

14. Pool the remaining samples in a beaker after measuring their total
volume, then evaporate under infrared lamp and rinse into a
counting tube for gamma radiation analysis.

PE Procedure (Evaporative concentration of estuarine waters)

This procedure is possible only when salinity is less than 0. 5%o, as a
36x concentration exceeds 2% salinity and will clog the Boling burners.

1. Measure out duplicate 900 ml. well-mixed water sample into 1 liter
beakers which have been washed with (6N) HC1.

2. Place beakers in oven at medium setting ( N 90° C - temperature is
not important) along with two empty beakers as blanks. Evaporate
to dryness, making sure that nothing can fall in the beakers to con-
taminate them.

3. Cool, add fuming HNO3 (-10 ml.) dropwise washing down the sides
of the beaker. Then boil off HNO3 on hotplate and add HC1 dropwise,
washing down sides of beaker.

4. Rinse beaker out as many times as possible with small amounts of
N HC1 into a Z5 ml. vol. flask.

5. Heat flask to boiling, let cool and dilute to mark. Shake and allow to
settle before running by atomic absorption for Zn, Cr, Mn. Treat
the blanks in the same manner and subtract their average values
from those of the samples.

6. After atomic absorption measure volume of remaining sample, pool
in beaker (50 ml) and evaporate under infrared lamp until volume is
small enough to rinse into counting tube for gamma ray analysis.
(Seal counting tube with a cork and paraffin. )

SVP Procedure (Small volume coprecipitation with Fe(OH)3)

(Volume measurements are not critical - use graduated cylinder)

1. Measure out duplicate 4-liter samples of well-mixed water sample
(seawater or fresh) into 4-liter beakers.

2. Check pH: if between 6. 5 and 7. 5, no buffering necessary. If too
high, add 0. 36 NC1 to neutralize. If too low, add 3. 5% NH3 to
neutralize.

3. Stir in (stirring rod) 20 ml. 0. 47%. SnCl2 2H20 reducing solution
(prepared by dissolving 4. 68 g. in 1 liter dilute HC1).

4. Stir in 20 ml. of a Carrier solution which contains 2. 34 g. /liter
H2O each of the following MnC12 4H20, ZnC12, CoC12 ' 6H2 O,
CrC13 6H 0.

5. Stir in 20 ml. of 4% FeC13 . 6H2O (dissolved in double distilled water)
and continue stirring intermittently for -15 minutes.

6. Slowly stir in 20 ml. 3. 5% NH3, pH should approach 9. 5.
7. A large flocculant red precipitate should form and be allowed to. settle

overnight.
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8. Filter through Whatman #42 in a Buchner funnel, pouring the clear
supernatant through first.

9. Roll up the filter paper while still moist and stuff into a counting
tube. The residue on the Buchner can be policed with a small piece
of filter paper moistened with . 36 N HCl.

TIP Procedure (Trace Fe(OH)3 coprecipitation technique)*

(Keep beakers covered at all times with paper towels)

1. Measure out 4 liters of well-shaken water sample (seawater or
fresh water) into beakers and start stirring magnetically.

2. Add 10 ml. 0. 47% SnCl2 2H2O to each.
3. Pipette 10 ml. 1 ppt Fe#3 (solution made by dissolving FeCl3

6H20 in (. 36N) HC1 into 50 ml. beaker, then form Fe(OH)3 slurry
by adding approximately 15 ml. 3. 5% NH3.

4. Rinse the slurry into the stirring water sample with double distilled
water and cover; let stir for six hours, then let sit overnight.

5. Decant off most of the supernatate, then filter the remainder thru a
47 mm 1. 2µ membrane filter in a millipore filtering apparatus. Rinse
the beakers out into the filter with double distilled water, also rinse
the sides of the filter.

6. Wipe off filter top with membrane. Transfer the moist membrane
with the precipitate into a cleaned (with 6N HC1) 25 ml. vol. flask,
then boil with 10 ml. fuming HNO3 over a hot plate (watch for bump-
ing) to near dryness, then add (. 36N) HCI and heat to boiling. Let
cool and dilute to mark and run by atomic absorption for Zn, Cr. ,
Mn, subtracting the blank values.

7. Blanks can be made by making an Fe(OH)3 slurry in a beaker with
10 ml. (. 47%) SnCl2 , then filtering thru 1. 2µ membrane and treating
as sample.

8. Pool duplicates, measure volume, evaporate under lamps and count
for radionuclides.

"Adapted from Fukai's "Differential Method of Analysis for Trivalent
and Hexavalent Chromium in Seawater" Journal of the Oceanographical
Society of Japan, V. 13, #6, pp 298-305 Dec. 1967.
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MEDIUM VOLUME PRECIPITATION TECHNIQUES COMBINED
WITH IN SITU PROBE DETECTION

"Mark Twain Cruise"

by William O. Forster, Peter Hanson and Ingvar L. Larsen

The changing form of the radionuclide as it moves downstream
has concerned those interested in the chemistries of these elements in
different ionic strength solutions. Two transition metals, chrome (VI)
and zinc (II) act oppositely in the Columbia River due to their differences
in ionic potential. Anionic chromate remains soluble throughout the
passage to the mouth while cationic zinc quickly becomes particulate,
or associated with the particulate material in the water and remains in
that form until mixing with seawater in the estuary.

The purpose of this study was to quantify these changes in form
for both the transition metals as they moved with the river water down-
stream through the brackish estuary water into the sea water. Two
detection procedures were used, one was electronic, an in situ detection
by an immersed 3"x3" NaI(Tl) crystal coupled to a photomultiplier tube
and portable N. D. 130AT 512 channel analyzer. The second detection
method was chemical by medium volume precipitation (MVP) as outlined
in last year's progress report. This method will recover 99% of the
51Cr (VI) in solution if a reducing agent is used to insure all the Cr (VI)
is in the Cr (III) state. The 65Zn is also quantitatively recovered if
zinc carriers are added.

Figure la compares the 51Cr activities on the filter (particulate)
with the total amount in solution, as determined by the in situ probe.
Thus the percent particulate 51 Cr slightly increases as it moves down-
stream, 0. 01% per mile. The results from a previous cruise plotted
(as dashed line) along with this study (MT) shows a similar small in-
crease in particulate 51Cr but starting at a lower level. In contrast,
65Zn is 58% particulate at the Dalles Dam, remains at approximately
the 65% particulate level throughout the river, and then becomes very
erratic with a perceptable drop in the mixed water in the estuary to
45% particulate. This in contrast to the data from the previous cruise
which shows a definite break at the sea water interface and lower values
at all stations.

This relative constancy of particulate zinc compared to the slight
increase in particulate chrome in the up-river reach car5 be better
illustrated by a plot of the ratios of percent particulate 6 Zn to percent
particulate 51Cr, Figure 2. The obvious increase in ratios in the
estuary water may be due to either a decrease in the particulate chrome,
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or less increase in particulate zinc. The latter doesn't seem likely
as Figure lb indicates a definite decrease in the particulate form.

The data is not only inadequate in number in the brackish water
but also erratic. This may be due to (a) variable kinetics in the chemical
reactions between the sea water and the ions associated with particles
in the river water, and/or (b) variable dilution by the sea water during
different tidal cycles, (c) or even procedural or detection inconsisten-
cies. In order to check both the in situ probe and the M. V. P. procedures
for precision, we assumed that the comparative ratios of total activity
from successive stations would reflect'only the changes in form between
these stations and that the non-statistical determinant errors in the pro-
cedures would then be obvious. This was plotted for both the in situ
probe and the M. V. P. data for each radionuclide and are together in
Figure 3a and 3b for 65Zn and Figure 4a and 4b for 51 Cr. The wide
variability for both radionuclides by in situ detection (Figures 3a and
4a) for successive stations is impossible to explain solely on the basis
of thermal changes of the water causing a variable output of the photo-
multiplier tube.

The changing 51 Cr total activities from station to station by in situ
probe (Figure 4a) are far more constant than are the same comparisons
with 65Zn (Figure 3a) primarily bec%ise the 51Cr. gives better counting
statistics at 50 times the activity of Zn in the water. Nevertheless,
the erratic behavior of the probe, for 51 Cr detection, is obvious starting
120 kilometers from the mouth and continuing through the estuary. The
detection of 65Zn by the probe appears to be worthless (Figure 3a) as
the successive station ratios indicate no consistency in any reach of the
river.

In contrast, the chemical processing for M. V. P. detection for both
radionuclides (Figures 3b and 4b) shows a remarkable consistency down
river until reaching the mixed estuary water. The slight constant in-
crease in slopes is indicative of the constant losses occurring between
stations, for example, physical decay, adsorption to particulate material,
sedimentations and bioaccumulation.
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CHEMISTRY OF THE COLUMBIA RIVER SYSTEM

by Kilho Park and William O. Forster

The influence of the Columbia River effluent on the chemistry of
the ocean off Oregon is augmented during the summer months. In order
to understand the origin, the pattern of transportation and in-river
changes of nutrients in the river water, we have studied the chemistry
of the upstream river, the estuary, and the Pacific Ocean off Oregon.
This is a brief report on the changing nutrient levels with depth from
the river through the estuary during 1967-8. This is also part of a
three-year study which will be more fully evaluated in 1969.

Monthly water samples were taken to determine synoptic and
seasonal distributions of three plant nutrients (phosphate, silicate,
nitrate), alkalinity, pH, CO2 concentrations, dissolved oxygen, tem-
perature and salinity. All stations were sampled at the surface, at
five meters, and near the bottom. Fig. 1-12 shows the monthly variation
of these parameters with depth from Chinook Point to Harrington Point.
It is not at all obvious, but the nutrients all reach a minimum during the
summer with the oxygen over 100% saturation. This is probably due
to high productivity of organic matter at. this time. Haertel (65-14) has
shown a 100-fold increase in plankton, primarily Eurytemora, from
June through October in the estuary in 1964. This excess food would
be transferred through the food web to fish and both the 20-minute otter
and midwater trawls taken in the summer were loaded with euryhaline
species, i. e. starry flounder, prickley sculpin, longfin smelt, Pacific
tomcod, and Pacific snakeblenny.

A look at the data shows that a typical classification of either a
well-mixed or two-layered estuary cannot be made unless one clearly
defines the observation time relative to the tidal cycle. The data is
given only for high tide to illustrate the point that during the spring
freshet, any high tide would give the estuary a two-layered form.
Oppositely, low river flow at high tide would give the estuary a well-
mixed view.

It is hoped that analysis of data from this study will help relate the
effects that water quality and nutrient conditions have on phytoplankton
and zooplankton abundance and distribution. An increased understanding
of the ecology of the plankton will help and, in turn, be helped by the
information obtained from radionuclide analysis of estuary organisms.



MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

(JUNE 26/27,1967)

fIARRINGTON
CH/NOOK PO/NT

PO/ISLAN

Tempera/ure
(°C)

$ol/i#y
( n1

02
(m///)

pH

Alkalinity
(meq//)

Po4
(jiM)

S102
(ii M)

NO3

rCo2

(m m)

10

7.6
0

7.7 5

0.92

1 2-5-ga 100

4 3-

"-1.5 0.9

10
0

5

10
0

5

10
0

5

10
0

5

10
0
5

89

10

`vim



90 MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

(JULY 24/25,1967)

;t-;" 1'HARR/N6TON
CH/NOOK :r;;/ ROJNT

Pu/N/...;

Temperature
(°C)

Salinity
(%°)

02
(m/ //)

PH

A/ka//riity
(mcq/1)

P04
(1' 11)

Si
02'

(,tits)

No3

(jiM)

(mfg)



MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

(AUGUST 18/19,1967)

Temperature
(°C)

salinity
o°

pH

A//gal/ii/ty
(pcq//)

Pa4
(,WAY

$/02
(Nm)

N03

(,uM)

rC02
(m IV)

3 5.5 --6=5 -

78 77 76
7

7.7
7.8Z I

' 1.5 1.O
Q5

40 50
X5.5

30

91.8 1.5 1.4 1.3 1.2

5

I0
0

0 J

5

10

5

I0
0

5
W

I0
0

5

10
0

0
5

10

91

-12 5 38



92 MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

Temperature
(°C)

Sa/in/ty

02
(M///)

pH

(SEPTEMBER 19/20,1967)

25N 10 5
I I\ 15 ` \\\30

4 5 5.5

- 8.0 7.9 -"-7.8--

Alkalinity .2.1 .2.0 1.8 I is4 1.312

Po4
(jiM)

0.6 0.4 0.1

IV
0

5

10
0

5

to
0

5

10
0

S102
(A if)

\ so 5
A--

440 50 70
20 30,,

10

5

SCa2

(mM)
1.6 14. .3L95 1.7

0
5

10

5

\ \ 6-

0



MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

Temperature
(°C)

Salinity
(%o)

02
(M///)

PH

Alkalinity
(meq//J

Po4

5/02

r Cot

(mM)

5 1

30 10 .--x-12

6.4--j 62
- 5.8

----'

I..`
.9

.4-
1.5--

02 Vo Of/3
-'4
20

(NOVEMBER 1,1967) .., .;..

120

5
g 13

3
1.2

1.9 1.8 .4

HARR/NGTON
PO/NT .

10

0
5

93

` '10

5

10

X76

--e0

5

0

0

5

'--,o

No



94 MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

Temperature
(°C)

salinity
(/o)

02
(m/ //)

pH

Alkalinity
(meq//)

S/02
(Am)

F Cot

(m/ I)

POINT

10

1.0

10

7.4 -\
10
0

5

10

5

HE10
0

0. 0.4 5
0.9 0.7

10
0a190 5

10

30,
8

13 35
37

35
5

1.9

(DECEMBER 12, 1967);

7.6 8' 0

5

0.99 - 1.0,,

HARRINGTON

0

10
0
5

10



MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

Temperature
(° C)

Salinity
(%°I

02
(m/ //)

pH

Alkalinity
(meq//)

Po4

5102
(ji if

No(jiM3)

Z C02
(m M)

(JANUARY 271968)

o. s o. ;
1.0

eo o 2i0
-\40

25 3015 N10

1.9 \ 5

10

95

'10
0



96 MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

fhmperature
(°c)

Salinity
(%o)

02
(m/ //)

pH

Alkalinity
(meq//)

.o.

0. 0.9 0.8
-1.2 1.0(;4 F

S102
(p/'t)

No3
(pM)

Eco2

(mM)

6.5N

5

0
0

5

10
0

8 .5 5

`2.0 1.6 1

25 \4 3X10.

0
5

I0

.(FEBRUARY 24, 1968)



MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

(APRIL 8,1968)

Temporafare
(°C)

0.5
5 I - -'-o"

10

02
(ml//)

_- 6 7.5 5
4 5\"

10

pH

A//; of/nity
(meq//)

Po4
(N if)

0

5

--'i0
0

1.06

20

0.6 0.8 0.8

10

10

5

10
0
550 -`140 200\

30
10

17 17

z Cot

(mi>9)

I

/
351' 7 13`

0,95-1.5 1.0
0.9

5

10

0

97



9R
MONTHLY SOUTH CHANNEL

COLUMBIA RIVER ESTUARY CHEMICAL DATA

HARRINGTON
POINT

Temperature
(°C)

S(7/inity
(%o)

O2

(m/ /II

13\`11 12

'i5
to

5
o,i`3o

5 5.5

5

10
0

-5
l0
0

5

I0
0

5

10
0

5

6 6.5 7

pH
7.5

Alkalinity
(meq//)

Pa4
(Afv)

S102
(.A/ M)

Nod.

(,iMM)

X0,5 0.95

2.05-0.5 ---
o.4 .

'-- 25
120

100
15

2 5/. 2 /2.5 2

-V Co2
2.0 Is it 1.2 .

(mM) \,\ N \

10
0

5

10
0

5

10
0

5

i0
-10

5

10



MONTHLY SOUTH CHANNEL
COLUMBIA RIVER ESTUARY CHEMICAL DATA

Temperature
(°C)

$a/ioity
(%o)

02
(m///)

pH

Alkalinity
(meq//)

Po4 .

(jiM)

5102
(pM)

No3
(jiM)

rCo2

(m M)

HARR/NGTON
POINT.:

IS

14

0.5
0 05.20

0

:- 5

.

--5

10-Lo
5

10

io.z o.2Q4 0

0.8:::\
5

1<
0

11
120

90 100\50 5

10
0

I 0
1 5..0. 5

10

o.s 02 I k0 5

10

6.5

99



100 RESEARCH IN PROGRESS
D. RA DIOBIOLOG Y

by William C. Renfro and William O. Forster, Leaders

Irradiated Brine Shrimp, Artemia, were studied by Holton to
determine their reproductive performance. The complete dissertation
is included in this report under separate cover. A separate .study of
LD-50 on artemia is included in this section.

Tomlinson is just beginning to spike algae cultured at three different
temperatures with zinc-65. Later they will be fed to brine shrimp and
then the shrimp will be, in turn, fed to sand shrimp all grown at the
same sequence of temperatures. The uptake and transfer percentages of
the radionuclide at different temperatures will be the focus of attention.

To augment this trophic level transfer of radionuclides, Vermeere
has studied the common coast starfish, Pisaster ochraceus. They feed
mostly on mussels which, in turn, are filter feeders. His data of speci-
fic activities of starfish collected along the West Coast from the Straits
of Juan de Fuca to San Francisco show an obvious seasonal fluctuation
of the Columbia River plume.

Several other specific acctjvity studies were accomplished this
past year. Jennings analyzed Fe of salmon viscera as a dissertation.
It is significant to note that his values on 55Fe can be used to approxi-
mate the migration patterns of the different species of salmon in the
North Pacific Ocean.

Nievaard found in his uptake studies of 65Zn with Rockfish, that
more radioactivity was taken up by fish immersed in radioactive water
when being fed radioactive food than in fish which were either fed radio-
active food or immersed in radioactive water. The surprising feature
was that the specific activities of selected body parts showed a slight
decrease during this uptake of radioactivity. This again illustrates the
usefulness. of the specific .activity approach, whereby, an organism is not
just ingesting radioactivity without also capturing stable isotopes of the
same nuclide which dilutes the radioisotope in the body of the organism.

The troublesome determination in the specific activity concept is
the stable element analysis. Larsen is attempting to help by comparing
the advantages and disadvantages of stable zinc analysis in mussels,
Mytilus californius, by neutron activation techniques and atomic absor-
ption. It will be interesting to compare these specific activities from
the same sampling sites of a second trophic level feeder to those already
determined by 'its predator, the starfish, Pisaster ochraceus.
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Beasley has also finished his work on the natural emitters 210Pb

and 210Po in marine organisms at various trophic levels. The complete
dissertation will be included in next year's progress report.
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ACTIVITY OF TAGGED SALMON IN THE NORTH PACIFIC OCEAN

By W. O. Forster and R. Loeffel*

The International North Pacific Fisheries Commission, executed by
the research organizations of Canada, Japan, and the United States, has
tried to study the imigration routes, the economic demand and the abun-
dance of the five species (Chinook, Sockeye, Coho, Chum, and Pink) of
salmon in the North Pacific water. The study was stimulated by the
problem posed by the International Convention for the High Seas Fisheries
of the North Pacific Ocean in which the intermingling in the high seas of
salmon stocks of North American and Asian origin and to determine the
proper location for a line (or lines) that would "equitably divide" these
stocks.

Table I illustrates the average yearly catches of separate species
of salmon by bordering nations and not only shows the great economic
importance of these fish but also oints out that our combined North
American catch represent only 1/6. Many of these fish are spawned in the
Columbia River and carry the specific tag of 65Zn throughout their lives.
The Asiatic stock, however, carry a different tag, 54Mn, a 'fallout radio-
nuclide from Russian bomb testing in Siberia. These distinguishing
characteristics could be used, operationally, to sort out the intermingled
salmon stocks if it. could be agreed on as to what levels of each radionuclide
would constitute "ownership" Many other types of studies have been made
in order to try to determine the racial origin of pacific salmon, mainly
scale analysis, serological, parisitological, morphological. This report
is based on the results of a combination of radioactive analysis tagging.
Over the past.few years, several million(5, 500, 000) salmon have been
fin marked from both the Columbia River Hatcheries and the Puget Sound
Hatcheries. An estimate of approximately 10% of all American Hatchery
releases have been tagged. Thus, radioanalysis of a second year tagged
salmon would positively link the immigration patterns to the gamma spectra
and provide a better predictive tool.

The first group of samples processed in this study included 34 juveniles
collected from Alaskan waters down to Vancouver Island. Table II shows
the activity of 65Zn in pCi/g ash, stable concentration in ppm (µg/g ash),
and specific activities in µCi/g of zinc for these salmon.

The 65Zn activities ranged 70 fold, from a low of 7, 3 pCi/g ash in the,
Alaskan water to*a high of 518 pCi/g ash near the Columbia River plume.
This variability can be reduced by use of the specific activity approach as.
suggested by Kujala (Progress report for 1967 p. 10). These same samples
ranged only 25 fold, from a low of .01 µCi/g ash.

*Oregon Fish'Commission,
Astoria, Oregon}



TABLE I

AVERAGE CATCHES, FOR 1954-1959 OF PACIFIC SALMON
TAKEN-IN COASTAL FISHERIES AND ON THE HIGH SEAS

Sockeye Chum Pink Coho Chinook

Asia
(millions of fish)

North America
(millions of fish)

U. S. S. R.
(1, 000 metric tons)

Total No.

162.4 12.6

66.7 17.3

124.7 3.6

%

7. 8

25.9

2.9

No. %

40.4 Z4.9

9. 7 14.5

48.9 39.2

No.

105.4

30.4

66.4

% No. % No.

64.9 3.9 2. 4 0. 1

45.6 6. 2 9.'3 3. 2

53.2 4.9 3.9 0.9

%

0. 1

4. 8

0.8

TABLE II

ACTIVITY, STABLE CONCENTRATIONS, AND
SPECIFIC ACTIVITY OF "TAGGED" SALMON

Sample 65Zn Activity Stable Zinc Concentration Specific Acitivity
P 1 g ash ppm or µg /g ash µ i g zinc

June, Vancouver C4-1 434 2074 .21
Island

-2 508 2122 .24
-3 505 2264 .22
-4 412 2025 .20
-5 490 2181 .22
-6 452 1966 .23
-7 513 2164 .24
-8 498 2206 .23

-9 442 1993 .22
-10 518 2192 .24

July, No. Vancouver B437 392 1856 .21
Island -8 385 2033 19

-9 339 1849 .18

So. E. Alaska B445 97 1525 . 06
-6 140 1759 .08
-7 173 1603 .11

-8 230 1633 .14

-9 87 1840 .05

-50 210 1947 .11

1 450 1755 .26
2 216 1752 .12
3 61 1901 .03

B440 186 1847 .10
1 173 1978 .09

Alaska X57-1 132 1262 .10
-2 17 1492 .01

-3 22 1926 .01

-4 7. 3 893 01

-5 10.2 1093 :01

Alaska B442 23.2 2359 .01
-3 24.9 2192 .01

-4 24.0 1980 .01
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RADIOISOTOPE MEASUREMENTS IN PACIFIC SALMON

By N. Kujala and W. O. Forster

Several species of Pacific Salmon, Oncorhynchus spp. , have been
shown to concentrate certain gamma emitting radio nuclides (zinc-65,
manganese-54, potassium-40, and cesium-137) in their viscera. The
differences in activities between the 65Zn and the 54Mn were used to
determine the separate migration patterns of the five species (Chinook,
Sockeye, Coho, Pink, and Chum) salmon. (Kujala, 1966).
It was found that both migrating pathways as well as the food habits appear
important in the uptake of radioactivity by the organism.

This study was continued with the specific activity approach in mind
in hopes that a more clear cut relationship would exist between specific
activity levels in the fish and their migratory routes. Table I shows these
values for both 65Zn and 54Mn for 5 species of salmon collected by
commercial fishermen in eleven areas of the Pacific ocean in the summer
of 1964-1965.

A more complete discussion of each species activities relative to
their probable migration routes and eating habits is found in AEC Progress
Report 67-7 p. 190. However it should be noted that at least a five fold
increase in sensitivity by use of the specific activity compared to the
radioactivity alone. The background specific activity levels of Zn in the
Alaskan salmon are -,0. 020 iCi/g while the Columbia River Plume
contaminated salmon are much NO . 100 µCi/g the few 54Mn samples also
show considerable increases approximately five fold, in the specific
activity of of salmon collected in the Alaskan are compared to those cap-
tured around the mouth of the Columbia River.

It's important to note that the maximum levels for 65Zn were 0. 260
µCi/g at Eureka, California in the Chinook Salmon, while the maximum
for 54Mn was 5. 22 µCi/g at Cook Inlet Alaska. These specific activity
levels represent 0. 01 in the case of 65Zn, and one half in the case of
54Mn, the maximum acceptable levels tolerated by the National Academy
of Science (Publ. No. 985). By their criteria, these fish would cause no
harm to man.
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TABLE I

SPECIFIC ACTIVITIES OF 65ZN (54MN) IN PACIFIC
SALMON COLLECTED IN THE SUMMERS OF 1964-1965

(µCi/g)

Chinook Sockeye Coho Pink Chum

West Pacific .001 .001 .001 . 001(.40)

Bristol Bay .003 88) .003(1.23) .001
.016(2.05)

Cook Inlet .007 .019 (5.22) .005 .032

Petersburg .006 .015 .025` .015

Skeena River .010 . 006 . 020(. 15) .023

John Stone Straight 099

Barkley Sound

Astoria, Oregon . 110

Depoe Bay . 122(. 43)

Eurerka, Calif.

Dexter Dam, Oregon .030

.006

260
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PB-210 - PO-210 IN MARINE ORGANISMS

By T. M. Beasley

The concentrations of 210Pb 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 regimens
which afforded the opportunity to compare 210Pb concentrations in organisms
living in upwelled water further from shore. Less extensive measurements
of 21Po 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 4UK
which is ubiquitious in ocean waters.

Since the specific results of this research will be detailed in thesis
form, only highlights will be presented here.

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 rain-
fall and the offshore transport of isotope enriched water due to upwelling.
During conditions of high coastal rainfall inshore organisms residin in
the surface layers of the ocean (upper 100 meters) displayed higher iOPb
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 diifeOrent depths in the water column displayed decreasing concen-
trations of Pb paralleling their depth of residence in the water column.
results reported for stable lead measured in waters off the California coast
(Tatsumoto and Patterson, 1963) would suggest that perhaps inorganic
processes regulate the amount of lead in surface waters rather than biological
ones.

Ratios of 210Po/210Pb in oceanic organisms exceeded 1 in all cases,
showing preferential uptake of 21OPo even though the ratio of these isotopes
in rain water, the major input source, has been measured at ' 0. 1. Although
the interpretation of this result requires clarification, it is postulated that
changes in chemical form of the isotopes as they enter the marine environ-
ment, coupled with differences in the effective half lif 1 exhibited by each
isotope in the2cirOganisms, combine to produce higher Po levels than those
observed for Pb.

The radiation dose rate for fishes residing near the surface is shown to
increase some 6 fold as a result of internal 2lOpo concentr2ait ons, yet this
figure would be expected to show variation depending upon Po input to
surface waters, and turnover times tithe organisms. Benthonic polychetes,
which receive high dose rates from Ra incorporated in marine sediments
showed an increase in dose rate of some 2 fold, giving possible total dose
rates approaching 1.4'rad/year.
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RATES OF UPTAKE AND LOSS OF ZINC-65 BY A
SHORT LABORATORY FOOD CHAIN

By R. D. Tomlinson, W. 0. Forster, and W. C. R enfro

Numerous workers have examined the effects of temperature on radio
nuclide uptake and retention rates and levels in marine organisms. With
respect to Zinc-65 in particular, the general trend observed (Cross, 1968;

Fowler, 1966) is that of an increasing rate of both loss and uptake as a
response to increasing temperature. In view of the various mechanisms
involved, such as adsorption, ionic exchange, and accumulation (Spooner,
1949), it seems reasonable and useful to question the effects of temperature
not only on the overall rates involved, but also on the various fundamental
rate components that together comprise the whole. Therefore, experimenta-
tion has been initiated with this objective.

A short laboratory food chain involving a species of marine algae
Monochrysis lutheri, the brine shrimp, Artemia, and a small sand shrimp,
Crangon ranciscorum, is being culture Studies on these organisms are

directed toward an examinatio of the effects of temperature on the adsorp-
tion and assimilation rates of °5Zn by organisms representing three
different trophic levels. Simultaneously, these rates will be examined with
reference to feeding conditions.

The activity levels during 65 Zn uptake will be measured periodically
for representative samples on a Nuclear Data 512 multichannel analyzer
coupled to a NaI (Ti) crystal gamma detector. Rates of loss of activity will
be established in a similar manner.
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BIOLOGICAL TRACER OF RADIOACTIVE COLUMBIA RIVER
EFFLUENT UPON ENTERING THE MARINE ENVIRONMENT

by W. R. Vermeere

The purpose of this investigation was to ascertain the possibility of
using an animal that was common to the intertidal region as a biological
tracer of the radioactive Columbia River effluent. The prime objective
was to show the seasonal variation in the' direction of the plume. Other
investigators (Mellinger, 1966; Larsen, 1967) have shown that the coast
mussel Mytilus californianus has concentrated 65Zn. This animal is
a second trop a.crlevel animal. The investigator chose to work with a
third trophic level animal which receives its primary food source from
the mussels.

INTRODUCTION

The Columbia River outflow, upon entering the ocean, forms a low
salinity and high temperature surface lens which is subject to the move-
ment of the prevailing winds. During the winter months, October to April,
the wind is from the south and southwest. The prevailing current is a
north bound surface nearshore current (Burt and Wyatt, 1964). The wind
direction reverses during the summer months with the wind regime pri-
marily from the north and northwest. The prevailing southern flow of
water is frequently moved southwestward by coastal upwelling which will
also cause an on-shore transport of subsurface waters.

The directional effect of the river has been observed with the use of
radiotracers from the Hanford Reactors at Richland, Washington (Frederick,
1967). The reactors use a single pass cooling system which produces
very few radionuclides that are of suitable activity and half-life (T 1/2) to
be detected in any abundance upon entering the ocean. These radionuclides
are 51Cr (27. 8 day T 1/2) and 65Zn (245 day T 1/2), (Perkins, Nelson,
and Haushild, 1966). The average rate of input of 65Zn is 30 Ci/day and
for 51Cr, 700 Ci/day.

Zinc has been detected in all animals and has been readily detectable
in all marine organisms (Severy, 1923; Carey, 1966). Since many of these
animals high concentrators of the metabolically active Zn, the deter-
mination of Zn is relatively simple.

Biological Monitor

Schelske (1966) describes an ideal biological monitor as an animal
that should be:

(1) either sessile or nonmigratory so the site where the
radioactivity was accumulated can be located, (2) abundant so
sufficient material can be collected, (3) easily collected so
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minimum effort is expended to obtain large samples,
(4) distributed over a wide geographic range so fewer indicator
organisms are required to make comparisons between areas,
and (5) an indicator for several radionuclides so fewer organ-
isms are needed to determine environmental radioactivity.

I was interested in using a top carnivore along the marine littoral
zone. The common Pacific ochre starfish Pisaster ochraceus (Brandt)
was selected as an ideal experimental animal. The animal ranges from
Sitka, Alaska, to Point Sal, California (Fisher, 1930). This species is
a common intertidal form.

Methods and Materials

Starfish (Pisaster ochraceus) were collected from five locations along
the Pacific coastline. These stations, shown on Figure 1, extended from
Neah Bay, Washington, (NB) south to Coos Bay, Oregon (CA). The in-
between stations were Westport, Washington (WP); Tillamook Head, Oregon
(TH); and Yaquina Head, Oregon (YH).

These stations were all accessible by land and contained a varying
abundance of organisms. Sample sizes ranged from 5 to 11 organisms
weighing from 38 grams to 17,00 grams. Color variations were from the
dark purple to the brilliant orange hues. No attempt of sex differentiation
was made.

The samples were preserved in an unbuffered 10% formalin solution.
Questions have arisen as to the preference of formalin over freezing.
The animals are- readily accessible to dissection when preserved in
formalin and not so when frozen. It has been observed that there is less
loss of radionuclides in formalin preserved animals than in frozen
animals (Renfro, Phelps, and Guthrie, this progress report).

The animals were dissected into four body parts, skeleton, pyloric
caecae, cardiac stomach, and gonadal tissues. The samples were dried
and analyzed for radioactivity using a Nuclear Data Series One-Thirty
512 channel analyzer joined to a 5" x 5" Na I (Ti) well crystal. Samples
were then ashed for 24 hours .or until ash appeared white and total zinc
concentration was determined using a Perkin-Elmer Model 303 Atomic
Absorption Spectrophotometer.

RESULTS

Radioactivity

Samples were all counted dry and after ashing the samples were con-
verted to pCi/g (ash). The general trend in body part activity appears
as pyloric caecae> gonad ).stomach -p skeleton. There is some variance
in between stations (Fig. 2, Table 1).



Figure 1. Station locations.
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TABLE 1
May and September 1967

Cardiac Stomach

May September
ppm pCi gm as S. ppm p i- gm as. S.

NB 1337 64 .051 832 21 024
WP 1281 654 530 1756 771 .450

TH 1526 333 .285 922 664 783

YH 1045 88 084 912 2214 2.371

CA 1270 53 .054 805 62- 070

Pyloric Caecae

May September
ppm PM/gm(ash) S. A. ppm pCi gm as S. A.

NB 2244 137 .061, 1799 42 .023
WP 2324 1551 647 3082, 1395 433

TH 1907 840 .418 2353 1166 .555

YH 2113 219 . 102 986 3001 3.055
CA 1712 69 .040 1086 69 .070

Gonad

May September
ppm p i gm as ppm p i gm as

NB 1387 71 .048 1389 36 .022
WP 1264 666 .530 2262 1167 .516
TH 1 168 514 .453 1652 1055 662

YH 1164 67 .062 1208 3298 2.943
CA 1451 41 .031 1239 -- --

.
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The seasonal activity appears almost constant in the northern
stations. The southern values for the winter sample are reduced in
activity which tends to show the northern vector of the plume. The summer
activity has a large increase in two of the summer stations. The third
appears to be at the boundary of the plume.

Total Element

The total zinc content in the individual body parts appears relatively
stable at all stations during the summer. The cardiac stomach and gonad
appear to have relatively similar levels. The pyloric caecae has almost
twice the amount of zinc as does the cardiac stomach and gonads. The
skeleton has the least amount.

The summer samples show a large variability in their levels of zinc.
Upwelling is, a possible reason for the decrease in the total zinc in some
of the samples. The gonad samples show an increase in zinc at almost
all stations which appears to be a replenishment following the loss of
zinc from the reproductive cycle.

Specific Activity

The specific activity (Table.1) appears to demonstrate the actual
change in levels between the Westport station and the Tillamook Head
station. The specific activities in all the winter samples decrease from
Westport to Tillamook while the opposite occurs during the summer
samples. It is evident that the plume is changing its direction by observing
the seasonal difference at these two stations.

Reproduction

The gonad index of all the animals showed a successive latitudinal
effect in which the northernmost animals are the last to reproduce. It
appears possible to establish from this, a mathematical model for deter-
mination of reproduction time. In general though, it is understood that
this animal reproduces during the month of May.

Conclusion

1. 65Zn analysis is possible with a third trophic level, intertidal
animal, Pisaster ochraseous.

2. It is possible to detect the s asonal movement of the Columbia
River plume with the aid of OSZn in an intertidal region.

3. Zinc levels are relatively stable during the winter months.

4. Levels of zinc are widely varied during the summer.

5. The starfish experiences a latitudinal effect on its time of reproduction.
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RELATIVE SPECIFIC ACTIVITY CHANGES WITH ZINC-65 ACCUMULATION
FROM FOOD AND WATER IN ROCKFISH OF THE GENUS SEBASTODES

4

by J. E. Nievaardry, W. 0. Forster and W. C. Renfro

INTRODUCTION

Pacific Ocean waters are receiving approximately 25 kilocuries per
month of radioactive wastes from the Hanford Atomic Products Operation
via the Columbia River at the present. These radioisotopes released into
the marine environment may be accumulated by organisms. The method
of accumulation, the levels to which the nuclides are accumulated, and
their retention times are prime factors for investigation. Through bio-
logical concentration, radioisotopes may reach sufficiently high levels in
man's food sources to present a serious health hazard.

Because of its incorporation into enzyme systems such as carbonic
anhydrase (Keilen and Mann, 1944), carboxipeptidase (Vallee and Neurath,
1955), and hormones, zinc is an essential trace element of great biological
significance to the marine life. Zinc-65 accounted for most of the radio-
activity in the marine animals in the southwest Pacific testing grounds a
year after the tests, when shorter lived isotopes had decayed (Lowman,
Palumbo and South, 1957; Donaldson, 1959; Held; 1963).

Accumulation of zinc-65 and its stable carrier may be from different
sources: either directly from the water, from the ingested food, or from
both,

Polikarpov (1966) believes that radionuclides are concentrated by
marine organisms directly by absorption from the water, rather than from
the food, even to the point that food chains apparently might be disregarded
in the migration of radionuclides in a radioactive marine environment.
Townsley, Reid, and Ego (1960) and others hold to this philosophy.
Effective direct uptake of zinc -65 from water has been shown by Bryan
(1961), Joyner (1961), Templeton (1962), Kormondy (1965), and Fowler
(1966).

That food is an important source of radioactivity has been considered
by Davis and Foster (1958), Chipman, Rice, and Price (1958), Bachman
(1963), Rice (1963a, 1963b), Osterberg (1963), and Hoss (1964).

As the radioactive contaminations increase due to world-wide fallout,
nuclear reactor effluent disposal, and nuclear ship discharges, a guiding
concept -- the specific activity approach -- may be used effectively to

Teacher, Edmonds School District, Washington, NSF Summer Institute
student.
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measure the degree of contamination. Radioisotope accumulation by any
organism above the maximum permissible levels may be prevented,
regardless of its dietary habits. This concept by Isaacs et al. (1962)
states: "Specific activity is the ratio of the quantity of ra i otope to
total isotope of the chemical element under consideration (usually ex-
pressed as microcuries per gram). If the specific activities of the
elements of the sea in the region of 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 radiation
for any individual cannot be exceeded as a result of the consumption of
marine products. "

If the radioisotope and its stable form are in the same chemical form,
their initial accumulation, assimilation, and biological elimination should
be similar, since organisms are not isotope fractionators. If the allow-
able specific activity for the element is not exceeded, the allowable body
burden will not be exceeded (N. C. R. P., 1953).

The National Academy of Sciences has published the maximum specific
activity values for over 50 radionuclides, including zinc-65, the nuclide
under consideration in this investigation (Isaacs et al. , 1962).

It is the intent of this research to examine the relative significance
of the two possible pathways of zinc-65 accumulation in one species of
marine organism: direct absorption from the radioactive seawater, and
uptake and assimilation from ingested food.

Atomic absorption spectrophotometry and gamma-ray spectrometry
were-'used to obtain specific activity levels of zinc-65 in juvenile rockfish
selected for this investigation.

MATERIALS AND METHODS

Juvenile rockfish, Sebastodes melanops (Girard) were collected from
tidepools at Yaquina Head on coast. The fish, placed in a
constant temperature bath of aerated seawater at 10. 50 C, the same as
the temperature of the water from which they were collected.

Salinity of the sea water averaged 33. 5 ppt with a pH of about 8. 0.
Particulate material was filtered from the water, but the water was not
changed during the experiments.

Brine shrimp (Artemia) were kept in aquaria for fish food, one with
seawater collected at sea, and the other containing the same seawater
with zinc-65 added to make 1. 0 microcurie per liter. The radioactive
brine shrimp reached an apparent equilibrium with their environment
after 5 days, as shown in Figure 1. The fluctuations. in activities were
similar to those observed by Rice (1963b).
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Figure I. Zinc-65 in Artemia.
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To determine the relative changes in specific activity of zinc-65
accumulation in the fish from food and water, three experimental conditions
were provided:

a) Three fish were kept in separate beakers with fresh seawater
and fed 0. 5 grams of. radioactive brine shrimp daily.

b) Two fish were maintained in seawater containing 1. 5 microcuries
of zinc-65 and fed radioactive brine shrimp daily.

c) Two fish were maintained in radioactive seawater (as b) and were
fed r_on-radioactive brine shrimp daily.

The accumulation of radio zinc from food and seawater was followed
during the eight days of experimental feeding by periodic radioanalysis
of the test fish, held in plastic beakers.

After eight days all fish were removed from their environment, washed
in running seawater for one hour, and fixed in 10% formalin for three days.
Each fish sample was dissected into two components and dried overnight
at 650 C: 1) muscle and bone, 2) head, skin, cleaned gut.

A well detector was used to determine the radioactivity of the dried
samples. Data were corrected for background, decay and sample geometry.
Samples were ashed and treated with fuming nitric acid to oxidize any
remaining organic matter. The samples were then dissolved in HNO3 to
determine the total zinc content of the sample by atomic absorption spectro-
photometry.

RESULTS AND DISCUSSION

Figure 2 shows zinc-65 accumulation by Rockfish, in cpm/g dry
weight, from the sea water in which they were maintained. A plateau
was reached within 3 days. It is assumed throughout the discussion
which follows that all the fish had approached an equilibrium level with
their environment since they were sacrificed at the end of the eighth day.

Figure 3 shows that those fish which accumulated zinc from radioactive
food had a specific activity, in the muscle -bone portions approximately 10
times greater than fish which accumulated zinc from only the radioactive
seawater. Similarly the specific activity, of the skin, head and gut portions (Fig. 4).
was 6. 7 times greater from radioactive food than from radioactive seawater.
It might be expected that an organism would accumulate more zinc -65 from
a radioactive seawater environment while fed radioactive food exclusively
than from either of these conditions singly. Figure 3 shows a slightly greater
specific activity of muscle and bone in fish fed radioactive brine shrimp in.
fresh seawater, over fish maintained in radioactive seawater and fed radio-
active shrimp. The skin, head, and gut portions of the latter group of fish
had a greater specific activity than those fish fed radioactive shrimp in non-
radioactive seawater. .
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Figure 2. Zinc-65 accumulation by rockfish in cpm/g dry weight
of fish from radioactive seawater.
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No great difference in specific activity was noted between internal
and external components of the fish. Even the fish exposed to radioactive
seawater only, accumulated nearly as much radioactive and stable zinc
in muscle and bone, as in the tissues in direct contact with the seawater.
Similar results were obtained for the other groups of fish (Figures 3 and 4).
A small amount of adsorption of zinc.to external parts seemed possible
when comparing the different specific activities of the muscle-bone and
skin-head-gut portions of fish.

The-fish did not approach the specifie activity levels of their food
source or the radioactive seawater environment by the end of the 8 days
(Figure 5). At the conclusion of the experiment, the specific activity of
the Artemia was 2, 100 Ci 65Zn/gram of total zinc compared to 5, 120 Ci
per gram or the seawater in which they were maintained, or 0. 41 times as great.
Fish fed radioactive food in fresh seawater reached a specific activity
level 0. 27 times that of their environment in eight days, while fish. reached
only a level of 0. 03 times as great from direct accumulation' from seawater.

CONCLUSIONS

This study of the relative significance of two major pathways of zinc-65
accumulation in rockfish showed that specific activities differed greatly
in the experimental groups after eight days. The amount of zinc-65 and
stable zinc accumulated from food was 7. 8 times higher than that accumu-
lated from seawater.

With the specific activity approach no significant difference was noted
in measurements of muscle and bone compared with the skin, head and gut.
Even, the specific activity was slightly less in those portions of the fish
in direct contact with the 65Zn-seawater than in the internal structures
into which the zinc had been adsorbed. A determination only of zinc -65
uptake or concentration factors, would provide data showing levels of
activity 2. 0 to 3. 7 times higher in the skin, head and gut than in muscle
and bone (Figure 6). The specific activity is actually slightly greater in
muscle and bone except for one case. The muscle, of course, is the
portion used by man for food.. Specific activities were considered to give
a better evaluation of the experimental conditions and results.
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DISTRIBUTION OF RADIONUCLIDES IN THE ANADROMOUS
FISH POPULATIONS OF NORTHEASTERN OREGON

by Robert Holton, Bernard Burham and Gary Moore

The purpose of this project, which was started in the fall of 1967,
is to study the distribution of radioisotopes present in the anadromous
fish found in the Columbia River and its tributary drainages in north-
eastern Oregon.

This work was stimulated by the report of Kujala (1966) that chinook
salmon taken at Astoria exhibited two distinctly different patterns of
radionuclide concentration, which were, believed to be due to two differ-
ent migratory patterns in the ocean.

The present study was initiated to determine whether these two
patterns could still be detected in fish taken farther up the Columbia
River and also to determine if salmon from smaller tributary streams
exhibited only one of the two patterns or if some individuals had one
pattern and other individuals the other.

If this work can be successfully completed and substantiated, it
would -provide an inexpensive way of determining the oceanic migratory
route of salmon from particular tributaries.

Our first operation was to develop a procedure for collection of
samples and- to set up a system for processing the samples collected.
Local sportsman's organizations agreed to provide us with the viscera
of the fish that they caught and we have relied on this as a major source
of our samples. At the present time, 20 samples which were provided
by the Idaho State Game Commission are awaiting processing.

To enable us to get our collection and processing system in operation,
we decided to study the late winter steelhead. trout run. The sampling of
these fish was also done to look for any interesting patterns of radio-
activity that might emerge.

The samples of viscera of the fish are dried in a drying oven at
110°C and ashed at 500°C in a muffle furnace. The ash is then packed
in plastic counting tubes and sent to the Department of Oceanography at
Oregon State University for analysis by a solid scintillation system.

As our program got underway, we sampled some local non-migratory
species (carp, catfish, squawfish, perch, small-mouth bass, and trout)
to determine something of the nature of the radioactive materials that
the fish are exposed to within the sampling area.
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The species (trout, squawfish, perch and bass) that were collected
in running water showed virtually no radioactive material of any kind
when analyzed.

The species (carp, catfish and bass) that were collected in a still
body of water fed by an underground spring and precipitation from the
atmosphere showed evidence of containing potassium-40 and cesium-137.

The presence of cesium-137 was not unexpected as we are very
near the 45th parallel where a high level of radioactive fallout is known
to precipitate from the atmosphere and the potassium-40 is a common
background radionuclide.

Some thirteen steelhead trout samples were collected and analyzed.
These fish were taken from tributaries of the Snake River that run into
the Snake at points some one hundred miles apart. All samples analyzed
contained radioactive potassium-40, zinc-65 and manganese-54. These
were the only radioactive materials detected. From these data it can
only be concluded that they were exposed to the same radionuclides and
therefore probably migrated along the same route.

Due to a poor run of chinook salmon and to the closure of the
Columbia River to fishing, it proved impossible to make extensive
collections of this species of greatest interest. However, the two samples
already analyzed indicate that it is possible to detect radioactivity in fish
collected on the Grande Ronde River which has been away from the influence
ot the Columbia River for a fairly long period of time.

The project will be continued to obtain some definitive data on the
chinook salmon run during the next year.
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RESEARCH IN PROGRESS

F. ECOLOGY AND RADIOECOLOGY OF OCEANIC ANIMALS

by William G. Pearcy, leader

The major objective of our studies on oceanic animals is to learn more
about the ecology of vertically migrating and deep-sea animals and their role
in the transport and distribution of trace elements in the ocean. Using these
animals and the isotopes they have accumulated, we hope to further our know-
ledge of the open-ocean ecosystem, particularly the dynamic interrelationships
between animals occupying different depths, from the sea surface to the sea
floor.

Besides profiting by the new and stimulatory environment at Scripps
during the past nine months, I have also helped to complete several papers
sponsored by the AEC:

(1) Zinc-65 and Manganese-54 in Albacore, Thunnus alalunga, from
the West Coast of North America. W. G. Pearcy and C. L.
Osterberg, Limnology and Oceanography, in press.

(2) ' Species Associations of- Benthic Fishes on the Continental Shelf
and slope off Oregon. D. S. Day and W. G. Pearcy, to be sub-
mitted to J. Fish. Res. Bd. Canada.

Research on the following problems has progressed substantially since
the last report:

(1) Vertical distribution and migration of oceanic animals collected
by means of a new electrical cable and opening-closing net system.

(2) Specific activities of water and epipelagic animals in the vicinity
of the Columbia River plume.

Trophic ecology and radioecology of benthic fishes.

Radioactive and total zinc distribution in the tissues of the hake,
Merluccius productus.

These other projects not necessarily supported by the AEC, contribute
to our knowledge of the ecology, behavior and physiology of oceanic animals:

Effects of pressure on the respiration of vertically migrating
crustaceans. W. G. Pearcy and L. F. Small, J. Fish. Res.
Bd. Canada, in press.

(1)
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(2) Oxygen consumption of Euphausia pacifica: the lack of a diel
rhythm or light-dark effects and a comparison of techniques.
W. G. Pearcy, G. H. Theilacker, and R. Lasker.

(3) The biology of Sergestes similis. C. Forss and W. G. Pearcy.

(4) The feeding habits of mesopelagic fishes. H. Tyler, Jr. M. S.
Candidate.

(5) Growth and population size-structure of Euphausia pacifica.
M. Smiles, M. S. Candidate.

(6) Sound scattering by marine organisms in the northeastern
Pacific Ocean. Henry A. Donaldson, M. S. Thesis.

The following papers are in press:

Pearcy, W. G. and L. F. Small. 1968 Effects of pressure on the
respiration of vertically migrating crustaceans. Jour, Fisheries
Research Board of Canada (In press).

ABSTRACT The rates of oxygen consumption of Euphausia pacifica
Hansen, Thysanoessa spinifera Holmes, and Ser estesm l s
Hansen at one atmosphere were compared to t ie rates at to 50
atmospheres, Differences were not significant, indicating little
effect of pressure on respiratory rates. Apparently temperature
has more influence than pressure on the respiration of these species
during their diel vertical migrations.

Pearcy, W. G. and C. L. Osterberg. 1968 Zinc-65 and Manganese-54
in Albacore, Thunnus alalunga, from the west coast of North
America. Limnology and Oceanography (In press).

ABSTRACT: Zinc-65 and manganese-54 were the dominant artificial
radionuclides in the livers of albacore collected along the west coast
of North America from Washington to Baja California during the
summers 1962-1966. The concentrations and specific activities of
these radionuclides changed considerably during the summer, indi-
cating rapid responses to different radioecological conditions.

Off Oregon and Washington 65Zn levels, as well as specific activities
of 65Zn, in albacore increased markedly during the summer months.
Association of albacore with the effluent of the Columbia River, a
well-known source of 65Zn in the northeastern Pacific, accounted for
this enhancement. The 65Zn concentrations of albacore taken from
southern and Baja California were about 10% of those taken off
Oregon and Washinton with no seasonal trends evident. Apparently
these albacore were beyond the influence of Columbia River waters.
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Highest radioactivities per gram and specific activities ol5 5Zn were
found late in the summer off Oregon. Interestingly, the Zn concen-
trations 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 accumulation of 65Zn through several trophic levels.

Our study provides no evidence either for immigration of 65Zn
"tagged" albacore into the southern alifornia fishery or for immigra-
tion of southern albacore, with low 5Zn content, into the northern
fishery during one season.

Manganese-54, entering the ocean primarily from fallout of nuclear
weapons tests, displayed seasonal variations .ip albacore off Oregon
and Washington that were opposite to those of SZn. Both the radio-
activity and the spec fic activity of 54Mn in albacore decreased during
the summer. Thus 4Mn appeared to

54Mn
more available to albacore

decreased during the summer. Thus Mn appeared to be more
available to albacore in offshore waters, before they entered the
fishery, than in the nearshore waters. The levels of 54Mn in albacore
were rather similar during the years of this study; this was unexpected
since all the 54Mn presumably originated from 1961-1962 nuclear
weapons tests.
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SPECIES ASSOCIATIONS OF BENTHIC FISHES ON THE

CONTINENTAL SHELF AND SLOPE OFF OREGON

By Donald S. Day and William G. Pearcy

ABSTRACT

Four species associations of benthic fishes found off the coast of Oregon

within the depth interval from 40 to 1,829 meters were characterized by two or

three numerically dominant species, depth range and average sediment type.

Little overlap was found among species associations because many species

were restricted or had maximum abundance in one association. When a species

occurred in more than one association, different sizes were often found.

Species on the lower slope displayed the broadest bathymetric range, and fewer

species were restricted to the.deepest association.

Sixty-seven species of bottom fishes representing 21 families were

collected, but 86 percent 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 distribu-

tional 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,

Pruter, and Ronholt, 1964). Further data are also required to evaluate the

role of the benthos in transport and cycling of radionuclides introduced by
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the Columbia River (Carey, Pearcy, and Osterberg, 1966).

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 compo-

sition of the deep-water 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 Commercial

Fisheries, have greatly increased our knowledge about the distribution and

abundance of demersal fishes of the northeastern Pacific (Alverson, 1953; Hitz

and Alverson, 1963; Alverson, Pruter, and Ronholt, 1964). Catch data from

commercial trawlers have also been used to show seasonal variations in the

bathymetric catch patterns for some commercially important fishes (Alverson,

1960) and to show the species composition of the Oregon otter trawl fishery

(Harry, 1956).

The purpose of this study is to learn if species associations or assemblages

of benthic fishes are obvious from an analysis of our 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. Our paper is based on a systematized

survey of benthic fishes at depths from 40 to 1,829 meters 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 kilometers from shore (Byrne,

1962; Shepard, 1948). This feature permitted us to sample a wide range of

depths and sediment types on the shelf and slope within a short distance from

shore.
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METHODS

Benthic fishes were sampled with a semi-balloon shrimp trawl (Greenwood,

1959). The headrope of the trawl was 22-feet long and the footrope 27-feet

long. The net was constructed 'from 1i-inch" (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 a bridle, composed

of two 30m legs of braided nylon rope, connected the otter doors and net to the

3/8-inch 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 minutes where the depth was 274 meters or less,

and 30-60 minutes-where the bottom was deeper. The amount of cable required

to trawl on the bottom was established by trial and error. A 4:1-6:1 ratio of

wire length to water depth was used for the stations inshore of the 366-meter

contour and 2.5:1 or 3:1 for deeper stations. These ratios are similar to

those given by Pereyra (1963) for a 43-foot flat shrimp trawl.

In all, 36 samples were collected off the central Oregon coast from Cape

Foulweather to Waldport at depths from 40 to 1,829 meters (Fig. 1) between

July 1961 and June 1962. Fourteen samples were obtained over the shelf (146

meters or less) and 22 samples on the slope (146 to 1,829 meters).

Station positions were determined primarily by Loran with radar and

echo-sounding equipment as supplementary navigational aids. A Precision Depth



Figure 1. Location of the trawling stations off the central coast of Oregon.
The length of the lines indicate the total distance of the tow
including ascent and descent of the trawl.
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Recorder in conjunction with an Edo Echo Sounder was used to determine depth

and suitable bottom topography. Tows were usually made over comparatively flat

terrain parallel to the bottom contour lines. Nevertheless, the trawl was torn

or lost during 6 of 12 unsuccessful tows, evidence of the roughness of the bot-

tom in this area. The main obstruction to bottom trawling on the shelf was a

region of rock out-cropping known as Stonewall Bank (Fig. 1). Sampling loca-

tions on the shelf were usually on the periphery of this rock formation.

Benthic fishes in the samples were sorted into taxonomic groups and the

common species were identified and measured (total length) at sea. The remain-

ing fish were preserved in 10 percent formalin at sea and identified and

measured ashore.

A Dietz-LaFond sampler was used to collect sediment from the continental

shelf, and a Phleger corer with a 12-inch 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

percent composition of sand, silt, and clay (Wentworth scale).

RESULTS

SPECIES COMPOSITION

A total of 7,689 fishes representing 21 families and 67 identified species

was collected during this study (Table 1). 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
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Table 1. List of benthic fishes collected off the central coast of Oregon during this study.

Families and Species

Myxinidae
Polistotrema deani Evermann and

Goldsborough 1906

Polistotrema stoutii (Lockington) 1878

Polistotrema spp.

Squalidae
Sgualus suckleyi (Girard) 1854

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

Rajidae
Psammobatis spinosissimus Beebe and Tee-

Van 1941

Ra a binoculata Girard 1854

Raja kincaidii Garman 1908

R, aja rhina Jordan and Gilbert 1880

Raja trachura Gilbert 1891

Chimaeridae
H role s 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
Ronguilus ordani (Gilbert) 1888

Brotulidae
Catae rubrirostris Gilbert 1890

Scorpaenidae
Sebastolobus alascanus Bean 1890

Sebastolobus altivelis Gilbert 1893

Sebastolobus spp.

Sebastodes alutus (Gilbert) 1890

Sebastodes crameri Jordan 1896

Sebastodes diploproa (Gilbert) 1890

Sebastodes elongates (Ayres) 1859

Sebastodes entomelas (Jordan and Gilbert)
1880

Sebastodes 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

Hexagrammidae
hiodon elongates Girard 1854

Stichaeidae
Plectobranchus evides Gilberi 1890
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Table 1. continued

Families and Species

Anoplopomatidae
Anoplopoma fimbria (Pallas) 1811

Cottidae
Chitonotus 2 etensis (Steindachner) 1877

Hemilepidotus spinosus (Ayres) 1855

Icelinus filamentosus Gilbert 1890

Icelinus tenuis Gilbert 1890

Paricelinus hooliticus Eigenmann and
Eigenmann 1889

Radulinus asprellus Gilbert 1890

Bothidae
Citharichthys sordidus (Girard) 1854

Citharichthys stigmaeus_ Jordan and
Gilbert 1882

Pleuronectidae
Atheresthes stomias (Jordan and Gilbert)

1880

Embassichthys bathybius (Gilbert) 1890

Eopsetta jordani (Lockington) 1879

Glyptocephalus zachirus Lockington 1879

Isopsetta isolepis (Lockington) 1880

Lepidopsetta bilineata (Ayres) 1855

Lyopsetta exilis (Jordan and Gilbert) 1880

Microstomus pacificus (Lockington) 1879

Parophrys vetulus Girard 1854

Platichthys stellatus (Pallas) 1811

Pleuronichthys decurrens Jordan and
Gilbert 1880

Agonidae
Agonopsis emmela (Jordan and Starks)

1895

Asterotheca infraspinata (Gilbert) 1904

Asterotheca pentacantha (Gilbert) 1890

Bathyagonus nigripinnis Gilbert 1890

Occa verrucosa (Lockington) 1880

Xeneretmus latifrons (Gilbert) 1890

Xeneretmus triacanthus (Gilbert) 1890

Liparidae
Careproctus melanurus Gilbert 1891

Rhinoliparis attenuatus. Burke 1912
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collected as the net descended or ascended through the water column but are

not included.

Pleuronectidae, Scorpaenidae, and Bothidae were clearly the numerically

dominant families. They comprised approximately 86 percent of the total number

of specimens in the catch. Numerically abundant species for each of these

fami 1 ies were:

Pleuronectidae Percent of catch within family

Lyopsetta exilis 68

Glyptocephalus zachirus 14

Parophrys vetulus 9

Microstomus pacificus 5

Total 96

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).
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Species associations, or groups of species commonly found living together,

were elucidated by comparing indices of similarity among all collections (e.g.,

Wieser, 1960; MacFadyen, 1963). The percent 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 percent 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 similarity 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 11

Species X 10% 50%
Species Y 75% 20%
Species Z 15% 30%

The Index of similarity is 45 percent for these two samples. Finally, we

arranged the values obtained from all possible combinations of samples In a

trellis diagram to show the relationships 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 percent) separated by regions of low similarity

(<29.9 percent). 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 1, II, 111, and IV, are given
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in Table 2. Dominance is pronounced. Only two or three species contributed

from 77 to 93 percent (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-

groups IV is distinct based on changes in species composition. Deep-water

species, Coryphaenoides acrolepis and Antimora rostrata, were dominant in these

catches, while Sebastolobus altivelis and S. alascanus decreased relative to

species-group III.

Almost one-half the total number of species of benthic fishes was restricted

to one association. Species limited to one association comprised 50 percent of

the species in group i, 48 percent in group II, 52 percent in group III, and

22 percent in group IV. Thus the degree of fidelity,, or restriction to one
association, remained approximately constant with increasing depth through spe-

cies-group III but decreased rapidly with group IV. This trend for deeper spe-

cies to have a broader bathymetric range is also illustrated in Fig. 3.

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 97

percent of the species exhibited high abundance (>60 percent 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
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Table 2. Depth interval, average sediment type, and dominant species for each
species-group.

Depth
Species Interval

Average Sediment
Type for Each

Associations (meters) Species Association Dominant Species Percent Composition

Species-group I 42 to 73 100% sand 1. Citharichthys sordidus 64.0
2. Parophrys vetulus 16. 3

T=80. 3

Species group II 119 to 199 69°0A sand; 1. Lyopsetta exilis 66. 4
19% silt; 2. Glyptocephalus zachirus 11. 4
12% clay T=77. 8

Species-group III 594 to 17% sand; 1. Sebastolobus altivelis 49. 7
1, 143 55% silt; 2. Sebastolobus alascanus 30. 9

28% clay T=80. 6

Species--,roup IV 1, 383 1% sand; 1. Coryphaenoides acrolepis 51.6
to 53% silt, 2. Sebastolobus altivelis 26.3

1,829 46% clay 3. Antimora rostrata 14.7
T=92.6
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Table 3. Sediment composition at each biological sampling location, and average
sediment composition with respect to depth and the benthio fish associations.

Average Sediment Composition
Species Sample Depth in Percent Average Sediment

Associations Number meters rock sand silt clay Composition

38 42 100

13 42 100

Species-group I 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

5 611 119 89

9 128 73 10 17 81% sand;

49 137 89 5 6 10% silt;
35 137 89 S 6 9% clay

Species-group 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

i44 357 23 53 24

-16 366 52 20 28 28% sand;

-26 508 38 48 14 48% silt;
.30 S94 14 64 22 24% clay
,51 647 28 58 14

.20 67S 14 64 22

.43 686 28 58 14

Species--group III .21 887 20 42 38

42 887 3 56 41

X53 984 35 45 20

.27 f,015 12 54 34

.28 }, 143 1 51 48-

.29 1, 353 1 54 45 1% sand;

S2 1, 383 1 54 45 S3% silt;

Species group IV E 40 1,426 1 51 48 46% clay.
24 1,829 2 53 4
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Species

Depth in Meters
200 400 600 800 1000 1200 1400 1600 1800Total

1"IIII III I I III III I I I j
Sample Depths

1. Cymatogoster oggreaota 0
2. Sebostodes melanops 2

3. Hemilepldotus spinosus 3
4. Isopsetto isolepis 9 S
5. Platichthys stellatus 0
6. Pleuronichihys decurrens 0
7. Occo verrucosa 0
S. Microaodus proximus 99 0
9. Squalus suckleyl 0

10. Chltonotus puaetensis 3
II. Astarotheco introspinata

12. Lepidopsetta bilineota 2
13. Ophiodon elonaotus 8
14. Raja binoculata 4
IS Cithorichthys sordidus 1037 ills
I6. ! olaaus collies.
IT. Eopsettn jordani 51

18 Parophrys vetulus 281
19. Citharichthys stiamoeus 12 U

20. Agonopsis emmelane 2
21. Rodulinus aspreilus 112

22. Sebastodes proriaer 7
23. Pariceiinus hopliticus 2 S
24. Ronquilus jordani 9 1

25. Icetinus . filamentosus 13 I
26Icelinus tenuis 9 I
27. Xeneretmus triaconthus 9
28 Lycodopsis pacifica 1.57 U
29. Sebostodes alutus 33

Sebostodes wilsoni30 23.

31. Sebostodes elonaatus 94
one depth

32. Plectobranchus wiles 2
Two or more

33. Xeneretmus latifrons 175

34 Atheresthes stomios 21

35. Sebastodes saxicolo 33 I
36. Sebostodes entomelds
37. Lyopsetta exilis 2168
38.5ebastodes zacentrus 15

39. Sebastodes cromeri S

40. Sebostodes helvomaculatus 2
41. Raja rhino 2

42 Sebastodes diploproa 2

43. Aprodon cortezianus 5 1
44. Asterotheca pentacantho 4 S
45. Glyptocepholus zachirus 457
46 Lycodes diapterus 6 iI
47. Bathyogonus nigripinnis 3
48 Catoetyx rubrirostris 2 1
49 Rhinoliparis attenuatus
50 Microstomus pacificus 160
51. Polistotremadeans 3 0

52. Polistotrema stoutsi 62
53. Embryx crotolina 24
54. Alepocepholus convexifrons 3
55. Polistotrema spp. 110
56. Bothrocora brunneum
57-Anoplopoma fimbria 148

58. Coryphaenoides pectorolis 16

59. Rojo trachuro 2
60 Raja kincaidli II

61. Coreproctus melanurus
62. Sebe5tolobus olascanus
63. Sebastolobus altivelis
64. Embassichthys bathybius
65. Bothrocara remiaera
66. Coryphoonoides acrolepis
67. Antimoro rostrata
68. Prommobatis spinosissimus

3
785
1231

19

137
24
.I 0

Depth ranges for species of benthic fishes collected off the centralFigure 3.
coast of Oregon. .

14
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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 (Table 2 & 3), a relationship previously

described for benth.ic 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 3). This lack of correspondence suggests that faunal

similarities 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-

bi lity of sediments particularly on the upper slope and lower shelf (see Table 3)

the sediment sampled and the sediment trawled over could be different.

DEPTH DISTRIBUTIONS

Figure 3 shows the depth distributions of the species collected. The

bathymetric 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, Microstomus pacificus and Polistotrema stoutii, range from shelf

waters deep into the slope waters.
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Forty-two species occurred on the continental shelf; 46 occurred on the

continental slope; thus, the total number of species was about the same. The

total number of species collected in each association was 26 in group I, 31 In

group II, 20 in group III, and only 9 in group IV.

DISCUSSION

Sampling bias is an inherent problem in any study of natural populations,

such as ours on 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 populations 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 (94-foot eastern fish trawl) and larger mesh (31-41 Inch

stretch) than our shrimp trawl and towed with a double rather than a single warp.

As expected, our 22-foot shrimp trawl retained smaller sizes of fishes than the

94-foot fish trawl (Jurkovich, 1954; Pereyra, Heyamoto and Simpson, 1967). Also,

the relative abundance of some species was grossly different in the two studies.

Whereas Alverson-et al. 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 S alus acanthias were important species in their catches but

were only rare or absent in ours. Thus, the 22-foot shrimp trawl apparently did

not retain large demersal species or species which are more nektonic and may

range off the bottom.
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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 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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ELECTRICAL CABLE - OPENING-CLOSING NET
SYSTEM FOR SAMPLING PELAGIC ANIMALS AT DISCRETE DEPTHS

By R. S. Mesecar, R. J. Eagle, and W. G. Pearcy

An electrical conducting cable and electronic opening-closing net
system, using 5, 000 meters of conducting cable and both three and six
foot Isaacs-Kidd m idwater trawls, was constructed.and used success-
fully in Oregon during the past year. The system has been used effective-
ly to sample discrete depths between 0 and 1000 meters.

A flow meter provides electrical signals of the volume of water
filtered at all depths. Figure I shows a sketch of the entire system with
a description of various components.

The depth of the net is monitored with a pressure transducer whose
output is transmitted to the surface as a frequency-dependent electrical
signal through the coaxial tow cable. At the surface the signals are
counted and displayed digitally. In the future, the frequency-dependent
signal will be converted to a voltage and recorded on a strip-chart
recorder.

Water flow through the net is measured by a ducted flow meter
mounted on the net depressor. The flow meter signal interrupts the
depth signal every hundred revolutions of the meter rotor. In the future,
the flow rate will appear as event marks on the recorder chart.

The eight opening and closing nets are sequentially actuated from the
surface. When one of the eight net releases is actuated, a particular
frequency is transmitted back from the samples to verify that the net has
opened.

RESULTS OF FIRST CRUISE

In May 1967 the conducting cable system was used in offshore waters,
65 miles off Newport, Oregon. Trawls were made, collecting samples
from 10, 50, 100, 200, 400, 600, 800, 1000 meters. Sixty-four samples
of pelagic animals have been processed and are now being analyzed for
concentration of radionuclides and total element. Specific activity will
also be calculated. Entire samples from each depth have been processed,
so with flow meter data, total radioactivity per cubic meter also can be
calculated.
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Figure I Opening-Closing Net System

1. Armored Tow Cable
2. Electronic Swivel
3. Control/Transducer Cable
4. Ducted Flow Meter
5. Control/Transducer Electronics
6. Six foot Depressor
7. Issac's Kidd 6' Mid Water Trawl
8. Net Release Cable
9. Net Release Electronics

10. Nytex Cod Ends
11. Modified Be M. P. S. (Eight Bar)
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ZINC-65 SPECIFIC ACTIVITIES: PELAGIC ANIMALS AND
SURFACE WATER IN THE VICINITY OF THE

COLUMBIA RIVER PLUME

By William G. Pearcy and William 0. Forster

INTRODUCTION

In July 1967 we conducted a special cruise to compare the stable and
radio element concentrations of water and organisms in the area of the
Columbia River plume.

Hydro casts, bathythermographs, Isaacs-Kidd idwater trawl tows,
and surface water samples for specific activities of°5Zn were taken. The
cruise track consisted of four lines of stations that crossed the plume
perpendicular to the presumed trajectory, and one line of stations along
the plume axis. Salinity determinations made enroute enabled us to assess
our position relative to the plume.

At each of the trawling stations we collected organisms from the upper
5 m, collected water ;samples for salinity and specific activities, and made
BT observations.

PRELIMINARY RESULTS

Some of the cruise results are summarized in Figs. 1-8.

The surface salinities in Fig. 1 indicated the usual flow to the south-
west common during the summer, but the pattern is complicated and
extensions of plume water project to the west and appear to be displaced
to the south with time.

Total zinc appeared to be lowest offshore and in the northern portion
of the study area (Fig. 2). Zinc-65 on the other hand, was highe t south-
west of the mouth of the Columbia River (Fig. 3). Thus, where oSZn was
highest, total zinc was lowest. These trends are reflected in Fig. 4
showing the specific activities of zinc-65 in surface waters.

The specific activities of animals (Figs. 5-8) show trends that may or
may not agree with those of salinities or the specific activities of the
water. Euphausiids, for example, had a range of specific activities
(. 19 -. 57 µ Ci/g) that was only one-half that of the water (.45 - 3. 28 µ Ci/g).
Although highest specific activities. of both water and euphausiids were
located about the same distance from shore (Fig. 5), specific activities
of euphausiids did not decrease markedly from north to south. This may
be related to the lag in uptake and the long retention time of 65Zn by these
organisms.

Juvenile and post larval herring (Fig. 6) had the highest specific activity
the greatest distance from the Columbia River, lowest specific activities at
intermediate distances, and intermediate specific activities nearest the
mouth of the river.
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The data on other species of fishes is summarized in Fig. 7. A
slight decrease in specific activities was observed southwest from the
river mouth. The two highest values, however, were found on the
southern station line. We were encouraged by the fact that two different
species of fishes from the same station may have specific activities that
are very similar (Fig. 7).

The specific activity of Chrysaora, a large jelly-fish,. was highest
near the mouth of the river and was about the same at all other stations,
except for a surprisingly high value for individuals close to shore in high
salinity water (Fig. 8). These data suggest the following:

1. A complex plume structure was found with low salinity water
pulsing offshore and complicated gradients across and along
plume axes.

2. Zinc-65 specific activities of surface waters were not necessarily
inversely related to distance from the mouth of the Columbia
River.

3. Because of (1) and (2) above, and the fact that specific activities
of animals are a reflection of their past history, a common
pattern of specific activities in pelagic animals relative to the
plume is difficult to find. Highest specific activities of animals
were often found "downstream" in the plume; sometimes they
were uncorrelated with either the salinity or specific activity of
the water collected at the same time.
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TROPHIC ECOLOGY AND RADIOECOLOGY OF BENTHIC FISHES

By R. J. Eagle and W. G. Pearcy

Last year we initiated a study of the radio- and stable-zinc in benthic
fishes and in their food, thus enabling calculation of specific activities in
both predator and prey. The following stations have been sampled for
benthic fishes:

1) 200 M off Tillamook - TH-28
2) 200.M off Newport - NH-25
3) 2300 M off Tillamook - TH-72
4) 2800 M off Newport - NH-65
5) 200 M contour stations - between Tillamook and Newport

These stations are identical with the ones used in Dr. A. G. Carey's
invertebrate study. Species analyses and radio-stable element analyses
of fish, fish stomach contents, and invertebrates from the same station
will facilitate correlations between radioecology and trophic ecology. We
are attempting to analyze all species of fishes so that predator-prey
relationships within the entire community can be examined.

The following species and numbers of individuals are being processed
for analysis. In most instances, the stomach contents have been identified
and are also being analyzed.

NH-25 (200M) NH-65 (2800 M)

Lyopsetta exilis 139 Chalinura serrula
Sebastolobus altivelis 6 Chalinura filifera
Raja stellulata 1 Nematonurus longifilis
Sebastodes elongatus 1

Microstomous pacificus 8 TH-72 (2300 M)
Xeneretmus latifrons 15

TH-28 (200 M)
Sebastodes elongatus
Sebastodes crameri'
Sebastodes helvomacu atus 3
Glyptocephalus zachirus 1

Microstomous pacificus 1

Polistotrema stouti 1

Raja stellulata 1

Sebastolobus altivelis 1

Icelinus filamentosus 1

Xeneretmus latifrons 10
Lyopsetta exilis 146
Anoplopoma fimbria 2

3
3
1

Chalinura serrula 10
Chalinura filif era 2
Antimora rostrata 1

Tillamook to Newport (200M)

Aprodon cortezianus 9
Sebastodes elongatus 1

Sebastodes crameri 3
Lyopsetta exilis 34
Xeneretmus latifrons 29
Polistotrema stouti 2
Thaleichthys pacificus 7
Sebastolobus altivelis 3
Microstomous pacificus 3
Glyptocephalus zachirus 24
Anoplopoma fimbria 1

4
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RADIO-ZINC, TOTAL ZINC, AND SPECIFIC
ACTIVITIES OF THE HAKE, MERLUCCIUS PRODUCTUS

By William G. Pearcy and Rodney J. Eagle

65
preliminary examination of the 65Zn, total Zn and specific activities

-of Zn in the various organs and tissues of hake, Merluccius productus,
is given in the following Table. Sufficient material was not always available
for radioanalyses. Total zinc was estimated by atomic absorption
spectrometry for all samples, however. These hake were collected at two
stations off the Columbia River by the Oregon Fish Commission: 145 m
and 36 m.

145 M STATION

Standard 65Zn Zn Specific pCi65Zn
-- -Length (mm) pCi/g ash µg /g ash Activity

Whole 450 41.8 329 .13
Whole 440 46.5 411 .11
Flesh 430 & 450 19.1 328 . 06
Bone 430 & 450 5.2 146 .04
GIT 430 & 450 1875
GI contents 430 & 450 -- 1122
Liver 430 & 450 - - 3 700
Gonads 430 & 450 -- 2035
Skin 430 & 450 -- 1338
Spleen 430 & 450 -- 1288
Fins 430 & 450 9i7 315 - .03
Gills 430 & 450 20.7 368 . 06

36 M STATION

Whole 420 37 502 .07
Whole 550 34 634 .05
Flesh 430 - 510 12.3 290 .04
Bone 430 - 510 3.3 165 .02
GIT 430 - 510 168 1946 .09
GI contents 430 - 510 582 1.138 .51
Liver 430 - 510 250.5 4350 .06
Ovary 430 - 510 -- 5500 --
Testes 430 - 510 34.2 755 .04-
Skin 430 - 510 45.5 1315 .03
Spleen 430 - 510 -- 673 --
Fins 430 - 510 10.6 595 .02
Gills 430 - 510 25.0 520 .05
Heart 430 - 510- -- 788 --

g n



162

Comparisons of the data indicate:

(1) Flesh, bone, fins, and gills contained less 65Zn per gram of
ash than the average for entire hake: whereas the gastro-
intestinal tract, contents of the G. I tract and liver were higher
than the average for the whole fish.

(2) Similarly, the amount of total zinc in the bone was less than the
average Zn++ content, the amount in the flesh, and gills was
close to the average, and the GI tract, GI contents, liver, ovary,
skin, had much higher Zn++ per gram ash than the average.

(3) Specific activities of 65Zn, where calculated, were much less
variable than either 65Zn or total zinc. Only the contents of the
GI tract and the GI tract itself had higher specific activities than
the average. This indicates uptake of 65Zn through the food
chain. The specific activity of the somach contents (0. 51) was
very similar to that of the euphausiid Thysanoessa spinifera
off the mouth of the river (0. 50). This eup ausi is own to be
important as food for the hake.

(4) The specific activities of whole hake was about two times higher
in fish collected 10 miles from the mouth of the Columbia than in
those collected two miles from the mouth.
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OXYGEN CONSUMPTION OF EUPHAUSIA
PACIFICA: THE LACK OF A DIEL RHYTHM OR LIGHT-
DARK EFFECT AND A COMPARISON OF TECHNIQUES

By W. G. Pearcy, G. H. Theilacker, and R. Lasker

We found no evidence for diel rhythms in the respiration of individual
Euphausia pacifica during long-term (11-32 hour) Warburg manometric
experiments. Changes from light (1. 2., W/cm2) to dark ( 1. 8 X 10-5µW/cm
had no appreciable effect on oxygen consumption of most euphaus iids.
Respiratory rates often decreased with time, regardless of light conditions;
although two of 20 animals respired consistently more in the dark than the
light.

Sometimes the mean oxygen consumption rates differed significantly
(among separate experiments, but our average rate (1. 34µl O2mg-1hr-1)
from all our experiments (79 animals) was intermediate to the values
previously reported in the literature. Larger euphausiids consumed less
oxygen per unit weight than smaller ones. Although we obtained higher
rates from the Winkler than the Warburg method, the differences in average
rates for each collection were not significant.

BIOLOGY OF THE OCEANIC SHRIMP, SERGESTES SIMILIS

By C. A. Forss and W. G. Pearcy

The offshore distribution of S. similis is related to the depth of the
water. Where the bottom depth was less than 200 m or greater than 2000 m
fewer shrimps were taken. Highest concentrations of shrimp were found
,over the continental slope, particularly where the water depth was between
200-500 m.

The highest catches of S. similis over a six year period were generally
observed from July or August through February, lowest catches generally
from February to July.

Growth rates and spawning time, estimated from monthly length-
frequency histograms, indicate that the population is largely comprised of
animals under two years of age. Spawning occurs mainly during late winter
when individuals are about, one year of"age and lasts for several months.
Most of the large, mature individuals disappear from the catches after the
spawning season.

The oblique meter net retained a greater proportion of shrimp 6 mm
and -less in carapace length, whereas the midwater trawl consistently
caught more shrimps greater than 7 mm in length.
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GROWTH AND POPULATION SIZE-STRUCTURE
OF EUPHAUSIA PACIFICA

By M. Smiles

Euphausiids are abundant animals playing an important role in the
community structure of the ocean off Oregon. ' Since they concentrate
radionuclides,a study of their behavior and ecology is of prime importance.

A study of the life cycle and growth rate of Euphausia pacifica, the,
most abundant euphausiid off Oregon, is now underway.

One hundred and seventy-four (174) vertical meter net samples were
taken from stations 15, 25, 45, and 65 miles off Newport, Oregon over a
period extending from June 1963 to July 1967. An attempt was made to
take samples at least once a month during this time. Needless to say,
problems with weather, ship scheduling, etc. caused some irregularity
in the sampling periods.

The carapace lengths of E. cifica were measured to the nearest
tenth of a millimeter as an indicator of the size structure of the popula-
tion. Changing modes of the size structure of the population gives an
indication of the growth rate of E. 2a cifica.

Preliminary, analysis of the data shows a very protracted recruitment
period for E. pacifica. Furcilia. stages (our sampling gear does not
capture smaller larval stages) of about 0. 6 mm carapace length enter the
populations generally from June through December, sometimes continu-
ing into March. However, there appear to be two main recruitment
periods--first in mid-summer, around July and second in the fall, usually
October or November. ' There also seems to be much greater recruit-
ment in the inshore stations then in the offshore stations. Significantly
more furcilia are generally captured 15 and 25 miles off Newport than in
waters 45 miles and beyond.

An estimate of growth rates of these natural populations is difficult
due to this protracted spawning period. Initial indications are that we
can follow the progression of modes until the animals are one year of
age. After one year (carapace length of approximately 6. 0 mm) few, if
any, animals are found in our samples of the population. However, for
the station 65 miles off Newport, this size is up to 2. 0 mm smaller.
Explanation for this may be found in the physical parameters still to be
analyzed. A more detailed correlation will be made between size and age.

It appears that a "typical" E. pacifica population grows an average of
about . 15 mm of carapace length per week. This rate, however, varies
from .2 to .4 mm/week for larval stages and juveniles, to . 1 to . 2.mm/
week for juveniles and small adults, and to . 1 or less for larger adults.
These rates are, however, rough estimates and will be refined later with
thorough statistical analysis.
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RESEARCH IN PROGRESS

RADIOECOLOGY AND ECOLOGY OF BENTHIC ANIMALS

by A. G. Carey and J. E. McCauley

The long-range ecological and radioecological research on the
benthos and their environment, sponsored by the U. S. Atomic Energy
Commission, includes: (1) the study of the distribution, species compo-
sition, abundance, and biomass of benthic invertebrates, particularly
the large epifauna, (2) the study of the interaction of the fauna with its
environment, and (3) the study of the role played by the benthic inverte-
brate fauna in the concentration, transport, and cycling of certain
elements that have significant amounts of radioisotopes in the northeast
Pacific Ocean off Oregon..

Sampling and Instrumentation

Benthic samples were collected on four cruises during this report
period. Fifty-eight Smith-McIntyre bottom grabs, 70. Fjarlie bottle
bottom water, 74 otter trawl, 21 beam trawl, 5 multiple cores, 2 box
cores, and 1 anchor-box dredge samples were obtained. Three standard
station lines, Newport, Tillamook Head, and 200-meter Contour Station
lines were sampled (Carey, 1968, in press). A major effort was made
to obtain seasonal samples.

The 3 -meter beam trawl has been used to obtain quantitative
samples along the Newport station line. An M. S. thesis project
(Mr. J. M. Stander) is now underway analyzing these -samples and
comparing the results with those obtained by bottom photography.

The Smith-McIntyre grab with Fjarlie bottle and pinger (Carey and
Paul, 1968) has been used to obtain temperatures and samples of bottom
water for salinity and oxygen analyses. These data will aid in the expla-
nation of faunal distributions.

Radioecology

A major effort was made this year to define the seasonal changes
in radioisotope concentrations in the benthic fauna. The radioanalysis
of the seasonal samples is still underway. When complete, the data
will be analyzed and a paper reporting the results prepared.

Four hundred and twenty-five samples have been radioanalyzed
during the last year, including 45 species of animals and 9 sediment
types. A large series of replicates were analyzed for determination
of the variability of radioisotope concentrations in natural populations.
The results of these studies are not yet complete.
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Ecology and Systematics of Benthic Invertebrates

Studies have continued on the distribution and ecology of the large
benthic epifauna. A preliminary species list has been compiled and is
included in this report. The study on food sources of asteroids is now
complete, and a . paper reporting the results is in preparation. The
quantitative studies with the beam trawl and bottom camera are under-
way; the preliminary results are reported below. Two papers on
echinoids, completed during the last report period, were published last
July (McCauley, 1967; McCauley and Carey, 1967). An M.S. thesis
on the systematics and ecology of polychaete worms is in final stages
of preparation by D. R. Hancock; this will summarize the collections
at a series of characteristic stations off the coast to depths of 2800 meters.

Research on animal-sediment interrelationships has continued
during the past year (NSF sponsored). A paper written jointly with the
geologists describing the effects of a deep-sea. channel on the benthic
fauna is included in this report. (Griggs, et al. ).

Complementary Programs

A broad-scale research program was initiated this year with the
objective of determining the relative effects of depth and sediment type
on the invertebrate and fish fauna on the continental shelf. This research
on the benthic environment is sponsored by the Sea Grant Institutional
Grant to Oregon State University. The results will complement the AEC-
sponsored benthic research.
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A NEW BEAM TRAWL FOR QUANTITATIVELY SAMPLING
LARGE EPI-BENTHOS

by Andrew G. Carey, Jr. and Roger R. Paul

Though the large epifauna are relatively sparsely distributed in the
sea floor environment, they are generally large and active organisms.
While many of these animals are predators in the sublittoral zone, they
are generally deposit-detritus feeders or omnivores in the deep-sea.
Many are motile; they could be important in the utilization of energy in
the food web of the benthic boundary of the oceans.

Few samplers have been designed specifically for obtaining quantitative
samples of this segment of the benthic fauna, particularly in the deep sea.
Double-sided beam trawls based on the Agassiz trawl (Wolff, T., 1961;
R. J. Menzies) have been used to successfully obtain samples from the
sea floor, however these sample an undeterminable depth into' the sedi-
ment and in most cases do not obtain accurate data on the distance
traversed.

A quantitative beam trawl was designed to collect the large epifauna
from a defined area (Figure 1).to provide data on the abundance and biomass
of this fauna off the coast of Oregon. The trawl has a rigid frame with
broad skids and a hollow sealed aluminum pipe (3/8" wall thickness) as
the connecting beam. The effective fishing width is 3m. The aluminum
pipe is sealed by heli-arc welded end caps that provide a rugged point
of attachment to the skids (Figure 2). The counting wheels (Figure 3) are
attached to an arm that is free to move on a stainless steel shaft fastened
to the fore part of each skid (Figure 4). The paired odometer wheels and
revolution counters (Figure 5) are located at the end of the pivoting lever
arm. This design ensures proper bottom contact of the wheels.

The 3-meter Beam Trawl has proven to be an efficient sampler that
is relatively easy to use (see report of results below). It has been observed
in operation by divers and performs as designed.

A further design has been built and 'tested (Figure 6). The odometer
wheel has been redesigned and simplified. A bicycle wheel rim and wheel
fork have been incorporated into the mechanism. The trawl is now in use
and further data will be forthcoming. Several ideas for the second design
are derived from a trawl used by T. S. English of the University of
Washington (personal communication).
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Figure 2. Detail of the aluminum beam end-caps.
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Figure 6. The second 3-meter beam trawl design that is presently in
use.



A MODIFICATION OF THE SMITH-McINTYRE GRAB
FOR SIMULTANEOUS COLLECTION OF SEDIMENT AND BOTTOM WATER

by A. G. Carey, Jr., and R. R. Paul
In Press. Limnology and Oceanography, July 1968

ABSTRACT

Simultaneous collection of sediment, bottom water and benthic
organisms is desirable for ecologic studies of the sea floor. A Smith-
McIntyre grab has been modified for simultaneous collection of sediment
and bottom water. A 1. 3 liter Fjarlie water bottle with a bottom contact
trip mechanism and a small deep-sea pinger have been integrated with
the grab for efficient collection of these samples. A magnetic switch
on the trip mechanism temporarily shuts off the pinger to indicate bottom
contact. A combined deck cradle and sediment washing trough has been
built to handle the sampler and its samples on board ship.

This grab combination is illustrated in Figure 1.



Figure 1. Photograph of the benthic environmental sampler.
The water bottle with trip rod and the pinger are balanced
on opposite sides of the grab. (Photo by Stander)



QUANTITATIVE SAMPLING OF THE LARGE EPIFAUNA

by Andrew G. Carey Jr. and Jeffrey Stander

A quantitative beam trawl (see Carey and Paul) was designed to introduce
more accurate measurements of the abundance of large epi-benthic organisms.
Preliminary data were obtained from eleven stations varying from 50 to 800
meters in depth along the Newport Station Line (44° 39. 1'N) on Yaquina Cruise
6710-D. The instrument was lost at sea on the following cruise.

Of these eleven trawls, seven yielded large enough samples for specific
analysis. The raw dat has been reduced to figures representing numbers of
individuals per 1000 m of sea floor and biomass in grams (wet weight) per
1000 m2 of sea bottom. The area covered in each sampling was derived from
the largest number of revolutions counted by either of the trawl meter wheels,
be it port or starboard. This method assumes that one meter wheel may not
have been working and that the functioning wheel was on the bottom at all
times.

A summary of the biomass and abundance data for each station is given
in Table 1. An asterisk indicates the value was derived from an average of
two replicate trawls.

Total Abundance
No. /1000 m2

Total Biomass
g wet weight/ 1000 m2

Depth
m

0.6 4.2 50

58.3 246.5 100

10.7 116.8 150

72. 7 m 1508. 0* 200

18. 8 m 164. 1 * 800

The biomass and abundance data follow the same trends with depth
(Fig. 1, B). They are low inshore, increase to a maximum at 200 meters
and then decrease at 800 meters depth. The maxima at 100 and 200 meters
are caused by large populations of shrimp. and sea urchins (Allocentrotus
fragilis), respectively.

The small infauna (Carey, 1965 and Carey, unpublished data) is relatively
more abundant inshore than the large epifauna (Figure 1, A): however the trends
in the bio-indices are similar from the 150 meter station to the 800 meter
station. These data substantiate the previous conclusions that the 200 meter
station supports a substantial amount of life in the benthic environment.

This preliminary information indicates the feasibility of continued beam
trawl studies and demonstrates the promise of more quantitative data that will
become available with sampling using this type of instrument.
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Work in progress includes additional quantitative beam trawl samples
at these stations, and a comparison of quantitative abundance data derived
from the beam trawl and bottom photographs. Two beam trawls of improved
design have been constructed for these investigations.
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ESTIMATION OF MACRO-EPIFAUNAL ABUNDANCE
BY BOTTOM PHOTOGRAPHY

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

During the past year we have undertaken preliminary studies of the
abundance of large epi-benthic organisms by bottom photography. The
major objectives have been to determine the abundance, orientation, and
distribution of this fauna and to obtain information on the microtopography
of the sea floor. At the present time photographic techniques have been
developed for these purposes, and photographs from a number of our
standard AEC trawling stations are under study by Mr. Jeffrey M. Stander.
An Edgerton, Germeshausen and Grier, Inc. stereo deep-sea camera
system with a pinger and trip switch are used for the bottom photography.

The information derived from the photographs complements the samp-
ling by otter trawl, beam trawl, Smith-McIntyre bottom grab, and anchor-
box dredge. Many of our previous conclusions about general trends in
the'animal assemblages and environment are corroborated by photography.

As the sediment becomes finer near the edge of the shelf (Fig. 2) and
then on the upper slope (Fig. 3) and Cascadia Abyssal Plain (Fig. 4), the
evidence for burrowing infauna increases. The inner shelf near the coast
(Fig. 1) supports few epifauna, while at 200 meters depth the epifauna are
very abundant.



Figure 1. Sandy bottom at 20 meters depth. Note sand ripples
caused by water currents.
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Figure 2. Muddy sand bottom at 200 meters depth at the edge of the
shelf. Note the sea urchin (Allocentrotus fragilis), the
shrimp, and the evidence (holes and mounds) o urrowing
organisms.
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Figure 3. Clayey silt bottom at 800 meters depth on the upper slope.
Note the starfish (Luidia foliolata), the snails, and the
evidence of burrowers.
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Figure 4. Silty-clay bottom at 2810 meters depth on Cascadia Abyssal
Plain. Note the large sea anemone and the faecal castings
that are probably from sea cucumbers.



ORGANIC CONTENT OF SEDIMENTS

by Andrew G. Carey, Jr. and Roger R. Paul

Organic materials associated with sediments form the primary source
of food for many benthic invertebrate organisms. In the deep-sea most of
the animals obtain all their food energy from detritus on the sediment
surface or organic materials incorporated within the sediments. Information
on the source, amount, types, and rates of input and utilization of organic
materials available to the sea-floor animals is necessary for understanding
the ecology and radioecology of this environment.

As a first step toward these goals, organic carbon and organic nitrogen
(Kjeldahl) of sediments have been measured over a wide range of depths
and sediment types in the northeast Pacific Ocean off Oregon (Carey, 1965;
Gross et al, unpublished data). An attempt has been made to correlate the
abundance and biomass of the benthic fauna with these broad measures of
organic materials associated with sediments.

The sediment samples were obtained by an anchor dredge, anchor-box
dredge, or Smith-McIntyre bottom grab. They were stored in a deep-freeze
at -40° F until analysis. Organic carbon values were computed by the
difference between total carbon and calcium carbonate carbon. A LECO
induction furnace and gas analyzer were used to obtain these data. Organic
nitrogen in the sediment was determined by micro-kjeldahl analyses.

Organic carbon was determined in surface sediments at a series of
stations along the Newport Station Line (44° 39. 1' N) (Fig. 1). From these
data, it was shown that organic carbon is in very low concentrations on the
inner continental shelf, intermediate on the outer shelf, and high on the
upper and lower continental slope (Carey, 1965, 1966, unpublished data).
Organic carbon was generally low along the middle slope area, and inter-
mediate on Cascadia Abyssal Plain. An inverse relationship was found
between the organic carbon content and sediment particle size with the
exception of the abyssal stations (Fig. 2), where the input of organic mater-
ials is probably substantially less than closer inshore.

Kjeldahl nitrogen concentrations in the surface sediments along the
Newport Line generally follow the same pattern exhibited by the carbon
(Carey, unpublished data). However, the C/N ratio does not remain
constant. Future studeis may define further the nature of the organic
materials present.

By a joint effort of Oregon State University and the University of
Washington, the organic carbon content of surface sediment has been mapped
off the northwest United States. The following is.an abstract of a paper now
in final stages of preparation. A paper further defining the distribution and
its possible causes is anticipated.
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DISTRIBUTION OF ORGANIC CARBON IN SURFACE SEDIMENTS
NORTHEAST PACIFIC OCEAN

by M. G. Gross, A. G. carey, Jr., G.A. Fowler, and L. D. Kulm

ABSTRACT

Organic carbon is most abundant in surface sediment on the Continental
Slope and on Cascadia Basin near the edge of the continent; it is least
abundant in the coarse grained sediment on the upper Continental Shelf
(> 90m) and on the deep-ocean floor, seaward of the Juan de Fuca ridge
system. Factors controlling organic-carbon concentrations include grain
size (on the Continental Shelf), dissolved oxygen concentrations in the
water column (on the Continental Slope), and the rate of sediment accumula-
tion (throughout the region).. Surface and subsurface currents, the ridge
system, and the seachannels all trend more or less parallel to the coast
and apparently restrict the seward movement of sediment and organic carbon
causing the observed zoned distribution parallel to the coast.
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FEEDING HABITS OF SUBLITTORAL, BATHYAL, AND
ABYSSAL ASTEROIDS OFF OREGON*

by Andrew G. Carey, Jr.

The food web, one of the major areas of interaction between organisms
in the sea, is a complex set of interactions that links the flora and fauna
(in the ocean) into a functional whole. The dynamics of the benthic animals
and their role in the utilization of energy and in the cycling of elements in
the marine ecosystem can be understood only when the food sources of each -
dominant species are known. As an initial step in linking the Oregon benthic
fauna together in a functional manner, the food sources of sea stars have
been studied. As the asteroids are ubiquitous members of benthic animal
assemblages and dominant large macrofauna, they can be used to study basic
biological questions. How does diet change with species, feeding type,
morphology, size, depth,sediment type, and various features of their physi-
cal environment?

Though such observations have been made on asteroids for a long time
(Hyman, 1955 and Feder and Christensen, 1966), the food sources of most
asteroids, particularly the deeper fauna, have remained unclear.

During the past 3 years, we have analyzed the stomach contents of 536
asteroids, representing 28 species from the inner shelf to Cascadia Abyssal
Plain (Fig. 1). Enumeration of the stomach contents has enabled us to draw
conclusions regarding the feeding habits of most of the asteroid species and
demonstrate"general trends in the food web with increasing depth and distance
from shore.

The food source of asteroids changes with depth (Fig. 2). With
increasing depth the relative and actual numbers of predators decrease,
while deposit, detritus, and omnivorous feeders increase.

Acknowledgement is gratefully given to Mr. Gary L. Hufford and Mrs.
G. Samuel Alspach for laboratory assistance; to F. J. Madsen and M. Alton
for taxonomic assistance, and to R. R. Paul and D. R. Hancock for field
assistance.

* This paper is being prepared for publication.
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Depth in Meters

Species 50 100 200 400 600 800 1000 1200 1600 2000 2400 2800 3000 4000

Pisaster brevispinus x
Stylasterias forreri x
Mediaster aequalis
Luidia foliolata
Thrissacanthias penicillatus

X
x
x

X
X
X
x X X X X

Pseudarchaster parelii alascensis x X X
Hippasteria spinosa x X
Rathbunaster californicus x X X
Dipsacaster anoplus x X X X X
Nearchaster aciculosus x X X X X X
Heterozonias alternatus x X X X X X X
subfam. Pedicellasterinae x X X
Fam. Zoroasteridae x X X X X X X
Ctenodiscus crispatus x x x X
Diplopteraster multipes x
Hippasteria californica x X
Solaster borealis x x x x x x
Psilaster pectinatus x X X
Fam. Pterasteridae (not Hymenaster) X X
Lophaster furcilliger x X X
Hymenaster sp. X X X X X
Pseudarchaster dissonus x X X X
Pectinaster sp. X
Eremicaster pacificus x X X
Benthopecten sp." x x
Dytaster sp. X x x x
Hymenaster quadrispinosus x X
Mediaster elegans abyssi x

Figure 1. Depth distribution of the species of asteroids studied
for food source.
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A TENTATIVE CHECKLIST OF SELECTED GROUPS OF
INVERTEBRATES FROM OTTER TRAWL AND DREDGE

COLLECTIONS OFF OREGON

by James E. McCauley

Since 1961 the Department of Oceanography at Oregon State University
has made 246 otter trawl collections and 50 biological dredge collections.
These collections have been mainly epifaunal and because of the capabilities
of the gear used are usually macroscopic. This report deals with these
larger epifaunal forms. The checklist is necessarily incomplete because
not all species have yet been identified. A number of new species have not
yet been described, and a number of animal groups have not been worked
up. The parasitic fauna has been excluded thus far although some of the
trematode parasites of deep-sea fishes have been described. Groups of
animals that are largely infaunal are not generally included, especially
when they are being worked up as a taxonomic unit. Mr. Danil- Hancock of
this department is currently working on the annelids. He has been aided
by Dr. Olga Hartman of the University of Southern California, Dr. Donald
J. Reish of Long Beach State College, and Dr. Cyril J. Berkeley of the
Fisheries Research Board of Canada, Nanaimo, B. C. Dr. Nathan W.
Riser of Northeastern University is working on the nemerteans; Dr. L. F.
Gardner of Woods Hole Oceanographic Institution, on the tanaids; Dr. J.
Laurens Barnard of the U. S. National Museum on the gammarid amphipods;
Dr. R. R. Hessler of Woods Hole Oceanographic Institution on the isopods;
Dr. Mary Rice of the U. S. National Museum on the sipunculids and Dr.
Harold J. Jensen of Oregon State University on the nematodes. These.groups
have been excluded from this checklist. Drs. Joel W. Hedgpeth and John
McCain are working up the pycnogonids, and they will be published elsewhere.
Some groups of animals remain unstudied and are excluded. These groups
include the sponges, free living platyhelminths, endoprocts, phoronids,
crinoids, and tunicates.

The checklist is at best tentative. Most identifications have been
made in this laboratory and verified by specialists in their respective groups.
Currently acceptable names have been used where possible, but because I
have not studied most groups. critically, this report should not be considered
as a validation for any of the names used. Specialists who have verified
identification included herein will be acknowledged below.

Phylum Coelenterata

The hydroids, worked up by J. M. McCormick (1965), are mostly
from shallower waters (less than 600 meters). Those from deeper waters
have not been identified for the most part, although Lafoea sp. and
Li turella cervicornis have been identified from deeper. The soft corals



192

(Alcyonarians) were identified by Mr. Francis Belcik, now of East
Carolina College, Greenville, N. C. The sea anemones have been sent to
Mr. Charles E. Cuttress of the University of Puerto Rico, Mayaguez,
for study but have not yet been identified. Most of the latter group have
not been included in this checklist.

Class Hydroide
Abietenaria sp.

Depth. (m. )
10-110

A. abietina
A. alexanderi
A. traski
Acryptolaria sp.
Agla ophenia sp.
Aglaophenia sp.

55-104
10
46-400
77

55-138
400

A. digensis 77-110
A. inconspicua 77
A. octocarpa 92
Caberea ellisi 55-106
Campanularia sp. 10

C. verticullata 77

C. volubilis 10

Eudendrium tenellum 400
Hallecium corrugatum 55

Hydractinia sp. 512
Hydralmania 320-400
Lafoea sp. 2012
L. adnata
L. durnosa
L. fruticosa
L. gracillima

65-92
77

64
64-400

Lictorella cervicornis 1829
Plumularia alicia 22

Sertularella turgida 64-200
Thuiara robusta 146

Class Anthozoa
Allopora verrilli 92
Anthoptilum sp. 861-1372
A. grandiflorum 400-1600
Antipathes sp. 823-914
Atolla sp. 830
Balanophyllia elegans 100
Balticina pacifica 400-1600
Clavularia sp. 2800
Epizoanthus sp. 2772-2800
Euplexaura marki 64-200
Funicula sp. 800



Class Anthozoa (cont. ) Depth (m.)
F. armata 861
Kophoblemnon sp. 2012-3000
Lieptilus quadriangularis 50-86
Metridium sp. 100
Oncosoecia sp. 95
Pennatula sp. 2600
P. aculeata 861
P. phosphorea californica 800-820
Periphylla sp. 830
P. hyacinthina 800
Protoptilum 2826
Scleroptilum sp. 109
Stylatula elongata 165-190
Umbellula sp. 823-1266
Virgularia bromle i 800-980

Phylum Nemertinea
Carinomella lactea 200-800
Cerebratulus californiensis 175-800

Phylum Bryozoa
Bugula flabellata 92-128
Callapora corniculifera 55
Cellaria diffusa 55-146
Lagenipora punctulata 82-110
Myriozoum coarctatum 46-200
M. tenue 92

Phylum Brachiopoda
Laqueus sp.
Laqueus sp.

150-400
1829

L. californicus
Pelagodiscus atlanticus

100-800
2600-2850

Phylum Echiuroidea
Listriolobus hexamyotus
Thalassema steinbecki

600-800
1400-1420

Phylum Pogonophora
Galathealinum brachiosium 1530
Heptabranchia ctenophora 800
Lamellasabella zachsi 1829



Phylum Mollusca

The chitons have been verified by Rev. Elwood Hunter of Yachats,
Oregon, and Dr. Allyn G. Smith of the California Academy of Sciences.
The cephalopods are being identified by Dr. William G. Pearcy of this
department. The bathydorid nudibranchs are being studied by Dr. Joan
Steinberg of the California Academy of Sciences. The scaphopods have
been identified by Dr. Ruth Turner of Harvard University. The pelecyp'Qds
have been sent to Dr. Myr Keen, but verifications have not yet been
received.

Phylum Mollus c a
Class Amphineura

Ischochiton sp.
Leptochiton sp.
Leptochiton 'sp.

100
109

1420-2000
L. cancellatus
L. mesozonus
Lepidazona sp.
L. gollischi

Class Cephalopoda
Japetella sp.
Octopoteuthis sp.
Polypus sp.
Polypus sp.
Rossia pacifica

320
1829

101-106
101-106

830
800
128-174

2012
126-174

Class Scaphopoda
Cadulus sp. 400-800
C. californicus 200-2012
Dentalium sp. 150
Dentalium sp. 1600-3800
D. azassizi 2012
D. ceras 2600-2853
D. megathyris 2400-2850
D. pretiosum 118-1829
D. rectius 175-200

Class Pelecypoda
Acilia castrensis 64-100
Cardiomya oldroydi 128-674
Chlamys ha status hericus 46
C. hindsi 46
Clinocardium nutalli 46
Cuspidaria sp. 1829-2012



Class Pelecypoda (cont. )
Macoma calcarea
Nemocardium centrifilosum
Pecten caurinus
P. randolphi
Protothaca staminea
Saxicava arctica
Siliqua patula
Solemya agassizi
Tellina buttoni
Venericardia ventricosa
Yoldia sp.
Y. limatula gairdneri

146-205
101-106
119

674-1426
70-80

101-106
50

200-2833
40-42

118-512
512-674
118-1829

Class Gastropoda
Acmaea limatula 46
A. mitra
Amphissa versicolor
Antiplanes sp.

46
25-146

150-600
A. abarbarea
A. perversa
A. vinosa
Archidoris montereyensis
Argobuccinum oregonense
Armina californica
Bathybembix bairdi
Bathydoris sp.
Boreotrophon stuarti
Buccinum sp.

128-512
50-245

146-1250
100
88-200
25-200
549-1372

2709-3000
46-106

170-2800
B. diplodetum
B. strigillatum
B. tenue

2012
50-347

861-1426
Calliostoma annulatum 46
Colus sp. 800
C. dimidiatus 1829
C. halli -823-1097
C. roseus 147-174
C. sapidus 1829
C. severinus 200-360
Epitoneum indianorum 128-146
Exiloidea rectirostris 640-731
Leucosyrinx amycus 933-2012
Lisch keia cidaris 46-126.
Lunatia lewisi 68
Mohnia sp. 600-820
M. frielei 549-861



Class Gastropoda (cont.
Nassarius sp. 30-86
N. fossatus 25-68
N. mendicus 73-146
Natica clausi 146-640
Neptunea sp. 400-1600
N. ly rata 126-1426
N. phoenicia 400
N. pribiloffensis 347-640
Olivella biplicata 22-100
Pleurotomella herminea 674-2012
Plicifusus Sp. 1829
Polinices sp. 126-205
Puncturella cuculata 100-106
Solariella permeabilis 2012
Tritonia sp. 200-2086
T. diomeda 1260

Trophon tripherus 311-347

Phylum Arthropoda

The barnacles-have been identified by Mrs. Mary Ann Alspach and
verified by Dr. Dora Henry of.the University of Washington. Dr. Carl
Forss of Walla Walla College has aided in the identification of the shrimps.

Phylum Arthropoda

Class Crustacea
Order Mysidacea

Ceratomysis spinosa 2850

Order Cirripedia
Balanus crenatus 40-42
Lepas sp. 1462-2810
Scalpellum sp. 200
Scalpellum sp. 1250-3000
S. albatrossianum 2800
S. antillarum 2800-2853
S. larvale 1540-1600.

S. perlongum 1400-1600
S. phantasma 2826
S. regium 2600-4260
S. santaebarbarae 800-1260

Order Decapoda
Calastacus investigatorius 640-731
Cancer sp. 50-100



Order Decapoda (cont. )
C. magister
C. oregonensis
Chionocetes tanneri
Chorilia sp.
C. longipes
Crangon sp.

22-200
46

200-2800
15
46-674
55

C. abyssorum 1097-2012

C. alaskensis elongata 23-68
C. alba 25
C. communis 73-366
C. munita 126
C. munitella 128
C. resima 118-366

Gennadus borealis 800-1170
Gnathaphausia ingens 640-1170
Lithodes couesi 1829

Lopholithodes sp. 150
L. foraminatus 42-200
Munida sp. 100-885
M. quadrispina 146-674
Munidiopsis sp. 2600-4260
M. quadrata 933-1097

M. verrilli 1829
Mursia gaudichaudii 100
Nectocrangon californiensis 73-119
Paguristes sp. 200
P. turgidus 40-174
Pagurus sp. 225-800
P. capillatus
P. ochotensis
P. tanneri

1097-1189
25-640

347-1097
Pandalus sp. 1600
P. danae
P. jordani
P. montague tridens

40-225
100-200
126

Pandalopsis sp. 46-55
P. ampula 126-1426
Paracrangon echinata 101-106
Paralomis multispina 1335-2086
P. verrilli 1600
Parapagurus mertensii 1426=2012
Pas ipha ea magna 640-1189
P. pacifica . 400-640
Sergestes sp. 600
S. similis 800-1170



Order Decapoda (cont. )
Spirontocaris sp. 146
S. decora 126
S. flexa 1097-1189
S. franciscorum 1426
S. macrophthalma 225-1426

Phylum Echinodermata

Crinoids and ophuiroids have been dent to Dr. John Dearborn of
the University of Maine. The crinoids are not included herein but the
ophuiroids are included even though verifications have not yet been received.
Mr. Miles Alton of the U. S. Bureau of Commercial Fisheries, Seattle,
Washington, and Dr. F. J. Madsen of the University of Copenhagen has veri-
fied the asteroid identifications and Dr. Elizabeth Deichmann has identified
the holothurians. We have previously listed the echinoids (McCauley, 1967;
McCauley and Carey, 1967).

Phylum Echinodermata
Class Asteroidea

Ampheraster sp. 800
Amphiaster marinus 800-1260
Anteliaster sp. 820-980
Astrocles actinodetus 2850
Astrolirus panamensis 2800
Benthopecten sp. 2600-2920
B. acanthonotus 2176
B. claviger 2012
Briss-ingella exilis 2012-2176
Brissingia sp. 1829
"Brissingidae" 150-2810
Ctenodiscus crispatus 400-1829
Dermasterias imbricata 10

Diplopteraster multipes 347-400
Dipsacaster anoplus 200-2800
Dytaster sp. 3860-4260
D. gilberti 2400-3000
Eremicaster sp. 1540-2400
E. pacificus 2176-2860
Evasterias troscheli 10
"Goniasteridae" 2736
,Henricia leviuscula 46-200
Heterozonius alternatus 200-1600
Hippasterias sp. 200-1530
H. californica 400-1260
H. spinosa 100-800



Class Asteroidea (cont. )
Hymenaster sp. 1530-3000
H. quadrispinosus 1335-3000
Leptychaster anomalous 128-1829
L. arcticus 400
Lophaster fucilliger 92-2176

Luidia foliolata 40-366

Luidiaster dawsoni 400
Mediaster aequalis 46-800
M. elegans abyssi 2600-3000
Myxoderma sp. 1600
M. platyacanthum rhomaleum 311-800

M. sacculatum 400-1530
Nearchaster aciculosus 200-1600

Orthasterias koehleri 200
Orthasterias sp. 200
Pectinaster agassizi evoplus 2176
"?edicellasterinae" 800
Pedicellaster sp. 200-241
Pisaster sp. 50

P. brevispinus 22-55
Poraniopsis inflata 101-128
Pseudarchaster sp. 2865

P. dissonis 1540-2850
P. parelli alascensis 165-830

P. pus illus 200-512
Psilaster pectinatus 600-2500
"Pterasteridae" 150-1560

Pteraster gracilis 128-146

P. jordani 1000-1530
Pycnopodia helianthoides 50-100
Rathbunaster sp. 400-1600
R. californicus 126-400

Solaster sp. 126-1260
S. borealis 400-1600
S. dawsoni 77-106
S. endeca 200-400
S. papposus 82-126
S. stimsoni 100
Stylasterias forreri 50-150
Thrissacanthus penicillatus 200-1250
"Zoroasteridae" 800-2176
Zoraster sp. 200-800
Z. evermani mordax 800-2012
Z. ophiurus 800-2176



Class Ophiuroidea
Amphiura sp.
A. diomedeae
Asteronyx loveni
"Euryalae"
Gorgonocephalus caryi
Ophiacantha sp.
0. no rmani
Ophiocten pacificum
Ophimitra sp.
Ophiomusium sp.
0. jolliensis
0. lymani
0. multispinum
Ophiopholus sp.
0. bakeri
Ophiura sp.
Ophiura s p..
0. hadra
0. virorata
0. lutkena
O. ponderosa
0. sarsi

Class Echinoidea
Aeropsis fulva
Allocentrotus fragilis
Brisaster latifrons
Ceratophysa rosea
Dendraster excentricus
Sperosoma giganteum
Strongylocentrotus echinoides
S. franciscanus
S. purpuratus
Urechinus loveni

Class Holothuroidea
Abyssicucumis albatrossi
Chirodeta albatrossi
Order "Dendrochirota"
Laetmophasma sp.
L. fecundum
Leptosynapta sp.
Leptosynapta sp.
L. inhaerens
Molpadia sp.

2850
1530-3000
400-2826
100-2700
100-1372

400-2860
1250-1600
800-3000

2000
800-2000
600-2800
1530-2086
2012-2800
400
150-200
100-800

1400-2800
400-1600

1600-2086
100-175

1260
150-800

2600-2865
50-1260

100-980
2600

22-50
2086-3000

88-146
46-64
64

2600-4260

2600-4260
2772-3000
2086-2850
2400
600-2810
200-400

1829-2000
600

2300-3700



Class Holothuroidea
M. granulatum
M. intermedia
M. musculus
M. oolitica
M. spinosa
Palaeopatides sp.
Panychia mo s eley i
Peniagone sp.
Pentamera populifera
Pseudostichopus sp.
Pseudostichopus sp.
Pseudostichopus sp.
P. nudus
Psolus chitinoides
Psychroptes raripes
Scotoplanes sp.
S. glubosa
S. theeli
Stichopus californicus
Synellactes -sp.
S. gilberti
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DEEP-SEA SEDIMENTATION AND SEDIMENT-FAUNA
INTERACTION IN CASCADIA CHANNEL

AND ON CASCADIA ABYSSAL PLAIN*

By G. B. Griggs, L. D. Kulm, and A. G. Carey, Jr.

ABSTRACT

Submarine physiography and processes of sedimentary.deposition
can give rise to distinct vertical sedimentary sequences which have a
large influence on benthic faunal abundance and composition in abyssal
regions. The transportation 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
markedly to the thin, less rich, hemipelagic clays overlying clean late
Pleistocene sands on the adjacent abyssal plain to either side. There is a
benthic population in the channel that is four times as abundant as that of
the adjacent plain. Burrowing organisms in Cascadia Channel have left
many well-preserved burrows of distinct sizes and shapes within the
successive turbidity current deposits. A variation in the depth and the
frequency of burrowing, within these deposits has been recognized and
correlated over a distance of 65 kilometers within Cascadia Channel.
It is postulated that the turbidity flows create a unique environment in
the channel and that the-fauna is affected by the differences in sediment
size and composition and by the increased supply of utilizable organic
material.

INTRODUCTION

The deep-sea floor has been studied for many years by both the
geologist and the biologist, but for the most part they have worked inde-
pendently without integrating the results of these investigations. Heezen,
Ewing, and Menzies (1955) speculated on the effects of submarine turbidity
currents on abyssal organisms, and several other workers (Bramlette and
Bradley, 1942; Arrhenius, 1952; and Ericson, Ewing, Wollin, and Heezen,
1961) have described the burrows of benthic organisms found in deep-sea
sediment cores. The benthic ecologist commonly retrieves a mixed bottom
sample and examines its contents with no knowledge of the vertical sedi-'
ment 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 sedi-
ment characteristics in the abyssal environment. The geologist, on the
other hand, samples such a small surface area that he has little knowledge
of organisms present which may be reworking and modifying the sediment.

Cascad is Abyssal Plain and Cascadia Channel in the northeast
Pacific Ocean have been studied extensively by geologists and biologists
at Oregon State University. The area is an excellent location in which
results of two distinct types of investigations can be combined and inter-
related. An attempt is made to evaluate the effects of submarine physio-
graphy and sedimentation on the benthos, and, conversely, to evaluate the
effects of the benthos on the sediment.

*This paper has been submitted for publication.



GEOGRAPHIC AND GEOLOGIC SETTING

Cascadia Abyssal Plain

Cascadia Abyssal Plain lies adjacent to the states of Oregon and
Washington and has an area of approximately 170, 000 kms2 (Fig. 1),
It is bordered on the west and south by hills and seamounts. Cascadia
Abyssal Plain slopes consistently to the south, parallel to the continental
margin rather than perpendicular to it in the usual manner. In the eastern
half of the region the plain-rises to a depth of 2100 meters. Depths gener-,
ally increase from 2380 meters in the north to 2930 meters in the south,
largely as a result of the two large submarine fans off the mouths of the
Columbia and Fraser Rivers;

Cascadia Channel

Cascadia Channel, with its contributing submarine canyons, originates
on the continental slope off Oregon and Washington and extends seaward for
a distance of at least 950 km across Cascadia Abyssal Plain, through Blanco
Fracture Zone, and onto Tufts Abyssal Plain to the west (Fig. 1). This
study is concerned only with that portion of the channel which crosses
Cascadia Abyssal Plain. This portion of the channel has an average gradient
of about 1: 1000. Bathymetric profiles of the channel show a maximum relief
varying from 40 meters to over 320 meters. The depth to the floor of the
channel varies from 2600 meters at the base of the continental slope to 3200
meters before the channel passes into the Blanco Fracture Zone. The bottom
of the chanhel varies in width from 0. 6 to 3. 5 kms; the top varies from 1. 2
to 8. 0 kms. The channel floor is flat on most crossings, suggesting
sedimentary filling.

DEEP-SEA SEDIMENTATION

Cascadia Abyssal Plain

Cascadia Abyssal Plain has been characterized primarily by the
deposition of pelagic and hemipelagic clays during postglacial time
( <12, 000 B. P. ). Fairly high depositional rates on the eastern plain (8 to
10 cm/1000 yrs.) are due primarily to the settling of large volumes of sus-
pended sediment from the Columbia River discharge (Duncan, 1968). The
postglacial sediments of the western portion of the plain, farther from the
river's influence, are finer-grained than those closer to the continent and
have accumulated at rates of about 2 to 3 cm/ 1000 years (Duncan, 1968).
Beneath the postglacial sediments on the abyssal plain, sand layers increase
in thickness and in number, proceeding downward in the cores (Kulm and
Nelson, 1967). A radiocarbon date on the sediments from the western
portion of the plain indicates that sedimentation rates during the late Pleis-
tocene were as high as 170 cm/1000 years.
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Cascadia Channel

Piston cores taken in the axis of Cascadia Channel reveal a charac-
teristic sedimentary sequence which consists of layers of olive green silt
(5Y 3/2 GSA Rock Color Chart 1963), usually between 45 and 80 cm in thick-
ness, alternating cyclically with thin gray clay (5Y 4,/1) layers from 1 to 5
cm thick (Kulm and Griggs, 1967). Although these two very distinct colors
are both termed olive gray in the G. S. A. rock color chart, the colors of the
sediments are very different and will be called olive green and gray. The
methods used for obtaining and processing piston cores and sediment
samples are described by Ericson, Ewing, Wollin, and Heezen (1961) and
the more specific methods at Oregon State University by Carlson (1967).

Olive Green Silts - Thick olive green silt beds always overlie thin
gray clay layers. The contact between the two layers is always sharp and
is probably erosional in nature (grooves are usually cut into the underlying
softer clay). A typical silt bed has a distinct basal layer consisting of
fine silt to fine sand (mean diameter 0. 008 to 0. 062 mm) which is-'ery
poorly sorted. This layer 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). The basal layer is not uniformly graded but usually consists
of a number of individually thin laminae, the fine silt to very fine sand grade
upward into a clayey silt. Above this coarse laminated basal sequence is
an apparently structureless section 25 to 50 cm in thickness,- consisting of
olive green silty clay which becomes finer-grained upward.

A coarse fraction ( > 0. 062 mm) analysis of the coarse basal layer
(Fig. 2) shows that detrital quartz, feldspar, and ferromagnesian minerals
predominate. Mica may also be an important constituent of this basal
layer. An analysis of the foraminifera present in the layers shows a high
percent of forms indigenous to the continental shelf and slope (Duncan,
1966 and Griggs, 1966). In the silty sequence above the basal layer, mica
and plant fragments increase in abundance as the percentage of other detrital
mineral grains decreases. Near the top of the silty sequence the percent of
plant fragments and mica in the coarse fraction may reach 70 or 80%. Thus,
the thick silty sequences are characterized by a gradual, but continual,
gradation in texture and composition.

Calcium carbonate and organic carbon contents in the graded layers
were determined using a Leco induction furnace and gas analyzer. The
calcium carbonate content in the typical sedimentary unit decreases upward
from 1 . 0% by weight in the coarse basal material to 0. 5% in the fine clayey
tail (Fig. 2). On the other hand, the organic carbon content is very low in
the basal sand and silt layer (0. 2 to 0. 7%), but increases to values of between
2. 0' and 2. 6% in the fine clayey sediments. The increase in the .organic
carbon parallels very closely the increase in the percent of plant fragments
in the coarse fraction (Fig. 2).

Gray Clays - Interbedded with the thick, olive green silts are thin,
homogeneous gray clay layers. They are very uniform texturally within a
single core. Throughout the channel these layers range in composition
from 50 to 70% clay and from 25 to 45% silt. The upper contact of this
layer, with the overlying graded unit, is always sharp and irregular; where-
as, the basal contact is usually reworked and somewhat difficult to locate



N O I

III
 ',

I!
I

I'l
l A

1,
11

1,
11

11
11

11
_

::I
::I

:II
'II

I
III

III
 t 

r

y.
.

LI
 1

1
11

11
1

L
01

11
1.

1
U

F

I
L

I
I
i
l
l
l
l
t
I
t
l
l
t
l
l
l
l
t
i
i
l

O I

cn O

L
o

T
"I

1'
-

i
( 

G
r 

1
J

Q

III
I I

O
. G

o -0

0

0

0

50

60
SAND-S/LT DETR/TAL B/OG£N/C CORE'LOG PLANT ORGANIC CALCIUM

CLAY GRAINS MATER/AL FRAGMENTS CARBON CARBONATE

Figure 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 upper portion of the turbidity
current unit.



precisely. Burrows of gray clayey material of various sizes and shapes
extend downward from 5 to 50 cm into the underlying olive green silt
sequence.

The coarse fraction constituents of the gray clays consist predomin-
antly of material classed as biogenic in origin, such as radiolaria, diatoms,
forminiferans, and fecal pellets. The calcium carbonate content of the
gray clays is somewhat variable, ranging between 0. 6 and 1.6% by weight.
Organic carbon values vary from 0. 9 to 1. 8% by weight.

Table 1. Comparison between green silt and gray clay

Olive green silt

COLC)R

GSA ROCK COLOR Olive gray (5Y 3/2)
CHART
OUR DESIGNATION Olive green

COARSE FRACTION Detrital grains at base
grading upwards into
mica and plant fragments

TEXTURE Sand or silt grading to
silty clay

FAUNA Displaced shallow water
benthic foraminifera

SEDIMENTARY
STRUCTURES

Gray 'clay

Olive gray (5Y 4/1)

Gray

Predominantly biogenic-
radiolaria, diatoms,
fecal pellets, etc.

Homogeneous clay or
silty clay

Deep water benthic
foraminifera, plank-
tonic foraminifera,
radiolaria, diatoms

Erosional basal contacts, Homogeneous
graded bedding, lami-
nations

The two characteristic sediment types, olive green silt and gray clay,
are easily distinguished by the criteria listed in Table 1. We have concluded
that the graded silt sequences represent turbidity current deposits which
alternate with layers of normal pelagic or hemipelagic gray clay. The benthic
environment in Cascadia Channel consists of fine gray clay, skeletal remains,
and some particulate organic material settling slowly out of the water column.
This environment is periodically interrupted by a turbulent, sediment-laden
organic-rich mass which cascades down the confines of the deep-sea channel
as a turbidity current, gradually depositing its contents along the length of the



channel. Displaced shallow water benthic foraminiferans, textural properties,
and organic carbon contents of these sediments indicate that they were
transported from the continental shelf and slope. The mineralogy of the
sand sized sediment and the physiography at the head of Cascadia Channel
indicate that the large volumes of material which move down the channel have
come from the Columbia River. This river drains 670, 000 sq. km and has a
present day sediment discharge of 12. 2 million cu rn/yr; it is of major
importance as a sediment source in the northeast Pacific Ocean.

CLASSIFICATION AND DISTRI-BUTION OF BURROWS

The basal contacts of the thin pelagic clay layers from Cascadia
Channel cores are always irregular due to the reworking of the gray clay
into the underlying olive green silt. Reworking by the organisms usually
occurs to a depth of several centimeters below the clay-silt contact. The
depth of complete reworking is confined chiefly to the uppermost 3 to 5 cm
of sediment in a typical sedimentation unit, including an average of 3 cm
of pelagic clay and 2 cm of the underlying olive green silt.

Distinct burrows or borings of variable size and shape, which extend
from 2 to 50 cm downward into the underlying graded silty beds, occur below
the reworked area. These burrows are circular, oval, or elongate in shape,
vary from 1 to 35 mm in diameter, and can be classified according to their
size, shape, and discoloration (Table 2).

ABYSSAL BENTHOS

Sampling Methods

Benthic infauna from Cascadia Abyssal Plain and Cascadia Channel
have been sampled by anchor-box dredge (Carey and Hancock, 1965) or
anchor dredge (Sanders, Hessler, and Hampson, 1965). The dredge quan-
titatively samples the upper 10 cm of sediment so the area sampled can be
calculated from the volume of the sediment. Subsamples of sediment for
organic carbon were taken before processing the sample for animals. The
sediment was then carefully washed through a 0. 42 mm aperture sieve by
flotation with a large volume of seawater at low pressure. In the laboratory,
animals were picked from the sieved sediment and debris. All organisms
except foraminiferans, nematodes, and ostracodes were picked quantitatively,
sorted, enumerated, and weighed (wet preserved weight).

Benthic Faunal Abundance and Composition

Although large benthic populations occur on the Oregon continental
shelf and slope and on Cascadia Abyssal Plain in certain areas, the abun-
dance of the organisms generally decreases with increasing distance from
shore(Carey, 1965). These areas of larger benthic populations are 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.
Filatova and Zenkevitch (1966) have reported on a "nearshore abyssal zone"
similar to the eastern portion of Cascadia Abyssal Plain where the biomass
and the abundance of the benthic fauna are greater than at the stations further
westward on the plain (Fig. 3).



I t 3 4 _5- 6

209

Table 2. Classification and characteristics of burrows

Burrow Types

Shape needle-like oval to elongate circular, oval oval to elongate circular, oval elongate,
to elongate to elongate segmented tube

Size (width) 1 mm 2-4 mm 5-10 mm 1-3.5 cm 5-10 mm 5-10 mm

Maximum pene-
tration depth 10-15 cm 30 cm 40 cm 40 cm 30 cm 50 cm

Orientation usually in variable variable, com- variable variable usually hori-
vertical monly oblique

to vertical

Coloration Gray (5Y4/1) Gray (5Y4/1) Gray (5Y4/1)

zontal

Gray (5Y4/1) Olive-green Gray (5Y4/1)
(5Y3/2)

Physiographic Astoria Canyon Astoria Canyon Throughout all

occurrence Astoria Channel Astoria Channel canyon, channel,
Cascadia Chan- Cascadia Chan- and abyssal

nel (floor and nel (floor, walls, plain environ-
levees) levees) ments

Abyssal plain

Comments Burrows com- Transitional in Most abundant
ntbnly found size between 1 burrow type.
only in upper and 3. Many contain
10-15 cm. -small ovoid
Most abundant fecal pellets or
in outer Cas- hollow cal-
cadia Channel. careous tubes.

Willapa Canyon Cascadia Channel Cascadia Ch4nn'
Upper Cascadia (floor and levees) (floor, walls(
Channel (at levees)
depths 2750 ml

Burrow may Patchy distri- Segments con-
extend across bution in cores; sist of creschnt
the entire commonly shaped gray
width of a core. packed with layers separate

small ovoid fe- by olive-green
cal pellets. sediment.

Table 3. Benthic faunal abundance and organic carbon content at dredge stations

Station Location Depth (m) No.
Dredge

Samples

Mean NumbEr
Animals/m
(with range)

Mean Wet Wt.
gram/m2

(with range)

Average %

Organic Carbon
Content in Upper

10 cm.

21 Eastern Cascadia Plain 2810 1170(527-1820) 5. 57 (3. 52-6. 70) 1.7

24 Cascadia Plain - East
of Cascadia Channel 2810 330(167-520) 1.82 (1. 73-2. 00) 1.7

24A Axis of Cascadia Channel
Channel 2900 2 loll (602-1419) 2.20 (1. 31-3.08) 2.2

25 Cascadia Plain - West
)4 (Noof Cascadia Channel 2810 .

2 (Wt.) 154 (9-537) 0.98 (0. 07-1. 89) 1. 1
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Stations 21 and 24A (Fig. 3 and Table 3) at the base of the continental
slope and in the axis of Cascadia Channel, respectively, show a marked
contrast to stations 24 and 25. These two areas support four times as many
animals per square meter (Fig. 4) as stations 24 and 25. Bottom photographs
from these two stations are shown in Fig. 5 and picture epifaunal organisms
present with evidence of infaunal and epifaunal activity (mounds, trails, and
worm tubes). The greater abundance of benthic organisms at these two
stations suggests that more food is available here or that conditions for life
are better. Organic carbon measurements suggest that more food is
available.

The organic carbon content of the surface sediment (upper 10 cm) is
about 1. 1% at station 25 and somewhat higher, 1. 7% at station 24. These
areas have received only minor amounts of land-derived material since the
end of the late Pleistocene. The detritus available to the benthos comes
almost exclusively from material `which has settled.-through the water column
rather than through turbidity current deposition. Organic carbon values
from surface sediments at the base of the slope range from 1. 5 to 1. 9% and
those from several stations in the axis of Cascadia Channel are, very high,
averaging 2. 2%. Although the channel is 100 km farther seaward than station
21,, it is significant that the organic carbon content in the channel axis is
higher than at the base of the continental slope. The channel represents a
narrow band of organic-rich sediment extending across the more impover-
ished abyssal plain.

The station at the base of the continental slope would have 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. The high organic
content and the extensive burrowing in the sediments .of the channel and the
faunal abundance all strongly suggest that a significant portion of the plant
and other organic material which is funneled down this channel in the form
of periodic turbidity currents is somehow made available to the organisms.
Bruun (1953) reported on deep dredging in the Philippine Trench and found
that wherever a large amount of terrestrial plant material was recovered,
a rich haul of benthic animals was also obtained. He believed that bacteria,
also found in the dredges, used the plant material as a source of food and
the benthic macrofauna in turn ingested the mud and assimilated food from
the bacteria. Menzies, Zaneveld, and Pratt (1967) have observed turtle grass
(Thalassia testudinum Konig) floating far from shore and also in bottom
photographs froyssal depths off the Carolina coast. They suggest that
the grass may constitute an important source of organic enrichment in the
deep sea off the east coast of the United States.

The vertical sediment distribution has a large effect on the faunal
composition at the different stations. Sediment cores taken in the vicinity
of station 25, to the west of the channel, commonly consist of thick layers
of clean sand overlain by a 2 to 15 cm thick surface layer of clay. The sands
are late Pleistocene while the overlying clays are postglacial in age (Duncan,
1968). The annelids, which comprise the major fraction of the abyssal
infauna, are numerically and relatively less abundant at this station than at
the other stations on Cascadia Plain (Fig. 4). As these organisms are
primarily burrowing, deposit feeders, they are undoubtedly restricted by the
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Figure 5. Top: Bottom photograph from station 21 - on Cascadia Abyssal
Plain at the base of the continental slope. Epifauna: holothurians
(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 fecal
castings and sea anenome. Compare winnowed nature of bottom
with that of above photograph.



Although the abundance and compo
cal at stations 24A and Z7,1 (Fig. 4), the I
in the channel (2. 2 g/m as compared tc
This difference in weight can be explain(
chiefly annelids, found in the channel as
Annelids predominate in both areas and
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clean sand. The sediment sequence in Cascadia Channel by comparison
consists predominantly of finer grained silts and clays with high organic
content. These sediments would seem to provide a more ideal environment
for the burrowing infauna than those at station 25. The results of faunal
analyses (Fig. 4) from the channel support these contentions. Heezen,
Menzies, Schneider, Ewing, and Granelli (1964) found that the proportion
of detritus feeders (as compared to filter feeders) was significantly higher
in the outer Congo Canyon than in adjacent areas. They attributed this
difference to the frequent introduction of detrital nourishment from shallow
water, which would benefit the detritus feeders.

sition of the fauna is almost identi-
Aomass (wet weight) is much lower
5.6 g/m2 at the base of the slope).

:d by the smaller organisms,
compared to the abyssal plain.
constitute about 78% of the macro-

fauna. Arthropods are of secondary importance and molluscs are third in
abundance in the channel, while the converse is true at the base of the
slope.

General Abyssal Benthic Ecology

The abyssal fauna inhabiting Cascadia Abyssal Plain and Cascadia
Channel is composed of animals of a large size range and of many ecological
types. To varying degrees and in different ways, these organisms rework
and disturb the sediments (Table 2). Some fauna 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 substrate
(Allen and Sanders, 1966). A portion of these animals, such as the ophiuroids,
are selective deposit feeders and ingest only the finer particles (Turpaeva,
1967), while others, such as many of the polychaete worms, unselectively
ingest the whole sediment (Murray and Hjort, 1912; Zenkevitch, 1963). Surface-
living deposit-feeders (e. g. ophiuroids and holothurians) create tracks and
irregular concentrations of egested sediment. The burrowing forms excavate
burrows of various types within the sediment. The animals which cause the
burrows and other sedimentary disturbances found in the cores, are largely
infauna. The surface sediment with its associated epifauna is probably
stripped away as a result of the turbulence associated with the turbidity current.
The epifauna, living on the sediment surface or associated with it, are excluded
from these discussion because the evidence of their activity cannot be detected
in the cores.

Animal-Burrow Relationships

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. The animals inhabiting the region today are prob-
ably the same ecologic types or possibly the same species that formed the
various burrows in the sediments deposited since the late Pleistocene. The
distribution and abundance of the present fauna can be used to understand
more fully the patterns of sediment reworking by the past fauna.
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A table and composite photographs (Table 4, Figs. 6, 7, 8) summarizing
the typical benthic fauna from Cascadia Abyssal Plain and Cascadia Channel
have been compiled in order to comare the fauna size ranges, probably feed-
ing methods, and sediment disturbances in relation to the six burrow types
described. (Zenkevitch, 1963.; Savilov, 1957; Bruun, 1953; Carey,
unpublished data.) The organisms collected from this area show a very
broad size range, such that burrowing organisms can be found of the
appropriate size to create any of the burrows observed to date. The size
ranges of burrow Types 5 and 6 are within the range of Type 3, and organisms
pictured next to Type 3 are possibly responsible for these two more unique
burrow types. Distinct organisms undoubtedly created these unusual burrows,
but no evidence exists that allows us to relate individual animals to the burrows.
We have described the organisms found in the same area which may be respon-
sible for the burrows. This is to be considered an introduction to animal-
sediment interaction in the channel. More descriptive data must come from
direct observation of animals in burrows in' the surface sediments.

Table 4. Summary of living benthic fauna and burrow types

Size Range of Animals Ecology and Postulated Postulated
Animals Food Source Sediment Burrow

(width in mm) Disturbance Type

1. 0-1. 5 polychaetes deposit and detritus burrows
tanaids feeders tubes

fecal pellets

2-4 polychaetes deposit and detritus burrows
feeders tubes

fecal pellets

5- 10 polychaetes deposit and detritus burrows
pelecypods feeders fecal pellets

-30 polychaetes deposit and detritus burrows
echinoids feeders fecal pellets
holothurians



11
11

 li
lt

55
ti5

 £
5 

Z
19

 0
9 

61
v

8t
7

LI
t,

c
in

iln
n 

un
ln

n 
uu

lu
u 

un
lu

n 
nn

ln
n 

nn
lu

u 
nn

lu
n 

nu
l

In
 n

ip
19

L 
9

9I
9

9 
V

9 
£9

 Z
9

1 
9 

0 
9

61
9

V
,. 

lJ
P

o'
I

i

4

1.

fly

{`
`

.,,

TYPE

Figure 6.

TYPE 2
Burrows of Type 1 from a core in the axis of Cascadia Channel
pictured with burrowing animals of corresponding size ranges.
All organisms pictured are polychaete worms. Scales in
centimeters.
Burrows of Type 2 from a core in the axis of Cascadia Channel
pictured with burrowing animals of corresponding size ranges.
All organisms pictured are polychaete worms.
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TYPE 3

TYPE 4
Figure 7. Burrows of Type 3 pictured with burrowing organisms of

corresponding size ranges. Organisms pictured are poly-
chaete worms and pelecypods. Scales in centimeters.
Burrows of Type 4 pictured with burrowing animals of corres-
ponding size ranges. Upper organism is a holothurian; center
'organism is an echinoid; two remaining organisms are
polychaetes.
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Figure 8. Burrows of Type 5 from a core in the axis of Cascadia Channel.

Burrows of Type 6 from a core in the axis of Cascadia Channel.



PA LEOECOLOGY

The cores taken from the axis of Cascadia Channel and from several
of its contributing channels contain the most abundant and the most distinct
examples of burrowing in cores collected in the vicinity of Cascadia Abyssal
Plain. Usually the upper several centimeters of the olive green silt layers
are extensively reworked, and below this zone distinct burrows extend to
depths varying from 5 to 50 cm.

The apparent random occurrence of burrows to great depths in one
layer and burrows to very shallow depths in another layer, within a single
core, requires some explanation. The conditions which governed this extent
of burrowing were widespread along the axis of Cascadia Channel as indicated
by three cores (numbers 6509-27, 6609-23, and 6509-26, see Fig. 9) taken
over a distance of 65 kilometers. All three cores consist of the typical
alternating graded olive green silts and gray clays. Looking at the depth of
penetration and the abundance of burrows within these three cores, striking
similarities are apparent. The 2nd, 5th, and 7th graded layers contain
abundant and distinct burrows to depths of 25 cm or greater. In intervening
flows, however, the burrows are much less abundant and are confined
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, at least within the central portion of Cascadia Channel. The
burrowing in these cores indicates that the factors which governed the pene-
tration depth and the extent of burrowing were very widespread geographically.
Additional cores from the axis of Cascadia Channel both north and south of
these three cores also show similar patterns.

Most burrowing organisms at abyssal depths are deposit feeders
burrowing in search of and ingesting the sediments for any organic matter
present. Their food supply must consist of organic matter that has settled
from the surface waters, or of material transported from shallow depths
to the deep-sea floor by some means such as turbidity currents. The former
material initially settles out on the sediment surface where it is available to'
epifauna and some specialized burrowing infauna as a rich source of food.
The homogeneous thin pelagic layers, usually about 3 cm in thickness, with
their narrow underlying reworked zones, about 2 cm thick, suggest that the
benthic burrowing organisms obtain most of their food from the upper 5 cm
of sediment. This burrowing depth is in good agreement with the 2 to 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 the upper 5 cm of sediment
suggests either that there is enough organic material in this portion of the
sediment to support the population, or that there is a necessity for the
organisms to remain close to the sediment water interface, possibly due to
the oxygen requirements of the animals.

The variation in the abundance and the penetration depth of the burrows
within the successive sedimentary sequences, and the correlation of this
variation (Fig. 9) within the channel indicate that some property of the
turbidity currents is variable, or some environmental factor varies with
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Figure 9. 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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time, and that this variation or change is widespread geographically along
the channel axis.

Differences in the grain'size distribution and/or organic contents of
individual turbidity current deposits could significantly affect the penetration
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.

The fact that no burrows have disturbed the coarse basal layers of
each turbidity current deposit suggests that the fauna was buried by the flow
and was never able to reach the sediment water interface. Due to the
large environmental differences between the source area of the sediment
and the depositional site, and the abrasive, turbulent nature of a turbidity
current, it is doubtful that any organisms transported from shallow water
would survive to repopulate the channel.

The time interval between turbidity currents may be an important
factor determining the burrow variation. The thickness of the pelagic clay
layers deposited between the graded units gives some indication of the
time period between flows. The thickness of these individual layers is quite
uniform within a single core and no correlation exists between the layer
thickness and the frequency and the penetration depth of burrows. It is also
difficult to accurately measure the thickness of the pelagic clay layers and
some erosion may have occurred as indicated by the grooves commonly cut
into the upper surface of the clays. ' The time interval is therefore difficult
to determine accurately, and this factor cannot be completely evaluated.

The deep and isolated nature of Cascadia Channel may give rise to
variations in hydrographic conditions which may be of significance in decreas-
ing the standing stock of the fauna for a long period of time, or in preventing
repopulation by removing larvae of-benthic organisms from the channel. No
hydrographic measurements or observations have been made in Cascadia
Channel so this factor remains speculative at present.

EFFECT OF BENTHIC ORGANISMS ON DEEP-SEA SEDIMENTS

The importance of benthic organisms in the modification of sediments
has been well described by Dapples (1942). In addition to forming well-preserved
burrows or borings, benthic organisms may cause a destruction or gradation
of grain size, trituration, and solution of rock masses and fragments,
addition of fecal material, initiation of cementation, bleaching of sediments,
and reduction of the amount of organic matter. The addition of fecal material
is significant within the cores from Cascadia Channel. Certain individual
burrows in cores are entirely filled with small pellets; the entire burrow
is not necessarily a single fecal pellet as has been thought by some earlier
workers (Bramlette and Bradley, 1942). The coarse fraction of a typical
pelagic clay from the channel may consist of 95% fecal pellets which makes
up 12% by weight of the total sediment.



The great penetration depth (up to 50 cm) of the burrows, their hori-
zontal orientation in some cases, the occurrence of the segmented burrows,
and the presence of burrows in a sequence of organic rich sediment, all
indicate that most of the gray material in the burrows has been formed
in situ by the alteration of the olive green silt. The gray material in the
Teeper burrows has not been transported downward from the overlying
pelagic gray clay. In addition, the coarse fraction of the burrowed sediment
consists predominantly of detrital grains and plant fragments, as does the
adjacent olive green silt. The "bleaching" of the sediments, "apparently by
the reducing action of the body juices," described by Dapples (1942) seems to
describe the condition of most of the borings we have encountered. Without
this strong discoloration of the reworked material, recognition of the
burrows would be more difficult and their correlation in Cascadia Channel
might have gone unnoticed, unless X-radiography techniques had been
employed. The occurrence of Type 5 burrows, which are not bleached,
indicates that the ability to remove the olive green color from the sediment
is not possessed by all of the burrowing organisms. The presence of
ovoid shaped fecal pellets, olive green-in color-, filling burrows of this
type, indicates that the material in the burrows has been reworked by the
animals.

Organic carbon measurements were made on one large Type 4 burrow
and also on the olive green silt adjacent to it. The burrow contained 1. 7%
organic carbon while the silt contained 2. 2%. This difference suggests
that about 23% of the organic carbon was removed from the sediment by
this particular animal. A portion of the organic carbon may have been
utilized by bacteria, but. the amount removed from each sediment type should
be similar. By comparison, Gordon (1966) and George (1964) found that
two differenct polychaetes removed 8% and 45% of the organic carbon from
intertidal muds.

Although most of the material in the burrows seems to have been
bleached in place, or derived from the olive green silt itself, this is not
always the case. Planktonic foraminiferal tests are abundant in the gray
pelagic clay layers of Pleistocene age from the abyssal plain (Fowler and
Duncan, 1967). These tests commonly have been worked down into the olive
green silt by the organisms, leaving the burrows high in planktonic fora-
minifera. This process apparently only occurs in the upper 5 to 10 cm of
the olive green silt. The sediment in burrows below this depth appears to
have been bleached.

EFFECTS OF TURBIDITY CURRENTS AND SUBMARINE
PHYSIOGRAPHY ON THE ABYSSAL FAUNA

Heezen, Ewing, and Menzies (1955) realized that turbidity currents
could affect abyssal life in two ways: (1) They may affect the fauna as
an immense destructive and burial force, and (2) they may playa major
role in abyssal nutrition by transporting organic material to great depths.
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The rapid emplacement of these coarse graded beds and their des-
tructive impact on the benthic fauna is illustrated by the lack of any
burrowing upward from the pelagic clays into the overlying coarser graded
units. This is the case in every core taken from the floor of Cascadia
Channel, indicating that each turbidity current destroyed and sealed off the
underlying pelagic sediment with its associated benthic fauna.

Cascadia Channel is definitely an avenue for transporting terrestrial
derived detritus to the deep-sea environment. There are no measurements
on the actual nutritional value of the detritus available to the benthic organisms.
However, the greater faunal abundance in the channel compared to the adja-
cent abyssal plain, the extensive burrowing, and the organic carbon content
of the sediments, all strongly suggest that a significant amount of the
material deposited by turbidity currents in this area is available to the ben-
thic fauna, and that this material has an important effect on the faunal abun-
dance. The terrestrial derived plant material is probably not directly
utilized by the, benthic macrofauna, but it may be the first stage in an abyssal
food web involving bacteria, other micro-organisms, and eventually the
macrofauna. Little is known about this problem in bathyal or abyssal depths
but several shallow water studies seem to be pertinent. Darnell (1.967)
discusses the work of several Danish scientists who put forth convincing
evidence that in the shallow Danish wadden area the basic source of
nutrition of the animal populations, especially the benthic invertebrates,
is the organic detritus derived chiefly from the decay of shallow water
rooted vegetation. Odum and de la Cruz (1967) working in a Georgia salt
marsh found that with decompdsition, Spartina became richer in protein.
They presumed that a build up of a microbial population accounted for the
enrichment,i'and concluded that detritus rich in bacteria may be a better
food source for animals than the grass tissue that forms the base for most
of the particulate matter. Some abyssal fauna are known to ingest plant
fragments; Barnard (1962) noted plant debris in the gut of abyssal gammarid
arriphipods.

Turbidity currents are still actively depositing organic-rich sediments
in Cascadia Channel (Nelson, Kulm, Carlson, and Duncan, 1968). These
sediments originate on the outer continental shelf and the upper continental
slope where primary production in the overlying water column is high, and
where terrigenous sediments from the Columbia River drainage are deposited.
The sediments in this area are high in organic carbon (Gross, 1967) and
create a unique environment as they are transported and deposited along the
length of Cascadia Channel. The postglacial deposits in the channel consist
predominantly of silt and clay of high organic content which is an ideal habitat
for benthic infauna.

Turbidity currents have been relatively inactive over most of Cascadia
Abyssal Plain, with the exception of Cascadia Channel and Astoria Channel,
during postglacial time (Kulm and Nelson, 1967; Nelson, Kulm, Carlson,
and Duncan, 1968). As a consequence, only small amounts of organic
material are being supplied to the abyssal plain at present, except near
the continental margin where primary production and terrestrial runoff
are high. The organic material must settle out through 2800 meters of



water in this area where much of it is removed and/or oxidized before it
reaches the deep-sea floor.

Sediment supply, processes of transportation and deposition, and
submarine physiography exert a strong influence on the abundance and
composition of the abyssal benthic fauna. Organic-rich sediments deposited
in shallow water can be transported by turbidity currents along deep-sea
channels and can be deposited several hundred kilometers from shore. A
narrow zone of high benthic abundance can thus be established far from shore
in an area which supports a much smaller"benthic population. In addition,
the contrast between a thick layer of organic-rich silt in Cascadia Channel
and a relatively thin surface layer of clay containing few organics on the
abyssal plain, has produced significant differences in faunal composition.
The burrowing infauna is numerically and relatively more abundant in the
channel than on the adjacent abyssal plain.

All turbidity currents do not necessarily bring high amounts of organic
material to the abyssal environment. The right combination of grain size,
sedimentation rate, and.organic content (whether from marine production
or terrestrial runoff) must occur in an area in which turbidity currents
originate.

CONCLUSIONS

Cascadia Channel .has been found from recent studies to be a unique
environment in contrast to the abyssal plain on either side. Sedimentation
in the channel consists of thick, organic-rich, olive green turbidity current
deposits which alternate rhythmically with time and depth with gray pelagic
clays. Burrowing by benthic organisms is well developed in the organic-
rich silts of the channel as well as -in adjacent areas. Distinct burrow types
have been recognized on the basis of their size, shape, and discoloration,
and a classification has been presented.

The uniformity of the benthic environment during postglacial time
has enabled us to present modern benthic organisms, collected in the area,
which are most likely responsible for the burrowing. The uniform nature
of the sedimentary sequence in Cascadia Channel and the occurrence of the
same burrow types within each sequence suggests that the environment has
been uniform and that the organisms inhabiting the region at present are the
same ecologic types, and possibly the same species, that formed the various
burrows being studied. A great variation in the depth and frequency of
burrowing within successive turbidity current deposits has been recognized
within cores from Cascadia Channel and correlated over distances of 65
kilometers. The time period between successive flows, or changes in hydro-
graphic conditions may have had important effects on faunal repb*duction
and/or repopulation following destruction of the benthic community by a
turbidity current. This may have given rise to variations in penetration and
abundance of burrowing.



The submarine physiography and the depositional processes in Cas-
cadia Channel and on the abyssal plain have produced distinct vertical
sedimentary sequences in adjacent areas which are primary factors con-
trolling benthic faunal abundance and composition. The deposition of thick
layers of organic-rich sediment from turbidity currents in Cascadia
Channel contrasts markedly to the deposition of relatively thin layers of
less rich, hemipelagic clay over the late Pleistocene sands ofthe adjacent
abyssal plain. This difference in vertical sediment distribution has given
rise to significant differences in the benthic populations. Cascadia Channel
supports a population four times as large as the adjacent abyssal plain on
either side, and has a greater proportion of burrowing, deposit-feeding infauna
as compared to the adjacent abyssal plain.
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STUDENT PARTICIPATION

We wish to acknowledge the contribution of students who have been
associated with the program during the past year. Five have earned their
doctorate and four their masters degree. Many of these students have
written portions of this progress report, or otherwise contributed to the
research efforts. Some have been supported by A. E. C. funds but others
have had other sources of support.

DOCTOR OF PHILOSOPHY

Ford A. Cross USDI Traineeship and AEC Battelle
Northwest, Richland Graduate Fellow

Dr. Cross came to O. S. U. with a B. S. from Mount Union College.
He completed both the M. S. and Ph. D. degrees under Dr. Osterberg. His
Ph. D. research dealt with the retention of 65Zn in an amphipod. He is now
employed at the U. S. ,Radiobiological Laboratory, U. S. Bureau of Com-
mercial Fisheries, Beaufort, North Carolina.

Robert L. Holton USDS - Predoctoral Fellow

Dr. Holton came to O. S. U. with a B. A. from the University of
Montana ahd with two M. S. degrees from Oregon State University and the
University of Minnesota. He completed his Ph. D. degree under Dr. Forster.
His Ph. D. research dealt with the effects of irradiation of 60Co on the re-
productive behavior of the brine shrimp, Artemia. He is now on the teaching
staff of Eastern Oregon College, La Grande, Oregon.

David Jennings USDI - Traineeship

Dr. Jennings received his B.A. at Northwest Nazarene CQilege and
his M. A. at Oregon State. He completed his Ph. D. under Dr. Forster
studying the distribution of 55Fe in organisms in the northeastern Pacific
Ocean. He spent six months on the staff of the University of the Seven Seas
on a world tour before joining the staff of the Radiobiological Laboratory,
U. S. Bureau of Commercial Fisheries, Beaufort, North Carolina,

William C. Renfro USPHS Fellowship

Dr. Renfro came to O. S. U. with B. A. and M. A. degrees from the
University of Texas and several years of experience with the U. S. Bureau
of Commercial Fisheries. He completed his Ph. D. under the dual super-
vision of Drs. Osterberg and Forster studying the radioecology of 65Zn in
Alder Slough, a small arm of the Columbia River Estuary. Dr. -Renfro is
now on the staff of this department.



Ronald C. Tipper, Lt. USN U. S. Navy

Dr. Tipper earned his B.S. and naval commission at O. S. U. and has
spent the past four years working on a doctorate with Dr. McCauley. His
thesis research dealt with the ecology of two wood-boring molluscs on the
outer continental shelf and upper slope. He has been assigned to duty on
the USS COONTZ.

MASTER OF SCIENCE

Donald Day

Mr. Day has been with the U. S. Bureau of Commercial Fisheries
for the past three years and completed his research under Dr. Pearcy on
distribution of demersal fishes.

Henry A. Donaldson ONR - Research Assistantship

Mr. Donaldson holds a B. A. from Oregon State University and
studied some relationships of the sonic scattering layer,in the ocean.
He completed his M. S. under Dr. Pearcy and is now continuing his studies
in oceanography at the University of Rhode Island.

Gary L. Hufford NSF Research Assistant

Mr. Hufford holds a B.S. degree from Oregon State University and
completed his M. S. with Dr. Carey on some aspects of the reproduction of
an abyssal s'ea cucumber.

David A. Tennant USDI - Traineeship

Mr. Tennant earned his B. S. at O. S. U. He completed the M. S.
under Dr. Forster, working on 65Zn, 51Cr, 54Mn in the commercial crab.
He is now employed at the Oregon State University Marine Science Center,
Newport, Oregon.

DOCTOR OF PHILOSOPHY CANDIDATES

Thomas M. Beasley AEC-Battelle Northwest, Richland
Graduate Fellow

Mr. Beasley was employed for several years by Battelle Northwest
(and General Electric) Laboratories, Hanford, Washington. He has com-
pleted his course-work requirements and is now completing his dissertation
on 210Po and 212Pb in marine organisms under Dr. Forster.



Gerald Bertrand NSF - Sea Grant Traineeship

Mr. Bertrand holds a B. S. from the University of New Hampshire
and an M. S. from Florida State University. He is working with Dr. Carey
on the ecology and systematics of molluscs.

Lois Haertel USDI Predoctoral Fellowship

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 has com-
pleted most of her degree requirements and is far advanced in her thesis
research under Dr. Osterberg.

Peter J. Hanson AEC-Battelle Northwest, Richland
Graduate Fellow

Mr. Hanson completed his Master's work at Oregon State University
early last year and is working on this research with Mr. Perkins and Jasky
at Hanford. He is a student of Dr. Forster.

Howard M. Hennebry

Mr. Hennebry holds a B. S. from Eastern Montana College and an
M. S. T. from the University of. North Dakota with additional graduate work
from the Universities of Washington and Wyoming. He has been teaching
high school geology and earth science. He is completing his course work
and planning research with Dr. Forster.

Lynn Buffo Jones

Mrs. Jones holds a B. A. from College and an M. S. from
Oregon State University. She studied and traveled in Europe before return-
ing to begin her Ph. D. studies under Drs. Renfro and Forster.

William Ryan Instructor, Department of General
Science

Mr. Ryan is a Ph. D. candidate in the Department of General Science
working under the direction of Dr. Carey. His research deals with a
community analysis of a mud-flat community.

MASTER OF SCIENCE CANDIDATES

Charles L. Brownell ---

Mr. Brownell holds a B. A. from Colorado College and is working
with Dr. McCauley.



Walter H. Delaplane AEC Assistantship

Mr. Delaplane holds a B.S. from the University of Arizona, plus
graduate studies at Southern Methodist University, Texas, and the University
of Alaska. He has completed the first year of course work and presently
is carrying out thesis research on 65Zn/6OCo ratios in estuarine and coastal
sediments (Forster-Renfro).

Robert S. Dyer USDI - Traineeship

Mr. Dyer holds a B. S. from the University of Pennsylvania plus
two years of graduate work at the Upstate Medical Center, New York, and
Long Island University, New York. He has completed one year's graduate
work at 0. S. U. and is studying the distribution of Vanadium for his master's
thesis problem (Forster-Renfro).

Danil R. Hancock NSF and AEC research assistant-
ships

Mr. Hancock holds a B. S. from the University of California at Santa
Barbara. He spent three years as an assistant in benthic studies before
beginning full-time work on his M..S. He is working on the ecology and syste-
matics of polychaete annelids (Carey).

Alan R. King

Mr. King has a B. S. from San Jose State College and is working on
the ecology of selected food organisms of the Dover Sole (McCauley).

Ingvar L. Larsen AEC Research Associate

Mr. Larsen has operated the Gamma Ray Spectrometer for the past
four years and holds a B. S. degree from Portland State College. In
addition to supervising all gamma ray analyses and teaching the labora-
tory course in gamma-ray spectrometry, he is continuing his research for
the master's degree on the uptake of 65Zn in mussels (Forster).

Steven V. W. Pope USDI - Traineeship

Mr. Pope holds an AA from Phoenix College and a B.S. from
Arizona State University. After finishing the first year of course work,
he is engaged in the study of the conservative nature of 124Sb in the Colum-
bia River (Forster-Renfro).



Gerald P. Romberg USDI - Traineeship

Mr. Romberg did his undergraduate work at Oregon State University
and has now completed one year of course work. He is measuring 32P
specific activity in estuarine fish for his thesis problem (Forster-Renfro).

Michael Smiles AEC - Assistantship

Mr. Smiles holds a B. A. from Adeiphi University. He is working
on the growth rates of Euphausia pacifica (Pearcy).

Jeffrey M. Stander AEC - Assistantship

Mr. Stander holds a B.S. degree from the University of California.
He is working on a comparative quantitative study of epifauna using a beam
trawl and deep-sea camera (Carey).

Richard D. Tomlinson USDI - Traineeship

Mr. Tomlinson did his undergraduate work at the University of
Washington. He has completed his first year of course work and is now
performing lab studies on the uptake and retention of 65Zn by phytoplankton
and crustaceans (Forster-Renfro).

Harry Tyler NDEA -

Mr. Tyler has his B. S. from the University of New Hampshire. He
has completed a year of course work and is starting thesis research on the
feeding habits of three myctophid fishes (Pearcy).

William R. Vermeere AEC - Assistant

Mr. Vermeere has his B. S. from Oregon State University. While
working as night supervisor of the gamma ray counting lab for the past four
years, he has completed his course work and thesis and will shortly finish
all requirements for the master's degree (Forster).



THESES

Four students have completed the master's degree and four the
doctorate in research closely allied to the interests of the Atomic Energy
Commission. The abstracts of these are included below and complete
copies will be submitted as supplements to this progress report. The
thesis of Dr. Tipper was supported by the Office of Naval Research and
the abstract is included herein because it was supervised by Dr. McCauley.
The complete thesis will not be submitted.

BEHAVIOR OF CERTAIN RADIONUCLIDES IN A
MARINE BENTHIC AMPHIPOD*

by Ford A Cross
Abstract of Ph. D. Thesis

A new species of gammarid amphipod (Anonyx sp.) was captured in
80 meters of water off the Oregon coast. These abundant scavengers are
probably an important food for bottom feeding fish. Laboratory studies
were conducted to determine the effects of temperature, feeding and sedi-
ments on the zinc-65 metabolism of Anonyx sp. In addition to SZn, cerium-
144, scandium-46, and chromium-51 were used in the feeding experiments.

Zinc- 65 accumulation and elimination rates were temperature depen-
dent although the effect appeared minimal within the seasonal temperature
range of the organism. Individual differences in 65Zn accumulation rates
for similar sized amphipods had mean standard deviations ranging from
14,-19%. Accumulation of 65Zn from labeled sediments was not significant
whereas elimination rates were increased when sediment was present.

Adult brine shrimp (Artemia salina), labeled simultaneously with65Zn, 144Ce, 46Sc, and S r were fed to individual amphipg s. Radio-
nuclide transfer from Artemia to Anonyx averaged 55% for Zn and less
than 10% for 144Ce and 4FS-c. Transfer of 51 Cr was not measurable using
this technique. Zinc-65 elimination rates in feeding amphipods were sig-
nificantly greater than in non-feeding ones.

The percentage of 65Zn lost at molt was dependent upon the mode of
accumulation. When uptake was from sea water, approximately 20% of
the 65Zn body burden remained with the case exoskeleton while only 2. 0%
was lost if Zn accumulation had been from feeding.

*Dr. Charles L. Osterberg, Major Professor



Autoradiographs of amphipods that accumulated 65Zn from sea
water showed radiozinc localization in the exoskeleton and interstitial
spaces of muscle tissue. Labeling also occurred in the gut and hepato-
pancreas.

The potential role of Anonyx sp. in the cycling of radioactivity in the
marine environment is discussed.

RADIOECOLOGY OF 65ZN IN AN ARM
OF THE COLUMBIA RIVER*

by William Charles Renfro

Abstract of Ph. D. Thesis

Levels of 65Zn in water, sediments, plants, and animals in Alder
Slough, a small ecosystem in the Columbia River Estuary, were determined
periodically during a one-year period. Concentrations of total Zn in or-
ganisms were also measured to permit computation of specific activities
(iCi 5Zn/g total Zn). Temporal fluctuations in the activities of Zn and
the concentrations of total Zn occurred in all components of the ecosystem.

Activities of 65Zn and concentrations of total Zn varied among indi-
vidual fish from the study area. Pooled estimates of population standard
deviations of these values in all samples of two fish species taken during the
year amounted to about 20% of their grand means. Usually, individuals
with high 65Zn activities also proved to have high total 7n concentrations,
hence specific activities were less variable than either 65Zn or total Zn.

The nuclear reactors at Hanford, Washington, the source of most of
the 65Zn in the Columbia River, were shut down for approximately 45 days
during this study. This event presented the opportunity to investigate the
response of various components of the ecosystem to reduced 65Zn input.
The rates of 65Zn specific activity decline in several organisms were
measured following reactor shutdown. The time required for specific
activity of an organism to be reduced by one-half under the conditions pre-
vailing is termed "ecological half-life. " The "ecological half-life" differs
from the biological half-life of an organism because:

1. it is defined in terms of specific activity
2. it reflects the continued addition of radioactivity to the organism

from its food web and water.
"Ecological half-lives" vary with the trophic levels of the organisms and
with changes in prevailing ecological conditions.

*Drs. Charles L. Osterberg and William O. Forster, Major Professors



EFFECTS OF 60Co GAMMA IRRADIATION ON THE REPRODUCTIVE
PERFORMANCE OF THE BRINE SHRIMP, ARTEMIA*

by Robert Lawrence Holton

Abstract of Ph. D. Thesis

The brine shrimp, Artemia, was used as an experimental organism
to study the effects of 60Co gamma irradiation on the reproductive per-
formance of an animal population. The total reproductive ability of the
brine shrimp was fractionated into various components and the effects of
irradiation on each of these components was then determined by studies of
reproductive behavior in individual pair matings. In this study, the com-
ponents identified were the number of broods produced per pair, the num-
ber of nauplii voided per pair, the number of nauplii voided per brood, the
survival of nauplii to sexual maturity, the number of mature adults produced
per brood, and finally the number of mature adults produced per pair.

All component parameters of total reproductive performance were
shown to be affected by irradiation. However, the number of broods per
pair was,shown to be the factor most affected by doses of 1200 rads or less.

The final parameter, the number of mature adults produced per pair,
is really the measurement of the net reproductive potential of Artemia.
The net reproduction was also examined by making counts of the total popu-
lation contained in three liter population cultures, and contrasted to the
results obtained with the pair mating studies.

It was demonstrated that the population cultures may be maintained
by using only a small part of the reproductive potential exhibited in the
pair matings. Therefore, we find that the results of pair matings must
necessarily be used-to assess the amount that the reproductive potential of
Artemia is decreased due to various doses of irradiation.

It was determined that for Artemia irradiated at the most sensitive
stage, a dose of 2100 rads produced sterility. At less sensitive stages,
more than 3000 rads would be required to produce sterility.

In a single experiment, Artemia irradiated with 300 rads gave an
indication of a slight enhancement of reproductive ability as compared to
the control animals. In all cases, doses of 600 rads or less showed little
effect on the reproductive ability of this species.

*Dr. William O. Forster, Major Professor



IRON-55 IN PACIFIC OCEAN ORGANISMS*

by Charles David Jennings

Abstract of Ph. D. Thesis

Large quantities of 55Fe, formed by nuclear testing during 1961 and
1962, have been deposited on the North Pacific Ocean as fallout and con-
centrated by marine organisms. As a result of this high 55Fe fallout and
of low concentrations of iron in the ocean, marine organisms are the site
of high 55Fe specific activity (55Fe activity/weight of total iron).

Iron-55 specific activity was seen to vary among five species of
Pacific salmon, with sockeye salmon showing highes and chinook salmon
showing lowest 55Fe specific activity. Variation of 45 Fe specific activity
among species of salmon appears to result from their migration routes and
feeding Y gbits. In 1964 at Strait of Juan de Fuca, Canada, where the
largest Fe specific activity difference between the chinook and sockeye
salmon was observed, the 55Fe specific activity of chinook salmon was
0'. 745 µCi/g Fe and that of sockeye salmon was 28.7 µCi/g Fe.

In subsequent yearg55Fe in salmon decreased, and from this decrease
an eightfold decrease in Fe in the surface layer of the ocean, corrected
for physical decay to the time of initial input was observed. Assuming an
approximately instantaneous input of fallout '5Fe from the surface layer of
the ocean was calculated to be 0. 0603 month-1.

Iron-55 removed from the surface layer of the ocean does not reappear
in high specific activity in sediments or in benthic organisms probably
because the hi 5 stable iron content of sediments dilutes the SFe, thus
yielding a low Fe specific activity.

The accumulated input of 55FLe into central Alaska, measured in
lichen, was found to be 209 nCi/m and a calculation of the 55Fe present
in the North Pcific O can from 55Fe specific activity in salmon was found
to b e 6. 1 x 10 nCi/m . The assumption that 55Fe is uniformly distributed
throughout the ocean, used in the calculation of 55Fe present in the North
Pacific Ocean, accounts for part of the discrepancy between these figures.
The remaining discrepancy is apparently due to differing amounts of 55Fe
laid down as fallout, with the North Pacific Ocean receiving at least ten
times as much as Alaska.

*Dr. William O. Forster, Major Professor



ECOLOGICAL ASPECTS OF TWO WOOD-BORING MOLLUSCS
FROM THE CONTINENTAL TERRACE OFF OREGON*

by Ronald Charles Tipper
Abstract of Ph. D. Thesis

A mooring system was designed and constructed to make possible the
installation and the recovery of racks of sample panels for a study of
deep-ocean wood-boring molluscs. Racks containing pine, fir, oak, and
cedar boards were exposed to borer attack at six stations with depths of
50, 100, 150, 200, 500 and 1000 meters, all west of Depoe Bay, Oregon.

Two wood-boring molluscs, a pholad, Xylophaga washingtona Bartsch,
and a teredinid, Bankia setacea (Tyron), were recovered from exposed
wood materials. Xylophaga washingtona was the dominant form and was
found at all three deep stations. Bankia setacea was found only at the 200-
meter site and in very low numbers. This reports the deepest known
teredinid actively settling and boring into a test board.

Borer attack increased in intensity with time, and in general, de-
creased with increasing depth. Initial attack appeared to commence right
above the line where sample panels were in contact with the sediment.
Attack was heaviest in this zone and decreased with increasing distance
upward from the sea-sediment interface, approaching zero in about 20 cen-
timeters.

In general cedar was the most heavily attacked wood type followed in
turn by pine, fir, and then oak, which proved the most resistant to
xylophagan borers. The degree of maximum borer penetration into any
wood type correlated nicely with the density of the wood, higher density
wood being correspondingly most resistant to borer attack. Degree of
maximum borer penetration increased with time and decreased with in-
creasing depth.

The mooring system is fully described along with a summary of field
installation and recovery methods. Future research problems are suggested.

*Dr. James E. McCauley, Major Professor



SOME ASPECTS OF THE BIOLOGY OF THE DEEP SEA
HOLOTHUROID PAELOPATIDES SP.

by Gary Lee Hufford
Abstract of Master's Thesis

Reproductive activity and related phenomena of the deep-sea cucum-
ber Paelopatides sp. were followed from October 1966 to October 1967
utilizing gonad index ( gonad vol. 100), histological preparations,

dry wt. of animal
and classification of egg diameters. Samples were collected seasonally.
Paelopatides sp., a bottom-dweller feeding on surface sediment, is found
to spawn continuously with maximal activity occurring in the spring. Tem-
perature, salinity and sedimentary organic carbon were observed seasonally
in the bottom environment, but no direct correlations could be drawn with
the reproductive activity of the sea cucumbers. No males were found in
122 animals dissected, and it is hypothesized that Paelopatides sp. shows
some form of sex reversal.

SOUND SCATTERING BY MARINE ORGANISMS IN THE
NORTHEASTERN PACIFIC OCEAN**

by Henry Adam Donaldson

Abstract of Master's Thesis

Sound scattering by marine organisms was studied off the Oregon
coast and between Hawaii and Adak, Alaska. Variations in scattering were
observed over a period of several hours, over diel (24-hour) periods, from
month to month, from inshore to offshore, in relation to biomass of mid-
water animals, and temperature and salinity.

Usually one or two scattering layers migrated vertically, ascending
or descending at dusk and dawn respectively. At times reflectors migrated
between surface waters and upper scattering layers during twilight periods.
No statistical difference was found between rates of ascent and descent
because of the variability in rates of migration that was observed.

The amount or thickness of scattering in the water column was found
to vary from day to night and with seasons. There was a general trend for

* Dr. Andrew G. Carey, Jr., Major Professor
**Dr. William G. Pearcy, Major Professor
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more scattering during night than day, yet it was not statistically signi-
ficant. Seasonally, more scattering appeared to be present during the
summer in some years but not in others. Surface scattering varied not in
amount but in the type present during different seasons and between day and
night.

Geographically, scattering was found in smaller amounts in offshore
than inshore waters of Oregon. Variations in scattering were noted among
the water masses between Hawaii and Adak, Alaska. Geographic changes
in scattering and biomass showed a positive correlation between euphausiid
catches and the amount of scattering. However, euphausiids are not con-
sidered the only group scattering sound.

The great amount of variability in scattering is discussed. It may
be due to differences in the species causing scattering and variability in
the behavior of individual species, possibly resulting from changes in light
and temperature.

DISTRIBUTION OF 65Zn, 54Mn, and 51Cr IN THE TISSUES OF THE
DUNGENESS CRAB, CANCER MAGISTER DANA*

by David Alan Tennant

Abstract of Master's Thesis

Cancer magister, Dana, the Dungeness crab was collected from the
Columbia River estuary. The tissues from the crab were dissected and
included the exoskeleton, endophragmal skeleton, mouth parts, stomach,
gills, hepatopancreas, soft shell, muscles, and others. These tissues
were analyzed for total and radioactive zinc, manganese and chromium
using gamma ray spectroscopy and atomic absorbtion spectrometry.

Results indicated that 65Zn was concentrated in the soft tissue,
especially the muscle, probably because of metabolic utilization of zinc by
these tissues. Manganese-54 was four
fied tissues presumably because of sux
possible that manganese has substitute
Surface adsorbtion as well as metaboli
instrumental in its distribution in crab tissues.

The specific activity of 65Zn was highest in the exoskeleton, hepato-
pancreas and stomach while the 54Mn specific activity was highest in

*Dr. W. O. Forster, Major Professor



calcified tissues, in all cases. Like the 51 Cr radioactivity, the 51
Cr

specific activities were highest in the hepatopancreas and gills.

Levels of the radionuclides in the tissues changed throughout the year
presumably as a result of changes in river flow, river productivity, physio-
logical changes in the crab, and other factors. In general, levels of radio-
activity and specific activities varied in much the same manner throughout
the year.

The greatest specific activities were found in the inedible parts of
the crab. The edible tissues, the muscles, had comparatively low specific
activities. In no case would consumption of any tissue analyzed in this study
constitute a health hazard according to the specifications set by the National
Research Council (1962).

DISTRIBUTION OF BENTHIC FISHES ON THE CONTINENTAL
SHELF AND SLOPE OF THE OREGON COAST*

by Donald Stewart Day

Abstract of Master's Thesis

The 36 samples collected with a 22-foot semi-balloon shrimp trawl
at depths from 40 to 1, 829 meters off the central coast of Oregon between
July 1961 and June 1962 provided preliminary data on the distribution,
species composition, and associations of benthic fishes with respect to
depth and sediment type.

Sixty-seven species of bottom fishes representing 21 families were
collected; 86 percent of the total number of fishes was composed of speci-
mens from the families Pleuronectidae, Scorpaenidae, and Bothidae.

Four communities of benthic fishes were found off the central Oregon
coast within the depth interval from 40 to 1, 829 meters. They were charac-
terized by two or three dominant species, depth, and average sediment type.
Ninety-seven percent of the species occurring in the communities showed
high abundance in only one community. Some species also demonstrated
size segregation by communities.

The total number of species collected in progressively deeper
communities was 26 (42 to 73 meters), 31 (119 to 199 meters), 20 (594 to
1, 143 meters), and 9 (1, 383 to 1, 829 meters). Therefore the highest num-
ber of species occurred in the community on the outer continental shelf and

'Dr. William G. Pearcy, Major Professor



upper slope, while the lowest number of species occurred at the extreme
depths on the continental slope. The number of species found on the con-
tinental shelf and slope were similar. Species inhabiting the continental
slope, however, usually occurred over greater depth ranges.

A comparison of the catches of the 22-foot shrimp trawl and a 94-foot
fish trawl indicated that the small trawl used in this study retained com-
paratively few large fishes or semi-pelagic species. Fishes of the genus
Sebastodes were grossly undersampled and probably comprised a major
portion of the fish population, especially between the depths of 183 to 547
meters.
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ANDREW G. CARE Y, JR.
Pacific Northwest Oceanographers Conference, Seattle, Washington
February 8-10, 1968.
Title: "Food sources of asteroids off Oregon. "

General Seminar. Department of Oceanography, Oregon State
University, June 20, 1968.
Title: "Biology of the sea floor. "

WILLIAM O. FORSTER
Working Committee for Columbia River Studies, Richland,
Washington
October 18-19, 1967
Title: "Radioecology studies by the Oregon State University
Oceanography Department. " (with William C. Renfro)

Perkin-Elmer Corporation Seminar, Seattle, Washington
March 27, 1968
Title: "Atomic absorption spectroscopy. "

American Chemical Society, Annual Meeting, San Francisco,
California.
April 1-5, 1968

American Institute of Biological Sciences Interdisciplinary Meeting
on Environmental Biology - American Society of Limnologists and
Oceanographers, "Madison, Wisconsin
June 16-21, 1968
Title: "Biological tracer of radioactive Columbia River effluent
upon entering the marine environment. " (with W. R. Vermeere
and C. L. Osterberg)
Title: "Dynamics of 65Zn in biota of the Columbia River estuary. "
(with W. C. Renfro)

Pacific Northwest Oceanographers, Seattle, Washington
February 8-10, 1968
Title: "Iron-55 in marine organisms. " (presented for Dr. David
C. Jernxings)

National Symposium on Thermal Pollution, Portland, Oregon
June 3-5. 1968



JAMES E. McCAULEY
American Society of Parasitologists, American Microscopical
Society, Tucson, Arizona
August 21-26, 1967
Title: "Relationship of temperature to length of excretory bladder
in digenetic trematodes from marine fishes. "

Home Economics Alumni Symposium on Our Food Resources,
Oregon State University
October 21, 1967
Title: "Food resources from the sea. "

Visiting Scientist Program, Hood River High School
January 24, 1968
Title: "Life on the ocean floor.

Pacific Northwest Oceanographers, Seattle, Washington
February 9-10, 1968
Title: "Influence of temperature on the length of the excretory
bladder of trematodes. "

American Institute of Biological Sciences Interdisciplinary meeting
on environmental biology, American Society of Parasitologists -Madison, Wisconsin
June 16-21, 1968.

WILLIAM G. PEARCY
Scripps Institution of Oceanography, Ecologist's Seminar,La Jolla, California
October 1967
Title: "Biological Oceanography at Oregon State University. "

Invited Lecture, Hopkins Marine Station, Pacific Grove, California
May 27, 1968
Title: "Ecology of vertically migrating animals. "

Invited Lecture, Department of Biological Sciences, Stanford
University, Palo Alto, California
May 28, 1968
Title: "Ecology of oceanic animals. "

Invited Lecture, Fisheries - Oceanography Center, La Jolla,
California
June 6, 1968
Title: "Seasonal and geographic variations in the catches of
mesopelagic animals off Oregon. 11



WILLIAM C. RENFRO
Working Committee for Columbia River Studies, Richland,
Washington
October 18-19, 1968
Title: "Radioecology studies by the Oregon State University
Oceanography Department. "'(with William O. Forster)

Pacific Northwest Oceanographers, Seattle, Washington
February 9-10, 1968
Title: "Radioecological studies in the Columbia River estuary. "

National Symposium on Thermal Pollution, Portland, Oregon
June 3-5, 1968

THOMAS M. BEASLEY
Pacific Northwest Oceanographers, Seattle, Washington
February 9-10, 1968
Title: "Lead-210 in marine organisms. "

PETER J. HANSON
Pacific Northwest Oceanographers, Seattle, Washington
February 9-10, 1968
Title: "The response of radionuclide levels in the Columbia
estuary during a pause in the operation of the Hanford reactors.

DAVID A. TENNANT
Pacific Northwest Oceanographers, Seattle, Washington
February 9-10, 1968
Title: "Distribution of 65Zn, 54Mn, and 51Cr in the tissues
of the Dungeness crab. 11
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FALLOUT RADIONUCLIDES (55Fe AND 54Mn) AS INDICATORS OF
SALMON MIGRATION IN THE NORTHEAST PACIFIC RELATIVE

TO NEUTRON ACTIVATED RADIONUCLIDE (65Zn)`

by William O. Forster

ABSTRACT

The differences in migration patterns of several species of salmon
are related to their differences in uptake of neutron. activated radionuclides.
The chinook and coho salmon, which feed more on smaller fishes than
sockeye and migrate more north and south, show this pattern by an inverse
relation of 54Mn and 55Fe specific activities to distance from source.
Those salmon with migration patterns close to the fresh water plume of
the Columbia River, a well-known source of 65Zn, also reflect these
differences in their 65Zn and 54Mn gamma spectra.,

INTRODUCTION

6r We have found Pacific salmon generally concentrate five radionuclides
( Zn, 40K, 137C s, 55Fe, and 54Mn, (see Table 1). The Columbia River.
is the major source of the 652n activity because of it being used as the
coolant for the single pass reactors at Hanford, Washington. Ubiquitous
40K is a very long-lived natural radioisotope that contributes more than
95% of our total background activity. 137Cs is ,a long-lived (30 year)
large fragment from fission products. Both 54Mn and 55Fe are also

y the splitting of the fissionable
bardment of the bomb casing with
by the bombardment of the stable
ile this same metastable nucleus may
1.

Table 1
Radionuclide Half-Life Source

Zinc-65 245 d Hanford coolant
Potassium-40 1. 3 by Natural
Cesium-137 30 y Fission-large fragment
Iron-55 2. 7 y Fission-n, X
Manganese-54 3 14 d Fission-n, p

Four years ago, the Moscow Treaty of October 1964 was drafted
to prevent further weapons testing in the atmosphere. This was the first
recognition that Russian, Great Britian's and the USA's nuclear debris

xPaper presented at AIBS/LO Meeting at Madison, Wisconsin, June 16-20,
1968.



had reached a maximum contamination level. The Soviet contributions
were from two areas 52 N and 78 E, and (depicted by small bomb - Ktons)
75°N and 55°E, while the English additions were from the tropics;
Christmas Island (2°N and 157°W) and Johnston Island (16°N and 169°W).
This meant the atmospheric fallout patterns are traveling in opposite
directions; perhaps an excellent reciprocal arrangement. Our fallout
goes westward to Asia while their's goes eastward, first to the Bering
Sea and then to the North American Continent.

With two separate sources (Hanford and the bomb) for different
nuclides, it is possible to infer migratory patterns for those organisms
that contain these radionuclides.

Over one hundred samples of five species of Pacific salmon were
collected by commercial fishermen during the summers of 1964 and 1965
in coastal waters and on the high seas (Figure 1 - map). Note, the nine
collection sites from Bristol Bay, Alaska southward, down the west coast
of the North American continent to Eureka, California. (Insignificant
Columbia River plume of 35 miles x 350 miles on 10, 000 sq. mi. at peak
in late spring,)

The viscera were removed and preserved in formalin and then
shipped to the OSU laboratory for analysis. In Corvallis they were oven-
dried (600 C), ashed (6500 C) and then separated into fractions for stable
elements as well as radioanalysis. The gamma emitters (65Zn and 54Mn)
were detected in the well of a 5"x5" NaI(Tl) crystal in conjunction with a
Nuclear Data AT 13-512 channel spectrometer. Irqn-55, unfortunately a
weak beta-ray emitter (5. 9 kev) was first separated' chemically by ex-
traction, electroplated on a copper disc, then counted with a gas flow
proportional counter.

The stable element analysis were done by atomic absorption
spectroscopy.

A LOOK AT THE DATA

The 65Zn and 54Mn are reported in pci/g dry weight while the
55Fe values are reported in specific activities, or uCi/g stable element.
Specific activity refers to the ratio (in fraction) of radioactive atoms to
the total stable isotopes of that element in a sample. It is particularly
important in considering the maximum allowable amount of radionuclide
present in the environment. We are assuming no isotopic fractionation
or that an organism will ingest all isotopes of an element in the same
proportions as they occur in the food or water source of that element.
The specific activities of organisms have been found to vary far less
than either the activity of the total element per unit weight, therefore
it would seem to more consistently reflect the uptake of the radionuclide
by the organisms.



Chinook Salmon (see Table 2)

Table 2
Summer 1964 and 1965

p Ci/g dry wt. u Ci/g Fe
Collection Sites Zn-65 Mn-54 Fe-55

Bristol Bay, Alaska 1. 8 1. 7 11. 1
Petersburg, Alaska 3.5 0. 5 1.2
Skeena River, Canada 3. 5 0. 2 0. 9
Juan de Fuca 44.9 0. 1 0. 8
Astoria, Oregon 49.2 0. 1 0. 7
Eureka, California 81.9 0. 7 6.4

For 55Fe values -- note the maximum value in Bristol Bay probably
due to these Chinook spending most of their lives in the Bering Sea, a
semi-isolated basin near the source. While the mid-continent values are
all low specific activities due to a combination of four reasons: 1) coastal
runoff',dilutions, 2) further away from the source and 3) a more predaceous
species (higher trophic level feeder), 4) finally, they migrate in a north-
south direction near the coast.
Note 3, These same reasons can be utilized to explain the changes in 54Mn
activities with geography.
Note 4. However, the 65Zn levels show world-wide low background levels
in the chinook caught in Alaska, rising to a high value at the mouth of the
Columbia with the maximum (40x minimum) at Eureka, California, (600 Km
south of the river).

Sockeye Salmon (see Table 3)

Table 3
Summer 1964 and 1965

p Ci/g dry wt. u Ci/g Fe
Collection Sites Zn-65 Mn-54 Fe-55

Bristol Bay, Alaska 0. 9 1. 5 11.4
Cook Inlet, Alaska 1. 5 2. 7 12. 3

Petersburg, Alaska 1.2 1.9 15.4
Skeena River, Canada 1. 9 2. 7 12. 8

Barkley Sound, Canada 5.5 3.2 19.4
Juan de Fuca, Canada 2. 3 3. 0 28. 7

The North/South trend of specific activities of 55Fe and 54Mn appears
to be the reverse as that seen previously in chinook salmon. Several
factors could cause these overall high values; we feel the two main ones
are (a) the sockeye are lower trophic level feeders (amphipods,
euphausiids, copepods), (b) they are known to migrate great distances
East/West. Therefore, they would be closer to the source in the West
Pacific.
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the overall low, similar activities 65Zn and no change in dominant
peak toward the Columbia River would also agree with the above migration
and feeding habits.

Coho Salmon (see Table 4)

Collection Sites
Cook Inlet, Alaska
Peterson, Alaska
Skeena River, Canada
Juan de Fuca, Canada
Depoe Bay., Oregon
Eureka, California

Table 4
Summer 1964 and 1965

p Ci/g dry wt.
Zn-65 Mn-54

u Ci/g Fe
Fe-55

3. 6 8. 8 16. 1
6.4 4.9 11.8

15.0 0. 9 8. 1
43.7 1. 4 1. 6
59.3 0. 9 5.7
45.0 1.7 5.8

Specific activities which are similar to Chinook in migration and
food habits show (1) high 65Fe and radioactive 54Mn in isolated Bristol
Bay, (2) with low values along coast for both, and (3) increasing 65Zn
from Alaska to maximum south of plume.

CONCLUSION

Although the vast dimensions of our sampling area dilutes our
confidence, our studies suggest that the radioactive stage introduced
from various sources can be of ecological value.

This, combined with studies of tagged fish, which we are doing now,

our waters by foreign fishing fleets.

rns of our commercial fish. Perhaps
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STABLE ELEMENT ANALYSIS IN RADIOECOLOGY*

by William O. Forster

INTRODUCTION

In Marine Radioecology at Oregon State University, we are interested
in the study of the cycling" of radionuclides as they are transferred through
ecosystems. The marine influence is strong as we are housed in the
Oceanography Building. We also "home in" on the Columbia River as
the source of information, due to contamination from the nuclear debris
from the Hanford single pass reactors -- 300 miles upstream (from
Astoria). The steady state levels (1000 Cl/day of 51Cr) of nuclear induced
products (mostly 3d transition metals) are really a blessing in disguise.
Although most government and public interests are practical, example --
pollution of the environment by the radionuclides; we recognize the basic
tracer value of these contaminents (Figure 1 - Radionuclides/environment,
top practical, government view, bottom - basic, academic view)).

These tracers allow us to study the dynamics of the environment or
the 3R's, the rates, routes and reservoirs of marine radioecologists,
(see Figure 2).

But as valuable as these radioactive metals are for tracing reaction
kinetics, without knowing the stable concentrations also, the interpre-
tations are limited. Therefore, the specific activity concept is most
valuable (the fraction of radioactive atoms /to the total of that element),
see Figure 3. The advantages of this approach are (1) the radionuclide
becomes just another isotope -- diluted by its stable counterpart, for
example - 51Cr is the most abundant radigqnuclide in the a tuary at n
Ci/L, but that is only io-6 x 50Cr (5%), (65Zn is 10-10 x °4Zn), (2) it
also relieves the anxiety about eating radio contaminated food as N. A. S.
N. R. C. #985 in Washington, D. C. has given their judgement that,

"there will be no harm to man, if the specific activity of the
element in the sea can be kept below the MPSA of that element
in man and his food, then the allowable radiation for any
individual cannot possibly be exceeded. "

There is only one disadvantage -- the analyst must not only determine
the numerator (usually by relatively simple gamma spectra) but he must
also determine the stable concentration for the denominator.

*Text of talk presented to Perkin-Elmer Corporation, Seattle,
Washington. 26 March 1968



Fortunately, the Perkin-Elmer 303 Atomic Absorption Spectrometer
has more than satisfied us in this last respect and as Jack Kerber's fine
talk yesterday reiterated -- "it's redundant. "

Perhaps it would be instructive to illustrate the variety of chemistry
available to a radioecologist by (1) classifying radionuclides by mechanism
of production, (natural - primary and secondary induced, artificial -
primary and secondary induced), (see Figure 4), (2) by the relative amounts
of natural radionuclide sources in sea water (see Figure 5), note that 98%
is 40K, and by (3) mar's daily exposure to seven radionuclides from all
s ources.

In conclusion, I hope I have illustrated the value of stable element
analysis in our work in Marine Radioecology at Oregon State University,
and that this difficult operation has been simplified, with the aide of
atomic absorption spectrometry.
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= pCi/g ash Ci
ash g

Specific Activity.Concept

S.A. = Radioactive atoms (ions)

Total (stable + radioactive) isotopes

.Lg/g

Radionuclide Critical Organ Max. Permissible*
Specific ActivityµCi/g

Values in Biota
in N. E. Pacific

Ci51 G. I. 4000 10-40(20) Crabs

Mn54 G. I. 10
5-12(10) Crabs
0. 1-8 Echinoderms

Fe 55
Spleen 250 1-20 Salmon

65
0.5-1.0(.7) Crabs

Zn Total Body 26 0.1-0.4 Tuna
0. 1-0. 2 Echino-

derms

Harm to Man - NAS-NRC #985

Figure 3.



Environmental Radionuclides - by Mechanism of Production

Natural

1. Primary
of emitters

U
238

U
235

Th
232

4.5by' 0. 7b Y' l4by

(3 emitters 402by' Rb47by, etc.

2. Secondary - Decay Products from Primary

- Pb206 Pb207 Pb208

- Ca40Ar0

3. - Induced, by Cosmic Interaction

3 10 14 32
T 12y' $e2. 7rny' C5770y' Si710y

Z I. Artificial

1. Fission Products
5 90Primary - Small Fragments - Zr65 d' Ruly6' Si28y

144
PM

137- Large Fragments - Ce285d' 2. 5y 0

Cs 30y

Secondary - Decay Products of Primary Fission Products

2. - Induced by Neutron Activation - mostly 3d' s.

Figure 4.
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Relative Amounts of Radionuclides in Environments

1. Total Radioactivity in Seawater from Natural Sources.

RN Total Activity in G Ci

K40 500

Rb87 8.5
U238

3. 8

Ra226 1. 1

C14 .27

U235 .11

Th232 .008

2. Man's Daily Exposure to Radioactivity.

RN Ingested activity pCi/day

K40 2500

Cs
137

90

Sr90 25

Ce144 14

Pb210 4

Ra226
2

Pu239 0.1

Figure 5.



RADIOECOLOGICAL STUDIES BY THE
OREGON STATE UNI VERSITY OCEANOGRAPHY DEPARTMENT

by William O. Forster and William C. Renfro

INTRODUCTION

Our radioecological work began in 1961 when Drs. Pearcy and
Osterberg began studies of radioactivity in oceanic animals otf
Oregon. By mid-1963 some studies of sediment retention of bb Zn
were begun and survey of radioactivity in the water and sediments of
the estuary using in situ probes were underway. From that time
our efforts in offshore waters, as well as in the estuary, have
steadily expanded.

ORGANIZATION OF THE RADIOECOLOGY GROUP

A. Osterberg - principal investigator (temporary leave)
B. Pearcy - Nekton Ecology
C. Carey - Benthic Ecology
D. Renfro - Estuarine Ecology
E. Forster - Radiochemistry
F. McCauley - Benthic Ecology, Taxonomy

Our intent is to integrate the varied talents of individual inves-
tigators to provide a balanced ecological program ranging from the
lower river to the estuary to offshore surface waters to the sedi-
ments of the shelf and slope.

RESEARCH PROGRAM

Studies in the Estuary

In the estuary, as in other areas, we must study all components
of the ecosystem (water, sediments, biota) in order to attain an over-
all understanding of its radioecology. To this end, our group has
carried out numerous projects designed to better 'understand move-
ment of radionuclides through each of the important ecosystem com-
ponents.

Sediment studies

One of the earliest of these projects was study of the retention

*Presented at the meeting of the Working Committee for Columbia
River Studies -- Richland, Washington, October 18, 1967.



of 65Zn by sediments. This involved eluting river sediment samples
with solutions of various kinds. Only a small fraction of 65Zn wads
removed by sea water. A substantial portion of 65Zn sorbed to the
sediments could be removed by diute solutions of transition metals.
It was concluded that much of the 5Zn sorbed to the sediments is
bound by more specific ion-particle interaction than ion-exchange.
Hence this radiozinc is more available to benthic animals than to
pelagic animals.

To examine the distribution cf gamma emitters in the sedi-
mnents, an in situ probe was constructed. Radioanalyses of estuary
sediments showed that 51 Cr ctivity per square centimeter was about
10 times higher than that ofZn. Areas highest in radioactivity
were generally in protected regions of low river flow where sedi-
mentation would be most likely to occur.

Chemical studies

An important part of radioecology is understanding the physico-
chemical nature of the nuclides present. If a radionuclide is present
in the estuary mainly in dissolved form it may be more available for
uptake by organisms than if it were complexed to some stable organic
molecule and vice versa.

.Studies on 51Cr show that it can be followed down the river and
far out into the ocean. It remains largely in solution as a hexavalent
anion in the lower river and in the ocean. A minor fraction becomes
attached to suspended particles and bottom sediments when Cr (VI)
atoms are reduced to Cr(III). Among factors which would tend to
increase the rate of uptake of 51Cr by sediments are: (1) lowered
pH, (2) presence of particulate organic wastes, (3) increased tem-
peratures, and (4) increased biological oxygen demand.

Studies on the vertical distribution of radioactivity in the
estuary utilized what we term "medium volume precipitation methods. "
Particulate radioactivity was obtained by membrane filtration and dis-
solved radioactivity was concentrated by ferric oxide precipitation.
Intrusion of salt Ovate was observed to increase the concentrations
of particulate 51Cr, '5Zn, and 46Sc near the bottom. This project
was in operation during the summer 1966 pause in Hanford reactor
operations. At that time, changes in radioactivity levels of up to
three orders of magnitude were recorded and flow times of the river
were measured at two river discharge rates.

Biological studies

Since 1963 we have been studying the biota of the estuary.



Initial efforts were to better understand the ecology of the estuary
and to measure the reservoirs of radioactivity in the various trophic
levels. More recently we have begun to emphasize the routes and
rates of radionuclide transfer within the estuarine system.

Within the estuary three major plankton groups are distin-
guished: (a) those from freshwater which generally remain with
freshwater masses in the estuary, (b) those from the ocean which
generally remain associated with salt waters of the estuary, and
(c) those indigenous forms which are associated with slightly brackish
waters. Fish appeared to be most abundant in brackish waters.
Stomach content analyses of trawl-caught fish indicated that, although
most consume many prey species, the bulk of their food is comprised
of only a few prey species.

A study of estuarine plankton now in progress has as its ob-
jectives correlating standing crops of zooplankton with the seasonal
and areal abundance of phytoplankton, nutrients, and other environ-
mental variables. Included in this project is a study of the radio-
activity of zooplankton which involves separation of zooplankton from
the high concentrations of wood fibers in the river water. This is
accomplished by taking advantage of the positive phototrophism of
the zooplankters.

Another current investigation in the estuary is an examination
of the specific activities of 65Zn, 51C r, and 54Mn in various organs
of the commercial crab, Cancer magister.

Water, sediments, plants, and animals were studied in a small
arm of t45 estuary to more adequately understand the routes and
rates of b Zn in various components. Measurements of 65Zn and
total Zn in samples taken periodically from this area permitted the
computation of O5Zn specific activities. The area was sampled
almost weekly during the 45-day reactor s utdown in the summer
of 1966. During this time, when input of Zn to th% cosystem was
drastically reduced, several organisms declined in Zn specific
activity at rates which could be measured. In many cases, these
rates of decline were shown to depend on the food habits of the or-
ganisms.

Marine Benthic Radioecology

Many important chemical, physical, and biological processes
take place at the sediment-water boundary. In addition, the sea
floor is the ultimate destination of much energy-rich organic material
in the oceanic ecosystem. The ecology of the benthic flora and fauna,



which degrade much of this energy, is still poorly understood.
Thus, they must be studied in order to fully understand the radio-
ecology of the ocean ecosystem.

Field Studies

A program of quantitative field sampling provided estimates
of faunal abundance and biomass over a wide area of the shelf and
slope off Oregon. Included in this work were measurements of
physical, chemical, and geological parameters which might influence
the distribution of the benthos.

With this background a sampling pattern was designed to mea-
sure the concentration of 65Zn in sediments and benthos with depth
and distance from the Columbia River mouth. This pattern consists
of three transects: two lines of stations perpendicular to the coast
off Tillamook Head and Newport, Oregon, and one line along the
200 m depth contour between the perpendicular lines. Samples are
obtained with dredges, grabs, and a 7 m otter trawl.

The concentration of 65Zn in sediments decreases rapidly with
increasing distance from the Columbia River mouth. Along the
Tillamook line there is a rapid decline of 65Zn with increasing depth.
No 65Zn could be detected in sediment samples taken off Newport.
Several echinoderms which are detritus or deposit feeders generally
exhibited decreasing 65Zn specific activity with-increasing depth 9ff
Newport. Likewise, sea urchins from 200 m showed decreasing 665Zn

specific activities with increasing distances from the river mouth.
Probably all these trends reflect the behavior of 65Zn-rich Columbia
River plume waters.

An important aspect of this project is proper identification of
the rich but little-studied benthic biota. For this reason, considerable
effort was required for taxonomic studies.

Uptake of Radioactivity by a Benthic Amphipod

A laboratory study of the uptake of radioactivity by the marine
benthic amphipod Anonyx sp.supplemented the extensive field program.
Amphipods fed radioactive brine shrimp took up about 55% of the 65Zn,
less than 10% of the 144Cr or 46Sc, and none of the 51Cr ingested.
The test animals obtained little radiozinc from spiked sediments but
had a faster rate of elimination of this radionuclide when living on
sediments. Rates of radioactivity loss were also increased by in-
creasing temperatures, food intake, and molting frequency.



Marine Nekton Studies

1. Albacore, a motile tuna that migrates across the Pacific
and occurs off the coast of Oregon during the summer months and
are frequently captured in the vicinity of the Columbia River plume.
As most of our samples are from non-motile organisms, a study
was made to determine if the radioactivity of albacore would offer
any clues as to the tunas migration patterns.

The specific activities of both radionuclides 54Mn and 65Zn
were determined on samples collected over a four-year period and
the results were plotted for activities in time as well as geography.
The results clearly show separate sources for these radionuclides
with the activities and specific activities of 65Zn in the tuna livers
decreasing one hundred fold as the collecting sites moved southward
to California. The activities and specific activities of the 54Mn on
the same samples increased slightly on going southward.

2. The average vertical distributions of four dominant species
of mesopelagic fishes collected over several 24-hour periods and in
depths from surface to 1 km indicate a large amount of radioactivity
being transported across the thermocline. The night/day ratios of
activities of 65Zn at the surface collections are 30 while the ratios
drop to 0. 7 below the thermocline.

3. Future efforts are directed toward making collections with
midwater trawls- in tandem operated by electrically operated con-
ducting cable. This will help define the levels which the nekton are
collected.

Radio- Chemical Studies

1. Large volume precipitation studies were conducted aboard
the R/V YAQUINA in 1965 to determine the diffusion of the radio-
nuclide 51Cr in the northeast Pacific water. Sufficient sensitivity
was found to detect 51Cr, 350 km south of the mouth of the river
during the summer cruise and the plume was also followed north-
ward to Cape Flattery ( 225 km) during a winter cruise.

2. The first joint effort between Battelle Northwest Labs and
Oregon State University - Radioecology occurred June 23-30, 1967.
Scientists from both labs proceeded aboard the R/V YAQUINA to
station NH-350, to collect water and organisms at discrete depths
from the surface to 5000 feet. Sediment was also collected at 3700
meters. The purpose was to characterize the water column for
specific activities of several important trace elements in the organisms



as well as the environment that contains them. Hopefully this will
pave the way for future cooperative studies.

3. Many other students are working on projects in geochemis-
try and radioecology. Current investigations include chemical and
physical states of radionuclides in water and sediments of both the
river and its estuary.



BIOLOGICAL TRACER OF RADIO-ACTIVE COLUMBIA RIVER
EFFLUENT UPON ENTERING THE MARINE ENVIRONMENT*

By W. R. Vermeere, W. O. Forster, and C. L. Osterberg

The common Pacific coast starfish (Pisaster ochraceus) has been
designated as a third trophic level animal feeding primari y on the mussel
(Mytilus californianus) which is a filter feeder. The starfish has been used
to trace f Re flow o radioactive 65Zn in the Columbia River plume. The
plume changes directions with seasons, flowing to the north in the winter
along the Washington coast and flowing to the south pushed off of the Oregon
coast by upwelling. Changes in levels have been observed for all stations
from Puget Sound to the southern Oregon coast. Levels range from 1 pci
to over 400 pci dependent on time of year and location.

`Presented at the American Institute of Biological Sciences Interdisciplinary
Sciences, Madison, Wisconsin, June 17-21, 1968.



DYNAMICS OF 65ZN IN BIOTA OF .4THE
COLUMBIA RIVER ESTUARY

by William C. Renfro and William O. Forster

ABSTRACT

Specific activities of 65 Zn were periodically measured in
several components of a small estuarine ecosystem. During the
study input of radiozinc was abruptly reduced by the shutdown of
the nuclear reactors at Hanford, Washington.

The 65Zn specific activities of various organisms declined
due to physical decay and biological turnover, although they con-
tinued to obtain some radioactivity from their environment and food
web. Under these conditions, the time required for specific activity
of an organism to be reduced by one half is termed "ecological half
life. " In general, ecological half lives of green algae, crustaceans,
and fishes increased with increasing trophic level.

Presented at the 31st Annual Meeting of the American Society of
Limnology and Oceanography, Madison, Wisconsin, June 17-21, 1968.



RADIOECOLOGICAL STUDIES
IN THE COLUMBIA RIVER ESTUARY`

by William C. Renfro

ABSTRACT

The plutonium production reactors at Hanford,, Washington,
add trace quantities of radioactive elements to the Columbia River
and Estuary and Pacific Ocean. This provides us with an estuarine
ecosystem in which the sediments, water, plants, and animals are
labelled with radioisotopes of essential as well as biologically un-
important elements.

Fish and shrimp taken from several sampling stations within
the estuary exhibit seasonal and s6%atial changes in their radioactivity
burdens. An abrupt decrease in Zn specific activity in the estuarine
organisms resulted from temporary shutdown of the Hanford reactors
during the summer of 1966.

Presented at the Pacific Northwest Oceanographers Meeting,
Seattle, Washington, February 9, 1968.



ECOLOGY OF ZOOPLANKTON, BENTHOS AND FISHES IN
THE COLUMBIA RIVER ESTUARY

Lois HAERTEL AND CHARLES OSTERBERG

Department of Oceanography, Oregon State University, Corvallis, Oregon
(Accepted for publication October 21, 1966)

Abstract. Fauna of the Columbia River estuary were sampled regularly for 21 months.
Analyses of plankton samples indicated that three distinct populations existed in the estuary:
a freshwater group, a marine group, and an indigenous estuarine group. The latter consisted
principally of a large population of Eurytemora hirundoides. Changes in the salinity of the
estuary were reflected in the composition of the plankton.

The majority of the fish and benthic invertebrates found in the estuary are euryhaline.
The largest numbers of fish species, as well as the largest numbers of individuals, occupy
the slightly brackish waters of the central portion of the estuary. The major plankton
blooms also occur in this area. Starry flounder (Platichthys stellatus) and sand shrimp
(Crangon franciscorum) use the upper estuary as a nursery ground.

Extensive analyses of fish stomach contents confirm that food habits of fishes generally
reflect the availability of prey.

INTRODUCTION

The estuary of the Columbia River is-an un-
usual and difficult habitat because of its swift
currents and rapidly changing salt content. Large
tidal variations combine with a great influx of
fresh water to make this estuary quite unlike those
on the east or gulf coasts of the United States.

The river is one of the nation's major sources of
potable water. With increasing demands on this
water, major changes in water levels and quality
can be expected, influencing the community of
animals residing in the estuary. We hope that
our ecological study will serve to enumerate and
identify the major animal species in the estuary
before these changes occur. In a sense, it is
already too late, since dams, increased silt load,
altered temperatures, and other man-made changes
have influenced the ecology of the river. And
yet, in another sense, it is early, since at no time
were oxygen levels in the estuary so low as to
limit life. Compared with streams in more popu-

lous areas, the Columbia River is relatively free
from pollution.

Little is known about the fauna in the estuary.
Studies by the Fish Commission of Oregon (Wal-
dron 1958; Westrheim 1955; Harry 1959) deal
with ecological aspects of certain economically
important species, but no work has been done on
noncommercial species. Data taken by the U. S.
Corps of Army Engineers (1960) concern salinity
and currents in the estuary. Data of the U. S.
Geological Survey (1952-1965) and U. S. Public
Health Service (Robeck and Palange 1954; U. S.
Public Health Service 1957-1962; 1962-1965)
concern stream flow and general ecology of the
river upstream from the estuary. A number of
studies provide information about the ocean at
the mouth of the estuary (Barnes and Paquette
1954; Aron 1962; Park, Pattullo and Wyatt
1962; Stefansson and Richards 1963; Osterberg,
Pattullo and Pearcy 1964).

Physically. the estuary is large and complex.
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Only a major effort, involving more manpower
than was available to us, could sample the biota
adequately. Thus, floral components of the eco-
system were not sampled and no study of primary
production was attempted. Neither were salmonid
fishes taken though they are known to migrate
through the estuary where they support a signifi-
cant fishery. Sampling was limited to those ani-
mals that could be collected with otter trawls,
midwater trawls, and plankton nets.

This paper will deal with certain physical
parameters in the estuary, a census of organisms
present, food habits of the common fishes, and a
few of the more obvious ecological relationships.

LOIS HAERTEL AND CHARLES OSTERBERG Ecology, Vol. 48, No. 3

SAMPLING
LOCATIONS

WINTER
1963-1964

.0 14.2 14.4 14.6 149

'7.6

DEC. 5-
MAR.4

MAR. 17-

METHODS AND MATERIALS

Samples were collected monthly from 7 October
1963 to 14 July 1965 at three locations (Fig. 1) :
Harrington Point (H-1), Astoria (A-1), and
Chinook Point (C-1). Because of channel
dredging operations at the original station, a sec-
ond station at Harrington Point (H-2) was
added 10 June 196.1, and sampled on subsequent
trips. Two more stations were sampled 30 July
1964; one (M) at the mouth of the estuary, the
other (C-2) opposite Chinook Point in the south
channel of the estuary. Depths at the three
major stations averaged around 10 in.

At each station temperatures and salinities at the
surface and at the bottom were measured. Before
4 March 1964, measurements were made by CTI
(conductivity-temperature-indicator). After that,
a VanDorn bottle was used to collect water for
salinity and oxygen determinations, and tempera-
++Irel: were taken with a bucket thermometer in-
serted into the VanDorn bottle. Oxygen content
was determined by the modified Winkler method
(Strickland and Parsons 1965). Turbidity was
measured using a Secchi disc and water telescope.

Plankton were collected by 10-min oblique
hauls with a #6-mesh half-meter net equipped
with a Tsurumi-Seiki-Kosakusho recording flow
meter. Samples, preserved in 10% formalin so-
lution in the field, were analyzed by diluting the
settled volume and extracting one or more cubic
centimeter aliquots with a Stempel pipette until
at least 100 animals were counted.

Fishes and larger invertebrates were collected
in 20-min hauls, using a 22-ft (headrope length)
shrimp-type otter trawl with a 1-in. mesh

APR. 27 (stretched size). Attempts to collect benthic
animals by dredging proved unsuccessful although
many locations were tried. Samples were pre-

JUNE I -
JULY 30

FALL SEPT. 8 -
1964 OCT. 22

WINTER NOV. 25 -
1964 -1965 MAR. 4

SPRING MAR. 4 -
1965 APR. 19

FIG. 1. Location of sampling stations, seasonal salini-
ties in 0/00 (solid lines), and seasonal temperatures in
°C (dotted lines) in the Columbia River estuary.

served in formalin and later sorted, counted,
weighed, and measured. Standard fish lengths
were measured. Otoliths were examined in
March, June, and September 1964, and in January
and April 1965. These, together with length-
frequency plots were used to determine the age
structure of the fish populations. Stomachs of
2,809 fish were analyzed from March 1964 to
April 1965 by counting the number of each item
per stomach and estimating its percentage of the
total volume present. , Smaller fishes and inver-
tebrates were collected from 4 March 1965 to 14
July 1965 using a 3-ft Isaacs-Kidd midwater
trawl.

Tidal fluctuations in salinity, temperature, oxy-
gen and fauna were examined in a 25-hr study,
covering a complete tidal cycle on 29-30 April
1964. Samples were taken at the Astoria station
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(A-1) and on a nearby Astoria dock (A-2). On
the dock, salinities and temperatures were mea-
sured every 15 min at four depths using a CTI.
Salinity and oxygen were measured at surface
and bottom every hour by VanDorn bottle casts.
Also, a vertical plankton tow was made each
hour. The midchannel station (A-1) was sam-
pled four times, at each high and low tide. Sa-
linity, oxygen, and temperature at the surface and
the bottom were sampled by VanDorn bottle casts.
Fishes and plankton were collected with 20-min
otter trawl hauls and 10-min plankton tows.

RESULTS AND DISCUSSION

Hydrography

The Columbia, largest river on the Pacific
Coast, drains an area of 290,000 square miles. As
much of the drainage basin is mountainous and
characterized by deep winter snows, the amount
of water transported by the river is high and
variable. Maximum river flow averages 660,000
cfs in June and decreases between September and
March to a minimum of about 70,000 cfs. Winter
floods in the tributaries west of the Cascade Range
may cause periods of high river flow, sometimes
exceeding the June maximum (Hickson and
Rodolf 1951).

Tidal variations on the Pacific Coast are large ;
the mean tidal range at the mouth of the river is
6.5 ft. However, tides are the,mixed, semidiurnal
type characterized by one of the two daily low
tides being much lower, and one of the two daily
high tides much higher. Thus, the mean tidal
range from lower low water to higher high water
is 8.5 ft.

These great variations in tides and river flow
combine to create a highly dynamic environment
in the Columbia estuary. An indication of the
extreme variability of environmental conditions is
given by the short flushing time, which Neal
(1965) calculated to be between 5 and 10 days.

The maximum salinity intrusion in the Colum-
bia occurs with high tide and low river flow and
is probably less than 20 (nautical) miles, or just.
above the Harrington Point station. The mini-
mum occurs with low tides and high river flow
and may be less than 5 miles or just below the
Chinook Point station (Neal 1965).

Seasonal salinities (Fig. 1) represent averages
of measurements made on at least three sampling
trips, with the exception of fall 1963 and the most
seaward station for summer 1964. For these values,
salinity data from only one sampling trip were
available. Because of the distances between sta-
tions, it was necessary to sample different stations
at different stages of the tide. Upstream records
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were taken at low tide and downstream records
at high tide, thus encountering maximum salini-
ties downstream and minimum salinities upstream
and recording a maximum salinity gradient in the
area sampled.

The salinity profile approached that of a two-
layered system during periods of high river flow
in summer 1964, and again in winter 1965, when
flooding from heavy coastal rains occurred. Fig-
ure f indicates that salinities are higher in fall
and winter than in spring. Probably they are
not, since the lower low and high tides were
sampled in the spring and summer, and the higher
low and high tides were sampled in the fall and
winter. This schedule was necessary so that each
station would be sampled at a consistent time of
day and relative stage of the tide and so that the
daylight-darkness factor would not be introduced.

A 25-hr tidal cycle study was conducted in
April 1964, a time of relatively low river flow.
Salinity (Fig. 2) varied from 0.2°/00 at the lower

II

FIG. 2. Salinity (°/oo) at four depths during the 25-hr
tidal cycle study at Astoria (A-2), April 29-30, 1964.

+zA +EIE
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TIME
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TIDAL RANGE (W)

low tide (surface and bottom) to 19.3°/00 at the
higher high tide. At the higher high tide, follow-
ing a net tidal range of 5.8 ft, the estuary ap-
proached a two-layered system, especially when
the salt wedge initially arrived. However, at the
lower high tide, following a greater net tidal range
of 7.0 ft, the estuary was well mixed and surface
salinities were actually greater than at the higher
high tide.

Seasonal temperature profiles (Fig. 1) differ
from salinity profiles in shape, a result also found
in the Delaware estuary by Cronin, Daiber and
Hulbert (1962). Seasonal extremes are greater
in the river water entering the estuary than in
seawater. The river water is warmer than the salt
wedge in the summer and colder in winter. Dur-
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waters offshore (Park, Pattullo, and Wyatt 1962).
The lowest value measured was 2.53 ml/liter in
the bottom waters at the mouth of the estuary on
30 July 1964.

Turbidity varied directly with the amount of
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TABLE 1. Seasonal occurrence of common zooplankton measured in avg no./ma at the station of. greatest abun-
dance. I 0.1-0.9/m3; 11 1.0-9.9/m3; III 10.0-99.9/M3; IV 100.0-999.9/M3; V 1,000.0-9,999.9/Mg, VI 10,000.0-
99,999.0/ms

Category
Spring

'64
Summer

'64
Fall
'64

Winter
'65

Spring
165

Summer
,65

Freshwater group
Rotifera:

Brachionusspp ... ......................... IV
Asplanchna sp.............................. III II

Cladocera:

Along costata ........ ... . ... II III I
Chydorus globosus ...... ....... ... ....... II III III
Diaphanosoma brachyurum ... ............ .. III III I
Ceriodaphnia quadrangula..... . IV III

IV IV III II II IV
III V III II II IV

II
IV III II III I III
IV IV IV III III IV

Total. IV V V III III V
Brackish group:

Eurytenwra hirundoides III III IV
Salt-intrusion group

Cladocera:
Evadne nordmanni III III III

Copepoda:
Acartia clausi. II IV III III
A: longiremus.... . II III II III II
Pseudocalanus minutus II IV III IV II
Calanus finmarchicus. III II II II
Oithona similia III II

Total III III IV III IV IV

ing both years- of this study, temperature inver-
sion occurred during-the months of November and
April. Temperature extremes recorded during
this study were 4.0°C on 5--January 1965 and
19.4°C on 27 July 1964.

Dissolved oxygen varied inversely with salinity
and temperature. In fresh water entering the
estuary, oxygen was always present in saturated
or near-saturated levels. The lowest values were
found in the summer-fall salt wedge, and were
probably due to upwelling of oxygen-poor bottom

river flow and inversely with salinity. Secchi
disc readings ranged from 2.0 m at Chinook Point
in September 1964 (surface salinity 29.20/00)
to 0.1 m at all stations during the January 1965
flooding. However, 73% of all the Secchi disc
readings were between 0.5 and 1.5 m.

Distribution of plankton
Three major planktonic groups were found,

one in fresh water, one in slightly brackish water,
and one in. the salt intrusion (Table 1). The
fresh water (0.10/0o salinity or less) plankton
were dominated by a copepod Cyclops vernalis,

and cladocerans, Daphnia longispina and Bosntina
spp. Seasonally abundant species included the
cladocerans Diaphanosoma brachyurum (summer)
and Ceriodaphnia quadrangula (summer-fall),
juvenile amphipods Corophium salmons (winter-
spring), the rotifers Brachionus spp. (spring)
and Asplanchna spp. (summer) and copepod
Diaptomus ashlandi (spring 1964 and summer
1965). The cladocerans Alona costata and Chy-
dorus globosus were present in small numbers
throughout the year. The highest population
density recorded-for the fresh water group was
2, 705/m3 at Harrington Point in late July 1964,
when water temperature was highest (19.4°C)
and turbidity relatively low (Secchi: 1.1 m). The
population density remained high through fall and
dropped to values below 100/ma when tempera-
tures were low (4°-8°C) and turbidity high
(Secchi: 0.1-0.9 m). Although this group was
most abundant at Harrington Point, the more
common species often penetrated brackish waters
and were collected in small numbers as far down-
stream as Chinook Point. These were undoubt-
edly carried down from upstream populations.

In slightly brackish waters the copepod Eury-
temora hirundoides made up 90-100% of the
plankton population. Few species were found
in these waters but many individuals were present
with population densities usually in excess of
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FIG. 3. Chinook Point Eurytemora hirundoides popula-
tions in relation to total plankton abundance.

2,500/m3. Population peaks were recorded dur-
ing the course of this study in late April (108,
410/m3) and late July (38.755/m3) . A close
relationship existed between high population
density and presence of E. hirundoides (Fig. 3).

This species was the dominant form in the
estuary and could be found at all stations. Large
numbers of E..hirundoides were found when the
surface salinity was between 0.2 and 80/00, when
the mean of top and bottom salinities was between
0.2 and 160/00i and when the bottom salinity was
greater than 0.20/00. These salinity limits were
somewhat lower than those of Jeffries (1962a),
who suggested that Eurytemora spp. could pre-
dominate whenever more than one-third of the
length of the estuary was bounded by the 5 and
150/00 isohalines (surface). This condition was
never satisfied by-the Columbia during the course
of this study (Fig. 1). For this population of
E. hirundoides, Jeffries' lower'boundary was much
too high.

.In the waters of the salt intrusion, a third group
of plankton was found. Principal species were
Acartia clausi, A. longiremus, and Pseudocalanus
minutus. This group almost never occurred up-
stream of Chinook Point, and was often absent
even at the mouth of the estuary during periods
of high river flow. Seasonally abundant species
included Oithona similis (fall), Acartia tonsa and
Corycaeus affinis (fall 1963), and Evadne nord-
manni (summer-fall). Analysis of stomach con-
tents of fishes collected at Chinook Point also gave
evidence of an early spring abundance of Calanus
finmarchicus and a late summer abundance of P.
minutus. The Acartia-Pseudocalanus group was
found most consistently during the fall of the year
when low river flow and high tides combined to
create a maximum salt intrusion. High bottom
salinities suggested that this group may have been
present on several dates when it was not recorded.
However, the waters very near the bottom could
not be sampled without filling the net with sand.
The highest population density recorded for this
group was 755/m3 in October 1964, with values
normally averaging around 500/m3.

Deevey (1956). Barlow (1955), Cronin et al.
1962), Jeffries (1962h) , and Frolander (1964)

found Acartia spp. to be much more abundant in
other estuaries than in the Columbia. Many fac-
tors could have prevented the establishment of
large populations in this estuary. The most ob-
vious, however, is salinity. Acartia spp. are found
in estuarine waters of higher salinity than that of
the Columbia, where high river flow keeps salini-
ties'sufficiently low to be more favorable for Eury-
temora hirundoides.

Maintenance of plankton populations
within the estuary

Maintaining a population within an estuary is
one of the most serious problems facing indige-
nous plankton. This problem is especially acute
in an estuary with as short a flushing time (5-10
days) as the Columbia (Neal 1965). Two pos-
sible methods of maintaining a population in an
estuary include achieving adequate reproductive
rate to replace that portion of the plankton which
is swept to sea (Ketchum 1954; Barlow 1955),
and vertical and/or lateral migration of the plank-
ton population (Cronin et al. 1962). Vertical
migration would make use of the net upstream
flow in the bottom waters of a two-layered sys-
tem. A convenient method for determining the
type of circulation system that exists has been
suggested by Burt and McAlister (1959). In
their method, a difference of 40/00 or more be-
tween top and bottom salinities indicates a two-
layered system. Eurytemora hirundoides popula-
tions at stations of suitable salinity are compared
(Table 2) with the type of system present, two-
layered or well-mixed. No correlation was ob-
served between the type of system and the abun-
dance of plankton. Vertical migration was -thus
not shown to be a significant maintenance mecha-
nism in Columbia E. hirundoides populations.
Results of the 25-hr study indicated that the type
of system present could vary with the stage of the
tide. However, these samples were taken at ap-
proximately the same stage of the tide, just before
the higher high water September through March,
and just before the lower high water March
through September. Tidal changes should there-
fore affect the data in Table 2 only on a broad
seasonal basis.

Of particular interest are the plankton values
on 10 June 1964 and 5 January 1965, the only
sampling dates during extensive river flooding.
If vertical migration were a significant mecha-
nism, one would expect little loss of plankton
populations because of the strong two-layered
system present during flooding. If, however, the
primary method of maintenance is reproductive
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The freshwater group was affected throughout
the spring. There were two orders of magnitude
less Bosnaina spp. and Diaptomus spp. in spring
1965 than during the previous spring (Table 1).
However, this group apparently recovered by
summer 1965.

tions (H-1, H-2) included the snail, Hydrobia
sp., the clam, Corbicula fluminea, the polychaete,
Neanthes limnicola, the oligochaete, Enchytraeus
sp., the crayfish, Pacifastacus trowbridgii, the
isopod, Mesidotea entomon, the amphipod, Coro-
phium salmonis, and immature insects, especially
chironomid larvae. Newly hatched sand shrimp,
Crangon (Crago) franciscorum, were found here

464 LOIS HAERTEL AND CHARLES OSTERBERG Ecology, Vol. 48, No. 3

TABLE 2. Comparison of Eurytemora hirundoides abundance and type of estuarine circulation system present

1964 1965

Date and station

Top-bottom salinity difference (e/«,) ............
Type of system
Eurytemora (no./m3) .........................

Legend: well-mixed
btwo-layered

increase, the observed reduction in numbers is
expected because of the shorter flushing time
during flooding. The effects of lateral migration
have not been examined.

The January 1965 floods and resultant very
high river flow through the estuary also provided
the opportunity to observe the effects of flooding
on long-term plankton maintenance. The floods
apparently affected the three groups of plankton
differently, although all plankton populations were
low during the actual flooding.

The Eurytemora hirundoides population was
the most greatly depleted by the flooding. A dif-
ference of three orders of magnitude existed be-
tween spring 1964 and spring 1965 populations.
Although some recovery was noted by summer
1965, the populations were still two orders of
magnitude below those of the previous summer.
Reasons for the continued lowered populations of
the indigenous species are not known, but in-
creased flushing rate during flooding may have
depleted the nutrients and/or brood stock avail-
able to the plankton. Unfortunately, no nutrient
data are available.

The salt, wedge group suffered no aftereffects
from the flood.

Distribution of benthic invertebrates

Predominant benthic species at freshwater sta-

in early summer and were abundant through fall,

7/27 1/5 1/5
A-1 A-1 Gl

29
b

273

but were found in more saline waters in the
winter.

At Astoria (A-1), common benthic species in-
cluded M. entomon, immature C. franciscorum,
an amphipod Anisogammarus confervicolus, a
harpacticoid copepod tentatively identified as Ca-
nuella canadensis, and a brackish water hydroid,
Cordylophora lacustris. The number of species in
this community was low probably because of the
extreme salinity fluctuations (Fig. 2). Although
few species were found here, individuals were
often taken in great numbers, especially Crangon
franciscorum and Canuella canadensis.

Major benthic species collected nearer the ocean
at Chinook Point (Gl) included C. franciscorum
(adults and immatures), the Dungeness crab
Cancer magister, the isopod Gnorimosphaeroma
oregonensis, and the clam Macoma baltica. Here,
too, great salinity fluctuations may have prevented
formation of a richer community.

The distribution of invertebrates by season and
salinity is given in Table 3. Some species, col-
lected only in certain seasons, were probably
present throughout the year. Salinity tolerances
given are conservative estimates. That is, high
salinity limits of freshwater species are based on
surface salinities and freshwater limits of marine
species are based on bottom salinities. Species
found only in the stomachs of euryhaline fish are
not included in the table since salinity limits could
not be determined. These included the poly-
chaete Hespernoe complanata, the decapods Cal-
lianassa cali f orniensis and Scleroplax granulata,
ephemerid and heptageniid mayfly naiads, and
chloroperlid stonefly naiads.

Distribution of fishes

The distribution of fishes in the estuary is
greatly influenced by salinity (Table 4). Our
listing of estuarine species is incomplete as only
three locations were regularly sampled. Also, use
of an otter trawl as the major sampling device
biases the sample in favor of benthic and slow-
moving fishes. As a result, anchovy and adult
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TABLE 3. Distribution of invertebrates according to season and salinity

Season
(fresh

water
species)

Protozoa:
X Volvox sp.

X X Systilus sp.
Coelenterata:

X X Cordyloph. ra lacustris

x

x x
x

x x
X x
x

x
x X

x

x

x

Brachionus calyciflorus
B. plicatilus
Asplanchna sp.

Nematoda, unidentified
Annelids:

Oligochaeta:
Enchytraeus sp.
Polychaeta:

Neanthes limnicola

Arthropoda:
Crustacea:

Cladocera:
Leydigia acanthocercoides
L. quadrangularis
Monospilus dispar
Pleuroxis denticulatus
Ilyocryptua sordidue
Eurycercus lamellatus
Alona quadrangularis
Side crystallina
Diaphanosoma brachyurum
Alona costata
Chydorus globosus
Daphnia pulex
D. longispina
Bosmina

X X Ostracoda, unidentified
Copepods:

Calanoida:
X X X Diaptomus franciscanus

x X X D..aahlandi
X X X D. novamexicanua
X X x x Eurytemora hirundoides

Cyclopoida:
Paracyclop8 fimbriatua

X Cydopa vernalis

Harpacticoida:
Bryocamptus hiemalis

x x

Polychaeta:

Neanthes brandti
Stone sp.
Goniada sp.

Crustacea:
Cladocera:

X
x
x
x
x
x
x
x x
x x
x x
x x
x x X
X X x
x x x

x Evadne nordmanni
Podon leuckarti

x
Copepoda:

Calanoida:
x
x
x
x x

X X Acartia tones
X X A. ctauai
X X A.longiremis x
X X Pseudocalanus minutua x
X X Calanua finmarchicue x

X Paracalanus parvua x
X Clauaocalanus arcuicornus x
X Centropages memurrichi x

Cyclopoida:
x
x x x

X X Oithona similis
X X Corycaeus affinis

Harpacticoida:

Canuella canadenais XIXIX
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TABLE 3.-Continued

Salinity,

Classification and
freshwater species

Mysidaceae:
Neomysie mercedis x

Amphipoda:

Gammaridae:
Corophium >almonis

Isopoda:
Asellus sp.
Mesidotea entomon

Decapoda:
Pacifastacus trowbridgii

Insects:
Ephemerillidae X
Gerridae X

Plecoptera, unidentified x
X Perlodidae x
X Chironomidae X

Arachnida:
X Hydracarina, unidentified x

Mollusca:
Gastropoda:

X X Hydrobia sp. X
X Pleurocera sp. X

Pelecypoda:
X X X Anadonta sp.
X X X Corbicula fluminea

x
X

x

x

x

Classification and
marine species

Cirripedia, anid. larvae
Nebaliaceae:

Epinebalia pugettensis
Mysidaceae:

Neomysis kadiakensis x X X X
N. rayii x x
Acanthomysis macropsis x X
Arehaeomysis grebnitzkii x X X X

Euphausiaceae:
Thysanoessa longipes

Amphipoda:
Hyperidae, unidentified x
Gammaridae:

Corophium spinicorne
Anisogammarus confervicolus
Paraphoxius milleri
Jassa falcata

Isopoda:

Gnorimosphaeroma oregonensis x X
Decapoda:

Crangon franciscorum x
C. nigricauda x
Cancer magister x

Mollusca:
Gastropods:

Nassarius sp.
Pelecypoda:

Macoma baltica

-Limnetic 0-0 5%, oligohaline 0.5-5%, mesohaline 5-18%, polyhaline 18-30%, euhaline 30%.
bSpring 3/4-4/30, summer 6/1-7/30, fall 9/8-11/5, winter 11/22-3/4

salmonids, though known to be present, were not
sampled.

The bulk of the catch at all stations was made
up of euryhaline species. In this group, the most
common were the starry flounder (Platichthys
stellatus), prickly sculpin (Cottus asper), stag-
horn sculpin (Leptocottus armatus), longfin
smelt (Spirinchus dilatus), Pacific tomcod (Mi-
crogadus proximus), and Pacific snakeblenny
(Lumpenus sagitta). Of these, only C. asper is
a freshwater species.

Large numbers of very young flounder (P. stel-
latus), 0-1 year classes, were normally caught
upstream in fresh water, but were infrequent in
waters of high salinity (Fig. 4). P. stellatus
older than 2/ yr were seldom caught in the
estuary. Whether this was due to emigration,
mortality, or ability to evade the trawls is not
known. It is likely that this species used the
upper estuary as a nursery ground for its young.
Many authors have reported use of estuaries as
nursery grounds in pleuronectid and other fishes
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Season
(marine
species)
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TABLE 4. Fish species collected at all stations in otter and midwater trawls with estimate of salinity distribution

Species

Eulachon .............................
Surf smelt .............. ..... ......
American shad ........ .... ..........
Chinook salmon .................. ...
Pacific lamprey...................... .
Pacific tomcod .. . .......... ..... ..
Pacific snakeblenny. .

Shiner perch ...... .. . ... .

Sand sole .. .......... .... .....
Showy snailfish ........ ... ...... .

Northern anchovy...........
Lemon sole ................ ..... ...

Whitebait smelt .. .............. ...
Arctic smelt ......... ................
Pacific sand lance .....................
Blacktip poacher .......................
Buffalo sculpin ........................
Pacific sandfish ..... ...........
Spiny dogfish ........ ................
Longnose skate . ............. ... ...

Pacific hake .........................
Blackmouth rockfish ...................

(Orcutt 1950; Ketchen 1956, Gunter 1957; Pearcy
1962)..

The greatest variety and number of fishes were
taken consistently in water of oligohaline to meso-
haline salinities (0.5 to 18°/oo according to the
Venice system, anonymous 1958). This was
true whether these waters were found at the
Astoria station, as they were in the fall of both
years, or the Chinook Point station, as in the
other seasons (Fig. 5). These stations were
usually also the sites of the large blooms of E.
hirundoides at those times.

The 25-hr . study in April 1964 (station A-1)
showed that freshwater species were present dur-
ing lower tides only, and marine-brackish species
during higher tides only. Euryhaline species were
present at all stages of the tide.

Food habits of the fishes

Although most of the fish species examined
consumed wide varieties of prey, the bulk of the
food usually comprised only a few species. Most
amphipods consumed in fresh water were Coro-
phium salmons, and in brackish to marine waters,
Archaeomysis grebnitzkii. Most of the copepods
consumed in fresh water were Cyclops vernalis;
in brackish to marine water they were Eurytemora

Fresh Oligo- Meso- Poly-
water haline haline haline Marine
0-0.5 0.5-5 5-18 18-30 >30

hirundoides and Calanus finmarchicus. In water
of all salinities, the sand shrimp, Crangon fran-
ciscorum, was the most common decapod eaten.
Rapid digestion made identification of polychaetes
difficult, and as a result, few were recorded. How-
ever, it is probably safe to assume that most of
the polychaetes taken in fresh water were Neanthes
limnicola. In all salinities, the longfin smelt (S.
dilatus) was the most common fish consumed.

Relative abundance of prey species in fish stom-
achs coincided with the relative abundance of
these species in midwater trawls and plankton
tows. Exceptions included Neanthes limnicola,
Corophium salmons, and Archaeomysis grebnitz-
kii. The choice of sampling methods may have
accounted for the larger relative abundance of the
first two species in fish stomachs since both are
too small to be captured by the otter trawl and
too benthic to be taken by usual plankton tows
and midwater trawls. Why A. grebnitzkii was
the most abundant mysid in fish stomachs of
marine to brackish waters is not known. Mid-
water trawls were successful in capturing both
large numbers of other mysid species and some
of the fish predators, but A. grebnitzkii itself was
almost never taken, suggesting that it may also
be benthic in habitat.
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FIG. 4. Monthly length-frequency curves of starry
flounder Platichthys stellatus at Harrington Point (fresh
water) and Chinook Point (brackish to marine water)
stations.

FIG. 5. Seasonal average numbers of species of fish
taken at major stations in the Columbia River estuary.

Four major types of food habits are noted in
the common fish species examined (Fig. 6).
Fishes in group I: snakeblennies (L. sagitta),
smelt (S. dilatus), and very young flounder (P.
stellatus), are plankton feeders that eat large
quantities of copepods. Fishes in group II: larger
juvenile P. stellatus, prickly sculpin (C. asper),
and young sturgeon (Acipensor transmontanus)
are primarily bottom feeders that eat mostly am-
phipods and polychaetes. Fishes in group IV:
older staghorn sculpin (L. armatus) and sand
sole (Psettichthys melanostictus), consume pri-
marily fish. Fishes in group III: younger L.
armatus, young lemon sole (Parophrys vetula),
and tomcod (M. proximus), eat all types of food.

Smelt (S. dilatus), prickly sculpin (C. asper),
and snakeblenny (L. sagitta), showed no major
changes in food habits with increasing age or size.
Gradual dietary changes with age were noted in
tomcod (M. proximus) and staghorn sculpin (L.
armatus). In both cases the diet changed from
smaller (copepods and amphipods) to larger prey
(fish and decapods). A striking change involved
0-year-class flounder (P. stellatus), which, after
reaching a length of 50-60 mm, shifted their diet
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from copepods to amphipods. This was also noted
by Orcutt (1950).

Pronounced seasonal differences occur in the
diet of most fishes, often because of the availa-
bility of prey species. For example, during the
high, late-spring plankton populations of 1964,
the copepod Eurytemora hirundoides made up a
large part of the plankton and of the diet of many
fish which do not eat copepods at other seasons.
Flounder (P. stellatus) and tomcod (M. proxi-
mus) (Table 5) fed on this species in spring 1964
but not in spring 1965, undoubtedly because the
E. hirundoides populations were much lower
(Table 1).

Some unexpected food changes were noted in
winter. Lemon sere (P. vetula) consumed large
quantities of sipunculate worms during February
and March, a drastic departure from their usual
winter starvation diet. Also, sculpins (L. arniatus
and C. asper) and tomcod (M. proximus) con-
sumed larger percentages of polychaetes during
the winter months (Table 5). As polychaetes
were presumably present throughout the year,
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this may have been because of scarcity of other
foods.

Some seasonal dietary changes resulted when
large numbers of the young of prey species oc-
curred. These young were apparently quite abun-
dant and/or easy to obtain. One of the most
vivid examples of this involved the young of the
sand shrimp Crangon franciscorun which were
abundant in stomachs of sculpin (C. asper) from
fresh water at about the same time that the young
shrimp first appeared in fresh water (early sum-
mer), Young shrimp were taken in much greater
numbers in otter trawls in the fall of the year than
in early summer, but C. aspen consumed fewer
shrimp in the fall (Table 5). However, the dis-
crepancy between abundance of shrimp in the
otter trawls and fish stomachs is not necessarily
significant since early summer shrimp were smaller
and could more easily pass through the otter trawl
mesh.

Other young utilized as food included megalops
and the very young of Dungeness crab (Cancer
magister) eaten in summer by tomcod (M. proxi-
ntus), and very young clams, Corbicula )'luminea,
eaten in summer by flounder (P. stellatus) at
Harrington Point.

All seasonal differences may not have depended
upon the availability of food. For example, about
50% of the diet of both flounder (P. stellatus)
and sculpin (C. asper) consisted of the amphipod
Corophium salmons. However, food consump-
tion in P. stellatus all but stopped during the win-
ter when 90% of the stomachs were empty : note
that growth also stopped during the winter (Fig.
4)-whereas C. asper continued to eat (Table 6).
C. asper consumed peak numbers of C. salmonis
during the spring of the year when the amphipod
was most abundant in the plankton, but P. stel-
latus consumed most during the summer and the
fall.

Many fish species were sufficiently euryhaline
to be collected in waters of more than one salinity.
It was virtually impossible to compare fish food
habits in different salinities, because many of the
invertebrate species were less likely to move in
and out with the changes in salinities than were
their fish predators. As a result, food habit
changes caused by differences in salinity were
difficult to distinguish from those caused by dif-
ference in location. Furthermore, the seasonal
abundance of a prey species at one location often
did not correspond to the seasonal abundance of
a similar type of prey at a different location. Thus,
not only the specific composition, but also the
major types of food in the diet of a fish species
could vary greatly depending on station and
season.



Spring An
1 964

Winter Spring
1965

H

4/1) LOIS HAERTEL AND CHARLES OSTERBERG Ecology, Vol. 48, No. 3

TABLE 5. Seasonal food preferences of three common fish species

Fish species and age group Category
Summer

1964

Season

Platichthys stellatus
0.5-2.5 yr

Station
Number of fish examined

A
65

H
48

H
124

H
176 126

Major food items volume)
Polychaeta 0 17 15 21 29
Eurytemora hirundoides 66 0 0 0 0
Corophium salmonis 25 58 77 72 34
Corbicula fluminea 0 21 4 0 0

Per cent empty stomachs 51 29 22 90 44

Cottus asper Station A HA HA HA HA
all ages Number of fish examined 14 54 58 111 101

Major food items (% volume)
Polychaeta 0 2 15 20 5
Corophium salmonis 42 38 57 34 82
Anisogammarus ep. 17 5 2 9 &
Mesidotea entomon 16 2 4 0 1

Crangon franciscorum 0 20 5 0 0
Lampetra tridentata 8 + 0 2 2

Per cent empty stomachs 0 11 7 12 1

Microgadus proximus Station C C C C C
all ages. Number of fish examined 34 125 34 66 26

Major food items (% volume)
Polychaeta 2 5 16 5
Eurytemora hirundoides + + 20 0 0 0
Calanus finmarchicus + + 0 0 0 33
Anisogammarus ep. ++ 31 1 9 12
Archaeomysis grebnitzkii ++ 10 37 34 16
Crangon sp. 11 14 2 0
Cancer magister 6 2 1 0
Fish 6 19 10 6

Per cent empty stomachs 0 3 0 0

+=present in trace amounts ++=abundant but % volume not determined

TABLE 6. Seasonal consmnption of Corophium salmonis by prickly sculpin and starry flounder

Spring Summer Fall Winter Spring
1964 1964 1964 1964 1965

Category (A-1) (H-2) (H-2) (H-2) (H-2)

No. fish examined:
Sculpin (all ages) .................. .... .... 14 54 58 111 101
Flounder (0 and 1 yr) ... ... ........... . ... 65 48 124 174 126

Corophium salmonis (avg No./fish):
Sculpin (all ages) .......................... . . 19.7 7.8 8.9 3.5 21.9
Flounder (0 and 1 yr) .......................... 1.3 2.9 3.6 <0.1 1.0

Percent empty stomachs:
Sculpin (all ages) ................ 0 11 7 12 1

Flounder "(0 and I yr) ............ 51 29 22 90 44

Since differences in food habits with season and
salinity often reflected availability of food, the life
histories of prey species were undoubtedly con-
trolling factors. Further investigation, especially
of the distribution, life cycles, and abundance of
prey species, is necessary adequately to describe
the existing complex relationships.

Distribution of abundance and diversity
It is generally assumed that the number of

species in an estuary increases as one progresses

seaward (Hedgpeth 1957; Frolander 1964) and
that the population in any area of environmental
extremes tends to contain few species and many
individuals (Segerstrale 1949). In the Colum-
bia River estuary other factors tend to complicate
the picture. The plankton of the "environmental
extreme" of the slightly brackish waters is almost
exclusively the copepod Eurytemora hirundoides
which occurs in tremendous numbers. The num-
ber of predator fishes associated with this excel-
lent food source increases so that many more



species (Fig. 5) and individuals are represented
in the slightly brackish waters of this "environ-
mental extreme" than in more saline and pre-
sumably less hostile waters seaward. Conse-
quently, the fishes appear to he less numerous
and varied in the seaward "favorable" habitat,
whereas the plankton behave in the more tradi-
tional manner. One can conclude only that an
environmental extreme which limits the number
of species to a few with many individuals may
he modified by the presence of those few species
to become a favorable environment for another
group of species.

CO N CLUSIONS

The large Pacific Coast tidal range and great
variations in Columbia River flow combine to make
the Columbia estuary a diverse and rapidly chang-
ing environment. As a result, most of the orga-
nisms present in the estuary are eurvhaline. True
freshwater species may penetrate far downstream
at times of high river flow and low tidal range,
undoubtedly because the surface waters remain
fresh. At the same time and in the same location,
true marine species may be found in the saline
bottom waters. This distribution is unstable even
though high river flow favors a two-layered sys-
tem. The high tidal range works against stability
by providing energy for mixing. As a result, the
two-layered system is only maintained for por-
tions of the tidal cycle.

Three major plankton groups are found in the
estuary : those that migrate or are carried in from
fresh water and generally remain associated with
the freshwater masses in the estuary, those that
enter the estuary from the ocean and generally
remain associated with the salt waters of the
estuary, and those that are indigenous to the
estuary and are associated with slightly brackish
waters. The indigenous, brackish water group is
characterized by much larger numbers of indi-
viduals and smaller numbers of species than the
adjacent fresh water or marine groups. Changes
in the salinity of the estuary are reflected in the
composition of the plankton.

Floods during January 1965 affected the three
planktonic groups differently. The fresh water
group was greatly decreased in numbers but re-
covered rapidly. The marine group was not af-
fected. The estuarine group was reduced by three
orders of magnitude and recovered slowly.

Fish appear to be most abundant in the slightly
brackish waters characterized by high plankton
populations. Fish populations differ from plank-
ton populations in that larger numbers of species
as well as larger numbers of individuals are found
in these waters.
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At least two marine species may be using the
relatively fresh, upper estuary as a nursery ground
for their young. Juvenile starry flounder (Pla-
tichthys stellatus) appear to remain in the upper
estuary until they are 2-2? 2 yr old. 1 uvenile sand
shrimp (Crangon i ranciscorum.) remain only one
season, arriving in fresh water in June or July and
leaving in November or December.

Stomach analyses show a variety of food habits
in the fishes examined. Fish species can be
roughly divided into those feeding on plankton,
those feeding on benthos, those feeding on other
fishes, and those feeding on combinations of plank-
ton, benthos, and fish. Although most fish con-
sume many prey species, the bulk of their food
is made up of only a few species. Availability of
the prey species probably determines differences
in food habits with season and salinity.
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Status of the Heart Urchin, Brisaster latifrons'

BY JAMES E. MCCAULEY

Department of Oceanography
Oregon State C.Tniversity, C'orvallis, 0;'C-

ABSTRACT

Brisaster lownsendi (Agassiz, 1898) is suppressed as a junior synonym of B. latifrons (Agassiz,
1898). Morphological characters cannot be used to separate the species, and meristic analysis
reveals a continuous gradient which includes both species as previously interpreted. Nominal B.
latifrons from Asiatic waters are not the same species and probably belong to B. owstoni Mortensen,
1950.

IN THE NORTHEAST Pacific Ocean the genus Brisaster Gray :is generally con-
sidered to have two species, B. latifrons (A. Agassiz) and B. townsendi (A.
Agassiz). Both species were poorly described, and no characteristic has been
discovered which will permit a clear-cut differentiation of the two. Mortensen
(1951) expressed some doubt that the two species differ but retained them in
his monograph. Clark (1917) suggested that the wide variation in B. townsendi
may be due to interbreeding with B. latifrons. The present study reevaluates
the evidence as to whether there are one or two species.

Both species were named by Alexander Agassiz in 1898 from collections
of the Albatross. Schizaster latifrons was collected at station 3431 in 995 fath
and S. townsendi from the same station and from stations 3394 (511 fath),
3419 (511 Path), 3424 (674 fath), 3425 (680 fath), 3426 (146 fath), 3436 (905
fath), and 3437 (628 fath). The last station was located about 50 miles south
of Guaymas in the Gulf of California, the others in the Gulf of Panama. The
descriptions were incomplete. Photographs of S. latifrons (plate XI; fig. 2, 3)
were later stated by Agassiz (1904) to be specimens of S. townsendi.

These species were described more fully by Agassiz in 1904. Schizaster
latifrons was illustrated by line drawings (plate 102, fig. 1-4, text figures 297,
297a, and 303) and S. townsendi with photographs (plate 100, fig. 1-5) and
line drawings (plate 101, and text figures 301 and 302). Agassiz felt that the
two species could be separated by differences in the structure of the labrum,
but Mortensen (1951) found this character unusable.

Mortensen (1907) noted that both species had globiferous pedicellariae
of the S. fragilis type and placed both S. latifrons and S. townsendi in the
subgenus Brisaster Gray along with S. fragilis and a few other species.

In 1913, H. L. Clark reported more of both S. latifrons and S. lownsendi
from additional Albatross collections off southern California and Mexico.
Four years later he raised the name Brisaster to the generic level and reported
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additional specimens of both species from later Albatross stations. He reported
232 specimens of B. townsendi from nine stations off the west coast of North
America from southern California to southeastern Alaska and 494 specimens
of B. latifrons from 50 stations. Fifteen of these 50 stations were from the west
coast of North America, from southern California to the Bering Sea; the rest
were from Asiatic waters, mostly Japan, and probably represent species of
B. owstoni Mortensen, 1950.

In his 1917 paper, H. L. Clark separated B. latifrons from B. townsendi
on the basis of relative size of anterior and posterior ambulacral petals. He
believed that petals I and V (posterior) are at least one-half as long as petals
II and IV (anterior) in B. townsendi but are only about one-third as long in
B. ldtifrons. Mortensen (1951) has accepted these criteria but the present
study shows them to be unreliable. Clark (1917) included figures of B. townsendi
but not of B. latifrons. He also stated that Schizaster ventricosus reported from
Challenger material was B. ldtifrons but Mortensen (1951) believes that it is
probably B. owstoni as are other so-called B. latifrons from Japan. Clark felt
that Agassiz described B. latifrons with "supposedly specific characters [which]
are in part at least due to immaturity."

Castex and Lambert (1920) erected the genus Lymanaster with B. townsendi
as the type species, but Mortensen (1951) reduced this to synonymy with Bris-
aster.

Koehler (1924) showed several examples of anomalies in the structure
of B. latifrons (he erroneously called it B. fragilis in the text but referred to
the drawing labeled B. ldtifrons), but Mortensen (1951) said all were specimens
of,B. townsendi. Mortensen further confused the issue here by showing in the
formal synonymy (p. 209) that B. latifrons of Koehler is a synonym of B.
latifrons while stating in the text (p. 289) that they are evidently B. townsendi,
not B. latifrons. Lambert and Thiery (1924) in their carefully prepared catalog
of echinoids omitted B. townsendi but included B. latifrons, a fact which
Mortensen (1951) interpreted as an attempt to suppress B. townsendi.

Mortensen (1951) reviewed the entire taxonomy of Brisaster in his mon-
ograph. He retained both B. latifrons and B. townsendi but had serious doubts
about the validity of two separate species. He was certain that the nature of
the labrum, anterior ambulacral system, and pedicellariae were not usable
characters and followed Clark (1917) by using the relative sizes of the posterior
and anterior ambulacral petals. He was disturbed that the large specimens in
a collection appeared to fall into one species, while the smaller specimens fell
into another.

Mortensen had already (1950) described B. owstoni to include all the
so-called B. latifrons from Japanese waters, thus removing the Japanese
specimen from his consideration.

Russian scientists have reported Brisaster from the Bering Sea. They have
never mentioned B. owstoni. Baranova (1955, 1957) reported B. townsendi but
not B. latifrons from the Bering Sea. She,accepted Clark's (1917) report of
B. latifrons from the area where it is supposedly common but did not report
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it herself, even though she had rather extensive collections. Kuznetzov (1959)
and Djakonov (1949) list both B. townsendi and B. latifrons from the far
eastern seas of the USSR, but both papers appear to be based more on the
literature than on collections. Djakonov (1958) reported B. latifrons from the
Kurile-Sakhalin at depths of about 2000 m, but these specimens may be
B. owstoni.

One point becomes clear and that is that various workers have almost
without exception found either B. latifrons or B. townsendi but not both species
in any one collection. The only exception is Albatross station 3431 where
Agassiz (1898) found the specimens from which he named both species. Sub-
sequent workers apparently accepted morphological differences as a manifes-
tation of variation within a species and tended to assign one name or the
other to any single collection.

A second point of interest, but perhaps of little taxonomic importance,
is that only two sets of figures exist for B. latifrons, those of Agassiz (1904)
and those of Mortensen (1951); but almost every paper shows figures of B.
townsendi. True, several figures labeled B. latifrons have ultimately been shown
to be B. townsendi.

A restudy of the systematics of the two species was undertaken because
the existing descriptions were confusing and species identifications could not
be made with confidence. About 430 specimens collected recently from Oregon
waters came from depths of 100-840 m and represented 35 different samples
(Table I). In addition, 176 specimens from 21 Albatross stations were borrowed
from the U.S. National Museum. Both B. latifrons and B. townsendi were
included (Table II). Both sets of collections were studied carefully and no
morphological differences that would satisfactorily separate the specimens
into two groups could be found. The details of the labrum and apical systems
did not show useful differences as already noted by Mortensen (1951). The
valves of globiferous pedicellariae differed almost as much on one individual
as between different individuals.

Measurements of length, width, and height of the test and of the length
of all five ambulacral petals were made on the entire collection (about 600
individuals). No relationships which could be used to separate species could
be seen. The ratio of anterior petal length to posterior petal length was believed
by Mortensen (1951) and Clark (1917) to be of taxonomic value. This ratio
between petals IV and V was determined for each specimen examined by the
author. Instead of the stated ratio of 3:1 for B. latifrons and 2:1 for B. townsendi,
this ratio ranged from 1.21:1 to 2.74:1 in the Oregon material and from 1.27:1

.to 2.70:1 in the Albatross material. The range for specimens identified as B.
latifrons from the Albatross material ranged from 1.36:1 to 2.58:1; for B.
townsendi it was 1.27:1-2.70:1. In no case did the ratio approach the 3:1 ratio
specified for B. latifrons by Clark (1917) and Mortensen (1951). The source
of this mythical ratio remains an enigma since no specimens observed from the
eastern Pacific nor any figures published show it. Agassiz's (1904) figures of
B. latifrons have a ratio of about 2.53:1 and Mortensen's (1951) about 2.21:1.
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TABLE I. Brisasier collected by Oregon State University (1961-66); IV/V is the ratio of anterior
petals to posterior petals.

Depth Size range

(m) Latitude Longitude Number (mm) IV/V range

100 44°42.3' 124°24.1' 175 24.3-44.9 1.49-2.69

118 43°20.2' 124°35.1' 3 38.6-52.6 1.73-1.84

119 44°49' 124°18' 1 46.3 1.80

128 44°53' 124°20' 2 46.3-53.7 1.70-1.73

146 46°15.2' 124°25.1' 3 43.6-50.5 1.82-2.04

150 45°50.2' 124°26' 19 51.2-66.5 1.55-1.95

150 44°45.8' 124°26.6' 1 52.1 2.17

150 44°46.1' 124°29.7' 3 46.5-61.5 1.63-1.85

155 43°56.0' 124°51.6' 1 45.8 1.86

200 44°39.2' 124°36.7' 3 48.0-54.6 1.75-1.93

200 44°40' 124°36' 10 42.8-64.0 1.59-2.20

200 44°36.2' 124°36.7' 4 51.0-64.8 1.57-1.83

200 44°39.1' 124°35.7' 3 49.7-63.0 1.62-1.88

200 44°39.1' 124°35.7' 4 40.7-60.1 1.78-1.98

200 44°41.2' 124°35.7' 4 49.5-69.1 1.75-2.07

200 44°39.7' 124°34.0' 5 53.1-67.1 1.59-1.83

200 44°13.5' 124°17.4' 5 53.7-64.1 1.89-2.00

200 44°38' 124°36.6' 5 61.3-67.0 1.79-2.02

202 44°26.7' 124°46.3' 5 33.6-48.2 1.65-1.86

245 44°41.2' 124°37.5' 1 48.0 2.01

347 44°27' 124°47' 3 23.8-36.0 1.59-2.14

400 44°40.6' 124°47.5' 51 12.6-50.3 1.57-2.41

423 44°26.3' 124050.6' 10 19.4-44.5 1.58-2.32
500 .44°38.8' 124°53.0' 2 18.3-27.0 2.07-2.12

512 44°26.7' 124°52.1' 4 56.5-61.3 1.42-1.70

459-640 44°20.4' 124°56.6' 8 42.6-56.7 1.41-1.85

780 44°42' 124°58.5' 6 44.0-56.0 1.34-1.63

800 44°39.1' 124°57' 1 57.3 1.37

800 44°04' 124°58' 2 54.2-56.0 1.40-1.43

800 44°37' 125°1.5' 8 46.6-54.9 1.32-1.57

800 44°34.7' 124°56.1' 1 53.3 1.47

800 44°39.3' 124°67.1' 5 43.9-50.5 1.35-1.61

800 44°39.8' 124°58.0' 1 53.1 1.33

820 44°39.7' 124°58.5' 5 42.8-55.0 1.24-1.71

840 44°40.6' 124°58.9' 2 50.6-54.9 1.38-1.52

-6 Hood Canal, Washington 73 11.4-20.8 1.62-2.74

- Hood Canal, Washington 2 46.3-53.0 1.69-1.71

&University of Washington collections- from Hood Canal in Puget Sound, Wash.

On the other hand, Albatross collections from Japanese waters contain
specimens labeled B. latifrons which have petal ratios which exceed the 3:1
figure, but I shall show later that these must be removed from B. latifrons.
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H. L. Clark
H. L. Clark
A. H. Clark
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TABLE II. Albatross collections borrowed from the U.S. National Museum, and showing identifications and name of biologists who made the
identification

Albatross Depth
station (lath)

Collections south of Oregon
2882 21

2891 233
2891 233

2891 233
2909 205
2923 822
2974 73
3126 456
3192 101

3196 200
4467 51

Collections north of Oregon

3067 82
3073 477
3076 178

3077 322
3316 309
4197 90
4198 157

4198 157

4235 130

4251 198

4748 185-300
4748 185-300

Latitude Longitude

24°10' 110°22'

34°25' 120°42'

34°22' 120°08.5'
32°40.5' 117°31.5'
34°19.3' 119°44.8'
36°49.3' 122°12.5'
35°33.7' 121°15'
35°03' 121°00'
Off Monterey Bay, Calif.

47°36' 122°23.25'
47°28' 125°15'
47°46' 125°10'
55°46' 132°24'
54°01' 166°48.8'
Gulf of Georgia, B.C.

Gulf of Georgia, B.C.

Yes Bay, Alaska
Stikine Delta, Alaska
55°44.3' 131°45.5'

Siv' range Species Identified
Number (mm) IV/V range identified as by

1

43
35

6
13

1

1

3

1

22
1

39.01.92 B. latifrons
26.7-39.6 1.27-1.80 B.townsendi
22.4-43.2 1.31-1.90 B. townsendi
25.8-38.5 1.83-2.70 B.townsendi
26.0-44.3 1.33-1.77 B.townsendi
53.1 2.18 B.latifrons
- 1.78 B.latifrons
30.2-33.2 1.34-1.54 B.latifrons
42.6 1.83 B.latifrons
30.8-46.5 1.48-1.88 B.latifrons
60.8 1.86 B. townsendi

15.0-19.4 1.60-1.74 B.latifrons
57.8-63.1 1.46-1.47 B.townsendi
47.4-49.3 1.67-1.68 B:townsendi
41.2-54.4 1.62-2.16 B.townsendi
27.3-46.8 1.68-2.36 B. latifrons
13.7-19.3 1.72-1.98 B. latifrons
20.0-25.0 1.68-2.58 B. latifrons
23.3-26.2 2.00-2.31 B. latifrons39.31.80 B. latifrons
68.5 1.82 B.latifrons

1

24.4-34.1
5

1.51-1.62
5

B. latifrons
30.3- 7 1.84-1.87 B.latifrons

2

2

2

17

10

3

9

1

1

3
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Petal ratios of Oregon and American Albatross collections were plotted
against length (Fig. 1 and 2). The widely scattered distribution does not show
a conclusive relationship between petal ratio and length, although there is
a suggestion of a decrease in ratio of anterior to posterior petal with size. One
observes that certain sizes seem to be more common than others in these figures.
All specimens from any sample were almost always of a similar size as shown
by the ranges in Table I and II and some large collections tend to predominate.

An examination of. the meristic and morphological data from both recent
Oregon collections and Albatross specimens borrowed from the U.S. National
Museum fails to reveal any characters useful to separate the specimens into
two species. If these species cannot be so separated then there is inadequate

RI rlo $/Y

FIG. 1. Brisaster collected by Oregon State University (1961-66) off
Oregon. Length plotted against petal ratio, IV/V. The trend line is estimated

by the rapid method of Quenouille (1959).

FIG. 2. Albatross specimens of Brisaster borrowed from the U.S. National
Museum. Those identified as B. latifrons are solid symbols, those as B.
townsendi open symbols. The circles represent specimens collected north of
Oregon; the triangles specimens collected south of Oregon. Length is plotted

against the petal ratio IV/V.
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evidence for their retention as separated entities. Brisasler latifrons becomes
the proper designation since it has page precedence, and B. townsendi must be
suppressed as a junior synonym. Placing these species in synonymy eliminates
some of the inconsistencies in the literature, e.g. the great overlap in petal
ratios shown in the "identified" specimens but not acknowledged in the
literature, or Mortensen's (1951) dilemma when he stated that specimens
"...collected in the Straits of Georgia, near Nanaimo, B.C., in 1915 the larger
specimens are typical Townsendi, while the young specimens might rather be
regarded as latifrons; but it would have no sense that all the large specimens
should be one species, all the small specimens, from the same locality another
species."

A study of some Asiatic collections was made to determine if specimens
previously reported as B. latifrons (cf. Clark, 1917) are, actually members of
that species or if they belong to B. owstoni as suggested by Mortensen (1951).
Nominal B. latifrons from Albatross collections in the U.S. National Museum
were studied at the museum. Specimens from Asiatic waters (Sea of Okhotsk,
Pacific Ocean off Japan, and western Bering Sea) possessed a higher petal
ratio and were thicker than those from the west coast of North America. Petal
ratios from 58 specimens from Japanese waters ranged from 1:1.81 to 1:5.00;
mean 1:2.99. The height usually exceeded the length of the anterior petals
(II or IV). Thus, the Asiatic specimens are distinctly separable from our
concept of B. latifrons and should, for the time being at least, be designated by
Mortensen's name of B. owstoni.
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ABSTRACT

Ten species of echinoids arc known to occur off Oregon. J hree distinct bathymet ric groups
are recognized: Strontvincrnlrolvs nu, puratus. S. Iranctsranus, and I)endraster egcentracu,= occur
in shallow waters front intertidal down to shout 6S rn: , eciunur4es Occurs on the outer continental
shelf, and Brisaslrr latifrnns and -lllnrrnlrnlrr frn.4r?is occur or, the outer shelf and upper slope at
depths of about 70-840 m; and Acropsis fulva, S'perosoma,giganteum, Urechinus loveni, and Cerato-
physa rosen are found in deep water from depths of 2000 to 3000 m. Bat hyrnetric ranges are extended
for six species and geographic, ranges are exia uded for fire spc'."'s.

INTROD(Jc:'TIO:N

THE SUBTIDAL echiuoid ,:tuna otlf the west coast of North America is known
almost exclusively from material collected by the U.S. Fish Commission Steamer
Albatross between 1888 and 1915. In the area off Oregon, between latitudes 42°
and 46°15' N and extending 415 km to sea, one additional station was made in
1942 by the Velcro III (Clark, 1948) and at least four stations by the M/V
V-itiaa in 1958 (Mukhacheva, 1964). In June 1961, the Department of Ocean-
ography at Oregon State University started regular collections in this area with
the long range aims of describing the fauna in terms of abundance, composition,
ecology, and geographical distribution. This paper is a report on the compo-
sition of the echinoid fauna. Eariv collections were made from the 80-ft R/V
Acona, and later collections from the 180-ft R/V Yaquina.

In his monograph, Mortensen (1928--1951) included only seven echinoids
living in the waters off Oregon. These were Strongylocentrotus purpuratus, S.
franciscanus, S. echinoides, Allocentrotus fragilis, Brisasler townsendi, B. latifrons,
and, Dendraster excentricus. None is a truly deepwater species.

MATERIALS AND METHODS

There have been two phases of sample collection: the first a by-product
of a demersal fish study in which samples were collected from shelf and slope
areas, and the second from detailed sampling at stations along a line off New-
port, Oregon (approximately 44°39'N). Four sampling devices were used.

1. A 7-m, serniballoon shrimp trawl with a 3.5-cm stretched mesh provided
most of the specimens, but was not quantitative and could not be used over
rocky bottoms.

'Received for publication December 5, 1966.
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Computation of accurate estimates of density of the benthos collected
with this trawl was not possible. Errors in navigational fixes by Loran C and
in estimates of sampling time have proven to be fairly large.

Subsequent tests with a Benthos Time-Depth Recorder revealed that the
trawl may have been off the bottom as much as 75% of the time, making es-
timates of area extremely difficult.

2. A 1-m, Agassiz-type biological dredge, also qualitative, was used on
rocky bottoms.

3. A deep-sea anchor dredge (Sanders et al., 1965) or a deep-sea anchor-
box dredge (Carey and Hancock, 1965) provided quantitative samples from
most substrates. Although data are limited, tentative estimates of abundance
have been made where they appeared to be at all meaningful.

4. A spring-loaded grab (Smith and McIntyre, 1954) provided quantitative
samples from stations a, b, c, and d.

The animals were preserved at sea in neutral 10% formalin seawater or
70% isopropyl alchohol. Samples were sorted and studied in the laboratory
ashore.

More than 350 samples have been collected from the area off Oregon; 129
of these contained echinoids. Although navigational problems and towing
characteristics of collecting gear make repetitive sampling difficult, samples
from limited areas have been grouped as stations when depth and substrate
were similar. These stations are described in Table I and located in Fig. 1.

Substrate information (Table II) is included where available. Data shown
are not always from the samples that contained echinoids but are the best
available estimate-of the substrate based on data from samples collected nearby.
Most anchor dredge stations have been analyzed for particle size and organic
carbon content. Biological dredge and otter trawl samples have not been
analyzed in this way because they were usually washed clean during retrieval.
Particle sizes were determined with a hydrometer and settling tube, and total
organic carbon content determined with a LECO Induction Furnace and Gas
Analyser (Carey, 1965).

GEOMORPHOLOGY OF THE STUDY AREA

The Oregon continental shelf is 14.5-74 km wide. It is narrower, steeper,
.and deeper than the world average shelf (Byrne, 1962). On the outer edge of
the shelf off central Oregon there are two rocky shoals, Stonewall and Heceta
banks. The continental slope is 24-111 km wide and of irregular terrain con-
taining many rocky outcroppings, hills, and valleys. Beyond the slope the
Cascadia Abyssal Plain begins and extends approximately 100-480 km to a
seamount province on the west (McManus, 1964). The Cascadia Abyssal
Plain is continuous from northern Vancouver Island to northern California; the
area investigated in this study includes a portion of the southern end of this
plain (see Fig. 1).
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TABLE I. Station data for stations where Echinoids were collected.

tation
Depth
(m)

Latitude
N

Lon tude
W

Distance
from
shore
(km)

No. of
samples

from
station ubstrate

a 8 46°10' 124°00' 0 1 Sand
b 13 42°17' 124°26' 0 2 Sand
c 15 45°10' 123°59" 0 1 Sand
d 20 44040' 124°05' 0 1 Sand
1 22-30 44°39' 124006' 1 3 Sand
2 46 44030' 124°23' 24 1 Rock
3 50 44039' 124009' 6 4 Sands
4 52-56 44°45' 124°09' 7 2 Sanda
5 64 44002' 124°52' 60 1 Rock
6 80-210 44°20' 124°40' 46 6 Rock
7 90-150 44°09' 124050' 58 4 Rock
8 100 44`45' 124018' 20 1 Sands
9 100 44057' 124022' 46 1 -
10 100-110 44°39' 124°26' 30 3 Variable
11 120 43°20' 124°35' 15 1

12 130-180 44°46' 124029' 30 9 Silty sands
13 130=180 44°22' 124°26' 26 5 -
14 150 46°15' 124°22' 30 1

15 150-230 44039' 124°35' 42 24 Silty sands
16 160 43°56' 124°52' 29 1 Rock
17 200 45°13' 124°17' 25 1

18 200 45°31' 124°23' 35 1

19 200-370 44°25' 124°48' 61 4
20 320-400 44039' 124°51' 64 5 Variables
21 420-510 44025' 124°51' 64 2

22 550-600 44°38' 124°54' 65 5 Clayey silts
23 550°'730 44°21' 124°57' 69 3

24 780-800 44°38' 124°58' 74 11 Clayey silts
25 2090 44022' 125°14' 93 1 Silty clay
26 2500 45°57' 125°44' 123 1 Silty clay
27 2600-2830 44°41' 127°28' 273 4 Silty clays
28 2700 44°40' 128°14' 335 1 Silty clay
29 2710 44044' 129°15' 415 1 Silty clay
30 2740-2800 44°29' 125°34' 122 2 Silty clay
31 2740-2810 44037' 126055' 229 2 Silty clay
32 2770 44°30' 125024' 108 1 Silty clay
33 2770 44037' 126027' 192 1 Silty clays
34 2790 44°47' 127024' 266 1 Silty clay
35 2790-2800 44°40' 127°36' 283 2 Silty clay
36 2790 44°38' 126°01' 157 1 Silty clay
37 2800-2870 44039' 125°37' 125 4 Clayey silts
38 2830 44°42' 125°51' 144 1 Silty clay
39 2930 44°32' 125°42' 132 1 Silty clay
40 3000 43°16' 125°49' 118 1 Silty clay

*See Table 11 for detailed structure of substrate.



300(220-497)
355(202-508)
154

25(24-26) 95(90-99)
25(15-34) 88(66-101)
50.5(45-56) 12.5(9-16)
19.5(12-27) 157(104-210)
64(55-76) 14(8-18)
68(58-80) 13(6-48)
39 2
33 22
41(35-52) 3(2-5)
51(46-60) 8(3-21)

TABLE II. Sediment characteristics of stations where data is available.

ation Depth (m) Sand (%) Silt (%)
Avg of median

Clay (%) particle size (µ)
Organic carbon

content (% by wt)

3 50 100 - 0.054
4 50 100 - 0.05(0.04-0.05)
8 100 100 - 0.10

12 130-180 70(67-72) 6(4-7) 0.92(1.05-0.78)
15 150-230 68(54-82) 8(3-12) 1.04(0.93-1.27)
20a 400 16.5(14-19) 32(30-34) 0.985
20b 400 73(63-83) 8(5-11) 0.785(0.761-0.810)
22 500-600 6(2-16) 28(21-35) 2.22(2.04-2.39)
24 780-800 3(1-10) 30(10-40) 2.63(2.53-2.77)
27 2600-2830 1 60 1.16
33 2770 2 64
36 2790-2800 2(1-3) 58(45-65) 1.54(1.47-1.59)
37 2800-3000 8(1-14) 42(26-52) 1.26(0.93-1.68)

St

'Range in parentheses.
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FIG. 1. Map of station locations. North-south range of map about 540 km, of inset about 110
km. Depths in fathoms (after McManus, 1964).

RESULTS

We have found 10 species of Echinoidea in our collections, four previously
unreported from waters off Oregon. We have collected all the Oregon species
reported by Mortensen (1928-1951), plus four additional species from deeper
water - Sperosoma giganteum, Ceratdphysa rosea, Urechinus loveni, and Aeropsis
fulva. All of these latter are previously known from elsewhere in the Pacific
Ocean but have not been reported before in waters off Oregon. Our collections
extend the known geographic range of five species and the bathymetric range of
six. Two of the species in this study were previously known only from single
individuals. Table III presents the bathymetric distribution of the echinoids
collected off Oregon.

The classification used herein is based on that of Durham and Melville
(1957) as included in the Treatise on Invertebrate Paleontology edited by
Moore (1966). The classification of the Oregon Echinoids is shown in Table IV.

OREGON SPECIES OF ECHINOIDEA

SPEROSOMA GIGANTEUM A. AGASSIZ AND H. L. CLARK, 1907

This species was heretofore known only from a single specimen-from
Albatross station 5082 off Japan in 662 fath (1190 m).
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TABLE III. Bathymetric distribution of Echinoids.

Station Depth (m)

a 8 x
b 13 x
c 15 x
d 20 x
1 22-30 x
2 46
3 50 x
4 52-56 x
5 64
6 80-210 x x
7 90-150 x x
8 100 x
9 100 x x

10 100-110 x x
11 120 x
12 130-180 x x
13 130-180 x
14 150 x
15 150-230 x x
16 160 x
17 20 x x
18 200 x x
19 200-370 x x
20 320-400 x x
21 420-510 x x
22 500-600 x x
23 550-730 x x
24 780-800 x x
25 2090 x
26 2500 x
27 2600-2830 x x x
28 2700 x x
29 2710 x
30 2740-2800 x x
31 2740-2810 x x
32 2770 x
33 2770
34 2790 x
35 2790-2800 x x
36 2790 x
37 2800-2870 x
38 2830
39 2930
an mnnn
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TABLE IV. Taxonomy of Oregon Echinoidea.

Class ECHINOIDEA

Subclass EUECHINOIDES
Superorder Diadematacea

Order Echinothurioda
Family Echinothuriidae

Sperosoma giganteum
Superorder Echinacea

Order Echinoida
Family Strongylocentrotidae

Strongylocentrotus purpuratus
Strongylocentrotus frcnciscanus
Strongylocentrotus echinoides
Allocentrotus fragilis

Superorder Gnathostomata
Order Clypeasteroidea

Family Dendrasteridae
Dendraster excentricus

Superorder Atelostomata
Order Holasteroida

Family Urechinidae
Urechinus loveni

Family Pourtalesiidae
Ceratophysa rosea

Order Spatangoida
Family Schizasteridae

Brisaster latifrons
Family Aeropsidae

Aeropsis fulva

1391

We have collected 23 specimens from 10 of 18 otter trawls from
nine stations. All collections came from very close to the base of the continental
slope (within about 50 km) except for one specimen at station 28 about 135 km
from the base of the shelf. All agree well with the description of S. giganteum
given by Agassiz and Clark (1909). Most of our specimens were badly damaged
and abraded during collection. We were unable to find ophicephalous pedicel-
lariae or hoofed spines. All specimens were flattened and flabby.

Our specimens, smaller than the holotype which is 320 mm in diam, are
112-160 mm in diam. They were collected from depths of 2090 to 3000 m in
terrigenous gray-green muds. The holotype was collected from a bottom con-
sisting of green mud, fine sand, and globigerina.

The gut of S. giganteum contained only very finely divided particles of
sediment, and biological material. No sand grains were observed, and only a
few fragments of diatoms and crustaceans were found. In general, the gut
contents resembled the sediments quite closely.
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Geographical distribution: Northern Pacific Ocean off Japan and Oregon.
Bathymetric distribution: 1190-3000 in. Substrate: terrigenous gray-green muds,
green mud, fine sands, globigerina.

STRONGYLOCENTROTUS BRANDT, 1835
This genus is well known from the west coast of North America from three

common intertidal species: Strongylocentrotus purpuratus, S. franciscanus, and
S. droebachiensis. Strongylocentrotus purpuratus and S. franciscanus are known
from Oregon, but S. droebachiensis does not appear to extend that far south.
Strongylocentrotus echinoides, closely related to S. droebachiensis, is always
subtidal and was first reported from Oregon waters by Clark (1912).

STRONGYLOCENTROTUS PURPURATUS (STIMPSON) 1857
This species is the common intertidal sea urchin of the exposed and semi-

protected rocky area of the west coast of the United States. It is found on almost
every rocky outcrop along the entire coast and has been greatly exploited by
developmental biologists, cellular biologists, and biochemists. It served as food
for the Indians, and shell fragments occur in the kitchen middens at many
areas along the Oregon coast. Today it is not widely used as a food organism
by man, but some ethnic groups, including certain Oregon Indians and Cali-
fornia Italians, still utilize large quantities.

Mortensen (1943) states that " .. it seems to be strictly littoral and has
been so far recorded only from the littoral region. I have, however, dredged one
young specimen at a depth of c. 20 meters off La Jolla." This species was not
reported from Albatross collections made in the shallow waters off Oregon
between 1888 and 1915 (Agassiz 1898, 1904; Agassiz and Clark 1907, 1909;
Clark 1912, 1914, 1917), nor has it ever been reported heretofore from subtidal
regions off Oregon.

We collected four adult specimens of this species with one biological dredge
60 km offshore in 64 in of water on a rocky area of Heceta Bank (Fig. 1, station
5). One other dredge sample in this area failed to get S. purpuratus.

Geographical distribution: west coast of North America from Cedros Island,
Baja California, to Sitka, Alaska. Bathymetric distribution: intertidal to 64 in.
Substrate: rocky.

STRONGYLOCENTROTUS FRANCISCANUS (A. AGASSIZ) 1863
Strongylocentrotus franciscanus is well known from intertidal collections

along the Oregon coast and occurs at low tide levels along with the smaller
S. purpuratus. Ricketts and Calvin (1939) state that it extends downward
from the low tide line, and North (1961) found it to be numerous at 15 in near
San Diego, California.

In Oregon it is not as common intertidally as S. purpuratus. There are no
data available, but the senior author estimates from personal observation that
S. franciscanus constitutes much less than 1% of the sea urchins in any bed.
Mortensen (1943) stated that he had dredged it at 125 in in the Strait of Georgia
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(British Columbia) but did not mention it from other subtidal collections. This
species is found from Alaska to Baja California and has been reported from
Japan (Mortensen, 1943).

We have collected three specimens subtidally off Oregon: two from the
rocky Heceta Bank 60 km from shore in 64 m of water and one from the rocky
Stonewall Bank 24 km offshore in 46 m of water. These were collected with a
biological dredge. One additional dredge sample at each station failed to get
S. franciscanus. Both locations are off the central Oregon coast (Fig. 1, stations
2 and 5).

We collected S. franciscanus with S. purpuratus at 64 m. These two species
are often found together in intertidal waters in Oregon, and Swan (1953) found
these two and S. droebachiensis living together in northern Puget Sound.

Geographical distribution: west coast of North America from Cedros Island,
Baja California, to Sitka and Kodiak, Alaska, and along the Asiatic coast as far
south as Hakodate, Japan. Bathymetric distribution: intertidal to 125 m. Sub-
strate: rocky.

STRiNGYLOCENTROTUS ECHINOIDES A. AGASSIZ AND H. L. CLARK, 1907
Strongylorentrotus echinoides systematically is close to S. droebachiensis

(Muller, 1776) which is found as far south as Puget Sound. Grant and Hertlein
(1938) believed that " ... S. echinoides is probably only a form of S. droeba-
chiensis and may not be entitled to specific or subspecific standing." Mortensen
(1943), on the other hand, believed that the two are distinct species, and Swan
(1953) was able to show that they differed in their sperm agglutination reactions.

The white urchin, S. echinoides, is subtidal from depths of 33-197 m,
whereas S. droebachiensis, the green urchin, is found from the intertidal region
to depths of about 130 m (Swan, 1953).

A single specimen of S. echinoides collected off Heceta Head, Oregon in
64 fath (117 m) at Albatross station 3053 was considered by Clark (1912) to
be typical of the species. Mortensen (1943) reported a "typical" specimen
from the Strait of Georgia.

Baranova (1957) included a discussion of S. echinoides in her "Echinoderms
of the Bering Sea" but apparently was unaware of the collections from Oregon
(Clark, 1912) and Washington (Swan, 1953), for she considered the range to
extend only as far south as Vancouver Island. She reported (1957) a bathy-
metric range of 108-780 m.

This species was found at three stations where we collected 10 specimens
from eight samples. These stations are located on or near the shallow Heceta
and Stonewall Banks in 88-146 m (Fig. 1, stations 6, 7, and 10). In the stations
sampled, S. echinoides occurred in 2 of 3 otter trawl collections and 6 of 13
biological dredge collections. No quantitative samples were taken.

Geographical distribution: Bering Sea; North Pacific Ocean south to 44°N
on the American side and to 38°N on the Asiatic side. Bathymetric distribution:
33-780 m. Substrate: rock, gravel, sand.
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ALLOCENTROTUS FRAGILIS (JACKSON) 1912

This sea urchin is known only from the west coast of North America where
it is common on the outer continental shelf and upper slope. It has been reported
as Strongylocentrotus fragilis from Albatross stations 2889, 2890, 3051, and
3053 off Oregon from depths of 50 to 277 fath (92-510 m) (Clark, 1912). Morten-
sen (1943) stated that its range extends from Vancouver Island to lower Cali-
fornia in about 50-1150 m. It has been collected off Tatoosh Light, Washington,
in 311-322 m (Swan, 1953). Boolootian et al. (1959) reported it in a bed in
Monterey Bay at depths of 55-90 fath (100-165 m). It is common west of
Bodega Head, California.

This species has been used for developmental and physiological research
(Moore, 1959a, b; Boolootian et al., 1959). Moore (1959b) found that the
Monterey populations shed eggs and sperm in February and March, a time
noted to coincide with the beginning of upwelling off Monterey Bay (Boolootian
et al., 1959). Moore (1959a) raised the species to the pluteus stage in the labor-
atory and noted (1959b) that the rate of development was identical with those
of S. purpuratus and S. franciscanus.

We have collected 4868 specimens and many fragments of this species
from depths of 80-800 m. It was found in 57 samples from 15 stations (see
Table III and Fig. 1). At the stations where A.fragilis was found it was collected
in 38 out of 54 otter trawls, in 15 out of 24 biological dredge samples, and
in 4 out of 51 anchor dredge samples. Quantitative estimates from anchor
dredge samples show 0.5 urchins per m2 for depths between 150 and 225
meters.

Collections from depths of 155-195 m contained specimens as large as
92 mm diam and more purple than smaller specimens. Specimens were slightly
smaller at shallower and deeper depths. Boolootian et al. (1959) stated that
A. fragilis increased in size with depth but they sampled only to the depth of
maximum size, i.e. about 200 m.

Boolootian et al. (1959) believes that A. fragilis feeds more or less selectively
on organic materials in the sediments or on the substrate. The guts of A. f ragilis
were examined and found to contain material indistinguishable from the
sediment in the environment.

Geographical distribution: west coast of North America from Vancouver
Island, British Columbia to Baja California. Bathymetric distribution: 50-
1150 m. Substrate: fine sands to clayey silts.

DENDRASTER EXCENTRICUS (EsCHSCHOLTZ) 1831

Dendraster excentricus is a well-known sand dollar from the lower intertidal
and subtidal areas. Grant and Hertlein (1938) and Mortensen (1948) consider
the range of the species to extend from Alaska to lower California; Although
the species is often found intertidally, it usually lives subtidally beyond the
direct action of the waves. It was collected by Albatross cruises off British
Columbia and Lower California but not offOregon. It is known from the subtidal
regions of the California coast (Ricketts and Calvin, 1939). This species is well
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known to biologists working along the Oregon coast. We: have collected it
intertidally, and empty tests are common on many of the sandy beaches. The
only published records from Oregon have been made by geologists. Raup (1956)
reported live specimens of D. excentricus collected from beaches near Charles-
ton, Reedsport, Neskowin, Tillamook, and Seaside. He discussed the morphol-
ogy, especially the eccentric position of the apical system, and later (Raup,
1958) dealt with the effects of temperature on its morphology. He showed that
sand dollars from cold water were heavier than those from warm water.

Durham (1954) reviewed the taxonomy and morphology of the species and
dealt especially with some of the morphological variations.

In our study, subtidal collections were made in depths of 8-56 in. All
specimens came from terrigenous white sands which contained no detectable
silt or clay.

A sample from station 1 (22 m) contained several hundred specimens but
only 80 were retained for study. These ranged in width from 22.6 to 49.0 mm;
the mean width was 35.8 mm. Two shallower Smith-McIntyre grab stations
(a and b) from 8 and 13 m yielded 27 specimens with a mean width of 78.2 mm.
Twenty-eight specimens from depths of 50 in or more were all less than 10 mm
wide. These mean widths show a decrease in size with depth suggesting that the
individuals may move shoreward as they develop, or that in some way depth
may influence growth.

Dendraster excentricus may be very abundant in patches in low tide or
subtidal areas. MacGinitie and MacGinitie (1949) reported 468 in 1 m2 at
Corona del Mar, California. We have never found it so abundant off Oregon,
although the collection at station a contained 160 per m2.

Dendraster excentricus is the only echinoid collected from sandy shallow
bottoms.

In southern California waters, this species is often associated with a bar-
nacle, Balanus concavus, which is attached to the upper anterior part of the
test. Boolootian (1964) noted this association in 13% of the sand dollars taken
off Point Mugu, California. This barnacle has not been found in this association
off Oregon.

Geographical distribution: west coast of North America from Lower Cali-
fornia to Alaska. Bathymetric distribution: intertidal to about 90 in. Substrate:

sand.

URECHINUS LOVENI (A. AGASSiz) 1898
This species, first reported by A. Agassiz in 1898, was not fully described

until 1904 (Agassiz). He examined at least five specimens or fragments of
specimens of animals ranging in length from 20 to 88 mm. These were collected
from Albatross station 3415 off Acapulco, Mexico in 1879 fath (3345 m). Clark
(1917) later reported it from the Bering Sea and Sea of Okhotsk from Albatross
stations 4761, 4766, and 5030 (1766-1973 fath or 3260-3608 m). Agassiz's
(1904) description is quite complete and no new details can be added.
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We collected fragments of this urchin in 2600-2833 m on the Cascadia
Abyssal Plain off Oregon where it occurred in 10 samples from seven stations
(see Table III and Fig. 1). All were otter trawl samples, and it was found- in
10 out of 11 samples at the stations where it occurred. No quantitative samples
were taken. Except for many fragments collected at station 38, about 40 km
from the base of the continental slope, the collections were well out on the
abyssal plain at least 120 km from the base of the slope. It appears to be fairly
common where it was collected, as fragments of several individuals were fre-
quently present in each sample. The test of this species is extremely fragile and
only one specimen (from 2700 m) was reasonably intact. This specimen measured
ed 83 mm long, 74 mm wide, and 59 mm high; its color was lavender. According
to the drawing in Agassiz (1898) his specimen is the same size as our measured
specimen.

Clark (1917) reported this urchin from blue clay and brown mud in north-
ern waters. We found it in terrigenous green-gray muds off Oregon.

Our collections are from shallower waters than have been previously
reported and fill a distributional gap between the Mexican and Arctic collections.

Geographical distribution: Bering Sea, Sea of Okhotsk, and North Pacific
Ocean; as far south as Acapulco, Mexico along the American coast. Bathymetric
distribution: 2600-3608 m. Substrate: terrigenous green-gray muds; blue clay
and brown mud.

CERATOPHYSA ROSEA (A. AGASSIZ) 1879

Agassiz described C. roses from fragments of the anal snout and part of the
apical region, as follows:

"Pourtalesia rosea A. Ag., Nov. sp.
Fragments only of the species were collected. It is however well characterized by the peculiar

shape of the anal snout which is laterally compressed, truncated posteriorly. From the few
fragments of the test found, they must belong to a large species closely allied to P. ceratophysa.
Station 272, 2600 fathoms."

This is the complete description; there are no figures. Challenger station
272,is located at 3°48'S and 152°56'W in the central Pacific in 2600 fath (4755
m). The bottom is radiolarian ooze.

Two years later Agassiz (1881) described the species more fully and included
four drawings. Mortensen (1950b) considered that-Figure 6 of Plate XXII was
not C. rosea. Mortensen (1907) showed figures of the ophicephalous and tri-
dentate pedicellariae which are considered characteristic of the species. Clark
(1925) wrote that ... probably no other sea-urchin has been given a name
on the basis of such poor material."

Fragments of a pourtalesiid collected about 273 km off Newport, Oregon
in 2600 m resemble C. rosea, especially in the structure of the pedicellaria.
These have been deposited in the U.S. National Museum. Dr David L. Pawson
of the U.S. National Museum has kindly examined the fragments and agrees,
with some reservations, that we are probably correct in assuming them to be of
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C. rosea. Unfortunately our fragments add nothing to the meager knowledge
of the morphology of this species.

These fragments were collected from silty clay (sand 1.2%; silt 38.8%;
clay 60.0%) with a median diameter of 2.4 A and 1.16% organic carbon (by
weight).

Our collection, if correctly identified, extends the range of this species to
the Northeastern Pacific.

Geographical distribution: central Pacific and northeastern Pacific off
Oregon. Bathymetric distribution: 2600-4755 m. Substrate: radiolarian ooze and
terrigenous silty-clay.

These fragments have been deposited in the Echinoderm collection of the
U.S. National Museum in Washington, D.C.

BRISASTER LATIFRONS (A. AGASSIZ) 1898
In 1898 Alexander Agassiz reported two new species of Sch-izaster, S.

latifrons and S. townsendi, from Albatross collections made off Central America,
but did not fully describe them until 1904. Subsequently they were placed in the
genus Brisaster (Clark, 1917). Many additional specimens have been collected
and identified, but invariably they were stated to be of one species or the
other, rather than mixed collections. Taxonomic characters have been weak
and much confusion has arisen over the identity of these animals. McCauley
(1967) recently restudied this group and was unable to find any evidence sup-
porting the separation of the species. Consequently the name B. townsendi
became a junior synonym of B. latifrons and only one species is now recognized.

Brisaster latifrons has been reported from the entire Pacific coast of North
America, the Bering Sea, and the Pacific Coast of Asia as far south as Japan
(Clark, 1917). It is probable that the specimens from the Asiatic coast belong to
Mortensen's (1950a) B. owstoni, and they have not been included in this
discussion.

This species has been reported from depths of 31-995 fath (56-1800 m)
from Albatross collections and from as shallow as 35 m (Mortensen, 1951).

This species has previously been reported off Oregon from Albatross sta-
tions 2882 (68 fath, 125 m) and 2890 (277 fath, 497 m) in gray sand (Clark,
1917).

We found it in 60 collections from 15 different stations on the continental
shelf and upper slope at depths of 100-840 m. At the stations where it occurred,
B. latifrons was found in 29 out of 47 otter trawl collections, 9 out of 17 biolog-
ical dredge collections, and 22 out of 40 anchor dredge collections. Anchor
dredge data showed densities at station 12 (125-180 m) of 2.8 per m2, at
station 15 (150-225 m) of 2.7 per m2, at station 20 (320-400 m) of 3.8 per m2,
and at station 24 (780-800 m) of 0.2 per m2.

The posterior petals of the ambulacral system are proportionally slightly
larger as depth increases.

The animal apparently feeds on deposits since everything found in the
gut was a component of the sediment. A. G. Carey, Jr. and C. L. Osterberg
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(unpublished) have found that B. latifrons does not concentrate 85Zn to the
same degree as A. fragilis nearby. They attribute the difference to the habits of
the two species. Zinc-65 in the sediments is located in a very thin layer at the
sediment-water interface (Jennings et al., 1965); A. fragilis lives on the surface
and feeds on materials in this surface layer as suggested by Boolootian et al.
(1959) whereas B. latifrons probably burrows beneath the surface in a manner
similar to Echinocardium cordatum and is not in direct contact with the radio-
zinc in the surface layer.

Brisaster latifrons was found in association in with A. fragilis in 21 out of
55 stations.

Geographical distribution: Pacific coast of North America from Aleutian
Islands to Gulf of Panama; Bering Sea. Bathymetric distribution: 35 to 1800 m.
Substrate: unconsolidated sediments; gray terrigenous sands.

ABROPSIS FULVA (A. AGASSIZ) 1898

Alexander Agassiz (1898) described this species from specimens obtained
by the Albatross at five stations (3361, 3362, 3381, 3398, and 3399) off the coast
of Colombia in 1175-1772 fath (2148-3181 m). Clark (1917) reported four
additional specimens from Albatross station 4672 made in 2845 fath (5200 m)
off Peru and two fragments from station 4766 in 1766 fath (3228 m) from the
Bering Sea. Mortensen (1950b) was reluctant to accept the species from the
Bering Sea on the basis of fragments only but did accept the genus. Recently
Baranova (1957) reported 20 specimens from Soviet collections from 3300 to
3940 m in the Bering Sea. These examples from clayey silts confirmed the
presence of this species in the Bering Sea. She also added details to the morph-
ological description of the species, especially with respect to the fine structure
of the spines and pedicellariae.

We collected eight specimens from seven stations on the Cascadia Abyssal
Plain off Oregon in depths of 2600-2806 m. Our specimens fit the description
of Agassiz (1898) and supply a distributional record between the tropics and
the arctic.

Aeropsis fulva was found off South America in sediments which ranged
from green ooze and green muds to fine, dark infusorial (sic) mud. Neither
Clark nor Baranova indicated the type of bottom in the Bering Sea. Our
collections off Oregon came from terrigenous green-gray muds.

Aeropsis fulva appears to digest organic material ingested with the sed-
iments because the guts were largely filled with amorphous material, and only a
few diatom frustules and sponge spicules could be recognized.

Geographical distribution: Pacific Coast of America from Peru to the Bering
Sea. Bathymetric distribution: 2148-5200 m. Substrate: clayey-silts to silty-clays,
green ooze to green muds.

DISCUSSION

The 10 species of echinoids recognized from Oregon waters fall into three
bathymetric groups. The first group is found intertidally and in shallow waters
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to a depth of about 64 m. It includes S. purpuratus, S. franciscanus, and D.

excentricus. Strongylocentrotus purpuratus occurs in extensive "beds" intertidally.
Collections in this study excluded these intertidal and shallow subtidal rocky
areas, and our data do not give a true picture of the vast number of individuals

of this species that occurs in Oregon. Strongylocentrotus purpuratus is

undoubtedly more plentiful subtidally than our collections indicate but we
cannot show this because we generally avoided rocky areas in our sampling
program.

Dendraster excentricus is a common subtidal species. A sample from station
a was quantitative and indicated a population of about 150 per m2 in that area.

The second bathymetric group is found on the outer continental shelf and
upper slope from depths of about 80 to 800 m. This group includes A. fragilis,

B. latifruns, and S. echinoides. Off Oregon, both A. fragilis and B. latifrons
extend over-most of this range, but S. echinoides is limited to the continental
shelf. Baranova (1957) reported a depth range for S. echinoides that included
upper slope. We indicate it here because it is neither intertidal nor from the
deep ocean floor.

Although A. fragilis and B. latifrons were found together in 21 trawl
collections, their presence together may simply be a result of dragging the
trawl over a mixture of habitats and does not necessarily show a sharing of
habitats.

The third bathymetric group contains the truly deep-sea echinoids, S.
giganteum, A. fulva, U. loveni, and C. rosea. None of these species is particularly
abundant, although the first three have been found in many samples (Table III).
The most common species, S. giganteum, occurred with both A. fulva and U.

loveni, but the three species were never collected at the same station. Present
data do not permit speculation about this distribution. Intensive sampling

may ultimately show that these abyssal species are more or less sparsely dis-
tributed over wide areas.

Both depth and substrate appear to influence the distribution of the
echinoids, but they are probably only two of a complex array of factors. Avail-
able food, predation, competition, temperature, and many other factors may
also influence the distribution of these animals.
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ABSTRACT

Postlarvae of the genus Penaeus were collected at
the entrance to Galveston Bay, Tex., over a 4-year period
and along Galveston Island's beach during a 1-year
period. Postlarval brown shrimp, P. aztecus, and white
shrimp, P. setiferus, were the predominant penaeids
caught. Morphological characters, seasonal size differ-
ences, and occurrence of juveniles In adjacent nursery

areas were used to identify these species. Seasonal
occurrence, size distribution, and measures of relative
abundance are given for postlarvae of the two species.
The uniformity in size of postlarvae from collections
along the beach and at the bay entrance indicated
that small shrimp do not grow much when they are
along the beach.

Shrimp are the most valuable marine fishery re-
source of the Gulf of Mexico, where commercial
landings annually exceed 170 million pounds and
are valued at nearly $60 million. Many aspects of
the biology and early life history of these crustaceans
have been examined; however, the factors causing
fluctuations in their abundance must be better de-
fined before optimum management of the shrimp
fishery can be realized.

The early life histories of commercially important
species of the genus Penaeus inhabiting the north-
western Gulf of Mexico are similar. Each spawns in
offshore waters, where the planktonic larvae hatch
after several hours. During ensuing weeks, the
larvae pass through a series of metamorphoses and
reach near-shore areas as postlarvae. The young
shrimp grow rapidly after moving into estuarine
nursery areas, and return to offshore waters to com-
plete their life cycle.

As Bearden (1961) has pointed out, the postlarvae
that reach inshore waters represent the success of
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the spawning season and, after several months of
growth, will make up the bulk of the commercial
shrimp catch for a given year. Baxter (1963) has
shown that systematic sampling of postlarvae enter-
ing the major nursery areas can provide an index,
that is useful for predicting the subsequent abun-.
dance of juvenile and adult shrimp on inshore and
offshore fishing grounds.

The objectives of this report are to describe trends
in the seasonal abundance and size composition of
commercial shrimp postlarvae near Galveston
Island, and to evaluate the use of seasonal differences
in their body lengths as an aid in identifying the
various species. Also examined is the question: Do
young shrimp use the surf zone as a nursery area?
The results of this 4-year study form a basis for cur-
rent research on the biology and dynamics of the
postlarval phase of commercial shrimp populations
in the Gulf of Mexico.

SAMPLING PROCEDURE

Studies of postlarval shrimp began as part of a
developing investigation of the life history of penaeid
shrimp outlined in detail by Kutkuhn (1963).
Knowing that shrimp reach shore as postlarvae and
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enter nursery areas through tidal passes, we estab-
lished a sampling station at the entrance to Galves-
ton Bay in November 1959. Additional stations
along Galveston Island's Gulf beach were added
later.

GALVESTON ENTRANCE

The initial sampling site was on the south side of
the entrance to Galveston Bay (station A, fig. 1),

the small beam trawl we towed a fine-mesh, 20=foot
seine on several occasions. A standard procedure
was followed during each collection. One end of a
150-foot line was tied to a stake driven into the sand
at the water's edge. The collector held the free end
of this line in one hand and the bridle of the trawl in
the other and pulled the gear along the bottom in a
semicircular path from the shoreline.

Collections of postlarval shrimp were made twice
each month between April 1960 and April 1961 at 5-
mile intervals along Galveston Island's 25-mile
beach (stations C, D, E, and F, fig. 1). The same
beam trawl was used at beach stations, but because
of the surf, the sampling procedure was altered from
that used at stations A and B. The collector waded
a measured 75 yards directly offshore, set the gear,
and towed it back to shore. Computations of bot-
tom areas sampled were based on distance towed
and the dimensions of the net.

At all stations we made meteorological. and hydro-
graphic observations. Those that we consider to be
pertinent, namely water temperature, salinity, and
tidal stage, are listed in appendix tables 1 and 2
along with the numbers of postlarval brown and
white shrimp collected on each sampling, date.

SEASONAL OCCURRENCE
GALVESTON ENTRANCE.

FIGURE 1.-Galveston Island and environs, showing sampling
stations.

Postlarval brown shrimp, P. aztecus: Ives, appeared
at Galveston Entrance gad migrated to the nursery
areas within Galveston Bay at about the same time

where we collected postlarval shrimp twice each
week. This location was not suitable as a sampling
station after Hurricane Carla in September 1961.
Thereafter, semiweekly samples were obtained from
station B, near the base of the north jetty. Bottom
materials at both stations consisted of well-
compacted sand.

Collections of postlarvae were made with a 5-foot,
hand-drawn beam trawl fitted with a plankton net
at its cod end (Renfro, 1963). The wings of the
trawl consisted of nylon netting having 50 holes per
square centimeter. We believe that escapement
of postlarval shrimp was negligible, because most
collections contained an abundance of organisms
more minute than the smallest postlarvae captured.
To test whether or not large shrimp were evading

600
WHITE SHRIMP

PG

0

GULF BEACH

NO SAMPLING

J M M J S N J M

1960 I 1961 I 1962 I 1963

FIGURE 2.-Seasonal abundance of postlarval brown and

white shrimp at Galveston Entrance, 1960-63.
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during each year of the study (fig. 2). The greatest
numbers occurred in the spring; usually peak abun-
dance was reached between mid-March and mid-
April. Following the spring peak, comparatively
few postlarvae were caught until about mid-June.
Thereafter, the number of postlarvae in the collec-
tions increased through July and reached a second
peak in August or September. In each year, the
numbers of brown shrimp postlarvae present at
Galveston Entrance diminished rapidly after the
second peak and remained low throughout the win-
ter. During 1961, peak abundance appeared to
develop in late April and early May, but because
sampling was suspended from May 8 to August 11,
the actual time of the peak for that year is unknown.

The first S postlarval white shrimp, P. setiferus
(Linnaeus), were taken in early May of each year at
Galveston Entrance (fig. 2). Seasonal distribution
of postlarval white shrimp suggests that two peaks
in abundance may occur each summer and that the
relative strength of these peaks is variable.

GALVESTON ISLAND BEACH

Trends in seasonal occurrence of postlarval brown
and white shrimp at Galveston Island beach stations
were similar to those at Galveston Entrance stations
(table 1). Brown shrimp postlarvae were numerous
in mid-April 1960, from late June through Augusts.
and again during April 1961. In contrast to Gal-
veston Entrance, a few brown shrimp postlarvae'
were-present along the beach, during late December
and January. In 1961 brown postlarvae did not
appear in significant numbers until early March.
Postlarval white shrimp were caught in beach sam-
ples from mid-May through November 1960 and
were most abundant from late June through July.
None was taken from December 1960 through April
1961.

Samples of postlarvae were collected along Gal-
veston Island beach to determine if young shrimp
use the littoral zone along beaches as nursery areas.
Should they use this zone, advanced stages of post-
larval shrimp could be expected in collections from
beach stations. Agreement as to general size of
postlarvae from the beach and from Galveston En-
trance (table 2), indicates, however, that postlarvae
spend little time in the beach area. Repeated tows
with a fine-mesh seine at beach stations caught no
shrimp larger than those taken in the beam trawl.

TABLE 1.-Average monthly densities of postlarval shrimp at
Galveston Entrance and Galveston Island beach stations,
April 1960-61

[Figures represent the average number of postlarvae per 100 m.2 of bottom
in. 7 to 12 collections each month]

Month,

1960:

Brown shrimp postlarvae

Galveston
Entrance

Gulf
beach

White shrimp postlarvae

Galveston
Entrance

Gulf
beach

294 52 0 0
May------ 2 15 6 9
June_-____ 23 54 40 52
July_____ 35 234 14 13.3
Aug.------ 51 153 29 26
Sept._____ 0 3 2 39
Oct._-____ 0 3 0 3

0 3 0 3
1 8 0 0

1961:
Jan,______ 0 0
Feb.___ 0 0

13 70 0 0
A.pr.---- 72 760 1 0

TABLE 2-Mean total lengths of postlarval shrimp collected
concurrently, along the Galveston Island beach and in Galveston
Entrance, 1960-61

[Figures in parentheses indicate number of specimens measured]

Month

1960:

Brown shrimp postlarvae

Beach.

Mm.

Entrance

Mm,.

White shrimp postlarvae

Beach,

mm,

Entrance

Mm.

Apr:------ 11.4 (82)' 11,5 (167) ------- - ------ --------------
May------ 10:.4. (52) ME (34) 6.3 (47)7 6.4 (51)
June &9 (113) 8.8 (101)` 5.9 (115) 6.5 (149)
July______ 8.7 (181) 8.4 (155), 7.2 (186) 6:3 (129)
Aug.------ 8.6 (241) 8.5 (146) 6.7 (177) 6..3 (153)
Sept'----- 9..5 (25) 10.0' (10) 7. 5 (77) 7.1 (35)
Oct.______ 10.1 (27) 11.0 4 6.8 (24) 7. 2 (10)
Nov._____ 10.9 (23) 11.2 (6)

7 5 (23)
7.5

(8)Dee--_____ 11.9 (59) --------------- --- - --- - -----------------------
1961:

Jan.____ 11..7 (6), --------------
Feb.____
Mar,---

11..0;
11, 6'

(11),
(165) 12.s (8(t)

:
---------------

--------------
--------------

Apr.---- 11.3 (200) 111.6 (112) --------------

IDENTIFICATION AND SEASONAL
SIZE DISTRIBUTION

Of the three commercially important, species of
the genus Penaeus in. the, northern Gulf of Mexico,
the pink shrimp,. P. duararum, is the least abundant.
Small numbers of adult pink shrimp, are; commonly
caught off Galveston Island (15-20 fathoms), but
landing data compiled by the Bureau of Commercial
Fisheries Branch. of Statistics3' included no pink
shrimp in landings. of 3.7' million pounds taken from
Galveston Bay during, 1960 -63.. A few pink shrimp,
however, may have been landed and reported as

i "Gulf Coast Shrimp Catch, by. Area, Depth, Variety, and Size,"
Annual Summaries, 1960-63.
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brown shrimp. Of about 47,000 juvenile shrimp
examined from Galveston Bay bait landings between
January 1960 and December 1963, only 17 (less than
0.04 percent) were pink shrimp. In earlier work,
the second author (1958-59) found no pink shrimp
among more than 10,000 juvenile penaeid shrimp
taken from upper Galveston Bay. Although post-
larval pink shrimp obviously occur in the Galveston
area they evidently are scarce; all postlarvae we
caught were classified as brown or white shrimp.

MORPHOLOGY

No single criterion is sufficient to distinguish
brown and white shrimp postlarvae, but they can be
separated by taking into account various morpho-
metric characters, relative size, and seasonal occur-
rence as juveniles in the estuary. Morphological
and morphometric differences between postlarval
brown and white shrimp provided by Pearson (1939)
and Williams (1959) are sufficient to separate these
species' during most seasons. Williams, working
with shrimp from North Carolina, developed a pro-'
visional key to early postlarvae. He stated that the
tip of the rostrum and the extended third pereiopod
on postlarval white shrimp do not extend to the dis-
tal edge of the eye. Conversely, in the brown
shrimp, both the tip of the rostrum and extended
third pereiopod reach to or beyond the edge of the
eye. In postlarvae from the Galveston area, these
characteristics suffice only to separate postlarval
white and brown shrimp with a total length of 1.0
mm. or less, whereas Williams was able to use them
in North Carolina for separating postlarvae up to
12 mm. total length.

OCCURRENCE ON GALVESTON BAY
NURSERY GROUNDS

According to our records, brown shrimp are the
only postlarval Penaeus that enter Galveston Bay
during the first 4 months of the year. This observa-
tion agrees with findings from several previous
studies conducted in the bay. Renfro (1959) found
only brown shrimp postlarvae and juveniles (17 mm.
and above) in upper Galveston Bay during April and
May 1959. Gunter (1960) also found brown shrimp
to be the only species at the juvenile stage present in
Galveston Bay during April and May 1960. Later
reports by biologists of the Texas Game and Fish
Commission corroborate the observations of Renfro
and Gunter (Pullen, 1962).

By June, advanced postlarval and early juvenile

white shrimp (18-28 mm.) become abundant in
Galveston Bay, and both brown and white shrimp
are present throughout the summer (Gunter, 1960).
Additional evidence regarding the identity of the
winter and early spring postlarvae was provided in
1960 when 1,200 postlarvae, taker. on April 12 at
Galveston Entrance, were brought into the labora-
tory to be reared. All that grew to identifiable size
(150) were brown shrimp.

SEASONAL SIZE DISTRIBUTION

The size of postlarvae caught at the entrance to
Galveston Bay provides a strong clue to species
identity during some seasons (fig. 3). During the
winter, the total length of brown shrimp postlarvae
ranged from 10 to 14 mm. and averaged 12 mm.
(fig. 3). Beginning in May of each year, a second
group of much smaller (6.0 to 8.0 mm.) postlarvae
appeared in the samples. These shrimp possessed
the external morphological characteristics of post-
larval white shrimp described by Pearson (1939) and
Williams (1959). By late June the length distribu-
tions of the two groups of postlarvae began to over-
lap. The modes of the length distribution of brown
postlarvae decreased, possibly because adult brown
shrimp were spawning near shore in spring and sum-
mer, or because warm water temperatures increased
the developmental rates of larvae. During the same
period, some white shrimp postlarvae as long as 10.5
mm. entered the estuary. Most of the larger post-
larvae, however, exhibited the characteristics as-
cribed to brown shrimp by Williams (1959). The
overlap in length distributions persisted throughout
the summer, but the mean length of brown shrimp
postlarvae always exceeded that of white shrimp in
the same samples (fig. 3). In the latter part of each
year, the modal length of brown shrimp postlarvae
increased, and by October in some years the overlap
in length distributions had ended.

Postlarvae of brown and white shrimp caught at
beach stations and at Galveston Entrance were of
similar sizes (table 2). The total length of post-
larval brown shrimp ranged from 8.5 to 12.0 mm.
(mean, 11.5 mm.). White shrimp ranged from 5.0
to 9.5 mm. (mean, 7.0 mm.). No significant differ-
ence existed among the mean lengths of postlarvae
taken at the various beach stations on the same day.

SUMMARY

Collections of penaeid postlarvae were obtained
semiweekly at Galveston Entrance over a 4-year
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FIGURE 3.-Seasonal pize distribution of postlarval brown and white shrimp at Galveston Entrance, 1960-63. (N indicates
sample size.)

period and twice each month at four stations along
Galveston Island's Gulf beach for 1 year.

Postlarval brown shrimp were collected at Gal-
veston Entrance from February until mid-December
of each year. At Galveston beach stations, they
were found throughout the year but in smaller num-
bers during the winter. Numbers of brown shrimp
postlarvae reached an annual peak between mid-
March and mid-April.

Postlarval white shrimp were first caught at Gal-
veston Entrance and along the beach in May and
were most abundant through the summer.

Postlarvae of brown and white shrimp were sep-
arated by morphometric characters and by the sea-
sonal occurrence of each species in the adjacent
estuary. The brown shrimp was the only Penaeus
species at the postlarval stage present along the Gal-
veston Island beach and at the entrance of Galveston
Bay from December through April. All individuals
were relatively large (11 mm. or longer) during this
period. After April, their average size decreased,

remained relatively small throughout the summer,
and then increased again in the fall. White shrimp
postlarvae first appeared in May at lengths much
shorter than those of brown postlarvae in the same
collections; the total lengths of the majority ranged
from 6.0 to 8.0 mm. During the summer, the length
distributions of postlarvae of brown and white
shrimp overlap in the 8- to 10-mm. length range.
The two species at this stage of development may,
however, be separated by the morphological char-
acteristics described by Pearson (1939) and Williams
(1959). At times, the largest white shrimp post-
larvae in a sample were longer than the smallest
postlarvae of brown shrimp, but the mean lengths of
the white postlarvae were always less than those of
the brown postlarvae.

The similarity of mean lengths of postlarvae col-
lected along the beach and at Galveston Entrance
suggests that significant growth does not occur along
the beaches and that the surf zone is not an impor-
tant nursery area for small shrimp.
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APPENDIX

TABLE A-1.-Numbers . of postlarval shrimp collected and asso-
ciated.hydrographie observations, Galveston Entrance, 1959-63

Date Time

Postlarvae
per standard tow

Water Salinity Tidal
temperature stage'

P. aztecus P. setiferus

Number Number C. 0/00

1969:

Nov. 9------ 1000 0 0
- ----

16------ 1330 0 0 ------------ ---- ----

Dec.ll 1500 0 0 ------------ ---- ----
18-------

------- 0 0 ------------ ---- ----
21------- ------ 0 0 ------------ ---- ----
31------- ------ 0 0 ------------ ---- ----

See footnote at end of table.

TABLE A-1.-Numbers of postlarval shrimp collected and asso-
ciated hydrographic observations, Galveston Entrance, 1959-
63-Continued

Date Time

Postlarvae
per standard tow

Water Salinity Tidal

P. aztecus
t

P. setiferuz
emperature stage'

Number Number °C. 0/00

1860:

Jan. 8------- - ----- 1 0 - ----------- -------- --------
13 ------- 1530 4 0 15.5 25.3 HWS
15 ------- 1100 0 0 14.9 25.3 F-
19------- 1400 0 0 9.8 9.4 E
22 ------- 0900 12 0 9.0 23.9 F
25 ------- 1100 1 0 10.2 26.0 F
28 ------- 1115 1 0 12.5 18.3 F

Feb. 1------- 1300 1 0 12.2 28.4 --------
5 ------- 1100 0 0 10.2 14.0 F
9-_____ 0900 2 0 15.0 31.2 --------

11 ------- 0930 0 0 13.0 27.3 E
16 ------- 1100 3 0 ------------ 16.9 --------
18 ______ 1415 3 0 12.5 12.1 E

_

24 ------- 1000 2 0 10.0 23.6 F
25 ------- 1500 2 0 12.0 -------- F

Mar. 1------ 1345 0 0 10.0 28.6 F
3___ __ 1405 0 0 10.5 11.1 E

_

7--- -- 1620 6 0 10.0 26.2 F
1330 53 0 13.0 15.9 E

15 ------ 1400 39 0 15.0 25.4 --------

18 ------ 1420 72 0 14.2 23.2 E
22 ------ 1400 39 0 18.5 28.9 F
28 ------ 1100 4,710 0 20.8 26.2 _____---

Apr. 1------- 1120 3,680 0 19.5 26.9 F
-5 1045 86 0 18.2 16.1 F------

8------- 0830 5 01 18.5 25.7 LWS
12 ------- 1330 1,000 0 21.0 30.1 F
15 ------- 0900 100 0 23.5 28.2 F
19 - - - 1115 9 0 22.2 24.1 F

--- -

21 - 1330 50 0 26.0 24.0 HWS------
26_______ 1515 66 0 27.0 24.0 F
29 ------- 1330 3 0 24.0 23.8 E

May 3------ 0830 0 0 22.0 22.2 F
6 1400 4 0 24.0 23.0 F
10 ------0900 6 4 22.2 24.2 E
13 - - - 1330 1 1 24.2 29.0 F

- - -

17 - 0845 2 2 24.8 30.5 F--- --

20 - 0900 9 12 25.6 29.5 F--- --
23 0&30 7 82 25.4 27.8 E------
26 ----- 1545 5 6 29.0 26.9 N-
31 ------ 1500 0 1 31.2 _ HWS

June 3------ 1400 0 12 30.7 27.2 LWS
-6 1030 0 23 29.0 29.3 F-----

----9 1030 0 0 29.5 32.5 F--
14 0830 0 8 28.0 31.2 F------
17 - 0900 167 428 28.4 31.8 E---- -
21 0930 1 6 29.0 32.7 F------
24 1515 65 25 28.2 32.5 F------
27 ----- 1400 108 60 30.0 31.1 F

-

30 ------ 0900 38 98 30.0 26.8 F

July 5------- 1500 74 148 31.9 31.4 LWS
8 1445 4 1 33.2 25.8 F-------

12 0930 61 28 30.0 29.4 E-------
15 -- _ 1300 30 6 32.0 25.8 E

----

19 ------ 18 71 29.0 29.6 F-------
21 _ 1330 73 35 32.0 31.3 F______
25 -- 0940 241 21 30.0 35.5 F-----
29_______ 1410 8 1 34.0 28.0 E

Aug. 1------ _ ____ 148 117 29.5 35.6 E
5______ 1345 21 27 32.0 36.1 F
9 1330 16 24 33.3 34.2 F------

12 1430 0 4 29.5 26.3 E------
15 -- 1330 257 202 31.0 33.3 E

----
19 1600 1 2 30.5 27.1 E------
22 ----- 1000 81 20 28.0 27.8 E-
25 - 0915 306 77 29.5 28.8 LWS-----
29 ...... 1220 8 3 29.0 _

Sept. 2______ 1130 4 9 31.4 26. F
6 1400 3 10 32.0 24.6 F
9_-_--_ 1010 0 3 30.1 23.2 E

12 0900 0 1 27.0 25.9______
0930 0 0 27.0 21.3 E

20 ------ 0950 1 4 29.0 27.0 E

See footnote at end of table.

154 U.S. FISH AND WILDLIFE SERVICE

F

16 -



312

TABLE A-1.--Numbers of postlarval shrimp collected and asso-
ciated hydrographic observations, Galveston Entrance 1959-
63-Continued

Postlarvae
per standard tow

Date Time Water Salinity Tidal
temperature stage'

P. azteeua P. selifenl5

Number Number °C. 0/00

19th:-Continue d

Sept. 23---_-_ 1310 1 2 32.0 27.8 LWS
27---_-_ 1400 2 5 28.0 24.1 E
30 ------ 1615 0 0 30.0 26.5 LWS

Oct. 3------- 1400 0 0 28.0 28.6 F7------- 1100 2 3 27.2 24.6 E
11 ------- 1400 0 1 30.0 26.7 E
14 ------- 14110 0 2 25.8 28.6 F
17 ---- 0845 2 3 25.0 27.0 F
20 ------- 0930 0 0 21.0 16.3 E
25-- ---- 0900 0 0 23.5 27.3 F
28- ----- 1415 0 1 27.0 25.5 E
31 ------- 1430 0 1 21.3 17.1 E

Nov. 3------ 1415 1 5 24.0 20.0 F7------ 1430 0 0 21.0 22.9 F
10 ------ 1600 0 0 12.5 17.9 E
15 ------ 1145 1 2 24.0 26.2 F
18 ------ 1416 0 0 18.5 26.9 F
21 ------ 1636 0 0 18.0 24.9 F
25 ------ 1430 1 0 20.0 11.2 E

,28 ------ 1545 3 1 22.5 24.5 F

Dec. 2------- 1545 0 0 16.0 27.8 F6------- 1530 0 0 19.0 27.1 F9------- 1500 1 0 15.5 29.5 F
13 ------- 1545 0 0 13.5 31.0 E
16 ------- -1445 6 0 13.0 19.2 E
19 ------- 1440 0 0 12.0 -------- E
22------- 1500 0 0 12.2 25.4 E
27 ------- 1100 0 0 13.0 19.4 F
29 ------- 1145 0 0 12.5 11.1 F

961

Jan. 3------- 1330 0 0 11.8 14.4 E6------- 1135 0 0 12.2 24.9 F
10 ------- 1530 0 0 13.0 -------- E
13 ------- 1405 0 0 12.4 8.3 E
16 ------- 1115 0 0 12.5 15.2 E20------- 1500 0 0 14.8 7.8 E
25 ------- 1410 0 0 10.2 26.8 F
27 ------- 1340 0 0 8.0 12.7 E30 ------- 1340 0 0 11.8 11.9 E

Feb. 3------- 1420 0 0 13.0 13.8 E7------- 1430 0 0 11.0 10.8 E
10 ------- 1415 0 0 13.0 24.4 F17-.----- 1405 4 0 19.2 28.6 E
21 ------- 1420 0 0 15.0 7.6 E
24 ------- 1100 0 0 17.0 8.9 E
27 ------- 1115 2 0 15.0 10.9 F

Mar. 3------ 1350 6 0 19.0 30.2 E6------ 1510 5 0 19.4 21.8 E
10 ------ 1520 2 0 17.8 211.7 E
14 ------ 1430 1 0 19.2 26.7 F
17 ------ 1400 97 0 20.5 26.7 E
21 ------ 1520 28 0 19.7 25.9 E
27 ------ 1440 2 0 27.4 25.8 E
31 ------ 1040 42 0 20.1 18.2 E

Apr. 6------- 0845 6 0 19.2 25.3 F7------- 1515 12 0 19.5 30.9 EIt ------- 1045 4 0 19.1 29.2 F17 ------- 1555 209 0 20.0 27.8 E
21 ------- 1600 10 0 23.0 29.4 E25 ------- 1600 3 0 24.0 25.6 F
28 ------- 1550 2 0 24.1 15.0 E

May 2------ 1355 51 0 25.8 16.6 E8------ 1500 889 10 26.9 19.1 F
-SAMPLING INTERRUPTED-

Aug. 11 ------ 1720 0 0 31.7 30.5 E
15 ------ 1410 5 15 33.8 30.3 E17 ------ 0845 6 11 29.8 28.4 E21 ------ 1400 24 10 31.5 20.6 E24 ------ 0915 54 6 29.8 24.8 E28 ------- 1400 8 0 29.8 22.2 F

See footnote at end of table.

TABLE A-1.-Numbers of postlarval shrimp collected and asso-
ciated hydrographic observations, Galrtslon Entrance, 1959-
63-Continued

Postlarvae
per standard tow

Date Time Water Salinity Tidal
temperature stage,

1'. aztecus P. setiferus

Number Number C. 0/00
1961:-Continued

Sept. 1------ 1415 520 544 30.9 24.3 E
6------ 1415 65 44 33.9 22.3 E

-HURRICANE CARLA-
25------ 1200 5 0 32.0 17.2 F
27 ------ 1510 4 0 34.0 17.2 F

Oct. 2------- 0925 2 1 29.0 18.1 F
5------- 0900 6 ill 20.0 27.8 F

10 ------- 1005 32 1 29.0 27.3 E
12---------- 1400 5 1 30.2 24.8 F
16 ------- 1545 61 74 24.5 27.4 E
19 ------- 1520 6 7 27.0 25.7 E
23 ------- 0925 0 0 23.5 24.7 E
25 ------- 0905 2 0 24.9 26.3 E
27 ------- 0920 144 77 20.5 28.5 E
30 ------- 1425 11 3 30.0 29.1 E

Nov. 3------ 1345 9 4 19.5 27.0 F
6------ 1520 3 0 12.0 24.0 F
9------ 0910 45 0 13.0 24.7 E

14 ------ 0940 13 1 19.0 23.5 E
16 ------ 0945 0 0 17.0 15.0 E
21 ------ 0940 1 0 17.5 28.7 F
24 ------ 1405 0 0 19.0 28.7 F
27 ------ 1020 4 0 21.5 27.5 E
30 ------ 0945 0 0 12.0 28.4 LWS

Dec. 5------- 0930 21 0 20.0 27.5 F
8------- 1430 0 0 16.0 27.0 F

11 ------- 0920 11 0 20.5 25.6 F,
14_-_--- 0920 0 0 8.5 23.1 HWS
19 ------ 0925 2 0 13.6 24.4 E
22 ------- 1400 1 0 18.0 26.3 E
26------- 0945 9 0 13.5 27.9 E
29------- 0920 0 0 10.0 24.4 E

962:

Jan. 2------- 1410 0 0 15.0 27.5 LWS
4------- 0925 12 0 16.0 31.2 E
9------- 0925 224 0 12.0 31.0 E

12----- -- 0905 5 0 -2.0 30.5 F
15 ------- 0905 0 0 6.0 29.9 F
17 ------- 1400 0 0 9.0 29.8 F
23 ------- 1410 0 0 9.0 27.7 F
26 ------- 1045 0 0 15.0 27.2 F
29 ------- 0900 0 0 10.0 25.7 LWS

Feb. 1------- 1550 1 0 14.0 26.5 F
6------- 0845 73 0 9.0 31.4 E
9------ 1400 34 0 22.0 29.6 E
12------- 1030 196 0 19.0 26.3 F
15 ------- 1400 48 0 21.0 27.6 F
19 ------- 0925 222 0 15.0 27.6 E
23 ------- 1340 53 0 22.0 22.3 E
26 ------- 0900 1,220 0 22.0 21.7 F

Mar. I------ 1525 0 0 5.5 23.0 F
6------ 1030 40 0 12.0 23.3 E
9------ 1415 368 0 24.0 24.7 E

12 ------ 1100 66 0 17.5 25.5 F
16 ------ 1415 8 0 17.5 19.5 F
20 ------ 0925 508 0 19.5 26.9 LWS
23 ------ 1440 626 0 20.5 26.7 F
26 ------ 1035 140 0 19.0 22.3 F
29 ------ 1420 75 0 24.0 28.9 F

Apr. 4------- 0925 1,682 0 16.0 27.0 E
6------- 1445 234 0 2.3.0 25.5 E
9------- 0900 24 0 21.0 24.4 F

12 ------- 1445, 135 0 24.0 25.3 F
17-_---_ 0925 1911 0 20.5 24.9 E
20------- 1430 ±4 0 27.5 24.4 F
23 ------ 0905 103 0 24.0 25.2 F
26___ .. _ 14110 0 26.0 24.6 F

May 1------ 1000 4 0 26.0 23.3 E
3---__- 1425 250 0 24.0 18.0 F

-7----- 0910 23 0 24.1 17.7 F
10----- - 0925 7 0 25.0 23.6 F

See footnote at end of table.
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TASIrl A--L--Nulrther3 of postlarnal shrimp rotlertedarr4 asso-
ciated hydrngfaphic obsfruliorls, Galvt'ston E'itrnnca. 195,4-
63----C.`on ti n ut'd

Date Time

Postlarvae
per standard tow

Water Salinity Tidal
temperature, stages

Y . azteeus P. setifertm

Number Number oo

1962:-Continued

May 092.5 2 0 26.0 31.7 HWS
18____ 1500 0 0 27.9 24.2 F
21______ 0915 0 0 27.0 23.8 F
24______ 1500 0 0 29.0 24.7 F
29______ 0905 3 1 26.0 18.9 E

June 1------- 1430 0 2 26.0 15.7 HW8
4_______ 0925 0 6 26.0 14.7 F
8_ ---- 1510 6 0 31.5 17.9 HWS

12 ------- 0950 8 4 29.5 18.6 E
15______ 1100 0 0 31.5 26.8 HWS
is -------- 0855 32 6 31.0 26.1 F
21_______ 1423 16 28 34.0 24.4 F
26_-...___ 0945 0 0 30.5 24.6 F
29_._.__- 1450 6 6 32.0 23.8 E

July 2__._____ 0905 11 13 30.0 23.2 F
5.------ 1100 17 15 33.0 19.9 F

10_______ 0905 0 1 32.0 20.0 E
13_______ 1410 0 0 33.0 31.5 E
16_______ 0845 13 61 30.0 29.8 F
19_______ 1445 48 116 34.0 33.6 E
24_______ 0900 0 1 31.0 35.5 F
27_______ 1410 3 4 32.5 37.4 HWS
30_______ 0910 1 5 30.0 33.8 E

Aug. 2------ 1415 14 4 33.0 34.4 E
8______ 0900 19 2 31.0 31.4 E

10______ 1430 4 4 35.0 35.6 E
13______ 0905 0 0 30.0 34.4 E
16______ 1400 145 46 32.0 35.8 F
21______ 0915 16 29 31.0 36.1 E
24 ------ 1405 25 31 33.5 35.6 E
27______ 0925 76 36 29.0 36.1 E
30______ 1420 6 29 31.0 29.8 F

Sept. 4______ 0900 15 106 31.0 30.5 E
7______ 1410 3 10 31.0 28.6 E

10______ 0925 25 38 30.5 31.0 E
13______ 1425 2 2 33.0 31.5 F
18______ 0905 37 78 30.0 28.7 E
21______ 1505 11 42 27.0 26.8 F.
24______ 1045 2 7 28.0 25.3 LWS
27______ 1410 367 1,227 26.0 27.0 F

Oct. 2_______ 1500 24 96 29.0 27.8 F
5_______ 1430 0 6 27.0 26.9 E
8_______ 0920. 0 17 29.5 27.0 F

11_______ 1420 0 0 31.0 28.7 F
16_______ 0910 0 1 29.0 30.1 E
19_______ 1440 2 11 T.1. 0 19.8 E
22_______ 0845 6 150 23.0 28.8 LWS
25_______ 1410 4 29 22.0 30.2 F
30_______ 0905 12 46 18.0 26.5 E

Nov. 2______ 1505 6 13 22.0 29.2 E
5______ 0645 0 0 17.0 29.1 E
8______ 1405 1 4 20.0 29.3 E

13______ 0930 2 0 14.0 30.8 E
16______ 1445 6 0 22.0 30.9 E
19______ 0915 0 0 12.0 31.0 F
23______ 0900 0 0 16.0 29.7 E
26______ 0905 1 0 18.5 29.9 E
29______ 1450 0 0 11.0 22.9 F

Dec. 3______ 0845 13 1 16.5 , 29.1 E
6_______ 1405 0 0 16.5 20.8 F

11_______ 0915 0 0 16.0 30.6 E
14_______ 1315 0 0 12.0 32.4 LWS
17_______ 0915 0 0 9.0 31.5 F
20_______ 1410 39 0 20.0 31.8. F
26_______ 0905 0 0 11.0 26.3 E
28_______ 1600 0 0 13.0 22.7 F
31_______ 1035 0

1

(1 11.5 28.1 E

1969

Jan. 4_______ 1445 0 0 15.0 29.1 F
8_______ 0930 1 0 11.0 23.2 E

11_______ 1430 0 0 16.0 31.3 F
14_______ 0845 0 0

i 0.0 32.4 F

See footnote at end of table.

T:Anl,rE A-1.- Numbers of postlarval shlim trlf etrd "
dated htidroaraphir ohservatiarl.1, Gal =!.oe t,r2irsrv(,

1---Continued

Date ! Time

Postl
per stan

arvae
dard tow

Water Salinity Tidal
temperature stage,

P_ azteeus Y, set( ferns

Number Number °7 0/00

1963: Continued

lair. 17_______ 1310 0 0 9.0 29.5 F
22 ------- 0900 0 0 9.0 24.9 E
25_______ 1430 0 0 7.0 28.5 F
28_______ 0935 0 0 1.0 27.9 E
31_______ 1410 0 0 15.0 25.9 F

Feb. 5_______ 1115 0 0 12.0 29.8 F.
7------- 1435 0 0 16.0 29.6 F

11_______ 0940 0 0 9.0 31.5 E
14______ 1430 0 0 11.0 25.8 E
19_______ 0935 0 0 8.0 27.2 E
21______ 1410 0 0 16.0 29.8 F
25 ------- 0930 0 0 11.0 28.7 E
28_-_____ 1415 0 0 15.0 29.7 F

Mar. 5______ 0920 441 0 14.5 30.4 E
8_____ 1415 16 0 16.0 30.6 F

11______ 0925 288 0 17.0 30.4 E
14______ 1400 21 0 18.0 29.0 F
19______ 0850 280 0 21.0 29.2 HWS
22______ 1425 286 0 15.0 27.4 E
25______ 0840 986 0 20.0 26.9 F
28______ 1350 114 0 27.0 25.9 HWS

Apr. 2_______ 0958 360 0 22.5 27.6 F
5_______ 1146 3,521 0 20.0 27.6 F
8_______ 0925 147 0 21.0 27.6 LWS

11_______ 1415 54 0 28.0 30.6 F
16_______ 0910 167 0 23.8 33.0 F
19_______ 1415 44 0 27.0 32.0 F
22_______ 0910 103 0 25.0 28.0 F
25_______ 1410 93 0 29.0 21.0 E
30_______ 0855 41 3 24.0 21.6 F

May 3______ 1410 68 5 30.0 20.5 F
6------ 0910 181 272 25.0 21.7 F.
9______ 1400 71 9 27.0 24.2 F

14______ 0910 10 0 26.0 28.8 F
17______ 1410 16 1 29.0 29.0 F
20______ 0950 17 2 28.0 31.3 E
23______ 1435 134 70 27.0 34.5 F
28______ 0915 29 26 27.5 32.3 F
31______ 1405 28 115 32.0 33.2 F

June 3_______ 0910 381 3,407 34.0 34.8 E
6_______ 1415 5 117 32.0 32.6 E

11 _____ 0915 6 19 30.0 30.8 F
15______ 0915 38 21 28.0 32.9 F
17 ------- 1410 7 18 35.0 32.3 F

1440 24 10 31.0 33.1 F
25------- 1 0915 882 548 29.1) 29.9 F
28_______ 1410 211 4 35.0 27.1 F

July 1_______ 0910 16 0 30.0 31.2 F
5_______ 1415 62 9 32.5 31.3 HWS
9_______ 0910 59 29 30.0 31.1 E

12_______ 1415 23 2 31.0 34.3 F
15_______ 0910 33 0 29.0 31.8 F
18_______ 1420 11 2 33.0 34.9 E
23_______ 0910 32 0 31.0 33.8 F
26_______ 1420 23 3 26.0 29.1 LWS
29_______ 0935 14 6 31.0 36.1 E

Aug. 1______ 1415 7 5 34.0 35.2 E
6______ 0915 51 21 31.0 34.6 E
9_____ 1415 94 30 33.5 36.5 LWS

12______ 0915 19 36 29.0 35.0 E
15______ 1430 27 26 29.5 35.2 E
20______ 0910 48 12 30.0 35.9 F
23______ 1415 93 38 35.0 36.9 E

'26___ 0910 4 0 30.0 36.4 E
29------ 1430 10 5 34.0 37.1 E

Sept. 3------ 0930 41 28 30.0 37.6 F
6__---- . 1130 10 14 29.5 33.3 LWS
9______ 0910 1 18 30.0 37. 1 HWS

12______ 1410 6 35 32.0 36.7 E
18______ 0910 24 264 24.0 28.2 F
20______ 1415 206 132 29.0 27.7 HWS
23______ 0935 60 94 25.0 27.4 E
26 1420 68 167 2{'1.0 24.9 LWS

See footnote at end of table.
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TABLE A-1.--A -Numbers of p.ut%ari'al shrimp collected and asso-
ciated hydrograpbic observations, Galveston- Entrance, 1969-
6, Continued

Date Time

1 ctlarvae
per standard tow

Water Salinityl Tidal

P. azteca.s P. setiferus
temperature stage'

Number Number C. 0/00

1963:-Continued

Oct. 0910 54 177 21.0 29.3 E
4------- 1415 4 2 24.0 29.6 LWS
7---- -_. 0910 19 141 26.0 29.5 E

10 ___ 1415 0 47 30.0 30.5 F
15 ._ - 0910 6 76 26.0 31.4 F
IS ___ 1405 14 44 26.5 32.6 F
21__._-_- 0915 2 14 24.0 31.7 F
24__,_-_ 1415 2 14 26.0 31.8 F
29__-.-.-. 0915 12 309 21.0 31.4 HWS

Nov. 1--._<.. 1505 0 19.5 30.7 F
4__---_ 0925 4 19 21.0 30.8 E
7------ 1.430 0 0 25.0 30.6 E

12-.-.,-._ 0925 3 39 18.0 30.0 E
15 ------ 1410 0 0 ------------ 30.3 F
18 ------ 1505 17 15 26,0 31.3 F
26 ------ 1100 0 0 17.0 30.7 F

Dec. 2------- 1420 0 0 20.0 30.4 E
5-____-_ 1415 0 0 17.0 32.5 F

10 ------- 0950 0 0 15.0 32.8 F
13 _ 1410 0 0 9.0 29.9 F
16 0930 0 0 5.0 31.0 E
19 ------ 1430 0 0 9.0 30.3 E
24 -------1430 0 0 10.0 29.9 F
27 ------- 1515 0 0 18.0 31.1 F
30. 1005 0 0 10.0 32.8 F

F =Flood; F. =Ebb; HWS =High-water slack; Ks =Low-water slack.

TABLE A-2.-Numbers of postlarval shrimp and associated
hydrographic observations, Galveston Island beach stations,
1960-61

Date . Station Time

Post)arvae
per standard tow Water

temperature
Salinity Tidal

stage'

P.aztecus P, setiferus

Number Ni nber °C, <I o
1960:

!Apr. 14 C
I) 1200 18 0

------- -----

I.
-

" 21.2 29 8
_

HW8
F 1245 137 0 21.5 30* 2 HWS
F 1345 161 0 22.2 30.7 E

27 C 0900 1 0 24.2 23, 9
1) 0940 3 I 0 24.7 24 0 F
E 1030 5 0 25.2 24.2 F
F 1115 5 0 25.5 23.3 F

May 11 C 1045 0 0 23.2 30.1 LWS
D 1130 3 0 23.6 30.3 LWS
E 1230 4 0 23.2 30.8 F
F 1330 3 1 23.0 31.0 F

25 O 0830 1 4 26.3 29.2 E
D 0915 11 3 26.8 29.7 E
E 1000 89 50 27.0 29.8 E
F 1045 5 14 27.0 29.7 F

June 8 C 0900 2 9 28.0 32.7 F
D 0945 3 3 29.0 33.1 F
E 1030 6 2 29.1 33.5 F
F 1100 2 1 29.0 33.9 F

22 O 0840 191 64 29.6 32.9 F
D 0940 51 107 30.0 32.9 F
F 020" 113 122 30.1 33. 1 F

f

F
1

too 28 73 30.8 13.1 F

See footnote at end of table.

TABLE A-2.--Numbers of postlarral shrimp and associated
hydrographic observations, Galveston Island beach stations,
1.960-61--Continued

Date Station Time
per standard tow Water

temperature
Salinity Tidal

stage'

I

P,astecus P. setiferus

Number Number C. 0/00

1960:-Continued

July 6 C 0930 6 11 29.8 31.5 LWS
D 1000 135 90 30.8 31.9 F
F 1030 112 168 30.6 31.3 F
F 1200 125 62 33.0 31.7 F

261 C 0840 39 36 20.4 33.4 E
D 0920 432 288 29.3 33.4 H W S
E 1045 392 54 30.0 33.9 E
F 1200 390 260 30.4 33.3 F

Aug. 3 C 0830 59 63 29.7 36.1 F
D 0930 97 24 29.8 36.0 F
E 1000 - 168 15 30.0 35.9 F
F 1120 1 0 30.6 35.9 F

16 C 0830 10 10 28.5 - F
D 0910 166 14 28.9 32.4 F
E 1000 897 78 29.2 32.1 F
F 1130 160 51 30.0 32.2 E

31 O 0840 10 0 29.0 27.5 F
D 0930 20 13 29.0 29.4 F
E 1045 28 14 30.2 __ F
F 1205 65 12 31.2 - E

Sept. 15 C 0840 6 74 27.8 25. F
I) 0935 8 189 28.0 25.5 E
E 1110 3 12 28.5 25.4 E
F 1305 . 2 10 31.3 25.7 E

S(pt. 28 C 0845 1 2 21.0 28.1 E
I) 0930 1 1 24.0 28.2 E
E 1200 0 0 26.0 28.6 E.
F 1040 5 2 25.0 28.6 E

Oct. 12 C 0840 0 0 27.0 28.1 E
1)
E

(1930 1 2
7

27.4
27 8

28.8
928

E
E

F
1030
1110

1

6 5
.

28.0
.

29.2 E

26 C 0845 3 4 23.8 27.3 E
D 0945 2 1 24.4 27.6 E
F, 1040 6 1 24.2 27.2 E
F 1150 8 4 23.8 26.5 F

Nov. 9 C 1330 1 0 21.3 26.9 E
D 1110 0I 0 21.5 27.5 E
E 1445 0 21.8 27.5 E
F 1520 0 4 22.0 28.8 E

23 C 1320 0 4 19 5 25 5 E
1) 1405 1 j 1

.

20.0
.

27.3 E
E 1435 14 11 19.5. 25.7 E
F 1540 6 3 20.0 25.4 F

Dec. 8 C 1
1405 17 0 17.0 25.2 F

1) 1435 8 0 16.5 28, 1 F
E 1,515 18 0 17.0 28.6 F
F 1600 15 1) 16.5 j! -------- F

Dec. 21 C 1355 1 0 10.2 29.3 E
1) 1430 0 0 10.2 29.1 E
E 1515 0 0 11.0 28.7 E
F 1545 0 0 12.0 E

1961:

Jan. 4 C 0930 0 (1 10.8 27.3 E
D 1015 0 0 10.9 26.5 E
E 1100 1 0 11.7 27.3 E
F 1130 0 0 11.6 26.8 E

18 C 0930 0 0 14.5 27.9 E
D 1030 3 0 16.0 32.7 F
E 1115 1 0 16.5 32.9 F
F 1200 1 0 16.0 32.4 F

Feb. 1 C 1330 0 0 13.0 26.5 E
1) 1420 0 0 13.0 24.6 E
E 1440 it , 14.0 24.0 F
F 15:3(1 (I (I 14.0 24.9 F

See footnote at end of table.
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TABLE A-2.--Numhers of postlarval shrimp and associated
hydrographic observations, Galveston Island beach stations,
1960-61

Date Station Time

Postlarvae
per standard toW Water

temperature
Salinity Tidal

stage,

P.aztecus P. setiferus

Number Number C. 0/00

1961:-Con tinued

Feb. 20 C 1320 0 0 17.4 26.9 F
D 1400 2 0 16.9 27.4 F
E 1435 7 0 17.2 26.9 F
F 1500 2 0 16.8 26.8 F

Mar. 8 C 13.35 14 0 18.0 28.8 E
D 1415 50 0 16.7 28.8 E
E 1445 18 0 17.5 29.1 E
F 1510 138 0 17.9 29.3 E

Mar. 23 C 0900 8 0 17.9 27.2 F
D 0937 145 0 18.4 27.2 F
E 1020 72 0 19.0 27.4 F
F 1037 69 0 19.8 27.4 F

Apr. 5 0 1315 141 0 20.0 29.2 F
D 1355 217 0 19.7 27.7 F
E 1425 1,040 0 20.0 30.7 F
F 1455 2,662 0 ------------ 33.6 E

20 C 1335 173 0 24.2 29.1 E
D 1410 254 0 24.0 29.6 E
E 1430 196 0 23.6 30.4 E
F 1515 850 0 24.0 31.0 E

, F -Flood; F =Ebb; HWS =High-water slack; LWS =Low-water slack.
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Book Review by William C. Renfro - Trans. Amer. Fish. Soc. 97(3):308.
(In Press)

Briggs, Peter. 1967. Water: The Vital Essence. New York, New York.
Harper and Row ix + 333 p. 30 photographs. $5. 95

The title of this interesting little book only partially describes its
scope. The preface states that "This book is all about man's relationship
to water: fresh water, salt water, rain, snow, and ice.'" With such an
enormous subject, there is little room for detail. Hence, the book
becomes a series of water-related stories written in leisurely (sometimes
rambling) yet workmanlike style.

The introductory chapter contains 15 pages describing the importance
of water, some of its properties, and the processes which influence its
distribution. The remainder of the book is fairly equally divided into
two sections. The first section deals with oceanography. Perhaps the
best way to indicate the content of thi s portion of the book is to list various
subjects discussed. Included are brief anecdotes about early oceanographers,
ocean currents, sea level, underwater sound, ocean bottom topography,
the Mohole project, micropaleontology, geomagnetic studies, submersibles,
marine biology, Indian Ocean expeditions, submarine warfare, oceanographic
data processing, the Thresher tragedy, man in the sea, International Ice
Patrol, polar research, undersea treasure, offshore oil, minerals in the
sea, oceanic fisheries, and Russian oceanography. There is even a
section devoted to how the federal oceanographic effort should be organized.

The last half of the book treats mainly the problems of water pollution
and management. Among the topics discussed are: the eutrophification
of the Great Lakes, the 1964 Mississippi River fish kills, various sources
of pollutants, dams, irrigation, desalination, and weather modification.
In discussing the future water needs of Los Angeles and the Southwest, the
familiar phrase is heard that the solution must be sought to the north.
This is not a topic for polite conversation in the Pacific Northwest.

In summary, this book is a wide -ranging essay touching on almost
every conceivable facet of water. It is attractive and well edited, except
for the Suggested Reading section, which apparently escaped the editors.
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PUBLICATIONS OF THE DEPARTMENT OF OCEANOGRAPHY,
OREGON STATE UNIVERSITY, DEALING WITH ECOLOGY
AND RADIOECOLOGY OF THE COLUMBIA RIVER ESTUARY

AND ADJACENT PACIFIC OCEAN

by James E. McCauley

The following publications have been written by the staff and students
of the Department of Oceanography, Oregon State University. This depart-
ment was organized in 1958 and has put much of its effort on the Pacific
Ocean off Oregon. A number of publications dealing with more distant areas,
with non-ecological subjects, strictly laboratory studies, or otherwise not
directly pertaining to the Columbia River and adjacent Pacific Ocean, have
been excluded.

Research under the sponsorship and support of the Atomic Energy
Commission have contributed significantly to this bibliography and each
project with total or partial AEC support is starred with an asterisk (*).

Burt, W. V. 1962. Disposal of low-level radioactive waste.into Pacific
coastal waters. (Rept. of Working Group of the Comm. on Oceanog.)
Nat. Acad. Sci. - Nat. Res. Coun. Pub. 985: 1-87.

Burt, W. V. 1964. Drift bottle observations of the Davidson Current off
Oregon. Kozo Yoshida (ed. ), Studies on oceanography, Univ. Wash.
Press, Seattle, Washington, pp. 156-165.

Burt, W. V. 1964. Tsunamis on the Oregon coast. The Ore Bin 26 (12):
231-232.

Burt, W. V. 1966. Ocean current observations from offshore drilling
platforms. The Ore Bin 28 (3): 12-19.

Burt, W. V. , and S. Borden, 1966. Oceanographic observations from off-
shore drilling platforms. The Ore Bin 28(3): 61-64.

Burt, W. V. , and L. D. Marriage, 1957. Computation of pollution in the
Yaquina River Estuary. Sewage and Industries Wastes 29: 1385-1389.

Burt, W. V. , W. B. McAlister, and J. Queen, 1959. Oxygen Anomalies
in the surf near Coos Bay, Oregon. Ecology 40: 305-306.

Burt, W. V., W. B. McAlister, 1959. Recent studies in the hydrography
of Oregon estuaries. Res. Briefs, Fish. Comm. Oregon 7: 973-974.

Burt, W. V. , and B. Wyatt, 1964. Drift bottle observations of the Davidson
Current off Oregon. Studies on Oceanography, pp. 156-165.

Byrne, J. V. , 1962. Here's a look at offshore Oregon. The Oil and Gas J.,
60: 116-119.
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Byrne, J. V. , 1962. Geomorphology of the continental terrace off the
central coast of Oregon. The Ore-Bin, 24: 65-74.

Byrne, J. V., 1963. Coastal erosion, Northern Oregon in Essays in
Marine Geology in Honor of K. O. Emery. Univ. So. California Press,
pp. 11-33.

Byrne, J. V. , 1963. Geomorphology of the Oregon continental, terrace off
the northern coast of Oregon. The Ore-Bin, 25: 201-209.

Byrne, J. V. , 1963. Geomorphology of the Oregon continental terrace south
of Coos Bay. Ore-Bin, 25: 149-154.

Byrne, J. V. , 1964. An erosional classification for the northern Oregon
coast. Annals of the Association of American Geographers. 54: 329-
335.

.Byrne, J. V. , 1966. Effect of the East Pacific Rise on the geomorphology
of the continental margin off Oregon. (Abstr.) Geol. Soc. Amer. An.
Meet., p. 33-34.

Byrne, J. V. , G. A. Fowler, and N. J. Maloney, 1966. Uplift on the
continental margin and possible continental accretion off Oregon.
Science 154 (3757): 1654-1655.

Byrne, J. V. and L. D. Kulm, 1967. Natural indicators of sediment
movement in an Oregon estuary. Proc. Amer. Soc. Civ. Eng., J. of
Waterway and Harbors Div. 93 (WW2, May, 1967): 181-194.

Byrne, J. V. , L. D. Kulm, and N. J. Maloney, '1966. Textural trends of
Recent sediments from river to abyssal plain off Oregon. (Abstract).
Bull. Am. Assoc. of Petrol. Geol. 50 (3): 645-646.

Byrne, J. V. , and N. J. Maloney, 1965. Textural trends of continental
margin sediments off the central coast of Oregon. (Abstract). Program
1965 Ann. Mtg. Geol. Soc. Amer. Kansas City pp. 23-24.

Byrne, J. V. , N. Maloney and G. Fowler. A sedimentary model of the
continental margin off Oregon. (Abstract) Bull. Amer. Assn. Petrol.
Geol. 49: 336-337.-

Bodvarsson, G., J. W. Berg, Jr., and R. S. Mesecar, 1967. Vertical
temperature gradient and eddy diffusivity above the ocean floor in an
area west of the coast of Oregon. J. Geophys. Res.- 72(10): 2693-2694.

*Carey, A. G., Jr. 1965. Preliminary studies on animal-sediment inter-
relationships of the Central Oregon Coast. In Trans. of the Symposium
on Ocean Science and Engineering 1: 100-110.
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*Carey, A. G. , Jr. 1966. Studies on the ecology of benthic invertebrate
fauna in the Northeast Pacific Ocean off Oregon, U S. A. , p. 36, In
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