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FORBAVRD

This document is the fourth annual report of work in the
ecological sciences, at Hanford, written for the AEC, Division
of Biomedical and Environmental Research (DBER). (1} It re-
flects the principal efforts of Ecosystems Department and others
contributing to departmental programs during the 1971 calendar
year.

In many ways, 1971 was a decisive year for the Ecosystems
Department--one involving our move to the new Life Sciences
Laboratory, significant reorganization within the department,
and major effort applied to AEC 30-program. At the time of this
writing, our Department enters its sixth year as an independent
research department, although the ecological sciences at Han-
ford have their origin over 20 years ago. Time, of course, has
led to appropriate growth and change in the original research
programs, but it is a tribute to our sponsors' foresight that
broad-based ecological effort has continued. Without this con-
tinuity, we would not have had a base of scientists sufficiently
informed to provide assistance in assessing the environmental
impact of our developing high energy technology. Especially
at a time of keen public interest in the environment, as re-
flected in passage of the National Environmental Protection Act
and the creation of the Presidential Council on Environmental
Protection, the wisdom of providing for such a scientific
resource has been proven.

Our move to the Life Sciences Laboratory in January 1971,
with our sister Biology Department, was long-awaited, and it is
now permitting broadened programmatic responsiveness. Extensive
flow-through aquatic facilities, computer terminals, the plu-
tonium aerosol exposure systems, and walk-in plant growth
chambers have especially facilitated ecosystems work in the
newer AEC programs. The Laboratory was dedicated by Dr. John R.
Totter, Director of AEC's former Division of Biology and Medi-
cine, on September 27, 1971. Dr. Totter's remarks on that
occasion are here included, as also are the remarks of Dr.
Herbert M. Parker, former manager of Hanford Laboratories, and
Dr. Harry A. Kornberg, former manager of Biology Operations
(which included Biology and Ecosystems staffs).

In August 1971, the Department underwent reorganization.
Six program groups, replacing the former, somewhat arbitrary
grouping of programs in aquatic and terrestrial ecology sec-
tions, were formed. Dr. L. Lee Eberhardt was appointed at



Department |evel, as senior Research Associate, with genera
responsibility for bionathenatical efforts throughout depart-
mental programs. M. WIlliam L. Tenpleton had been earlier
appointed to the newy created position of Associate Depart-
ment Manager, and he continues with general responsibility for
programs primarily concerned with environnental inpact assess-
ment. Wth this reorgani zation, cost centering has noved to
the Departnent level, a system of planned program budgeting
has been initiated, and the program | eaders neet weekly on
probl ems of nutual concern

Ecology is a peculiar field of effort. Unlike other dis-
ciplines, it deliberately hybridizes with many other disciplines.
Several kinds of effort usually need to be brought to bear on
any given environnental problem and over 12 classical dis-
ciplines are, in fact, represented by our present staff! The
organi zational changes were initiated by the staff, with
support and concurrence of PNL managenent. W feel that the
changes in the staffing chart at the end of this report wll
provide better integration of a diverse staff. W also |ook
forward to continuing these admnistrative relationships

In October, 1971, about one-third of our departnental staff
were asked to provide i mediate assistance to the Directorate
of Licensing in connection with the AEC 30-program on environ-
mental inpact assessnments. These efforts have inpacted, in
their own right, the on-going research program sponsored by
DBER. On the other hand, they have also greatly stinulated
our scientific staff. As a consequence of first-hand experi-
ence gained in reactor siting problens, | believe that we have
been better able to orient towards and support some of the
newer, progranmatic responsibilities of the AEC. Since 30-
program assi stance commenced late in 1971, the effects of this
effort will be considered nmore fully in our 1972 annual report.

Anmong the smaller conplications of redirection of effort,
menti oned above, has been a rather long delay in appearance of
this annual report. As indicated, this report is the fourth
annual report covering the 1971 cal endar year. W anticipate
publication of the fifth annual report, covering 1972, in
about three months. In 1973, we plan to nove the cut-off date
fromend of the calendar year to end of the Federal fiscal
year, with publication, again, about three nonths later. Thus,
you may be inconvenienced by three reports during 1973: Wile
the cal endar year has been a nore suitable tine for reporting,
considering that ecological data nmust be obtained during natura



growi ng seasons, we feel that shifting annual reporting to a
fiscal year basis may provide information more timely with
respect to budgetary planning cycles. W have also continued
the practice of reporting fairly briefly in these annual re-
ports. Full details, of course, will be available by requesting
publications directly fromthe authors. W woul d appreciate

al so hearing directly fromour readers as to suggestions for

i mproving these reports.

A final comment is in order on the terrestrial ecology
programs, to which a substantial portion of this report is
allocated. In 1971, nmilestones for all supporting work had been
attained or exceeded, as outlined for Program 1 of the 1968
"Master Plan for Bioenvironmental Research at Pacific Northwest
Laboratory.” W are now in the beginning ecosystems nodeling
phases, as scheduled in the Master Plan. Lest enthusiasmover-
take us, we keep in mnd, however, the caution of our biomathema-
ticians, nanely that in ecosystens analysis one year's collection
of measurements is one datum point!

Burton E. Vaughan
Manager, Ecosystens Depart ment



REMARKS AT THE DEDI CATION OF THE
LI FE SCI ENCES LABORATORY

BY

DR JOHN R TOTTER, DI RECTOR
DIVISION G- BIOLOGY AND MEDI Cl NE

It is no small responsibility to give the dedication address at
these ceremonies for the new Life Sciences Laboratory. | feel it is
appropriate today that | start my comments by briefly review ng some
of the outstanding research which has been conducted here at Hanford.

This may be a good time to invoke a bit of philosophy that is
germane to ny remarks. The philosopher, George Santayana, once said,
"Those who cannot remenber the past are condemmed to repeat it."
VWile it is of paramount inportance in science to |ook ahead, it is
often hel pful to see where we have been, to evaluate what we think we
know and to appreciate those things we don't know. | should like to
continue in this retrospective-prospective tradition by directing ny
remarks towards both the past and the future.

As some of you in this audience know first hand, the Hanford Pro-
ject began operation in 1944 with the assignnent to supply plutonium
for the Manhattan Project. A ong with the awesone production reactors
and chemical separations plants, there devel oped a fledgling nonitor-
ing and biological research project. It appears that the Biology Lab
got its start when Herb Parker hired Harry Kornberg around 1947 to
look into the possibility of identifying biochem cal changes in blood
that mght be produced by exposure to radiation. Parker has been at
Hanford since the start of operations as, | believe, Head of the Health
Instruments Group. Incidentally, some interesting radioecol ogy work,
al t hough probably not known as such at the time, was in progress in the
late 1940's when Parker and colleagues nonitored rabbit thyroid glands

for 1311,
During these early years, work was done on the oral uptake of
238py and 23%u. O historical interest is the fact that the 238py

was obtained from Berkeley, via Dr. Seaborg, and followed by only a
few years the discovery of plutoniumin 1941. Oher studies were
undertaken by Dick Foster, who had been working at the University of
Washington's Fisheries Lab under Lauren Donal dson, to determine the
possi bl e effects of reactor effluent on fish.

| mentioned earlier the inportance of occasionally |ooking back
as we nove ahead in science. This remnds ne that things have a way
of being rediscovered periodically; sometines this nust be pointed out



to those who cannot renenber the past. | amcertain that those who
have only recently discovered such things as reactor effluents - and
tritium - could profit a great deal by |ooking at the devel opment of
the life sciences program here at Hanford.

In late 1945 and early 1946, trout were placed in troughs over
whi ch passed different concentrations of reactor effluent water. |
wish | had tine to develop for you the many interesting studies which
have fol |l owed through the years in this area. Project ALE(Arid Lands
Ecol ogy) and the aquatic ecol ogy studies conducted within the Ecosys-
tems Departnent are evidence that serious thought has been given to
future activities

Around 1948, Kornberg and Parker formed a Biology Goup and pro-
posed a program whi ch was presented the following year to the AEC's
Advi sory Committee for Biology and Medicine. This was indeed prospec-
tive in scope and probably marked the transition fromthe earlier
enphasis on monitoring to a broader based concern for radiation effects,
met abol i sm and the use of radionuclides and radiations as tools in
bi ol ogi cal research. This was acconplished under the managenent of the
CGeneral Electric Conpany. 1In 1965, the Battelle Menorial Institute as-
sumed the managenent of research and devel opment activities at Hanford.

The ACBM agreed with the proposed program and suggested that an
existing building be converted to a tenporary biology |aboratory unti
a new one could be built. At that time AEC Conmi ssioner Johnson was
Manager of the General Electric Conpany at Hanford. To this end, a sur-
plus building in the 100F Area was chosen - in part because of its
proximty to the fish ponds. The biology group noved into the con-
verted building in 1950 and produced an annual report in 1951.

This general period witnessed the organization of a Botany G oup
which initiated work on the absorption and translocation of radionu-
clides in plants. During the 1950-55 period, the animal farm additions
devel oped. The AEC recogni zed the inportance of life-time animal
studi es designed to study the late effects of radiation. One of the
earliest, related to chronic exposure to reactor-produced 1311, was
initiated at Hanford in 1948 using sheep as the experinental animal
Concern about extrapolating these data to humans led to the devel op-
ment of the Hanford Mniature Pig as a research aninal.

Anot her |ong-term study, begun in 1958, involved daily feeding of
Sr to pigs. This program spans three generations of aninmals - about
a thousand - and still continues to provide useful data. Again, |ook-
ing to the future, this effort has evolved into the exciting area of
the | eukenpngeni ¢ process, per se. This is another exanple of an effort
which is both mission oriented and basic in scope

90



The early 1950's witnessed aninal experimentation under the direc-
tion of Roy Thonpson and coll eagues. It is no surprise that this work
was related to the devel opment of the hydrogen weapon. What is a sur-
prise to many scientists is that some people are rediscovering today
things that Roy Thonpson and coworkers found - and published - about
20 years ago. Some of this work represents the definitive experinments
on the radiation biology of tritiumin mamals

I'n 1959, additional |aboratories were added at the animal farm
primarily for inhalation studies. Several years later a three-story
addition provided new snall animl quarters, a 0co irradiation facil-
ity, and the luxury of a conference roomand library. The year 1964
marked the loss of the Aquatic Laboratory fromfire. 1In 1967, antici-
pating the nmove to the 300 Area, dog and pig facilities were con-
structed adjacent to the chosen site.

Anot her exanple of far-reaching research here at Battelle is the
i nhal ation program The work on radioactive particles and pul nonary
i nhal ati on began in a peculiar fashion. Bill Bair, possibly one of the
first Ph.D.'s in radiation biology, had just conpleted his work at
Rochester under Newell Stannard. He came to Hanford to continue his

work on yeast. It happened, however, that one of the chem cal process-
ing plants began to enmit particles of 106Ru; and in an effort to learn
the effects of such particles, Bill Bair was asked to help out in a

radi oactive particle program The particles were put on the skin and
were fed. They were also instilled into the lung intratracheally, and
finally an inhal ation system was designed. Fromthis start has grown
the Lab's superb inhalation capability and its outstanding program on
the transuranic elenents.

Al t hough enphasi s has been on plutonium the technol ogy which re-
sulted has a general application to our understanding of pul monary depo-
sition, retention, and translocation of inhaled particulates, that is,
to the broad problem of airborne pollution. One particular study about
12 years old is of special significance as it has provided us with
much information on the late effects of inhaled plutonium This work
has led to new studies, using even smaller initial lung depositions of
plutonium which will extend into the future

O her work here at Battelle is related to uranium m ning problemns.
More important, perhaps, is the fact that this work represents a ser-
ious effort to investigate the effects of radiation and other agents
which nmay act additively or synergistically. Many people believe that
we shall see much nore of this kind of experimentation in the future



Studies related to the artificial heart, which are nowin progress,
devel oped as an outgrowth of the proven conpetence in research on the
i mplantation of thermal heaters in the thoracic aorta of miniature
swi ne, performed for another agency.

If this quick review of the historical highlights has slighted
anyone, | can assure you it was not intentional, except in the sense
that it would take much too long to recite all of the significant
achi evenents acconpl i shed here.

| would also like to take this opportunity to discuss some of the
nmore philosophical aspects of scientific research. Today we hear a
great deal about the inpact of technology on society and the failure
of science to solve many contenporary problens. | suppose if | were
asked what one factor had contributed nore than any other to the so-
call ed disenchantnent with science that seens to be occurring, | would
say conmunication. | should like to anplify for just a few noments ny
thoughts on this subject.

For a long time, it was ny strong conviction that if one did good
basi c research, that would be anple justification for continued federa
research support. However, in the past few years | have acquired much
experience testifying before various Committees of Congress on the
Atom ¢ Energy Conmission's bionmedical and environnental research pro-
gram | think | nowrealize, as well as anyone here, that one nmust be
prepared to explain to the Congress and to the public the significance
of basic research in understandable terms. Just doing good work is not
enough. W nust be prepared to explain its value in conpetition with
other demands. It is nmy view that nost basic research can be presented
to the public and the Congress in terns of broad national needs and
goals. For exanple, if we are going to understand conpletely the ef-
fects of radiation on cells, we nust first understand how the cel
functions normally. Those of us speaking on behalf of science are do-
ing our best to point out to the Congress both the inmmediate and | ong-
termval ue of continued federal support of research. However, neither
| nor other responsible federal officials can discuss this need with
interested groups in all the local communities.

Just as you accept the opportunity to continue your research in

this beautiful new facility we are dedicating here today, | hope you
wi Il endeavor at every opportunity to discuss with lay audiences the
val ue of such research. | realize that this raises a special diffi-

culty in terns of news media, newspaper, radio, television since the
medi a may become inpatient with the scientists' technical jargon and
carefully chosen words. Cccasionally, a reporter in the interest of



dramatic effect or readability may render statenments in a fashion

which to the scientist would be considered unscientific. There are

few who speak in public who have not been caught in such a difficulty.
Rather than criticize the newsnman for his failure to understand science,
one mght just as honestly criticize the scientist for his failure to
make hinsel f understood. The scientist has an obligation to attenpt

to explain his work to the nonscientist.

The Life Sciences Laboratory which we are dedicating is a mul -
tiple dicipline facility. Scientists can conduct work rangi ng from
fundanmental radiation biology at the cellular and nol ecul ar level to
major studies in large animals frombasic terrestrial and aquatic
i nvestigations to mathemati cal nodeling of najor ecol ogical systemns.
Many of these studies might well be considered fundanental or basic
research, but they are vital to devel oping a conpl ete understanding
of the effects of radiation on man and his environment. | believe
such research is a coordinated |ong-term programwhich continues to
contribute to our know edge in this inmportant area. W recognize, as
| think you do, that each piece of research contributes inits own
uni que way to our overall understanding.

But something nmore is needed. It is inportant that the public
understand this need. Such an understanding can, | believe, lead to
a broader realization that the use of our natural resources, and here
| would include our scientific talent and facilities, have been and are
working for the betterment of our society. It has been said that |ast
year's basic research is often this year's applied research. | think
whet her research is regarded as basic or applied depends on the tine
frame within which one views it.

Certainly our understanding of the fundanental life processes is
still elementary and any advance in understanding is very likely to
find applications rather quickly in medicine or in agriculture. Cer-
tainly the research which will be conducted in this newfacility will
have applications far beyond the inmmredi ate problens with which we are
concer ned.

While the results of your work will have direct application to
the Atom ¢ Energy Conmi ssion prograns, sonme discoveries will also have
applicationin the future in ways we could not foresee at present. It
woul d be presunptious of ne to attenpt to predict specific contribu-
tions your researches nmight nake to mankind many years in the future

A strong programin basic and applied research is necessary to
the Atom ¢ Energy Commission and, | think, to the nation. | hope
have convinced you to join with ne in attenpting at every opportunity



to explain in an understandabl e fashion to the nonscientist why a
strong and continuing programis necessary.

In closing, may | wi sh those of you who will have the opportunity
to continue your work in this newfacility every success.

Thank you.

REMARKS BY
H. M. PARKER, FORMER DIRECTOR
HANFORD LABORATORIES

Today is a day when all biologists should be |ooking to the future
and what they can acconplish in the fine new Life Sciences Building that
the AEC has prepared for them Perhaps | can be excused for |ooking
backward briefly to the origin of the biology programat Hanford. This
program began in 1946 shortly after the General Electric Conpany took over
the operating contract for the Hanford wurks. It arose as a direct felt
need of the radiation protection group at this location which in those
days was known as the Health Instrunent Division, conmonly abbreviated as
H because "radiation" was a dirty classified word when Hanford started.
It was conceived as a practical programin radiobiology to solve the prob-
lenms that had arisen concerning hazards to man in the plant and the life
forms in the environnment.

Karl Herde, whom | hoped woul d be here today, was one of the first
bi ol ogists to work on this program as was Dick Foster, who is still with
us today. (Dick was indeed the first biologist working at Hanford, but
originally he was in a separate division and it was only in Septenber
1946 that we were able to seduce himinto the H Division.) In early
1947, | was able to acquire the services of Dr. Harry Kornberg as Manager
of the Biochem stry Section of the biology activity. It was not |ong
before Harry persuaded ne that he shoul d be manager of the biology pro-
gram a position that he filled with distinction for 20 years. Harry
devel oped the original, wholly practical environmental and biol ogy pro-
gram into a good bal ance of applied work and enough basic research to
keep our senior scientists fromgoing insane, for the most part. Prac-
tically every one of his groups devel oped at |east one long continuing
program whi ch has become a classic in radiobiology research in the
United States. | have nentioned Dick Foster; his work on the Col unbia
River problemis such an illustration



For brevity, | will single out only two nore. One was that run by
Leo Bustad, whom | am npst happy to see with us today, in the classic
program of radioi odine effects on sheep and later on other aninals. Let
ne cite one other programwhich is still being conducted by the current
staff, and that is the internationally recognized | nhal ati on Toxi col ogy
programof Bill Bair.

This country behaves as though it discovered the words "ecol ogy"
and "environnment" about five years ago. Since that tine, the AEC has
been cl obbered by its critics on all sides because it is said to have
done a fairly respectable job of protecting workers in the atomc plants
but has paid no attention whatsoever to ecology and the probl ens of
radiation in the environnent. The programthat has been operating at
Hanford for twenty years is a conplete refutation of this which deserves
to be better known. The principal prograns that were started twenty
years ago and have been naintained to the present tine were in fact
mai nly concerned with the environmental problens.

Harry, will you please join me at the podium and the two senior
resident nanagers, Dr. Bill Bair of Biology and Dr. Burt Vaughan of
Ecosystems, will you please join us? In recognition of this day, Harry
and | have jointly drawn up plaques to wi sh you well in the new | abor a-
tory and to comenorate the origins in the H Division. This plaque
is based on the logo used by H in the early days. The logo that you see,
if you can see fromthe audi ence, represents a shield of radiation pro-
tection for people and the environment. H is in the center and it is
divided into three sections which represent, in the upper left, the
bi ol ogy program synbolized by the microscope. On the right hand side,

t he bi o-physi cs program synbolized rather insultingly by a voltneter

and below it, personnel nmonitoring, represented by the old CUTIE PIE
instrunment. It will be of interest to the biologists here to recall that
it was actually Jerry Davis, who was a senior nenber of Dick Foster's
teamat that time, who drew this logo. That is why biol ogy appears in
the key position in the first place on the left. However, those of you
famliar with British heraldry will also renenber that the left hand

side of the shield is the sinister side. Harry and | have great pleasure
in presenting these plaques jointly to you, Bill and Burt; and we w sh

you the best in your prograns in this building



REMARKS BY
H. A. KORNBERG FORMER MANAGER
Bl OLOGY DEPARTMENT

As this building today is dedicated to research in the life
sciences, we should recall that part of it serves to conplement a physi-
cally much larger project--the Arid Lands Ecology Project. The 120
square niles along the northeast slope of Rattlesnake Mountain is one
of this country's major ecology reserves, and the man who did nost to
bring it into being and into perpetuity is the previous speaker, Herb
Parker. It was my privilege to have worked for and with himduring the
20 years that life sciences research grew froma mnor effort in bio-
chemi stry to one of this Nation's major |aboratories in biology.

It is rare that a scientist has the opportunity and distinction to
lead the building of a laboratory. Today | becone one of the very few
who have had that distinction twice. Herb Parker recalled some trials
and successes during the 20 years when that occurred. A chapter he
omtted, with no reluctance, I'msure, concerns alligators. Eight years
ago we were using themin our experimental program W observed that
alligators have two distinctive characteristics: they hiss at managers
and | aboratory directors and are great escape artists. To commenorate
a year made especially eventful by those characteristics, one of the
alligators was stuffed, nounted, and presented to ne at Biology' s 1963
Christmas party. This handsone little fellow has been nmy constant
of fice companion ever since. And since we are here to dedicate a great
new | aboratory, | would like, in turn, to comenorate that event by
bequeathing my little friend to the laboratory building. It is ny
pl easure to present himto the Building, care of its manager, M. Ray
Hul t man

You who made this |aboratory possible have nmy fondest wi shes for
continued success and for the satisfaction that achievenent brings
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AQUATIC ECOLOGY

Several problems are individually discussed in this section,
such as "Physiological Behavioral Response to Thermal Stress,”
"Modeling of Thermal Death of Fish Passing Through a Thermal
Discharge," " Effects of Thermal Discharge on Invertebrates,"
"Synergistic Effects of Temperature and Industrial and Agri-
cultural Pollutants” and " Effects of Modifications on the
Columbia River." One of our studies i s designed to determine
the threshhold levels of supersaturation causing lethality and
to investigate the ability of fishes to endure supersaturation
for short periods and recover when returned to air-equilibrated
water. The primary intent for studying combined effects of tem-
perature and chemical pollutants is the establishment and quan-
titative description of the combined stresses on fish to other
aquatic organisms. Another study deals with the effects of
Zow-Zevel acute and chronic radiation exposure of aquatic organ-
isms. An additional facet of the program i s the study of impor-
tant aquatic problems associated with the nuclear power industry.
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EFFECTS OF THERMAL DISCHARGE ON AQUATIC BIOTA

e PHYSIOLOGICAL BEHAVIORAL RESPONSE TO THERMAL STRESS

® MODELING OF THERMAL DEATH OF FISH PASSING THROUGH A
THERMAL DISCHARGE

& EFECTS OF THERMAL DISCHARGE O N INVERTEBRATES

Every cold-blooded organism has an optimum temperature
for metabolism and development, based on efficient conversion
of food to energy and energy to growth, but this optimum is
unknown for the majority of species. Continuing studies at
our laboratory are designed to quantify the ecological impact
of thermal increments on various organisms inhabiting the
Columbia River. Once known, thermal resistance patterns are
useful and accurate methods of predicting the effect of vari-
ous combinations of temperature rises that result from gross
environmental modifications in an aquatic ecosystem or, more
specifically, the sudden exposure to heated water discharged
from modern thermo-electric power plants. Thermal resistance
studies, based on determining the median times to death of an
organism when transferred instantaneously from an acclimation
to a lethal temperature, are an integral part of this program.

Tenperature and Devel opnent of Aquatic ing water and are highly temperature-
I nvertebrates dependent. The basic response of
C. D. Becker these "sol d-bl ooded" organisms to a
tenperature increase is an increase
Poi ki | ot hermous animals in aquatic in their metabolic rate, which nay be
habitats maintain a body tenperature accompani ed by an increase in their

essentially the same as the surround- rate of developnent. Utinately, a



1.2
point is reached near the critica
t her mal maxi mum where energy expended

in metabolismw || exceed the energy
acquired by feeding and devel opnent
is subsequently retarded.

Every col d-bl ooded organi sm has
an optinmum tenperature for metabolism
and devel opnment, based on efficient
conversion of food to energy and energy
to growh, but this optimumis un-
known for the najority of species.

Moderate thermal increnments, such as

30
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may occur bel ow outfalls of therno-
electric nuclear plants, tend to inple-
nment the devel opment of aquatic in-
vertebrates provided that sufficient
supply of food is available. CQur
tinuing studies with invertebrates
occurring locally in the Col unmbia
Ri ver support this generalized pattern
For example, Figure 1 shows the
effect of thermal increnents at dis-
crete 2.5°C stages on the devel opnent

con-
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FIGURE 1. Devel opnental Responses of the Blackfly, Simulium

vittatum Zett., to Ther nmal
fhe Fa (30 Larvae/Group) .
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of the multivoltine blackfly, Simu-
lium vittatum Zett. (Diptera: Si nu-
liidae), through metanorphosis from

| arvae to pupae and from pupae to
emergent adult. The devel opnenta
rate increased in proportion to four
thermal levels extending from a base
river tenperature of 17 to 27°C (in
Cctober). About one-half of the

[ arvae transformed into adult black-
flys in eight days at the anbient 17°C,
wher eas about one-hal f energed as
adults in four days at 27°C. Mortali-
ties among all test groups were |ow
and equal, indicating that a therm
increment of AT 10°C was within the
range tolerated by this species in
the river ecosystemduring the fall.

Thermal Resi stance of Aguatic
I nvertebrates

C. D. Becker

Di scharges of waste heat associ ated
wi th power production technol ogy con-
stitute an ecologically significant
nodi fication for col d-bl ooded inverte-
brate organisms in aquatic ecosystens.
Conti nuing studies at our |aboratory
are designed to quantify the ecol ogica
i npact of thermal
ous invertebrates inhabiting the
Col unbi a River. Thermal resistance
studi es, based on determining the
medi an tinmes to death of an organi sm
when transferred instantaneously from
an acclimation to a lethal tenperature,
are an integral part of this program

W are investigating the therm

i ncrenents on vari-

resi stance of crayfish, Pacifasticus
trowbridgii (Crustacea: Decapoda) as
one aspect of our program Acclim-
tion tenperatures approxi nated sea-

sonal river tenperatures and were set
at 15, 20, 25 and 30°C for the tests.
The linear relationship of the avail-
abl e 48 hr-TLm,S are illustrated in
Figure 2. Subsequent tests will be
conducted at 5 and 10°C acclimations.
It is well established that acclina-
tion to a higher tenmperature both in-
creases the length of tine an organi sm
can survive at an elevated tenperature
and increases the maxi mum tenperature
that the organi smcan survive for a
given period of time. This principle
is manifest in our data on P. trow
bridgii by the slope and spacing of
the regression lines. Although a
rise in acclinmation tenperature in-
creases thermal resistance, the in-
crease becones proportionately |ess
as the acclimation level rises. The
upper lethal linmt for acclimtion
and hence the natural
the species, is probably close to
32-33°C.

occurrence of

o 30° ACCLIMATION
~~ a 25°C ACCLIMATION

37 TNaed 0
N N o 20°C ACCLIMATION
35 ‘\.\,\ » 15°C ACCLIMATION

3B

9 e

TMPERATURE, “C

TOTAL
SURVIVAL

[ IR T R B
10 100 10,000
- GEOMETRIC MEAN TIME TO DEATH. MINUTES

FI GURE 2. Geometric Mean Tinmes to
Death of Crayfish, Pacifasticus
trowbridgii, at Acclimation Tenpera-
tures of 15, 20, 25 and 30°C (ten per
test).



P. trowbridgii is relatively

tol erant, among Col unmbia River inverte

brates, to experinental tenperature
elevations. It can survive exposure
to 29 or 31°C for 48 hr or nore when
acclimated to 15 and 25°C, respec-
tively, but death occurs at 32°C
within 48 hr even when acclinated to
30°C. Qur prelimnary work indicates
that age (size) or sex has little
effect on thermal tolerance of this
speci es. However, instantaneous ex-
posure to high but apparently sub-
lethal test tenmperatures tends to
stimulate nolting, and the added
stress sonetines results in premature
deat h.

Thermal Resistance of Col unbia R ver
Fi shes
C. D. Becker

During the recent interagency
Col umbi a River Thermal Effects Study
program consi derabl e enphasis was
pl aced on determ ning the resistance
of salnonids to tenperature el eva
tions. Thermal resistance is essen-
tially a dose response involving both
temperature and tine, so that the
hi gher the tenperature, the nore
rapidly nortality occurs at a letha
[ evel . Thermal resistance patterns,
once known, are useful and accurate
met hods of predicting the effect of
various conbinations of tenperature
rises that result either from gross
envi ronnental modifications in an
aquatic ecosystem or, nore specifi-
cally, the sudden exposure to heated
wat er di scharged from nodern therno-
el ectric power plants.

AQUATI C ECOLOGY

Previously, thernal research on
the Col unbia River concentrated, al-

t hough not exclusively, on salmonid
fishes because of their economic im
portance and their relative sensiti-
vity to thernal increments. For this
reason, thermal resistance patterns
for other resident fishes has required
nore intensive investigation. Each
species has its own inherent range of
thermal tolerance in nature, however,
and understanding the total ecol ogy of
an aquatic habitat relative to tenpera-
ture changes requires that thernal re-
si stance patterns be known. Any spe-
cies relatively tolerant of heat holds
a nore favorable environnental niche
to resist long-term upward thermal

al terations.

Presently, our program of thermal
studi es has been expanded to include
fishes other than salnmonids. Thernal
resi stance data for juvenile brown
bul I heads, Ictal urus nebul osus

(Ictaluridae) are illustrated in
Figure 3. This species is anmong the
nore tolerant of the conmon Col unmbi a
River fishes to experinental tenpera-
ture elevations. It can survive ex-
posures to 35, 31 and 26°C when accli -
mated to 25, 15-16, and 4-5°C,
respectively, for nmore than 48 hr.

Fi shes of the famly Ictaluridae
are not native, but were introduced
to the Pacific Northwest prior to the
present century. Conparison of our
data with that available for L.
nebul osus from eastern Canada i ndi -
cates some snmall but significant dif-
ferences in thermal resistance pat-
terns. This difference may be
attributed, in part, to over 70 years
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FI GURE 3. Geonetric Mean Tines to

Death of Juvenile Brown Bul | heads,

| ctal urus nebul osus, at Acclimation
Temperatures of 4-5, 15-16, and 25°C
(Ten Per Test).

of genetic adaptation to the Col unbia
The differences

hete-
resis-

Ri ver environment.
are indicative of the potenti al
rogenicity in acquired therm
tances for any given species living in
i sol ated geographical areas.

Ef fect of Thernmal H story on the Re-
si stance of Col unbia River Steel head

Trout (Salnmo gairdneri) to Thermal
Stress
Mark J. Schnei der

The nunbers of steelhead trout in
the rivers of the Pacific Northwest
have dim nished in recent years due
to the inpact of hydroelectric dam
construction on spawni ng grounds and
of gas supersaturated water on down-
stream migrants. Hatchery-reared
st eel head have augnmented the Col unbi a
and Snake River popul ations. These
hat chery stocks are cultured at nu-

merous hatcheries and thus represent
a variety of thermal histories. It
is well established that past thernma
experience has a significant effect
on tol erance of fishes to therna
stress. The response of fish from
different hatcheries to a thermal
chal l enge (e.g., passage through a
reactor discharge) may differ. The
purpose of this study was to eval uate
the effect of long-term thermal his-
tory on the resistance of steel head
to thermal stress.

A total of 240 steel head were reared
fromfry to two-year old juveniles at
accurately controlled tenperatures; 60
fish at each of the follow ng tenpera-
tures: anbient river tenperature,
1.7°C(3°F), 2.2°C(4°F), and 2.7°C(5°F)
above river tenperatures. At two years
of age, the average age of downstream
m grants, the fish were tested for re-
sistance to thermal shock. The index
used to test thermal resistance was
the tine to loss of equilibrium and
to death at three lethal warmtenpera-
tures, 25, 27 and 29°C. At the outset
of the experinment, one-half of each of
the four tenperature classes was placed
in a comon tank and acclimted to 12°C,
the anbient river tenperature at the
time was 4-5°C. After a three-week ac-
climation period, the fish were tested
in like manner as the first half.

The geonetric mean times to |oss of
equi libriumare presented in Figure 4.
The data appear in two groups: Goup |,
the data for the four tenperature
classes tested; Goup II, the data for
the four tenperature classes follow ng
acclimation to a common 12°C. No sig-
nificant differences in tine to |oss
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of equilibrium were found between tem
perature class response to the three

| ethal tenperatures. The effect of
the 12°C acclimation period is clearly
seen in the graph; the scatter
in the data points is reduced.

The times to thermal death are pre-
sented in Figure 5 according to the
same formas was used in Figure 4.
Significant differences were found in
tenmperature class response to therm
stress when time to death was used as
the index. Fish reared at 2.2 and
2.6°C above anbient river tenpera-
ture were significantly nore resis-
tant to thermal stress than fish

i.e.,

fromthe other two tenperature classes.
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According to the data, a difference
of 2.2°C in thernmal history is suf-
ficient to alter the response of
steel head trout to a thermal stress.
A period of three weeks acclimation
to a common tenperature eliminated
the differential sensitivity.
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EFFECTS OF TRITIUM O N AQUATIC ENVIRONMENTS

® FIXATION AND ACCUMULATION OF TRITIUM

o EFFECTS OF SHORT RANGE PARTICLE IRRADIATION

A significant contribution to the radioactivity in the

liquid effluent from nuclear

power plants will be tritium.

Limited data i s available on the concentration in aquatic

food webs.

Chronic exposure experiments with an experi-

mental aquatic ecosystem were carried out to determine
the rates of accumulation under chronic exposure conditions
and to determine whether enhanced accumulation occurs in

tissues and selected subcellular fractions.

In studies on

"sublethal" effects of tritium as tritiated water, antibody

synthesis against C. columnaris disease was used to investi-
gate the results of tritium irradiation during embryogenesis
on development of the immune process in juvenile and yearling

rainbow trout.

Ef fect of Short-Range Particle
Irradiation on Enbryogenesis

of Tel eost Fish

J. A Strand, M P. Fujihara,

W L. Tenpleton and R G Genoway

As in previously reported experi-
ments, eggs of rainbow trout, Salno
gairdneri, were imrersed in 0.01, 0.1,
1.0 and 10.0 uCi/ml tritium(biol og-
ical grade) contaminated spring water

(essentially pathogen free). Rearing
t hroughout enbryogenesi s, 28.5 days
at 10.6 *+ 0.5°C, was facilitated with-
in a recirculating drip incubation
system of 150-1iter capacity.

The effects of each treatnent were
assessed in terms of the proportions
of eggs hatching and the nunbers of
obvi ously abnormal |arvae produced.
Anomal i es included maj or mal formation
of the eyes and body.
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For those enmbryos used in pre-
viously reported accunul ation and re-
tention experiments (exposure to tri-
tiumfor 20 days at l|levels of 0.01,
0.1, 1.0 and 10.0 uCi/ml1), selected
behavi oral and physi ol ogical tests
were applied to detect "sub-lethal"
effect. The relative performance of
tritiumtreated (1.0 uCi/ml exposure
for 20 days during enbryogenesis) and
untreated (control) juvenile fish to
predati on was determ ned using the
net hod of Bans (1967). For ot her
groups of tritiumstressed fish (1.0
uCi/m1l exposure for 20 days during
enbryogenesi s), equilibriumloss,
thermal death time, and growth were
determ ned. Antibody production in
response to exposure to Chondroccus

1.9

columnaris infection (naturally occur-
ring in Colunbia River) was enployed
to investigate the effect of tritium
irradiation (1.0 and 10.0 uCi/ml for
20 days during enbryogenesis) on de-
vel opment of immune response in both
juvenile and yearling fish.

Radi ati on Effects

Results of exposures to the four
concentrations of tritiated water as
determ ned throughout enbryogenesis
are illustrated in Tables 1 and 2.

In experiment No. 1, the 95% Confi -
dence Limts for each treatnent com
pared with the control indicate that
under the described experinental con-
ditions, a statistically significant

TABLE 1.
0f Salmo gairdneri

Effect of Tritiated WAter on Embryogenesis

Experiment No. 1

95% Binomial No. 95% Binomial

No. % Confidence Larvae % Confidence
Treatment Eggs. Hatch Limits Sampled Abnormal Limits
Control 3743 79.2 77.5-80.4 2298 1.0 0.6-1.4
0.01 uCi/ml 7985 83.1 82.2-83.7 6240 5.5 4.9-6.1
01 uCi/ml 8123 81.9 81.2-82.8 6352 3.5 3.0-4.0
1.0 wuCi/ml 4239 80.2 78.9-81.1 3338 1.8 1.4-2.3

Experiment No. 2

Control 3182 89.6 88.9-91.0 2849 0.7 0.4-1.1
0.1 uCi/ml 6953 66.8 65.7-68.3 2882 16 1.2-2.1
1.0 wCi/ml 3434 57.0 55.4-58.5 1918 35 2.8-4.4
10.0 wCi/ml 4413 72.8 71.6-74.4 3203 05 0.3-0.8
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TABLE 2.
of Salmo gairdneri

Effect of Tritiated Water on Enbryogenesis

Experiment No. 2

No. No. Deaths % Mortality 95%Binomial
Treatment Fertile Eggs Through 21 Days Through 25 Days Confidence Limits
Control 3166 270 85 7.5-9.5
0.1 wCi/ml 6946 747 10.7 9.9-11.6
1.0 wuCi/ml 34N 681 19.8 18.4-21.4
10.0 uCi/ml 4411 618 14.0 12.9-15.1

reduction in hatching percentage
could not be denobnstrated. In fact,
a slight enhancenment in hatching ef-
ficiency occurred in the 0.01 and
0.1 uCi/ml levels. No denonstrable
delay in tinme of hatching for any of
the three treatment |levels as com
pared with the control was observed

A statistically significant increase
in the incidence of abnormal |arvae
as conpared with the control was en-

count er ed.

In experinment No. 2, the lack of
rigid tenperature control during the
| ast week of devel opment unavoi dably
resulted in termnating the tritium-
treated lots before the greater pro-

portion of the embryos had hatched

The control |ot hatched under near
normal experinental conditions. How
ever, as in Table 2, if nortality is

normalized to a period in devel op-

ment when environmental paraneters

then a com
and each

is possible. In
this case, a significant increase in
nmoitality as conpared with the con-
trol is encountered; which my be
correlated to increasing exposure
level. From Table 1, the enbryos
inthe 0.1 and 1.0 puCi/ml levels
produced significantly nore abnor-
mal larvae than the control

wer e adequate (21 days),
pari son between contro
treatment |eve

Det ection of " Sub-lethal Effects"

For those procedures applied to
detect "sub-lethal" effect as a re-
sult of exposure during embryogene-
sis and including determ nations of
relative performance to predation,
equilibrium | oss, thermal death
time and growmh rate, no consistent
statistically significant degree of
i npai rnment was denonstr at ed.
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The percent distribution of C.

columaris antibody titers in juve-

nile and yearling rainbow trout is
illustrated in Figure 6. All lots
exposed to tritiated water showed
an increase in titer magnitude du-
ring the test. The control lots,
however, indicated that nmore fish
denonstrated higher titers which
suggests a suppression of the im
nmune nechanisns in the tritium
irradi ated rainbow trout

A Chi-square test of indepen-
dence was used on the agglutinin

data (Table 3) to determine if
tritiumirradi ation of the enbryos
significantly | owered immune capac-
ity in juvenile and yearling trout.
These results are illustrated in
Table 4. Analysis of the data for
juvenile control versus tritium-
irradiated fish indicates a sig-

ni fi cant suppression of imune
capacity during the last two sam
pling periods; however, no signifi-
cant difference was observed between
the 1 uCi and 10 uCi lots

JUVENILE RAINBOW TROUT

PERCENT DISTRIBUTION

8/23 9/8 9/20 10/7
CONTROLS

75

50

25

PERCENT DISTRIBUTION

8/10 8/23

9/8
CONTROLS

9/20 10

FI GURE 6.
M ng Rai nbow Trout wit
Anti bodi es

/7 8/10

h

8/23 9/8 9/20 10/7
1 uc/ml H3

Percent Distrjbution of Juvenile and Year-
. columaris Agglutinating
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TABLE 3. The Incidence of Chondrococcus Columnaris
Exposure, Infection and Antibody Development in Juve-
nile and Yearling Rainbow Trout, 1971

(a) Disease Incidence(b) Range (¢)
No. Exposure, Infection, Titers, Pos. Water

Date  Fish % % % Titers Date  Samples/ml
Pond 4 (yearling controls)

8/23 20 80 0 79 1:20-80 8/17 0.52
9/20 20 0 60 100 1:20-160 9/14 1.76
10/7 20 60 20 95 1:20-160 10/4 1.32
Pond 3 (yearling, 1 uCi/ml)

8/10 20 - - 20 1:20 8/10 0.1
8/23 20 0 20 45 1:20-40 8/17 0.4
9/8 20 20 0 80 1:20-160 9/1 1.04
9/20 20 40 0 70 1:20-160 9/14 2.56
10/7 20 0 40 85 1:20-80 10/4 3.0
Pond 5 (juvenile controls)

8/10 20 25 10 - - 8/10 0.4
8/23 20 15 0 77 1:20-80 8/17 0.4
9/8 20 0 0 30 1:20-160 91 0.12
9/20 20 5 0 85 1:20-80 9/14 0
10/7 20 10 0 95 1:20-160 10/4 0.04
Trough 1 (juvenile, 1 uCi/ml H3)

8/10 20 40 20 - - 8/10 6.13
8/23 20 0 0 50 1:20-40 8/17 0.68
9/8 20 0 0 60 1:20-40 9/1 0
9/20 20 20 0 65 1:20-80 9/14 0.08
10/7 20 15 0 75 1:20-40 10/4 1.2
Trough 4 (juvenile, 10 Ci/m} H3)

8/10 20 25 10 - - 8/10 0.67
8/23 20 15 0 30 1:20 8/17 0.64
9/8 20 5 0 50 1:20 9/1 0
9/20 20 10 10 55 1:20-40
10/7 20 30 5 80 1:20-40 9/14 0.2

a. Ponds 4 and 3. Five yearling rainbow trout were sacrificed
during each sanpling period to determ ne exposure and in-
fection; 15 additional fish were bled for agglutination
studies and returned to the respective ponds.

b. Arbitrary definitions

1to 10 surface <gsolates/fish - exposed (neot infected)
>10 surface isolates/fish - infected
7 or nore internal <isolates/fish - infected

c. Ten separate water sanmples were drawn fromthe outlez of each
pond or trough and four 0.25-m al<quots were surface plated
on solid growth medi um
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TABLE 4.

Conmpari son of Agglutinin Data Between Contr ol

Fi sh and Those Exposed to Tritium Utilizing Chi - Square
Test of Independence on Titer values Arranged in Contin-

gency Tabl es

Adults Juveni les
Sample ntrol vs 1 pCi ntrol vs Tritium 1 uCi vs 10 uCi
Date d,f, xZ Level d. f, x? Level d.7f. X LEVE
8/10 1 2.06 NS - - - - - -
8/23 3 6.94 NS 3 6.46 NS 2 3.53 NS
9/8 4 10.50 {a) 4 7.1 NS 2 2.2 NS
9/20 4 13.71 (b) 3 11.66 (b) 3 1.43 NS
10/7 4 11.68  (a) 4 33.61 (b) 2 0.18 NS

NS - Nonsignificant Chi-square at 0.05 level indicating distri-
bution of titer values was indepdent of treatment.

a. Significant Chi-square at 0.05 Zevel indicating the
distribution of titer values was dependent on treat-

ment.

b. Significant Chi-square at 0.01 level.

The yearling rainbow trout, ex-
posed to tritiated water at 1 uCi/mil
as enbryos, showed a significant
suppressi on of inmmune capacity dur-
ing the last three sanpling periods.
The data indicate that there is a
carry-over of agglutinins devel oped
as juveniles, but nore significantly
a carry-over of the suppression
mechani sm

To mninmze excessive nortality
from di sease in general, both con-
trol and tritium exposed |ots were
given identical periodic prophyla-
tic treatments. Agglutinin |evels
and concentration of organisms in
water and fish were evaluated at in-
tervals to assure that exposure and
infection were occurring to estab-
lish a continuing devel opment of

anti bodi es against C. columaris

di sease, Table 4. The data showed

a sufficient incidence of C.
columnaris exposure and infection
whi ch increased the percentage of
fish with agglutinins as well as

the magnititude of titers in all ex-
perimental lots during the two-nonth
test peri od.

Fi xati on and Long-Ter m Accunul ati on of

Tritiumin an Experinmental Aguatic
Envi ronnment

J. A Strand, W L. Tenpleton and
E. G Tangen

Because of the effort spent on
assessnent of environmental inpact of
nucl ear power plant siting, much of



the work scheduled for this program
during CY-1971 was unavoi dably del ayed
Tritiated water at a concentration
of 1.0 uCi/liter or 10 uCi/day was
metered into the experinmenta
temuntil March 15, 1971,
of nine nonths. To date, sanples of
bi ol ogi cal material, invertebrates and
fish, fromthe first six months of
exposure, have been analyzed for vol a-
tile and nonvolatile or "bound" tri-
tium A rapid uptake of the isotope
was denonstrated in all
lyzed. Equilibrium was achieved in
approximately five days, followed
during the ensuing period by mainte-
Sampl es

ecosys-
a duration

ti ssues ana-

nance of equilibrium levels.
taken over the first six months indi-
cated that "bound" tritium accounted
for approximtely 20%of the tota

| abel

After nine nmonths of exposure, the
system was mai ntai ned on nonradi oactive
repl acement waters for an additiona
six months to determne the rate of
elimnation of tritiumfromthe system
At appropriate intervals, sanples of
bi ol ogi cal material, invertebrates
and fish were collected and subjected
to anal yses as before.

Statistical treatnent of data
derived fromthe last three nonths of
exposure and the subsequent six nonths
of depuration is nearing conpletion
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Bi oenvironnmental Effects of Effluent
Di scharge from Nucl ear Power Plants
to Coastal Waters

J. A Lichatowich, J.
W L. Tenpleton

A Strand and

Prelim nary studies have been com
pleted to determ ne the range of |e-
thal tenperatures for juvenile and
adult shiner perch, Cymatogaster
aggregata, juvenile chum sal mon,
Oncorhynchus keta, and Dungeness crab,
Cancer magister. Equilibriumloss and
thermal death time have been enpl oyed
as indices of thermal effect. Other
studi es have been initiated enploying
the eggs of a representative flatfish
and the eggs and | arvae of Dungeness
crab. These latter studies are de-
signed to evaluate thernmal stress
encountered during entrai nment and
enpl oyed an exposure regime of 2 to 5
mn. and a tenperature maxi mum of 10°C
above ambient. Still other studies
initiated during the reporting period
have enphasized the potential interac-
tion of elevated tenperature, salinity,
and selected toxicants. These studies
are in prelimnary stages; they will be
reported on more fully in the subse-
quent year.
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FACTORS AFFECTING BIOGEOCHEMICAL CYCLING

e ECOLOGICAL CHARACTERISTICSOF THE COLUMBIA RIVER
e EFFECTS OF MODIFICATIONS ON THE COLUMBIA RIVER

o RATES AND MECHANISMS OF BIOGEOCHEMICAL CYCLING
PROCESS IN THE COLUMBIA RIVER

o FRESHWATER ECOLOGY OF RATTLESNAKE SPRINGS

Biogeochemical events will lead to detectable levels of
trace metals i n various biota. As the ecological character-
ization nears completion, emphasis in this group of programs
is shifting towards establishing rates of movement of those
elements from the abiotic to biotic compartments of the envi-
ronment. Several studies reported here continuing efforts to
build a baseline data base.

The heavy metal, mercury, i s highly toxic and has been
identified in some areas as a major polZiutant in surface water
and food fish. Relatively 1<Zttle information is avatlable,
however, on mercury concentrations in the river or the distri-
bution of mercury in aquatic components. Data provided in
this section documents the mercury levels determined for the
Columbia River and its various confluences, as well as the
effect of temperature on the direct uptake of mercury from
water by fish.

Fal | Chi nook Sal mon Popul ation Studies made during the period from October 18
D. G Wtson to Novenber 16. This is a continuation
of a programinitiated in 1947 to eval -
Aerial census of fall chinook sal non uate the effects of reactor effluents
spawning in the Colunbia River between on this fish population. Although only
Richland and Priest Rapids Dam were one reactor is presently operating at
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Hanford, this study is being continued
to see if there is a noticeable change
in salmon spawning population density
following the closure of the production
reactors.

Spawning started about the middle
of October and reached a peak about
the middle of November and was near
The peak
of spawing was about one week |ater
than usual. A total of 3600 salmon
redds (nests) were observed. For the
period of record, since 1947, this
was the third highest number present,
exceeded only by the 1969 and 1970
populations. The total estimated
spawning population was approximately
25,000 salmon; or 36%of the fall run
ascending McNary Dam, the nearest dam

completion on November 18.

downstream; or 14%of the fish passing
Bonneville Dam, the nearest dam to the
river mouth.

At the start of spawning water tem-
peratures were approximately 14.5°C,
and had dropped to about 11.7°C at
peak of spawning in November. These
temperatures are within the recognized
tolerance limits of chinook salmon.

Uptake of Mercury-203 by Fish
D. G. Watson

The heavy metal, mercury, is highly
toxic and has been identified in some
areas as a major pollutant in surface
waters and food fish. Concentrations
of this metal greater than that con-
sidered acceptable in human food have
been detected in fish in several areas
of the world including Sweden, Japan,
Canada and the United States. The pur-
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pose of this study was to obtain infor-
mation on the effect of temperature on
the direct uptake of mercury from water
by fish.

The juveniles of two species of fish,
carp (Cyprinus carpio) and catfish
(Ictalurus nebulosus), were maintained

in a flow-through system containing
203

Hg at a concentration of 50 pCi/
liter. The experimental temperatures
were approximately 7 and 14°C and the
fish were fed a standard moist hatch-
ery diet. To establish the identity
of the individual animals, each was
tagged with colored glass beads at-
tached to the dorsal fin. The body
burden of 203Hg in the fish was mea-
sured by live-counting the animals
individually several times during

the course of the study.

Some of the results are shown in
Figure 7. After four weeks exposure
to 203Hg, both species of fish at the
high temperature had body burdens
greater than twice that of the fish
held at low temperature. There was a
marked difference between species,
with the uptake of ZOSHg by carp more
than 50% greater than that of catfish.
This difference was approximately the
same as the difference in average
weight between the two species. The
rate of uptake and loss of mercury was
greatest in fish at the high tempera-
ture, reflecting the influence of this
Follow-
ing the initial rapid loss of 203Hg

parameter on metabolic rate.

during the first two days after the
introduction of the isotope was discon-
tinued, the effective half-life was
about 17 days and 26 days for carp in



AQUATI C ECOLOGY

100,000
=
£ 10,000
Q
o
=
<
b=
/ 40 CARP 7
/ A o CATFISH -
L _
4 SPIKE
d
B CUT - OFF i
1,000 | | I \ | |
10 20 30 40 50 60 70
DAYS
FIGURE 7. Uptake and Retention of 203Hg by Fish

the high and | ow tenperatures, respec-
tively; and about 25 days and 31 days,
respectively for catfish

Further analyses will be made on
the uptake and retention of 203Hg by
the fish in each tenperature group to
describe the variation anong the
i ndi vi dual animals

Mercury Levels in the Lower Col unbia
Ri ver Watershed

R E WIldung, R L. Schm dt

D. G Watson and W L. Tenpleton

Al t hough agriculture and a number
of nunicipal, industrial and govern:
ment facilities utilize the Col unbia

River for a variety of purposes, rela-
tively little information is available
on nmercury concentrations in the river
or the distribution of mercury in
aquatic conponents

Total mercury levels were deter-
m ned in water sanples taken in
Sept ember, 1971 from the Col unbi a
River at Priest Rapids, McNary and
Bonneville Dans (river mles fromthe
mout h, 396, 292 and 148, respectively);
the Yaki ma, Snake and Walla walla
rivers at their confluence with the
Col umbia River (river mles 335, 324
and 314, respectively) and the Ringold
Esquatzel wasteways (river mles 354
and 344, respectively), which return



irrigation water to the river. In
addi tion, nercury levels in Colunbia
Ri ver sedinments deposited behind the
dans were also nmeasured. Water sam
ples were taken in Septenmber when the
river flow was near the annual mninmum
and when irrigation waters were being
returned to the river. Dilution of
return waters was therefore likely at
a mni mm

Mercury levels in all river and
wast e water sanples were less than
met hodol ogi cal sensitivity, i.e., 0.1
pwg/liter (or 0.1 ppb). Sedinents
behind Priest Rapids, MNary, and
Bonnevill e Dams on the Col unbia River
contained 0.115, 0.331 and 0.096 ug-
mercury/g of sedinent on a dry weight
basis. Thus, McNary Dam sedi nents,
situated bel ow the confluences of the
Yaki ma, Snake, and Walla Walla Rivers,
contained significantly higher mercury
I evel s than sediments behind Priest
Rapi ds Dam above the confl uence of
these rivers or Bonneville Dam bel ow
McNary Dam It is possible that the
Yaki ma, Snake and Walla VWalla river
wat ers, which are generally of poorer
quality than that of the Col unbia,
contribute mercury (perhaps bound to
suspend particulate matter) to the
sedi ments retai ned behind McNary Dam
It should be noted, however, that
consi derabl e industrial devel opment
al so exists above the dam The noni-
toring programw |l be expanded in
the future to determne if seasona
differences in mercury levels exist
and if mercury is transported in
| arger quantities during spring run-
of f when suspended sedi ment | oads are
at a maxi num
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Activation Analysis of Caddis Larvae
and Wi tefish
C. E Cushing and D. G Watson

In Novenber 1968, a programwas ini-
tiated to collect basic ecologica
data on the Columbia River to provide
baseline information for future work
During the first year, 1968-69, sam
pl es of water and phytopl ankton were
col l ected just below Priest Rapids
Dam and anal yzed by neutron activa-
tion analysis and conventional tech-
ni ques for the concentrations of
sone 18 elements. These data, re-
ported in previous annual reports,
provided information on the first two
links in the food-web; namely, the
basic el emental conposition of the
wat er and the primary producers.

The next step in the programiniti-
ated simlar studies of the subsequent
links in the food-web. Activation
anal yses of the elenmental conposition
of caddis fly larvae and whitefish
flesh were initiated in 1970 and are
in progress. The caddis |arvae feed
on the phytopl ankton and ot her al gae
by straining themfromthe water or
actively grazing on the surface of
stones. Wiitefish, in turn, are car-
nivorous and actively feed on the
insect larvae, either by picking them
off of the stones or taking them as
drifting organisnms which have becone
di sl odged.

These sanples, along with concur-
rent water sanples, were to be 'col-
lected at the same five tines of the
year as were the water and phytopl ank-
ton sanples. These periods repre-
sented distinctive stages in the
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annual cycle of river conditions.

The sanpling program however, was se-
verely disrupted by unusual water con-

ditions in 1971. The first sanpling
in Novermber 1970 was successful and

wat er, caddis, and whitefish were col -

lected in February 1971, but high

wat er |evels prevented the collection
of caddis larvae. These high water
condi tions, caused by manipul ati on of
power dans, prevailed during the en-
tire year and prevented further sam
pling of caddis larvae. Water and
whitefish were again collected in
April 1971, but fishing for whitefish
was unsuccessful in July 1971 and no

further sanpling has been done. Data
anal yzed to date are shown in Table 5.

A conparison of the Novenmber 1970
data for caddis |arvae and whitefish
flesh reveals that only one el enment,
K, was found in higher concentrations
in the whitefish. Al other elenents
found in both species either decreased
(Na, zn, Fe, As, Cs, Co, Cr, Sb, Sc,
Ag, Au) in concentration in the fish
or were relatively unchanged (Rb, Br,
Se, and Hj). Seven el ements present
in caddis larvae were not found in
the whitefish flesh.

Most el ements showed only mi nor
changes seasonally in whitefish flesh
bet ween Novenmber 1970 and February

TABLE 5.
Vhitefish Flesh, Dry Weight
VWi t ef i sh,
El enent 11-16-70

Decr easi ng order
of Concentration (ppm)

K 20950
Na 1650
Fe 17
Zn 13
Rb 17
Br 9.85
Sn -
Se 1.25
As <0.82
La -
Hg 0.405

Decr easi ng order
of Concentration (ppb)

Cr <110

Co 22

Th -

Sc 0.261
HE -

Cs 80

Sb 3.55
Ta -

Tb -

Eu -

Au <5.7

Ag ~1.5

El ement al Concentration of Caddis Larvae and

Whi t ef i sh, Caddi s | arvae
2-18-71 11-16-70
(ppm) (ppm)
18200 12600
1200 3500
18 2000
11 260
12 18
8.95 12
-- <12
1.2 1.2
<0.8 3.4
- 1.6
0.28 <1
(ppb) (ppb)
135 1800
24 870
-- 660
<0.05 500
- 410
59 220
~0.7 110
= 68
- 66
- 56
<6.55 <16
"1.0 39




1971, with the exception of mercury,
cesium and antinony whi ch showed si g-
ni ficant decreases.
a questionabl e decrease and chrom um
a questionabl e increase

Decline of Radioactivity in Biota
Fol | owi ng Shut down of Hanford Reactors

Scandi um exhi bi ted
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To date, although many of the sam
pl es have been counted, no conpl eted
anal ytical data are avail able.

Productivity of Rattlesnake Springs
E. G Wlf and C. E. Cushing

Standing Crop

D. G Wwatson and C E. Cushing

The shutdown of the last plutonium
production reactors which discharged
significant amunts of radioactivity
into the Columbia River occurred in
1971. This afforded the opportunity
to follow the retention and/or elim-
nation of the accunul ated radionu-
clides in the biota of the river as
the burden in the river dissipated.

To acconplish this in the nost
t horough manner, a cooperative study
was initiated with the Radiol ogica
Sci ences Departnent. It was agreed
that the Radi ol ogi cal Sciences Depart-
ment woul d be responsible for the col-
lection of water and sedinment sanples
and that they would count all of the
sanpl es on their equipnment. The Eco-
systenms Departnent was charged with
the collection of all biological sam
ples. These were to include plankton,
periphyton, invertebrates, and a car-
ni vor ous (squawf ish) and herbivorous
(sucker) fish species at each sam
pling location. The stations selected
for monthly sampling were the Wite
Bluffs area imrediately below all the
reactors (river mle 369), McNary
Reservoir (river mle 294), and Bonne-
ville Reservoir (river nmile 152).
Quarterly sanples are collected in
Priest Rapids Reservoir (river mle
398) above the Hanford Pl ant as back-
ground conpari sons.

Water cress (Rorippa nasturtium
aquatica), the mgjor autotrophic
organi sms in the spring-stream system
flourishes fromlate April until the
annual winter flood. i n January. |f
there are no floods or major frost,
it is possible for this plant to con-
tinue to grow until m d-sumrer of the
next year. This producer organi sm
has a rapid recovery and growth rate
Between April 23, 1970 and Septem
ber 25, 1970, the total area of the
stream covered by water cress in-
creased from2 to 85% From Septem
ber 25, 1970 until Novenber 20, 1970,
the total area covered increased by
only 7%, but the total bionmass of the
wat er cress increased nearly 51% dur-
ing the sane time period. The stand-
ing crop on Novenmber 20, 1970 was
220,000 g ash-free organic natter for
the 440 m segnent of stream studies.

The invertebrate comunity in-
creased fromvirtually a zero popul a-
tion shortly after the flood to
25,000 g ash-free organic natter on
Novenber 20, 1970. This conmmunity
was dom nated by an ostracod crusta-
cean and a pul nonate nol | usc.

The stream segnent under study,
therefore, contained a total conmu-
nity standing crop of 245,000 g ash-
free organic matter on Novenber 20
1970.
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Organi ¢ | nput

A series of 12 traps were set
along the edge of the streamto sam
ple allochthonous naterial falling
into the stream Fromthe total area
of the stream and the segnment sanpl ed,
the total input fromthe environnment
could be estinated. When the data
were integrated for the entire year,
based on changing stream area, the
total allochthonous input was 246, 000
g ash-free organic matter

Al l ocht honous and aut ocht honous i n-
put from the stream segment above the
study area was determined as particu-
late and dissolved fractions. Inte-
grated values over the entire year
for both dissolved and particul ate
organic matter was 462,000 and 3,797¢g
ash-free organic matter, respectively.
Thus, there was a total input into
the study area of approxi mately
712,000 g ash-free organic natter

Organi ¢ CQut put

Organi ¢ out put was collected and
analyzed in a nmethod simlar to that
used for the data of autochthonous
and al | ocht honous input. Organic out-
put is conposed of allochthonous and
aut ocht honous materials in excess of
the community metabolic requirenments
of the stream segnent studied. The
di ssol ved and particul ate conponents
were 676,000 and 13,500 g ash-free
organic matter, respectively.

In addition, the winter floods of
January 1970 renoved 60,000 and 2,000 g
ash-free organic natter of water
cress and invertebrates, respectively.
These val ues represent the standing

crop of the populations five days
prior to the flood. Therefore, the
total output from the study area was
751,500 g ash-free organic matter.

Net Production

If the total input (712,000 g ash-
free organic matter) is subtracted
fromthe total output (751,500 g ash-
free organic matter), there was a net
i ncrease of 39,500 g ash-free organic
matter. This, plus the addition of
the standing crop (245,000 g ash-free
organic matter) on Novenber 20, 1970,
indicates that the study area yields
a net production of 284,500 g ash-
free organic matter per year
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SYNERGISTIC EFFECTS OF TEMPERATURE, POLLUTANTS,
AND DISEASEIN AQUATIC ORGANISMS

e SYNERGISTIC EFFECTS OF TEMPERATURE AND INDUSTRIAL AND
AGRICULTURAL POLLUTANTS

® THE RELATIONSHIPSOF INCREASES IN ENVIRONMENTAL
TEMPERATURE TO INFECTION OF COARSEFISHES AND
SALMONIDS TO DISEASE*

With constant temperature conditions, many of the common
pollutants have been shown to disturb physiological processes
in spite of their sublethal concentrations. The objectives
of our field and laboratory studies are to determine the
effect of seasonal and induced changes in river temperatures
and other interacting factors on the development of specific
diseases in selected aquatic organisms. During this report-
ing period, studies were initiated to determine which Zife
stages are the most sensitive to these various interactions.
The data obtained wil?Z provide a more meaningful ecological
standard for the establishment of water quality criteria.

Monogenea of Juvenile Bass and smal | routh bass, M dol oni eui

C. D. Becker from the Hanford area of the centra
Columbia River. The study was

A recent survey was nmade of the pronpted by use of young bass as

nonogenetic gill parasites of juvenile bi oassay organi sms in our |abora-

| argemout h bass, M cropterus sal noi des, tory, due to the possibility that
the latent infestations mght in-

* Preliminary work initiated under fluence experimental physiol ogica

Service Assessment funding; 182 sub- and toxi col ogi cal paraneters.

mitted and funded for FY-73.



Fi ve species of Mnogenea were
recovered: Actinocleidus fusiforms
(Muel ler, 1934), Clavunculus unguis
(Mzelle and Cronin, 1943), Urocleidus
furcatus (Muel ler, 1937), U. princi-
palis (Mzelle, 1936), and U helicis
(Mueller, 1936). All five species
were recovered fromthe gill struc-
tures of juvenile largemouth bass; A.
fusiform s was the nost common par a-
site, following in decreasing numeri-
cal order by u, furcatus, U. princi-
palis, and rarely U, helicis and C
ungui s (the last on the gill arches
only). Only A. fusiforms, C. unquis,
and U furcatus were detected on the
gills of juvenile smallnouth bass,
and the infestations consisted of rel-
atively few organisms conpared to
those on | argenouth bass. |Indeed
all largenouth were infested whereas
many smal | mouth were not.

Three factors point to the desir-
ability of considering infestations
of nmonogeneans in conducting routine
bi oassays with centrarchid fishes
First, Monogenea are apparently conmon
gill parasites of juvenile centrarchids
i nhabiting various lotic and lentic
aquatic environnents throughout this
continent.
as various sunfish, bass, and crappie--
are commonly used in monitoring the
toxicity of various pesticides and in-
dustrial wastes. Third, gill tissues
are sensitive to the action of pollu-
tants and nonogeneans cause histopa-

t hol ogi cal danmge by perforating the
filaments with their haptoral hooks.

Few i nvestigators have been aware
of possible conplications arising
fromlatent gill infestations, which
probably vary widely in incidence and

Second, centrarchids--such
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intensity between popul ations of test
fish, during bioassays. We hope to
eval uate this effect in our future

bi oassay studies. However, the use
of infested fish nay actually be nore
har noni ous with normal conditions (in
nost aquatic environnents) than use
of uninfested fish, or fish initially
rendered uninfested by routine prophy-
lactic treatnment. However, the
effects, if any, should be known.

C. columaris Disease
M P. Fujihara

Despite the prolonged and excess
run-of f and cool er river tenperatures
C columaris field studies at the
VWiite Bluffs, Wenatchee and Keokuk
sampling sites on the Col unbia River
during April, May and July, 1971
denonstrated an earlier incidence of
exposure and infection, a larger per-
centage of coarsefishes with aggluti-
nins and hi gher average titers than
was observed during simlar nonths in
1970 (Table #). The data at the
three sites suggest that c. columaris
di sease conditions observed in 1970
had a direct bearing on the earlier
i nci dence of exposure, infection and
anti body devel opment during 1971.

The earlier incidence (1-2 nonths)
of C. columaris exposure and infec-
tion of coarsefishes was probably due
to a greater carry-over of pathogens
from the unusual |y heavy infection
rate observed during 1970. The higher
percentage of coarsefishes with aggl u-
tinins and higher average titers was
aresult of a larger carry-over of
fish with residual antibodies from
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TABLE 6. A Conparison of Chondrococcus Columnaris
Exposure, Infection and Antibody Devel opment in Coarse-
Fi shes Sanpled at White Bluffs, Wenatchee and Keokuk
Sanpling Sites on the Colunbia River, April Through
July, 1970 - 1971. (a)
C columaris
Incidence(b)
No. Tenp., % % ) Av. Titer
Dat e Fi sh °C. Exposure Infection Titers Titers Range
White Bluffs
3/ 24/ 70 60 6.1 0 0 30 1:18 1:20-160
5/1 50 8.4 2 0 30 19 320
5/ 25 50 12.2 4 0 40 28 320
7/30 44 20.2 31.8 4.5 45 55 320
4/16/71 38 8.0 5.3 2.6 68 1:62 1:20-640
5/12 15 11.2 27.0 7.0 87 47 160
7/9 46 15.5 34,8 13.0 82.6 98 640
Wénat chee
4/8/70 51 4.5 0 0 43 1:27 1:20-160
5/6 50 8.9 0 0 22 12 160
6/2 24 12.2 0 0 - -- --
7/ 13 42 18.9 35.7 42.9 71.4 46 320
4/15/71 40 5.6 10 2.5 85 1:106 1:20-320
5/13 40 10.5 20 5.0 92.5 108 640
7/8 29 13.4 27.6 13.8 89.6 222 640
Keokuk
4/ 8/ 70 49 5.5-17.8 0 0 57 1:29 1:20-160
5/7 50 8.9-19.5 0 0 44 34 160
6/3 43 15.6-21.2 13.9 0 - - - -
7/ 13 36 18.9-25.0 27.7 41.7 70 40 160
4/15/71 40 5.6-17.8 0 0 75 1:64 1:20-320
5/13 50 12.2-16.6 10 2.0 92 84 640
7/8 39 19.0-22.2 38.4 25.0 88 102 640
a. Note that the percent of fish with titers and average aggl utinating
titers at all sites are higher during 1971, reflecting the |arger
infection rate and a larger carry-over of residual antibodies from 1970
b. Arbitrary definitions.
1-10 surface <solates/fish = exposed
>10 surface <solates/fish or 1 or more internal <solates/fish = infected

1970 and an earlier re-challenge of
these fish by the pathogen.

It is anticipated that the inci-
dence of C. columaris exposure and
anti body devel opment in coarsefish

species in the mddle and upper Col um
bia River will continue to increase
but the peak infection rates during
the summer and fall months may be

| ower than observed in 1970 because



of the development of high aggluti-
nins and resistance to the disease.
Consequently, the infection of anad-
romous salmonids should be lower this
year because of fewer infected
coarsefishes.

Gas Bubble Disease of Salmoid Fishes
M. J. Schneider

Research of the effects of gas-
supersaturated water on aquatic orga-
nisms requires an accurate and rapid
means of analyzing the dissolved gas
levels of water. The major portion
of the effort during the last year
was devoted to the further refinement
of the analytical techniques. The
final result is a rapid gas chromato-
graphic procedure which produces a
digital output. These data are then
used to computer-calculate parts per
million dissolved gas and percent sat-
uration for each water sample. Total
analysis time, including computer ter-
minal time, is less than 5 min. per
sample. The accuracy of the method
has been determined as 0.2 ppm.

The refined system for dissolved
gas analysis was demonstrated in a
series of multiple water samplings
that were conducted at Priest Rapids
Dam. A total of 29 water samples
were taken each sampling day at nine
selected stations above and below the
dam. At each station, surface sam-
ples were taken. The total field sam-
pling time averaged 90 min. Upon re-
turn to the laboratory, each water
sample was analyzed and the data re-
duced.

20 min.

Total analysis time was 2 hr.

Canada.
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Surveillance of the dissolved gas
levels was continued in the stretch
of the Columbia River from Priest
Rapids Dan to the White Bluffs area.
Sampling was started in April and con-
tinued until September. The sample
stations remained the same as |ast
year with the exception that the
slough areas were deleted. Sample
stations were: above Priest Rapids
Dam, the spillway and powerhouse dis-
charges water, Vernita Bridge, B-C
reactor site, and White Bluffs. For
these routine samples, only surface
water is taken. The results of the
1971 season surveillance appears in
Figure 8. For simplicity, only the
nitrogen levels (percent saturation)
are shown and three representative
stations were selected: Priest
Rapids Dan forebay, stilling basin,
and Vernita. Two features of Figure 8
are apparent, the dissolved gas level
of the river was supersaturated from
late May until early September and
there is considerable variation in
dissolved gas levels from station to

station on a given day.
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TERRESTRIAL ANIMAL ECOLOGY

The major objective of the terrestrial animl ecol ogy project
is to characterize the functional roles of the important ani mal
species, both vertebrates and invertebrates, of the ALE Reserve
shrub-steppe ecosystenms. Major enphasis is placed on el ucida-
ting the relationships between perturbed environments, irradia-
tion effects, population dynam cs and reproductive habits,
environmental quality and the fate and effects of fallout radio-
nuclides and their element counterparts in northern Al aska
environments. The animal programis dependent upon the studies
of soils microclimatology, and herbage dynam cs for data on
environmental parameters that directly effect the responses of
the animals. This project contributes to important information
on the Terrestrial Plant Ecology Program a focal point of the
ecol ogy studies.
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TERRESTRIAL ANIMAL ECOLOGY

A. PERTURBED ENVIRONMENTS

B. IRRADIATION EFFECTS

C. POPULATION DYNAMICS AND KEPRODUCTIVE HABITS
D. ENVIRONMENTAL QUALITY

E ALASKA

A. PERTURBED ENVIRONMENTS

It is known that the quality and quantity of food alters
the reproductive performance of wild and domestic animals.
It was the purpose of our continuing studies to determine the
effect of such variables on the population densities and
species composition of smalZ animal life. Wildfire and other
environmental conditions will further affect wiidiife. Also,
as large grazing animals remove a portion of the annual pro-
ductivity of grasslands, they indirectly affect populations
of other primary consumers such as small animals. A major
objective of the ALE grassland study is to measure possible
changes in the numbers and species composition of small mam-
mals on grazed or ungrazed study areas. The data obtained
from these programs during this reporting are presented in
the following papers.

.1
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Popul ation of Pocket M ce, Perognathus mately 1700 individual pocket mce

parvus., on the ALE Reserve have been identified and captured

T. P. 0'Farrell, J. D. Hedl und, over 15,000 times

R A Ges, H A Sweany, Popul ation fluctuations during

R J. Oson* and R 0. Glbert* 1967-1970 were summarized in earlier

annual reports. Briefly, 1967 and

Popul ations of pocket m ce, 1970 were 'average' years with regard

Per ognat hus parvus, have been fol |l owed to plant production and rodent repro-

for the past five years and estinmates ductive success. In 1968, which had

of nunbers have been derived from the lowest plant biomass production

trapping data using Jolly's stochastic there was virtually no small manmmal

model (Figure 9) . Over 35,000 trap- breeding. But 1969 saw the greatest

ni ghts have been | ogged, and approxi- yield of winter annuals, and the

greatest reproductive activity of
smal |l mammals: juvenile as well as

* Mathematics and Physics Research

Depart ment . adult females produced litters in 1969.
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FI GURE 9. Popul ation sizes of Perognathus parvus
Estimated from Trapping Data Using JollTy's Stochastic
Model .  Band widths indicate the 0.95 confidence
intervals.
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Precipitation during the winter of
1970-1971 was al nost hal f that of the
previous two winters and the yield of
wi nter annuals was reduced. For the
second year in a rowonly adult mce
bred, producing 1-2 litters per fe-
mal e. The downward trend of the popu-
[ ation, which began at the end of the
1969 breedi ng peak, was continued
through 1971. There were few new j u-
venile animals entering the popul ation
to offset the decline in population
size caused by nortality of adults
and the beginning of estivation-
hi bernation. In 1971 the adults
ceased their aboveground activities
at |least one nonth early. The period
of torpor may have been induced by
the unusually cool soil and air tem
peratures during Septenber

An exam nation of the trapping
data for this inportant primary con-
sumer has led to posing the hypot he-
sis that productivity of winter annu-
als, particularly the magnitude of
the seed crop, is largely responsible
for alterations in the indigenous re-
productive rhythm of the species.
This is certainly not a unique obser-
vation since it is known that the
quality and quantity of food alters
the reproductive performance of other
wild and domestic animals. The task
now will be to quantify the relation-
ship and to determine the other vari-

abl es, particularly population density,

whi ch woul d further nodify the repro-
ductive performance of pocket mce
given varied levels of their natura
food supply.

Popul ati on Dynam cs of Perognat hus
parvus on Mani pul at ed Shrub-Steppe

Ecosyst ens

T. P. O'Farrell, J.
and R A Ges

D. Hedl und

During the past five years, a
popul ation of pocket mice (Perogna-
thus parvus) was sanpled and observed
inan effort to determ ne what en-
vironmental factors are responsible
for perturbations in the annual cycle
of abundance. After exam ning such
variabl es as precipitation, photo-
period, soil tenperatures, and plant
productivity, it appeared that the
amount of w nter annual production
was |argely responsible for the va-
riability in reproductive perfor-
mance exhibited by the pocket mouse.
The seeds of winter annuals, parti-
cularly cheatgrass (Bronus tectorum,
are the nost inportant single food
item of Perognathus in this region

During years of |ow production
such as occurred in 1968, few lit-
ters are conceived; in average years,
such as 1967 and 1970, adult females
have 1-2 litters each; and in years
of extremely high winter annual pro-
duction, such as 1969, the adults
have 1-2 litters and a high propor-
tion of the juvenile femal es al so
have litters, swelling the popul ation
inonly a fewnonths. The producti-
vity of winter annuals is in turn
dependent upon the anpunt and tim ng
of winter precipitation, and the mag-
nitude of drying conditions during
the spring growth period.
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To test the hypothesis that

pl ant

production alters the breeding be-

havi or

of pocket mce, field mani-

pul ati ons were comrenced in 1970-

1971.

Three 5.75 hectare study areas

were established in shrub-steppe
vegetation typically used by Perog-

nat hus.

The first site was irriga-

ted with an overhead sprinkler sys-

temto

nat ur al
| PC-Chemhoe,

annual
second
little
tion.

simul ate a year
precipitation.

of high

An her bi ci de
which selectively kills
grasses, was applied to the
area to sinulate a year of

to no winter annual produc-
The third area was unal tered
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and represented the response of the
vegetation to environmental condi -
tions during 1970-1971. A total of
100 trapping sites were |ocated on
10 x 10 grids with 10-meter centers
in the mddle of each plot. The
traps were operated on a biweekly
schedul e and individual animls were
mar ked, wei ghed, and exam ned for
reproductive and general condition
before rel ease

Data on trapping success on the
three study areas
Figure 10. After
ged from hi bernat
popul ati on densit

are presented in
pocket m ce emer-
on in March-April,
es on the three

160 i T | [ [
w F PEROGNATHUS PARVUS _
e [RRIGATION PLOT
o &r====A CONTROL PLOT
10 k- D= =0 HERBICIDE PLOT -
<
=
S 100 .
=
—
<<
=2
2 8 —
>
=)
=
o 60 - —
[+ 4
L
m
g a
2 |- -
| l I I I I ] l ] |
M A MJ N J Y A S O N D
TIME, month

FI GURE 10. Nunber of Individual Pocket M ce, Perognathus parvus,

Trapped on Mani pul ation Study Areas in 1971

on irri

change 1 n ani mal density.

The nunber of traps

gated site was doubled fromJune on to conpensate for the
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study areas were identical. The ef-
fects of the nodul ati ons on nouse
densities began to appear in late

May when the population on the irri-
gated site began to increase drame-
tically and the density on the her-

bi ci de plot dropped bel ow the density
on the control grid. This order of
decreasing trapping success, irriga-
tion, control, herbicide, did not
change for the remainder of the year
The hi ghest densities of Perognathus
on the control and herbicide plots
were reached in April-May, the onset
of the breeding season, and numbers
then declined at approximtely the
sanme rate on both plots.
tion dynamics of these two sites were
identical to those recorded for the
sane species on the grasslands study
site and on the five-year study area
near Rattlesnake Springs. It appears
that 1971 was a poor year for pocket
m ce, much |ike 1968. Few adults
bred, and the annual recruitnent was
less than the | oss of aninmals from
the trapping cohort either through
nortality or commrencenent of
estivation.

The popula-

On the irrigation plot, adults dis-

appeared at arate simlar to the
other two sites, but the population
density increased due to a high rate
of reproduction. As in 1969, both
adults and juvenile femal es produced
litters, causing the second peak in
numbers during |ate August.

The results indicate that the pro-
duction of wi nter annuals, between
the extremes of [ow to maxi mum pro-
ductivity, can influence the breeding
characteristics of small mammal popu-
lations in the shrub-steppe. One un-
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answered question is how nmuch popul a-
tion densities at the onset of the
breeding influence the rate of repro-
duction. The field manipul ations
will be repeated in 1972 to exam ne
this question.

Effects of Wldfire on Native Rodent
Popul ati ons

T. P. O'Farrell, J. D Hedl und,

R A Ges and H A. Sweany

I mredi ately following the 1970
wildfire, an investigation was ini-
tiated to docunent the effects of the
burn on the small manmal popul ations
whi ch were so nunerous before the
hol ocast. The major objective of the
study was to estinate the species com
position and relative abundance of
smal | manmmal s during successiona
stages over the next few years.

Four live-trapping areas were es-
tablished, three in the burn and one
outside but in a simlar vegetation
type. Each plot was 0.25 hectare and
had 25 live traps ina 5x 5 grid
with 10-meter centers. The traps
were operated for 100 trap-nights
each on four occasions: inmmediately
after the burn; four months later at
the onset of hibernation; at the be-
ginning of the 1971 breeding season
and on the first anniversary of the
fire. The trapping data are presen-
ted in Table 7.

I n August, 1970, nore pocket mice
were captured in the control area
than in any of the burned plots: the
decline in nunbers was about 20%
Addi tional traps were operated in
Novenber, 1970, to describe popul a-
tion levels prior to hibernation, but
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TABLE 7.

Trapping Success of Pocket Mice, Perognathus

parvus, Following the 1970 Wildfire

Burned Plots Control
17 18 19 20
8/4 to 8/7/70
Total captures(a) 48 31 4 61
Range/night 9-15 7-9 8-12 12-18
Mean captures/night 12 7.8 10.3 15.3
11/10 to 11/13/70
Total captures b 0 4
Range/night 1-2 0 1 1
Mean captures/night 1.5 0 1 1
3/30 to 4/2/71
Total captures 53 24 38 64
Range/night 11-15 2-9 9-11 15-17
Mean captures/night 13.3 6 9.8 16
8/10 to 8/13/71
Total captures 10 5 28 39
Range/night 2-4 1-2 6-8 9-11
Mean captures/night 2.5 1.2 7 9.8

a. Total of 100 traps at risk

most of the mice had already become
torpid.
not show any preference for the burned
or unburned sites.

The few active animals did

The most critical season for the
small mammals was the spring of 1971.
Laboratory tests indicated that many
of the annual plant seeds were de-
stroyed in the intense heat of the
fire. The few plants that did ger-
minate were literally sandblasted
down, leaving little food for emerg-
ing animals. Nevertheless, the pocket
mice did enter the traps in good num-
bers during late March. More mice
were trapped in the control plot, and
plot 18 continued to have the lowest
success.

One year after the fire, the num-
bers of small mammals appeared to be
lower in the control as well as the
This depression in
numbers reflected the general low
level of small mamma populations
over the entire Hanford Reservation
during 1971.
taken on the control plot once again.

burned sites.

More pocket mice were

During the first and third trapping
sessions more mice were trapped on
plots 17, 19 and 18, in that order;
but in August, 1971, plot 19 had more
mice than plot 17. Vegetation studies
revealed that more species of plants
had become established in plot 19 than

on any other burned plot. Plot 18,
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whi ch was the nost severely burned
still nmintained the | owest numbers
of rodents.

Trapping efforts on the burn wll
be postponed for at least two to
three years to allow seral succes-
sion to proceed to the next stage
The paucity of vegetation indicated
that succession will not proceed
rapidly enough to justify trapping
annual l'y until nmore food items are
avai | abl e.

Smal | Mammal Popul ations on a Gazed
G assl and

T. P. O'Farrell, J. D. Hedl und,

R. A Ges and H A Sweany

One of the mmjor objectives of
the International Biological Program
(IBP) is to exam ne the productivity
of the grasslands of North Anmerica
and to determine the effects of
grazing on this biome. As a part
of this Program a cooperative study
was established under joint sponsor-
ship of the USAEC and the Nationa
Sci ence Foundation. The study takes
advant age of the uni que character-
istics of the ALE Reserve, parti-
cularly the lack of prior distur-
bances, and the availability of a
true nmul tidisciplinary team of
ecol ogi sts who are experienced in
conducting field research. The
availability of personnel with the
necessary expertise and background
data to plan field studies using
nodern design techniques permtted
the initiation of controlled graz-
ing as an environnental manipul a-
tion during the first year of the
program The grazing could, there-

fore, take place while neasure
ments of the productivity of the
ecosystem were being nonitored at
nost trophic |evels.

As |arge grazing aninals renove
a portion of the annual productiv-
ity of grasslands, they indirectly
affect popul ations of other primary
consunmers such as small nmammal s.
This is particularly true in the
cold grasslands where snall manmral s
are the nost inportant manmalian
consumers, owing to the lack of
| arge, indigenous ungul ates of nu-
merous | aganorphs. A nmjor objec-
tive of the ALE grassland study was
to measure possi ble changes in the
nunbers, species conposition, or
bi omass of small manmal s on grazed
and ungrazed study areas.

Two smal |l nmanmal trapping grids
were established, one in a grazed
pasture, and one in an ungrazed
control site. A total of 144 trap
sites were located on a 12 x 12
grid on 15-meter centers. Two live
traps were placed at each site and
all were operated for five consecu-
tive days once each nonth begi n-
ning in March, 1971. Trapped ani -
mal s were toe-clipped for indivi
dual identification and rel eased
after weighing and exam nation
for reproductive and general con-
dition.

Seven species of small animals
were trapped on the grids during
1971, including pocket nice
(Perognat hus parvus), deer nice
(Peronyscus mani cul atus), grasshop-
per mice (Onychonys |eucogaster),
sagebrush vol es (Lagurus curtatus)




Townsend's ground squirrel (Spermo-
philus townsendii), harvest mce
(Reithrodontonys negalotis), and the
Norway rat (Rattus norvegicus). This
is a remarkable species diversity

whi ch has not been equal | ed anywhere
el se on the ALE Reserve. The nost
numerous mammal s were pocket mce

and deer mce, but during some nonths
of the spring, ground squirrels equal-
led or exceeded the biomass of these
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most numerous species. The defini-
tion of which is the nmost "inportant™
species of small mammal is further
confused by the dynam c changes in
numbers, size, growh rates, and pe-
riods of activity above ground.

On an annual basis, however, the
most consistent contributor to energy
turnover in the manmalian-trophic
level is the ubiquitous pocket mouse.
The data in Figure 11 denonstrate the
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FIGURE 11.

Number of Individuals Trapped on Grazed and Ungrazed
Grasslands of Project ALE During 1971.

A total of 288 traps were

at risk nightly on each plot during the five-day trapping sessions.
Cattle were present on the grazing plot from April 14 until June 10,

1971.
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changes in the nunbers of pocket mce
on the two plots and the simlarity
in data for the control and grazed
sites. The peak popul ation size
occurred in April-May which is the
begi nning of the breeding season.

The nunbers immediately began to drop
and there was no marked rise during
the summer that could be attributed
to recruitment of juvenile aninals.
The food crop in both grids was poor
in 1971, breeding was curtailed, and
the adults appeared to enter estiva-
tion early. This response of the
pocket mce to | owfood supplies du-
plicated the response exhibited by
popul ati ons el sewhere on ALE during
1971. This was not a good year for
smal | manmal s.

The poor productivity precluded
meki ng concl usi ons regarding the
effects of cattle on snmall manmal s.
A change in population density of
smal | manmal s mi ght be expected in
a year when |arge seed crops were
produced in control plots while
cattle were consum ng grasses and
forbs before they set seed on grazed
sites. In years of poor food produc-
tion, grazing does not appear to be
as critical to popul ation changes as
the normal responses of the species
to low forage supplies

Cattle Grazing on a Pristine Grassland
T. P. O'Farrell and Ecosystens
Department Staff

A maj or objective of the ALE grass-
[ ands investigation was to exam ne the
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i mpact of man's agricultural or animal
husbandry activities on the producti -
vity and recovery of the ecosystem
after use. Wthout irrigation, the
nost practical economc use of the
grassland would be cattle grazing.
This woul d be a marginal grazing site
since stock could not be nmintained
on native forage throughout the year
and because of the cattle industry
evol ution from open-range grazing to
feed lots as a method of raising beef.
Two 22-acre connected pastures
were fenced in 1971. A watering
trough was installed and salt bl ocks
were made available. On April 14,
1971, 15 yearling steers were intro-
duced into one of the pastures
(Figure 12). At weekly intervals the
stock were rotated between the pas-
tures to allow sone recovery of the
forage, and also to allow the re-
search team to nake neasurenents of
the various natural trophic levels
On June 10, 1971, the cattle were re-
moved since it was the end of the
grazing season and the vegetation was
begi nning to show signs of degradation
The cattle weighed in at a tota
of 6615 pounds, and 58 days |ater
they weighed 7970 pounds. The net
i ndi vidual gain per animl per day
was 1.6 pounds, which is an excellent
rate of increase for range cattle on
nost native grasslands in North
America. The effect of the cattle
grazing on the natural system parti-
cularly the productivity of the pe-
renni al grasses, is discussed in other
sections of this report.
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FIGURE 12. Cattle Being Introduced onto the ALE Reserve
in 1971 for Studies of the Impact of Grazing on the Grass-

land Ecosystem

Publications

W. H. Rickard. "Observations on the
Distribution of Eleodes Hispilabris
(Say) (Coleoptera:Tenebrionidae) in
Relation to Elevation and Tempera-
ture in the Rattlesnake Hills,"

Am. Mid. Nat., vol. 85 (Part 2),

pp. 521-526, 1971.

T.P. O0'Farrell and V. K. Christensen
A Bibliography of Environmental Re-
search: Ecosystems Department,
BNWL-1549, Battelle-Northwest,
Richland, Washington, 1971.
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B IRRADIATION EFFECTS

A radiation study of pocket mice was conducted, both in

the field and the laboratory,

to determine whether the animals

might be more resistant to radiation because they were in a
familiar environment or, conversely, whether they might exhibit
a lowered resistance due to the synergistic effects of radia-
tion and natural predation stresses.

Radi ation Effects in Free-Ranging
Pocket M ce

T. P. 0'Farrell, J. D. Hedl und,
R A Ges, R 0. Glbert* and

R. J. O son*

In 1967, a popul ation of pocket
m ce, Perognathus parvus, was sub-

jected to the stress of acute ioniz-
ing radiation at doses spanning the

medi an | ethal response of the species.

The objective of the field experinent
was to conpare the responses of free-
rangi ng pocket mice with simlar in-
formation gathered in the |aboratory.
W wanted to see if animals mght be
nore resistant to radiation because
they were in a famliar environment

or, conversely, whether they m ght ex-

hibit a | owered resistance due to the
synergistic effects of radiation and
envi ronnment al stresses.

The | aboratory drived LD50/30 + 8D
was 858 + 27 rad, and the value for
unconfined mce was 834 + 32 rad.
There was no evidence to suggest dif-
ferences between the nedian |etha
val ues for pocket mice irradiated in
the |l aboratory as conpared with free-
rangi ng m ce.

* Mathematics and Physics Research
Department.

Medi an | ongevity was 12 nonths or
less for all animals, although some
unconfined mce lived three years
postirradiation. Mce exposed to 900
rad lived less than three nonths.

Medi an | ongevity appeared to be in-
versely related to absorbed dose

Controls showed evi dence of breed-
i ng behavior up to three years after
the study began.
sterility was not evident in free-

Radi ati on-i nduced

rangi ng mal es, but none of the ex-
posed femal es showed evi dence of re-
productive activity during three
subsequent breeding seasons

Unconfined mce survived secondary
effects including: swelling and
eversion of cheek pockets essentia
for carrying food; hair loss includ-
ing total depilation; and a change in
coat color fromtan to white. The
white pel age did not appear to make
the irradiated mce nore vul nerable
to predation.

During 1971, laboratory and field
irradiations were repeated to obtain
some neasure of the variability of
such experinments, and also to stress
the free-rangi ng popul ation during
the onset of the breeding season. |In
1967, the field exposures took place
at the end of the breeding season as
the adults were entering hibernation
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The treated aninals included both
juveniles as well as adults, but in
1971 only adults were exposed.

The | aboratory derived LD50/30 was
880 + 14 rad, which is not signifi-

cantly different fromthe 1967 statis-

tic, and the value for unconfined
mce was 780 + 27 rad (Figure 13).
Both the nedian | ethal doses and the
sl opes of the survivorship curves
were significantly different. There
was evi dence of a higher rate of nor-
tality in the free-rangi ng pocket
nmce, Since these results reverse
the conclusion posited after the 1967
field exposure, we must assume that
some seasonal or annual variation was
operative. It is known that the be-
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gi nning of the breeding season is a
period of behavi oral and physi ol ogi -
cal stress in small manmmal s, and per-
haps there was a synergi smbetween
the radiation and environmental stress
in 1971.

Qur ability to trap all but one of
the 19 control animals 28-30 days
postirradi ati on was encouragi ng since
it supported our assunption that we
can recover virtually every ani na
still living on the study area.

These data hel ped minimze the correc-
tion for natural nortality which nust
be nade in the data prior to probit
anal ysis and conparison of the survi-
vorshi p curves

100 @ A
: Perognathus parvus
a---a LABORATORY DATA AND CURVE
80 — -

LDSUBOi S. D =880+14rad
= o—o FIELD DATA AND CURVE CORRECTED
2 60~ FOR MORTALITY IN CONTROLS
>
= i LD50/30 +S D =780+ 27 rad
>

40 ® UNCORRECTED FIELD DATA
20
\
\
\
AN
o Lt | |
600 800 1000 1200
ABSORBED DOSE (rad)
Neg 720289-1
Fl GURE 13.

Survivorship Curves of Captive and Free-Ranging

Perognathus parvus Cbtained by Probit Transformations o
Mbetality Data Foll owi ng Exposures to Acute Radiation. Data

for unconfined pocket mce

ave been corrected for nortality

incontrols, and the nmedian | ethal doses are bracketed by

the 95% fiducial limts.
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C. POPULATION DYNAMICS AND REPRODUCTIVE HABITS

Continuing efforts in the mule deer tagging operation
were made to determine the location, numbers, composition of
individual herds and the proportion of fawns carrying ear
tags. A few white-tailed deer have been sighted interspersed
among mule deer herds, although there i s some speculation as
to their survival if they are forced to seek food away from
the river. Continued observations will be made of both species.

Attempts to quantify the distribution and abundance of
pocket mice (Perognathus parvus) and deer mice (Peromyscus
maniculatus) as ‘a function of altitude and season progressed
during the year. These are the two most important species of
mammal on the ALE Reserve. Although the grasshopper mouse
(Onychomys leucogaster) has the same reproductive potential
as the other species found on the reserve, there is a discrep-
ancy between this potential and the low numbers found in the

field.

Tagging Hanford Deer, Odocoileus
hemionus

J. D. Hedlund, R. A. Gies and
T. P. O'Farrell

In 1969 a tagging operation was
initiated to establish known-age indi-
viduals in the deer herds of the Han-
ford Project lands. A total of 24
fawns was sighted from a helicopter,
pursued on foot, and tagged with
metal ear tags. One of these animals
was |later killed by a car, making it
the first data point in the population
study.

It became apparent that a limited
amount of data could be obtained from
incidental deaths and recovery of the
In 1970 large,
white plastic ear tags were also

small metal ear tags.
placed in the ears of 51 fawns. These
larger ear tags allow the collection
of movement data by observing animals
from a distance without disturbing
them.

Accumulated data for the year i s documented herein.

During the winter of 1970-71
attempts were made to observe the
ratio between tagged and untagged
fawns as an index to total numbers.
The observations were also used to
define movements of the fawns from
the fawning areas. Approximately 35%
of the fawns observed had tags.

Either many deer are missed during the
tagging operation in June or the win-
tering population is diluted by deer
migrating in from other areas.

During the 1971 deer tagging,
large yellow plastic ear tags were
used to facilitate identification of
A total of
52 fawns were captured and tagged
with individual numbers.

age classes in the field.

As part of
a cooperative program with the State
of Washington, Fish and Game Depart-
ment tags were placed in the other
ear of each fawn. Hunters should now
have less difficulty deciding who to
contact regarding information on

tagged deer.
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Si ghting and recovery infornation
from previ ous years' tagging opera-
tions has begun to yield val uable
data. Sightings have been reported
by local sportsmen as well as Gane
Department agents. A tag placed on a
fawn in 1970 was recovered when the
15-month ol d deer was killed by a car
8-1/2 mles fromwhere it was born
and over 3 niles beyond the boundary
of Hanford Reservation. On opening
day of the hunting season, three bucks
tagged in 1970 were shot. Two of the
deer were taken less than 5 niles
fromtheir initial tagging |ocation,
but one buck was shot 20 miles away.
Tags, mandi bl es, and neasurenments of
antlers were collected from these
known-age deer. As each year passes
a higher proportion of the ol der deer
will have tags and nore infornation
on novenents should come from | oca
sportsnmen who hunt in the proxinmty
of the Hanford Project.

White-Tailed Deer, Odocoileus vir-
ginianus, Range Extension in South-
Central Washineton

T. P. 0'Farrell and J. D. Hedl und

During the 1970 deer tagging ope-
ration on the Hanford Reservation, a
white-tail ed doe (Odocoileus virgini-
anus) was sighted on Locke Island.
When the doe was first spotted she
was runni ng through dense vegetation
near the central portion of the is-
land. She mixed with a band of mule
deer does which allowed investigators
to make side-by-si de species com

pari sons for key characteristics.
The obvi ous differences between their

tails confirnmed the initial species
i dentification.

In January, 1971, two observers
were sent on a ground survey of the
habitats used by mule deer for w nter
feeding. Their objective was to de-
termine the |ocation, nunbers, and
conmposition of individual herds, and
the proportion of fawns carrying con-
spi cuous plastic ear tags. No men-
ti on was nmade of possible white-
tailed deer on the reservation. How
ever, when the technicians returned
they reported seeing two antlerless
white-tailed deer mixed inwith nmule
deer. The first white-tail was seen
on the mainland with a band of five
nmul e deer 3-1/2 miles NNWof the 100F
reactor area, approximately 1 mle
west of Locke Island (Fig. 14). The
second white-tail was observed with
23 mule deer 1 mile NNE of the 100D
reactor area, approximately 3-1/2
mles WoWof Locke Island (Fig. 14).

The cl osest resident popul ations
of white-tailed deer are in the Blue
Mount ai ns about 100 niles ESE of
Locke Island. Herds in northeastern
Washi ngt on cone as cl ose as Pul | man,
110 miles E of Locke Island. State
game bi ol ogi sts have reports of white-
tail ed deer nmoving down the Col unbia
Ri ver from Ckanogan County in the
past few years. These observations
support the belief that the white-
tailed deer is making a range exten-
sion along the Colunmbia River into
sout hcentral Washington. What is
significant is that except for eight
large islands in this stretch of the
Col unbi a River, the riparian cover,
normal |y used by white-tailed deer
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FI GURE 14. Location of the U S Atonic Energﬁ Commis-
sion's Hanford Reservation i n Sout hcentral Washi ngton

VWite-tail ed deer have been observed at the three | oca-
tions indicated by nunbers in open circles.

is exceedingly scarce. There is
sonme question as to how well the spe-
cies will survive if it is forced to
seek food away fromthe river in the
shrub-st eppe vegetation

Di stribution and Abundance of Small
Manmal s on Rattl esnake Mountain

T. P. O'Farrell and J. D. Hedl und

This programwas initiated in
April, 1969, to quantify the distri-
buti on and abundance of pocket mce
(Perognat hus parvus) and deer mce

(Pernonyscus nani cul atus) as a func-
tion of altitude and season. These
are the two nost inportant species

of mammal on the ALE Reserve. The re-
sults hel p gui de extrapol ati ons of
popul ati on dynami cs data gat hered
fromthe intensive study sites to

ot her habitats on ALE.

Trappi ng information was gat hered
on 1.5 acre quadrats at four el eva-
tions, 500, 1500, 2500 and 3500 ft
above sea level, using 50 live-traps
per site. Figure 15 contains the data
obtained in tw years of effort on
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FIGURE 15. Relative Population Sizes of Deer Mice

(Peromygscus maniculatus) and Pocket Mice (Perognathus
parvus) as Determined by Live-trapping in 1.5 Acre

Quadrats (50 Traps/Night).

the elevational transect. Populations
of Peromyscus were directly propor-
tional to altitude, while Perognathus
reached highest densities at low ele-
vations. Deer mice were most abundant
during the late fall to early spring,
while pocket mice reached population
peaks in spring or summer.

The overwintering populations of
Perognathus, indicated by total cap-
tures during January-April, were com-
parable for all three years at the
four elevations. The numbers of deer
mice were quite low following the

severe winter of 1968-1969, when no
Peromyscus were taken at the two low-
est elevations. During the fall and
winter of 1969, the populations in-
creased to peak levels which were
reached in early 1970. 1In 1970-1971
this pattern of breeding was repeated.
Populations were sustained even at the
500-ft elevation during the winter of
1970-1971.

The significant aspect of these
data is the lack of symmetry in the
histograms of trapping data gathered
from 1969 to 1971. There was a great



deal of variability in trapping suc-
cess, peak nunbers of each species
captured, and chronol ogy of peaks and
troughs in population curves. This
variability proscribed any but de-
scriptive comparisons between the sets
of information, but it does denon-
strate the need for caution in making
broad generalizations concerning snall
mammal popul ati on dynam cs.

Reproductive Behavior of the Northern
Grasshopper Muse, Onvchonvs leuco-
gaster fuscogriseus

T. P. 0'Farrell, J. D. Hedlund and

R A Ges

The grasshopper mouse, Onychonys
| eucogaster, is one of the small mam
mal s nost sensitive to acute ionizing
radi ation. Throughout its range, the
grasshopper mouse is one of the |east
numerous rodents, and relatively lit-
tle is known of its ecological life
history and reproductive potenti al
Qur earlier reports indicated that in
the | aboratory Onychonys has a repro-
ductive potential that is conparable

with other nmore numerous small mammal s.

The remarkabl e di screpancy between
this potential and the I ow nunbers en-
countered in the field still remains
unanswered. An experinent was started
in March, 1969, to test the published
hypot hesi s that female grasshopper
m ce undergo reproductive senility at
one year of age

The previous annual report presen-
ted data for the first year and one-
hal f of the experinent which indicated
that grasshopper mice were reproduc-
tively active into the third year of
life. Results for the last 12-nmonth
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period, Table 8, further support the
observation that femal e grasshopper

m ce are capable of producing a sig-
ni ficant number of litters each day
until they are at least 2.5 years ol d.
O der fenales were as successful at
weaning litters as younger dams unti
they reached an age between 2.5 and
3.8 years, at which time the percen-
tage dropped.

The effects of chronol ogi cal age
on reproduction are difficult to de-
fine since they are often masked by
changes in "physiological" age; i.e.,
a female's reproductive capability
may not depend on her age as nuch as
on the nunber, sequence and size of
litters. |In March of 1970, 20 fennles
were weaned: ten were immediately
paired with males and are shown in
Table 8 as 1.5-year old females; the
ot her ten were placed into isolated
cages until March, 1971, when they
were paired with young mal es. The
data in Table 8 show that the nunber
and sizes of litters born to the lat-
ter group are conparable with their
si blings which had been breeding for
one year. The nost significant dif-
ference was the greater survival of
young in the femal es which had been
isolated for one year. The percen-
tage of survival for the sibling fe-
mal es was never greater than 68.8%
for the three 6-month period between
March, 1970 and Septenber, 1971.
There is no ready explanation for the
significant differences in weaning
success.

The drop in weaning success asso-
ciated with each group of young ani-
mal s added to the experiment at six-
month intervals, posed the possibility
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TABLE 8.  Reproductive Performance of Onychonys leuco-
gaster of Various Ages (Septenber, 1970-September, 1971)

Number Number Survival
of of Number Number of
Age, zr(a) Pairs Litters Born Weaned Young, %
>4,5 1 0 0 0
4.2 9 1 2 0 0
4.0 9 2 2 0 0
3.8 g g 14 5 35.7
2.5 10 46 148 76 51.3
2.0 9 66 272 160 58.8
1.5 10 75 331 222 67.1
1.0 10 68 279 192 68.8
0.5 10 4 15 15 100
1.5(b) 10 35 153 139 90.8
Wwild
Cdught 8 32 120 119 99.2

a. Age on 16 September 1971.

March, 1969.

Experiment commenced

b. Not bred until one year after birth.

that interbreeding w thin the col ony
m ght be contributing to |owered suc-
cess. |In March, 1971, eight pair of
wi | d-caught grasshopper mnice were
added to the experinent. Over the
past six nonths they have been the
nmost successful breeders in the pro-
grams |osing only one young ani ma

bef ore weaning (Table 8). Further
conbi nations of wld-caught and

| aborat ory-reared grasshopper mnice
will be made to assess the possible

i nfluence of interbreeding on the re-
productive performance of Onychonys

| eucogaster.
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D. ENVIRONMENTAL QUALITY

Continued Canada

goose nesting surveys have been conducted

to provide the quantification needed to assess the results

of wildlife management experiments

The unique record of nes-

ting success of the Canada goose may ultimately be useful as
an index to changes in the quality of the environment of the
Columbia River during the past two decades.

Intensive small mammal trapping was also conducted as a

part of the overall terrestrial ecology program.

Results of

these studies have confirmed the presence of the sagebrush vole

(Lagurus curtatus) in Benton County, Washington.

These stu-

dies provide an insight into the preferred habitat and popula-

tion density of the species.

Canada Goose Popul ations on the
Hanford Reservation, 1971%

R o. Glbert,** H A Sweany
and T. P. 0'Farrell

For the past 19 field seasons a
continuous record has been kept of
the nesting success of the Canada
geese, Branta canadensis moffitti,
which breed in the Hanford stretch of
the Columbia River. Oiiginally, the
obj ective of the study was to assess
possi bl e [ ong-term environmental ef-
fects of continued nucl ear reactor
operations on Colunbia River fauna,
particularly Canada geese. The data
gathered indicated that neither the
numbers of reactors operating during
any one time, nor the proximty of
the goose breeding grounds to the re-
actors, had any measurable effect on
fertility or fecundity of the birds.

* Funded by Service Assessment
** Mathematics and Physics Research
Department

Ot her factors, including predation,
di sturbance of nesting sites by humans
or their cattle, and destruction or
desertion of nests due to natura
floodi ng and water managenent techni-
ques proved to be nore inportant in
altering popul ation dynamcs than re-
actor operations. Al but natura
predation can be related to man's im
pact on environmental quality, either
t hrough use of the river for hydro-
electric devel opment or as a recrea-
tion site for an expanding |ocal popu-
[ation. The unique record of nesting
success of the Canada goose may ul -
timately be nore useful as an index
to changes in the quality of the en-
vironment of the Colunbia R ver dur-
ing the past two decades.

In 1971 the nunber of nests
(Table 9), declined, continuing the
downward trend over the past 18
years. Neither the average clutch
size nor the fate of the eggs
(Tabl e 10) has changed significantly
over the sanme period. This indi-
cates that the number of paired
geese and the availability of suit-
abl e, undisturbed habitats is largely
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TABLE 9. Number of Canada Goose Nests and Eggs Recorded
on the Hanford Stretch of the Columbia River, 1971

Number
Number of Nests 114
Successful Nests 99
Eggs in Successful Nests 566
Eggs Per Successful Nest 5.7
Young From Successful Nests 536
Young Per Successful Nest 5.4

TABLE 10. Fate of Eggs Contained in Successful Canada
Goose Nests During 1971

18-Year
Fate of Eggs Number =] Average, %
Unfertile 11 2 3
Broken, Missing 2 <1 2
Fertile, Embryo Died 17 3
1st Week of Development 10 2 4
2nd Week of Development 3 1 1
3rd Week of Development 1 <1 1
4th Week of Development 3 1 1
Dead Goslings 0 0 <1
Hatched 536 95 89
Total 566
responsible for the apparently de- site preferences and popul ation
clining numbers. dynam cs should provide a sound
The extensive data obtained dur- background for possible experimen-

ing the past 10 years on nesting tal studies aimed at reducing the
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i mpact of man's chronic and increas-
ing demand on the l|ast undisturbed
portion of the Colunmbia River. Con-
tinued nesting surveys will provide
the quantification needed to assess
the results of these wildlife man-
agement experinents, as well as an

i ndex to further changes in the
quality of the environnent affecting
a population of migratory waterfow
in western North America

QOccurrence of the Sagebrush Vole,

Lagurus curtatus, on the Hanford
Reservati on

T. P. O'Farrell

The sagebrush vole (Lagurus
curtatus pauperrinus) is a small ro-
dent which occurs in the nmost xeric

habitats occupied by the sub-famly
M crotinae in Washington State. The

species presents an interesting prob-

I em regarding ecol ogical distribu-
tion in Washington because the type-
specimen was collected in the Walla
Val la County in 1860 and no addi -
tional specinens have been reported
there or in bordering counties since
that time. James and Booth of Wlla
Val [ a College reported nore recent
information on the distribution of
Lagurus using their trapping records
as well as the extensive data of
C. W Clanton. They specul ated that
Lagurus m ght occur in Benton County
but trapping was not conducted there
since the prine habitat was |ocated
within the U S. Atom ¢ Energy
Commi ssion's Hanford Reservation.
Since 1966 intensive small mama
trappi ng has been conducted on the
Hanford Reservation as part of the
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overall terrestrial ecology program
Results of these studies have con-
firmed the presence of Lagurus
curtatus in Benton County,
Washington. Fig. 16 illustrates |o-
cations on the Reservation that have
been sanpl ed and the distribution

of captures. The number of captures
in Fig. 16 should be interpreted
only as an index to relative abun-
dance since the trapping effort was
not uniformfor all sites.

On the Hanford Reservation, nore
Lagurus Wwere trapped between 1000-
2000 ft, and above 3000 ft than at
any other elevations. The greatest
nunbers were taken at 3500 ft, which
is the summt of Rattlesnake Mountain
Only four transient voles were taken
at elevations below 1000 ft: three
were captured at 800 ft in pitfall
traps set for ground-dwelling beetles
(WH. Rickard, unpublished data,
1964); one Lagurus was trapped at
640 ft. The latter vole represented
the only capture of the species after
three years and 28,000 trap-nights
of effort at that elevation. O her
i nvestigators have reported that in
Washi ngton the sagebrush vol e occurs
mai nly between 1000 and 2800 ft.

This trapping information supports
their observation.

The occurrence of Lagurus
curtatus in Benton County,
Washington still does not clarify
the enigma of why sagebrush vol es
have not been captured in the area
surrounding the type-locality in
Valla Walla County. These data do
extend the range of the species in-
to a county bordering the type-

[ocation. Perhaps Lagurus will be



TERRESTRI AL ANl MAL ECOLOGY

1500
YAK{ o < -
ibog o HANFORD RESERVAT(ON b o

Neg 714040-2

FI GURE 16. Smal |l -nmammal Trapping Sites (OQpen Circles)
on the U S Atonic Energy Commission's Hanford Reser-
vation, Benton County, Washington. Nunbers in circles
i ndi cate the nunber of Lagurus curtatus trapped at that

site.
trapped in the higher el evations of mamal s, breaks the continuity of
the Rattl esnake and Horse Heaven these ridges at Wallula Gap. Modern
Hil'l's which extend from Benton agricultural practices have greatly
County into Walla Walla County. reduced the Lagurus habitat in VWalla
However, the Col umbia River, which Val | a County since 1860 and few rel-
has been an effective barrier to i ck popul ations may exist.

the free novenents of other smal



ERRATUM
BNWL-1950, Part 2

Page 109, 2nd paragraph, lines 1-7 should read:

In measuring petroleum effects, two formidible technical
problems arise: first, major fluctuations in the multi-phase
system of oil, air, and water are caused by energy expenditure
and manner of mixing in the influent supply; and second, the
selective partitioning of specific toxic fractions may markedly
alter mortality and other biological end-points.
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The objective of this study was to define routes, rates,
and amounts of fallout radionuelides in natural ecosystems of

northern Alaska.

Surveys show the persistence of small but

ubiquitously distributed quantites of man-made radionuclides
in vegetation, affected little by the activities of people.
These surveys also provide a means of examining the func-
tional role of radionuclides within an ecological system.
This research has made clear the need for detailed, contin-

uing studies of natural systems.

Fal | out Radi onuclides in Northern
Al askan Ecosystens
T. P. O'Farrell, J.
H A Sweany

D. Hedl und and

The objective of this study is to
define the routes, rates, and ampunts
of fallout radionuclides in natural
ecosystens of northern Alaska. Spe-
cial enphasis is placed on deter-
mning the 137¢s body burdens of
Eskinos living in Anaktuvuk Pass.

Measur ements of body burdens were
made during January and July, 1971,
to quantify the [ow and high portions
of the annual cycle in the people
Results are shown in Table 11. The
peak val ue obtained in July was at
| east 50% | ower than the peak nea-
sured in 1970. Apparently, the ano-
mael ous pattern of high body burdens
observed in 1969 and 1970 was broken
(Fig. 17). The sudden increases in
those years and the |atest decline
in body burdens is still unexpl ained.
Sanpl es of caribou used for food dur-
ing this period as well as lichens
fromthe vicinity are being anal yzed
to provide nore information for study
of the food chain relationships. The

next sanpling is schedul ed for
January, 1972, at which time the peo-
ple's body burdens should be at their
seasonal mini num val ue.

Results of the continuing |ong-
termstudy of radiation in the arctic
food chain have been published in
several articles including the nost
recent ones listed in the annual sum
mary of publications. The research
has made clear the need for detail ed,
continuing studies of natural systens.
Valid mat hemati cal nodeling, like that
devel oped from these data, depends
upon a continuous record over a period
of years as an anal ytic franmework.
Such studies al so provide a neans of
exam ning the functional roles with-
in an ecol ogi cal system The com
plexities of describing a food chain,
particularly when it involves human
vari abl es, are clearly denonstrated
in the |atest paper by Hanson (1971).
Fubl i shed results such as these have,
over the years, served as an excel-
"lent indicator of the caution which
shoul d be exercised in making pre-
dictions regarding cycling within a
natural system
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TABLE 11. Body Burdens of Anaktuvuk Pass, Al aska
Residents During 1971

]3705 Body Burden, nCi
Mean +
Age-Category No_ Standard Error Range
Jan. -Feb.
Adults 31 230 + 18 110-510
Minors 1 170
Children 37 32 + 13 20-80
July
Adults 35 383 + 24 30-670
Minors 5 168 + 28 100-260
Children 34 67 + 5 40-150
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FI GURE 17. Measurenents of Cs Body Burdens in Resi-
dents of Anaktuvuk Pass, Al aska Between 1962 and 1971.
(Val ues prior to 1970 are taken fromrecords and publi -
cations of W C Hanson).
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Fal | out Radi ocesium in Al askan Tundra

Veget ati on 1961 and 1971%
W H Rickard, J. D. Hedlund and
H A. Sweany

The nmouth of Ogotoruk Creek on the
coast of northwestern Al aska was cho-
sen by the United States Atomic
Energy Commi ssion as a possible site
for the excavation of a ship harbor
through the use of buried nuclear ex-
pl osives. Because relatively little
environnmental information was avail -
able for this region, funds and fa-
cilities were provided to conduct a
conpr ehensi ve base-line environ-
mental study. Field work was ac-
tively conducted during 1959, 1960
and 1961; however, in 1962, it was
decided to defer the excavation and
field activities declined. By 1971,
bi ol ogi cal field work had al nost
ceased.

One of the objectives of the en-
vironnmental studies was to measure
t he man-i nduced radi onuclides intro-
duced into the valley as fallout.

Thi s investigation conpares the
fallout radiocesium content of vege-
tation samples collected in 1971
with those collected a decade earlier
in the same places and anal yzed in
the same way. The data showlittle
change in the amount of radiocesium
associated with the vegetation of
the Ogotoruk Creek Valley in the
10-year interval

I nportant plant habitats are the
stony ridges doninated by |ichens

* This work was performed under
United States Atomic Energy
Commission Contract AT (45-1)-
1830.
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and woody perennials; ponds with
energent species especially Arctophila
fulva and Hippuris vulgaris; wet
meadows dom nated by Carex aquatilis
and Eriophorum angustifolium and
tussock nmeadows domi nated by
phorum vaginatum |n as far as was
practical, the same places were sam
pled in 1961 as in 1971. For biomass
estimates, two to five 0.25 n@ plots
were randomy selected in each
vegetation-type by hand clipping with
shears. Collections were placed in-
to separate plastic bags and sent to
the laboratory for processing. Oven
dry plant material was passed through
a Wley MII then packed into 500 m
capacity plastic bottles and counted
for 30 mnutes in a well-type sodium
i odide (Thal l'ium activated) crystal
connected to a 256 channel analyzer
Results are expressed as picocuries
of cesiuml137 per gram of dry
mat eri al

Many ki nds of radionuclides are
produced during nucl ear expl osions
and many of these have short physi -
cal half-lives and are regarded as
environnmental Iy epheneral. Radio-
cesium however, has a half-l1ife of
30 years and will persist in the en-
vironment for decades. A conparison
of radiocesiumvalues in plant sam
pl es obtained in 1961 and in 1971
is made in Table 12. These data show
that aquatic nmacrophytes have the
smal | er concentrations of radiocesium
and that pure or nearly pure collec-
tions of I|ichens have the highest
concentrations. O her kinds of
plants are internediate in radio-
cesium val ues with new growth having
| ess radiocesiumthan the persistent




TERRESTRI AL ANI MAL ECOLOGY

2.29

TABLE 12.

Radi ocesi um (Picocuries per G am Dry Weight)

in Sanples of Vegetation fromFour Habitates in the
Ogot oruk Creek Valley, Alaska, 1971

Pond

Arctophila fulva

Hippuris vul garis

Ridge

Cetraria richardsoni i

Dryas octopetal a

Cassiope tetragona

Ledum decumbens & lichen

We Mesdow

Carex aquatilis (dead & live)

Carex aquatilis (live)

Salix alaxensis (new leaves)

Tussock Mesdow

Eriophorum vaginatum (1ive & dead)

Eriophorum vaginatum (crown)

Eriophorum vaginatum (live only)

Sphagnum St.

X + Standard Error.

1971 1961
0.38 +0.15 0.47 +0.70
0.82 + 0.48 0.91 + 0.65
40.0 + 7.3 37.0 + 1.4

8.1 4.5 +0.53
13.C --
13.0 + 4.1 --
50 +0.71 6.5 + 0.46
0.96 + 0.16 -
0.26 + 0.26 -
8.1 +0.84 7.0 +0.90
9.4 + 0.63 --
2.3 -
2.0 + 0.61 -

or nore aged plant parts. The data
al so showrelatively little change

i n radi ocesi um val ues. Apparently
at nospheric deposition has kept pace
with the expected | osses from pl ant
senescence, |eaching and physica
decay.

The ridge comunities accunul ated
nost of the fallout radiocesium
(Tabl e 13). Moderate ampbunts of ra-
di ocesi um were retained by plants of

the tussock nmeadow community and | ow
amounts were retained by the plants
of the wet meadow community. The

hi gh val ue of 27 nanocuries per
square meter in the ridge habitat is
only about one-fourth that neasured
in the floor of undisturbed Conifer
forests in the Cascade Muntains of
Washi ngton. The values are, how
ever, nmuch like those obtained for
simlar kinds of tundra communities



2.30 TERRESTRI AL ANl MAL ECOLOGY

TABLE 13. Aboveground Bi onass and Cesium-137 EXpressed
as Nanocuries per Square Meter in Three Plant Communi -
ties in the Qgotoruk Creek Valley, Al aska, 1971

Aboveground

Community biomass g/m 137¢ pCi(mz
Ridge (Ledum & lichen) 1930 + 233 27
Tussock Meadow
Crowns 1010 + 150 9.5
Standing live & dead 412 + 24 3.3
Total 1422 12.8
Wet Meadow
Live 480 + 62 0.46
Standing dead & litter 20 + 23 1.08
Total 500 1.54
X + Standard Error.
at Anaktuvuk Pass in inland Arctic W. C. Hanson. "Fallout Radionuclide
Al aska Distribution in Lichen Communities
o ) of the Thule Greenland Region During
This survey shows the persistence the Summer of 1968," Arctic, vol. 24,
of small but ubiquitously distri- pp. 269-276, 1971.
buted quantities of a man-nmade radio- W. C. Hanson. "Plutonium in Lichen

; ; ; ; Communities of the Thule Greenland
nuclide in a vegetation npsa|c thgt Region During the Summer of 1968,"
has over many years experienced little Health Physics, vol. 20, pp. 585-591,
nodi fication through the activities 1971
of people. Radiocesiumis likely to W. C. Hanson and L. L. Eberhardt.

; ; ; Cycling and Compartmentalization of
persist in tundra VegeFatlon for. Radionuclides in Northern Alaskan
many nore years even w thout addi- Lichen Communities, In: D. J. Nelson

i i i i (ed.), Third National Symposium on
tional inputs of fresh ra9|oce5|un1 Radioecology, CFSTI, Natl. Bur. Stds.,
from nucl ear weapons testing. Springfield, Va. (In Press).
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Publ i cati ons .

137 W. H. Rickard, J. J. Davis, W. C.
w. C. Hanson. " Cs: Seasonal Hanson, and D. G. Watson. "Gamma-
Patterns in Native Residents of Three Emitting Radionuclides i n Alaskan
Contrasting Alaskan Villages,” Health Tundra Vegetation, 1959, 1960, 1961,"

Physics, vol. 20, pp. 585-591, 1971. Ecology, vol. 46, pp. 352-356, 1965.
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ANALYSIS OF NATURAL SYSTEMS

MATHEMATICAL MODELING*

The increased awareness of ecological understanding as an
essential feature of environmental protection emphasizes the
need for better ways of translating theory into action. Prog-
ress was made on the development of mathematical and computer
simulation models suitable for description and interpretation
of ecological data. An analytical framework for field and
laboratory research activities was also devised. Development
of this program indicates a need for continued improvement of

our modeling and analytical

Mcodeling of Mneral Cycling by
Peri phyt on
C. E Cushing and L. L. Eberhardt

Work was continued on nodeling
the results of the zinc-65 cycling
data by periphyton communities in
the sinmul ated stream ni crocosns.
Model i ng was undertaken to provide
information on 1) rate val ues,

2) the fit of known nodels, and

3) what is going on in the comunity.

The nodel i ng techni ques vi ewed
the system as a closed systemwith

* Portions covered by program, i.e.,
TA E

capabilities.

two conpartnents: first, the water
or anbi ent conponent, and second,

the periphyton or uptake conponent.
Two rates were involved - u,, the
rate of uptake of zinc-65 by the
periphyton fromthe water and u,, the
rate of loss of zinc-65 fromthe

peri phyton back to the water. Using
certain assunptions, equations were
devel oped for solution of the asynpto-
tic uptake of zinc-65 by the peri-
phyton, the asynptotic |oss of
zinc-65 by the water, the sum of the
two rates u, and u,, and two equa-
tions describing the amunts of
zinc-65 in the water and periphyton
The data were fit by nonlinear, |east
squares nethods using two different
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routines, one of which provided esti-
nmat es of standard errors.

An anal ysi s was nade of data from
four experinmental runs. The results
are sunmmari zed bel ow.

e An estimate to account for the to-
tal zinc-65 spi ke by summ ng esti-
mat es of the asynptotic values in
t he periphyton and water resulted
in tw good estinates and one fair
one. The standard errors were sub-
stantial, thus indicating the need
of taking nore sanples of anbient
levels. Estimates of the |oss
rate, TP al so showed sone con-
si stency; however, they were higher
than cal culated rates of retention

e Estimates of the sunms of the two
rates, My and P resulted in good
agreenent in three of the four ex-
periments. Again, high standard
errors interfered. Estimtes of
the asynptotic uptake by the peri-
phyton ran into a procedural prob-
I emsince these data were in CPM
and not absol ute val ues. However,
a plot of the val ues obtained
agai nst each ot her showed that
they were linearly rel ated.

e Fitting of actual and predicted
upt ake curves resulted in a good
fit (Figure 18) except for the
unusual pattern of deviations. In
fitting retention curves, it soon
becane evident that the single-
conponent equation was not adequate
Agai n, an unusual pattern of devia-
tions occurred(Figure 19. Com
put ed sl opes al so varied fromthe
previously estimted values of u,.
An alternate nodel, involving three
parameters to fit, resulted in a
fit with less deviations which was
al so nore random

CPM x 1[)2
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Modeling an Antarctic Seal Popul ation
L. L. Eberhardt

I n Novermber of 1970 and again in
the fall of 1971, the author partici-
pated in a study of the Weddell Sea
(Leptonychotes weddelli) in McMurdo
Sound, Antarctica. The work was done
in cooperationwth investigators from
the University of M nnesota, whose re-
search is sponsored by the Nationa
Sci ence Foundation (all transportation
and facilities for the author were
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provi ded under the NSF support grant).
The 1970 study was reported in our
1971 Annual Report, and many simlar
activities were scheduled for the
1971-72 expedition (but details were
not available at the time this re-
port was prepared). The present re-
port deals with a computer sinulation
model of a Weddell seal popul ation

The present computer nodel was de-
vised as a tool for exploring the
avail abl e data on seal popul ations,
and planning investigations for the
1971-72 field season. Each of 14
" puppi ng col onies”™ is nodel ed sepa-
rately, with main enphasis on femle
seals. Adult females are assumed to
seasonal |y occupy the same col ony
until death (each adult female is sub-
jected to an annual random draw to
determ ne survival). The entire sur-
viving pup population goes into a
common pool and remains there unti
age three, being subjected to random
nmortality (at pre-assigned rates) each
year. The three-year olds are indi-
vidual ly and randomy assigned to
breeding colonies with probabilities
proportional to the "space" avail able,
as determ ned by comparing the current
number of adult females in the colony
with a designated carrying capacity.

The conputer program prints out
two tables of data, the first listing
total population, sex ratio, preg-
nancy rate, and surplus individuals
(over carrying-capacity). The second
tabl e shows pup popul ations for each
col ony by year.

Mani pul ation of various rate con-
stants in the nodel has permtted us
to approxi mate those val ues which
will maintain the population at about

constant size (beyond stochastic fluc-
tuations) over 15-20 year tine periods
These rates are in general agreenent
with those obtained in the field, but
experience with the nodel has sugges-
ted several areas of needed study, as
wel | as various prospects for changing
the model to make it better approxi-
mate actual conditions.

One inportant prospect for ultimte
use of the nodel is in predicting al-
| owabl e harvest in this and simlar
seal populations, a reality which has
to be considered in the not very dis-
tant future. An interesting side-
light is the close simlarity between
the circunstances involved in nodel -
ing this Antarctic seal population
and the Canada Goose popul ation in-
habiting Columbia River islands at
Hanf or d.

Sanpl i ng Food Chai ns
L. L. Eberhardt, J.
and R. 0. Gl bert

M Thonmas

Qur experience over the last few
years in modeling various food chain
phenomena i ndi cates that much of the
present know edge of kinetics of ra-
di onuclides in food chains is directly
applicable to a much wi der range of
substances, such as DDT and mercury.
A major concern here is with what may
be called "the sanpling problem'".
That is, if it is assumed that the
principles of first-order Kkinetics
provi de a reasonable mathematica
nmodel of the actual processes gov-
erning pollutants in food-chains,
then what constitutes an efficient
field sanmpling progranf



The rational e of our recent efforts
has these components: 1) to es-
tablish some "case histories" by
exam ning a number of sets of actual
field data, 2) to construct conputer
simul ation nodel s for individual case
histories, 3) to investigate non-
linear |east-squares methods as tools
for fitting nodels to data, 4) to at-
tenpt to elucidate sone general prin-
ciples that may be appropriate for
predicting rate constants for sub-
stances and species that have not been
directly studied, and 5 to formulate
questions about efficient sampling
procedures. G ven a "good" set of
questions about sanpling problens,
and sone potential strategies for sam
pling, a |logical next step seens to
be to build a computer simnulation
nmodel that reflects what we know about
sonme actual field situations, and to
use the simulator to test the effi-
ciency of various sanpling prograns.
At present, it seems necessary to
l[imt an approach via sinulation to
sone rather sinple situations, inas-
much as there are a nunber of unre-
sol ved questions about the systens of
concern here.

An exanmination of the conditions
and results of anunber of field
studies leads us to believe that in-
puts froma source (rel ease of DDT,
radiotracers, etc.) wll nost gener-
ally not be constant, and that an
exponential decline may often be the
best approximation to actual condi-
tions. It is then necessary to dea
wi th rather conplicated expressions,
and our experience thus far suggests
that it will be essential to fit the
resulting curves sequentially, star-
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ting with the source termand working
progressively up the food chain.

W have not yet had enough expe-
rience with the systemto judge ex-
actly how nmuch random variation can
be dealt with in fitting output data
The present simulator contains gene-
rators to produce random vari abl es
froma |l og-normal or gamma distribu-
tion at each stage. Each such gene-
rator depends on an adjustable common
paraneter (the coefficient of varia-
tion), so that variability in the en-
tire system can be set at zero in
order to test the various nonlinear
| east-squares fitting schemes. Most
of our initial experience was with a
"linearization" (or Taylor series)
fitting method, but we have now changed
over to a version of a program devel -
oped by Marquardt, which conmbines the
Tayl or series and "steepest descent”
met hods.

Recent experience with a schene for
sel ecting optimum sanpling points in
time is causing us to nodify an earlier
conclusion that a substantial number of
sampling tines are required for good
estimates of rate paraneters. |t now
appears that "optinun' sanpling schenes
may be much nore efficient than we had
supposed.

Simlarity Ratios in Retention of
Trace Substances
L. L. Eberhardt, J.
and R 0. Glbert

M Thomas

One of the major problens facing
all biologists is the extrapolation
of results to species other than those
directly observed in laboratory and/or



ANALYsI s OF NATURAL SYSTEMS

field studies. Environmental pollu-
tion and the subsequent food-chain pas-
sage of substances presents a particu-
larly difficult aspect of this prob-
lem The nyriad of possible organisnms
and interactions makes anal ysis using
usual step-by-step methods nearly im
possi bl e. Cbviously, underlying rel a-
tionships of "sinmlarity" anmong species
could greatly reduce the time and ef-
fort necessary to predict the ultinmate
fate of pollutants, at least for large
segments of food chains.

The uptake and retention of many
subst ances has been observed to be pro-
portional to a fractional power of body
wei ght. When such " power-l aws”™ have
been extended to interspecies conpari-
sons, the resulting power coefficient
is usually substantially |ower than
that anticipated on the basis of the
wel [ -known rel ati onship between body
size and metabolic rate. It has been
proposed that interspecies conparisons
ought to be based on "sinmilarity ratios”
that depend on the proportionality co-
efficient (@) in the equation:

y = awB
where y pertains to retention tine (or
sone equi val ent neasurenent), w repre-
sents body weight, and g is taken as
0.75 (with appropriate sign). W have
i nvestigated the use of such an anal -
ysis for a variety of published and
unpubl i shed data, and concl ude that
there is a great deal of potential
for wider application

The possible ultinmate uses for an
anal ysis such as this are either as
a method for predicting expected bio-

[ ogical equilibriumlevel for a larger
organism or as a beginning step for

predicting the fate of substances in
food chains. In the former case,

bi ol ogi cal equilibriumlevel for hu-
mans coul d be predicted fromdata on,
for exanmple, rats by computing a for
rats, estimating a for humans from
charts prepared fromdata on ot her
substances, and then cal cul ati ng equi -
[ibrium | evel using body weight for
humans. Such a procedure could thus
circunvent the |aborious testing of
many species and compounds. It is,
in effect, another idea for "extra-
polating to nman."

An extension to nore general food
chain anal ysis would be predicated on
denonstrations that many nore sub-
stances (pesticides, mercury, etc.)
and species could be incorporated in-
to our postulated "Simlarity Ratios."
If rates of [oss and uptake through
a food chain are of major interest,
then metabol i c measures other than
the one used in our recent studies
(biological equilibriumlevel) could
be investigated.

W have done sone prelimnary work
whi ch indicates that the biologica
equilibrium level for the last com
ponent of a retention function, and
for readily absorbable nuclides,
yields sinmlarity ratios nearly the
sane as those we have previously
obt ai ned.

V¢ believe that the methods of
simlarity and allonetry are appli-
cable over a w de range of nonrum -
nant mammal i an species and radionu-
Qur analysis has led us to
specul ate that there are prospects
of much wider applicability than to
the behavi or of isotopes in biologi-
cal systens al one

clides.



Eval uati on of Pseudo-Random Nunber
Generators

Richard 0. G lbert, Lee Eberhardt
and John Thomas

The [ ognormal and gamma distribu-
tions may be suitable distributions
to represent observations of the con:
centration of substances such as ra-
di onucl i des and DDT in sanples of
biota. An inportant question in the
study of novenent of such substances
through food chains is the particular
sanpling strategy to use; i.e., when
and how intensively should one sanple
a natural systen? One way to approach
this problemis to design appropriate
monte carlo (conputer) sinulation
experiments.

Since the validity of the results
from this approach depends on the per-
formance of the pseudo-random nunber
generator used, a nonte carlo sinula-
tion experiment was conducted to eval -
uate the performance of four pseudo-
random nunber generators in genera-
ting nunbers follow ng |ognormal and
gamma distributions.

Each of the generators is designed
to generate independent uniformy dis-
tributed nunbers between 0 and 1
These numbers are then transformed to
[ ognormal or gamma variates. Each
generator was eval uated for randomess
by computing chi-square goodness-of-
fit tests and the |ag-product test
for correlations. 1In addition,
goodness-of-fit tests of the gener-
ated | ognormal and gamma distributions
to their known counterparts were com
puted as well as several other tests
of significance.
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The results indicate one of the
generators to be somewhat |ess desir-
able than the others, in that gener-
ated nunbers tend to be correl ated
resulting in distributions being
generated which differ significantly
from expected. Information on the
speed and periodicity of each gener-
ator was al so obtained

Statistical Evaluation of the Ad
Field Sanpling Pl an

R 0. Glbert, W, H, Rickard

and J. F. dine

Pl ant bi omass data collected at
the Lower and Upper Snively "old
field" sites on ALE during 1970 and
1971 were anal yzed to determ ne whether
the field sampling plan should be mo-
dified for future use.

The present design enpl oyes two
replications at each site. Each rep-
lication is divided into five equa
areas (bl ocks) and two plots of size
0.1m° are random y chosen within each
bl ock for hand clipping on each har-
vest day during the spring grow ng
season.

Questions of interest are: 1) Has
bl ocking resulted in nore precise es-
timtes of nmean biomass over that ob-
tainable with sinple random sanpling?
2) Can the nunmber of replications,
bl ocks, or plots within blocks be al-
tered to obtain nore precise estinates
for the sanme cost? 3) Can precision
be inproved by using a larger plot
size?

An exanmination of the standard
errors of total living aboveground
bi omass and fallen litter at the two
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sites indicate no consistent inprove-
ment using bl ocks over sinple random
sanpling, although there were indi-
vidual cases of significant inprove-
ments in precision using the former.

Question (2) was investigated by
conputing nested anal yses of variance
for the data of each site and harvest
day in 1971. The data indicated that
on nost harvest days, an increase in
the nunber of replications or the num
ber of sample plots within blocks
woul d not have significantly reduced
the standard errors, but would have
i ncreased the cost considerably.

Ten additional plots were harvested
on the fifth harvest day in 1971 in
order to investigate question (3.

Al though the data are neager, they sug-
gest that the present plot size need
not be increased.

In general, the present design
appears adequate for the purposes for
whi ch the data are being collected.
More precise estimtes can be obtained
but only with considerably increased

costs.

Revi ew of NSg/1BP Sanpling Program

R 0. Glbert and R J. Osonre-
viewed the |BP Grasslands sanpling
program currently underway at the
Cot t onwood, Sout h Dakota experiment
station of South Dakota State
University. Recomendations were nade
regarding the correct nethod of esti-
mating the variance of the resulting
estimates of plant bionmass. Sugges-
tions were al so made regarding the
alteration of the current plan so that

nmore accurate estinmates may be obtai ned
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TERRESTRIAL PLANT ECOLOGY

The impact of the abiotic and biotic environments on plant
distribution, growth, reproduction and yield i s of major impor-
tance in this study. Because of the close relationships of
plant growth, productivity, reproduction and soil water, those
studies previously conducted under the title of Hydrologic
Cycling on the ALE Reserve have been incorporated into the
terrestrial plant ecology studies. Terrestrial plant ecology,
a focal point of the ecology studies, is also concerned with
the movement and accumulation of mineral nutrients and radio-
nuclides by plants and their relationship to the soil substrate.
Also, a new direction has been taken in "physiological ecology"
where moisture use and mineral behavior within the plant is
being studied.
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TERRESTRIAL PLANT ECOLOGY

® TERRESTRIAL PLANT ECOLOGY
® HYDROLOGICAL CYCLING O N ALE RESERVE

® GEOLOGY AND PALEOECOLOGY OF ALE RESERVE

A. VEGETATIONAL DYNAMICS AND CHARACTERIZATION
B. NUTRIENT AND HYDROLOGICAL FACTORS

C. INFLUENCE OF ENVIRONMENTAL FACTORS O N BIOTIC
INTERACTIONS WITH SOIL

D. CLIMATOLOGY

A. VEGETATIONAL DYNAMICS AND CHARACTERIZATION

Detailed information on the functional roles of plants are
a requisite for interpreting and predicting transfers of energy
and nutrients. Sampling surveys of the vegetation on the ALE
Reserve were conducted throughout the year. These studies of
annuals growing on abandoned cultivated fields are expected to
continue and results added to data of previous years. Several
years of data accumulation are necessary to obtain average
values for means and extreme production figures. A study of
the impact of cattle grazing initiated in 1977 will be con-
tinued in 1972.



Bot ani cal Description of the ALE-I BP
Grassland Bione Study Site
K R Price and W H Rickard

The vegetation of the grassland
bi one study site is representative of
the Artemisia/Agropyron associ ation
described by Daubenmire (1970) (1)
Under the administration of the US.
Atom ¢ Energy Conmi ssion the study
site has been essentially ungrazed by
livestock for 28 years. The land use
history prior to that tinme is not
known in detail, but the site was
probably only lightly grazed because
of the long distance to drinking
wat er .

A w ldfire burned over the genera
area during the sumrer of 1957 but
only a corner of the study site was
affected by this fire. The canopy
cover provided by living sagebrush
shrubs was deternmined by line inter-
cept on 24 randomy |ocated bl ocks
(15 x 30 meters) scattered throughout
the study area, prior to experimenta
livestock grazing for 1971. Al
living shrubs located inside each
bl ock were counted to obtain density
val ues. The maxi num hei ght of every
shrub encountered al ong intercept
[ines was al so neasured.

On the average, 3.4% of the ground
surface was covered by shrub canopies
The average density amounted to 13

shrubs per 100 n? and the average max-

i mum hei ght was 41 cm
The nost frequently harvested
plants are listed bel ow
Shrubs
Artemisia tridentata

TERRESTRI AL PLANT ECOLOGY

Perenni al grasses
Agropyron spicatum
Stipa thurberiana
Poa secunda
Poa cusi cki

Annual grasses
Festuca octofl ora
Bromus tectorum

Hal f shrubs
Phl ox longifolia
Ant ennari a di nor pha
Erigeron filifolius

Perennial forbs
Crepi s atrabarba
Lupinus | axiflorus
Townsendia florifer
Br odi aea dougl asi
Cal ochortus macrocarpus
Astragal us purshii
Achillea millefolium
Allium acum natum

Annual forbs
Descur ai nea pi nnata

Draha verna
The early flowering plants are Poa
cusi ckii, Poa secunda, Draba verna

and Antennaria dinorpha. The mid-
season bl ooning plants are Crepis
atrabarba, Lupinus |axiflorus, Phlox
longifolia, Bromus tectorum Festuca
octofl ora and Brodi aea dougl asii

Late season plants are Agropyron

spi catum Stipa thurberiana, Townsendi a

florifer and Cal ochortus macrocarpus.
Artemisia tridentata is an autum
bl oom ng shrub
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Flora of the ALE Reserve
Joan T. O'Farrell®

One of the major objectives of the
terrestrial ecology program on Project
ALE is the characterization of the
In the past, staff
ecol ogi sts had to order their priori-

flora and fauna.

ties such that conpletion of sone
basic tasks, including a collection
of native plants, preparation of ref-
erence herbarium speci mens, and cat a-
| oging of local species, was not pos-
sible. This was unfortunate since a

* JCGS Appointment
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good reference collection, as well as
an adequate working herbarium is
basic to docunenting present flora
characteristics. An herbarium al so
provi des the baselines for exam ning
alterations in species conposition in
the future. An adequate herbarium
also allows plant ecologists to com
pare species on the site with other
habitats in the Great Basin to |earn
the affinities and possible origin of
the flora of the ALE Reserve.

During 1971, 25 collection trips
were made to various |ocations on the
Reserve (Figure 20). Trips commenced

ALE RESERVE
MAJOR PLANT COLLECTION SITES
1971

Locations on Project ALE Were Major (>3 species)
Col I ections of Indigenous Plant Species Were Made During the
1971 Growi ng Season
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in April when nmany flowers began to
bl oom and additional visits contin-
ued into COctober when the l[ast autum
flowers were collected. An attenpt
was made to visit the major habitats
particularly those on the altitudina
gradient, several times during the
growi ng season to insure that nost
speci es woul d be collected the first
year .

A total of 170 different species
were collected. They included 17
shrubs, 24 grasses, and 129 forbs.
Several unusual species were discov-
ered and as soon as taxonom c identi-
fications are confirmed, the sig-

TERRESTRI AL PLANT ECOLOGY

nificant range extensions will be
publ i shed. Presently, the specinmens
are being nounted on herbarium sheets
after prelimnary identification

At the sane time that specinens
were col | ected, photographs were made
to document the habitat, growth form
and colors of the species (Figure 2.
VWWen the collection is conpleted we
hope to have a reference collection
of photographs which will be cross-
referenced with the actual herbaruim
specimens. This should greatly in-
crease the useful ness of the ALE plant
col | ection

Neg TPO 7130

FI GURE 21.

Bitter-Root, Lewisia redeviva, Bloonm ng Durin

June on the Wndswept, Lithosol on the Crest of Rattlesnake

Mount ai n
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Aboveground Productivity of Wnter
Annual s on Abandoned Cultivated
Fields in 1970 and 1971

W H Rickard, J. F. dine and

R 0. Glbert

One of the main objectives of eco-
| ogical studies is to obtain reliable
estimtes of primary production in
different kinds of plant communities
in different kinds of world environ-
ments. This paper provides prinary
production values for wi nter annuals,
growi ng on abandoned agri cul tural
fields in the shrub steppe region of
sout heast ern Washi ngt on.

The aboveground production of wi n-
ter annual s on abandoned cul tivated
fields varies fromyear to year depen-
ding in large part upon the seasona
availability of soil noisture. On the
ALE Reserve, precipitation generally
increases with increasing altitude and
it can be expected that increased
noi sture will be reflected in in-
creased plant vyields.

The results of harvests of winter
annual s at low and high altitude
fields during 1970 and 1971 are shown
in Figure 22. These data show that
1971 yields were greater than 1970
yields at both locations. The |owest
yield 120 g/m“ was obtained at the
low el evation in 1970 and the hi ghest
yi el ds of 260 g/m2 was obtai ned at
the high elevation in 1971. Cearly,
several years of data accumnul ation are
necessary to obtain average val ues
for neans and extrene production fig-
ures for winter annuals.

3.5
220
| —— LOWER SNIVELY 19719
260 " _ _ UPPER SNIVELY /
240 /
//
20 r S
200
o« 180 F
5
= w0
o
§ o b *1971
iy ___—owm
2 120
<C
S 10 F
80
60
4 r
20 r
0 1 L L 1 L L 1 1 1
311 3/10 3120 3130 419 4119 4/29 519 5119 529 617
MONTH/DAY
FI GURE 22. Average Living Aboveground

Pl'ant Bionmass in Grams Per Square
Meter for 1970 and 1971 in O d Fields

Conmpari son of Aboveground Productivity

of Od Field and Pristine Vegetation
on the ALE Reserve - 1971

W H Rickard, J. F. Cine and

R 0. Glbert

Shrub-st eppe vegetation in rel a-
tively undisturbed condition is repre-
sented by the ALE-I BP Grassland Bi one
study plot. At the other extreng,
the vegetation of |ower Snively field
represents vegetation that has col o-
ni zed the severely disturbed soil of
an abandoned cultivated field. The
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dominant plants are different as to
species composition and appearance.
Both sites are located on gently
sloping topography on the northeast-
erly facing slopes of the Rattle-
snake Hills. The old field is situ-
ated at an altitude of 1000 ft and

the pristine site is located at about

1200 ft.
deep silt loam with no stones in the
upper meter of soil profile. Both
sites have not been burned or grazed
for a quarter of a century.

Clearly, the old field vegetation
comprised of winter annuals produced
more herbaceous dry matter than the

280

The soil of both sites is a

TERRESTRIAL RLANT EOCOLOGY

pristine community (Figure 23). At
peak harvest, the old field produced
an average of 210 g/m2 as compared
to an average of 55 g/m2 in the pris-
tine community. The total
ground production of pristine com-
munity is more than the 55 g/m2
presented here because the contribu-
tion of shrubs is not included in
Figure 23. However, it is probable
that shrub production on this site
is less than herb production.

A tentative conclusion is that
winter annuals are more productive
than perennials in the shrub steppe
region of southern Washington.

above-
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Root Biomass Under a Cheatgrass Stand

on the ALE Reserve
W. H. Rickard and J. F. Cline

Estimation of total root biomass
at two altitudes on the ALE Reserve
were obtained during the growing sea-
son of 1971.
cheatgrass dominated fields at Lower
Snively Ranch (1000 ft) and Upper
Snively Ranch (1700 ft) at the begin-
ning of the spring growing season in

March and again at the end of the

Estimates were made on

growing season in June.
The root borings were taken from
within two 20 x 50 meter replicate
Within each
five borings of soil

plots at each altitude.
replicate, con-
taining roots were taken at one deci-
meter intervals to a total depth of

5 decimeters. After the roots were
washed, they were dried in a forced

air oven at 60°C for 48 hr and then

3.7

gross oven dry weight and were not
corrected for noncombustible content;
however, other studies have indicated
that approximately 35%of the root
dry weight is noncombustible material.
The root material is presently under-
going an ashing process but the re-
sults are not available for this
report.

Nevw growth was calculated from the
differences between the average total
root weights of the sample prior to
and after the 1971 growing season.
Approximately 22%of the biomass from
Lower Snively and 33% from Upper
Snively were calculated to be new
root growth. Ninety percent of the
root biomass was found in the upper 3
decimeters of soil profile. More
than 65% of the root biomass was mea-
sured in the first decimeter depth of
soil.

These data show that the decomposi-

weighed. Weights in Table 14 are tion of underground biomass is slow
TABLE 14. Average Root Mass in Cheatgrass Stands
(granms per m2) in the Upper 5 Decineters of Soil
Profile
Lower Snively Upper Snively
Depth, (1000 ft) (1700 ft)
an 3-18-71 6-3-71 Increase 4-5-71 6-3-71 Increase
0-1 1162 = 217 1425 * 190 +263 621 + 58 878 x 142 +257
1-2 234 + 40 351 = 46 +117 144 + 17 265 + 40 +121
2-3 132 = 6 171 + 17 +39 82 + 17 136 = 23 +54
3-4 71 = 10 117 + 10 +46 54 + 12 69 * 10 +15
4-5 65 + 8 92 + 10 +27 40 + 8 42 + 8 +2
Total 1664 2156 492 941 1390 449
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and is not conplete between grow ng
seasons. On the average, 72%of the
root biomass during the 1971 grow ng
season was shown to be carried over
from previous years.

Wei ght Losses of Litter from Nyl on
Mesh Bags on the ALE Reserve
W H Rickard and J. F. dine

In the autum of 1969 the standing
dead litter of old fields was col-

I ected and placed in nylon nmesh bags
and returned to field locations at
three different altitudes on the ALE
Reserve. Five bags were collected
periodically during 1970 and 1971 un-
til the supply was exhausted. The
wei ght [ oss of the enclosed materials
was determned after oven-drying at
60°C.

The results of this study are
shown in Figure 24. The |oss of
weight is marked by an initially rapid
decrease. About 28% of the weight
was |ost at the 600-ft altitude dur-
ing the period October to March and
about 20% of the weight was |ost at
the 1000 and 1700-ft altitudes during
the sane time period

After 21 nonths, about 61% of the
initial weight remained in the bags
at the low elevation and about 70%re-
mai ned in the bags at the two higher
el evations. The naterial remaining
in the bags consisted mainly of the
cul ms of cheatgrass and the flowering
stal ks of tunble and tansy mustard.

The relatively slow weight |oss of
dead herbaceous naterial is attributed
to the short periods of tine that the

PECENT WEGT WS S
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dead plant material is mist enough

to sustain microbial activity.
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B. NUTRIENT AND HYDROLOGICAL FACTORS

Soil studies continued to determine 1) soil moisture,
2) mineral elements, 3) soil nitrogen, and 4) water usage on

the ALE Reserve.

These factors contribute to plant growth as

well as to the nutritional requirements of the animals that

live in these plant communities.

Water Use Patterns of Shrub-Steppe
Conmuni ti es
K. R Price

Soi | noisture neasurements in three
different types of communities were
collected for the second consecutive
year to quantify water use patterns.
Tabl e 15 summari zes the results and
i ndi cates distinctive features of
soil moisture relationships.

The differences in precipitation
efficiency between sites are in sharp

contrast and nust reflect differences
in tenmperatures between the two areas
Phenol ogy is nearly always advanced
at the lower elevation site and could
account for the |ow "water stored"
and "water used" values there. The
cheatgrass community contains w nter
annual s which may use a considerable
amount of water prior to the period
of maxi mum soil storage measured in
April.

At the beginning of the 1971 water
year, the sagebrush community profile

TABLE 15.

Preci pitation and Soil Misture for Three

Plrant Communities at Two Different Locations on the
ALE Reserve (Al units are cm)

Lower Snively (305 nmeters)
Precipitation (Cct-April)
Soil Water Stored (Cct-April)
Maxi mum Penetration (April)
Soil Water Used (May-Cct)

Upper Snively (500 meters)
Precipitation (Oct-April)
Soil Water Stored (Cct-April)
Maxi mum Penetration (April)
Soi|l Water Used (May-Cct)

Artemisi a/

Agropyron Agr opyron Br onus
14.6 14.6 14.6
4.8 4.4 4.1
90 110 130
5.2 4.8 4.0
15.7 15.7 15.7
5.9 9.2 9.7
90 130 130
5.6 9.4 10.7




was conpl etely depleted of soil water
wher eas the ot her community-types
were not. Thus, total 1971 recharge
may be nore accurately reflected by
the sagebrush community, whereas
wat er usage in the other comunities
represents 1970 as well as 1971 water.
Di fferences in maxi mum dept h of
noi sture penetrati on may be due to
this residual water, as well as the
fact that the sagebrush comunity has
a shrub cover of about 15%which
woul d i ncrease the surface area avail -
abl e for sublimation and evaporation.
The amobunt of water avail able for
soi |l recharge would be significantly
reduced.

Effect of Soil N trogen Anendnents
on Cheatgrass Yields
J. F. dine and W H R ckard

Yi el ds of cheatgrass at the high
altitude field at Upper Snively Ranch
inthe Rattlesnake HIls were thought
to be limted by the lack of avail-
able soil nitrogen rather than a defi-
ciency of soil noisture. A random
bl ock experinent was established in
February 1971 using four nitrogen
treatnents and a control, with each
being replicated five tines. The ni-
trogen treatnents were o, 1.1, 3.3,
6.6 and 11.1 g of available nitrogen
per square neter applied as anmmoni um
nitrate pellets

Duplicate sanples fromO0.1 nf
areas within each of the twenty-five
pl ots were harvested and green vegeta-
tion was separated from standi ng dead
plants and litter

¥ LD, ky/ 2
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Ni t rogen amendment s i ncreased
yi el ds of cheatgrass (Figure 25).
\When conpared to the controls, the
hi gh treatnment increased the annua
yield from 210 to 720 g of oven-dry
nmaterial per neter. Yields fromthe
internediate treatnent plots were
variable and a linear yield increase
was not obt ai ned.

The total amount of nitrogen assim
ilated by cheatgrass anobunted to
1.35 g/n? under no treatnent condi-
tions and 5.98 g/m2 under the highest
treatnent conditions. Fromthese
val ues, it can be cal cul ated that
about 40% of the added nitrogen was
incorporated into the cheatgrass har-
vest in 1971

The conclusion is that a deficiency
of soil nitrogenis linmting to pri-
mary productivity on this field.

10
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0.1 |- . .

01 2 3 45 6 7 8 9 1 0 1 1
GRAMS OF ADDED NITROGEN, (meter]z

FI GURE 25. The Influence of Nitrogen
Amendment in the Yield of Cheatgrass
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Wat er shed Characteristics of the
Snively Basin
K. R Price

Characterizing the surface hydrol -
ogy of a watershed includes defining

the source, residence pattern and out-
Preci p-

flow of water from the basin.
itation, streanflow and soil noisture
were neasured during the 1971 water
year in the Snively Basin of the ALE
Reserve. Heated recording precipita-
tion gages were installed near the
eastern and western boundaries of the
basi n, and one unheated totalizing

gage has been in service near the cen-

ter of the basin for several years.
Recording streamflow gages were in-
stalled on the only perennial surface
outflow stream Soil noisture was
periodically determ ned with neutron
probe soil noisture neter

The average total precipitation
recorded in the basin was 15.7 cmfor
the period October through April
Streanf | ow was remarkably constant
t hroughout the study period. Prior
to the occurrence of diurnal fluctua-
tions in flow, indicative of transpi-
ration by riparian vegetation, total
surface outflow from the basin was
5.1 liters/sec. Wth the onset of
evapotranspiration | osses, the flow
rate decreased about 5% over a period
of several months. Streamflow Stabi -
lized at 4.6 liters/sec after mid-
June follow ng a period of maxi mum
diurnal fluctuation. A total of 80%

of the nmeasured surface outflow origi-

nates from two springs |ocated m dway
in Snively Canyon where basalt |ayers
are exposed.

Soi | moisture determ nations indi-
cate a maxi mum noi sture front penetra-
tion of 1.3 meters occurring by late
April. \here depth to bedrock is
known, maximum water penetration was
45% of the soil depth. At the end of
April there were 8.3 cm of water
stored in the soil profile, attribut-
able to winter and spring precipita-
tion. Wth 15.7 cmrecorded as tota
i ncom ng precipitation, the average
preci pitation efficiency is about 53%
Evapotranspiration accounted for com
plete loss of stored soil moisture as
has been noted in previous years.

These data together with carbon-14-
age dating analyses indicate that the
perenni al streamflow from the Snively
Basin is not of watershed origin, but
rather from springs producing ancient
wat er trapped between layers of basalt
whi ch underlie this arid region.

M neral Conposition of Od Field
Veget ation on the ALE Reserve, 1971
W H Rickard, J. F. Cline and

R 0. Glbert

Al t hough estimates of primary pro-
ductivity in various kinds of plant
communities is a major goal of ecol og-
i cal studies, the behavior of mnera
el ements essential for plant growth
is of ecological concern inregard to
nutritional requirements of animls
that live in these plant comunities
Al so, knowl edge of mineral behavior
I ends insight as to the behavior of
radi onucl i des that may be added to
plant comrunities as tracers or as
rel eases from accidents into the
envi ronment.



3.12

Ni t rogen, phosphorus, potassium
and cal ci um det erni nati ons were nade
at peak harvest dates on 1971 pl ant

growth on two fields at different ele-

vations on the ALE Reserve (Table 16).
These data indicate that dry nmat-
ter production was |ess on the | ow
elevation field as conpared to the
high el evation field, but the amunt

of nitrogen assimlated by the vegeta-

tion was greater on the |low el evation
field; i.e., 2.1 g/m2 as conpared to
1.7 g/n@. The total anount of potas-
sium assinilated was al so greater on

TERRESTRI AL PLANT ECOLOGY

the low el evation field, but the
amounts of phosphorus and cal ci um
assimlated were not greatly different
when conpared as to field origin.

These data support the hypothesis
that nitrogen is an inportant factor
inlimting primary productivity on
the high elevation field. It would
be of interest and value to determ ne
if there are such differences in mn-
eral behavior in the undisturbed vege-
tation at different altitudes on the
ALE Reserve

TABLE 16.

M neral Conposition of Aboveground New

Gowth of Plants (g/m2) growing on Abandoned Cul ti -
vated Fields on the ALE Reserve at the End of the

G owi ng Season, 1971

1000 ft El evation

g dry wt/m2 N P K Ca
198. 3 1. 880 0. 300 1. 540 0. 650 Bronus tectorum
1.1 0.001 0.001 0.006 0.010 Poa secunda
9.8 0. 250 0. 020 0.317 0.270 Sisynbriumaltissinum
2.0 Q026 0004 Q05 Q042 Amsinckia lycopsioides
Tot al 211.2 2.157 0.325 1.918 0.972
1700 ft El evation
233. 50 1.471 0. 257 0, 911 0.770 Bronus tectorum
6. 90 0. 041 0. 003 0.017 0. 054 Hol ost eum unbel | at um
13.70 0.112 0.030 0.199 0. 096 Tragopogon dubius
1.90 0. 027 0. 006 0. 046 0. 026 Mcroseris lanciniata
0.50 Descurai nea pinnata
6. 40 Q054 Q10 Q047 Q044 Sisynbrium altissinmm

Tot al 262. 90 1.705 0. 306

1.220 0.990
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C. INFLUENCE OF ENVIRONMENTAL FACTORS O N SOIL PROCESSES

Studies were conducted to determine the influence of soil

temperature and moisture, grazing,

irrigation and herbicide

application on the respiration rate of soils on the ALE

Reserve.

Seasonal changes were monitored and influential

parameters identified and quantitated for development of models

to predict carbon flow through the soil system.

Studies were

also initiated to determine the rate and extent of mineral

weathering in a closed watershed on the Reserve.

Future

studies will be oriented toward development and validation of
predictive models for carbon flows and mineral weathering in

soils.

Influence of Environmental Factors
on Arid Soil Respiration Rate

I. Temperature and Moisture
R. E. Wildung and R. L. Schmidt

The soil is the principal medium
for return of photosynthetic energy
to the atmosphere. Soil microorga-
nisms may be represented as receiving
reduced forms of carbon in plant and
animal residues and ultimately oxi-
dizing the carbonaceous materials to
the lowest energy state of carbon,
i.e., carbon dioxide. The rate of
carbon dioxide evolution from soil
results primarily from the activity
of soil microorganisms, but also in-
cludes root respiration and respira-
To predict
carbon and energy flow through an

tion by soil animals.

ecosystem, it is necessary to under-
stand the environmental factors in-
fluencing soil respiration rate.
Field measurements of soil respira-
tion rate are perhaps the best means
of integrating these effects.

To determine the influence of soil
temperature and moisture on soil res-
piration rate, 12 locations were ran-
domly selected from four strata in

an undisturbed (18 ha) field plot
located on a Ritzville silt loam soil
in the Arid Land Ecology Reserve.
V essels which could be sealed to form
a canopy over the soil surface were
inserted to a soil depth of 19 cm and
carbon dioxide evolution was measured
for 24 hr periods from April to
September, 1971. Concurrently, sur-
face soil moisture (0-8 cm) and tem-
perature (10 cm) were also monitored.
Seasonal changes in soil tempera-
ture (range, 6.4 - 31.0°C) were not
significantly correlated with changes
in soil respiration rate. Soil mois-
ture content (range, 1.2 - 19.7%) was
however strongly correlated (r, 0.825,
p < 0.001) with respiration rate as
indicated in Figure 26.
respiration were apparently due to
increases in microbial and plant root

Increases in

respiration. The results emphasize
the strong dependence of higher plants
and the soil microflora on moisture
in arid regions and suggest that car-
bon flow through unperturbed arid
ecosystems during the spring and sum-
mer is limited largely by adequate
soil moisture.
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I nfluence of Environnental Factors
on Arid Soil Respiration Rate

1. Livestock Grazing

R. E Wldung and R. L. Schmi dt

As part of the International Biolog
ical Program grassland Bione effort
to determ ne the influence of grazing
on ecol ogi cal processes, soil respira-
tion rate was neasured in grazed and
ungrazed sections of a field plot

(36 ha) located on a Ritzville silt
loamsoil in the Arid Lands Ecol ogy
Reserve. Cattle (15 head) were al-

lowed to graze from April 14 to
June 10 on a section (18 ha) of the
pl ot, whereas grazing was not per-
mtted on the remainder. Soil res-
piration rate was neasured as de-
scribed in Part | of this report.

TERRESTRI AL PLANT ECOLOGY

Seasonal changes in soil respira-
tion rate on grazed and ungrazed soils
are illustrated in Figure 27. The
seasonal variation in respiration rate
was due primarily to changes in soi
nmoi sture (Part 1). Soi |l respiration
rates on grazed and ungrazed plots
(Figure 27) were not significantly
different (p < 0.01). Grazi ng may
be expected to influence soil respi-
ration rate by altering conditions
whi ch influence microbial activity
and plant root respiration, e.g.,
alteration of soil fertility levels,
increased availability of readily
avai |l abl e sources of carbon, dis-

t urbance of surface soil structure,
and plant harvest. These effects may
be expected to become nore pronounced

as grazing is continued in subsequent
years
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FI GURE 27. Seasonal Changes in Soi

Carbon Diozide Evol ution Rate Under
Grazed and ungrazed Conditions
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I nfluence of Environnental Factors
on Arid Soil Respiration Rate

III. Irrigation
R. E WIldung and R L. Schmi dt

Previ ous studies (Part 1) indica-
ted the nmarked influence of soi
noi sture content on soil respiration
rate in the arid shrub-steppe. In-
creased soil respiration with in-
creased soil nmoisture during the
spring and sumrer when tenperatures
were above 15°C apparently resulted
from increased soil mcrobial acti-
vity and increased root respiration
In the previous studies, investiga-
tions were conducted on a Ritzville
silt | oam doni nated by bl ue bunch
wheat grass (Agropyron spicatumn.
Soi | moi sture changes resulted from
seasonal changes in clinmatic condi-
tions and noisture use by plants.
In the present study, a field plot

was established on a Hezel sand dom -

nated by cheatgrass brone (Bronus
tectorum. Soi | noisture was main-
tained by sprinkler irrigation at
approximately 30%field noisture ca-
pacity during the spring, ending in
June 1971, in an attenpt to increase
the productivity of native plants
Soil respiratory activity was noni -

tored fromearly June to | ate August.

Soil respiratory activity de-
creased over the nonitoring period
correspondi ng to seasonal decreases

in soil noisture(Figure 28. Appl i -

cation of additional noisture by ir-
rigation in the spring resulted in
mai nt enance of higher levels of soi

noi sture (range, 0.8 - 13.1% through-
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FIGURE 28. Influence of Irrigation on
Soi I Car bon Di oxi de Evol uti on Rate

out the summer in the irrigated pl ot
conpared to the nonirrigated contro
(range, 0.6 - 9.7%. Increased re-
sidual soil noisture resulted in an
increased soil respiration rate on
the irrigated plot relative to the
control; i.e., the treatnents were
significantly different at the

p < 0.01 level (Figure 28). Duri ng

| ate August, moisture contents of the
irrigated and control plots were equi-
val ent (1.2%. However the irrigated
soi|l nmintained a higher respiration
rate suggesting that increased plant
root growth and root respiration with
irrigation contributed in part to ob-
served increases in soil respiration
rate.
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I nfl uence of Environnental Factors on
Arid Soil Respiration Rate

V. Herbicide Application

R E. Wldung and R L. Schm dt

Fi el d neasurements of soil respira-
tion rate do not distinguish between
soil mcroflora and plant root respira-
tion. Selective renoval of a plant
speci es shoul d provide insight into the
contribution of that species to tota
soil respiration provided the plant se-
| ected made detectabl e gontributions to
soil respiration, and herbicide treat-
ment did not influence microbial res-
piration rate.

The herbicide CIPC was applied to
the nonirrigated portion of the field
pl ot previously described (Part III).
The herbicide, effective against
Bronmus tectorum which conprised the
dom nant grass understory, was applied
in Decenber to kill young Bronus seed-
lings. Soil respiratory activity was
nonitored fromearly June to late
August .

Al t hough the herbicide was effective
in elimnating Bronus growth, no signi-
ficant differences (p < 0.01) in soil
respiration rate between the herbicide
treatment and a control plot were de-
tected (Figure 29) when the seasona
data were conbi ned. However, by the
first part of June, Bromus plants were
in senescence. Thus, nonitoring nust
be mai nt ai ned during the next grow ng
season before the conplete effects of
herbi ci de treatnent can be assessed.
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M neral Wathering Processes
R E WIldung, R C Routson*,
R J. Serne* and R L. Schnidt

To define the rel ease of nutrients
t hrough mineral weathering of ALE Re-
serve soils, it is necessary to iden-
tify soil mineral assenblages and to
determ ne the rate and sequence of
weat hering reactions. Rainfall pro-
vides the mediumfor mneral reac-
tions and al so contains sol uble
nutrient elements. Measurenent of
the quantities of nutrients entering

*
Water and Land Resources Department
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a watershed in rainwater and the
quantities of nutrients in watershed
drai nage waters shoul d allow devel op-
ment of a thernodynam ¢ nodel of soi
weat hering reactions and estimation
of watershed nutrient budgets.

As a first phase in the devel op-
ment of this know edge, the perennial
streanms and springs in watersheds of
the ALE Reserve were analyzed for cal-
cium magnesi um sodi um and potassi um

The sites included three springs drain-

ing watersheds on the northeast slope
of Rattlesnake Mountain (Stations 1-3)
and the perennial streamat Rattle-
snake Springs near the base of the
Ratt| esnake Mountains in the north-
eastern section of the reserve
(Station 4.

The results are outlined in
Table 17. The ALE Reserve waters
may generally be classified as cal -
ci um bi carbonate types. Conposition
of spring waters did not differ sig-
nificantly with location; however
the cations in stream water were
present in higher concentrations
than the spring waters perhaps as a
result of evaporative processes or
i ncreased travel through |oca
sedi ment s.
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TABLE 17. Elemental Composition
of Perennial Waters of the ALE
Reserve

Sanpl e Concentration, mg/liter
Station GCalcium Magnesium Sodium Pofassium
1 17.42 9.39 7.39 1.20
2 15.91 8.09 7.06 1.61
3 19.67 9.63 9.30 1.46
4 26.01 10.14 13.47 2.31
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D. ECOLOGICAL MICROMETEOROLOGY AND CLIMATOLOGY

OF THE ALE RESERVE

Climatological studies are concerned with determination of
the long-term means and fluctuations of important environmental
variables, both by measurement and by deduction from past records.
Studies included setting up an artificial earth mound, as well

as continued soil water monitoring by lLysimeters.

Transpiration,

evaporation, precipitation, and temperature are monitored and

the data documented.

Use of lysimetry to provide moisture and

productivity information i s expected to continue.

Work described here represents an interdisciplinary effort

intended to relate vegetational

studies on the ALE Reserve

to climatological studies in the Atmospheric Sciences Department.

An Artificial Earth Mund for System
atic Study of Slope Exposure Effects
W T. Hnds and W H. Rickard

Systematic study of ecosystemfunc

tioning requires a thorough under-

standing of the interrelations of the

primary producers in the system with

m crohabitats, and the nodifications

(if any) of energy relations that may

be induced by changi ng m crohabitat

characteristics. Ecologically inpor-
tant aspects of energy relations that
may differ between nicrohabitats

i ncl ude:

(1) Tenperature and relative hunmdity
in the [ower atnosphere--these
are coupl ed together through the
energy budget, and usually differ
bet ween topographically different
sites;

(20 Surface and soil tenperatures--
these are also coupl ed together
by the mechani sms of heat trans-
fer in a solid with radiant heat
| oading on the surface, and dif-
fer as the angle between direc-

tional incident radiation and the
surface changes

(3) Quantity and quality of incident
short wave (solar) radiation--the
principal independent variable in
the system this is strongly
affected by terrain and cover
condi tions;

(4 Energy fixation by green plants--
there is some evidence that iden-
tical plants growing in different
m crohabitats may produce differ-
ent energy contents of shoot tis-
sue and differing anobunts of dry
matter per unit area

In view of the several aspects of
comunity relations that nay be ex-
pected to differ between microhabitats,
it seemed appropriate to construct an
out door |aboratory for study of dif-
ferent habitats: an artificial earth
mound of significant proportions.

The advantages of a specially con-

structed nmound include the follow ng:

1) control of substrate conposition

to assure possibility of study of

root environnents; 2 control of
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placement of the mound, close to ade-
quate laboratory facilities; 3) con-
trol of slope aspect to north and
south exposure, to maximize insola-
tion contrast between habitats; and
4) control of size, to provide ade-
quate sampling area.

The earth mound was constructed
with a flat and horizontal top about
3 meters wide, sufficient to allow
access and a horizontal "control™
surface (see Figure 30).

It was constructed near the ERC
laboratories in a readily accessible
site approximately a quarter mile
due east of the building.

Productivity and Energy Fixation in
Lysimeters
W. T. Hinds

Cores of a Bromus tectorum (cheat-
grass) stand growing in an old field

v
/
/\ e
W s
\/ 7
v
v
FI GURE 30.
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at an elevation of 600 ft were inser-
ted into small lysimeters (described
in last year's annual report). Half
of the lysimeters were deployed in
the 600-ft elevation site (Benson
Ranch) and half were set out at
1700-ft elevation (Snively Ranch).
The cores were inserted into the lysi-
meters in late March, 1971, and were
retrieved after the end of the grow-
ing season in June 1971.

A similar study was conducted |ast
year, at the same sites, but instead
of cores from the Benson site, seeds
were planted in bare soil surfaces,
in mid-February.

The cheatgrass growing in the lysi-
meters was harvested by clipping at

the soil surface. Roots were washed

out of the soil of the first deci-
meter of the lysimeters, then floated
to separate them from non-bouyant ma-
The roots and shoots were

terial.

DIMENS ION SIZE, approximate
h1 7 feet
h2 10 feet
i 300 feet
W 35 feet
0 350

Constructed Earth Mound Sufficient to

Al'l ow Access and a Horizontal "Control" Surface
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dried at 60°C, weighed, ground in a
rotating-blade mlIl to 20 mesh fine-
ness, and tested for caloric content.
The results are summarized in
Table 18.

In 1970, when the plants were star-
ted from seed in the spring, roots-to-
shoot ratios and total productivity

were relatively close at the two sites,

even though the differences were sig-
nificant at the 0.001 level. In 1971,
when established seedlings were in-
serted into the lysineters via soi
cores, the root-to-shoot ratio was
about unity. The root-to-shoot ratio
in 1971 was probably due to a change
invigor of the plants, because cheat-
grass requires a significant exposure
to sufficiently cold tenperatures for
successful flowering. The 1970 plants
apparently did not achieve sufficient
cold treatment, for their reproductive
activity was sparse and weak, whereas
the 1971 plants reproduced heavily

and in phase with the plants in the
field. Therefore, the energy fixa-
tion figures shown in the second part
of Table 18 nust be viewed as sugges-
tive rather than accurate, because
they result from 1970's unrepresenta-
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tive stands of cheatgrass. Even so,
the indication is that significant
differences in tissue energy content
(e.g., shoots) do not necessarily in-
duce significant difference~in pho-
tosynthetic efficiency between stands.
This result tends to support simlar
results from opposi ng exposures of
smal | earth mounds, reported |ast
year. However, the scatter of the
earth nound data was such as to pre-
clude conmparisons of efficiencies in
contrasting exposures and el evations
The root, shoot, and tota
tivities of the Benson and Snively
areas in 1971 were drastically dif-
ferent. This difference accurately
reflected the differences seen in the
field. However, there is at this no-
ment no clear reason why the produc-
tivity at Benson, the |ower, warmer
site, should be so |ow, considering
the relatively favorable noisture con-
ditions in 1971 (see Elevation Effects

produc-

on Transpiration and Evaporation).
Apparently, the productivity of a
site is a function of nore than just
nmoi sture relations and soil physical
condi tions.

TABLE 18. Productivity and Energy Fixation
n Lysineters
__ROOTS __ SHOOTS __TOTAL Phgsosynthetic

Jﬂmmmnm__BmmLLmmmL_£nmmmmL_£mmﬂJxmmm__Banmm__ﬂmmL%QMQn 1em

Site gm 2 s.e. cal gn’ s.e. gm 2 s.e. cal gm_ S-€ gmm  se calem‘ see % s e
Benson, 1970 96 7 2980 110 149 7 4040 32 245 7 89 5 029 0.014
Snively, 1970 122 7 2900 84 160 5 3850 71 288 6 97 4 031 0014
Benson, 1971 78 19 -- -- 74 9 -- -- 182 15 -- - -
Snively, 1971 125 20 - -- 140 16 -- -- 265 18 -- - - -
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Tenperature, Precipitation and

Qi mat ol ogy
W T. H nds and J.

M Thorp

Cimtol ogi cal studies usually are
unrewardi ng for several years, which
is the length of time required to be-
gin to establish a neani ngful average
for the various climtol ogical varia-
bles. In an attenpt to shorten the
interval required to formusefu
ralizations about the climatol ogy of
the ALE Reserve, the three years of
record available to date were subjec-
ted to an anal ysis of variance. Each
transect was treated i ndependently,
because of the variable el evations of
the sites within each transect (see
BNW.-SA-2733).  The variance for each
transect was partitioned into el eva

gene-

TERRESTRI AL PLANT ECOLOGY

tion, time, and error conponents for
each of the variables--precipitation
mexi mum t enperature, and mni mum tem
perature. Because there was only a

si ngl e observation of each variant at
each el evation each year, the error
vari ance includes any interaction be-
tween el evation and tine. The inter-
action is probably snall. The preci-
pitation data are cunmul ative total pre-
ci pitation between Cctober and My,
providing an estimte of biologically
avail abl e noi sture. The tenperature
data are averages of April and May
maxi mum and m ni mum t enper at ures, pro-
viding estimtes of the tenperature
factor during the spring grow ng sea-
son. The results of the analysis of
variance are summari zed i n Table 19

TABLE 19. Analysis of Variance of M croclimtol ogica
Data
Precipitation Max. Temp. Min. Temp.
Transect Source df M F M F M F
Snively Elevation 3 5.76 80.0°) 65.7 65.7¢¢) 436 21.8(®)
Time 2 3.35 46.5 (e) 55.0 55.0 fe) 50.5 25.2(b)
Error 6 0.07 1.0 2.0
Total 11 9.18 121.7 96.2
Benson Elevation 5 7.29 2.1t 98.0 109¢¢) 84.8 29.2(¢)
Time 2 6.25 18.1(¢) 85.5 95(c) 1085 37.4(c)
Error 10 0.35 0.9 2.9
Total 17 13.89 184.4 196.2
Blacktop Elevation 5 0.78 4.22(2) 436 36.3(¢c) 27.2 4.8(a)
Time 2 8.34 45.1 86.5 72.1((:) 58.5 10.4(3)
Error 10 0.18 1.2 5.6
Total 17 9.30 131.3 91.3
df = degrees of freedom
MS = mean square
a. =p <0,05
b. = p <0.01

[ = p <0.001
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The effects of elevation and tine
were both significant, as should be ex-
pected. However, there are pertinent
points that need to be pondered.

First, the elevational effect on pre-
cipitation for the Bl acktop transect

is only marginally significant, in
strong contrast with the other tran-
sects, and the variance due to el eva-
tion on the Blacktop transect precipi-
tation is significantly snaller

(p < 0.025) than that due to tinme,
again in strong contrast with the other

transects. The inplication of these
findings is that elevation is not as

i nportant on the Blacktop transect as
it is for the other transects. This
may be an inportant point, due to the
| arge nunber of studies that lie along
the Blacktop transect. Although this
result is still only conjectural, it
deserves cl ose appraisal as the clinma-
tol ogi cal record builds up.

Second, the effects of elevation
and tine are about of equal inportance
in the tenperature data, except that
elevational effects on mninumtem
perature are margi nally significant
for the Blacktop transect. The inpli-
cations of this finding are simlar
to those for precipitation, above.

Third, the average error variance
for mninum tenmperatures is signifi-
cantly larger (p < 0.001) than for
maxi mum t enperatures, indicating a
| ess repeatable pattern of mininmm
temperatures with time and el evation,
an interesting but not unexpected
result.

Transpiration and Evaporation from
Lysi neters
W T. Hinds

Smal | lysimeters, as described I ast
year, were placed at Benson Ranch
(el evation 600 ft) and Snively Ranch
(1700 ft). Cores from the stand of
Bronus at Benson Ranch were inserted
into lysineters at both sites, to re-
nove the inherent differences in soi
nutrients. One half (i.e., 16) of
the lysimeters at each site were |eft
in the native state, while the other
hal f were "weeded" to prevent any
green plant from growing. This pro-
vi ded an estimte of evaporation
fromthe surface in the absence of
transpiring plants, but with the
mul ch remaining intact. (Last year,
the control lysimeters were left with
a bare soil surface.)

The results are sunmarized in
Tabl e 20, including data from | ast
year (spring, 1970) to contrast re-
sults from bare soil surfaces with
soils protected by litter.

The results are about as expected.
Transpiration at Snively greatly ex-
ceeded that at Benson in 1971 as did
dry matter production. Evaporation
fromunveget ated surfaces was very
much less at Snively than at Benson
in 1971; in fact, unvegetated surfaces
at Snively indicated a net gain in
noi sture during the grow ng season
resulting from the generous rainfal

during spring 1971. This is in stark
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TABLE 20. Evaporation and Transpiration fromLysineters
Evaporation (from
unvegetated lysimeters), Transpiration, Precipitation,
Site an an an
Benson, 1970 6.8 +* 0.2 52 + 03 2.4
Snively, 1970 7.6 +0.2 6.0 t+ 0.3 3.7
Benson, 1971 2.8 £ 0.8 72 £ 0.8 3.8
Snively, 1971 -0.6 £ 0.1 12.0 + 0.6 5.6
Benson, flat litter, g m2 1250 + 85
Snively, flat litter, g m2 1410 + 75

contrast with spring 1970, with bare
soi |
i ndi cat ed evaporation | osses about
10%greater than from Benson 1lysi-
neters (the difference in evapora-
tion losses in 1970 was significant
at the 0.001 level). The difference
bet ween the two years indicates the

i nportance of the flat litter in com
munity noisture relations; it has as
much effect on evaporation as does
the intensity of solar radiation.

The presence of flat litter should
not be ignored, for it is the cunu-
lative result of many years of com
munity production, and its magnitude
depends upon both community and en-
vi ronment al vari abl es.

Two points should be noted: First
the flat litter at the two sites was
fromthe Benson stand. There is no
doubt that the flat litter in the
field at Snively is different.
the difference inflat litter in the
lysinmeters was significant (see
Table 20. This difference nay be
partly due to a greater litter fal

surfaces, when Snively lysineters

Second,

in the Snively region, but there is
no proof of this; it is probably due
to a one-in-twenty sanpling inequal -
ity. At least part of the differ-
ence in the evaporation | osses dur-
ing 1971 nust be attributed to the
greater nulch effect of the Snively
litter. Nonetheless, the interchange
in noisture relations between 1970 and
1971 shows that the presence of mulch
is inmportant in comunity noisture
rel ations.
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