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Noel Snyder, field biologist for the U.S. Fish and Wildlife Service, Condor Research Center, carries atravel case containing a
California condor chick from the chick's nesting site northeast of Los Angeles. The bird was captured in August, after biologists
determined that the parents were not feeding the chick regularly. The chick was taken to the San Diego Wild Animal Park to
begin a captive breeding program for this critically endangered species. Dr. Phil Ensley, veterinarian for the Zoological Society
of San Diego, accompanied Dr. Snyder on the capture operation. Photo by H. K. Snhyder.
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Foreword

A primary goal of the U.S. Fish and Wildlife Serviceis the conserva-
tion and sound management of sport fishery and wildlife resources
for the benefit of present and future generations of Americans.
Attainment of this goal requires the continual collection, analysis,
and synthesis of new information on which wise and timely manage-
ment decisions can be based. The Divisions of Research address the
principal informational needs of the various management programs
of the Service and provide many of the findings that contribute to
the accomplishment of the Service's mission.

This summary of the activities of the Research Divisions during
the fiscal year 1982 (October 1, 1981-September 30, 1982) provides
an overview of the nature and scope of research completed and
directs attention to the results that should be of significance in the
management of fish and wildlife.

A substantial portion of the research recounted here concerns
cooperative studies between Service scientists and those of other
Federal agencies, universities, State agencies, and other countries.
We thank the many collaborators for their most valued assistance
in advancing the Service's diverse research program.



Fisheries and
Wildlife Research

Research responsibilities within the Fish and
Wildlife Service were carried out by the Division
of Wildlife Ecology-Research, the Division of
Fishery Ecology-Research, and the Office of Co-
operative Units. During fiscal year 1982, these or-
ganizational entities and their field components con-
tinued to serve as the fact-finding arm of the Serv-
ice. Information about species of fish and wildlife,
the environments required for their existence, and
the effects of management practices on them help
the U.S. Fish and Wildlife Service and other gov-
ernmental agencies to meet their responsibilities for
conserving and managing the Nation's fish and
wildlife for social, economic, aesthetic, and scien-
tific benefits. In fulfilling the Service's responsibili-
ties, Research cooperates with agencies of the De-
partments of the Interior, Agriculture, Defense, and
Health, Education, and Welfare; the Atomic Energy
Commission; the Agency for International Develop-
ment; the Environmental Protection Agency; and
various State agencies, institutions, and private or-
ganizations. Completed research is communicated

by talks and lectures, workshops, processed reports,
and articles in popular and technical publications.
A list of publicationsis provided in this report.

During the fiscal year, research was carried out
at 12 magjor facilities, approximately 80 satellite field
stations, and 50 Cooperative Research Units under
the following programs: Environmental Contami-
nant Evaluation, Biological Services, Migratory
Birds, Mammals and Non-migratory Birds, Animal
Damage Control, Interpretation and Recreation,
Fishery Resources, Endangered Species, and
Cooperative Units. The planning, coordination, and
administration of the research programs are cen-
tralized under the Office of the Associate Director-
Research in Washington, D.C. Fiscal, personnel,
property management, and other supporting ser-
vices are provided to the field research facilities by
the seven Regional Offices of the Service. By the
end of fiscal year 1982, Research had 751 full-time
permanent employees. The budget included approx-
imately $36 million of appropriated funds and
$7 million of other funds.



Animal Damage Control

DENVER WILDLIFE RESEARCH CENTER

Sunflower Fields Protected from Blackbirds by
4-Aminopyridine Baits. In 1981, 4-aminopyridine
baits, applied by hand in 20-foot swaths from bait-
ing lanes, were evaluated for protecting ripening
sunflowers from blackbird damage in six test fields
in Ramsey and Benson counties, North Dakota. A
split-field design (two experimental units separated
by a buffer unit) and a 12-day test period (6 days
pretreatment and 6 days treatment) were used.

In test fields with paired experimental units, un-
treated units lost 10,806 pounds of sunflower seed
to birds during the 6-day treatment period, whereas
baited units lost 5,143 pounds of seed, or 52% less.
However, untreated units also had more damage
during pretreatment periods and the adjusted losses
on baited units were 43.6% |ess than expected dur-
ing the baiting period.

Peak numbers of blackbirds damaging test fields
ranged from 5,000 to 31,000 on individual fields
during the test period. The species composition of
feeding flocks was estimated to be 73% red-winged
blackbirds, 20% yellow-headed blackbirds, and 7%
common grackles. The estimated kill of 169 black-
birds was similar in composition. However, 30 of
34 birds seen giving distress displays were yel-
low-headed blackbirds. We found evidence that
many redwings broke the chopped corn baits be-
fore consuming them. This lengthened response
times considerably and contributed to lowered bait
effectiveness.

Life History of Red-winged Blackbirdsin North
Dakota in Relation to Sunflower Damage. The
problem of blackbird depredation on crops, par-
ticularly sunflowers in North Dakota, has stimu-
lated the investigation of the life history of red-
winged blackbirds in this area. Studies of food
habits and molt of the redwing conducted by North
Dakota State University under contract with the
Fish and Wildlife Service (FWS) have recently been
completed in Cass County, North Dakota.

The esophageal contents of 1,361 redwings, col-
lected from mid-July through October in 1979 and
1980, showed that young-of-the-year birds con-
sumed the same proportions of food items as
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second-year and older birds; males consumed more
corn and sunflower seeds than females, but females
consumed more weed seeds, especialy foxtail. From
9 September to 6 October foxtail seeds made up
37% of the male and 75% of the female diets. Use
of sunflower seeds by redwings was highest between
26 August and 6 October (the major sunflower
damage season), when 71% of the male and 57%
of the female diets were sunflowers.

Redwings collected for food studies were a'so
examined for phenology of molt (N = 3,795).
Second-year males were found molting in the sec-
ond week of July, 1 week earlier than older males.
After-hatching-year femal es began molting
the third week of July; by the last week of Septem-
ber some of these had completed molt. Hatching-
year birds likewise began to molt in the third week
of July, but some of these birds had not completed
molt until the first week of October.

Start of molt among AHY birds may be related
to nesting activities. Second-year males, generaly
nonbreeding, began to molt first, whereas breed-
ing males tended to leave their territories before the
females completed nesting. Breeding males also
molted earlier than females. Molt progress indicates
that by late September most of the local redwings
have migrated and birds remaining in southwest-
ern Cass County during October are transients.

The food habits findings point to some useful
sunflower damage management strategies. diversi-
fication of crops to include those less attractive to
redwings, planting less susceptible crops closeto his-
toric roosts, retention of stubble fields until crop
harvest is completed, leaving foxtail standsin non-
crop areas, and reducing foxtail in crop fields to
minimize their attractiveness to blackbirds.

Bird Damage to Sunflower sin the Sacramento
Valley, California, isLow. Sunflowers are grown
in Californiaprimarily for use as seed and are there-
fore worth four to five times more per pound than
sunflowers grown for processing. Large seasonal
concentrations of blackbirds, and therefore the
potential for an economically important bird depre-
dation problem on ripening sunflowers, exist in the
Sacramento Valley. To quantify the extent and
severity of this problem and to provide abasis for
any eventual research and management strategies,



an extensive survey of bird damage in sunflower
fields was conducted in Butte, Colusa, and Glenn
counties during 1980 and 1981.

Damage caused by birds to ripening sunflowers
was evaluated in 60 fields (about 70% of all planted
fields). Overall monetary losses in the sampled fields
were about $6,800 (24 fields) and $7,400 (36 fields)
in 1980 and 1981, respectively. Losses estimated for
the individual fields were low, ranging from O to
5.4% of the crop; in about two-thirds of the fields,
| osses were <0.5%. For the 12 fields with the
highest ( 1.0%) damage, the average per acre
monetary loss was about $18. Damage levels within
local areas were relatively constant between the two
years. Although several species of birds caused
damage, house finches were apparently most im-
portant. Their foraging behavior differed from that
of blackbirds, which fed extensively on insectsin
addition to sunflowers. The presence of large num-
bers of blackbirds or finchesin fields was not al-
ways an indication of bird damage.

Surveys of Bird Damage to Sunflower s Define
Magnitude of L osses and Reveal Influential Envi-
ronmental Factors. During recent years, sunflowers
have become amajor field crop in North Dakota,
South Dakota, and Minnesota. The acreage peaked
at about 5.3 million acres planted in this three-State
areain 1979, then declined to 3.9 million in 1980.
Along with the great expansion in sunflower acreage
has come an increasing number of complaints of
seed losses caused by blackbirds, primarily the red-
winged blackbird. To evaluate the overall extent and
severity of these losses, as well asto assessthein-
fluence of various environmental factors on the
presence of bird damage, we initiated a 3-year
damage survey throughout North Dakota, South
Dakota, and Minnesotain 1979.

Based on a sample of 933 fields, about 56.8 mil-
lion pounds of sunflower seed were destroyed by
birdsin the three States in 1979. A sample of 555
fields resulted in an estimated 75.3-million-pound
lossin 1980 - a 33% increase over 1979. Only Min-
nesota showed a decline in bird damage from 12.1
million poundsin 1979 to 7.0 million in 1980. In
South Dakota, however, the estimated loss in-
creased from 3.9 million to 4.8 million pounds and
in North Dakota, which had the largest sunflower
acreage (2.3 million acres harvested in 1980) of the
three States, the loss increased from 40.8 to 63.5
million pounds.

The large increase in losses for both North
Dakota and the three-State area was primarily due
to a particularly large loss of 21% of the crop in

Stutsman County, North Dakota, in 1980. The loss
in this county, estimated at 43.9 million pounds,
amounted to 69% of the North Dakota loss and
58% of the three-State loss. Except in Stutsman
County, which lost only 0.3% (1.0 million pounds)
of its sunflowersto birdsin 1979, bird damage ac-
tually declined overall in 1980.

Thedollar loss for the three-State area increased
by 75% from an estimated $5.0 million in 1979 to
$8.7 millionin 1980. Losses in 1979 and 1980 were
$3.6 and $7.3 million, respectively, in North
Dakota; $1.1 and $0.8 million in Minnesota; and
$0.3 and $0.6 million in South Dakota. The increased
dollar losses were due not only to the increased |oss
of sunflowers to birds but also to the higher (about
one-third) value of sunflower seed in 1980.

From the results of these two field surveys, four
counties were identified as having consistently high
losses. To better evaluate the severity of the losses
in such high-damage regions, we intensively sur-
veyed 49-50 fields per county just before harvest
in 1981. By measuring damage on alarge number
(250) of sunflower heads in each of the fields, more
precise damage estimates were obtained than dur-
ing either of the two previous surveys.

The field with the highest loss to blackbirds -
about $81 per acre - was located in Benson County
in north-central North Dakota. Within nearby Bot-
tineau County, the two most heavily damaged fields
each had losses amounting to about $25 per acre.
In Brown County, South Dakota, about 200 miles
to the south, the highest loss to afield was about
$22 per acre.

Such high losses were the exception rather than
the rule, however. Of the 199 total fields surveyed,
only about 13% had losses that exceeded $6 per
acre. Most (77%) of the fields had losses ranging
from afew centsto afew dollars per acre and, in
about 10% of the fields, there was no damage de-
tected.

These results demonstrated once again that even
in small regions where overall blackbird damageis
relatively high, most of the sunflower growers have
low losses, whereas a few have losses that range
from moderate to very severe.

As part of the same 3-year survey, we attempted
to relate certain environmental features of the fields
to damage levels. In addition to measuring bird
damage in each field, the following environmental
factors were measured in an attempt to quantify
their relationship to losses:. field size, average plant
height, average head size (area), distance between
rows, average weed density in the field, the presence
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A grackle, equipped with aleg-hold radio transmitter, is ready
for release. The signal from the transmitter will allow researchers
to follow the movements of the bird for up to 4 weeks. Photo
by J. F. Heisterberg.

A cannon net is used to capture blackbirds for banding. Band returns will provide information on the nesting and wintering areas
of these birds. Photo by J. F. Heisterberg.



or absence of certain habitat types, and the presence
or absence of nearby marsh areas.

In 1979 the presence of amarsh close to the field
was strongly associated with increased damagein
the field. Wide row spacing and the presence of
adjacent plowed fields, in the absence of amarsh,
also contributed to higher damage. In 1980 the
presence of amarsh was again strongly related to
higher damage, whereas the presence of adjacent
pasture land appeared to reduce damage. In 1981
only the interaction of weed density with the
presence or absence of adjacent trees had a signifi-
cant influence on damage in the fields. When trees
were present, fields with low weed density had in-
creased damage, fields with moderate weed density
had reduced damage, and fields with high weed
density again resulted in greater damage. It is note-
worthy that although the presence of marsh areas
strongly influenced damage in 1979 and 1980, it was
unimportant in 1981, when the survey was con-
ducted in only four counties of traditionally high
damage. Apparently, blackbird populations are so
large in such areas that they exert pressure on fields
regardless of proximity to roost sites. Identification
of habitat factors related to damage should help
sunflower growers to better assess the need for bird
control measures in their pest management plans.

Millions of Red-winged Blackbirds Marked by
New Mass-marking Technique. In mid-March 1982
the first large-scal e operational use of an aerial
mass-marking technique, developed at the Denver
Wildlife Research Center (DWRC), for birds was
successfully conducted in northwestern Missouri.
Objectives of the spray operation were threefold:
(1) to determine the seasonal movements of red-
winged blackbirds as they relate to fall sunflower
damage in the Dakotas and Minnesota, (2) to map
the overall distribution of redwings in the north-
central United States and Canada as they dispersed
from the marking sites, and (3) to evaluate the
operational use, practicality, and durability of the
markers for blackbirds.

Two cattail roosting marshes on and near Squaw
Creek National Wildlife Refuge that contained an
estimated 15 million redwings were sprayed by heli-
copter on two separate evenings, each with a dif-
ferent colored marker. The marker, afluorescent
resin particle which is atalcum powder-like sub-
stance visible only under long-wave ultraviolet light,
was formulated in diesel fuel and boiled linseed oil.
Redwings collected immediately following the spray
operation indicated about 60% (9 million) were
marked.

In May and June numerous cooperators from
Federal, State, and Canadian wildlife agencies col-
lected mal e redwings and mailed the
wings and tailfeathers to DWRC for examination.
States in which collections were made included all
or parts of North and South Dakota, Minnesota,
Wisconsin, lowa, Missouri, Kansas, Nebraska,
Montana, Wyoming, Michigan, Illinois, and por-
tions of the four central Canadian provinces. Sev-
eral cooperatorsin States south of Missouri were
asked to send samples as controls.

By early October 1982 about 3,000 of the 5,000
samples received had been examined; about 23%
showed markers. Marked birds were recovered from
as far north as Grand Prairie, Alberta, central Man-
itoba, and western Ontario, Canada. Each State
listed above had a scattering of marked birds with
the highest concentration in the Dakotas. This
sampling indicates that birds congregating in a
spring migration roost may subsequently disperse
over at least a 700,000-square-mile area. Further-
more, the longevity of the marker is now known
to be at least three monthsin the field.

Proadifin Identified asa Synergist for
Chemicals Administered to Birds. Since the early
1950's personnel at DWRC have been charged with
the responsibility of developing methods for pre-
venting damage caused by wild birds. One of the
most important areas of research has been the
development of chemicals for bird damage control.
More than 2,000 chemicals have been tested as po-
tential bird repellents, stupefacients, or toxicants,
and several of these have been developed for use
in circumstances where damage is severe and con-
trol is practical. The intent of this study was to
determine if the biological activity of chemicals
known to produce immobilization in many bird
species could be enhanced by combining them with
asynergist, such as Proadifin HC1. A synergist is
achemical that, when combined with another chem-
ical, produces aresponse greater than the sum of
the individual responses to each chemical admin-
istered alone. If synergism could be demonstrated,
it would provide a method to reduce the amounts
of potentially hazardous chemicals introduced into
the environment. Demonstration of the synergism
of theimmobilizing or lethal activity of these chemi-
calswould also suggest that additional research with
toxicants and repellents might be warranted.

Probit analysis of our data showed that Proadifin
HC1, administered orally and concurrently with
each of four test chemicals (phencyclidine, nicotine
sulfate, and chlordiazepoxide) sig-
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nificantly lowered the or responses of
coturnix quail to these agents. Proadifin HC1
(100 mg/kg) lowered the of phencyclidine
2.35-fold, and the 27.5-fold; it lowered the
of nicotine sulfate 4.10-fold and the
2.98-fold; and it lowered the of
1.56-fold and the 2.03-fold. The
for chlorodiazepoxide was apparently not affected
(1,000.0 mg/kg), but it did lower the 2.47-fold.

This study shows that the or of some
immobilizing chemicals can be manipulated by the
use of asynergist such as Proadifin HC1. The abil-
ity to manipulate these or other biological responses
of birds to chemicals could have important impli-
cations in the devel opment and use of chemicalsin
bird damage control.

Denver Wildlife Research Center-U.S. Depart-
ment of Agriculture Cooperate on Testing | nsect
Repellentson Wild Birds. Scientists from DWRC
and the Biologically Active Natural Products Lab-
oratory of the U.S. Department of Agriculture
(USDA) initiated an informal joint research pro-
gram in 1979 to determine the repellency of a num-
ber of chemical insect repellents to wild birds. Fol-
lowing a progressive testing regimen designed to
compare structure-activity relationships, 55 chemi-
cals were tested through fiscal year 1982 for acute
repellency and toxicity to red-winged blackbirds.

The bird repellent activity of most of the chemi-
cals tested was less than the test method could de-
tect and none of the chemicals were toxic to red-
wings at 100 mg/kg; therefore, meaningful struc-
ture-activity information was not obtained. How-
ever, 2 of the 55 compounds tested showed some
potential avian repellent activity. One of the active
compounds was trans-asarone, a natural compo-
nent of wild ginger tubers and the other was saf-
frole, which is anatural component of sassafras.

This cooperative effort has led to another in-
formal research program to evaluate the

activity and toxicity of a new series of insect
molt inhibitors developed at USDA laboratories.

Carbaryl Application Failsto Deter Blackbirds
Feeding on Ripening Rice. A recent Ohio test
showed that the insecticide carbaryl could be effec-
tivein reducing blackbird numbersin fields of sweet
corn, probably by reducing insect populations that
attract birds. Carbaryl is also registered for insect
control inrice, acrop that sometimesis severely
damaged by blackbirds, and for which no chemical
bird repellent is registered. To test the effect of a
carbaryl application on blackbirds feeding on ripen-
ing rice, we aerially sprayed a portion of an

sasrice field undergoing consistent feeding by red-
winged blackbirds and brown-headed cowbirds with
the chemical at the maximum registered rate of
1.7 kg/ha. Bird use of the treated area did not lessen
after the application. Insect numbers appeared not
to decline, although composition of the population
changed. Further trials of insecticides to reduce bird
numbersin rice fields are planned.

Bird Damageto Corn Increasesin Past Decade.
In 1981, in cooperation with the USDA, the third
survey of bird damage to ripening corn was con-
ducted in major corn-producing States. Previous
surveys were conducted in 1970 and 1971.

The estimated loss to birdsin the 10 States that
grew 59.3 million (79.4%) of the 74.7 million acres
in the United Statesin 1981 was 0.1293 ( =+ SE
0.0174) bushels per acre. Total bushel loss,
estimated to be 7.7 million bushelsin 1981, was sig-
nificantly greater than the estimated 3.1 million
bushelslost in these Statesin 1971. The percentage
of ears damaged in the 10 Statesin 1981 was 2.2
times greater (24%vs. 1.1 and the percentage
of fields damaged 2.1 times greater (18.5% vs.
8.7%) than in these Statesin 1971. At the November
1981 price of $2.60 per bushel of corn, the estimated
loss in the surveyed States amounts to $20 million.

Populations of red-winged blackbirds and com-
mon grackles, the two blackbird species causing
most of the damage to corn in the 10 States sur-
veyed in 1981, have not increased at the same rate
as damage to corn during the past decade. One can
speculate that the increased use of herbicides and
insecticides and the decreased acreages of small-
grain stubbles, hay lands, and noncultivated lands
have increased the proportion of corn in the black-
bird diet.

Environmental Factorsand Cultural Practices|n-
fluencing Bird Damage at Tennessee Feedlots |den-
tified. Losses due to wintering blackbirds and
starlings are reported in cattle and swine feeding
operations from various locations in the United
States. In the Southeast this problem is of particu-
lar concern because most winter roosting blackbirds
and starlings are concentrated in this area.

Data collected on blackbird and starling damage,
environmental factors, and management practices
at 313 Tennessee livestock farms inspected during
winter 1979-80 were analyzed for possible associa-
tions between the presence of bird damage and var-
ious farm management practices. Results indicated
that farmers feeding grain (usually shelled corn) on
the ground, over an area of at least 100 square feet
and within 9 miles of a blackbird-starling roost,



Nebraska WICkntia

Ears damaged by birds, %
No bird damaged ears in sample
No ears sampled

lineis

Frequency of damage by birds to sampled ears of corn in counties of the 10 major corn-producing States of the United States.

were most likely to receive blackbird damage.
Blackbirds were amost exclusively associated with
ground feeding and normally gleaned grain parti-
clesfrom livestock manure and spillage on the
ground, whereas starlings preferred feed troughs or
feeders.

Starling damage occurred more than twice as
often as blackbird damage and was most likely to
occur at alivestock operation on days with snow
cover or below freezing temperatures. Snow cover
and frozen ground probably limited starling prob-
ing for soil insects, forcing the birds to search else-
where for food. Farmers feeding at least 150 ani-
mals or aminimum of 500 pounds of grain or grain
products throughout the day also were more apt to
receive starling damage. Herd size and feed expo-
sure data suggest that starlings selectively seek out
farms with the largest sustained food supply within
their foraging area. Farms that had at least 500
pounds of grain or grain products exposed all day
were most likely to receive consistent damage
throughout the winter, independent of weather con-

ditions. This suggests that these operations may
provide afood base for at least some of the local
wintering starling population.

Results of this study suggest possible control
strategies by pointing out the conditions in which
damageislikely to occur. The best long-term
strategy to reduce starling and blackbird damage
would be to change feeding practices to limit the
exposure of feed to these birds. Selective control
of roosting starling populations may be warranted
where a number of damage-susceptible operations
are within the foraging area of these populations.

Methiocarb Fails as an Effective Roost Repellent.
Although avariety of auditory and visual devices
are available for dispersing problem roosts of black-
birds and starlings, effective use of these devicesis
time-consuming and can be costly, especially when
oneis purchasing firework-type devices or equip-
ment for broadcasting bird distress calls. A tech-
nique to reduce these costs and possibly expedite
dispersal would be to spray the birds or roosting
vegetation with arepellent material. One chemical,
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Analysis of factors influencing bird damage to livestock feed
confirms that snow cover and related weather conditions greatly
influence the incidence and severity of starling damage at many
livestock operations. However, large operations with sustained
feed exposure may provide a food base for wintering starlings
and therefore may suffer consistent damage problems inde-
pendent of weather conditions. Photos by D. J. Twedt and J.
F. Glahn.

methiocarb (Mesurol 75 WP), has shown excellent
bird repellent properties when applied to avariety
of food crops including grains and soft fruits.

Methiocarb was evaluated in two separate tests
at a1.2-ha Scotch pine planting in Tennessee con-
taining about 650,000 roosting blackbirds and star-
lings. A total of 27.2 kg of Mesurol 75 WP was ap-
plied by aircraft to the roosting vegetation during
the day while the birds were away foraging; 3 weeks
later the same amount was applied after dark on
the roosting birds. Although little feeding takes
place at the roost site, it was hoped that the birds
would come in contact with sufficient quantities of
the chemical to cause dispersal through preening ac-
tivities, inhalation, or skin absorption.

Results of bird population counts throughout the
test periods showed that neither chemical applica-
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LIVESTOCK FEED SIZES

3/16 CRUMBLES MEAL

Of the various sizes of livestock feed, theuse of a -
pellet and granular meal was found most effectivein
reducing feed lossto starlings. Photo by D. J. Twedt.

tion affected the roosting population. Based on re-
sults of this evaluation, further tests of methiocarb
as aroost dispersal agent do not appear to be war-
ranted. Nevertheless, the search for improved roost
rel ocation techniques, both chemical and mechani-
cal, will continue to have high priority in the on-
going effort to solve problems associated with win-
ter roosting blackbirds and starlings.

Determining Livestock Feed L ossesto StarlingsC
A New Approach. Livestock feed lossesto win-
tering starling populations is a widespread problem
throughout the United States. However, reliable
estimates of these losses have been difficult to
obtain due to the lack of a practical assessment
method applicable to a wide range of field condi-
tions. Past studies have indicated that starling popu-
lations at livestock operations may not be a good
index of damage because starlings utilize avaria-
ble amount of livestock feed in their diet depend-
ing on the availability of alternate food and weather
conditions. Thus, research efforts have focused on
assessing feed lost by studying starling utilization
and behavior at livestock troughs and relating this
to feed consumption. Livestock-excluded troughs,
containing several types of livestock feed, were
placed at alivestock feeding operation and moni-
tored with time-lapse photography and observers
to sample starling trough use.

Results of this study indicate that starlings eat
about 1 to 2 g of feed per visit to atrough, de-
pending on feed type. Thus, based on an average
consumption rate of 1.5 g per starling visit, adaily



projection of 1,000 starling visits would equal aloss
of 1.5 kg of feed per day. In addition, reliable esti-
mates of starling trough visits and feed consump-
tion were obtained by an observer estimating the
number of starlings that landed at a feed trough
during four half-hour observations per day. Sea-
sonal loss can therefore be estimated by sampling
starling trough utilization for a number of days
throughout the winter damage season.

The use of this trough visit method should pro-
vide researchers and farmers with areliable method
of determining feed loss to starlings, and therefore
allow an accurate determination of the cost-bene-
fits of proposed control measures.

L osses of Livestock Feed to Starlings Reduced
by Changing Feed Size. Livestock producers have
long considered the presence of starlings at livestock
feeding areas (feedlots) to be a mgjor economic
problem because of the feed they consume. Re-
search has shown that these feed |osses can be re-
duced by changing the size of feed offered to live-
stock. In cage trias, captive starlings consumed les-
ser quantities of feeds compressed into 3/8-inch-
diameter or larger pellets than pellets 1/4 inch in
diameter or smaller. Feeds fed as granular meal
were also consumed in lesser amounts than the
smaller amounts of 3/8-inch-diameter pellets and
granular meal compared with 3/16-inch-diameter
pellets. Therefore, when feeding livestock in situa-
tions where feed is accessible to starlings, feeding
granular meal or pellets 3/8 inch in diameter or
larger can reduce feed losses to these birds.

Blackbirds and Starlings Change Winter Roost
Sites Often. Concern by people living near alarge
blackbird and starling winter roost and by farmers
within flying distance of the birds often resultsin
requests to reduce bird-related problems. An impor-
tant consideration when devel oping bird manage-
ment control strategies at awinter roost is the sta-
bility of the roosting population. This study was
conducted to determine the frequency with which
birds changed roost sites, the location of these sites,
and some of the factors affecting movements of
birds among these sites.

From 1977 to 1981 studies of blackbird and star-
ling movements among winter roosts were con-
ducted in nine different areas in Arkansas, Ken-
tucky, and Tennessee. Miniature radio transmitters
attached to the birds tails were used to follow the
movements of 74 grackles, 58 starlings, and 34 red-
winged blackbirds captured at nine different roost
sites. The 166 birds subsequently used 82 different
roost locations up to 45 miles from the roost where

they were originally captured. Roosts used on con-
secutive nights by radio-instrumented birds were lo-
cated up to 26 miles apart (average of 4 miles). Indi-
vidual birds were radio-tracked an average of eight
nights during which time they changed roosts an
average of one out of every four nights. The fre-
quency of roost changes did not differ among the
three species, and birds were twice as likely to
change roosts when snow covered the ground than
when snow was absent.

The intermittent use of aroost by birds, the large
number of different roostsin agiven area, and the
probable wide overlap of feeding areas of birds
using these roosts all can negatively impact the
effectiveness of lethal roost-control methods. Given
these factors, lethal control at a single roost may
only temporarily reduce agricultural lossesto birds
within the feeding area of the treated roost.

Despite movements which could be expected to
cause repopulation of roosts, an effective control
operation can sometimes result in a sustained reduc-
tion in bird numbers at atreated site and occa-
sionally abandonment. Twelve of 34 bird-control
operations with the avian stressing agent PA-14in
Kentucky and Tennessee from 1974 to 1981 resulted
in an immediate or greater reduction in bird
numbers at the roost site. Bird numbers at 11 of
these 12 sites remained at or below posttreatment
levels for the remainder of the winter and birds
abandoned at least 4 of these sites within 2 weeks
after treatment. We suspect that dead and dying
birds at the roosts, as well as the repellent effects
of PA-14 on surviving birds, kept populations from
rebuilding and in some instances led to roost de-
sertion.

Rodent Controal in the Philippines—It Works. In
the Philippines, national preharvest losses to ro-
dents between 1971 and 1975 were 3.7% annually.
In 1976 new, improved rodent-control methods
were made available for small rice producers. The
control strategy involves baiting rice paddies with
low concentrations of chronic rodenticides through-
out the entire growing season. This type of con-
tinuous control maintains arelatively low rodent
population and thus reduces losses. Since the intro-
duction of these methods, annual losses have
dropped to 0.5% and Filipino farmers have pro-
duced more rice, valued at $266 million, which
otherwise would have been lost to rodents.

Vertebrate Pests Cause Major Lossesof Cornin
Haiti. This study was undertaken to determine what
percentage of corn grown in Haiti was taken by ver-
tebrate pests before harvest. Also, we wanted to de-
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Woodpecker damage to maturing corn in Haiti. Photo by G.
Clay Mitchell.

termineif the same pest species caused the same de-
gree of damage in different parts of the country.
The main vertebrate pestsin corn are Norway rats,
Hispaniolan parakeets, African village weavers, and
Hi spaniolan woodpeckers.

Field corn isthe largest single crop produced in
Haiti. Some corn is grown in the mountains (above
300 m), but most is grown in the Port-au-Prince and
Les Cayesregions (0-300 m). In these two regions,
20 fields were surveyed. Thirteen of the 20 fields
have been sampled near Port-au-Prince. In each
field, 10 hills were sampled along each of five tran-
sects. Preharvest losses in these fields were 5.6%
to Norway rats, 6.4% to parakeets and weavers,
and 1.7% to woodpeckers. Near Les Cayes, 20
fields were sampled. Preliminary results show heavy
damage by woodpeckers and only moderate damage
by parakeets, weavers, and Norway rats.

Control of Bird Damage to Wheat in Bangladesh.
Wheat is quickly becoming an important grain crop
in Bangladesh. In 1976, 215,000 long tons were har-
vested, whereasin 1981 1,075,000 long tons were
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harvested. Aswould be expected, bird damage to
newly sown wheat fields has increased accordingly.
The main pest birdsin the fields are rock pigeons,
ring doves, Indian myna, and pied myna.

Two chemicals, methiocarb and copper oxy-
chloride, were evaluated as bird repellents with
sprouting wheat. Wheat seeds were treated before
planting at levels of 0.5 and 0.25% for methiocarb
and 1.2% for copper oxychloride. Methiocarb, at
0.5%, gave an increase in plant density of 77% over
the reference plot. Thiswas followed by 0.25%
methiocarb with an increase of 45% and by 1.2%
copper oxychloride at an increase of 16%.

Even though 0.5% methiocarb gave the best re-
sults, it is not recommended because of toxicity to
domestic pigeons. No bird mortality was observed
in 0.25% methiocarb-treated or copper oxychloride-
treated fields.

The cost effectiveness of copper oxychloride, as
compared with methiocarb, makes it the material
of choice as a bird repellent in Bangladesh. Copper
oxychloride has a cost:benefit ratio of 1:27 as com-
pared with aratio of 1:7.5 for 0.25% methiocarb.

Radiotelemetry Studies on Red-billed Quelea and
Village Weaversin Ethiopia. Radio transmitters,
developed at DWRC and weighing 1.8 g, were
attached to 17 red-billed quelea and four village
weavers in southwestern Ethiopia during May and
June 1981 to evaluate the feasibility of thistech-
nigue for rapidly locating quelea nesting colonies
and following the local movements of both species.
Movements of both species were monitored from
the ground and from a helicopter. Quelea, which
weigh 18-22 g, probably are the smallest birds to
which external radio transmitters have been at-
tached. Four nesting colonies were located by fol-
lowing radio-equipped birds with a helicopter.
Three of these colonies were in the nest construc-
tion stage, a stage which occurs during the first 3
days of colony establishment. Coloniesin this stage
are not normally found when conventional survey
methods are used. Radio-equipped quelea normally
foraged within 3 km of the colony at the nestling
and fledgling stages.

While feeding nestlings, village weavers, which
weigh 35 g, generally obtained food in the same
location each day and in proximity (within 1 km)
to the colony. Females made more than 35 feeding
trips per day to their nests. The males of this species
are polygamous and assist in feeding nestlings.
Adults (males and females) dispersed immediately
when the young fledged and formed roosts that
were adjacent to ripening maize fields.



The studies demonstrated the usefulness of radio
transmitters for obtaining information on colony
formation, feeding patterns, and postbreeding dis-
persal movements of these species, which are ser-
ious pests to ripening grain in Africa; village
weavers aso damage crops in Hispaniola. These
kinds of information are needed to devel op efficient
Ccrop protection strategies.

Quelea Marked With Fluorescent Particlesin
Ethiopia. An estimated 1.2 million red-hilled quelea
were marked with aerially applied fluorescent parti-
cles in southwestern Ethiopia during June 1981.
Thirteen of the marked birds were later recovered
during August and September from four nesting
colonies and one roost in the Awash River Valley,
up to 100 days after spraying and between 500 and
700 km from the original marked colonies. These
recaptures confirm the hypothesi zed migration
route in the Ethiopian Rift Valley and are the first
direct evidence for itinerant breeding of queleain
Africa

Nesting colonies associated with the Awash River
Valley were spread over a distance of more than
300 km; their establishment was staggered over a
2-month period, coinciding with local differences
in availability of seeding grasses. This dispersal
might enhance the reproductive potential of itiner-
ant breeding by further reducing the impact of
locally unfavorable conditions. Recoveries were
segregated by both marking area and sex, suggesting
group cohesion by sex from nesting to nesting.
Colonia nesting in quelea may facilitate itinerant
breeding through information transfer about the
location and timing of traditional nesting sites.
Postnesting group cohesion may provide a means
to maintain the integrity of group information.

The mass-marking technique appears to be poten-
tially valuable for studying the movement and
dynamics of large aggregations of birds. The par-
ticle markers, however, are transient, and their use
islimited by feather molt and the ability to collect
and examine birds under ultraviolet light.

Assessment of Forest-Animal Problems and
Control on Bureau of Land Management Landsin
Oregon. A cooperative agreement was signed in
1982 with the Bureau of Land Management (BLM)
providing for the assessment of forest-animal
damage control problemsin western Oregon by Ser-
vice researchers. The Bureau reforests thousands of
acres of highly productive forest lands in coastal
Oregon. Most conifer seedlings planted on these
lands require protection from animals for survival
and growth.

Information to date shows that intensive tree
damage and mortality is caused by mountain bea-
vers and elk, and that other species—principally
deer, hares, rabbits, meadow mice, and live-
stock — are causing less intensive but widespread
damage and growth delays. The problem is being
compounded by increasing elk herds and inadequate
forage to divert animal feeding pressure from trees.
There is agrowing need to protect high valued,
genetically improved trees being developed for in-
creased wood production.

Phase | of the assessment will result in astate-
of-the-art document on forest-animal problems and
control on BLM lands in western Oregon. Phase
I will include field studies to provide cost-effec-
tive data and recommendations for efficient
methods and materials to reduce wildlife-reforesta-
tion conflicts on BLM lands. Overall results will
benefit the forest industry throughout coastal Ore-
gon, Washington, and California.

Golden-mantled Ground Squirrels Adversely Af-
fected by Baiting for Pocket Gophers. Underground
baiting with strychnine-treated oats is the most com-
mon method of controlling pocket gopher damage
to conifersin western forests. Previous studies indi-
cated low hazard potential of gopher baiting to spe-
cies such as chipmunks and grizzly bears, but a
major concern still exists about the effect of bait-
ing on other wildlife species.

During 1982 aradiotelemetry study was con-
ducted to identify the hazards of gopher baiting to
golden-mantled ground squirrels. Golden-mantled
ground squirrels are a desirable nongame speciesin
many western States. |n addition, they are often
associated with pocket gophers and are an impor-
tant prey species for several avian and mammalian
predators.

The study was conducted on two large U.S. For-
est Service plantationsin central Oregon. Ninety-
three ground squirrels were equipped with radio
transmitters 1 week before operational baiting and
followed for up to 2 weeks after baiting for pocket
gophers. In addition, ground squirrel abundance
was estimated during the pretreatment and post-
treatment observation periods.

Radio-tracking showed that golden-mantled
ground squirrels commonly used underground sys-
tems made by gophers and consumed poisoned bait
directed at gophers. Over 42% of the radio-
equipped animals on one area and over 48% of
those on the other area were found poisoned. Al-
though some ground squirrels were found under-
ground at bait sets, food caches, and nests of pocket
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Although mountain beavers are turning their backs on newly
designed, small-diameter tree protectors in the Pacific North-
west, foresters probably will not. The new tubes, expected to
be commercially available in 1983, will result in a substantial
saving of money for materials, shipping, storage, and installa-
tion compared with larger, more expensive barriers now being
used for forest-animal control. Photo by S. R. Olmstead.

gophers, most (77%) of the poisoned squirrels died
above ground. Four radio-equipped ground squir-
rels were preyed upon below ground by badgers and
several instances of avian predation on non-radioed
ground squirrels by goshawks were observed.

Overadl, ground squirrel numbers decreased 77%
during postbaiting observation periods on treated
compared to untreated plantations. Y et to be deter-
mined are the long-term impacts on the golden-
mantled population and the potential for the inad-
vertent poisoning of predators that feed on strych-
nine-killed ground squirrels.

Zinc Phosphide Appears Promising as a Pocket
Gopher Toxicant on Christmas Tree Plantations. A
toxic bait with little nontarget hazard potential is
needed for controlling pocket gophersin Christmas
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For many years big game animals have browsed this established
Douglas-fir plantation on Bureau of Land Management land in
coastal Oregon. This browsing and other types of damage by
wildlife result in a substantial loss of potential timber produc-
tion affecting the national economy. Guidelines are being
developed to reduce thisloss. Photo by D. L. Campbell.

tree plantations, particularly ones accessible to
household pets and locally sensitive wildlife species.
Based on favorable |aboratory tests and a pilot
study, a 0.75% zinc phosphide-carrot bait regis-
tered for nutria control and a standard 0.5% strych-
nine-oat bait for gophers were compared for
efficacy against pocket gophers on Christmas tree
plantations in the Pacific Northwest. Individual
pocket gopher systems were baited with 1-cm
wedges of carrot bait or a spoonful of oat bait.
Seven days after baiting, all systems were examined
for gopher activity. Results showed that the zinc
phosphide-carrot bait equalled strychnine-oat bait
for controlling pocket gophers. This, plus other
data, indicates that the 0.75% zinc phosphide-car-
rot bait would be afavorable substitute for strych-



nine baits for pocket gopher control in local areas
where special attention is needed to help ensure
safety to wildlife and domestic animals.

Wire Fencing Helpful in Controlling Jack Rab-
bit Damage. Jack rabbit damage and control in
Idaho became an international affair in 1982. Loss
of hay and crops to jack rabbits amounted to mil-
lions of dollars and control of rabbits by clubbing
and poisoning was highly criticized both in the
United States and abroad. Service biologists showed
that simple use of lightweight fencing was avery
acceptable way of helping to prevent jack rabbit
damage. This information was promptly provided
to the State of Idaho for early release to the public
in apopular-type, illustrated pamphlet entitled
"Wire Fencing for Controlling Jackrabbit Damage."

Nontarget Hazards Not Detected in Evaluation
of Candidate Fire Ant Control Chemical. Hazards
to nontarget wildlife were evaluated following the
aerial application of a0.75% nifluridide bait for
controlling the imported red fire ant. Bird species
and individual birds were counted on 12 transects
(6 treated and 6 control) pretreatment and posttreat-
ment. The abundance of small mammals was esti-
mated by livetrapping before and after treatment.
The rate of bait disappearance was measured for
three different densities of fire ant mounds.

Overall, more birds and small mammals were
counted posttreatment than pretreatment. Cardi-
nals, dickcissels, and indigo buntings, moving in to
establish nesting territories, accounted for most of
the increase. Eight bird species that had recogniza-
ble territories before treatment declined after
treatment, but the differences were not statistically
different from controls. However, the disappearance
of well-documented individuals of three low-forag-
ing insectivorous species (white-eyed vireo, Swain-
son's warbler, and common yellowthroat) occurred
at or shortly after time of treatment. Small mam-
mals increased on five of six plots and decreased
on one. No carcasses were found during the post-
treatment searching period that were attributed to
treatment.

Annual Cycle of the Richardson's Ground Squir-
rel Determined. Richardson's ground squirrels are
considered serious pests in Colorado and Wyoming
because they consume agricultural crops and range
forage that would otherwise be available to cattle.
Extensive efforts have been made to reduce ground
squirrel populations with poisoned bait in areas
where economic losses occur. Any application of
poisoned bait should occur when the highest num-
ber of animals are active above ground. However,

Jack rabbits seriously damage agricultural commodities such as
hay (A) in western United States. A simple wrap of poultry
netting around haystacks (B) economically reduces this type of
damage. (Note rabbit droppings, indicating heavy use.) Wire
fencing of other cropsisalso socially accepted as abiologically
sound way of controlling jack rabbit damage. Photos by P. L.
Hegdal.

the annual cycle of the Richardson's ground squirrel
has not been adequately studied. Therefore, during
1979 and 1980 a study was conducted to determine
the annual cycle and population dynamics of the
Wyoming ground squirrel. Ground squirrels were
trapped twice a month and individually marked.
Radiotelemetry was used to determine hibernation
dates.
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Wyoming ground squirrels were individually marked with black
dye to study their movement patterns and hibernation dates.
Photo by K. A. Fagerstone.

The study revealed that, although ground squir-
rels were seen above ground from late March
through September, each individual was active for
only 3 to 4 months and hibernated for the remain-
ing 8 to 9 months. Adult males emerged from hiber-
nation in late March or early April, followed 1 to
3 weeks later by adult females and yearlings. Breed-
ing occurred as soon as females emerged from hi-
bernation and young were born 24 to 27 days later.
Juveniles appeared above ground in early June,
about 4 weeks after birth. Adults began entering
hibernation in late June; average hibernation dates
were 18 July for adult females and 31 July for adult
males. Juveniles remained active into September.

Any application of poisoned bait must be closely
keyed to this annual cycle. Baiting appears to be
most effective in late June or early July when both
adults and juveniles are active above ground.

Vocalization Differences Between Wyoming and
Richardson's Ground Squirrels May Be Indicative
of Two Species. In the past, Wyoming and Richard-
son's ground squirrels have been considered one spe-
cies. However, recent chromosomal evidence indi-
cates that they may actually be different species.
During 1981 a study was conducted to document
the types of vocalizations emitted and to determine
if asignificant difference occurred between vocaliza
tions of Wyoming and Richardson's ground squir-
rels.

Vocalizations were recorded of Wyoming ground
squirrels from Kremmling, Colorado, and from En-
campment, Wyoming. V ocalizations were recorded
of Richardson's ground squirrels from White Sul-
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Long-tailed weasel with field mouse from a ground squirrel bur-
row in afield scheduled for poisoning ground squirrels. This
predator-prey relationship, coupled with increased field use of
household rodenticides, pointsto a growing need to determine
toxic effect to target and nontarget wildlife. Photo by G. D.
Lindsey.

phur Springs, Montana, and from Picture Butte,
Alberta. After recording vocalizations, sonagrams
(agraph of frequency in hertz versustime) were
made of each call.

Both Wyoming and Richardson's ground squir-
rels emitted the same five types of vocalizations:
growls, squeals, tooth chatters, churrs, and chirps.
Growls, squedls, and tooth chatters were similar be-
tween the ground squirrels but alarm calls (churrs
and chirps) were significantly different. Chirps of
Wyoming ground squirrels contained seven notes,
whereas chirps of Richardson's ground squirrels
consisted of only one long note that declined rapidly
in frequency. Churrs of Wyoming ground squirrels
contained an average of 12 short notes compared
with 5 longer notes in Richardson's ground squir-
rels. Discriminant analysis accurately differentiated
between the calls of the two ground squirrels. Vocal-
izations therefore appear to support the idea that
Wyoming and Richardson's ground squirrels are
two species.

Radios Better Than Recapturesfor Monitoring
Black Ratsin Sugarcane. A pilot study of the use of
radio transmitters on black rats demonstrated that
this technique will succeed where livetrapping might
fail in monitoring roof rat populations during ro-
denticide field tests. During a 2-year (1974-1976)
capture-recapture study of rodent populationsin
Florida sugarcane fields, recapture success for black
rats was poor, averaging about 1.4 captures per in-
dividual. Because radio-tracking requires only one
livetrapping occasion per individual, it would be an
ideal approach provided the radio collars cause no



short-term detrimental effects on the rats, rat move-
ments are not generally beyond the range of signal
reception, and dead rats can be located and recov-
ered. In May 1982,21 black rats were radio-collared
in two Florida sugarcane fields, and an attempt was
made to locate each one at least once daily for 14
days. Eighteen rats were successfully located daily
during the tracking period. Two were not located
on 2 days each, but were again located on subse-
guent days. Only onerat died before the end of the
radio-tracking period, and it appeared to have been
the victim of an avian predator. Ten rats were re-
captured or dug out of shallow burrows following
the tracking period, and all appeared to be in excel-
lent condition with no sign of neck abrasion. Most
of the radio-collared rats stayed within 60 m of their
original capture location over the 14-day tracking
period. Two rats moved a considerable distance
(> 270 m) and only one left the field. Radio-track-
ing appears to be a highly suitable technique for
determining the fate of black rats in sugarcane over
ashort time period.

Secondary Hazards of Anticoagulantsto Owls
Evaluated. A new highly potent anticoagulant ro-
denticide is attracting considerable interest for field
rodent control throughout the world. This material
has been registered in the United States for control-
ling rats and mice in urban areas and around farm-
steads and industrial areas. A study started in 1980
indicates that the use of TaLon rodenticide (Brodi-
facoum) probably has minimal secondary hazard
potential to barn owls.

During fall and winter 1981-1982, we evaluated
the potential secondary hazards to screech owls of
voLiD rodenticide (Brodifacoum) for controlling
orchard voles. Thirty-eight screech owls were radio-
equipped and monitored before, during, and after
the rodenticide treatment. Of the 25 screech owls
that were radio-tracked in orchards after treatment,
6 were found dead under circumstances that indi-
cate secondary poisoning was the most likely cause
of death. Results of residue analysis and necrop-
sies on these birds also tend to support secondary
poisoning as the probabl e cause of death. In addi-
tion, four of six owls collected alive for residue
analysis 2 months after treatment contained Brodi-
facoum residues at levels near the levels of owls that
died. During the study two screech owls werekilled
by vehicles, four apparently by predators, and one
died of unknown causes.

The use of Brodifacoum rodenticide bait for con-
trolling rats and mice in urban and industrial areas
and around farmsteads appears to present only

secondary hazards to barn owls. However, the
use of Brodifacoum bait for controlling volesin
orchards has resulted in severa screech owl mortali-
ties. Any proposed use of thisrodenticide for con-
trolling field rodents should be carefully evaluated
if the target speciesisasignificant food item in the
diet of avian or mammalian predators.

Factors Contributing to Predation on Sheep and
Goats Examined. High (over 5%) and low (0-5%)
predation intensities were compared among 95
sheep or goat producersin five States to determine
if differences between the two groups were evident.
Data were compared between the two groups for
the following features: losses to predation, flock
size, type of ranch operation, management prac-
tices, predator indices, prey indices, use of U.S.
Animal Damage Control (ADC) program, private
control efforts, predation history, timing of preda
tion, and presence of other sheep or goats nearby.

Overall, of the producers had predation
losses of their lambs or kids, and percent predation
tended to decrease with decreased flock sizes.
Feeder lamb and range operations were predomi-
nantly in the low-loss category, but sheep, cattle,
and goat operations were mostly in the high-loss
category because of predation on goats. A variety
of management practices was used by both groups;
however, lower indices for natural prey and preda-
tors were reported for low-1oss producers. A major-
ity of producers used the Federal ADC program and
private control, although fewer low-loss producers
than high-loss producers used both types. Rough,
bottom, and brushy grazing lands, historic preda-
tion problems, and high predator indices charac-
terized many of the high-loss categories. Good habi-
tat for predators in proximity to young livestock
increased the opportunities for contact with preda-
tors and for predation.

Indirect Costs of Predation on Sheep Deter -
mined. The objective of this study was to identify,
rank, and assign monetary values for the indirect
costs of predation on sheep. Most previous studies
on sheep predation have dealt with direct costs, but
have ignored the indirect costs of predation; thus,
total costs of predation were unknown. This work
was funded by the U.S. Fish and Wildlife Service,
DWRC, administered by the Cooperative Fisheries
and Wildlife Research Unit at the University of
Wyoming, and conducted by the Department of
Water Resources (Economics), University of
Wyoming.

Personal interviews were conducted during
March 1982 with 107 sheep producersin five geo-
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Because coyotes are attracted to livestock carcasses, such carcasses have long been used to dispense toxicants to coyotes. The
Denver Wildlife Research Center currently is planning studies of efficacy and environmental hazards of toxic, single-dose coyote
baits placed near nontoxic carcass "draw" stations. Photo by G. Connolly.

Coyotes typically kill sheep and goats with throat bites. In such
attacks, the coyote's teeth often damage one or both of the prey
animal's jaw bones. This jaw, from an angora goat killed in
Texas, shows six punctures or marks made by coyote teeth. On
weathered carcasses, these marks are evident long after other
evidence of predation has vanished. Photo by G. Connolly.
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graphic divisions of Wyoming. Producer samples
were selected by numbers of sheep owned and
assigned to four size categories from 50 to over
5,500 sheep. Thirty-three sources of indirect costs
of predation controls were identified and ranged
from llamas to electronic shepherds. Indirect costs
of predation increased as flock size increased. Aver-
age cost per breeding ewe in the 50-199 sheep cate-
gory was $0.97, $1.46 for 200-999 sheep, $1.70 for
1,000-5,499 sheep, and $3.17 for over 5,500 sheep.

When replacement costs of sheep killed were not
considered, the total indirect cost of predation for
this sample was $619,199. Total indirect costs for
individual producers ranged from alow of $2.62
to ahigh of $183,385. This study emphasizes that
some sheep producers incur substantial indirect
costs of predation that must be considered when



A\ technician examines a domestic lamb killed by coyotes on a high-elevation summer sheep range. Such losses are frequently
severe and means of controlling predation are restricted on public grazing allotments. The Denver Center is evaluating the use
of portable sound- and light-emitting frightening devices as a way to keep coyotes from killing sheep on bedgrounds located in

these areas. Photo by S B. Linhart.

assessing the total impact of predation on livestock.

Coyotes Prey Selectively on Kidsin Mixed Lamb-
Kid Flocks. In attempting to devel op coyote preda-
tion control methods selective for individual coyotes
that kill livestock, we devel oped and sought regis-
tration for a prey-mounted control device and are
studying others. One of the most important prob-
lems with livestock-mounted control devices has
been in directing coyote attacks toward animals
wearing the devices. If we can learn to direct coyote
attacks toward certain animals or groups of animals
within flocks, we can make most livestock-mounted
control devices more effective.

Some ranchers feel that coyotes prefer kids over
lambs if the coyotes have a choice between the two.

The concept was tested in pens at the predator re-
search site near Logan, Utah, in order to exploit
this possibility in coyote predation control.

Two coyotes (A and B) were presented alamb
and a kid simultaneously. Two other coyotes (C and
D) were allowed to "choose" their prey from a small
flock of 8 to 11 various-size lambs and 1 to 2 medi-
um-size kids. All four coyotes were tested individ-
ually. Before testing, the first two coyotes had no
experience killing sheep or goats, whereas the
second two had both killed one or two lambs.

The results showed that coyote A killed six kids
and no lambs. After three kills the coyote attacked
alarge adult male goat but was unable to kill it.
During the goat attack, the alternate prey was a
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Under a Cooperative Agreement with
the Mexican Fish and Wildlife Service
(Fauna Silvestre), studies of the impact
of coyote predation on deer and prong-
horn antelope fawns are being initiated
in northern Mexico. Left: A Mexican
wildlife technician is setting a coyote
trap on one of the study areas. Service
biologists are training Mexicans in the
use of research and predator control
techniques. Below: A Mexican biologist
records data from a coyote taken from
an areain San Luis Potosi where white-
tailed deer fawn survival is exceedingly
low. One of the factors believed respon-
sible is coyotes preying on newborn
fawns. Photos by S. B. Linhart.



lamb only half the size of the goat; this lamb was
mostly ignored. Coyote B killed three kids, one
goat, and one lamb. The coyote attacked other
lambs, but the goats were amost always killed be-
fore lambs. Coyote B's preference for goats was
most strikingly shown during the final test. The
:oyote went over and around a 23-kg lamb in his
attempts to kill a 30-kg goat. Coyote C killed the
2 kids from aflock of 11 various-size lambs and
2 medium-size kids. Coyote D first killed a small
lamb, then killed two kids.

The results indicated a definite preference for kids
over lambs in both one-to-one and small-flock
choice tests among captive coyotes with little or no
sheep-killing experience. Field tests with kids wear-
ing control devicesin sheep flocks appear desirable
to confirm the pen-study results.

Prey-mounted Bait Collars Fed Upon by
Coyotes. Tests with toxicants were initiated based
on coyote food choice tests and on preliminary ob-
servations of coyotes showing frequent feeding on
bait collars made from sheep mesentery fat. Bait
collars, if effective, would have two advantages over
the present liquid-filled rubber collar: they should
be cheaper to manufacture and would require much
less toxicant.

During tests, 2- x 6-inch sheep hide collars
covered with 50% sheep mesentery fat and 50%
corn oil containing 5 mg of sodium monofluoro-
acetate were tied around lambs' throats. Lambs
were released into field pens containing indi-
vidual coyotes or apair. Coyotes died in five of six
tests in which the lambs were killed and the bait col-
lars were eaten. The coyote that survived cached
vomitus soon after feeding extensively on the lamb
and probably eliminated the collar during caching.

Three points were of particular interest: (1) in al
tests, at least one coyote ate the collar; (2) when a
coyote began eating a collar, it was entirely con-
sumed; and (3) no coyotes showed fear or aversion
to collars. It appeared, from these results, that bait
collars merit further developmental work as a spe-
cific delivery method for toxicants.

Cooperative Predator Resear ch Studies I nitiated
by United States and Mexico. The USA-Mexico
Joint Committee on Wildlife recently approved ini-
tiation of studies in northern Mexico to determine
the impact of predators, primarily coyotes, on pro-
ductivity and survival of pronghorn and white-tailed
deer.

Four study areas in the States of San Luis Potosi,
Chihuahua, and Bagja California Sur have been
identified. After visiting these areas DWRC staff

and biologists of the Mexican "Fauna Silvestre" will
begin developing plans to investigate coyote-prong-
horn and coyote-deer interactions. Local popula-
tions of these ungulates number less than 100 indi-
viduals and observations indicate that fawn survi-
val is poor or nonexistent. Research will focus on
obtaining base-line natality and survival ratesin the
absence of coyote control and later reducing local
coyote populations to determine if increased fawn
survival and population growth results. Mortality
radio transmitters will be used to monitor preda-
tion rates on one of the areas. Capturing newborn
fawns and rearing them in captivity for later release
back into the herd has aready been shown to be
apromising technique. It is expected that the re-
sults of these studies will identify major causes of
fawn mortality. If predation is a significant factor,
cooperative research to determine appropriate ways
to manage predators will be mutually advantageous.

Field Tests of Sodium Cyanide Ejectorsfor
Coyote Control Completed. The M-44 sodium
cyanide gjector is an important method used by the
Fish and Wildlife Service's Anima Damage Con-
trol Program to control coyote damage. In recent
years, increasing numbers of ADC program field
workers have reported the M-44 to be ineffective
because of excessive malfunctions. Accordingly, the
Service appointed an M-44 study team to document
and resolve this problem. The team, which includes
participants from both research and operations, car-
ried out afield test of M-44 and other NaCN gjec-
torsin Texas early in 1982. The results substantiated
field reports of ineffectiveness.

Coyote getters, M-44's, and M-50's were tested.
The coyote getter, which gjects NaCN by detona-
tion of asmall pistol cartridge primer and small
powder charge, was used with good success in the
ADC program for about 30 years. It was replaced
for ADC program use in 1970 by the M-44 which
g ects by means of a spring-driven plunger and
thereforeis believed to be safer than the coyote get-
ter. The M-50 is aredesigned M-44. Introduced in
1979, the M-50 was expected to eliminate several
inherent and chronic causes of malfunction asso-
ciated with the M-44. However, the M-50 proved
even less dependable and was not favored by most
field men.

In the present experiment, 600 ejectors were set
in afenced plot and subsequently pulled and reset
at either 7-day or 21-day intervals. Any unit that
failed to gect or required over 8 pounds pull force
for gection was deemed to have malfunctioned. In
addition, units that could not be reset because of
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The M-44 sodium cyanide g ector is an important tool for re-
moving coyotes from livestock ranges. About two-thirds of all
Animal Damage Control program use of M-44'sisin Texas.
Because current M-44 gjectors frequently malfunction, research
isin progress to improve the performance of thistool. Photo
by Connolly.

tality patterns, the influence of transmitter collars
on general behavior patterns was studied among a
group of captive animals. All 28 jack rabbitsin two
breakage, wear, or corrosion were tallied as mal-
functions and withdrawn from the experiment. The
incidence of caking or deterioration of NaCN within
gjector capsules also was studied.

The 42-day test demonstrated substantial rates of
failure for both ejectors and capsules. Ejector mal-
functions were most frequent with M-50's and least
frequent with coyote getters. For gjectors pulled and
reset weekly, cumulative failure rates after 6 weeks
were 100, 70, and 2%, respectively, for M-50's,
M-44's, and coyote getters. The performance of
M-44's was improved by shortening their plungers
either 1/8 or 9/16 inch. Neither M-44 nor M-50 cap-
sules appeared to be effectively sealed against mois-
ture, as the contents of 47% of M-44 capsules and
20% of M-50 capsules were found caked after 6
weeks of field exposure.

Based on these results the study team recom-
mended that the M-50 be discontinued and the M-44
improved by further research and development.
Priority will be given to modification of the cap-
sule or capsule loading procedures as needed to
achieve effective seal. In addition, the prospects for
development of a safer coyote getter are being
explored.

Radio Transmitters Affect Activity Patternsand
Mortality of Penned Jack Rabbits. Beforeinitiating
atelemetric study of black-tailed jack rabbit mor-
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Biologists measure the force required to trigger an M-44 sodium
cyanide gector. The test apparatus protects observers from con-
tact with the gjected NaCN. The desired pull forceis 3-4 pounds
and units that do not gject at pull forces below 8 pounds are con-
sidered to be defective. Photo by G. Connolly.

Caking or decomposition of sodium cyanide currently is reducing
the effectiveness of M-44's used by the Anima Damage Con-
trol program. In this capsule, the powdered NaCN mixture has
solidified into a hard mass (right). If ejected into a coyote's
mouth, this "pill" would be spit out before the toxicant could
take effect. The "educated" coyote would probably never pull
another M-44. Because caking or decomposition of NaCN results
from moisture inside the capsule, improved sealing of capsules
is expected to solve the problem. Photo by G. Connolly.

2-ha pens were given unique markings by means of
acommercial hair lightener. Half were then
equipped with a simulated transmitter package of
the size and configuration to be used in later field
studies. The rabbits were then released into the same
pens in which they had been held for the previous



year. Behavioral observations were made routinely
over the ensuing 31 days.

Throughout the observation period, instrumented
jack rabbits spent more time grooming and lesstime
sitting than jack rabbits without transmitters. No
other consistent differencesin behavior were noted.

Coincidentally, a golden eagle attacked and killed
severa jack rabbitsin one of the pens. Eight of the
twelve rabbits in the pen eventually succumbed to
avian predators. Although statistical analysis did
not indicate a significant difference in vulnerability
between jack rabbits with and without the simulated
transmitters, five of thefirst six animals killed car-
ried transmitter packages. After behavioral observa-
tions were compl ete, a coyote was released into one
pen. He ultimately killed all 16 rabbits in the pen
in random fashion without regard to the presence
or absence of the transmitters. Curiously, although
the coyote took 2 weeks to catch al the rabbits, he
killed the last seven in asingle night. Weather may
have created conditions that were advantageous to
the coyote and fatal to the jack rabbits.

High-density Coyote Population Related to
Abundant Food. Dynamics of a naturally regulated,
high-density coyote population in southern Texas
were monitored between 1976 and 1981. Indices of
coyote abundance for this region, obtained through
the annual survey of predator abundance over the
past 10 years, have been consistently higher than
elsewhere in the western United States. Natural prey
is usually abundant in the dense shrub vegetation
and exploitation of the coyote population by hu-
mansis relatively light compared with most other
regions.

During the study period, the average number of
young produced each year ranged from 4.3 t0 6.2
per adult female. First-year females, however, were
essentially nonreproductive since only 1 of the 91
examined during the study produced alitter and
only 4 had even ovulated. Ovulation and pregnancy
rates of femalesin their second year fluctuated con-
siderably between years and typically were lower
than older adults. Among older adults, ovulation
rates, pregnancy rates, and litter sizes were generally
similar among years. Hence, total reproductive out-
put in the population was relatively stable during
the 6-year period because the proportionate con-
tribution by younger females was small.

Studies with captive coyotes and research on pop-
ulations in other regions have documented that fe-
malesin the first and second years of life are capa-
ble of much higher rates of ovulation and pregnancy
than observed in South Texas. Concurrent moni-

toring of the abundance of prey on the study area
indicated that sufficient natural food was con-
sistently available for coyotes. Suppressed ovula-
tion among the younger females may result from
social mechanisms, perhaps involving competition
for space, operating in a coyote population stabi-
lized at relatively high densities.

Winter Mortality of Jack Rabbits Determined by
Telemetry. A study to directly measure the rate of
total and predator-induced mortality of adult black-
tailed jack rabbitsin Curlew Valley, Utah, by using
mortality-sensing radio transmitters was continued
during winter 1981-82. A total of 91 jack rabbits were
captured, fitted with radio transmitters, and re-
leased. Transmitters were monitored daily from De-
cember through March to determine the status of
each animal. Dead radio-tagged rabbits were usually
recovered within 24 hours of death and cause of
death was determined. Of the 91 jack rabbits instru-
mented, 57 were recovered during the study
from jack rabbit mortalities, 30 (33%) were col-
lected at the end of the study from surviving jack
rabbits, and 4 were lost during the study due to
transmitter malfunctions or movement of radio-
tagged animals from the study area. Of the 57 ob-
served jack rabbit mortalities, 13 were killed
by predators with no extenuating circumstances.
Twelve mortalities were from undetermined
causes (5 of these may have been predator-induced
but were devoured to a point where ajudgment was
not feasible), 11 were hunter kills, 1 (2%)
died from disease, 1 (2%) was aroad kill, and 19
(33% of the transmittered sample surviving at that
time) died during a 2-day period in February either
directly (15 animals) or indirectly (4 rabbits appar-
ently were killed by predators but not eaten) from
severe weather conditions.

About 40 cm of snow had accumulated in the
study area, and on 5 and 6 February we experienced
winds up to 95 km per hour accompanied by tem-
peratures of - 30° to - 40°C. At the end of the
windstorm, most of the snow was packed hard and
crusted with driftsto 100 cm. Many of the 19 dead,
transmitter-equipped jack rabbits were found
frozen in a sitting position under sagebrush; others
were found in large drifts, often accompanied by
one or more dead jack rabbits not associated with
the telemetry study.

Thisisthe first time a quantitative measure of
weather-induced mortality of jack rabbits has been
documented. We think mortality directly related to
weather as observed during those 2 days is uncom-
mon in Curlew Valley. Conditions as extreme as
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Denver Center studies of rat feeding patterns utilized microcomputer hardware to monitor the minute-by-minute intake of baits.
Data showed that bait is consumed mainly during several bouts of eating—Ilargely during the nocturnal portion of each day. Re-
sults of these laboratory studies should guide development of more efficient baiting practices for controlling troublesome species.

Photo by S E.

those on 5 and 6 February are rare. Though much
of the rest of the winter was as harsh as usual, no
other observed mortalities were judged to be directly
weather-induced.

L owest Concentration Deter mined for 1080
Baits. Early in 1982 pen trials were initiated to
determine the lowest amount of 1080 that could be
applied effectively to develop single lethal dose
coyote baits. Tallow baits containing 3, 4, or 5 mg
of 1080 were offered to coyotes for voluntary con-
sumption. Based on 10 to 12 adult coyotes per dose
level, only the 5-mg baits caused 100% mortality,
whereas 80% mortality was achieved at the two
lower concentrations. Plansto field test the 5-mg
single lethal dose are being made.

Methomyl (DRC-6702) Not Promising asan
M-44 Toxicant. Ever since the coyote getter (M-44)
was introduced more than 40 years ago, there have
been chronic reports of failure due to caking or de-
composition of the sodium cyanide (NaCN) mix-
ture. Therefore, a potential replacement toxicant
was evaluated under |aboratory and field condi-
tions. Methomyl-loaded M-44's were pen-tested in
1981 and compared in field tests with NaCN early
in 1982 in three Texas Animal Damage Control dis-
tricts.

Total recoveries from 93 discharges (2,355 unit
nights) of methomyl-loaded M-44's included 8 coy-
otes, 18 opossums, 8 skunks, and 2 raccoons. With
NaCN, 20 coyotes but no other animals were re-
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covered from 26 discharges (722 unit nights). Coy-
otes pulled one methomy! unit per 71 nights, com-
pared to one NaCN unit per 29 exposure nights.

Eighty percent of coyotes that pulled NaCN egjec-
tors were recovered, compared with only 24% for
methomyl. Average recovery distances were 26 and
105 yards, respectively, for NaCN and methomyl.
Coyotes may have been repelled and opossums
attracted by M-44's that contained methomyl. We
concluded that methomy! offerslittle promise as a
replacement predacide in the M-44 devices.

Ultrasonic Rodent Repellent Devices Show
Marginal and Short-term Effects. Laboratory and
field research wasinitiated in October 1981 to eval-
uate the repellent effects of several commercial de-
vices. Thiswas part of an interagency agreement
between the U.S. Environmental Protection Agency
and the Fish and Wildlife Service. All sample
devices had been previously analyzed for physical
ultrasonic characteristics by the Food and Drug Ad-
ministration's Winchester Engineering and Analy-
tical Center laboratory.

For laboratory tests, a rodent infestation was
simulated in a 740-square-foot building. Twelve
wild Norway rats were released into a central en-
closure area (38 sguare feet) containing food, water,
and shelter boxes. Rats were allowed to exit from
this central enclosure to obtain supplemental food
from small packets of rolled oatsin two isolated
350-square-foot rooms within the building. The ani-



malswere adapted for 2 weeks so that packet dam-
age was equalized in both rooms. The test consisted
of successive 3-week periods in which an ultrasonic
device was alternately activated in each of the
350-sguare-foot rooms. This entire procedure was
then repeated with a new group of 12 animals.

Results showed that a 30-50% reduction in rat
damage and activity occurred for 1 week or less dur-
ing the 3-week periods. Subsequently, the rats habit-
uated to the ultrasonic stimulation and no reduc-
tion in food packet damage was noted in either test
room.

For the field tests, four devices were assessed for
repellency effectsin seven buildings varying in size
(100 to 2,500 square feet) and construction (metal
versus wood). All buildings contained high levels
of Norway rat or house mouse infestation. Tracking
tiles, rolled oat packets, and photocell activity
measurements indicated that the infestations were
only temporarily or partially reduced during suc-
cessive 3-week periods with the devices alternately
switched on and off. Not once, however, was there
acomplete aleviation of rodent problems. Data col-
lected represent a clear and valid operational assess-
ment of efficacy and can be used for ranking repel-
lency among devices.

Blackbird Damageto Sunflower Fields Greatest
Near Marshesand River Drainage Systems. A
second annual wide-area assessment of blackbird
damage to sunflower fields was conducted near
Sheyenne Lake, North Dakota. Thirty-eight of 143
available sunflower fields within a 144-section area
surrounding Sheyenne L ake were sampled for
blackbird-caused damage in October 1981. Addi-
tionally, bird-habitat utilization was monitored
throughout August and September. This marked
the second in a series of preharvest surveys to assess
year-to-year variation in roost, flightline, crop-
planting schemes, and sunflower damage patterns
associated with blackbird migrations within the
Dakotas.

Results generally confirmed those reported for
1980. Estimates of damage for the 38 sampled fields
ranged between 1 and 27%, with the distribution
of losses highly skewed (i.e., afew fields received
extensive damage, but the vast mgjority of fields
suffered less than 5% loss). Six of the seven fields
that again received greater than 10% loss of seed
were within 2 miles of the Sheyenne River. Black-
bird habitat measurements suggested that sunflower
foraging by red-winged blackbirds increased sharply
in late September — coincident with the southward
migration of this species.

Evaluation and Control of Postharvest Food
Lossesto Vertebrate Pests. Asthe world's popul a
tion grows, increasing the food supply becomes an
ever more urgent priority. One vital step toward this
end isto reduce food loss occurring between har-
vest and consumption. On aworldwide scale, post-
harvest food losses are reported to be millions of
tons per year, valued at billions of dollars. Losses
may be due to a variety of factors and comein sev-
eral forms such as physical loss of food, reduction
in quality, or lossin nutritive value.

Until recently, vertebrate problems have not re-
ceived as much emphasis as microorganisms, in-
sects, storage methods, and engineering. Y et, most
experts agree that vertebrates have a significant im-
pact. For example, 200 black Bandicoot ratsin a
godown (small storehousein India) will consume
enough ricein 1 year to feed ahuman for 11 years.
In the Philippines, birds enter through openingsin
large warehouses, peck holesin sacks, and consume
or contaminate significant amounts of grain.

Although vertebrate pests consume large amounts
of food, even larger quantities are contaminated.
For example, most estimates show that rats con-
taminate 10 times more food than they eat. In addi-
tion, scattered grain is often swept up and mixed
with clean grain, resulting in contamination of
larger batches. Hair, feathers, urine, feces, ecto-
parasites, disease organisms, and even dead animals
contaminate stored foods. These conditions increase
the potential for human disease and result in lower
prices at the marketplace.

Anincreased emphasisis being placed on post-
harvest food losses to vertebrate pests at DWRC.
The Center's experience with preharvest projects,
domestically and abroad, makes an extension to
postharvest problems a natural one. Overal plans
have been made and work is under way to develop
accurate methods of food |oss assessment both in
the laboratory and in key countries, to improve
methods of control, and to train nationals to man-
age their own problems.

Analytical Method for 1080 Residue Analysis
Proves Highly Reliable. One of the major concerns
regarding the use of 1080 as atoxicant is the po-
tential environmental hazard to nontarget animals
that scavenge on the tissues of poisoned target
species. One means of assessing the hazard isto
determine the residue levels of 1080 in the tissues.
The development of a sensitive and reliable 1080
analytical method has greatly facilitated this assess-
ment. The analytical method was extensively eval-
uated in a study to determine the precision of the
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method measuring 1080 residues in tissues of poi-
soned coyotes and to test the stability of 1080 resi-
due in muscle tissue stored under various condi-
tions. Residue in the muscle tissue from coyotes
dosed with the same amount of 1080 (5 mg 1080
per kilogram body weight) varied from 1.8 to
3.1 ppm. Assuming these concentrations apply to the
entire coyote carcass, the residues represent about
36 to 62% of the dose administered. Residue con-
centrations did not change with storage, indicating
that 1080 isrelatively stable. Essentially the same
amounts of residues were found in tissue samples
analyzed fresh and in samples either stored frozen
for 30 and 60 days or kept at ambient temperature
for 28 days. Analyses of these samplesin replicates
indicated satisfactory precision of the analytical
method. Average coefficients of variation showed
that better precision was found with fresh samples
(coefficient of 5.8%) than with ambient, 30-day
frozen, and 60-day frozen samples (coefficients of
27, 12, and 14%, respectively).

How Do Rodenticides Taste to Rodents? Most
experts on control agree that rodents have an excep-
tional sense of taste when compared with humans
and that taste is an important consideration that in-
fluences bait acceptance and palatabilty. Bait
formul ations sometimes include flavorings (e.g.,
chicken or fish) to attract rodents, masking agents
to "hide" undesirable taste qualities of the rodenti-
cide, and enhancers such as sweeteners to encourage
maximum consumption by the rodent pest. More
recently, taste qualities have been recognized as cues
by which rodents protect themselves from dietary
poisoning. Some rodenticides are inherently
avoided, presumably because they taste hitter to the
rodent. Bitter tastes generally signal the presence
of natural toxins to rodents and encourage avoid-
ance. Furthermore, rodents often learn to associate
the taste of food with post-ingestional malaise after
just one experience, and will subsequently avoid
similar-tasting foods.

But how do rodenticides taste to arodent? We

are using arecently developed animal

method to provide new insights into this ques-
tion. The method does not tell us exactly how the
rodenticide tastes to the rodent, but it does tell us
which tastants are similar to the rodenticide flavor
in terms of generalized aversion. More specificaly,
rodents are first allowed to taste a small amount
of rodenticide, followed immediately by a drug-
induced malaise by LiC1 injection. After recovery,
the rodents are presented an array of tastants repre-
senting sour, salty, bitter, and sweet. Differential
consumption between an experimental rodent
(rodenticide, then LiC1 injection) and its yoked con-
trol (distilled water, then injection) is con-
sidered a measure of aversion to the tastant. The
experimental rodent is assumed to be most aversive
to tastants that most closely resemble the taste of
the rodenticide.

Results from a series of such tests with labora-
tory strains of Norway rats suggested that strych-
nine was principally bitter (i.e., conditioned aver-
sions to the taste of strychnine generalized to
quinine sulfate and sucrose octoacetate); thiosemi-
carbazide was principally bitter and sweet (i.e.,
aversions generalized to quinine sulfate and su-
crose), and scilliroside was sour and bitter (i.e.,
aversions generalized to dilute hydrochloric acid
and quinine sulfate). The results of tests following
pairing of arsenic and warfarin with LiC1 were less
clear and will require additional studies before con-
clusions can be drawn.

With further development and modifications, we
hope to extend the method to include awider array
of tastants, solid rodenticides, and complex bait
formulations. The method may have potential ap-
plications that include improvement of prebaits,
selection of bait-pairs for use in serial baiting,
empirical evaluation of masking agents and micro-
encapsulating techniques, and ultimately, systematic
development of more effective bait formulations.
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Environmental Contaminant

Evaluation

COLUMBIA NATIONAL FISHERIES
RESEARCH LABORATORY

Monitoring National Trendsin Contaminants.
Monitoring trends of contaminantsin fish involves
three tasks: (1) the measurement of temporal and
geographic trends of pesticides,
PCB's, and seven heavy metals, (2) the identifica-
tion of locations where unusually high concentra-
tions of routinely measured contaminants occur,
and (3) the determination of unidentified contami-
nants detected during routine screening The present
report is confined to tasks (2) and (3). Interpreta-
tion of the most recently conducted analysesin
terms of temporal and geographic trends would be
premature because collection of samplesison a
2-year cycle (about half the stations being sampled
each year), and we are now midway through the
current cycle.

Toxaphene was detected for thefirst timein fish
from Alaska. Pooled samples of rainbow trout and
Dolly Varden from the Kenai River near Soldatna,
Alaska, had toxaphene concentrations exceeding
200 ng/g — levels comparable to those commonly
measured in samples collected from areas of low
toxaphene use. Since use of toxaphenein this area
of Alaska has not been reported, we are unable to
identify the source of the residues.

Mirex, an insecticide, isroutinely found in fish
collected in the southeastern United States and was
recently detected for the first time in striped bass.
One adult striped bass collected in 1981 from the
Cooper River, South Carolina, contained mirex
residues of 30 ng/g, alevel comparable to that
measured in other fish speciesin the Southeast.

Lindaneis an insecticide analyzed routinely in the
monitoring program but is rarely detected in con-
centrations greater than 30 ng/g; however, this year
the residue was 700 ng/g in alargemouth bass col -
lected on the Loxahatchee National Wildlife Re-
fuge, Florida. Y ellow bullheads captured with the
bass at the same site had no detectable lindane resi-
due. The insecticide is used on citrus crops and in
cattle dipping; however, these activities do not occur

near the Refuge. Since the compound is short-lived,
one would suspect that the largemouth bass received
very localized acute exposure.

Striped mullet collected from the Colorado River
near Yuma, Arizona, bore total DDT concentra-
tions of 2,900 ng/g, of which 36-40% was an
isomer most prevalent in the applied insecticide.
Thisisomer usually composes only about 10% of
the total DDT concentrations measured in fish from
other locations in the United States. The high per-
centage of thisisomer indicates that the fish were
recently exposed to the applied pesticide, and proba-
bly reflects the continued use of DDT for agricul-
turein Mexico.

Endrin is another routinely analyzed insecticide
that isinfrequently encountered in concentrations
exceeding 30-40 ng/g except in the Southeast. How-
ever, this year the highest endrin concentration
measured (111 ng/g) was in abloater from Lake
Michigan. In 1982, unlike past years, measurable
amounts of endrin were detected in al fish samples
from Lake Michigan. The rising endrin levels may
result from atmospheric deposition of aerialy trans-
ported compounds.

Among the trace elements, selenium was the only
metal occurring in unusually high concentrations
where normal geologic background levels arefairly
low. Residues measured in largemouth bass and
bluegills from cooling reservoirs associated with
coal-fired power facilitiesin North Carolinawere
generaly 10 times higher (or more) than the nation-
wide geometric mean of about 0.5 Theele-
vated levels were attributed to atmospheric fallout
of selenium from stack emissions, and discharges
of dissolved selenium from ash disposal ponds into
the reservoirs. Concentrations of selenium mea-
sured in mosquitofish from areservoir in the Cen-
tral Valley of Californiawere the highest we ever
measured in fish (25-30 The reservoir is used
as adisposal facility for tile-drain water fromirri-
gated fields and is part of a National Wildlife
Refuge. Causes of the high selenium levels have not
been determined.

A number of contaminants were identified that
had previously been unreported in routine sampling.
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diphenyl ethers and polybromi-
nated aromatic compounds were identified in a
(amember of the sucker family) from the
Cape Fear River near Elizabethtown, North Caro-
lina. Thisisthefirst time we have found polyhal o-
genated aromaticsin 5 years of screening for these
compounds. Chlorinated diphenyl ethers are used
as heat exchange mediafor electrical equipment,
and polybrominated aromatics are used as fire re-
tardants in clothing. Screening for polynuclear
aromatic compounds in samples from a limited
number of locations was begun this year. The
compounds were found in samples of white catfish
from the Connecticut River near Windsor Locks,
Connecticut; they are associated with contamina-
tion by fossil fuels and petroleum derivatives used
in industry, and cause concern because many of
them are potent carcinogens.

Dioxins and Dibenzofurans Found in Fish from
the Great L akes and Eastern Seaboard. Analyses
for dibenzofurans and polychlori-
nated dibenzodioxins in fish were completed for
sampl e sets gathered from five important river and
lake systems: the Great L akes; Hudson River; east-
ern seaboard rivers and estuaries supporting popu-
lations of striped bass (especialy Chesapeake Bay);
Black River, Ohio; and the Housatonic River in
Connecticut and Massachusetts. The levels of resi-
dues found in fish tissues varied from a few parts
per trillion (ng/kg) to afew parts per billion (ng/g)
among the 20 sampling sites, and are apparently
associated with industrial pollution. The most
highly contaminated samples were taken from the
Tittabawassee and Saginaw rivers, Michigan, and
the Niagara River, New Y ork. The furans were gen-
erally found in higher concentrations than the
dioxins.

Somewhat surprisingly, the residues of furans
and dioxinsin Great L akes fish were composed
mainly of the most toxic isomers of these chemi-
cals. In most samples, more than of the total
dioxins (of which there are 75 isomers) were ac-
counted for by the most toxic isomer —

TCDD. The occurrence of thisisomer appearsto
be most prevalent in regions of Lakes Huron and
Ontario adjacent to areas where the intermediate
chemical, 2,4,5-trichlorophenol, was produced
during the manufacture of herbicides and pharma-
ceuticals. Residues of 2,3,7,8-TCDD in fish from
these two regions generally exceeded the advisory
limit of 25 ng/kg established by the Food and Drug
Administration and the guideline of 20 ng/kg set
by the Canadian government. Two samples of corn-
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mon carp from the Niagara River contained 53 and
417 ng/kg of 2,3,7,8-TCDD and two samples from
the mouth of the Saginaw River contained 81 and
94 ng/kg. A limited number of determinations of
residue levelsin river sediments (Hudson and
Housatonic) were made and may provide comple-
mentary data on the factors controlling the distri-
bution of the variousisomers in aquatic ecosystems.

The impact of these contaminants on the fishery
resources cannot be evaluated because data on the
toxicity of these materialsto fish and food organ-
isms are lacking. However, this study established
that these chemicals are present at levels that are
well above detectable trace concentrations, and that
they are widely distributed in the Great L akes — par-
ticularly Lakes Huron and Ontario. These data are
aprerequisite for an assessment of their hazard to
aquatic organisms, and studies are being planned
to determine their toxic effect on fish.

Bait for Fire Ant Control Evaluated. Amdro, the
first fire ant insecticide approved by the Environ-
mental Protection Agency for limited application
since mirex was banned in 1978, was tested by using
representative species of warmwater and coldwater
invertebrates and fish. Technical Amdro ac-
tive ingredient) was highly toxic to invertebrates,
the (concentrations causing immobilization
within 48 hours) were 130 for daphnids and
140 for midge larvae. Technical was
also highly toxic to fish; the (concentrations
[Ag/L] causing mortality within 96 hours of
exposure) were 76 for rainbow trout, 75 for fathead
minnows, 70 for channel catfish, and 120 for blue-
gills When the field formulation of Amdro (a pel-
leted bait containing active ingredient) was
tested at an estimated concentration greater than
100 activeingredient, it did not readily dis-
solve in the dilution water and most of the bait set-
tled to the bottom of the test containers. Appar-
ently little, if any, Amdro leached into the expo-
sure water, and no mortalities occurred in inverte-
brates or fish after 96 hours of exposure.

Apple Snails versus Copper-Diquat. Apple snail
populations have declined since 1970 in the canals
surrounding L oxahatchee National Wildlife Refuge
in southern Florida. Thisdeclineis of particular
concern because the apple snail is the only food of
the endangered snail kite (formerly known as the
Everglade kite). Management of habitat for thiskite
isdirected primarily toward providing suitable habi-
tat during adverse drought conditions when the
canals provide much of the open-water habitat for
apple snails and the primary feeding areas for the



kite. The use of copper, a known molluscicide, in
combination with diquat for the control of hydrilla

verticillata) in the canals surrounding the
Refuge was suspected of being the agent responsible
for the decline in apple snail populations.

The acute toxicities — concentrations lethal to
50% of test organismsin 96 hours — of copper, di-
quat, and copper in combination with diquat to
apple snails were determined in laboratory tests.
Concentrations of Cutrine-Plus and Komeen
(chelated formulations of copper) toxic to juvenile
snails were 22 and 24 respectively. Adult
snails were less sensitive to copper than juveniles;
the concentration of komeen toxic to adults was
57 Diquat was toxic to juvenile apple snails at
1,800 The toxicity of the copper-diquat
combination was similar to that of copper alone,
indicating that copper was the toxic agent in the
combination.

Copper residue levelsin plants, detritus, and mud
collected along transects established on the Refuge
were significantly higher in sasmples from the canal
than in those collected from the interior of the
Refuge. Mean copper concentration in plants, detri-
tus, and mud from the canal were 9.8, 33.9, and
124 respectively, compared with 5.0, 9.7, and
54 in samples from the interior of the Refuge.
Copper concentrations in the water ranged from 5
to9 and did not differ significantly in the
canal and interior.

The influence of copper associated with detritus
on apple snails was evaluated in the field by using
caged snails and tank bioassay procedures. Mor-
tality of caged adult apple snails placed for 8 weeks
at four locations on the Refuge, each having dif-
ferent copper residue levels (27, 16, 12, and 8 g/g
copper in detritus), differed little among the sites.
There was also no significant difference in the mor-
tality of juvenile snails reared for 12 weeksin tanks
containing detritus from the canal (26 g/ g copper),
detritus from the Refuge interior (3 copper),
and detritus from the Refuge interior treated with
copper-diquat (150 g copper).

Mortality of caged juvenile and adult apple snails
was not affected by a single field application of cop-
per-diquat. Copper was rapidly taken out of solu-
tion by plants and detritus; however, at the end of
1 week, snails contained 90 pg/g of copper.

Thus laboratory studies showed that copper at
low concentrations in the water was acutely toxic
to apple snails, but field evaluations indicated that
copper was rapidly taken out of solution by plants
and detritus, that copper associated with detritus

showed no detrimental effect on survival of snails,
and that survival of juvenile and adult snails was
not affected by a single application of copper-
diquat. Although the influence of repeated appli-
cations of copper-diquat and the long-term effects
of high body-burdens of copper in snails are not
known, copper does not appear to have been re-
sponsible for the decline of apple snail populations
in the canals surrounding the Refuge. Application
of copper-diquat at recommended rates should pose
no threat to apple snailsin the highly organic waters
of southern Florida

Waste Transformer Oil More Toxic to Trout than
Technical PCB's. Last year we reported that used
or waste PCB's contained in electrical transformer
oils were more toxic to trout than pure technical
PCB's. Growth rates of rainbow trout were severely
reduced within 30 days of exposureto 1.5 of
waste PCB's, whereas technical PCB's had no effect
on growth until 90 days after exposure at a concen-
tration of 6.0 In addition, mortality of fish
exposed to waste PCB's et 6 was more than
double that of fish exposed to technical PCB's (82%
and 37%, respectively) at 90 days.

Thisyear the study was continued to determine
if rainbow trout stressed by exposure to PCB's were
more susceptible to disease. Serum cortisol in fish
exposed to waste PCB's (3-6 was at least
twice that in controls and in fish exposed to tech-
nical PCB's, indicating that the waste PCB caused
severe stress. Fish were challenged with the enteric
redmouth bacterium (ERM) by flush exposure (bac-
teria poured into aquarium water) and by intraperi-
toneal injection. Ninety days after challenges by
flush exposure, fish were more resistant to ERM
at15t06.0 waste and technical PCB's than
at lower concentrations and controls. However,
when ERM was injected, fish in waste PCB's died
sooner than did fish in technical PCB's, or controls.
Disease mortality trends disappeared when fish were
placed in fresh water after PCB exposure. Histo-
pathological examination of the gillsindicated that
the secretion of excess mucus caused by exposure
to PCB's may have been a physical or chemical bar-
rier to bacteriain the flush disease challenges. In-
hibition tests with sensitivity disks, and incor-
porating PCB into ERM media, indicated that the
PCB materials were not directly inhibiting the ERM
bacteria. Collectively, these results suggest that PCB
exposure prevented the ERM bacteria from entering
the fish. We aso observed that, although exposure
concentrations were essentially identical for both
PCB formulations, fish exposed to transformer oil

27



accumulated fewer PCB's than did fish exposed to
technical PCB's. Thisanomaly is believed to be re-
lated to the effects of petroleum hydrocarbonsin
the transformer oil on PCB solubility.

Trace Metalsin the Big River, Missouri. Anin-
vestigation of trace metalsin the Big River, Mis-
souri, was completed this year. The study was de-
signed to evaluate the distribution, transport, mo-
bility, accumulation, and biological effects of trace
metal s originating from mine tailings and was sup-
ported with funds provided by the St. Louis Dis-
trict of the U.S. Army Corps of Engineers. The Big
River drains an areain southeastern Missouri
known as the "Old Lead Belt," which was formerly
the world's leading producer of lead. Tailings from
abandoned mines occur in huge piles throughout
the region and represent a potentially significant en-
vironmental hazard because they contain high con-
centrations of toxic metals. About 50,000 cubic
yards of sediment enriched with lead, cadmium, and
zinc entered the Big River in 1977, when a severe
thunderstorm caused the collapse of an

tailings pile situated adjacent to the river.

Aninitial survey of trace metal residuesin rooted
aquatic plants, attached algae, crayfish, mussels,
and fish from the Big River indicated elevated con-
centrations as far as 60 miles downstream from the
tailings break. Trace metal analyses of river water
samples confirmed that most metals were trans-
ported in the solid phase, that metal concentrations
in the suspended load increased with flow, and that
bed-load transport occurred during high flow.
These results highlight the importance of floodsin
the movement of solid-phase metals.

No cogent chemical explanation for finding the
elevated residues of lead, cadmium, and zinc in vir-
tually all biological formsinhabiting the stream
could be found. Conventional wisdom held that
metals originally present as sulfidesin the tailings
should be insoluble under the alkaline (pH greater
than 8.0), hard water (100-300 mg/L ), and
well-oxygenated conditions typical of streams drain-
ing the limestone-rich Ozark Plateau. Using alab-
oratory procedure that attacks the metal -contain-
ing particulate material with a series of progressively
stronger reagents, we showed that relatively little
of the potentially toxic metal residue present in the
tailings and in the bottom sediments of affected
reachesisin tightly bound chemical forms. Rather,
the metals appear to be loosely associated with the
surfaces of fine-grained sediment constituents de-
rived from the area's dolomitic limestone bedrock,
and hence are readily available for biogeochemical
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cycling. These laboratory findings were confirmed
in the field when living, uncontaminated pocket-
book mussels containing about 1.0 lead and
lessthan 0.20 cadmium accumulated up to
120 lead and 20 cadmium in their soft
tissues after being moved to contaminated stream
areas for only 8 weeks. Based in part on these
findings, we recommended to several State and
Federal agencies that the contaminated particul ate
material not be contained in a proposed deep
impoundment where summer de-oxygenation would
occur. The reducing environment of the reservoir's
hypolimnion would probably result in the further
mobilization of metals from the sediments.
Wood Preservatives May Adversely Affect Fish
and Food Organisms. Wood treated with the pre-
servatives creosote or pentachlorophenol (PCP) is
used in or near avariety of aquatic habitats — e.g.,
pilings for marinas, posts for walkways in marshy
areas, and structures for streambank stabilization.
Concern about the gradual release of contaminants
or impurities (chlorinated phenols, chlorinated
dibenzodioxins, and dibenzofurans) into water has
led at least one State agency to ban the use of wood
treated with creosote or PCP from State waters. In
response to these concerns, we initiated acute tox-
icity tests (96-hour) to compare the relative toxicity
of four wood preservatives — tetrachlorophenol,
copper chromium arsenate (CCA), PCP, and cop-
per PCP — to several species of fish and inverte-
brates. Tetrachlorophenol tested against daphnids,
rainbow trout, fathead minnows, channel catfish,
and bluegills was highly toxic; ranged from
8510170 for these organisms. Toxicity of
CCA was moderate, as concentrations causing acute
toxicity to channel catfish and bluegillswere 1.8 and
12.5 mg/L, respectively. Rainbow trout were more
sensitive to CCA = less than 32 pos-
sibly dueto its copper component. The acute toxic-
ity of various formulations of PCP, including a
highly purified PCB, to daphnids did not differ sig-
nificantly; ranged from 180 to 410
The acute toxicity of a new copper PCP formula-
tion was also similar to that of PCP for daphnids
and channel catfish. Seemingly the addition of cop-
per does not increase the toxicity of PCP.
Previous studies of PCP, acommonly used wood
preservative, indicated that the toxicities of the in-
dustrial grade formulations were influenced by the
amounts of impurities they contained. A relatively
pure formulation containing less than 500 mg/L of
impurities significantly reduced the growth of fat-
head minnows after 60 and 90 days of exposure to



concentrations of 85 or greater. During a
90-day exposure, PCB formulations containing up
to 28,000 mg/L of impurities reduced growth of
minnows at a concentration of 13 and reduced
survival a 67 Ag/L. To further determine the toxic
influence of impurities, we prepared a"pure" form
of PCP containing less than 850 ng/L of total
impurities. Fathead minnows exposed to the pure
PCP for 90 days showed no adverse effects on
growth or survival at concentrations up to 150
These studies clearly show that the toxicity of PCB
formulations to fish is greatly increased by asso-
ciated impurities.

Our tests with PCP and CCA indicated that CCA
would be preferable until further chronic toxicity
tests with treated wood can be conducted. The
presence of biologically active "impurities' in both
creosote and industrial grade PCP represent poten-
tial long-term hazards to aquatic communities.

Dust-control Oils Can Pose a Hazard to Sal-
monids. Previously, the U.S. Forest Service rou-
tinely sprayed oil on unpaved roads to control dust
in the Pacific Northwest. It has been estimated that
as much as of the oil applied to the road may
be translocated by dust transport and runoff. The
greatest loss of oil from road surfacesis during rain-
storms that occur shortly after application. Con-
sidering the proximity of many roads to National
Forest streams, there was concern about the amount
of oil runoff and the impact on salmon and trout.
One official of the Forest Service reported that the
water in a Montana stream might potentially con-
tain 14 mg/L of oil after the first rainfall on a newly
oiled road.

Streams in the Pacific Northwest provide habi-
tat for resident and anadromous salmonids and
their food organisms. This resource is of high
priority to the Fish and Wildlife Service and the
Northwestern States. Past studies have shown that
short-term exposure (96 hours) of six different sal-
monid speciesto total oil concentrations of 2.7 to
4.4 mg/L resulted in extensive mortality. Exposures
of 90 days adversely affected development and
growth of salmonids at concentrations as low as
40

Recently completed studies at the Jackson
(Wyoming) Field Research Laboratory addressed
the potential for impact of road dust oils on resi-
dent trout and their food organisms. Intermittent
exposure of cutthroat trout to simulated conditions
of rainfall and runoff of road oils resulted in re-
duced growth of the trout. Exposures occurred for
48 hoursin the 1st, 3rd, and 5th week of the 9-week

study. Oil concentration in water during the 1st
week of exposure reached a maximum of 51

total naphthal enes and corresponded to atissue
accumulation of 2.4 mg/L total naphthalenes. Sub-
sequent exposures at the 3rd and 5th week resulted
in8.0and 4.0 total naphthalenes, respectively,
in water. Naphthalene concentrations in tissue were
1.7 mg/L at the 5th week of exposure but dropped
to 0.23 mg/L at the end of the study. At these low
and intermittent concentrations, the survival and
growth of cutthroat trout were significantly re-
duced.

We also evaluated the effects of dust oil on colo-
nization and community structure of fish-forage in-
vertebrates, using artificial plate samplersplaced in
streams for 16 weeks. Weekly increases in coloniza-
tion, asindicated by total number of organisms and
number of species, peaked at the 6th week for both
the control and oil-treated samplers. Concentrations
of saturated hydrocarbons were elevated on the
treated plate samplers through the 4th week of colo-
nization, but the aromatic hydrocarbons (naphtha-
lenes) disappeared during the  week after con-
tamination. The oil-contaminated substrates had no
effect on the quantity or quality of colonization.

The studies showed that oil used to control road
dust can be washed off the road surface and that
the runoff oil will be both dissolved in the water
column and adsorbed onto stream bottom mater-
ials. Although the dissolved fraction is present for
only a short time as compared with the adsorbed
fraction, it is the dissolved fraction that is the most
biologically available and important in terms of
trout survival and growth. After these studies were
begun, the Forest Service discontinued the use of
oilsto control dust.

Contaminants may be Contributing to Declines
in Striped Bass Populations. Research on the effects
of contaminants on striped bass began in spring
1980. Initial effortsinvolved a comprehensive sur-
vey for multiple organic and inorganic contami-
nants in striped bass, and we are currently
conducting toxicological studiesto determine the
biological significance of the residues detected. The
surveys showed that striped bass adults, eggs, and
young of the year contained varying quantities of
amultitude of organic and inorganic contaminants.
No single contaminant appeared to be in sufficient
concentration or frequency to enable us to conclude
that it could be causing, or at least contributing to,
the decline of striped bass stocks. However, numer-
ous organic contaminants (PCB's, organochlorine
insecticides, dioxins, dibenzofurans, and petroleum
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Seining for young striped bass near the point where the Elk River enters Chesapeake Bay, Maryland. Various organic and inorganic
contaminants may be contributing to declines in populations of striped bass in this region. Photo by T. Haines.

hydrocarbons) and inorganic contaminants (selen-
ium, arsenic, lead, cadmium, and copper) were fre-
guently present in small quantitiesin fish collected
from throughout the Chesapeake Bay and Hudson
River areas. These chemicals represent only the frac-
tion of the potential contaminants that current ana-
lytical methodology enables us to detect and meas-
ure. If the measured contaminants are affecting
striped bass stocks, the effects are most likely sub-
lethal and result in chronic mortality. The magni-
tude of contaminant-induced chronic mortality is
difficult to predict in natural striped bass popul a-
tions, but even small increases in mortality rates
could be significant during early life stages.
Toxicologica studies wereinitiated this year with
early life stages of striped bass to determine the ef-
fects of a mixture of chemical contaminants on sur-
vival, growth, swimming stamina, and response to
natural environmental challenges such as prey-
predator relations and variations in water quality.
Selection of contaminants for the mixture was based
on our analyses of water from the Potomac, Chop-
tank, James, and Elk rivers; from data obtained
through other monitoring programs sponsored by
the Environmental Protection Agency and State
agencies; and from residues detected in young
striped bass. The mixture included industrial
organics (Aroclors 1248, 1254, and 1260), pesticides
(DDE, Kepone, toxaphene, chlordane, atrazine,
and simazine), petroleum hydrocarbons (perylene,
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fluorene, phenanthrene, anthrene, flouranthrene,
pyrene, benzoanthrene, and chrysene), and heavy
metals (arsenic, selenium, lead, cadmium, and
copper). Concentrations of individual contaminants
in the mixture represented environmental levels
found in striped bass spawning habitats in the
Chesapeake Bay area. Exposure concentrations to
young striped bass ranged from four times to one-
fourth of the mixture concentration. Tests were con-
ducted in dilution waters simulating those encoun-
tered by early life stages of striped bass and included
fresh water (250 mg/L hardness) and salt water at
salinitiesof 2 and 5

Survival of young striped bass decreased in fresh
water and 2 salt water after 30 days of expo-
sure to two and four times the mixture concentra-
tion, but not in 5 salt water after 90 days of
exposure. However, the swimming ability and feed-
ing of young bass was impaired after 30 daysin the
5 “Joo salt water. After 60 days, swimming behav-
ior was reduced in the more saline test water at half
the mixture concentration and the vulnerability of
the young bass to predation increased.

Striped bass larvae move from freshwater spawn-
ing areas to saline waters during their early life
stages. The time needed to reach saline environ-
ments varies among striped bass populations, de-
pending on theriver, its flow characteristics, and
spring rainfall. We tested the effects of entering salt
water by subjecting bass that had been exposed to



contaminant mixturesin 5 salt water for 60
daysto 33, 66, and 100% seawater (33  sdin-
ity) for 96 hours. Survival for all groups tested
ranged from 90 to indicating that the osmo-
regulatory capacity of the larvae was not impaired
by the contaminant mixture.

In summary, the toxicity data showed that the
contaminant mixture can significantly decrease sur-
vival of striped bass larvae that remain in water of
low salinity —2  or less— for several weeks. The
contaminant mixture did not cause direct mortality
of larvaein 5 salt water, but reduced their
ability to swim and feed, which in turn increases
susceptibility to environmental stress. In assessing
the possible causes of the population declines of
striped bass along the Atlantic coast, results of our
studies suggest that chemical contaminants may be
a contributing factor.

Environmental Research Exchange between
United States and USSR. Scientists from this
laboratory have actively participated with scientists
from the Environmental Protection Agency inthe
USA-USSR Joint Agreement on Environmental
Protection since 1975. This participation hasin-
cluded the development of joint symposia and the
exchange of scientists to conduct joint research on
hazards posed by contaminantsin the aguatic envi-
ronment. The objectives of the cooperative investi-
gations are to devel op techniques to be used as indi-
cators of contaminant stress in aguatic communi-
ties and to assess and predict impacts of chemical
contaminants on water quality that would be use-
ful to the United States and the Soviet Union. These
activities have resulted in about 70 manuscripts, of
which 21 are co-authored by Soviet and American
scientists.

One member of the staff participated in asym-
posium on the Geochemistry of Natural Waters that
was hosted by the Hydrochemical Institute, Rostov
on Don, USSR. Two other members of the staff
conducted research relative to fish behavior and
microbiology with Soviet scientists at the I nstitute
of Biology of Inland Waters, USSR Academy of
Sciences, Borok. They examined the influence of
petroleum hydrocarbons, phenols, detergents, and
an insecticide on the chemical senses of common
carp, an economically important speciesin the
Soviet Union. The use of Soviet electrophysiologi-
cal techniques enabled usto characterize and com-
pare neural messages that the olfactory system sends
to the brain of the fish when the system is exposed
to chemical contaminants, and when the olfactory
system of chronically exposed fish is stimulated by

food odors. It was found that phenol, sodium lauryl
sulfate detergents, and diesel fuel stimulated the ol-
factory system, but did not induce avoidance reac-
tions. Long-term exposure to Strobane, an

insecticide similar to toxaphene, greatly re-
duced olfactory reactions to food odors, and when
diesel fuel was present, the neural responses to food
odors were totally inhibited. The results suggested
that the ability of fish to find food may be inhibited
through impairments of the olfactory system by cer-
tain chemicals. The olfactory system mediates feed-
ing responses, as well as reproductive responses, in
many species. Information from these studies will
be used in the design of experiments next year to
assess the toxicity of crude oil fractionsto

Three manuscripts on fish behavioral toxi-
cology are being jointly prepared for publication
in the United States and USSR.

The cooperative microbiological investigations
were conducted to determine the impact of asimu-
lated spill of diesel fuel on the trophic levels of a
freshwater microcosm that contained native sedi-
ment, plants, water, and organisms from the Ry-
binsk Reservoir. Twenty variables were measured
during the 14-day study. It was found that, immed-
iately following a spill that simulated 1 fuel
oil, populations of organisms at certain trophic
levels — particularly algae and invertebrates — were
significantly reduced. However, these groups rap-
idly recovered when the oil was removed or reduced.
Functional and morphological changes (observed
by electron microscopy) occurred among the sedi-
ment microbiota. The indigenous bacteriarapidly
responded to oil, using it as a nutrient source. Bac-
terial oil degradersincreased by 1,000 times and
saprophytic bacteria (responding to dead plant and
animal material) by 100 times.

Survival, Growth, and Reproduction of Fish Af-
fected by Selenium. Selenium is a common trace
element in coal, and is largely volatilized during
combustion. In the stack it adsorbs onto small par-
ticulates, some of which are removed as fly ash and
some of which escape. Ash pond effluent that is
high in selenium has resulted in high selenium levels
in fish from a number of cooling water reservoirs.
In severa of these, including Belews Lake and Hyco
Reservoir in North Carolina, sport fish populations
declined severely. This Laboratory's research is de-
signed to determine residues of selenium in natural
fish populations, what levels are associated with
reproductive failure or other pathology, and the
mechanism by which reproduction is inhibited.

Collections of male and female largemouth bass
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and bluegills were made from three cooling water
reservoirs — Hyco and Catfish in North Carolina
and Sangchrisin Illinois. A small multispecies col-
lection was also made from Lake Hope, Ohio,
which receives runoff from coal mines. Selenium
levels were determined for both the gonadal tissue
and for the rest of the body. Fish from Lake Hope
had selenium concentrations (0.55 or less) in
the range normally found in relatively uncontami-
nated water. However, fish from all three cooling
reservoirs had mean selenium concentrations greater
than 85% of those found in freshwater fish nation-
wide, as determined by the National Pesticide Moni-
toring Program from 1972 to 1979. The highest
mean selenium residues (7.8 were measured
in male bluegills from Hyco Reservoir. Ovaries al-
way's contained significantly higher concentrations
of selenium than did other body tissues. Seemingly,
selenium was transferred from the parent to the ma-
turing eggs and concentrated there. Residue levels
in testes, however, were not consistently different
from those in other body tissues.

Male and female bluegills were collected from
Hyco Reservoir and Roxboro City Lake (alow-
selenium site) for gamete viability and larval survi-
val experiments. Preliminary results from cross-
breeding experiments indicated that fertilization
success was good with gametes from a population
with high selenium residues (Hyco) or one with low
selenium contamination. However, larvae from
crosses involving a Hyco female appeared to de-
velop abnormally and to have swimming and bal -
ance problems 6-7 days after hatching. The
selenium level in males did not seem to affect lar-
val development.

We also investigated the chronic toxicity of selen-
ium (as selenite) to rainbow trout at concentrations
similar to those measured in contaminated aquatic
environments. Exposure of trout fry to selenium at
concentrations of 50 or 100 resulted in sig-
nificantly reduced growth and increased mortality
within 60 days after exposure. After 90 days of
exposure, and 82% mortality were observed
in trout exposed to 50 and 100 g/L, respectively.
The fish residue data indicate that the bioconcen-
tration factors ranged from 10 to 100.

Contaminantsin Northern Prairie Wetlands.
Prairie wetlands of the north-central United States
are essential for the production of many migratory
waterfowl. The U.S. Department of Agriculture has
estimated that 80 to 90% of the agricultural crop-
land within this areais treated annually with pesti-
cides. Since wetlands are interspersed throughout
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much of thistreated cropland, they arefirst in line
to receive contaminants that are carried from the
fields in runoff water and eroded topsoil. There cur-
rently exists a need for information in five cate-
gories: (1) factors that determine how much of a
particular pesticide will be carried into a wetland
from adjacent fields; (2) how a pesticide will be par-
titioned between the water and the particulate phase
of the runoff; (3) how this partitioning affects bio-
availability of the chemical; (4) effects of the avail-
able pesticide on important wetland biota (especially
waterfowl food organisms); and (5) how rapidly the
contaminant is degraded within the wetland into
harmless substances.

A model laboratory system, composed of arun-
off simulation device linked to a series of wetland
microcosms, is being used to address the above
questions as they relate to pesticides frequently used
in the northern prairies. In this system the runoff
simulator is loaded with topsoil from awetland
watershed that has been treated with a pesticide.
Erosion of the topsoil with rainwater is simulated
and the resulting "runoff" is transported into the
microcosms that consist of important wetland
plants and invertebrates growing in sediment and
water obtained from awetland. Samples are then
taken at various points and times to determine
which factors influence the quantity and distribu-
tion of the pesticide in the runoff, its avail ability,
and its uptake by the various wetland components.
The biological effects of these exposures on each
wetland organism are evaluated and the time re-
quired for degradation of the pesticide in the wet-
land sediment under both aerobic and anaerobic
conditionsis also determined.

Studies completed to date have included a num-
ber of simulated runoff events involving the herbi-
cides trifluralin and atrazine. Partly completed
studies also involve Far-Go (triallate) and Dyfonate
(fonofos). Initial results from microcosms exposed
by way of simulated runoff indicated that normal
use of trifluralin and atrazine has no acute or
chronic effects on wetland invertebrates important
to migratory waterfowl. Since the laboratory sys-
tem can be used to screen awide variety of chemi-
calsin arelatively short period of time, with much
less expense than that incurred in comparable field
studies, it is anticipated that additional herbicides
and insecticides will be studied.

Results from the runoff experiments indicate that
pesticide formulation, soil properties (i.e., clay con-
tent, organic matter content, particle surface area,
and moisture content), residence time, and method



of application (i.e., applied to surface or incor-
porated) greatly affect the partitioning (and thus the
transport and fate) of the chemical in the runoff
material. Thisinformation, along with data on the
acute and chronic effects of bioavailable concen-
trations, will aid in providing recommendations of
chemicals to be used and methods of application
to minimize the hazard to waterfowl production.

Acidic Precipitation in the Northeast. Investiga-
tions to determine whether acidic precipitation con-
stitutes a threat to surface water quality and fish-
ery resources in the northeastern United States are
continuing. Analyses of sediments from six remote
lakes in Maine, New Hampshire, and VVermont
showed that concentrations of certain potentialy
toxic metals — especialy lead, zinc, and copper —be-
gan to increase above background concentrations
about 100 years ago. The increases in the toxic
metals accel erated 30 to 50 years ago, at the same
time that calcium, magnesium, and auminum con-
centrations in sediments began to decrease. It is be-
lieved that precipitation and lake waters became
acidic and began to dissolve naturally occurring cal-
cium, magnesium, and aluminum from sediments,
simultaneously decreasing the amounts deposited
in sediments while inputs of other metals to these
lakes were increasing.

Fish from the acidic lakes contained higher con-
centrations of aluminum, copper, mercury, and zinc
than did fish of the same species and size from non-
acidic lakes. Concentrations of these metalsin fish
were most highly correlated with lake pH and con-
centrations of calcium and magnesium in lake
water. Correlations of metal concentrations be-
tween fish and water were generally small.

A study to determine the proportions of head-
water lakes and streamsin New England that are
vulnerable to acidification, and to locate sensitive
areas, was completed. A total of 226 headwater
lakes and streams were surveyed. These surface
waters were chosen to represent a range of geo-
graphic areas, soil, and bedrock types, and to avoid
areas directly affected by pollution from local
SOUrces.

Acidic lakes were found in each of the six New
England States. In about 8% of the waters sampled
the pH was less than 5, and in about 20% it was
between 5 and 6. Proportionately more waters were
very low in alkalinity, a measure of acid-neutraliz-
ing ability. About 25% of the waters had alkalini-
tiesof 1 mg/L (as , or less, and 25% had
akalinities between 1 and 10 mg/L. These waters
are highly and moderately sensitive, respectively, to

acidification. Waters sensitive to acidification gen-
erally occurred in areas where (1) bedrock was low
in acid neutralizing capacity, (2) soilswerelow in
base exchange concentrations, and (3) lakes had
high calcite saturation indices. These three criteria
have been proposed as indicators of vulnerability
to acidification. Human disturbance of the water-
shed also affected vulnerability indices of |akes:
Surface waters in disturbed watersheds were not vul-
nerable to acidification.

Historical pH data were obtained for 95 of the
lakes surveyed. Of these, 34 had higher pH and 61
had lower pH in the present survey than previously.
The mean pH declined from 6.07 historically to 5.37
now. This study demonstrated that a significant
proportion of undisturbed headwater |akes and
streams in the Northeast are vulnerable to acidifi-
cation, that some are already rather strongly acidic,
and that the majority of these waters have become
progressively more acidic.

In an additional study, we are attempting to
determine whether Atlantic salmon populationsin
the United States are now, or are likely to be, ad-
versely affected by acidification. In southern Nor-
way and southwestern Nova Scotia, where rivers
were acidified, Atlantic salmon populations were
adversely affected. Rivers used by Atlantic salmon
in the United States drain areas that are both vul-
nerable to acidification and receiving acid precipi-
tation (pH 4.2-4.4). Nine salmon streams, including
major rivers, intermediate tributaries, and small
spawning and nursery streams, were selected for
study. Eight streams are in Maine and contain
Atlantic salmon; oneisin Vermont and is under-
going restoration of its salmon population. Water
samples collected at frequent intervals were
analyzed for pH, akalinity, specific conductance,
chloride, color, aluminum, calcium, magnesium,
manganese, potassium, sodium, and sulfate.

The large salmon rivers in the United States had
much higher pH's than did riversin Norway and
Nova Scotia where Atlantic salmon populations
have declined. During snowmelt and spring runoff
the streams underwent pH depressions ranging from
1.2 to 1.6 units. Small tributary streams had pH
minimabelow 5.0, alevel that may be toxic to fish.
Aluminum concentrations in stream water increased
during periods of pH depression and exceeded
400 in small tributary streams. The combina-
tion of low pH and high aluminum concentration is
especialy toxic to fish. Atlantic salmon redds were
located and marked in asmall tributary stream and
in alarger, third-order stream. One redd in each
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stream was excavated after the eggs hatched, but
before fry emerged from the gravel. Total egg and
fry mortality was 11% in the small stream, which
had a pH minimum of 4.9 and a maximum aumi-
num concentration of 360 In the larger
stream, where the minimum pH was 5.4 and the
maximum aluminum concentration was 270

total mortality was only 2%.

Chemical Analyses of Fishesfrom Acid and Cir-
cumneutral Lakesin Northern Wisconsin. Recent
investigations of surface water and precipitation
chemistry have aroused considerable concern about
the potential effects of acidic precipitation on
fishery resources in the north-central United States.
In north-central Wisconsin, hundreds of |akes are
poorly buffered, naturally acidic, and susceptible
to acidification. Precipitation in thisareais acidic;
weighted annual mean pH ranged from about 4.5
to 4.7. To evaluate potential effects of acidification
on fishery resources, we began comparative analyses
of fish populationsin six acidic (pH range, 5.1-6.0)
and six circumneutral (pH range, 6.7-7.5) clear-
water lakes in north-central Wisconsin during 1980.
The two groups of lakes (here termed acidic and cir-
cumneutral) were morphologically and hydrolog-
ically similar, but differed substantially in pH, alka-
linity, and related chemical characteristics. Dys-
trophic (bog) and winterkill lakes and lakes located
on recently disturbed watersheds were excluded
from the study.

The primary objective of this study wasto

“mine whether fishes inhabiting naturally acidic lakes
in thisregion exhibit signs of acid or metal stress.
If stressisevident, itislikely that continuing addi-
tions of acids to these lakes will adversely affect fish
populations. Selected characteristics of fish popula-
tions in the acidic and circumneutral 1akes were
compared. Differences between the two groups of
lakes in serum calcium concentrations of bluegills
and white suckers before spawning and in the ac-
cumulation of potentially toxic metals by bluegills
and walleyes were compared and evaluated in terms
of pH-related effects. Because many water chemis-
try variables (e.g., akalinity, metal concentration
and form, and calcium concentration) vary con-
comitantly with pH, it is emphasized that the acidic
and circumneutral 1akes differ mainly in pH-related
chemical characteristics, and not solely in pH. This
work was conducted with cooperation from person-
nel of the Wisconsin Department of Natural Re-
sources and the U.S. Environmental Protection
Agency, who are studying surface water and pre-
cipitation chemistry in this area.
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Blood serum samples were collected from mature
prespawning white suckers and bluegills from study
lakes during spring 1981. Female white suckers were
collected from alake with neutral pH (7.0) and
from two acidic lakes (pH 5.6). The mean serum
calcium concentration was significantly higher in
female suckers from the neutral lakes than in those
from the acidic |akes, whereas mean concentrations
in females from the two acidic lakes did not differ.
Serum calcium concentrations in female bluegills
from four acidic and four circumneutral |akes
varied among lakes; however, no correlation be-
tween lake pH and serum calcium concentration in
fish was apparent. In contrast, a strong negative
correlation between mean serum calcium concen-
tration and relative density of bluegillsin the eight
|akes was observed. Mean serum cal cium concen-
trations in mature male bluegills, measured in sam-
ples from one acidic and one circumneutral lake,
were substantially less than in females from the two
lakes, which isthe normal situation before spawn-
ing. These results suggest that white suckers, which
are more acid-sensitive than bluegills, are expe-
riencing pH-related stressin lakes with pH's of 5.6
or less. In acidified Ontario lakes, mature female
white suckers exhibited depressed serum calcium
concentrations that were associated with failure to
produce viable eggs. Serum calcium concentrations
may be a useful measure of pH-related stressin
white suckers.

Dual composite samples of whole bluegills from
five acidic and five circumneutral |akes were
analyzed for aluminum, cadmium, copper, manga
nese, lead, vanadium, and zinc. All bluegill sam-
ples analyzed were composed of 4-year-old fish,
with the exception of the samples from one acidic
lake, which contained 6- and 7-year-old fish. Con-
centrations of cadmium, manganese, lead, vana-
dium, and zinc in bluegills varied significantly among
lakes, whereas concentrations of aluminum and
copper did not. Mean concentrations of cadmium
and lead in bluegills from the 10 lakes were strongly
(rank) correlated with hydrogen ion concentration.
Mean concentrations of manganese, vanadium, and
zinc in bluegills were unrelated to lake pH and did
not exhibit the manifold variation among lakes
shown by cadmium and lead. Concentrations of
manganese, vanadium, zinc, and other essential
trace elements in fishes appear to be homeostatically
controlled and are consequently less variable than
those of the nonessential elements cadmium and
lead. The mean and maximum concentrations of
cadmium and lead in whole bluegills from the acidic



lakes were similar to or exceeded values reported
for whole bluegills from United States lakes and
rivers contaminated by metal-containing industrial
effluents and urban runoff. In contrast, cadmium
and lead concentrationsin bluegills from the cir-
cumneutral Wisconsin lakes were similar to values
reported for bluegills from uncontaminated waters.

Mercury concentrations were measured in axial
(edible) muscle tissue of 4-, 5-, and 7-year-old wall-
eyes from two acidic and three circumneutral 1akes.
Mercury concentrations were substantially higher
in walleyes from the two acidic lakes (range, 0.41
to 1.74 wet weight) than in walleyes from the
three circumneutral lakes (range, 0.22 to 0.57
wet weight). About one-third of the walleyes ana
lyzed from the two acidic lakes contained mercury
concentrations in excess of the 1.0 U.S. Food
and Drug Administration "Action Level" for human
consumption. Given the remote location of the Wis-
consin lakes, the proximity and geologic similarity
of the watersheds of the acidic and circumneutral
lakes, and the absence of direct (other than atmos-
pheric) anthropogenic inputs of metals to the lakes,
these findings suggest that cadmium, lead, and mer-
cury in the acidic lakes are highly available to fish
and perhaps to other aquatic organisms.

These studies indicated that the pH range of the
acidic lakes studied (5.1-6.0) was stressful to
sensitive fish fauna. Acid-sensitive fishes wererare
or absent in acidic lakes, but were well represented
in the circumneutral lakes. Serum calcium measure-
ments revealed that white suckers were stressed in
lakes with pH 5.6 or lower. Accumulation of the
highly toxic metals cadmium, lead, and mercury by
fish was substantially greater in acidic thanin

lakes.

In studies of susceptible surface watersin Scandi-
navia and eastern North America, acidification
of sensitive surface waters has generally been de-
tected within one to two decades where precipita-
tion pH was less than 4.6. The pH of precipitation
falling in north-central Wisconsin is near this
threshold value. Consequently, increased loadings
of acidsto susceptible lakes in north-central Wis-
consin would probably increase chronic acid-related
stress on fish populations. Piscivorous fishesin
acidified waters might accumul ate enough mercury
in edible muscle tissue to render them unfit for
human consumption.

Ecological Indicators of Contaminant Stress. The
most pervasive class of environmental contaminants
found in aquatic ecosystems originates from non-
point sources such as agriculture, energy-related

activities, surface mining, and urban development.
These activitiesresult in large-scale land dis-
turbance, erosion, and transport of sediment into
nearby aguatic ecosystems. Chemical contaminants
generated by these activities are often sorbed onto
soil particles and then washed into streams, rivers,
and lakes. Small streams are often the first aquatic
ecosystems affected by accel erated sedimentation
and from non-point contaminants. Streams are ex-
tremely important as systems for processing organic
material — both natural detritus and material gen-
erated by humans — from the surrounding water-
shed. Sediment profoundly affects the bioavail -
ability and transport of organic contaminants
within an aquatic ecosystem, as well as from one
aquatic system to another.

In cooperation with the Environmental Protec-
tion Agency and the University of Missouri, this
Laboratory is assessing the impact of sediment and
triphenyl phosphate (TPP) on artificial stream eco-
systems. This compound is an industrial chemical
and is a component of many compounds used as
substitutes for PCB. Laboratory studies showed
that the concentrations of TPP causing acute
toxicity to scuds, midge larvae, and bluegills were
0.25, 0.36, and 0.75 mg/L. Neither pure clays nor
locally obtained topsoil caused acute toxicity to
these organisms at concentrations as highas 1 g/L.
The acute toxicity tests also showed that the
presence of clay or topsoil reduced the bioavail-
ability and toxic effect of TPP. In other |aboratory
studies, we found that sorbed TPP resulted in are-
duction of emerging midge larvae from lake sedi-
ments. Thus, sorption of TPP onto sediments can
reduce its bioavailability and toxicity to fish but in-
crease its toxic effect on benthic organisms.

To determineif similar results occur in more
natural situations, and to compare the results of sin-
gle species laboratory techniques with populations
and community responses in natural systems, we
conducted comparable studiesin our artificia
streams. The streams were exposed to sediment and
a combination of sediment and TPP for 6 weeks.
Preliminary examination of the data showed that
sediment and sediment plus T PP reduced the mag-
nitude of drift of algae and detrital leaf material
in the streams but greatly increased the invertebrate
drift, especially of mayflies and amphipods. L eaf
degradation was also reduced in streams receiving
each treatment — implying that the treatmentsre-
sulted in invertebrate leaf processors being lost from
the stream, which in turn reduced leaf processing.
The overall effects of the treatment may be a reduc-
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Hybrid grass carp x bighead carp feeding on aguatic plants in laboratory studies of feeding preference and behavior. Stocking
of these infertile hybrids may reduce the need for herbicides (many of which are toxic to fish) to control aquatic vegetation in

certain waters. Photo by T. Jackson.

tion of energy transfer through the food web to fish.

Hybrid Grass Carp May Reduce Herbicide Appli-
cations. Hybrid grass carp (female grass carp x
male bighead carp) have been commercially pro-
duced in the United States since 1979 as a sterile
alternative to fertile grass carp for aguatic plant
control. Research interest in these fish stems from
their possible role in reducing or eliminating the
need for aguatic herbicides to control water weeds,
particularly in western irrigation systems where
applications of toxic herbicides kill hundreds of
thousands of resident fish each year.

Recent field studies of hybrids demonstrated that
survival and growth in weight were both high: 70%
and 300 g after one growing season, and 50% and
900 g after two growing seasons. In addition these
fish were shown to be herbivorous; fecal pellets of
hybrids from a pond supporting large numbers of
dragonfly and nymphs contained over
99% aquatic plant material.

Blood samples were obtained from these hybrids
with an improved cardiac puncture procedure with-
out mortality or adverse side effects. The more than
230 fish sampled covered awide rangein size (13
to 1,300 g). At peak proficiency, we weighed anes-
thetized specimens, measured total length, and ob-
tained a blood sample in less than 90 seconds per
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Three-year-old hybrid grass carp x bighead carp, comparing
afish with a broken back caused by electrofishing (top) with
anormal fish (bottom). The spinal column of the hybrid is often
broken or displaced when the hybrids are collected with electro-
fishing gear. Most recover. Photo by T. Jackson.

fish. The Maine Cooperative Fishery Research Unit
analyzed the blood samples for red cell DNA con-
tent and found that all fish were triploid, having
50% more chromosomes than the parent species.
This finding was particularly encouraging because
triploid hybrids have the greatest likelihood of being
completely sterile.

Another encouraging result from thisresearch is
that no hybrids have been taken by hook and line
in over 2 years from a completely controlled urban



fishery, despite afishing pressure for trout of 5,000
to 7,000 man-hours per hectare per year.

A precautionary finding from thiswork is that
the spinal column of hybrid grass carp is suscepti-
ble to displacement or breakage when fish are ex-
posed to AC or DC electrical fields produced by
conventional electrofishing gear. In one experiment,
90% of the hybrids exposed to pulsed DC electro-
fishing methods in ponds sustained broken backs
but recovered to near-normal swimming and feed-
ing activity and growth rates within about 8 months.
By comparison, the vertebral columns of non-
hybrid grass carp were undamaged among fish col-
lected from a pond near Denver, Colorado, with
the same equipment. In addition, medium-sized
grass carp were most easily stunned and captured
when low frequency (15-20 hertz) direct current was
used at medium pulse width (40-50%0), although
their jumping behavior in response to this electrical
field was both unpredictable and spectacular.

A surgical procedure for gelding and spaying fer-
tile yearling grass carp was developed to provide
small numbers of sterile fish for field comparisons
with hybrid grass carp. Cautious surgical techniques
were credited for the rapid recovery and low post-
operative mortality (2%) among 280 sterilized fish.
However, disturbance of internal organs probably
caused the reduced growth but increased food con-
sumption rates observed among treated fish when
compared with the rates in fertile controls from the
same stock. Fish weighing 200 to 300 g are ideal for
surgical sterilization and can be successfully handled
and transported 7 days after surgery, although 30
to 40 daysis preferable. Y earling grass carp twice
subjected to surgery over a 40-day interval com-
pletely consumed Hydrilla verticillata in 5 daysin
three southern Californiaresearch canas. Thesere-
sults may accel erate research with grass carp and
hybrids and eventually reduce or eliminate herbi-
cide use for weed control in certain water manage-
ment systems.

Fish Populations I nfluenced by Irrigated Agri-
culture. About 6.5 million acresin the Central
Valley of Californiaareintensively irrigated for
agriculture. During the irrigation season (usually
March through October), return flows from irri-
gated fields can make up most of the dischargein
low-€elevation rivers. Knowledge of changesin the
river environment associated with irrigated agricul-
ture and attendant changes in the fish populations
may contribute toward a better understanding of
potential ecological impacts from existing and
future irrigation drainage projects elsewherein the

United States.

Field research was initiated on the San Joaquin
and Merced rivers and Salt Slough (agricultural
drain) in July 1980 and completed in November
1981. Monthly samples were collected at upstream
"control" stations at the head of the irrigated valley
floor and at downstream "experimenta” stations re-
ceiving irrigation return flows.

Physical and chemical characteristics exhibited
longitudinal (upstream to downstream) differences
related primarily to irrigation activities. Turbidity,
total alkalinity, conductivity, and concentrations of
macronutrients (nitrates and phosphates) showed
especialy conspicuous increases at downstream sta-
tions. Fish faunas also differed between upstream
and downstream stations: several species were pri-
marily caught upstream (e.g., sculpins, green sun-
fish, redear sunfish, Sacramento squawfish, hard-
head, and threespine stickleback); and other species
were encountered only downstream (e.g., Missis-
sippi silverside, white crappie, threadfin shad, fat-
head minnow, Sacramento blackfish, tule perch,
and striped bass). Anadromous chinook salmon
were observed from October through April in the
Merced River.

The incidence of parasitic copepods (anchor
worms), hemorrhagic fins, and fin erosion were
determined for bluegills and largemouth bass.
Copepods occurred much more frequently on blue-
gills and bass from downstream stations than from
upstream stations. Bluegills, but not bass, had a
higher incidence of hemorrhagic fins at the down-
stream stations. Fin erosion was not significantly
higher at the downstream stations in either species.
The incidence of copepods was significantly corre-
lated with several water-quality characteristics, in-
cluding temperature, turbidity, total nitrogen (blue-
gills only), orthophosphate, and total phosphorus.
Seasonal effects were important, the incidence of
copepods being highest in summer and lowest in
winter. There were no significant correlations be-
tween the incidence of hemorrhagic finsin bluegills
and water-quality variables.

The diets of bluegills differed between upstream
and downstream stations; the differences seemed to
be related to changes in the composition of benthic
forage invertebrates. Growth rates and condition
factors of bluegills were not significantly different.

These preliminary results suggest that, although
certain physical and chemical characteristics of the
river environment are modified by irrigation activi-
ties, the biological significance of the modifications
is subtle and difficult to interpret.
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Bald eagles are submitted to the Patuxent Wildlife Research Center for chemical analysis. In arecent study, the livers of a substan-
tial number of those examined (7%) contained lead at levels indicative of probable lead poisoning. Photo by H. Bourne.

PATUXENT WILDLIFE RESEARCH
CENTER

Mortality of Bald Eagles from Lead Poisoning.
During the past 3 years, investigations to determine
base-line residues of heavy metalsin bald eagles
have been carried out. Liver samples from 650 ar-
chived specimens have been analyzed for 12 metals.

A substantial number of the samples contained
what appeared to be large amounts of |ead. No data
were available to interpret these levels, however, so
captive bald eagles were dosed with lead shot to
determine tissue lead residues associated with lead-
shot poisoning and mortality. Four of the five dosed
birds died and contained 11.5-27 ppm lead in their
livers.

Forty-seven archived eagles contained liver lead
residues ranging from 11 to 98 ppm wet weight, in-
dicating that they probably died of lead poisoning.
Necropsy findings for these eagles were generally
compatible with lead poisoning as well. Birds were
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in poor condition and emaciated, had reduced fat
deposits and atrophied pectoral muscles, and some
had gastrointestinal tracts stained with bile. Six
birds contained lead shot in their gastrointestinal
tracts. All but 1 of the 47 suspected |ead-poisoned
eagles died between October and March; the high-
est number of deaths (18) wasin January.

Chronic Low-Level Lead Exposure Does Not Af-
fect Reproduction in American Kestrels. The release
of peregrine falconsin cities where their prey are
heavily contaminated with lead, and the exposure
of bald eagles to lead from dead or crippled water-
fowl has raised questions about the effects of sub-
lethal exposure to lead.

American kestrels were fed 0, 10, or 50 ppm
metallic lead powder mixed into their diet for 5-7
months to evaluate the effects of chronic exposure
to lead. Lead levels were elevated in the bones and
livers of birds receiving the treated diets, particu-
larly in the 50-ppm treatment group. Differential
assimilation of lead was evident between males and
females; the higher levels were in the females. Lead



exposure did not affect survival, egg-laying, initia-
tion of incubation, or fertility of eggs. Little or no
lead was detected in egg contents, and levelsin egg-
shells were highly variable and unrelated to treat-
ment. Eggshell thickness was unaffected.

This study suggests that the chronic lead exposure
that most raptors receive is unlikely to cause repro-
ductive problems through the initiation of incuba
tion. Also lead exposure should not be monitored
through use of eggs or eggshells because there ap-
pears to be no relation between levelsingested and
amounts present in the eggs.

L ead Exposure Affects Development of Young
American Kestrels. American kestrels often live in
or near urban areas with high lead availability. Tis-
sue lead concentrations from other bird species
from urban areas are often high. For example,
pigeons have been reported to contain several
hundred parts per million lead in their tissues. Po-
tential food items for kestrels, such as shrews, also
are contaminated by highway lead.

Hatchling kestrels were dosed daily for 10 days with
inorganic lead powder at 25, 125, and 625 mg/kg.
The intermediate level represents a highly proba-
ble level of exposure in the wild, whereas 625 mg/kg
represents apossible but less likely level of expo-
sure. Significant growth retardation occurred within
3-4 days of dosing in the intermediate and high dose
groups, and the highest dosage resulted in
mortality. In addition, significant hematological ef-
fects occurred in the lowest dose group, including
lower hemoglobin content and inhibited activity of
the enzyme inred blood cells. Levels of several
plasma enzymes, including alkaline phosphatase
and creatine phosphokinase, were altered by lead
exposure. These findings suggest that lead ingestion
from either lead shot or tissues contaminated with
lead could significantly impair normal development
in nestling falcons.

Earthworms from Soil Containing Sewage Sludge
May Be Hazardous to Wildlife Feeding on Them.
Sewage sludge is sometimes spread on farmland as
ameans of disposal. The sudge conditions and fer-
tilizes soil. Some sludges contain exceptionally high
concentrations of metals, however, and are poten-
tially a source of contamination of wildlife food.
We collected and analyzed earthworms from
farmers' fields treated with sludges known to con-
tain high concentrations of metals and from paired
control plots that had not been treated with sludge.
Earthworms were selected for study because they
are an important food of many wildlife species, they
are widely distributed, and they are useful for

soil pollution.

Earthworms from the four treated sites contained
on the average more cadmium (12 times), copper
(2.4 times), zinc (2.0 times), and lead (1.2 times)
than did earthworms from control sites, but there
were large differences between sites. Generally, cad-
mium and zinc were concentrated by earthworms
relative to soil, and copper, lead, and nickel were
not concentrated. At one site the soil contained only
2 ppm cadmium, but the earthworms contained
100 ppm cadmium, alevel considered hazardous to
wildlife. Liming soil decreased cadmium concentra-
tions in earthworms slightly, but had no discerni-
ble effect on concentrations of the other metals
studied. High zinc concentrations in soil substan-
tially reduced cadmium concentrations in earth-
worms.

Applying some sewage sludges to land may enrich
the soil, improve plant growth, and benefit wild-
life. However, applying sludges heavily contami-
nated with metals to soil will contaminate some
wildlife foods and increase the metal burdens car-
ried by wildlife feeding in the vicinity.

Acid Rain on Aquatic Birds. Preliminary
surveys of the wildlife of wetlands susceptible to
acidification have indicated that diving waterfowl
(hooded and common mergansers and ring-necked
ducks) are characteristic of these areas and are likely
to be affected by food reduction. Measurements of
habitat characteristics and bird use of wetlandsin
susceptible and resistant areas of Maine were be-
gun in the spring and summer of 1982. A total of
32 wetlands in the vulnerabl e area were sampl ed,
and chemical analysis revealed that 29 of them were
susceptible to acidification. Additional analyses
confirmed that 28 of 29 wetlands examined in the
nonvulnerable area were highly resistant to acidifi-
cation.

Studies of the Effects of Fluorides on Birds.
Fluorides are major industrial air pollutants result-
ing from aluminum reduction, steel manufacturing,
coal-fired power generation, and phosphate min-
ing and processing. Dental and bony lesionsin deer
have been reported in areas of high fluoride levels,
but few data exist on other wild mammals or birds.

The tendency of fluorine to bind with calcium
and to be stored in calcium-containing tissues sug-
gested the need for investigations of the effects of
fluorides on eggshells and growth of birds.

Preliminary studies on wild birds were conducted
during 1982. Fledging weights of young screech owls
were depressed when birds were given fluoridesin
amounts equivalent to low dietary doses to be ex-
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pected in polluted areas; however, final conclusions
must await further analyses. Additional work is
under way to evaluate methods of realistically ad-
ministering fluorides to wildlife in experimental
studies.

Biological samples were collected from an area
of industrial fluoride pollution in Tennessee. These
samples are being analyzed for fluoride content.
The datawill be used to determine acquisition of
fluorides by birds in heavily contaminated environ-
ments. These datawill aid in the extrapolation of
our experimentally derived resultsto field situa-
tions.

Tissue Residues Are Not Diagnostic of Dietary
Chromium Exposurein Black Ducks. Chromium,
a common by-product of industrial processes, is ele-
vated in waters along the Atlantic seaboard. Water-
fowl and other avian species that winter and breed
in the area must be able to handle substantial quan-
tities of the metal. Reproductive studies with black
ducks have shown that although adults survive up
to 50 ppm in the diet and reproduce as successfully
as controls, young black ducks neither grow nor
survive as well as controls on asimilar diet.

Liver, kidney, and carcasses from controls and
birds fed two treatment levels of chromium were
analyzed, but there was no correlation between
dietary exposure level and tissue residues. Egg con-
tents showed no dose-related change in chromium
residue levels. Only the long bones in the legs of
adult femal es appeared to contain a dose-related
amount of chromium. Because metals may be re-
tained in certain portions of the bone for long
periods, and because they may be accumulated
throughout life, thistissue is probably not a good
indicator of chromium exposure.

Indicators of Tissue Damage Evaluated. Mea-
surements of enzyme levels are routinely used in
human and veterinary medicine for predicting
specific organ damage. When certain organs are af-
fected by disease or toxins, enzymes produced by
them may leak into the blood. For example, in
mammals, elevated activity of a certain enzymein
the serum or plasmais considered a highly specific
indicator of liver damage, and increased levels of
another enzyme have been associated with kidney
ailments. Before diagnostic criteria can be estab-
lished for wildlife species, it is necessary to deter-
mine normal enzyme levelsin blood and various
other tissues. We recently completed a study in
which relative levels of seven enzymesin liver, kid-
ney, and blood plasma were established for

and black ducks. Unfortunately, none of the
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Black duck nesting in natural pen area at Patuxent Wildlife Re-
search Center. Chromium, a common aguatic contaminant along
the Atlantic seaboard, affected survival of ducklingsin experi-
mental Studies. Photo by T. Bunck.

enzymes studied was organ-specific for liver or kid-
ney. Differences among tissues were noted, how-
ever, and it appears that investigation of patterns
of enzyme release from damaged tissues may pro-
vide data of usein diagnosing overt effects of envi-
ronmental contaminants.

Compar ative Uptake of Toxic Chemicals M ea-
sured. Studies were conducted in 1982 to compare
absorption rates of toxic chemicals among several
wild species. Uptake was measured by an in vivo
intestinal perfusion technique. A saline solution
containing the test chemical and a nonabsorbable
volume marker (phenol red) was perfused through
ameasured section of intestine for fixed times and
flow rates. Disappearance of the test material was
measured by appropriate analytical means.

Northern bobwhites, screech owls, and American
kestrels absorbed significantly more of each test
substance (a PCB, dieldrin, and mercury) than did
black-crowned night herons and mallards. Mallards
in particular are known to be relatively resistant to
the effects of toxic chemicals. Food passage time
through their digestive tracts is about 3 hours. This
rapid movement of ingesta, plus what appears to
be poor absorption, may account for the relative
resistance of this species to ingested petroleum,
pesticides, and other toxic materials.

Toxicities of Formulated Pesticides May Not Be
Predictable on the Basis of Active I ngredients.
Commercialy available pesticides are formulated
with inert or relatively non-toxic ingredients to aid
in packaging, application, or absorption by target
species. It has generally been assumed that tests with
wildlife should be conducted with the technical
grade active ingredient. Assessments of the hazard
of formulated products could then be based on pro-
jections by using the percent active ingredient in the



The intestinal absorption of toxic chemicals can be measured by using special laboratory techniques. Here the absorption of mercury
from a perfusion fluid by ayoung kestrel is being measured in a study of the comparative uptake of toxic chemicals by several

species of wild birds. Photo by D. J. Hoffman.

product. To test this assumption, we compared tech-
nical and commercial formulations of several pesti-
cides. The mean lethal concentrations of single oral
doses were determined for each chemical
and formulation as were their lethal concentrations
when presented in the diet for 5-day periods.
By both measures, differences appeared that would
not have been predicted on the basis of active in-
gredient percentages. Orthene, for example, is much
more toxic to birds than its active ingredient, ace-
phate, and formulated diazinon is more toxic than
its active ingredient. Technical dimethoate is, how-
ever, more toxic than isits formulated product Cy-
gon 2E on an active ingredient basis. Other pesti-
cide formulations had more predictable toxicities,
but these studies have pointed out a serious poten-
tia for erratic relations between actual and expected
risks to wildlife resources.

Abate 4E Potentially Hazardousto Y oung Water -
fowl. Abate 4E is aformulation of the organo-
phosphate pesticide temephos. It iswidely used in
coastal mosquito control and its use coincides at
times with waterfow! nesting and rearing. Concern
over possible adverse effects prompted us to eval-
uate the effects of the chemical on waterfowl repro-
duction. Pairs of mallards were fed diets contain-
ing up to 10 ppm Abate through the reproductive
period. Duckling survival to 21 days of age was
lower in treated groups than the control group, but
clutch size, fertility, hatchability, nest attentiveness
of incubating hens, and avoidance response of
ducklings to a frightening stimulus were not af-
fected. No Abate residues were detected in tissues
of exposed individuals or in eggs. Reduced survival
of ducklings was an unexpected result of the tests.
Further study is needed to determine the mechanism
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of this effect and its possible implications for wild
waterfowl populations.

Sublethal Exposureto Parathion Altersincuba-
tion Behavior in Laughing Gulls. Parathionis
known to be highly toxic to birds, but little is known
about its sublethal effects on exposed avian popu-
lations. In 1982 we dosed wild laughing gulls at a
Texas colony with a sublethal amount of parathion
to determine if this treatment caused aberrant incu-
bation behavior. Birds receiving 6 ppm parathion
spent significantly less time incubating than did
birds otherwise handled similarly but dosed with
corn oil. By the afternoon of the third day after
treatment, the effects of the parathion had subsided
and nest duties returned to normal. These findings
suggest that sublethal exposure of nesting birds to
parathion and possibly other organophosphate in-
secticides may result in decreased nest attentiveness,
making the clutch more susceptible to predation or
egg failure. The effect could be especidly great if
both members of the incubating pair were exposed
to the compound.

M easurement of Organophosphate Residuesin
I nsects. Wild animal s often become poisoned when
they eat insects that have been killed or debilitated
by insecticides. Numerous studies have been con-
ducted on the toxicity of pesticidesto variousin-
sects and on the occurrence and persistence of resi-
duesin plants, soil, and water. It is surprising,
therefore, that residues of insecticides in affected
insects have very seldom been reported. We con-
ducted atest to examine the dynamics of diazinon
residues in free-living insect larvae. Tobacco infested
with hornworms was experimentally sprayed with
diazinon and hornworms were collected at intervals
after spraying. Residues decreased rapidly, nearly
disappearing by 18 days postspray. The toxic
metabolite diazoxon occurred only at insignificant
levels.

Grasshoppers were al so collected in sprayed fields
to evaluate hazards to birds and other predators.
Malathion spraying resulted only in low residue
levels that disappeared rapidly. Acephate (Orthene)
residues also declined rapidly — from nearly 10 ppm
soon after spraying to 2 ppm 2 days later. A highly
toxic metabolite, methamidophos, was found, how-
ever, a levelsasmuch as  those of acephate. This
observation illustrates the possible risk to wildlife
posed when relatively safe insecticides are metab-
olized to more toxic products.

Wildlife Poisoning I ncidents Evaluated. We are
increasingly called upon to determine the cause of
death of wild birds suspected of dying of acute
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exposure to chemical agents. In 1982, 121 specimens
from 17 incidents were analyzed by Patuxent scien-
tists when preliminary indications suggested possi-
ble poisoning by organophosphate or carbamate
compounds. The causative agent was identified in
all but four specimens. Eight chemicals were impli-
cated and at least 12 species were impacted. In one
instance an endangered species, the eastern brown
pelican, was involved. Some other typical incidents
are summarized below.

In mid-November 1981 over 220 waterfowl died
on ponds adjacent to afeedlot near McNary Na-
tional Wildlife Refuge in southeastern Washington.
Six American wigeons were examined at the Patux-
ent Wildlife Research Center. Brain cholinesterase
activity was inhibited by 60 to 85% in each of the
six specimens when compared with controls. Gas-
trointestinal tract contents from the five specimens
analyzed contained residues of coumaphos (Co-
Ral), a potent cholinesterase inhibitor.

The morning of 18 April 1982 several dfalfa
fields on Bosque del Apache National Wildlife
Refuge in New Mexico were aerially sprayed with
diazinon. After spraying, scaring techniques
(cracker shells) were used to keep birds out of the
fields. The fields were checked every 2 hours by
Refuge personnel. All checks through 4:00 p.m. that
day revealed only songbirds and ring-necked pheas-
ants in the fields and no mortality; however, at 5:30
p.m., four Ross' geese were found dead in one of
the sprayed areas. The next morning eight snow
geese and one Ross' goose were found dead in a
pond in one of the sprayed areas. Three Ross geese
and three snow geese were received at the Patuxent
Center. Brain cholinesterase activity in al but one
was significantly inhibited and all contained diazi-
non residues in their gastrointestinal tracts.

In May 1982 blue-winged teal and red-winged
blackbirds were found dead in rice fields near Col-
legeport, Texas. Brain cholinesterase activity was
inhibited an average of 85% and gastrointestinal
tracts of the dead birds contained rice seeds. Scat-
tered rice seeds collected along a ditch where the
birds were found contained 950 ppm monocroto-
phos (Azodrin) and appeared to have been put out
deliberately to kill birds.

Normal Cholinesterase Activities Deter mined for
Four Avian Species. Anticholinesterase pesticides
(organophosphate and carbamate compounds) have
been responsible for the deaths of many non-target
organisms. Cause of death in these instancesis diag-
nosed by evaluating brain cholinesterase activity
and correlating any significant inhibition detected



with residues of the chemical in ingesta of the ani-
mal or itstissues. Blood plasma cholinesterase ac-
tivity is also used for monitoring exposure and has
the advantage that animals can be sampled without
killing them.

To establish normal cholinesterase levels, brain
and plasma cholinesterase activities were deter-
mined for northern bobwhites and three species of
passerines at four physiologically critical seasons of
the year: breeding, postbrooding, premigration, and
mid-winter. Mean levels of brain cholinesterase ac-
tivity were characteristic for each species but were
unaffected by sex and were constant year-round for
starlings and northern bobwhites. In red-winged
blackbirds, brain cholinesterase activity was de-
pressed by nearly 15% during mid-winter compared
with other seasons. During mid-winter, activity was
elevated by about 14% in common grackles. Cho-
linesterase activity in blood plasma varied among
the four species of birds, between sexes within
species, and to alesser extent among seasons of the
year.

Overall, this study indicates that brain cholines-
terase activity in birdsis not affected by sex and
i's species dependent. Species base-lines can be
developed for diagnostic uses. Observed differences
related to season of the year are relatively minor,
compared with differences considered to be of diag-
nostic significance; therefore they do not invalidate
the establishment of normal activity levelsto be
used in diagnosis. Because of erratic plasma cho-
linesterase activity observed in this study, we recom-
mend that concurrent controls continue to serve as
the basis for detection of exposure when plasmais
used as the indicator tissue.

Use of Chemical Oil Dispersants Could Benefit
Aquatic Birds. Though chemica oil dispersants are
used in much of the world to combat ail spills, their
useis viewed with caution in the United States. To
evaluate possible hazards of dispersant use, incu-
bating female mallard ducks were exposed to Prud-
hoe Bay crude oil, crude oil sprayed with diluted
Corexit 9527 dispersant (10 parts oil to 1 part
Corexit), or diluted Corexit 9527 applied to water
troughs in their pens. Although the dispersant failed
to completely disperse the crude oil into the water
column, the results permitted several conclusions
about the use of chemical dispersants to protect
birds from floating oil. (1) Crude oil-Corexit 9527
mixtures on the water surface probably pose the
same threat to the hatchability of eggs of nearby
birds as crude oil alone. (2) Incubation temperature
and behavior of females toward eggs and young are

unlikely to be affected by exposure to crude oil
aone or crude oil sprayed with normal amounts of
Corexit 9527. (3) Corexit 9527 alonein water at
levels up to 53 ppm poses no threat to egg hatcha
bility.

Ocean tests of chemical dispersants have shown
that dispersion of 50% or more of surface oil is pos-
sible with proper application. A reduction in surface
oil of this magnitude would probably reduce mor-
tality from plumage oiling and reduce the oppor-
tunities for egg oiling and oil ingestion. However,
the remaining undispersed surface oil would still be
athreat. In addition, the environmental effects of
chemically dispersed oil are unknown.

New Chemical M ethods Developed for Studies
of Oil Pollution. Assessments of the impacts on
wildlife of chronic pollution in the Pennsylvania oil
fields required the development of new or more effi-
cient methods of chemical analysis. Early discov-
ery of brominated organic compoundsin fish from
apolluted site led to the devel opment of analytical
methods for 2-bromotoluene, 2-bromoethyl ben-
zene, 4-bromo-o-xylene, and 2-bromomesitylenein
water, fish, and sediment samples. Additional re-
search showed that the chemicals are neither highly
concentrated nor widespread in environmental sam-
ples. The small amounts of the chemicals found
may have originated from the practice of injecting
halogenated oxidizing agents into oil-bearing rock
strata as a biocide. The studies al'so required us to
analyze sediments from streams near oil wells for
petroleum hydrocarbons. A survey of the available
methods for sediments showed that all were time-
consuming and inefficient, owing to complex or dif-
ficult cleanup procedures. We developed an extrac-
tion-cleanup method using steam distillation that
is both convenient and selective. Analysis of per-
centage recoveries of petroleum hydrocarbonsin
spiked sediment indicated acceptabl e efficiency.

Effect of Test Conditions Evaluated. Evaluation
of the hazard posed to wildlife by environmental
chemicals requires a series of tests conducted under
tightly controlled conditions. Conditions under
which the tests are conducted for acute toxicity, sub-
acute toxicity, and reproductive effects were devel-
oped in the past. These standards, or protocols, had
large input from the Fish and Wildlife Service and
are now mandated by regulatory agencies. We were
asked to evaluate test conditions that would be
appropriate for a new test of about 30 days dura-
tion. We hope that this intermediate-length test,
using sensitive indicators of effects, will yield infor-
mation formerly available only from the longer and
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more costly reproductive test.

A series of six major tests were conducted with
northern bobwhites to evaluate variables that might
influence test results. These results, and those ob-
tained from previous work, permitted us to make
recommendations regarding the source of birds
used, best age of test subjects, number of treatment
levelsrequired, number of replicates, number of
birds per pen, nature and amount of solvents used
to mix toxicants with feed, photoperiod, and length
of tests that should be run. Other studies have in-
vestigated various types of observations (e.g., mor-
tality, growth, blood chemistry) that might yield in-
formation capable of predicting effects in the envi-
ronment.

Effects of Age of Breeding Mallardson Produc-
tivity. Large numbers of breeding mallards are
studied each year to estimate the potential effects
of various chemicals on birds in the environment.
Wide variability in success of penned mallard
breeding pairs makes large sample sizes a necessity.
The expense of maintaining birds throughout this
type of long-term study is great and any factor that
may reduce the number of pairs required would be
beneficial. One such factor is age of breeding pairs.
Asbirds get older, their reproductive successis
thought to increase. We tested this hypothesis using
1- and 3-year-old mallards in two different breeding
protocols. One test was completed indoors with
controlled light and hesat; all eggs were artificially
incubated and young were raised in large groups.
The other test was completed in outdoor facilities
in natural light, and hens incubated and brooded
their own young.

Preliminary analysis of the datafrom each study
indicates that although certain measures of repro-
ductive success varied (fertility and survival of
young in the study with artificial incubation, nest
attendance, and adult weights in the study with
natural incubation), neither the number of young
produced per breeding pair nor the weight of those
young at the end of the study were significantly dif-
ferent for 1- and 3-year-old pairs. These results
show that thereis no overall advantage in using any
particular age of breeding mallard in chemical eval-
uation under these protocols, and less costly 1-year-
old birds can be used.

Halogenated Diphenyl Ethers are Widespread
Contaminants. Discovery of halogenated diphenyl
ethersin wildlife from two separate coastal areas
in 1981 led to additional investigations in 1982.
Chlorinated and brominated diphenyl ethers were
identified by gas chromatography-mass spectrom-

44

L ocations where halogenated dipheny! ethers (DPE's) have been
found in tissues or eggs of fish-eating birds. (  Brominated and
chlorinated DPE's; « chlorinated DPE's.) Prepared by A.

Krynitsky.

etry; some compounds found could not be quanti-
tated because analytical standards are unavailable.
To date, some of the compounds have been found
in three different species of fish-eating birds, includ-
ing bald eagles. Specimens from Rhode Island, Vir-
ginia, Louisiana, Texas, Michigan, Ohio, and On-
tario contained residues of the compounds. Concen-
trations in tissues have so far all been less than
1 ppm and their toxicity and significance to wildlife
populations are unknown. Some of the compounds
found may be used as bacteriostats, as flame
retardants, or may occur as impuritiesin penta-
chlorophenol preparations. Their presence in envi-
ronmental samples may be a cause for concern be-
cause polychlorinated diphenyl ethers are known to
photochemically convert to the more toxic poly-
chlorinated dibenzofurans.

Endrin Impacts Wildlifein Washington State Or-
chards. Evidence of serious adverse effects of endrin
in aguatic systems was documented several decades
ago; however, astudy we initiated this year provides
the first evidence of serious problemsin terrestrial
systems caused by this chemical.

Endrin is used as arodenticide in northwest or-
chards where 1.2 to 1.6 pounds per acre are applied
annually in the autumn. From October 1981 to
August 1982, cooperators near our study areain
Wenatchee found over 90 birds and mammal's that
died in or near orchards. Most mortalities occurred
from November to March. Chukars and California
quail made up 38% of the dead birds, and raptors,
29%.

Brains of 42 birds and one mammal were ana-
lyzed for residues of organochlorines; 18 of these
contained lethal levels of endrin. Residues of endrin
in anumber of other specimens were high enough



Owls, such as this young wild long-eared owl, played an important role in determining the effects of organochlorine pollutants
in field studies dealing with heptachlor and endrin in the Pacific Northwest and also in experimental studies. Photo by R. A. Grove.

to induce serious sublethal effects. Raptors were ap-
parently impacted most serioudly; five of seven
examined contained lethal levelsin their brains and
asixth had an elevated level. Of 11 accipiters found
dead, four of the five analyzed died from endrin
poisoning.

Severd birds died aslate as March and April— 4
to 5 months after the latest known spray dates. Eggs
of some species contained levels of endrin that were
higher than those that caused reproductive problems
in screech owls experimentally fed endrin. Obviously,

endrin persistsin the orchard system for along time
after application.

Reproduction of Atlantic Coast Common Terns
Unaffected by and Heavy Metal
Contamination. In 1980 eggs of common terns were
collected from nine Atlantic coast colonies from
Rhode Island to North Carolina. DDE and PCB's
were found in most of the samples and were at
higher concentrations in the northern colonies.

Reproductive success of common terns was mea
sured in three Rhode Island colonies that were con-
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Chemist analyzing wildlife tissue for metal content using an
atomic absorption spectrophotometer. The detection of contami-
nant residues in wildlife tissues contributes to the evaluation of
contaminant effects on wildlife and their habitats. Photo by H.
Bourne.

taminated with and heavy metals.
Eggs from one colony had higher concentrations of
(mainly PCB's) than those from
any other site along the Atlantic coast. Heavy metal
contamination around this colony was aso among
the highest along the Atlantic coast. Even though
contamination was high, the number of young pro-
duced per nest was good both during 1980 and 1981,
suggesting that existing concentrations of
and heavy metals along the Atlantic coast
do not significantly affect common tern reproduc-
tion.

Reproduction of Caspian Ternsin California lm-
paired. Caspian ternsnest in severa coloniesin
California. In 1980 incidental observations sug-
gested that terns nesting in southern San Diego Bay
were experiencing poor reproductive success. Asa
result, an intensive study of that colony was con-
ducted in 1981. That year many eggs failed to hatch
and some were crushed in the nest; chicksin others
died while hatching. Overall, the terns produced
about 0.79 chick per nest. Sample eggs collected for
analysis contained high concentrations of DDE; the
mean of 25 randomly selected eggs was 9.23 ppm.
This amount of DDT is high, but has not been posi-
tively tied to all mortality factors observed in the
study. Nevertheless, it islikely that the residues ob-
served (up to 56 ppm inindividual eggs) had at least
some effect on the poor recruitment. The terns may
accumul ate some of the DDE from fish they catch
in the San Diego area. However, these birds winter
in Mexico and Guatemala where they may also be
exposed to DDE and its parent compound, DDT.
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Cursory observationsin atern colony in south-
ern San Francisco Bay in 1981 indicated that repro-
duction in that colony might also be low. Thus, a
study was conducted there in 1982. Reproductive
success was greater than that of the ternsin San
Diego, and the birds fledged about 1.02 chicks per
nest. However, some of the eggs ~ were
crushed in the nests in this colony also; eggs are be-
ing analyzed to determine whether DDE (or other
contaminants) may be implicated as a cause for
these losses.

Contaminantsin California
Waterfowl. Concern about the quality of wintering
habitat for waterfowl in California has been wide-
spread, and habitat conditionsin the Central Val-
ley of California have been recognized as being of
special concern. In 1980-81 we studied the signifi-
cance of organochlorine contaminants in waterfowl
from Californiato determine concentrations of
in pintails from five important water-
fowl wintering areas, and to compare concentra-
tions of in species with different
diets. We also sought to determine the relation be-
tween concentrations of organochlorinesin wings
and carcasses of pintails.

Wings of northern pintails, canvasbacks, and les-
ser scaup were collected from the 1980-81 Pacific
Flyway survey of waterfowl productivity

and we shot a series of pintails and northern
shovelers at the Sacramento and Delevan National
Wildlife refuges (Sacramento Valley). Concentra-
tions of al compounds in pintail wings were below
1 ppm (wet weight), but residues were higher in
wings from pintails shot later in the hunting sea-
son than those shot early in the season, suggesting
that accumulation of chemicals occurs while ducks
are wintering in California. Highest concentrations
were in wings from the southern regions and low-
est in those from northern regions of the State.
Wings of diving ducks were too few to enable statis-
tical comparisons. Carcasses of northern shovelers
contained residues of awide array of organo-
chlorines and had significantly higher mean concen-
trations of DDE than did pintails collected at the
same time and place. On awet-weight basis, con-
centrations of DDE and DDT in the wings of pin-
tails were about half those in the carcasses. Thus,
the carcasses of hunter-killed pintails from which
we analyzed wings probably contained about twice
the concentrations of organochlorines that were
found in wings. Overall, concentrations of
were relatively low in all species and prob-
ably would have no effect on population survival



or reproduction. However, some individuals con-
tained elevated and possibly harmful levels of cer-
tain chemicals.

Underfeeding or Elevated Temperature Does Not
Affect Reliability of Brain Cholinesterase Activity
asan Indicator of Exposureto Insecticides. We con-
ducted a series of experiments to assess the extent
to which noncontaminant-related environmental
conditions might affect brain cholinesterase activity,
and thereby confound the diagnosis of organophos-
phate and carbamate intoxication. Underfeeding
(restricting intake to of the amount control
animalsreceived for 21 days, or fasting for 1-3
days) or exposure to elevated temperature (36°C for
1 day) caused only slight reductions (10-17%) in
brain cholinesterase activity in adult male Japanese
quail. This degree of reduction in brain cholinester-
ase activity is considerably less than the 50% inhi-
bition criterion employed in the diagnosis of insecti-
cide-induced mortality, but nevertheless approached
the inhibition level used as a conservative esti-
mate of sublethal exposure to a known insecticide
application.

Mortality of Gray Myotisin
Missouri. Asreported previously, mortality due to
dieldrin poisoning occurred during 1976-78 in two
maternity colonies of the endangered gray myotis
at Bat Cave No. 2-3 and Roaring Spring Cave,
Franklin County, Missouri. Residues associated
with the insecticide also increased mark-
edly to potentially dangerous concentrationsin the
batsin 1977 and remained elevated in 1978. The
more severely affected colony disappeared in 1979
and was not present when the roost caves were
visited in 1982.

Hunter and Devil's | cebox caves are transient
gray myotis cavesin Boone County, Missouri, each
with 400-500 bats. On 23 July 1980, 18 dead bats
were found at Hunter Cave and on 14 July 1981,
24 dead bats were found at Devil's | cebox Cave.
Three of the dead from each cave were analyzed and
al six contained lethal levels of dieldrin and high
concentrations of heptachlor-related compounds.
Bat mortality had not been observed in previous
years even though both caves had been visited fre-
quently.

The contaminants detected in from Hunter
and Devil's |cebox caves are the same as those in
dead bats recovered at the Franklin County caves.

(dieldrin's parent compound) was applied to
cornfields to control cutworms (larvae of several
moth species, family Noctuidae) until it was banned
in1974. was recommended by the State

of Missouri as a substitute and used through 1981.
We assume these uses are the sources of the ob-
served residues.

The sudden appearance of lethal levels of these
residues in bats at Hunter and Devil's |cebox caves
is not understood. Devil's Icebox Cave is about
120 km WNW of Bat Cave No. 2 and extensive
banding studies have shown virtually no interchange
of gray myotis between the two areas. Therefore,
we believe the sources of contamination for the
bats from Boone and Franklin counties are geo-
graphically different and that the problem is of
greater extent than previously recognized.

The bat deaths at Devil's |cebox Cave were asso-
ciated with a die-off of macroinvertebratesin the
outlet stream. These included amphipods, snails,
and planarians. A sample of dead amphipods ana-
lyzed by the State of Missouri contained dieldrin,

compounds, and DDE at con-
centrations greatly exceeding the background levels
measured during the previous 15 years. As of May
1982 there had been no improvement in these in-
vertebrate populations.

Thereis no proof that the pesticide residues killed
the invertebrates, and other causative agents are
possible. However, we speculate that the source of
the residues in the invertebrates was bat guano
dropped into the water by bats or leached into the
stream by runoff water within the cave. Guano
from Bat Cave No. 2-3 colony in Franklin County
contained 1.1 ppm dieldrin, 0.34 ppm heptachlor,
and 0.40 ppm DDE.

DDE May Concentrateto Lethal Levelsin Hiber-
nating Bats. The so-called "brown fat" found in bats
and other mammalian hibernators is an organ spe-
cialized for the storage and metabolism of lipids.
By rapid metabolism of triglycerides, the brown fat
produces heat that speeds arousal. Lipid reserves
are maintained in the brown fat throughout hiber-
nation in spite of declining overall fat reserves.
Studies of ground squirrelsindicate that nearly half
of the fat stored in brown fat may be depleted in
asingle arousal, but that it is replaced within 2 days
by lipids drawn from the white fat reserves.

Our experimental studies with active bats have
shown that when food intake is restricted and fat
reserves shrink, residues stored in
the remaining fat causes mortality.

These characteristics of hibernating bats and or-
ganochlorines suggest that pesticide residues could
concentrate in the brown fat as hibernation pro-
gresses and late arousal s then could liberate them
rapidly into the circulation. If sufficient amounts
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reached the brain, death would result.

To look at this potentia problem, we collected
hibernating bats from a site contaminated with
DDE and analyzed the brown and white fat re-
serves. Big brown bats, little brown bats, and east-
ern pipistrelle bats were collected in mid-Novem-
ber from abandoned mine tunnels near Hancock,
Maryland. Analyses revealed that brown fat lipids
contained significantly more DDE (by 28010) than
white fat lipids. As expected, when fat was lost,
DDE levelsin the remaining fat increased exponen-
tially while the absolute amount present remained
constant. Calculations showed that if half of the
DDE present in each of the 14 bats in our sample
were mobilized during arousal and reached the
brain, 3 of the 14 would die.

in Bald Eagle Eggs. During
1969-79 bald eagle eggs were obtained from 89 dif-
ferent nesting territories in 14 States and analyzed
for organochlorines. An analysis of the results
shows that levels of organochlorinesin eggs from
some populations have been declining in recent
years and reproductive success has been improving.
In Maryland, for example, average levels of DDE,
DDD, di€ldrin, total and PCB's were
significantly lower in 1979-81 than in 1973-78, de-
clining more than 55°0 for each contaminant.

Many of the contaminants in the eggs were highly
intercorrelated statistically, making it difficult to
determine which contaminants were having adverse
impacts on shell thickness and production. DDE
was most closely related to eggshell thickness and
reproductive success, however, PCB's and the com-
bined residues of DDD and DDT were a so related
to these factors. Five-ppm DDE was associated with
about 9% shell thinning and a reduction in mean
production to about 0.6 young per occupied nest,
alevel generaly considered to be below that needed
for population stability; 16-ppm DDE was asso-
ciated with about 14% shell thinning and nearly
complete reproductive failure. Although these re-
sults are based on a substantial number of eggs, they
should be used with caution, especially when mak-
ing comparisons with other species, because the eggs
were collected after failure to hatch. A less biased
sample including viable eggs might have had lower
averageresidue levels.

Contaminantsin Surrogates of the California
Condor. Residues of DDE have been suggested as
one possible factor in the decline of the California
condor population through eggshell thinning and
associated reproductive failure. Because little was
known about the current exposure of California
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condors to contaminants, a cooperative study with
the California Department of Fish and Game was
initiated to help fill this gap. Wintering turkey vul-
tures, breeding turkey vultures, common ravens,
and eggs of these species were collected in 1981
within the range of the condor. These species are
related to the condor or have similar food habits;
therefore, useful information on the exposure of
condors to contaminants should be available from
them. Condor food items were also collected. All
samples were analyzed for and
metals.

Four turkey vulture eggs contained an average of
7 ppm DDE and the shells were about thinner
than the pre-DDT norm, an amount associated with
reproductive problemsin other species. Two of the
eggs contained about 0.5 ppm endrin, alevel asso-
ciated with areduction in reproductive success of
captive screech owls fed adiet containing endrin.

There was no shell thinning in a sample of six
clutches of common raven eggs, which contained
considerably lower levels of DDE than the vulture
eggs. However, one clutch of six eggs contained an
average of 2.7 ppm total DDT and its metabolites
(nearly 10 times the amount of DDE alone present
in the clutch). Although none of the other raven
clutches contained either DDD or DDT, very recent
exposure of the one female to DDT, probably
within its nest territory or associated feeding range,
was indicated.

Organochlorine residuesin vulture and raven car-
casses were variable; DDE was the mgjor contami-
nant present. Metal residuesin liver, kidney, and
bone were generally within ranges thought to be
normal, except for afew samples that appeared to
have dightly elevated levels of lead, cadmium, or
chromium. Condor foods contained very low levels
of organochlorines and lead, with afew exceptions,
and no mercury; however, the residues in the surro-
gate species sampled cause concern regarding the
possible effects of organochlorine pesticides on con-
dors.

Osprey Distribution and Abundancein the
United States. The osprey has been studied through-
out its breeding range during the last two decades
because of its status as an indicator species of envi-
ronmental pollution. A review of the present distri-
bution and abundance of nesting ospreys at ana-
tional level seemed appropriate and was carried out
in 1982 with support from the U.S. Army Corps
of Engineers.

Nesting ospreysin the contiguous United States
now number about 8,000 pairs. Five regional popu-



lations exist (in order of abundance): Atlantic
Coast, Florida and Gulf Coast, Pacific Northwest,
Western Interior, and Great Lakes. The States with
the largest nesting populations (in order of abun-
dance) are Florida, Maine, Maryland, Virginia, and
North Carolina. In past years, pesticides severely
impacted the populations in the northern portion
of the Atlantic Coast (Boston to Cape May), and
the Great Lakes, but both are now recovering. Low
reproductive rates were never reported from the
West or the more southern portion of the Atlantic
Coast, although some populations may have been
affected to alesser degree.

During recent yearsin the West, especially in the

Western Interior, reservoirs have been responsible
for arange expansion, and perhaps a population
increase. However, a strong fidelity to ancestral
breeding areas has slowed the range expansion. An
estimated 69% of ospreys nest within 30 km of their
hatching place. Introductions to distant reservoirs
are now being made in Tennessee and Pennsylvania
and are being followed with intense interest.

Ospreys adapted to man, his structures, and
many of his habitat changes but proved sensitive
to his chemical pollutants. These characteristics
make the osprey an excellent environmental indi-
cator species.

Endangered Species

PATUXENT WILDLIFE RESEARCH
CENTER

Record Year for Captive Breeding and Reintro-
duction of Whooping Cranes. Husbandry, be-
havioral management, and artificial insemination
regimens for the captive whooping cranes at the
Patuxent Wildlife Research Center were intensified
during the 1982 breeding season. As aresult, all five
potential breeding pairs, including two pairs that
had not laid previously, produced eggs. A total of
28 eggs werelaid, of which 26 were fertilized by arti-
ficial insemination. Twenty-five of the 26 eggs
(96%0) were fertile—the highest fertility rate
achieved thus far with captive whooping cranes. All
eggs were incubated under "foster-parent” sandhill
cranes until hatching or until they were transferred
to the nests of wild sandhill cranes at Grays L ake
National Wildlife Refuge (NWR) in southeastern
Idaho. Fifteen eggs were retained at the Patuxent
Center: 12 (80%) were fertile, 9 (60%) hatched, and
6 (40%) chicks were subsequently raised to fledging.
Thirteen eggs were transferred to Grays Lake: 11
(85%) hatched and 4 (30%) chicks were subse-
quently reared to fledging by their sandhill foster-
parents.

For the first time since 1974, wild whooping crane
eggs from Wood Buffalo National Park, Canada,

were transferred to the Patuxent Center to increase
the genetic representation within the captive flock.
Both eggs were fertile and hatched, and one chick
was successfully raised. There are now 28 whoop-
ing cranes in captivity: 25 at the Patuxent Center;
2 at the San Antonio Zoo, Texas; and 1 at the Inter-
national Crane Foundation, Baraboo, Wisconsin.

Cooper ative Efforts Result in Production of
Whooping Crane Chick. Thisspring, "Tex," a
female whooping crane on loan from the Patuxent
Wildlife Research Center to the International Crane
Foundation (ICF) in Baraboo, Wisconsin, produced
her first and only chick. This event was significant
because Tex was the sole descendant of "Rosie," the
last whooping crane from the non-migratory Louis-
iana population. The perpetuation of this genetic
line will help reduce the risk of inbreeding and loss
of genetic variability within the species.

Tex became heavily imprinted on humans as a
young chick, and upon reaching maturity, refused
to pair with other whooping cranes. Instead, she
formed arather unique "pair bond" with Dr. George
Archibald at ICF. For the past several breeding sea-
sons, Dr. Archibald has spent hundreds of hours
performing courtship rituals and other activities
with Tex in an effort to get her to reproduce. Early
attempts resulted in the production of eggs which
were either infertile or had defective shells, which
prevented proper embryo development and hatch-
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Newly hatched whooping crane, Gee Whiz (top). Gee Whiz at
3 months of age (bottom). Photos by G. Archibald.
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ing. In 1982 an all-out effort by Dr. Archibald re-
sulted in asingle thin-shelled, but fertile, egg.

This accomplishment was attributable in part to
the Patuxent Wildlife Research Center, which con-
tributed both fresh and frozen semen samples for
artificially inseminating Tex, since | CF has no other
whooping cranes. For 2 weeks frozen-thawed
semen samples were used to inseminate Tex; the
third week, just before the egg was laid, one frozen
and two fresh semen samples were used; the fresh
samples resulted in the fertility of the egg.

On 1 June the egg hatched a small, healthy chick.
Named "Gee Whiz" after Dr. George Gee at Patux-
ent, the chick isthriving and survives as a testament
to the cooperative efforts that resulted in its
existence, exemplifying the need for such coopera-
tion in the recovery of endangered species. Just 3
weeks after the chick hatched, however, predators
attacked and killed Tex, which makes the hatching
of Gee Whiz even more significant.

California Condor Pair Loses Two Eggs. Five
pairs of California condors were observed during
the 1982 breeding season. One pair hested twice,
giving the first conclusive evidence of replacement
clutching in the species. The first egg laid by this
pair was kicked over the cliff edge by the adults dur-
ing afight over incubation rights. The second egg
was laid 40 days later and was destroyed by com-
mon ravens. The conclusive documentation of the
ability of the speciesto lay replacement clutches
raises hopes that establishment of a captive popu-
lation of condors can be accomplished in part by
taking the first clutch (egg) laid for artificial incu-
bation and alowing the pair to lay a replacement
clutch, thus minimizing stress on the wild popula-
tion.

California Condor Population Size Estimated
from Photographs. Previous estimates of the size
of the California condor population were based pri-
marily on simultaneous counts of birdsin key areas
and on assumptions regarding day-to-day move-
ments and seasonal distribution of the species. The
range of the remnant population, however, istoo
large, and the movements of the birds are too varia-
ble to allow a comprehensive, standardized census
by simultaneous counts. Popul ation estimates de-
veloped with this census technique have not been
sufficiently rigorous to allow firm conclusions
about short-term population trends, although the
reality of a pervasive long-term declineisnot in
doubt.

During the past year, a new method of assessing
the status of the wild population was developed that



Peter Bloom, National Audubon Society, and Phil Ensley, veteri-
narian for the Zoological Society of San Diego, hold the sub-
adult male California condor that was trapped with a cannon
net by the Fish and Wildlife Service in October. The bird was
equipped with patagial tags and solar-powered radio transmit-
ters and released near the capture site. Tracking the condor will
allow researchers to determine habitat requirements and possi-
ble limiting factors of the species. Photo by H. K. Snhyder.

may give more accurate information on short-term
trends. This method is based on individual identi-
fication of condors through flight photographs
taken throughout the known range of the species.
Each bird replaces about half of its flight feathers
during the spring-to-fall season. The patterns of loss
and regrowth of feathers vary among individuals
and alow continuous recognition and differentia-
tion of individuals if enough photographs are taken.

Over 350 recent flight photographs, each repre-
senting a different bird, date, or location, were ana-
lyzed in September 1982; only 20 individual con-
dors were found from analyses of these photo-
graphs. Seven of the condors were dark-headed (im-
matures) and 13 had orange heads (adults or sub-
adults). In the last 2 months, the rate of discovery
of new individuals has declined almost to zero and
it is possible that few or no additional condors exist
in the wild.

Masked Bobwhite Propagation and Release Ef-
forts. The masked bobwhite was once a common
inhabitant of the mesquite-grassland areas of the
Sonora Desert in Mexico and southern Arizona. By
1900 the quail had been extirpated in its U.S. range
and drastically reduced in Mexico due to the tre-

In 2 weeks these newly hatched masked bobwhites will be shipped
from Patuxent to Arizonafor conditioning with "foster-parents”
before being released on the Sonora Desert in Mexico. Photo
by R. Schmidt.

mendous growth in the cattle industry and subse-
guent habitat destruction from overgrazing, which
began in the late 1800's. Several years of severe
drought contributed to the further decline of the
species until only afew small, isolated populations
remained.

In 1966-70 a captive breeding flock of masked
bobwhites was established at the Patuxent Wildlife
Research Center with 57 wild-caught birds from
Mexico and some captive-reared birds from private
breedersin Arizona. Beginning in 1970 offspring
from this flock were released in Arizonain an
attempt to reestablish them in their historic range.
Although early releases were largely unsuccessful,
by 1977 release techniques had been improved and
captive-bred birds survived to reproduce in the wild.

For the past 3 years masked bobwhites produced
at Patuxent have been released in Mexico as part
of the U.S.-Mexico Agreement on Wildlife Con-
servation. A total of 2,850 birds have been released
at three sites to bolster the steadily decreasing popu-
lation in that country.

Researchersinvolved in this recovery program
constantly strive to upgrade their techniquesin an
effort to maximize the production of viable birds
for reintroduction to the wild. Genetically sound
stock is maintained by the use of computer pro-
grams for pedigree records and mate selection. This
prevents mating of related stock and eventual dete-
rioration of the birds' reproductive capabilities and
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viability from inbreeding. Current rel ease tech-
niques incorporate adoptions of young chicks by
wild foster-parents and a"soft" release, where birds
are acclimated to natural conditions before reintro-
duction to the wild.

With continued improvements in propagation
and rel ease techniques and with the current inter-
est by the private conservationists and the Fish and
Wildlife Service to acquire and protect additional
masked bobwhite habitat in Arizona, the species has
good prospects for an eventual comeback. No re-
|eases have been made in Arizona since 1979, yet
birds have survived and bred there during the past
3 years. Continued release of captive-produced
birdsinto Arizona could mean the reestablishment
of the masked bobwhite within the United States.

Urine and Anal Gland Secretions of the Gray
Wolf. Gray wolves, like other members of the dog
family, communicate considerably by means of
odorsin their urine and anal gland secretions.
Understanding the wolves means of olfactory com-
munication can provide valuable insights into their
behavior, ecology, and social system and can lead
to more efficient methods of capturing wolves and
perhaps reduce their depredations.

Biologists are observing captive gray wolves to
study the role of urine and anal gland secretionsin
the life of the wolf. Every 2 weeks about 30 wolves
are anesthetized and their urine and anal gland
secretions are collected. Chemical analyses have
shown differences in urine compounds from male
and female wolves, and 16 compounds have been
identified, including 1 that seems to be the "essence
of wolf."

Six fatty acids and 22 volatiles have been chemi-
cally identified in wolf anal gland secretions. The
volume of secretions in wolf anal glands decreases
during the breeding season, perhaps because of in-
creased use at that time. Preliminary experiments
indicate that secretions are sometimes |eft on feces,
and that some members of a pack |eave such secre-
tions more often than others.

These findings suggest that gray wolves use these
body compounds in an elaborate olfactory coding
system to communicate their reproductive state and
perhaps their socia status.

Comparison of the Seasonal Condition of Gray
Wolvesin High and Low Population Densities. Sea-
sonal changesin the nutritional condition and physi-
ology of gray wolves must be determined to under-
stand fluctuations in productivity and population
size. Thisinformation can be gained from the
weights of trapped animals and from assays of wolf
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blood and hormones. It is difficult, however, to
capture wolves and it is especially difficult to re-
capture them to obtain frequent samples. There-
fore, acollar that facilitates recapture has been de-
signed.

The capture collar darts and drugs a collared wolf
upon command by a coded radio signal from an air-
craft. The capture collar has been tested success-
fully on captive wolves, including a member of a
captive pack. After aslong as 2 weeks with pack-
mates, atest wolf was drugged by a signal from an
aircraft 915 m above him. The capture collar is now
ready for testing on free-ranging wolves.

Success with the capture collar in the field would
greatly reduce the cost of wolf recaptures and would
enable biologists to gather awealth of nutritional,
physiological, and energetics data never before
available for free-ranging animals of any species.

Population Trends of Gray Wolvesin Minnesota.
Biologists of the Minnesota Field Station have
monitored the trend in numbers of gray wolvesin
the eastern half of the Superior National Forest
since winter 1966-67 to obtain data that will
describe and explain natural fluctuations in wolf
populations. Aeria radio-tracking and observation
of the sizes of an average of eight contiguous packs
per year yielded population-trend data and informa-
tion on wolf movements, territoriality, productiv-
ity, spacing, dispersal, and the number of white-
tailed deer killed. Since winter 1975-76, deer num-
bersin the same area have been counted by aerial
observation and radio-tracking.

By studying interactions among wolves, deer, and
winter severity in this protected wilderness ecosys-
tem, biologists can determine expected wolf popula-
tions under varying conditions in areas with alow
wolf density, such as newly colonized areas or areas
where wolves might be reintroduced. The wolf
population in the study area peaked at a density of
about 15 per 259 inwinter 1969-70. The
previous winter was the most severe in Minnesota's
history, and deer were greatly weakened. Because
of the increased kill of deer by wolves during that
winter and in a series of severe winters that fol-
lowed, deer numbers declined through winter
1975-76 to about one per 2.6 By then, wolf
numbers had dropped to almost half of the density
in winter 1969-70.

The decreased predation by wolves halted the
deer decline, but wolf numbersin the study area
continued to drop. By winter 1981-82 they had
reached a density of only four wolves per 259
a decrease of about 70% since their 1969-70 peak.



Deer numbers have remained low but seem poised
for recovery when winters become less severe.

Record Bald Eagle Production in Bicentennial
Year. On 20 June 1982 we celebrated the bicenten-
nial anniversary of the bald eagle as part of the
Great Seal of the United States. Ironically, the bald
eagle also isa symbol of rare and endangered wild-
lifein our country. Although once threatened with
possible extinction from the use of DDT and other
pesticides that found their way into its food supply,
the eagle is now on the long road to recovery due
to the prohibition of these substances in the United
States.

In an attempt to hasten the expansion and popu-
lation growth of the bald eagle, captive-bred eag-
lets produced at the Patuxent Wildlife Research
Center have been adopted and "hacked" out to
many States. In 1982, this production reached
record levels; atotal of 13 eaglets were translocated
to seven States. This was much higher than any
previous attempt to breed bald eagles in captivity
and was five more than the previous year's output
at Patuxent.

Two methods for raising eaglets are practiced.
First-clutch eggs are removed from the nest and arti-
ficialy incubated. Most pairs then re-lay and are
allowed to keep their second clutch. Chicks hatched
from first-clutch eggs are hand-reared to 3 weeks
of age and fostered to wild eagle pairs. Eggsincu-
bated in the nest remain there through hatching, and
the eaglets are brooded and fed by the parents. At
about 8 weeks of age these parent-reared birds are
sent to hacking sites, this year in Tennessee and
Georgia.

Expansion of the breeding flock from 8 to 12
pairs, plus added production from pairs that were
too young or newly formed in 1982, should greatly
enhance bald eagle propagation effortsin future
years. Several Statesin addition to those that have
received eagletsin the past have requested birds for
release, indicating a continued and growing need
for captive-bred eaglets. Anincrease in the num-
ber of breeders at Patuxent and continued research
to improve propagation techniques should help sat-
isfy this demand as well as decrease the recovery
time for this species.

Mississippi Crane Propagation and
Reintroduction Continued. Five pairs of Mississippi
sandhill cranes at the Patuxent Center produced a
total of 33 eggs, of which 22 (66%) were fertile. For
the first time, three fertile eggs were transferred to
the Mississippi Crane in southeastern
Mississippi and were fostered to wild pairs whose

own eggs were infertile or addled. Two of these eggs
hatched, and one chick was apparently raised suc-
cessfully by its foster-parents.

Of the 19 fertile eggs retained at the Patuxent
Center, 17 hatched, and 9 (53%) chicks were
subsequently raised by sandhill crane foster-parents.
Although two of these chicks were retained at Pa-
tuxent to increase the size and genetic representa-
tion of the captive flock, the remaining seven chicks
have been transferred to Mississippi for release into
the wild. At the present time, all seven of the birds
are being held in alarge, natural enclosure at the
Miississippi Crane NWR to acclimate the
birds to their new environment before they are re-
leased. In addition to these birds, 7 of 14 birds re-
leased previoudly still survivein the wild. All seven
birds have successfully made the transition from
captivity to the wild, and one bird appears to have
already paired with awild conspecific. These "soft"
releases, which are being conducted in cooperation
with the Louisiana Cooperative Wildlife Research
Unit, will undoubtedly influence future manage-
ment and conservation strategies for the Mississippi
sandhill and other species of endangered cranes.

There are now 19 Mississippi sandhill cranesin
the captive flock at the Patuxent Center. An addi-
tional four birds are currently on breeding loan to
the National Zoological Park, Washington, D.C.

Predation on Endangered Bats at Gated and
Fenced Caves. Human disturbance is thought to be
one of the most important factorsin causing the
gray myotis, Indiana myotis, Townsend's big-eared
bat, and Virginia big-eared bat to become endan-
gered species. The entrances to many of the caves
used by these species are gated or fenced to reduce
this disturbance, but several observations have been
recorded of predators using these structures to cap-
ture endangered bats as they exit or enter the cave.

A study of gated, fenced, and unmanaged sum-
mer caves used by endangered bats was performed
in Alabama, Arkansas, Kentucky, Missouri, Ten-
nessee, and West Virginia. Only one incidence of
predation, a domestic cat at agated Virginia big-
eared bat maternity cave, was observed. A black
rat snake was observed on a gray myotis maternity
cave gate, but no bats were taken. Four owls were
observed close to three gated and fenced gray myotis
caves, but no avian predation occurred at these
managed entrances. Based on these preliminary
data, the gating and fencing of these entrances of
caves used by endangered bats does not appear to
increase the incidence of predator loss at summer
caves.
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Shearwater Aid Stations Successful. The shear-
water aid stations that were established in 1978 at
fire stations on Kauai, Hawaii, have been extremely
successful in increasing the survival of endangered
and threatened fledgling seabirds that are attracted
to and crash into lighted areas. Over of the
Newell's shearwaters fledged each year probably are
involved in the fallout around unshaded lights.
From 1967 to 1977, conservation agencies appealed
to the public to pick up the birds and release them
into the ocean.

Public response was good, but the magnitude of
the fallout problem was not known until 1978, when
the public was asked to turn in the birds at shear-
water aid stations. In the past 4 years, 5,130
Newell's shearwater fledglings, 17 endangered dark-
rumped petrels, seven white-tailed tropicbirds, 20
wedge-tailed shearwaters, and five rare Harcourt's
storm-petrels have been brought to the aid stations;
an additional 586 Newell's shearwaters are known
to have died on highways. If public response and
fallout rate were equivalent during 1967-77, then
the program has been responsible for returning
about 19,000 Newell's shearwater fledglings safely
to the sea.

Light Modifications Reduce Seabird Mortality.
One-third of the light-related fallout of Newell's
shearwaters occurs around one large hotel on Kauai,
Hawalii, that has unshaded mercury vapor and
high-intensity incandescent floodlights.

This situation provided a unique opportunity to
study methods of reducing bird mortality around
lights. In fall 1980 and 1981, biologists from the
University of Wisconsin, under contract to the U.S.
Fish and Wildlife Service and with financial assist-
ance from the New Y ork Zoological Society and the
Nature Conservancy, shaded the hotel's major
floodlights on alternate nights in October and No-
vember. Fallout was reduced by when the
lights were shaded, even though extraneous light
from the hotel could not be controlled; 273 birds
were attracted to the hotel on nights when the lights
were shielded, compared with 444 birds when lights
were not protected. The Nature Conservancy in
Honolulu has initiated a project, "Operation
Shades," to seek $70,000 for the purchase of shades
for the 2,500 street lights on Kauai. The shades
could be installed economically when the power
company converts the lights from mercury vapor
to sodium vapor.

Hawaii Water Birds Evaluated. The historical
record and 7 years of systematic field observations
on water birds were analyzed in 1982. The data

cate that the endangered Hawaiian coot has in-
creased in numbersin the last 20 years, although
the population has shifted from the windward to
the leeward side of the Iland of Hawaii. The en-
dangered Hawaiian gallinule was extirpated, and the
Hawaiian stilt had reestablished a stable population
of about 30 birds.

The number of migratory waterfow! visiting the
State had declined during the last 20 years, but the
number frequenting the Island of Hawaii appeared
to have remained constant. Loss of habitat was
identified as the reason for the statewide declinein
numbers of migratory waterfowl.

Two Nature Conservancy Preserves Established
in Hawaii. Surveys of forest birds in Hawaii from
1976 to 1981 provided data on the distribution,
abundance, and habitat correlates of Hawaii's forest
birds. Thisinformation, as well as that contained
in forest bird recovery plans, attracted The Nature
Conservancy (TNC) to Hawaii. They have devel-
oped a 5-year Endangered Forest Bird Project to
protect significant forest reserves on each major
island in the Hawaiian Archipelago. Patuxent wild-
life biologists, among others, assisted TNC in deter-
mining the best locations for a system of proposed
reserves.

Once key areas were identified, TNC acted
quickly to obtain conservation easements on two
key parcels. A conservation easement on a 6,700-ha
Kamakou Preserve on Moloka was purchased and
an option on a key 2,100-ha Waikamoi Preserve was
obtained in September 1982. These two preserves
harbor habitat for seven endangered species.

The Nature Conservancy hired abiologist (a
former Service research team member) to develop
amanagement plan for the Kamakou Preserve; this
plan was completed in September 1982, and active
management of this areawill soon begin.

These two acquisitions result from immediate
uses of the research data obtained during the for-
est bird surveys. These actions clearly demonstrate
the value of research information in promoting re-
covery of endangered species and typify the success-
ful interaction among research biologists and the
members of the private conservation sector.

Captive-produced Parrots Experimentally Re-
leased into the Wild. To develop techniques for
future releases of the endangered Puerto Rican par-
rot, we experimentally released captive-raised His-
paniolan parrots in the Dominican Republic, where
substantial populations were still found. Releases
of captive-produced Puerto Rican parrots are
needed to bolster the Luquillo Forest population



and to reestablish the species in other parts of
Puerto Rico.

One group of Hispaniolan parrots (n = 18) was
not preconditioned to the release area or provided
with food subsidies. The other group (n = 18) was
held in afield aviary on the release site and pro-
vided wild foods to condition the birds to the habi-
tat. Upon release, members of the conditioned
group were allowed to return to the field aviary for
shelter and food.

The conditioned group showed better survival
than the unconditioned group and eventually ex-
hibited good foraging and integration with wild par-
rots. Eighteen of the released birds were fitted with
radio transmittersto test the applicability of teleme-
try to wild parrot research. An antenna-collar
attachment proved suitable for most of the birds
and provided a strong directional signal. After
further tests, these techniques will be applied to the
Puerto Rican parrot to determine factors affecting
post-fledging mortality, movements, and habitat
utilization.

Egg Production of Captive Parrots Experi-
mentally Increased. By experimentally bolstering
clutch size through sequential removal of eggs, cap-
tive Puerto Rican parrots produced an average of

9.3 eggs per female (range, 5-17 eggs per female),
a1.6- to 5.7-fold increase above normal clutch sizes
for those females. Five of the eggs hatched, and
four chicks fledged. Two of the chicks were fostered
into the nests of wild parrots, and the other two
were retained in the captive flock, which now num-
bers 17.

Hispaniolan parrots, which are used as surrogates
to the endangered Puerto Rican species, were also
experimentally induced to increase egg production.
Five female Hispaniolan parrots laid an average of
10.8 eggs per female (range 5-19 eggs per female),
an average increase of 215% above normal clutch
sizes. Of the 57 Hispaniolan eggs laid, 59% were
fertile, and chicks fledged from 33% of the eggs.

Production of Wild Puerto Rican Parrots. Four
pairs of wild Puerto Rican parrots produced 10
eggs, but those at two nests failed to hatch. Captive-
produced Hispaniolan parrot chicks were fostered
into the two failed nests to maintain adult interest
until suitable Puerto Rican parrot chicks could re-
place the surrogate species. Eventually, three cap-
tive-produced Puerto Rican parrots were substituted
into the nests, and two of these chicks fledged. The
wild population was estimated at between 25 and
27 birds after addition of the seven chicks.

Great Lakes Fisheries

GREAT LAKESFISHERY LABORATORY

Bloater Populations Continue to Rebuild in
LakesHuron and Michigan. The deepwater ciscoes
(commonly called chubs by commercial fishermen)
are endemic to the Great L akes, where, together
with the closely related lake herring, they have pro-
vided forage for lake trout and other native preda
tors and supported widespread commercial fishing
since the 1800's. However, severe declinesin popu-
lations over the past two decades have resulted in
lakewide bans on commercial harvest in U.S.
waters, subsequent intensified interagency assess-
ment of the various stocks, and (recently— on the
basis of rates of recovery and accrual of sufficient
fishable surpluses) the projection of total alowable
catches in some waters.

The cisco populationsin Lake Huron proper be-
gan to decline in the 1950's due to overfishing and
competition by the exotic alewife, which was rapidly
assuming nuisance proportions. By 1970 the cisco
populations (by then largely limited to bloaters)
were perilously low and the commercial fishery was
closed. During surveysin 1973, the average catch
of adult ciscoes was less than 0.2 per unit of effort
(a 10-minute tow of a standard trawl), and we esti-
mated that the trawlable stock in U.S. waters was
less than 200 metric tons. It was not until 1979 that
the populations showed any discernible improve-
ment. The average catch of adults per unit of ef-
fort was in 1977, 5in 1979, and nearly 11in 1981.
We estimate that the trawlable stocks have shown
a corresponding increase over the 8-year period to
over 3,000 metric tonsin 1981. Nevertheless, the
agencies concerned agree that the populations
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should be allowed to continue rebuilding in Lake
Huron before commercial fishing is again per-
mitted.

In Lake Michigan, the decline of deepwater

was not as severe asin Lake Huron; nonethe-
less the population (composed almost entirely of
bloaters) fell steadily through the 1960's and early
1970's to low levels of abundance by the mid-1970's.
The Lake Michigan Chub Technical Committee of
the Great L akes Fishery Commission recommended
restrictions on commercial harvest, and alakewide
ban was finally established in 1976. Since 1977, sur-
vey catches have demonstrated an increase in abun-
dance. The catch per unit of effort increased stead-
ily from 2in 1977 to 14, 50, 96, and 217 in 1978-81,
and the estimated trawlable stock increased from
about 6,800 metric tonsin 1973 to 14,000 in 1980.
Commercial fisheries have recently been reopened
in lllinois and Wisconsin waters under conservative
quotas based on projections of total allowable
catches.

Standing Stock of Lake Trout and its Forage Re-
quirementsin Lake Michigan. Y oung lake trout
have been stocked in Lake Michigan since 1965 at
an average rate of 2.3 million per year, in an at-
tempt by cooperating State and Federal agencies to
reestablish the species after it was exterminated in
the late 1940's and early 1950's, mainly by overfish-
ing and sealamprey predation. Resource agencies
now need to know the size of the standing stocks
of lake trout and other salmonid predators, what
impact they are having on the forage base (com-
posed mainly of aewives, rainbow smelt, and scul-
pins), and the total predation that can be sustained
without the forage supply itself being adversely af-
fected. We have therefore intensively sampled for-
age fish and lake trout populations since 1972 off
Saugatuck, Michigan, and Port Washington, Wis-
consin, in an attempt to supply the needed infor-
mation.

On the basis of an estimated total annual mor-
tality rate of 48%, in combination with known
stocking rates and calculated rates of growth, we
estimated that the standing stock of lake trout in
Lake Michigan at the beginning of 1979 was about
1,600 metric tons, and that 1,100 tons of trout flesh
were generated by the stock during the year. Al-
though all ages of trout up to XIII were present,
85% of the biomass was produced by ages Ito V.

Next, using age-specific rates of production, sea-
sonal data on the diet of lake trout by geographic
area, and food-conversion efficiencies obtained
from laboratory feeding studies, we estimated that
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slightly more than 3,000 tons of forage fish were
eaten by the trout during their 1979 growing sea-
son (i.e, 15 December), a period that should
account for most of the total forage consumed dur-
ing the entire year. Alewives accounted for of
the total weight consumed, rainbow smelt for 18%,
and slimy sculpins for Considering that an
estimated mean standing stock of 384,000 tons of
alewives alone existed in Lake Michigan during
1979, we concluded that current levels of forage fish
consumption by the lake trout are not adversely
affecting the stocks of prey. However, steadily in-
creasing numbers of coho and chinook salmon and
rainbow and brown trout have also been planted
in Lake Michigan during the past decade, causing
concern over the continuing ability of the lake's
forage base to support these predators. In 1980, the
total plants of salmonids (including lake trout)
amounted to 16 million fish. If consumption by lake
trout is combined with the total consumed by all
other salmonid predator species, the amount may
be large enough to have a significant impact on the
productivity of the stocks of prey species. We are
therefore attempting to develop estimates of con-
sumption by these other trout and salmon, so that
we can more fully evaluate the status of Lake Michi-
gan's predator-prey system and forecast the
maximum additional lake trout predator biomass
that the system can safely sustain.

Relation of Aquacultureto the Restoration and
M aintenance of Coregoninesin the Great L akes.
Various agencies have attempted for decades to aug-
ment or restore popul ations of coregonines (primar-
ily lake whitefish) in the Great Lakes by stocking
hatchery-reared fry. However, thereis no clear evi-
dence that stocked fry have contributed to the re-
building of any population. Therefore we conducted
areview of worldwide literature and ongoing pro-
grams on the use of coregonine culture to augment
natural reproduction of depleted wild stocks, to
attempt to determine what techniques might be suc-
cessful in the Great Lakes.

The results of large-scale plantings in Europe
have indicated that stocking intensities for corego-
nine fry need to be much greater than those that
have been applied in the Great Lakesif natural re-
production isto be detectably augmented. The larg-
est annual planting of lake whitefish in Lake On-
tario (1940-60) amounted to only 154 fry/ha, and
the average was only 20 fry/ha. Somewhat heavier
stocking in Lake Erie (1920-40) by six agenciesin-
cluded a maximum annual planting density of 228
fry/ha and an average of 107 fry/ha. No correla-



Rebuilding self-sustaining populations of lake trout in the Great Lakes is the ultimate goal of several lines of field and laboratory
research. Principal obstaclesto its attainment are environmental contaminants, heavy fishing pressure, and predation by sea lampreys.
These adult lake trout are being used at the Great Lakes Fishery Laboratory to study the role of pheromones in spawning site

selection. Photo by E. Meves.

tion was found between the number of fry planted
and the size of subsequent commercial catchesin
those lakes. In contrast, stocking intensitiesin Euro-
pean lakes range from several hundred to several
thousand fry per hectare per year, and represent a
significant proportion of total fry production in the
stocked lakes. These findings suggest, for example,
that about 1.1 to 2.6 billion lake whitefish fry would
be needed annually for Lake Ontario and 1.5 to 3.6
billion for Lake Erie to make the stocking effort
ameasurable success. Research on the Bodensee in
Western Europe has revealed that hatchery produc-
tion must exceed 10% of the annual hatch of fry
in the lake if the eventual contribution of the

stocked fry to the fishery isto be detectable.
Resear ch Findings Aid Department Officialsin
Treaty Fishing Negotiations. Recent court decisions
affirming the right of three northern Michigan
Indian tribes to fish without State regulation, within
treaty-ceded waters of the upper Great L akes, have
resulted in several user groups competing for limited
fishery resources — Indian commercial fishermen
and anglersfor lake trout and yellow perch, and
Indian and non-Indian commercial fishermen for
lake whitefish and bloaters. To aid the joint trustees
in preventing overexploitation of these fragile re-
sources, the Great Lakes Fishery Laboratory played
aleading role in the work of a Tripartite (State-
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Tribes-FWS) Technical Working Group to assess
annually the status of the resources and recommend
total allowable catches that could be withdrawn
without damaging the productivity of those re-
SOUrces.

Using the Laboratory's data base of historical
catch records and creel survey records of the Michi-
gan Department of Natural Resources, we were able
to tabulate catch and effort statistics for the major
species from 1965 to 1981 as abasis for assessing
the current status of the stocksin Michigan's treaty-
ceded waters of Lakes Superior, Huron, and Michi-
gan. By combining data on growth, age composi-
tion, and catch per unit of effort obtained from our
recent resource surveys with complementary data
furnished by the State and Tribes, we developed
new or revised estimates of total mortality, stand-
ing stocks, and total allowable catches (where
appropriate) for lake trout, lake whitefish, and
bloaters.

The results of our assessments, together with
those for other species prepared by State or Tribal
biologists, were assembled at the Laboratory into
the 1982 Annual Report of the Tripartite Technical
Working Group. This and earlier reports serve as
the technical basis for formulation of Tribal fish-
ing regulations and for interagency negotiations
aimed at a permanent settlement of issuesinvolv-
ing treaty fishing rights.

Growth, Food Consumption, and Conversion
Efficiency in Large Lake Trout. Laboratory data
on rates of food intake, growth, and food conver-
sion by large lake trout fed natural forage and held
at simulated lake temperatures are needed for in-
corporation in ageneral predator-prey model cur-
rently being developed by the Great L akes Fishery
Laboratory in conjunction with State natural re-
source agencies. This model will be used to predict
the capacity of Great Lakes stocks of prey fish to
sustain mixed populations of lake trout and other
salmonids. To obtain the requisite data, we main-
tained 1974 and 1977 year classes of |ake trout of
the Marquette Hatchery strain on forage fish (rain-
bow smelt and alewives) from October 1980 to
November 1981 at three ration levels (ad libitum,
or 0.25 or of body weight per day), at sSimu-
lated lake temperatures. During the first 4 months
of the study, smelt or alewives were fed to the trout
on aternate days. We observed, however, that both
year classes of trout fed ad libitum showed a
marked preference for smelt over alewives, whereas
trout fed either of two restricted rations did not ex-
hibit such a preference. Conseguently, we modified
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the rest of the study to evaluate each forage species
independently and to eliminate the confounding
effect of food preference. All trout were fed only
smelt from February through August 1981, their
diet was then changed to alewives until completion
of the experimental period in early November 1981.
Preliminary statistical analysis of growth data col-
lected during the period when trout were fed either
smelt or aewives exclusively showed no significant
difference in specific growth rate between the two
year classes for fish fed the 0.25 or 0.50% ration.
However, for trout fed ad libitum, the specific
growth rate of the 1977 year class was significantly
higher than that of the 1974 year class. In addition,
ration and temperature had a significant effect on
specific growth rate for both year classes. Data on
food consumption, food conversion efficiency, and
caloric content of test trout and forage fish are also
being analyzed.

Toxaphenein the Great Lakes. Asaresult of sev-
eral years of cooperative investigation with the
Columbia National Fisheries Research Laboratory
and the U.S. Environmental Protection Agency,
toxaphene was identified and confirmed as a major
contaminant of fish from the upper Great L akes.
This chlorinated camphene insecticide is used
mainly on cotton and has only limited use in the
Great Lakesregion. It is produced commercially by
the chlorination of camphene and has atypical em-
pirical formula of 8, with 4,380 theoreti-
cal compounds. Gas chromatographic analyses sug-
gest, however, that less than 200 compounds are ac-
tually formed and present in technical grade toxa
phene, and that |ess than 40 of these compounds
are present in Great Lakes fish.

Analysis of lake trout from Lakes Superior,
Michigan, and Huron for technical grade toxaphene
have shown that fish from these lakes contain many
of the compounds present in toxaphene. Although
the toxaphene components being detected in fish
have undergone several changes, probably as a
result of environmental weathering and metabolism,
resemblance is sufficient for the compounds to be
called toxaphene. Concentrations of toxaphene
measured in lake trout generally varied with lake,
location, and size of fish. Large lake trout (whole
fish) from Lake Michigan, for example, contained
6-11 toxaphene, and lake trout of similar size
from Lakes Superior and Huron generally con-
tained 3-5 However, these values represented
only afew composite samples from a single loca-
tion in each lake. We expect to conduct additional
analyses of fish from all of the Great L akes to assess



more fully the presence of toxaphene in other spe-
cies and areas. Atmospheric transport of toxaphene
from southern U.S. cotton-producing States, com-
bined with some use and production of the pesti-
cide in the basin, is the probable source of toxa-
phenein the Great Lakes. The confirmation of ele-
vated toxaphene residues in Great Lakes fish was
amajor contributing factor to arecent decision by
the Environmental Protection Agency to further re-
strict the production and use of toxaphene.

Review of Bioaccumulation of Toxic Substances
During Dredging Operations. Dredging operations
in the Great L akes move over 10 million cubic
meters of sediment annually, causing potential harm
to the biota through disruption of the habitat and
resuspension of sediments often contaminated with
toxic organic and inorganic chemicals. Laboratory
studies have shown the potential bioavailability of
both organic and inorganic contaminants from re-
suspended sediments. However, procedures used to
determine bioaccumulation from sediment vary
widely, and little information is available relating
the accumulation of contaminants by organisms to
overall effects on the ecosystem.

To provide abasis for recommending criteriafor
testing and evaluating proposed dredging and dis-
posal operations, we completed a literature search
and report entitled "Bioaccumulation of toxic sub-
stances during dredging." The report is the result
of an interagency agreement between the Great
Lakes Fishery Laboratory and the Environmental
Protection Agency's Great Lakes National Program
Officein Chicago, addressing the effects of dredg-
ing activities on aguatic organisms and methods
used to determine these effects. The report sum-
marizes information from 104 literature citations.

Some genera conclusions and recommendations
resulting from the literature search follow: (1) In
bioassessment tests, flow-through bioassays of
whole sediment should be used. (2) Bioassays should
be conducted for at least 10 days. (3) To represent
worst-case conditions, organisms should have direct
contact with sediment during the bioassay. (4) The
availability of contaminants to test organisms dur-
ing the bioassay is affected by contaminant type and
by physical characteristics of the sediment, such as
organic content and particle size. (5) Bioassays
should be conducted with at least one vertebrate and
oneinvertebrate. (6) Standard bioassay procedures
for testing contaminants in sediments must be read-
ily available to groups responsible for evaluating
dredging operations.

Toxicological Evaluation of Recently Identified
Contaminantsin Great Lakes Fish. Previous studies
at the Great Lakes Fishery Laboratory resulted in
the tentative identification of 476 organic com-
pounds in fish of the Great Lakes. To evaluateini-
tially the potential harm of these compounds to fish
of the Great L akes, we reviewed published and un-
published information on the toxicity, bioaccumu-
lation, environmental occurrence, and potential
sources of the compounds. Aided by this informa-
tion, we placed about two-thirds of the compounds
into one or more of 50 chemical categories and pro-
visionally ranked these categories as follows in order
of descending potential hazard to aquatic biota:
complex, chlorinated polyaromatic hydrocarbons

endrin); arene halides (e.g., PCB's, DDT);
chlorinated camphenes (toxaphene); alkyl halides
(eq., lindane);
polyaromatic hydrocarbons and reduced deriva-
tives; complex polyaromatic hydrocarbons; phthal-
ate esters; heterocyclic compounds; monocyclic
terpenes; sulfur-containing compounds; phenals;
and cyclic ethers. Many of the compounds that
ranked below these (e.g., fatty acids, alcohols, and
akanes) may be natural components of wild fish
aswell as having anthropogenic sources.

We are currently testing extracts of lake trout
from southeastern Lake Michigan that are similar
to the extracts used to detect 167 of the 476 organic
compounds found in fish from all the Great L akes.
Static acute bioassays of the cladoceran Bosmina
longirostrisat 17°C with fish extract (1 g tissue per
milliliter of extract) and a solvent blank (ethanol)
revealed that the fish extract was toxic to Bosmina.
Based on the known concentrations of in
this fish tissue, the 48-h of the total extract
was calculated in terms of p,p'DDT to be 0.57
(n = 2). Earlier acute bioassays of pure p,p’'DDT
with Bosmina gave a 48-h of 0.63 + 0.03
jig& (£ SE, n=7), suggesting that the toxicity of
the p,p'DDT in the extract was only slightly in-
creased by the presence of the other organic com-
pounds present in the extract. Alternatively, some
compounds in the extract may play an antagonis-
tic role relative to the more toxic compounds
present. As the next step, we are preparing fractions
of the extract for acute bioassays to estimate toxicity
of groups of compounds in the fish extract.

In addition to testing the fish extract and frac-
tions of the extract, we are testing specific com-
pounds that rank high in apriority listing of the
476 compounds. One of the contaminants of con-
cern as a potential threat to the health of the aqua-
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tic biotais toxaphene, which is widespread in Great
Lakes fish. Acute bioassays of technical grade toxa-
phene in reconstituted hard water resulted in 48-h
EC50 valuesof 1.4 (n = 2) for Bosmina and
120+ 34 ( SE, n = 3) for Daphnia
magna, indicating that toxapheneis only slightly
less toxic than p,p'DDT. The value for toxicity of
toxaphene to D. magna may be compared with
earlier testson D. pulex in softened well water,
which resulted in a48-h EC50 value of 2.67 + 0.17
Agd/L p,pDDT  SE, n=4). From these results,
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Biologists assembling traps (upper photo) used to collect lake
trout swim-up fry on spawning reefs in northwestern Lake
Huron. Each trap consists of an inverted wire mesh funnel to
which is attached an opague polyethylene jar. The traps are set
on rock-rubble substrate where spawning is known to have
occurred. When newly hatched swim-up fry emerge from the
substrate they are guided into the polyethylene jar at the apex
of the trap where they are retained until the trap isretrieved
(photo at left). Fry taken in these traps in 1982 provided the
first evidence that hatchery-reared lake trout planted in Lake
Huron are reproducing successfully. Photos by D. W. Schloesser.

technical grade toxaphene may be considered
acutely toxic to cladocerans, an important com-
ponent of the invertebrate forage base of Great
Lakesfish.

Evaluation of Fish Spawning and Nur sery Habi-
tat in Great L akes Nearshore Waters. The reestab-
lishment of self-sustaining stocks of lake trout in
the U.S. waters of Lake Huron would be facilitated
if information were available to show which por-
tions of the spawning and nursery habitat used his-
torically by this species are still capable of sup-
porting the production of viable swim-up fry. This
information would provide improved guidance for
the ongoing Lake Huron brood stock rehabilitation
program by pinpointing the best sites where lake
trout stocking efforts could be focused and where
refuges designed to protect the brood stocks of this
species could be established. Thisinformation



Limnologist preparing to deploy a probe designed to measure dissolved oxygen and hydrogen sulfide under ice, within the interstices
of rock-rubble substrate used historically for spawning by lake trout in Lake Huron. The probe has been used successfully to
obtain interstitial water quality measurements as deep as 30 cm beneath the surface of the substrate. An underwater television
camera (not shown) is used to assist in positioning the probe at the desired level within the substrate. Photo by J. K. Hiltunen.

would also aid in the development of explicit strate-
gies designed to protect the remaining potentially
productive spawning and nursery habitat from the
adverse effects of various water-use practices.
During fall 1981 we began a study in the near-
shore waters of northern Lake Huron near Rock-
port, Michigan, to investigate the feasibility of using
an underwater television camerato survey histori-
cally used lake trout spawning and nursery habitat
and to evaluate its present potential to produce via-
ble swim-up fry. Images of the substrate were re-
corded on videotape at locations where we were able
to collect fertilized lake trout eggs from the lake bot-
tom by pumping. Study of these videotapes indi-
cated that three major substrate types were present:
type 1 — clean, angular, broken cobble, 30-60 cm
in diameter; type 2 — clean, round rubble and cob-
ble, 20-100 cm in diameter, interspersed with
pockets of sand and fine gravel; and type 3 — large,

angular boulders, 100-300 cm in diameter, inter-
spersed with or covered by smaller, broken, angular
rubble and cobble, 20-30 cm in diameter.

During spring 1982 we fished 18 emergent traps
continuously for 49 days on the various substrate
types composing the reef and caught 19 swim-up
fry of lake trout, 24 to 27 mm long. Fry were cap-
tured only between 10 May and 1 June and only
in traps set on type 1 substrate. All but four of the
fry were alive when they were removed from the
traps. These catches provide the first tangible evi-
dence that hatchery-reared lake trout planted as
juvenilesin Lake Huron have spawned naturally
and produced viable swim-up fry. Thisinformation,
coupled with the fact that two of these fry have been
held in Lake Huron water (at the Hammond Bay
Biological Station) for about 4 months and have
grown to alength of about 100 mm, suggests that
survival of naturally spawned fry to the size at
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which hatchery-reared juveniles are usually planted
is possible and may now be occurring in some por-
tions of Lake Huron.

Effect of Increased Nutrient Loading on Fish
Spawning and Nursery Habitat in Great L akes
Near shore Waters. Self-sustaining stocks of lake
trout, once common throughout most of the Great
Lakes, are now known to exist only in Lake Supe-
rior. Various hypotheses, including overfishing,
predation by sealamprey, and degradation of
spawning and nursery habitat, have been advanced
to explain why this species disappeared from much
of itsformer range in the Great Lakes. One such
hypothesisisthat increased nutrient loading — which
causes accelerated production of plankton and
benthic algae, and subsequent degradation of inter-
stitial waters on spawning grounds when these or-
ganisms settle out and decompose — may partly ex-
plain why lake trout have failed to reestablish them-
selves, despite costly stocking programs that have
been followed for many years to accomplish that
goal. To test this hypothesis, we began a

investigation in October 1981 at four widely
separated locations used historically for spawning
by lake trout in nearshore waters of Lake Huron:
North Graham Shoal in the Straits of Mackinac,
Bell Shoal near Rockport, North Point near
Alpena, and Point Au Gresin Saginaw Bay.

In February 1982 we measured interstitial dis-
solved oxygen under the ice at depths of 10-30 cm
within the rock-rubble substrate at each of the four
study locations. The measurements were made in
February because we believed that the biological
oxygen demand of sediments present on the spawn-
ing grounds would be greatest during the period of
ice cover, when water movement through intersti-
tial spaces where eggs of lake trout incubate dur-
ing winter would be at the seasonal minimum. At
each location, we found a gradient in dissolved oxy-
gen; values were high (12-14 ppm) in the overlying
waters, and moderately high (5-13 ppm) in the
interstitial waters. Although dissolved oxygen con-
centrations in the interstitial waters were equal to
or above that required for normal development of
lake trout embryos (5 ppm), the oxygen gradient
within interstitial spaces of the substrate indicates
that decomposition of organic matter settling on
these historical spawning grounds does reduce water
quality to a measurable extent. We also collected
samples of interstitial water at each location to
determine whether dissolved hydrogen sulfide, agas
lethal to fish eggs and larvae at very low concen-
trations, was present. Analysis of these water sam-
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ples showed that dissolved hydrogen sulfide was
present at all four locations, but that concentrations
were high enough at only two locations (Point Au
Gres, 1.3-5.4 and North Point, 0.9-1.8

to impair normal development of lake trout em-
bryos. These preliminary results suggest that water
quality is adequate to permit embryonic develop-
ment and the production of viable fry on historical
lake trout spawning grounds in the relatively unpol-
luted waters of northern Lake Huron, but not in
the southern waters of the lake, where water qual-
ity has been degraded by accelerated eutrophication.
Research to further test this preliminary appraisal
isunder way.

Bioavailability of Precipitation-borne Phos-
phorusto Phytoplankton in the Upper Great L akes.
Precipitation, aside from its innate life-sustaining
property, now poses a serious, long-lasting threat
to water quality in the upper Great L akes because
it isacidic and contains high concentrations of phos-
phorus, the nutrient that most limits primary pro-
duction in these waters. Because nearly all forms
of phosphorus are hydrolyzed to phosphate — the
form of phosphorus most readily used by plants— at
rates that are proportional to the acidity of the solu-
tion, the increasing acidity of precipitation over the
upper Great Lakes may be increasing the biological
availability of phosphorus added to these waters by
the atmosphere and tributaries. The impact of such
an increase on fishery resources in the upper Great
Lakes could be great because it would accelerate eu-
trophication — one of the prime environmental con-
cerns of the U.S. and Canadian governments for
many years. Eutrophication has been implicated in
the demise of salmonid stocks in the lower Great
Lakes and may pose asimilar threat to self-sustain-
ing fish stocks in the upper Great L akes.

To test the hypothesis that phosphorusin rain-
fall is made more available for biological produc-
tion by acidic hydrolysis, we analyzed samples of
water from melted snow, tributary runoff, and lake
water from the littoral zone in northwestern Lake
Huron for phosphate phosphorus. Preliminary re-
sults of these analyses, which were performed in col-
|aboration with the Great Lakes Environmental Re-
search Laboratory in Ann Arbor, showed that more
phosphate phosphorus was present initially in tribu-
tary runoff (upto 7 g/L) than in water from
melted snow (3 or littoral waters (1
After treatment with dilute hydrochloric acid, how-
ever, more phosphate phosphorus was present in
the snow and rain water (each 15 thanin
tributary runoff (13 or littoral waters



(7 g/L). To further demonstrate that phosphorus
in acidic precipitation is biologically available, we
also performed bioassay experimentsin which epi-
limnetic waters from southeastern Lake Michigan
containing phytoplankton were enriched by the
addition of acidic precipitation or known amounts
of phosphate phosphorus. The addition of the
acidic precipitation stimulated increases in phyto-

planktonic growth (**C assimilation and chlorophyll
concentration) closely approximating those caused
by the phosphate phosphorus additions. These find-
ings are consistent with the hypothesis that phos-
phorus in precipitation is made more biologically
available by mild acidic hydrolysis and that acidic
precipitation is potentially alarge source of bio-
logically available phosphorus to the Great L akes.

Inland Fisheries and
Reservolr Management

GAINESVILLE NATIONAL FISHERY
RESEARCH LABORATORY

The mission of the Gainesville National Fishery
Research Laboratory is to conduct a national re-
search program on exotic species that are estab-
lished in the Nation's waters or are likely to become
established in the future, and to evaluate the po-
tential beneficial or harmful characteristics of fish
that are being considered for release.

A recent national survey supported by the L ab-
oratory revealed that 39 species have established
breeding populationsin U.S. waters. These fish,
under consideration for aquaculture, sport fishing,
weed control, insect control, or aquarium use,
escaped or were purposely released into open
waters. An additional 59 exotic fish species that
have not established self-sustaining popul ations
have also been taken from these waters. None of
the species were environmentally evaluated before
introduction. The Gainesville Laboratory is pre-
paring a protocol or set of procedures to serve as
guidelines in evaluation of the potential beneficia
or harmful characteristics of exotic species before
they are introduced into open water environments.

A Service contract with James Deacon, Univer-
sity of Nevada, supported a detailed survey to deter-
mine the distribution, status, and impact of exotic
fishes in southwestern United States from Cali-
forniato Texas. A total of 41 exotic species were
taken from open water environments;, of these, 12
are now established, 5 are possibly established, 6

The grass carp (above) and the grass carp x bighead carp (below)
are exotic forms now being studied throughout the United States
for use as weed control agents. Photo by J. A. McCann.

A typical unsorted seine haul of exotic fishes— mainly Mozam-
bique tilapia (all of the larger fish shown), spotted tilapia, and
black acara— established in the canal systems of southeastern
Dade County, Florida. Only afew native fish—probably
bluegills — are shown. The rule at center foreground is 14 inches
long. Photo by R. S Dial.
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have localized populations, and 11 others have been
taken at least once from open waters. At least six
tilapia species or their hybrids have devel oped sig-
nificant populations in the lower Colorado River.
The effect on native fishes of established tilapia
populations in the lower Colorado River, the Salton
Sea, and along the southwestern coast of California
is unknown, but of concern to fishery biologists.

Floridais particularly susceptible to the introduc-
tion of exaotic fish species because of its subtropical
climate, extensive environmental disturbance, and
abundance of ornamental aguarium fish farms. The
blue tilapiais an exotic cichlid of paramount con-
cern in Florida. It now has the most extensive dis-
tribution of the exotic fish species established in the
State, having already invaded at least 23 counties.
It is capable of attaining high densities and has been
implicated as being detrimental to native fishes. Re-
search on the biology of this speciesisimperative
to predict its potential range, understand its ecol-
ogy, and evaluate its effects on native fishes.

The thermal biology and life history of the blue
tilapia were investigated, as were some of the eco-
logical concerns posed by the species. The fish sur-
vived water temperatures of 12°C indefinitely
(> 60 days), but died in an average of 15 days at
10°C, 8 days at 8°C, and 1 day at 5°C. Sdlinity had
little effect on the lethality of low temperatures.
Blue tilapia moved into warmwater runs of a steno-
thermal spring in winter, reaching peak abundance
there in December, when temperatures in non-
spring waters were at their annual minimum. Repro-
ductive activity of this multiple-spawning species
peaks during summer. Scales and otoliths were col-
lected from several hundred blue tilapia taken
throughout the year for age and growth analyses.
Experiments were conducted on the trophic biology
of the species, competition for nesting sites between
it and native centrarchids, and its suitability as for-
age for native piscivorous fish species.

LA CROSSE NATIONAL FISHERY
RESEARCH LABORATORY

Development of Fish Control Methods. Salicy-
lanilide |
nitrosalicylanilide) has been shown to be highly
toxic to fish under awide variety of conditions and
to detoxify rapidly. Tests for efficacy and degra-
dation rates were conducted in small pondsin cold
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and warm water, clear water, and water contain-
ing heavy blooms of planktonic algae and crusta-
ceans. Concentrationsof 50to 70 . (ppb) were
effective against most species of fish under all con-
ditions tested. Common carp and bullheads were
among the more sensitive species but bowfins, gars,
and gol dfish were uncommonly resistant and sur-
vived exposure to more than twice the concentra-
tion that killed other species. The chemical degraded
dlightly faster in clear water than in turbid water,
suggesting that sunlight may accelerate the rate of
degradation. Degradation rates also were somewhat
faster in warm water than in cold water. Degrada-
tion became evident after aslittle as 6 hours and
was usualy completein less than 36 hours. If fav-
orable results continue in other tests, Salicylanilide |
should be a viable candidate fish toxicant.

Antimycin Residue Detection. Antimycin, aregis-
tered fish toxicant, has been used by fish managers
for total reclamations of natural waters, aswell as
for some selective fish removals. The chemical is
used at very low concentrations, from 10 ppb to less
than 1 ppb. In the past, these concentrations were
not analytically detectable. The development of
analytical procedures to determine minute quanti-
ties of antimycin residuesin fish tissues was pur-
sued at the La Crosse Laboratory.

High performance liquid chromatography was
used for the separation and quantitative determina-
tion of fluorescent derivatives of the piscicide. The
method is sensitive and specific for antimycin and
gives arecovery greater than for fish tissue
samples fortified with the piscicide at concentrations
aslow as 0.45 This method will make it pos-
sible to determine residue dynamicsin fish after ex-
posure to antimycin and to follow possible accumu-
lation in nontarget organisms or in the environment.

Rotenone Residues. The continued registration
of rotenone as a fish toxicant requires determina-
tion of the persistence of rotenone residuesin fish
tissues and in other portions of the aguatic envi-
ronment. A rapid high performance liquid chroma-
tography method has been developed that enables
the detection of aslittle as 0.005 mg/L of rotenone
in water. The analysis of treated water to determine
concentrations applied and to follow dispersion pat-
terns can be done rapidly and will make it possible
to monitor persistence of the compound in the envi-
ronment.

A high performance liquid chromatography
method has also been developed for the analysis of
rotenone residues in fish. Rotenone residues as low
as0.02 can be detected in fish muscle samples



This rainbow trout has been surgically prepared for the injection of radiolabeled rotenone into the dorsal aortafor studies to
determine distribution and elimination. Photo by L. L. Marking.

after the extracts are cleaned up by silica gel
chromatography. Recoveries of rotenone from fish
tissue fortified with 0.05 to 2.0 Ag/g ranged from
84 to 93%. Muscle tissue of channel catfish and
largemouth bass exposed to 0.1 mg/L of purified
rotenone until they were moribund or dead con-
tained 0.084 and 0.078 respectively. Muscle
tissue of channel catfish, largemouth bass, bluegills,
and redear sunfish exposed to 2.0 of Noxfish
(5% rotenone) until they were moribund or dead
contained 0.067, 0.065, 0.067, and 0.072 of
rotenone, respectively. The method is practical and
will make it possible to continue research on the en-
vironmental fate of rotenone after its application
to natural waters.

Tissue and Subcellular Distribution of Rotenone
in Rainbow Trout. Rotenone is extremely toxic to
fish and isimportant in fishery management as a
general fish toxicant. As part of efforts to ensure
that rotenone is an environmentally safe chemical,

the Fish and Wildlife Serviceis currently conduct-
ing a series of studies to support the registration of
this compound with the U.S. Environmental Pro-
tection Agency.

To evaluate the relative tissue and subcellular dis-
tribution and elimination of rotenonein arepre-
sentative tel eost, we administered radiol abeled
rotenone to adult rainbow trout through a dorsal
aortic canula. Samples of blood, bile, excreta, and
selected tissues were collected from groups of fish
at times ranging from 1 to 72 hours. Samples were
oxidized to **CO, and activity was quantified by
liquid scintillation counting.

Elimination of rotenone from the body occurred
in two discrete phases, an initial rapid phase having
an estimated half-life of about 8 hours and a slower
secondary phase having a half-life of 70 hours.
Greatest relative tissue activities were found in tis-
sues that are highly dependent on aerobic metabo-
lism (atrium and ventricle of the heart, lateral line
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red muscle). Activity was intermediate in most soft
organs and was lowest in mature gonads from both
sexes. Results of subcellular fractionation studies
of four tissues (white muscle, red muscle, liver, kid-
ney) revealed that more than half of the activity was
associated with the mitochondrial fraction and
lesser amounts with the nuclear, microsomal, and
supernatant fractions. The results of these studies
indicate that, although rotenone is readily accumu-
lated in tissues that are highly dependent on aerobic
metabolism, it is eliminated from all body compart-
mentsin arelatively short time. The relatively rapid
elimination of rotenone from fish tissue supports
the contention that rotenone is an environmentally
safe chemical.

Fish Control in Garrison Diversion. A plan to
divert water from the Missouri River watershed into
the Red River system, which flows into Canada, has
been devel oped by the U.S. Bureau of Reclamation.
Known as the Garrison Diversion, this plan would
provide water for agricultural and industrial pur-
poses throughout a large part of North Dakota and
would enhance fish, wildlife, and recreational re-
sources. Canadian officials have expressed concern
that certain species of fish that are not present in
their waters may immigrate through the diversion
and become established despite mechanical barriers
already incorporated into the system. The species
causing the objections are gizzard shad, rainbow
smelt, common carp, and Utah chubs.

Under a Cooperative Agreement with the Bureau
of Reclamation, the La Crosse L aboratory tested
various chemical toxicants that might be effective
for controlling eggs and larval forms of the problem
fish species. Candidate chemicals included acrolein,
sodium cyanide, sodium fluoride, sodium nitrite,
ammonium chloride, calcium hypochlorite, potas-
sium permanganate, and rotenone. Eggs and larvae
of rainbow smelt were exposed to the chemicalsin
standardized |aboratory tests to determine the

(concentrations cal culated to produce
mortality). All of the candidate chemicals proved
toxic to eggs and larvae, but eggs were consistently
more resistant than larvae. Three of the chemicals —
calcium hypochlorite, potassium permanganate,
and rotenone—showed good potential for usein
solving the problem because low concentrations
were effective and there was little differencein the
concentrations required to eliminate either life
stage. Chlorine (from calcium hypochlorite) de-
stroyed eggs and larvae at 0.3 mg/L and its toxicity
was least affected by water temperature, hardness,
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and pH. Toxicities of potassium permanganate and
rotenone were |less consistent and were influenced
more by water characteristics.

Bar Formulation of Lampricide. A soluble bar
formulation of the lampricide TFM

continued to show a high
degree of effectiveness against larval sealampreys
in small streams. The bars consist of TFM incor-
porated into a water-soluble matrix. Each bar treats
0.5 cfs of water at a concentration of 1 ppm for
8 to 10 hours, depending on water temperature.
Field trials were conducted in atributary of the
Sturgeon River in Upper Michigan. In the first treat-
ment, the bars were placed in alocation where the
current velocity was 0.35 foot per second. The bars
dissolved in 6 hours instead of the predicted 8 hours
and failed to maintain alethal concentration for the
required length of time in the lower reaches of the
stream. When the stream was re-treated, the bars
were placed et a site where the velocity was only
0.2 foot per second. This treatment provided the
proper concentration for the required time and re-
sulted in the elimination of larval sealampreys. The
field trials have shown that the application point
must be carefully chosen and limited to sites where
water velocities are 0.2 foot per second or less. All
field trials in which such sites have been used have
resulted in total kills of sealampreys.

An application is being prepared for registration
of this new type of formulation by the Environ-
mental Protection Agency. The bar formulation is
expected to result in substantial reductions of man-
power formerly expended in monitoring of me-
chanical pumps for application of the lampricide
inliquid form.

Binding of TFM by Soil. Soil binding (adsorp-
tion/desorption) studies were run to help determine
the environmental fate of the lampricide TFM and
its metabolites. The potential for TFM to become
bound to sediments not only affects the efficacy of
the chemical but also its availability to nontarget
organisms.

The adsorption of **C-labeled TFM and one of
its metabolites (reduced TFM) was evaluated against
bottom sediments from the Cedar, Ford, and Tah-
quamenon riversin Michigan. Reduced TFM was
more strongly adsorbed to the sediments than TFM,
and its binding was influenced little by pH. How-
ever, TFM was more than 5 times more strongly ad-
sorbed to sediments at pH 6 (un-ionized) than at
pH 9 (ionized). Silty sediments adsorbed signifi-
cantly more of each chemical than did sandy sedi-
ments.



Development of Methods for Sterilizing Spawning-
run Sea Lampreys. The Great L akes Fishery Com-
mission has endorsed the development of an inte-
grated sealamprey control program that will include
continued application of selective larvicides where
appropriate, plus other methods that may prove
effectivein attaining the desired level of sealamprey
control. A control method now being developed and
evaluated at the Hammond Bay Biological Station
involves the release of artificially sterilized, sexually
mature male sea lampreys into streams containing
spawning populations of lampreys. In principle,
these sterile males compete successfully with fertile
males for mates, thereby reducing the reproductive
success of the spawning population. A basic require-
ment for the successful application of the technique
of releasing sterile malesis the development of a
method of inducing sterility without serious adverse
effects on the mating behavior or competitiveness
of the males.

Laboratory tests have shown that bisazir

amide)
sterilizes lampreys; however, it is a mutagenic com-
pound and is considered to be a potential human
health hazard. Studies with labeled (radioactive)
bisazir at the La Crosse Laboratory showed that
residues of the chemical declined rapidly within a
few days after treatment, but that quantities of
radioactive residues remained in tissues for up to
10 days.

Evaluations of several other chemicals were
largely unsuccessful. The injection of male sealam-
preys with adose of 1,000 mg/kg of methallibure,
achemical inhibitor of pituitary activity, or immer-
sion in a 1,000-mg/L suspension of methallibure,
for 24 hours had no sterilizing effect. Immunologi-
cal and radiological methods of sterilization offer
certain advantages over chemosterilization because
neither method involves the use of chemicals that
would have to be registered. However, antisera
(made in rabbits) to antigens derived from lamprey
sperm injected into male lampreys had no sterilizing
effect.

Lampreys exposed to various doses of cobalt-60
and cesium-137 were partly sterilized. Theirradia-
tion technique may ultimately be useful if 100%
sterility can be achieved and if further tests show
that the treatments have no adverse effects on
lamprey spawning behavior and competitiveness.

Water Chemistry of the Upper Mississippi River
and Some Tributaries. Water quality monitoring
provides important information for evaluating the
effects on river systems of such factors as

dredging, barge fleeting, construction, wetland
development, agricultural practices, urbanization,
and industrial waste discharges. Water chemistry
characteristics have been monitored in selected
tributaries and at sites on Navigation Pool 7 and
in the upper end of Pool 8 of the Upper Mississippi
River since January 1972. Sampling sites include
two on the Mississippi River, three on the Black
River, one on the La Crosse River, one on Half-
way Creek, and one on L ake Onalaska.

Several characteristics have demonstrated sea-
sonal trends. Nitrate is generally lowest in summer,
especially during August; however, nitrite is high-
est in summer. Ammonia concentrations are high-
est during winter, especially during periods of heavy
ice and snow cover. Total phosphate is slightly lower
in winter but is significantly elevated during August.
Dissolved oxygen concentrations drop slightly dur-
ing warmer periods, but generally remain between
75 and 100% of saturation. The greatest differences
among years were observed during spring and could
be related to periods of flooding. Annual changes
in the overall water quality at any of the sites were
usually small during the 10-year study period.

Probably the most critical problems observed
during the study were excessive loads of suspended
solids and nutrients, both of which contribute to
accelerated eutrophication. Data devel oped through
this monitoring can be used to identify detrimental
effects on the resource and should reflect improve-
ments as these impacts are mitigated.

Fish Abundancein the Upper Mississippi River.
Fish density, diversity, and species composition are
known to differ in the various habitats of the Upper
Mississippi River as aresult of physical character-
istics and biological requirements. Backwaters, side
channels, and the main channel in Pool 7 were sam-
pled to identify the species and determine the abun-
dance of fish in these habitats.

Paired hoop nets and experimental (graded-mesh)
gill nets were set simultaneously in the three habi-
tats at 2-week intervals from February to August.
Each set was checked after 24 hours, numbers were
recorded, and fish were released. A total of 36
species were captured in 26 net sets. Twenty-four
species and 14% of the total number of fish were
collected from the main channel, 30 species and
33% of the total from side channels, and 28 spe-
cies and 53% of the total from backwaters. Among
the sport fishes, northern pike and black crappies
were most abundant in backwaters; northern pike
and rock bass in side channels; and rock bass,
saugers, and yellow perch in the main channel. The
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Structures (dark lines) visible in the cleared and stained head of
alarval northern pike illustrate the characters used to identify
larval fishes. Photo by L. E. Holland.

most frequently caught species were not limited to
aparticular habitat, although the difference in num-
bers and speciesin the three habitats were signifi-
cant.

Larval Fish Assemblages Associated with Various
Border Habitatsin the Upper Mississippi River.
Border habitats or "edge" areas provide the great-
est diversity and abundance of flora and faunain
most ecosystems, especially lotic systems and par-
ticularly for larval fishes for which shore and lit-
toral zones are important nursery areas. Previous
studies have shown that larval fishes are surprisingly
abundant in main channel border habitats of the
Upper Mississippi River. Commercial navigation
directly affects these border areas and therefore may
significantly affect the survival of alarger portion
of larval fishes than previously believed. However,
few base-line data are available on which to judge
the overall effects of navigation on recruitment. A
study was begun in spring 1982 to determine the spe-
cific kinds of border habitats that maintain specific
populations of larvae. The physical and chemical
characteristics of the study areas were analyzed for
their role in attracting larval fishes.

The abundance of larval fishes did not appear to
be influenced by the type of border sampled.
Catches from riprapped areas, dredge spoil, un-
altered borders, or borders with submerged river
training structures did not differ significantly. How-
ever, significantly more larvae were seen at sta-
tions that received flow from nearby backwater
areas. Catches at stations receiving sediment-laden
tributary waters were drastically lower. Species-spe-
cific analyses may provide more detailed informa-
tion on differences between border habitats.

There are significant indications that most main
channel border areas can be treated asa unit in an
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Fish eggs reared in the laboratory are useful for identifying age
and species of specimens collected in the field. Thisyellow perch
embryo is about to hatch. Photo by L. E. Holland.

analysis of the effects of river traffic on larval
fishes. Most importantly, it is evident that the
integrity of backwater areas must be maintained to
guarantee larval recruitment into the main channel,
and that study of the backwaters and their asso-
ciated downstream main channel border sites should
be emphasized.

Guideto Early Life History of Fishesin the
Upper Mississippi River. Increasesin commercial
navigation and recreational use of the Upper Mis-
sissippi River have made it necessary to manage
fisheries in the system more intensively. One of the
major gaps in information needed for such manage-
ment is related to specific spawning habitat require-
ments, nursery site identification, and early life his-
tory needs of commercial and sport fishes. Both
State and Federal interestsin the river have agreed
that without a basic understanding of the factors
that affect recruitment into exploited fisheries of
the area, efficient resource management is unlikely.
One specific high-priority need was for the devel op-
ment of aregional guide to the identification of lar-
val fishesin various stages of development.

Literature and field data have been analyzed to
compile the information in the form of aguide to
the early life histories and identifications of larval
fishes common to the Upper Mississippi. The guide
includes descriptions by family, with accounts on
distribution, general morphology, and larval char-
acteristics. Species descriptions include adult char-



acteristics, distribution, and ecology. An easily ac-
cessed outline of spawning sites, season, tempera-
ture, and substrates, as well as of egg, larval, and
juvenile characteristicsis provided. Availableillus-
trations from previously published studies and new
photographs of osteological structures are included.
In addition, analyses of cartilage and bone devel op-
ment have been used to identify species that were
previously unidentifiable by traditional meristic and
morphometric methods.

Relative Plasma and Packed Red Cell Volumes
in Two Strains of Rainbow Trout. The toxicity of
many chemicalsto fish can be partly explained by
the manner in which chemicals are distributed to
and accumulated in specific tissues. These processes
are influenced by the relative volumes of blood in
the individual organs and tissues and the rate at
which they receive blood from the heart. Knowledge
of the relative blood volumes of specific tissuesis
therefore important in understanding how chemi-
cals are distributed within the various body com-
partments of an animal.

The relative body masses of 21 tissues and organs
were established for two important hatchery strains
of rainbow trout (Kamloops and Wytheville). In
addition, the relative total blood volume, packed
red cell volume, and plasma volumes were deter-
mined for 15 tissues within the two strains by the
simultaneous injection of a suspension of "Cr-
labeled trout erythrocytes and serum
albumin into the dorsal aorta of surgically prepared
animals.

Significant differences were found between the
strainsin 9 of 22 relative tissue and organ weights
and in therelative total blood volume and plasma
volumes for 5 of 15 tissues. The mean relative brain
weight of the Wytheville strain was twice that of
the Kamloops strain, but the relative weights of the
kidney, small intestine, spleen, and white muscle
were significantly greater in the Kamloops variety.
Differences between strains in relative total blood
and plasma volumes were most obvious among tis-
sues having a high volume of blood, such as the an-
terior and posterior kidney, liver, stomach, and
small intestine. The relative volume of blood in the
lateral line red muscle of the Wytheville strain was
1.5 times greater than that in the Kamloops.

These observations indicate that significant dif-
ferences exist in the relative size of organs and the
relative volume of the vascular space in the same
tissues or organs from different strains of fish. The
results of these studies demonstrate basic physio-
logical differences between strains that may in-

fluence the manner in which environmental con-
taminants, therapeutic agents, and fishery manage-
ment chemicals affect different species.

M alachite Green: Detection of Residues and
Search for an Alternative Fungicide. Malachite
green has been used in fish culture for many years
to control fungal infections on fish and fish eggs.
Control of pathogenic aquatic fungi is essential in
fish culture operations. In the development of data
to support the registration of malachite green, mam-
malian safety tests showed that the chemical has the
potential to cause birth defects. Thisfinding greatly
decreased the possibility of obtaining aregistration.

As part of the continuing study of malachite
green, we attempted to develop methods for the de-
tection of the chemical in tissues of treated fish and
to improve methods for its detection in water. The
chemical produces color in solution with maximum
absorbency at 615 nm. Muscle tissues can be ex-
tracted with ethyl alcohol, formalin, and acetic acid
(85:10:5) and residues measured by colorimetry.
This method is selective, specific, and sensitive for
mal achite green, and should be useful for devel op-
ing information on residues of this therapeutant.

Rainbow trout exposed to 0.1 mg/L of malachite
green for 24 hours were placed in fresh water and
sampled and analyzed during 144 hours of with-
drawal. Residues as high as 2 in the muscle
of fish immediately after the exposure had declined
to an apparent residue of 0.5 after 144 hours
of withdrawal. Untreated control fish showed a
"background" reading of 0.3

In a search begun for new fungicides to replace
mal achite green for use against aguatic fungi, we
tested nearly 40 chemicals (mostly agricultural
fungicides) in vitro by applying solutions to agar
plugs containing actively growing aquatic fungi.
The activity of each chemical was compared with
that of malachite green. One promising chemical,
Du-ter, which showed a high degree of activity
against fungus cultures, was subjected to more
definitive testing against fungal growths on live
rainbow trout eggs. Du-ter controlled the fungus
but proved to be highly toxic to the fish eggs. The
lowest concentration tested (1 mg/L) caused nearly
50% mortality of the eggs.

Prepar ation of Hyamines and
Analysisfor Presence of Nitrosamines. Quaternary
ammonium compounds (Hyamine 1622, Hyamine
3500, and Roccal) are widely used disinfectants and
are needed in fish culture for the control and pre-
vention of diseases. As part of regulatory require-
ments, the persistence of residues of applied chemi-
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calsin tissues of exposed fish must be determined.
In addition, metabolism studies are required to
determine the distribution and fate of the chemical
in fish. We prepared '*C-labeled Hyamine from
commercial Hyamine for use in the development of
residue detection methods and metabolism studies.

Inasmuch as quaternary ammonium compounds
are potential precursors for the formation of nitro-
samines (chemical carcinogens), we analyzed sam-
ples of commercial Roccal, Hyamine 1622, and
Hyamine 3500 by gas chromatography for the
presence of nitrosamines. The samples showed no
detectable contamination with nitrosamines. The
absence of nitrosaminesin commercial samples of
these therapeutants alleviates concern about the use
of quaternary ammonium compounds in fish cul-
ture.

Anestheticsfor Fish. Anesthetics are used by fish
culturists in the handling of brood stock salmon
during sorting of the fish and during spawn taking.
Unfortunately, all currently used anesthetics leave
residues in treated fish. Because of the residues, the
Food and Drug Administration does not permit the
use of the carcasses of spent fish for animal feed.
Data have been developed that indicate that it
should be possible to reduce the withdrawal period
after use of MS-222 from 21 days to about 72
hours. A submission to Food and Drug Administra-
tion requesting this change is nearing compl etion.

Benzocaine has been suggested as an alternative to
MS-222. It is an effective anesthetic for fish but few
data are available on residues in fish after they are
exposed to the anesthetic. Rainbow trout were ex-
posed to 50 mg/L of benzocaine for 15 minutes,
transferred to anesthetic-free water for withdrawal,
and sampled periodically during 24 hours of with-
drawal and analyzed by colorimetry and gas chro-
matography for residues of the anesthetic. Residues
of benzocaine were detectabl e (above background
readings) by colorimetry in fish after 4 hours of
withdrawal and by gas chromatography in fish with-
drawn from the anesthetic for 8 hours. These re-
sults suggest that benzocaine presents residue
problems similar to those posed by MS-222.

Official Registration of Formalin. On 9 April
1982 the Food and Drug Administration (FDA) ac-
cepted Fish and Wildlife Service (FWS) data sub-
missions as adequate evidence that fishery uses of
formalin were effective and did not pose a signifi-
cant hazard to human health or to the environment.
Thisruling cleared the way for private industry to
file submissions that would permit them to label and
sell formalin for fishery uses as a parasiticide and
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fungicide. The net effect of the FDA ruling is that
fish culturists can legally use formalin but commer-
cial firms must go through a procedure of register-
ing with FDA before they can label and sell
formalin specifically for fishery uses. A number of
firms are now investigating the potential market in
response to the Service's announcement of the FDA
ruling.

Formalin has been known to fishery workers
since 1909, when it was used to control parasites
on rainbow trout. In time, the compound became
the most widely used chemical in the treatment of
fish disease because of its versatility and effective-
ness. Use of the drug was lawful until the Federal
Food, Drug, and Cosmetic Act was amended in
1972 to require registration of all drugs and chemi-
cals used on food animals.

The registration of formalin culminates 9 years
of effort by FWS to comply with FDA require-
ments. Formalin-related research has been guided
by the La Crosse Laboratory. Studies were designed
to answer a broad range of questions about the pos-
sible drawbacks of its use. Potential side effects that
were ruled out included birth defects, cancer, and
chromosomal damage that could cause mutants.
Other research concerned the amount of residue in
treated fish, the compound's effects on plants, and
chemical interactions with pollutants and other
products in the water. No test showed that formalin
was unsafe or ineffective when used as directed. As
part of its effortsto get formalin registered as afish
disease control agent, the Service drafted instruc-
tionsfor its use that manufacturers can include on
package inserts and labels.

With this registration, formalin can be lawfully
used by Federal, State, and private fish culturists
to control parasites of trout, catfish, salmon, large-
mouth bass, and bluegills, and to control fungal in-
fections on the eggs of salmon, trout, and pike.

Negotiations with the Environmental Protection
Agency Regarding Rotenone. Officials of FWS and
the Environmental Protection Agency (EPA) met
on 16 June 1982 to discuss the remaining studies
and data requirements to support reregistration of
rotenone. Before rotenone can be reregistered, the
research done must satisfy the concerns of four
branches of EPA: Ecological Effects, Environ-
mental Fate, Toxicology, and Residue Chemistry.

The Ecological Effects Branch suggested that
FWS formally submit basic data and request acces-
sion numbers and validation of these data. The
Branch indicated that data now available may be
adequate to support an application for awaiver of



certain studies, but that the data must be provided
for evaluation. The Environmental Fate Branch
stated that the studies completed and in progress
should meet its basic requirements. Available data
and rationale may also be sufficient to support FWS
requests for waivers for studies concerning irrigated
crops, field accumulation, water dispersal, and field
dissipation in nontarget organisms. The Toxicology
Branch stated that the mammalian safety studies
completed and in progress on rotenone should meet
its basi c requirements. The Residue Chemistry
Branch indicated that further consideration of the
use pattern of rotenone and the amount of prelimi-
nary data regarding residues, metabolites, and
mammalian safety data may warrant issuance of a
waiver for a study of metabolism in goats originally
required.

The Fish and Wildlife Service agreed to officially
submit copies of completed studies on ecological ef-
fects, environmental fate, and mammalian safety,
for assignment of formal accession numbers and for
validation by the respective branches. The Service
submitted copies of completed studies on the eco-
logical effects of rotenone on birds, fish, and in-
vertebrates to the official files at the EPA, with the
request that these studies be assigned formal acces-
sion numbers and validation by the Ecological
Effects Branch of EPA.

Negotiations with the Environmental Protection
Agency Regarding TFM. An update of the regis-
tered label for TFM was requested by EPA in Feb-
ruary 1982 to meet current registration require-
ments. The supplemental label that covered the
combined use of Bayluscide-Lamprecid (the new
registered name for TFM) was incorporated into the
draft label. The Service has received verbal con-
firmation from EPA that the draft label submitted
on 20 May 1982 is acceptable.

On the basis of data provided by the La Crosse
Laboratory, EPA established the following toler-
ances for TFM: 0.05 ppm in potable water, 0.1 ppm
in milk and meat, and 20 ppm in fish.

Dimethylformamide (DMF), when used in for-
mulations of TFM, now has an exemption from a
requirement of atolerance. Thisruling, issued by
the EPA on 10 March 1982, removes one of the last
barriers to the establishment of tolerances for TFM
in potable water, fish, meat, and milk. A teratology
study in a second mammalian species begun in fiscal
year 1982 should complete the requirements of
EPA.

The La Crosse Laboratory submitted a Canadian
TFM photodegradation study to EPA for review

to determineiif it would meet requirements for data
on environmental fate. Further information was re-
quested by EPA, which we hope to obtain from the
Canadian investigators.

Report of the Technical Advisory Group on
Fishery Chemical Needs. The 1982 report of the
Technical Advisory Group for fishery chemical
needs in FWS was completed. Although the 48
chemicals listed in this report do not reflect asig-
nificant change from 1980, the order of priorities
has changed. Primary emphasisin 1982 was on
needs for chemotherapeutic agents (antibiotics,
antibacterial drugs, sanitizing compounds) and
parasiticides. In 1980, priorities indicated the need
to have at least one registered chemical or drug for
use in meeting problems in each major category.

Of the top 30 compounds listed in 1980, 15 now
have FDA or EPA registrations for aquatic or fish-
ery uses. Thirteen of the compounds on the 1982
list (many of which appeared on the 1980 list) also
are approved for fishery or aquatic uses. Some of
the repeat listings of compounds already registered
reflect a desire on the part of fish culturiststo use
chemicals for purposes other than those specified
on the label. If acompound has a GRAS ("generally
regarded as safe") classification, there is no need
to register fishery uses. Unless the new or added
purpose represents a major use that is significantly
different from the labeled use, there should be lit-
tle need to invest funds and manpower to obtain
anew label.

The major subjects of concern include the fol-
lowing: viricide to disinfect the external surface of
eggs (povidone-iodine compounds), fungicide to re-
place malachite green, control for bacterial gill
disease (Hyamines), control of bacterial kidney
disease (erythromycin), control of enteric redmouth
disease (R05-0037), and resistance of disease
organisms to chemotherapy.

Commentson Threshold Assessment and Target
Animal Safety Guidelines. The Division of Fishery
Research of FWS provided comments to FDA on
"Criteria and procedures for evaluating assays for
carcinogenic residues: Guidelines for threshold
assessment.” The Service suggested that FDA not
finalize the guidelines at thistime, but extend the
comment period to end at the same time as the com-
ment period for the "sensitivity of the methods" pro-
cedures. Otherwise the threshold assessment guide-
lines will have undergone publication, review, and
approval before draft guidelines on sensitivity of
methods are ready. The Service contended that both
sets of guidelines must be considered together to
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Research requires fish that are free of stresses that may be caused by problemsin the water supply. These column aerators devel oped
at the La Crosse National Fishery Research Laboratory are highly efficient for producing nitrogen and oxygen levelsthat are

suitable for fish culture and testing. Photo by T. D. Bills.

develop alogical and workable system.

The Service asked FDA to consider establishing
two sets of guidelines regarding permissible residue
levelsin cultured fish. One set would apply to juve-
nile fish produced in hatcheries for release in natural
waters, where they eventually grow to the size har-
vested by anglers and commercia fishermen. The
other set would establish separate tolerances or
withdrawal periods for cultured fish reared to mar-
ketable size for human consumption. In addition,
FWS requested that a correction factor for the resi-
due score for fish be established and that it should
be similar to that for beef, pork, sheep, and poul-
try where various tissues and muscles are consid-
ered. The correction factor should represent the per-
centage of fish as compared with the percentage of
major food animal species consumed in the Ameri-
can diet.

The Service requested that FDA formulate test-
ing guidelines to aid sponsors of fishery chemicals
in developing protocols for experiments to satisfy
FDA animal safety requirements for drugs used to
treat fish, and also asked FDA whether the draft
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guidelines recently revised by FWS on the safety and
efficacy for food fish are sufficient to meet the Tar-
get Animal Safety Guidelines for New Animal
Drugs, and the General Food Safety Provisions of
the act as they relate to toxicity.

These changes should provide a more realistic set
of guidelines to govern minor-use drugs and chemi-
cals.

Supersaturation in Well Water. Nitrogen gas con-
centrations in well water at the La Crosse Labora-
tory range from 130 to 140% of saturation. The
high nitrogen content causes gas bubble disease in
some fish species and stress in others. Various
aeration methods were investigated initially with
only partial success. A vacuum degasser was in-
stalled soon after the Laboratory was put into
operation. That system effectively removed nitro-
gen gas but also decreased the oxygen to critical
levels. A search for methods to alleviate the problem
led to an evaluation of column aerators and a com-
parison of alternatives.

The column aerators and the vacuum degasser
were compared to determine the efficiency of the



two systems separately and in combination, to
determine their effectiveness for producing water
suitable for culturing fish, and to evaluate cost fac-
tors and energy consumption.

The degasser, the column aerator, and the com-
bined systems effectively reduced nitrogen gas from
about 133% to near 100% of saturation. However,
the vacuum degasser also decreased the dissolved
oxygen from 27 to 22% of saturation, whereas
column aerators increased the oxygen level to over
91% of saturation. The vacuum degassing system
has been abandoned in favor of column aerators
because they are easy to construct, are reasonably
inexpensive, require little maintenance, consume no
energy other than head pressure, and are highly effi-
cient for altering concentrations of nitrogen and
oxygen to levels suitable for fish culture.

The principle of aeration columnsisideal for
treating water used for fish cultural purposes be-
cause oxygen is more soluble than nitrogen in water.
The process corrects disequilibrium and causes both
gases to stabilize at near 100% saturation.

Water-stable Diet for Aquatic Invertebrates.
Many kinds of aquatic invertebrates are used in fish-
ery research. Suitable diets are needed for the cul-
ture of aguatic invertebrates used for assessing
physiological effects and potential environmental
impacts, and to provide food for culturing young
fish. Such preparations must support growth and
reproduction, should not adversely affect water
quality, and should be water stable to accommodate
slow and intermittent feeders. Since most organisms
require at least daily feeding, it would be more con-
venient to incorporate nutrients in a binder that
would disintegrate slowly and provide nourishment
for several daysto aweek.

A diet was prepared in liter of water with the
following components (amounts in grams): Trout
Chow, 35; dehydrated alfalfa, 15; Pervinal vita-
min-mineral tablets (crushed), 4.5; and leaves of
sugar maple, 10. The nutrient mixture was heated
to 75°C for 5 minutes with stirring, and then 30 g
of Difco Bacto-agar were slowly added, with con-
stant stirring to prevent lumping of the agar. The
resulting mixture was poured into aflat pan and
cooled in arefrigerator at 4°C. The gelled cake was
cut into bars of appropriate size to provide food
for the invertebrates for several days.

The diet was fed to amphipods, snails, caddisfly
nymphs, and crayfish. The organisms survived and
grew in fiberglass tanks for up to 1 year in flowing
water at 12°C. Amphipods and snails reproduced
while on the diet. The preparation remained stable

for 1 week in water at 12°C and provided a con-
stant source of food for benthic organisms that feed
slowly and intermittently.

LEETOWN NATIONAL FISHERIESCENTER

The National Fisheries Center directs programs
of the National Fish Health Research Laboratory,
Fisheries Academy, and other components at L ee-
town; the Tunison Laboratory of Fish Nutrition,
Cortland, New Y ork; the Fish Farming Experi-
mental Station, Stuttgart, Arkansas; the Southeast-
ern Fish Cultural Laboratory, Marion, Alabama;
and the National Fishery Research and Develop-
ment L aboratory, Wellsboro, Pennsylvania.

Among the activities at L eetown components not
reported separately in the accounts that follow, the
Center's Fish Genetics Section conducted the second
national survey of trout brood stocks used by State
fish management agencies during the year. This
partly completed survey has identified different
trout strains that are being used in State fishery pro-
grams with production information on each strain
that includes breeding history, disease tolerance,
stress tolerance, hatchery performance, and (to
some extent) field performance. Nineteen States
have reported 108 brood stocks divided among five
species: 43 rainbow trout, 18 brook trout, 18 brown
trout, 23 cutthroat trout, and 6 lake trout. The first
edition of the Trout Strain Registry was distributed
to fishery managers during the year. Studies to eval-
uate the relative potential of strain crossing and in-
bred line crossing as breeding methods for produc-
ing fish population that express hybrid vigor in cap-
tive and non-captive environments were continued.
These studies demonstrated that both methods are
capable of producing hybrid vigor in progeny.
Inbred line crossing offers the higher potential for
improvement in future performance, but thisim-
provement will require considerable effort and time
to be achieved. Alternatively, the strain crossing ap-
proach offers alower potential gain, but that gain
could be achieved quickly once the specific strain
combinations yielding superior performance are
identified.

The Aquaculture Production and Demonstration
Station cooperated with the West Virginia Depart-
ment of Natural Resources and the Fisheries
Academy in an accelerated growth project with tiger
muskellunge (hybrids of muskellunge x northern
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Eggs being stripped from arainbow trout at the Service's Aquaculture Production and Demonstration Station. The progeny from
individual fish are raised separately, in attempts to identify genetically superior parents that will produce future "prize catches."

Photo by H. M. Suckey.

pike). Feeding on fathead minnows as forage, fin-
gerling tiger muskellunge stocked in two pondsin
|ate June more than doubled in length in 3 months.
The highly popular Fishing Areafor the Handi-
capped, managed by the Station, posted a new sea-
son record for use, with 862 anglers fishing 3,042
hours and catching 1,129 fish. In addition, 210
handicapped youngsters who participated in a Fall
Fishing Derby caught 57 fish. Rainbow trout and
channel catfish were the predominant species
caught. The Station provided 26,497 rainbow trout
and brook trout fry, fingerlings, and adults, and
146,537 rainbow trout eggs to various Federal,
State, and private agencies and universities, prin-
cipally for research.

At the Fisheries Academy, 14 trainees completed
the Fish Hatchery Managers Course on 28 May.
Fish and Wildlife Service Director R. A. Jantzen
delivered the graduation address, which emphasized
the growing importance of aquaculturein this
country.

Nineteen short courses were presented at the
Academy on subjects such as genetics and brood
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stock selection; fish health; culture of coldwater,
warmwater, and coolwater fishes; Pacific salmon
culture; electrofishing; bio-statistics; aquatic
chemicals; nutrition; and water quality. A total of
1,334 days of training were given to 185 short-
course participants. Five contract courses were
presented. Two video training courses, "Fish
marking" and "Preparing fish for shipment to
diagnostic stations," were made available. Single
copies of each were distributed to each Regional
Office, and a brochure describing the tapes was
given genera distribution. Fourteen tapes have been
sold to non-FWS user groups.

A Heath hatching tray system, jar battery, and
catfish hatching trough have been constructed at the
Academy and used for teaching. Two closed-system
production tanks incorporating biological filters
have been constructed. New fyke nets were built and
used astraining aids. A tank pad for demonstrat-
ing various aquaculture procedures has been built
and tanksinstalled. An environmental assessment
of the impact that will be caused by the renovation
of the existing hatchery ponds was completed during



Awo Ctisi (Nigeria) and Helene Drouin (Quebec, Canada) inspect normally pigmented and albino channel catfish with instructor
Don Kuntzelman during the Fish Hatchery Managers Course at the Service's Fisheries Academy. Photo by H. M. Suckey.

the year. We propose to fill in the ponds adjacent
to the holding house to provide space for above-
ground aquaculture production systems, and to
divide the remaining ponds into smaller, more man-
ageable units.

FISH FARMING EXPERIMENTAL STATION

Developmentsin Chemotherapeutantsto Control
Fish Pathogens. Legal constraints on the use of
some chemicals and drugs, and the development of

organism resistance to others call for continuous re-
search to develop better treatment methods. A re-
placement chemical for malachite green for fungus
control is ahigh-priority need. Replicated treat-
ments of four fungicides (diquat, 25 ppm; Du-ter,
5 ppm; copper sulfate, 1 ppm; and Argentyne,
100 ppm) against a natural fungus infection on
channel catfish eggs gave promising results. The
eggs were exposed to the chemicals for 10 minutes
each day for 4 days. Diquat and Du-ter both ap-
peared to be very effective. Because of the extreme
toxicity of Du-ter to fish, however, later tests were
conducted on only diquat. Results indicated that
diquat (25 ppm) applied 3 times per day for 4 days
was apparently not toxic to eggs and seemed to be
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nearly 100% effective in preventing fungus infec-
tions. Diquat at 25 ppm for 10 minutes did not
appear to be toxic to channel catfish fry.

New Distribution Recordsfor Fish Parasites. Fish
and Wildlife Service and university researchers, in
collaborative efforts, have identified several new
fish pathogens in the United States. Proliferative
kidney disease (possibly Marteilia sp. of rainbow
trout) has been found for the first timein North
America It is agreed among the investigators that
this entity is the same as that causing this disease
in Great Britain and in Europe. Although it is possi-
ble that the disease was confused in the past with
early stages of ova of Sanguinicola in the kidney
and gills, we believe that the parasite that causes
proliferative kidney disease is new to our continent.

A lesion-producing sessile stalked peritrichous cil-
iate has been observed by aquaculturistsin the
southeastern United States for many years. It is
fairly common on the fins of channel catfish in
water reuse systems and on the fins of green sun-
fish in Arkansas. It has been diagnosed on the fins
and scales of bluegills as far away as South Caro-
linaand California. A new species and genus of a
ciliate, which now appearsidentical to our form,
was described as Heteropolaria colisarum in West
Germany in 1977. A similar parasite reported from
goldfish epizootics in Japan was identified as
Epistylis but needs to be compared
with H. colisarum. If it, too, provesto be H.
colisarum, the parasite has a nearly worldwide dis-
tribution.

Techniquefor Diagnosing the Ovarian Parasite
in Golden Shiners. The culture of golden shiners
for bait isa$70 million industry at the fish-farm
level. Culture of these fish depends on the avail-
ability of good quality brood fish from which large
numbers of eggs can be obtained. However, the
ovarian parasite Pleistophora ovariae can signifi-
cantly reduce the number of eggs obtained. The
ovaries of some fish can be so severely damaged that
the fish are sterile. Commercial fish farmers and
State and Federal hatcherymen who culture golden
shiners for bait or forage need afast, reliable
method to diagnose for the presence of the ovarian
parasite in developing brood stock. This informa-
tion can provide for the retention and sale of good
brood fish, as well as prevent the spread of this
parasite into wild populations, or to parasite-free
farms and hatcheries. Previous methods of ovarian
examination were of questionable value because it
is difficult to isolate and distinguish the sporesin
the presence of large amounts of ovarian tissue. Of
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the severa methods tested, the most promising diag-
nostic technique consisted of homogenizing 5 g of
the ovarian tissue in 40 mL of water in a Pyrex No.
7727 tissue grinder, centrifuging the homogenate in
a50-mL centrifuge tube at about 1,500 g, and
counting a diluted sample of the centrifuged pellet
on an American Optical Bright Line Hemocytome-
ter. Since the tissue is subdivided into particles
smaller than the spores, the spores show up as
round bodiesin the bright field, and thus can be
easily identified and counted.

New Findings about Endangered, Threatened, or
Exotic Fishes. khthyophonus hoferi has been found
in the brain and optic nerves of the endangered Gila
topminnow by FWS cooperators. The organism
seems to lack host specificity, occurring in many
fish species, usually marine, but experimentally has
shown host specificity. Subsequent to the Ichthy-
ophonus epizootic, large peculiar whitish lesions ap-
peared on the ventral surface and fins of humpback
chubs but no evidence of khthyophonus could be
found in the lesions. In the present situation we
found it in the brain and optic nerve of the Gila
topminnow, where the massive growth caused ex-
treme exophthalmia resulting in blindness and
finally starvation. The parasite has also been found
in the brain of the Comanche Springs pupfish, and
scattered in the viscera of razorback suckers. This
ubiquitous parasite is a threat to the attempts to
save the Gila topminnow and pupfish from extinc-
tion.

The findings of metacercariae of Ornithodiplo-
stormum ptychocheilus in the brain of Comanche
Springs pupfish is a new record.

Bothriocephal us opsarichthydis, the world-
traveling Asian tapeworm (previously known as B.
gowkongensisand B. acheilognathi), has moved on
to New Mexico to the cultured Colorado squawfish.
The infected squawfish were 13 to 16 inches long
and did not appear to be greatly harmed by the tape-
worms. It is possible that they acquire the larvae
from copepods that forage fish have recently eaten.
The Asian tapeworm is more dangerous for fry and
small fingerlings that feed on infected copepods.
Only surveillance is recommended for the time
being.

A number of interesting parasites are being iden-
tified in the exotic fishes. These fishes make up the
bulk of the aquarium fish trade, having aretail
value of about $250 million. Many of these fishes
are being cultured in the United States, but others
are being made available from foreign sources. Eu-
clinostornum heter ostormum, closely related to the



American yellow grub, has become a serious pest
of angelfish in Florida. Control measures such as
those used for yellow grubs were recommended.

Pleistophora hyphessobryconis (Protozoa: Micro-
spora), the muscle-destroying microsporan of orna-
mental tropical fishes, has been referred to us for
verification. We also received a similar, but not
identical, Pleistophora that attacks the visceral
organs. Its exact identity is not known.

Warmwater Technical Services. Reguests for tech-
nical and professional assistance increase as agua-
culture gains in importance in the United States.
Sales of dressed channel catfish are expected to in-
crease over last year; total farm level sales
would then exceed $250 million. Interest is grow-
ing in the production and sale of polyculture fishes
such as buffaloes, common carp, and Chinese
carps. With theincrease in travel costs, sales of bait-
fish for sport fishing are increasing. A narrowed
profit margin has brought about a reassessment of
techniques and procedures, and closer attention to
husbandry needs. Aquaculturists are looking to
technical assistance personnel for aid and advice.
During fiscal year 1981, Station personnel re-
sponded to 4,535 requests for extension assistance
from citizens.

The Fish Farming Experimental Station Diagnos-
tic Laboratory processed 61 referral cases of dis-
ease. These cases provide an overview of the prob-
lems confronting the aquaculturist in the United
States and abroad. Among the cases reviewed, Ich-
thyophonus hoferi continued to be important, the
latest problem involving unknown whitish lesions
in humpback chubs. Others of interest include a sec-
ond report of Myxosoma scleropercaein the eye of
yellow perch of New Y ork; a second report of a
"milk scale" organism, Myxosoma hudsonis, under
the scales of banded killifish in Maine; Myxobolus
kisutchi from the brain of spring chinook salmon;
unknown egg clusters on the skin of a gourami;
Dermocystidium from between the fin rays of
brown trout of Maine; a probable new species of
intestinal monogenean from the marine butterfly
fish; a huge new species of Myxobolus from the
brain of the Central American knifefish; the meta-
cercaria of ptychocheilus
from the brain of the endangered Comanche
Springs pupfish (a new host record); Diphylloboth-
rium cordicepslarvae from rainbow trout in Mon-
tana (a new geographical record); proliferative kid-
ney disease in Idaho rainbow trout; Bothriocepha-
lus opsarichthydis (Asian tapeworm) from Colo-
rado squawfish of New Mexico; an unknown large

ciliate attacking larval cui-ui in Nevada; and
nodulosus in fathead minnow fry in
New Y ork.

NATIONAL FISH HEALTH
RESEARCH LABORATORY

Striped Bass Studies. Preliminary results of a
study of bacterial contents of intestine, liver, and
kidneys of adult striped bass from Long Island and
the Hudson River indicated that the same types of
bacteria were predominant in fish from both loca-
tions. Determinations are being made of seasonal
variations in numbers and types of bacteria. Experi-
ments are also being conducted on the effects of a
metal mixture of lead, mercury, zinc, and cadmium
(al common environmental contaminants) in pre-
disposing striped bass to infection with bacteria that
are known to infect these fish. Experiments com-
pleted to date indicate that the metals protect the
fish, rather than predispose them to disease. Addi-
tional experiments are in progress to verify protec-
tion by the metal mixture.

Tissue Levelsof Drug Used in Furunculosis Con-
trol. The experimental drug Ro5-0037 has been
used for several yearsto control furunculosisin sea
run prespawning Atlantic salmon. Data are being
accumulated that will enable the Food and Drug
Administration to consider registration of the drug.
In 1982 we compared absorption of Ro5-0037 in
salmon administered the drug by intraperitoneal in-
jection or by insertion into the intestine. (Insertion
poses less threat to injury than injection.) At least
3 times more drug was present in the blood sera of
the injected salmon. Injection thus should provide
better control of furunculosis. Studies are under
way to determine how long Ro5-0037 remainsin
muscle, skin, and scales after injection.

Injection of Salmon with Erythromycin May Pre-
vent Vertical Transmission of Bacterial Kidney
Disease. During fiscal year 1981 we found that eggs
from adult femal e salmon that had 1injected
with erythromycin, to prevent prespawning mor-
tality from bacterial kidney disease (BKD), retained
erythromycin far longer than did eggs from nonin-
jected females that had been water-hardened 1 hour
in 2 ppm erythromycin. In 1982 we determined the
minimum inhibitory concentration of erythromycin
for cultures of Renibacterium salmoninarum, the
cause of BKD. Tubes of BKD medium aone, or

7



containing 1.5, 0.75, 0.375, or 0.19 ppm erythro-
mycin, were inocul ated with cultures of R.

Samples were removed from each tube
3 hours, 24 hours, and 1 week after inoculation
and placed in BKD medium containing no drug.
The tubes of medium were incubated 3 weeks and
examined for growth. None of the test concentra-
tions had inhibited growth of R. salmoninarum in
3 hours or 24 hours after incubation, but all con-
centrations — including the lowest (0.19 ppm)— had
inhibited growth after 1 week. The 0.19-ppm level
was present well beyond 1 week after spawning, and
provides evidence for efficacy of erythromycinin
preventing vertical transmission of BKD when fe-
males are injected with erythromycin before spawn-
ing.

Furunculosis Vaccines. Because furunculosis,
caused by the bacterium Aeromonas salmonicida,
is a serious disease among cultured and feral popu-
lations of fishes, mgjor research efforts were ex-
pended at the National Fish Health Research Lab-
oratory to develop amethod of controlling this dis-
ease. After acareful antigenic analysis of the bac-
terium was completed, a breakthrough was made
toward practical, economical, and efficacious vac-
cination of fish against furunculosis. Fish wereim-
munized by immersion for 60 seconds in cultures
of living avirulent bacteria. Mortality in Atlantic
salmon that were so vaccinated was only
whereas that in salmon that were not vaccinated was
88%. Because vaccination depended on immersing
fishin cultures of living bacteria, we also studied
ways to chemically inactivate the bacteria and yet
maintain antigenicity. Mortality of Atlantic sailmon
that were immunized by immersion in chloroform-
inactivated vaccines was 7%, whereas that of unvac-
cinated salmon was 94%. The vaccine a so immu-
nized fish against natural field challenges, but
further studies are needed to increase the duration
of immunity. However, these are the first success-
ful reports of immersion vaccination of fishes
against furunculosis and the data provide a basis
for the commercial development of a practical vac-
cine.

Goldfish Ulcer Disease. Atypical variants of
Aeromonas salmonicida cause severe problemsin
certain coarse fishes by establishing external infec-
tionsthat create large and unsightly dermal lesions.
We tested the virulence of the atypical strains of
A. salmonicida that especially cause goldfish ulcer
disease, to determine if they pose a potential threat
to cultured salmonids. A spot inoculation of fish
with the atypical A. salmonicida produced lesions
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and mortality in 25% of the experimental brook
trout and Atlantic salmon, but did not affect rain-
bow trout. The resultsindicated that atypical var-
iants of A. salmonicida may cause diseasein sal-
monid fishesif the bacteria opportunistically invade
damaged skin. Additional studies were conducted
to investigate the immune response of goldfish ex-
posed to these atypical variants of A. salmonicida.
Essentially, we found that antibody-like substances
are evoked in the mucus of fishes exposed to this
disease. A vaccine was delivered orally to promote
this antibody development and field-tested in local
hatcheries. In these studies, mortality was 3%
among orally vaccinated fish and 51% among fish
that were not vaccinated. The vaccinated fish were
not only protected against A. salmonicida but also
showed a higher resistance to systemic infections
caused by the related pathogen A. hydrophila.

Studies of the Immune Responsein Trout. We
are attempting to define the kinetics or the initia-
tion and progression of immune responsein rain-
bow trout by immersing fish in a vaccine prepara-
tion and then monitoring the cellular and humoral
antibody response. Spleen cells are sampled 9 days
after immersion to show which cells are producing
antibody. The cells are demonstrated by a special
technique, passive hemolytic plaque assay, devel-
oped in our laboratory. Then we demonstrate how
the antibody builds up in the blood and levels off,
lasting for more than 4 months. Using this model,
we are experimenting with the effect of outside in-
fluences in altering this normal immune response.
For instance, the injection of corticosteroids sup-
presses the immune response; in contrast, the in-
jection of certain other agents can heighten the
response. Low concentrations of phenol in water
suppress the number of splenic antibody-produc-
ing cells, whereas certain adjuvants and variations
of immunization regimens can heighten the immune
response. In addition, the immune response to cer-
tain antigens such as the dinitrophenyl hapten can
be boosted by attaching dinitrophenyl to a mole-
cule that is a strong immunogen. Knowledge gained
from these experimentsis applicable to making field
vaccination of fish more successful.

Growth of Infectious Pancreatic Virusin Suspen-
sion Culture. Suspension cultures of chinook sal-
mon embryo cells (CHSE-214S) are being used to
produce large quantities of infectious pancreatic
necrosisvirus (IPNV) at less cost and effort than
in traditional monolayer cultures. Cultures are
grown in siliconized flasks aslarge as 2 L, rather
than in stirred suspension. This changein culture



methods appears to be responsible for increased sus-
ceptibility of cell lineto virus and production of
IPNV. The cultures require more virus to initiate
infection and 1 or 2 days longer for maximum titer
to develop.

Epithelioma Papillosum Cyprini Cell Line. A
latent virus has been visualized by electron micros-
copy in the epithelioma papillosum cyprini (EPC)
cell line. In sucrose gradients, the virusis typical
of the cornaviridae in appearance and particle den-
sity. In EPC cultures incubated above 25°C, the
viral effect is seen as the formation of giant cells.
The virus appears to produce no cytopathic effect
in other cell lines; however, no cell culture system
isavailable for assay. The effects of this virus on
the EPC cell line, when used in diagnostics, are un-
known and efforts are continuing to define them.

American Shad Cell Line. Cells from the Ameri-
can shad (AMSH) are continuing well in culture.
The cell line is susceptible to viral hemorrhagic
septicemiavirus and infectious hematopoietic
necrosis virus, and to alesser extent to infectious
pancreatic necrosis virus. The AMSH cell line has
a chromosome number of 48 and is passaged every
2-3weeks at 1:4. It has been used to survey popu-
lations of shad but no evidence of virus has been
found.

Enzyme Characterization of Cell Lines. We have
completed a study to determine the profiles of the
major enzymes found in seven fish cell lines. We
characterized BB, BF-2, CAR, CHSE-214, EPC,
FHM, and RTG-2 for 10 enzymes. A group of
characteristics for each cell line allows their identi-
fication. Also, the profiles permit confirmation of
species and tissue of origin for cell lines.

Golden Shiner Cell Line. When existing cell lines
were evaluated for sensitivity to golden shiner virus
(GSV), no line was found superior to the fathead
minnow (FHM) cell line. A cell line has been devel-
oped from golden shiner as an alternative to FHM.
The cell line (golden shiner fin is more sus-
ceptible than existing lines but not superior to the
FHM. Sensitivity is increased when samples assayed
are taken from diseased golden shiners rather than
from virus grown in cell culture. The GSF cdll line
may provide more efficient detection of GSV than
the FHM cell line now used.

I nfectious Pancr eatic Necrosis |mmunization. In-
fectious pancreatic necrosis (IPN) is a serious vira
disease that causes high mortality in young salmonid
fish. Avoidance is the most effective method for dis-
ease control, but because of practical considera-
tions, conditions required for effective avoidance,

such as secure water supplies and virus-freefish,
are infrequently met. Consequently, alternative
methods must be devel oped. Inasmuch as immuni-
zation effectively controls certain human and ani-
mal diseases and some bacterial diseases of fish, we
evauated several candidate vaccines to determine
if IPN can be controlled by immunization. These
studies also defined host factors that influence sus-
ceptibility to infection and factors that influence the
lethality or virulence of the virus. Brook trout were
infected by placing them in water containing the
virus. Critical elements of virus concentration and
exposure time were determined so that the experi-
mental infection or challenge would be standardized.
Natural resistance to lethal infection increased with
age; fish 16 to 20 weeks old were no longer suscepti-
ble. Nutrition seemed to influence susceptibility
only during the first 80 days after hatching. Viru-
lence of the IPN virus decreased when it was repeat-
edly grown in cell culture. Reduced-virulence and
killed IPN virus preparations were used as candi-
date vaccines. The fish could be vaccinated by add-
ing vaccine preparation to the water. The reduced-
virulence preparation protected brook trout from
lethal infection. Repeated vaccinations did not in-
crease the level of protection.

Cluesto Improved Brood Stock Management
Obtained from Computer Models. Computer
modeling allows insights into many biological
processes in which experimental data are insuffi-
cient, not easily manipulated, or difficult to obtain.
We used computer simulations to examine factors
affecting genetic variability in cultured trout popu-
lations. Genetic diversity isimportant becauseit is
the basis for biological change that is demanded by
environmental change. However, little information
(other than afew "rules of thumb"), has been avail-
able to assist the hatchery manager in maintaining
genetic variability and stability in hatchery strains.
From the computer models we are developing inno-
vative and practical breeding techniques to improve
hatchery strains. We have particularly emphasized
that year-to-year variation in a population can be
very large as aresult of some common breeding
practices. Consequently, year-to-year vf riationin
research results can be predicted if such populations
are used in experiments.

Studies of Genetic Variability in Fish. Variation
ispresent in all animal speciesin traits such as dis-
ease susceptibility and other important attributes for
survival and growth. The basis for this variability
is due to both genetic and environmental factors;
consequently gross visual inspection usually failsto
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Tubifex worms, common inhabitants of earthen ponds and raceways used in aguaculture, have been shown by researchers at the

National Fish Health Research Laboratory to be necessary hosts in the life cycle of the protozoan Myxosoma

of salmonid whirling disease. Photo by H. M. Stuckey.

adequately describe the reasons and extent of these
differences. Insightsinto genetic differences and
reproductive relationships within and among fish
strains have recently been clarified by examining en-
zymes with a simple genetic basis in a molecular
sieve, i.e., by electrophoresis. We have

described the rainbow trout strains cur-
rently reared at the Fish Genetics Station to gain
insight into the reasons for important characteris-
tic differences between strains and between year
classes and lots within a strain.

We also are devel oping alternative techniques
such as mitochondrial DNA and immunological dif-
ferences to complement the data obtained by

We succeeded in cloning rainbow trout
mitochondrial DNA into the bacterium Escherichia
The purpose of this effort isto enable rapid
definition of genetic similarity of mitochondrial
DNA in different strains and species. We also puri-
fied rainbow trout albumin by two techniques. Anti-
body to the albumin was obtained from rabbits. The
reactivity of the albumin of fish in other strainsto
this antibody reagent provides us with another
measurement of genetic relatedness to this reference
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the cause

rainbow trout strain from which the albumin was
obtained. As differences between strains become
better defined, the reasons for their differencesin
important attributes such as disease tolerance
should be better understood.

M easurement of the Responses of White Blood
Cellsof Fish to Foreign Substances. Thefirst line
of defense against a disease largely involvesthe en-
gulfment and destruction of the foreign cellular ma-
terial by certain white blood cells (phagocytes). We
purified, in the living state, several types of white
blood cells to enable the measurements of their
metabolic performance (an indication of the ability
to resist disease). We found quantifiable differences
in the response of individual fish to avariety of bac-
terial products, identified cellular products that in-
fluence the response level, and characterized re-
sponse differences of different cell typesin rainbow
trout and goldfish. The differences seen in cellular
response in different fish before exposure to dis-
ease suggests that the differences persist during a
disease outbreak. If the outcome of disease expo-
sure can be predicted (as we anticipate) the crea-



tion of disease-tolerant brood stocks would appear
to be attainable.

Tubifex Worms Essential for Development of
Whirling Disease. Whirling disease is a chronic and
serious infection notably of rainbow trout, but also
of other salmonids. The condition commonly re-
sultsin impaired swimming capability, and severe
cases culminate in death. The causal organism,
Myxosoma cerebralis, isamyxosporidan parasite
that was first described in Europe in 1903, but which
has since been accidentally introduced elsewhere,
including the United States (in 1956). Aswith all
myxosporidans, the life cycle has been an enigma;
little has been known except that the spores must
undergo an aging process of 3 to 4 monthsin the
aquatic environment in order to generate infectiv-
ity. However, neither the biology of the process nor
the size and shape of the infectious form have been
identified.

A key answer to the puzzle of how infectivity is
generated has been obtained, but that breakthrough
capped a sequence of studies that began 8 years ago.
First, methods were devel oped to release and con-
centrate spores of the parasite so that specific anti-
serum could be produced. The antiserum was then
coupled to afluorescent dye, providing a serologi-
cal probe for detecting and identifying previously
unrecognized forms of the parasite. Aging tests with
sporesin natural and inert aguatic environments
showed that infectivity was not an endogenous pro-
cess, but that an external factor was involved. In-
sight into the nature of such afactor was found
when the infectivity of soilsfrom hatcheries with
whirling disease were found to be associated with
aquatic annelid worms, which additionally showed
serologic evidence of harboring M. and,
when fed to trout, produced whirling disease.

Definitive identification of the exogenous factor
of aging and specific aguatic worm was obtained
from tests with four genera of annelids that were
planted in pasteurized trout hatchery soil to which
M. spores were added. After the required
4 months of aging, rainbow trout fry were added
to assay for infectivity. Whirling disease occurred
only in the presence of Tubifex worms, not in soil
without worms or in soil that had been planted with
aguatic worms of the genera Aeleosoma, Dero, or

Trout feed on worms, and we have
shown that Tubifex worms ingest spores of M. cere-
bralis. Thus, acritical factor in the life cycle of the
whirling disease organism has been revealed. Re-
sults probably have applicability to other problem

myxosporidans, such as Ceratomyxa shasta of sal-
monids and Henneguya exilis of catfish.

Production and Distribution of Fish Biologics.
Over 700 vials of antisera, antigens, and other rea-
gants used for the detection and identification of
fish diseases were produced and distributed to U.S.
Fish and Wildlife Service fish pathol ogists and other
qualified personnel. These biologics are especially
important for rapid and accurate identification of
disease agents. They are increasingly used for
sophisticated immunological tests such as enzyme
immunoabsorbant assay and immunofluorescent
antibody techniques.

The Biologics Section maintains more than 30
rabbits for the production of antisera, and has be-
come awell-recognized source for a supply of
products that are difficult to produce.

NATIONAL FISHERY RESEARCH AND
DEVELOPMENT LABORATORY

Acute Toxicity and Histopathology of Alumi-
num. For many years, aluminum had been con-
sidered arather innocuous metal; however, recent
studies have shown it to be toxic to aquatic lifein
some acid waters. When soils become acid, as may
occur with acid precipitation, a uminum is mobi-
lized and may leach into streams and lakes.

The information available on toxicity of alumi-
num to aguatic organismsis limited, but it has been
established that if the pH of the water is5.5 or
lower, aluminum can be toxic to fish. This study
was undertaken to evaluate acute toxicity and the
histological effects of aluminum on brook trout.

Brook trout of 1to 2 g were exposed to arange
of aluminum sulfate concentrations giving active
aluminum ion levels of 0.1 to 16.0 mg/L in waters
of pH 5.6, to determine the 96-hour Be-
cause of the protective effect hard water often has
on the toxicity of metalsto aquatic animals, wein-
cluded three categories of water hardness in the
study. In tests of median survival time, brook trout
showed no gross signs of stress and nonedied in
water at pH 5.6 without aluminum. The 96-hour

of aluminum increased progressively (i.e., it
became less toxic) with water hardness: 0.37, 3.40,
and 6.53 ppm at 2, 18, and 40 ppm hardness.

Fish dying during the test period and three sur-
viving fish from each treatment at the end of the
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test period were examined for histopathology. Ob-
served changesin all fish were edemain gills and
muscles; cellular swelling; and vacuolation and
necrosisin gills, skin, lateral line candl, liver, and
kidney. Survivors kept in well water without alumi-
num recovered within 3 months, as judged by perio-
dic histological examinations.

Although the specific mode of action of alumi-
num toxicity was not investigated, the data and ob-
servations were compatible with a general break-
down in osmoregulation and oxygen transport.

Atlantic Salmon Diets. Growth and survival were
compared for first-feeding fry of Atlantic salmon
fed a closed-formula commercial preparation, Bio-
Diet, or FWS high nutrient density diets 398 or 406,
for 14 weeks. Growth of fry fed BioDiet for 2, 3,
4, or 6 weeks from first feeding and then diet 406
for the rest of the 14-week study was also examined.
Growth was fastest in fish fed diet 398 or 406 exclu-
sively for 14 weeks, or BioDiet for 2 weeks followed
by diet 406 for 12 weeks; survival was about 68, 82,
and 92%, respectively, for the three groups. Thus
the feeding of BioDiet for the first 2 weeks of feed-
ing and then changing to diet 406 provided both
rapid growth and the highest survival of Atlantic
salmon fry.

A study of the growth, survival, and fin condi-
tion of Atlantic salmon fed one of seven dietsindi-
cated adietary effect on fish quality. Test diets being
fed included BioDiet and Silver Cup commercial
diets and open-formula Abernathy salmon and GR
trout diets, and an experimental high protein-energy
diet (406). At the end of the first 9-month phase,
fish fed either the semi-moist commercial BioDiet
or the FWS open-formula diet 406 were significantly
larger than fish fed other diets.

Oxygen Consumption of Fishes. Resting metabo-
lism was measured for non-feeding Atlantic salmon
held in a closed respirometer at 5°C. The hourly
oxygen consumption rate ranged from 44.8 to
70.9 mg/kg for salmon weighing 13 to 90 g. The
energy requirement for maintenance metabolism for
salmon at this temperature was estimated to be
about 0.2% of body weight per day.

Invertebrate Culture. The use of live feeds has
expanded beyond the traditional use of brine shrimp
and daphnids as initial feeds for fry of walleyes,
striped bass, shad, and other delicate fishes.
Rotifers (Branchionus rubens) have been success-
fully cultured in outdoor ponds, and progressis be-
ing made in the intensive rearing of rotifersin cul-
tured algal solutions. Cyclopoid copepods have
been isolated and are being intensively cultured on
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atrial basis. The food base for all of the intensive
invertebrate culture systems under study consists of
cultured algae grown in solar tubes with inor-
ganic fertilizer.

Food Choice. Observations on the movement of
walleyes 47-74 days old in a'Y -shaped chamber
when various visual and odor-producing stimuli
were added to one of the wingsindicated that this
speciesis clearly attracted to certain types of odor
and movement. In visual testsin which no odor cues
were present, walleyes were most strongly attracted
to brine shrimp, least attracted to non-moving food
items, and moderately attracted to daphnids. Water
containing odors from slurries and washings of
brine shrimp were preferred over water containing
similar preparations of daphnids. Of all items
tested, brine shrimp—although not found in the
walleye's environment—appear to be the food of
choice for young walleyes. In other tests we ob-
served that walleyes were strongly attracted to odors
from dlurries of whole walleyes but were indiffer-
ent to odors from slurries of commercial fish pel-
lets. Results from such studies should provide in-
formation that will be useful in the development of
formulated feeds that attract and stimulate young
fish to feed.

SOUTHEASTERN FISH CULTURAL
LABORATORY

Seasonal Changesin Body Composition of Chan-
nel Catfish. An increasing number of channel cat-
fish producers are using grading seines to selectively
harvest the larger fish from ponds periodically
throughout the year. Frequently smaller fish are
stocked back into the pond before all of the larger
fish have been removed. This study was designed
to determine the seasonal changes in the body com-
position, and thus changes in the quality, of chan-
nel catfish harvested at different times of the year.

In January 1980, eight 0.02-ha ponds were
stocked with channel catfish at a density of 50,000
fish per hectare. Fish stocked in each pond ranged
from about 10-15 cm to 20-30 cm in standard length
at stocking. Fish in all ponds were fed an estimated
3% of body weight per day during the prime grow-
ing season, and less during winter. All ponds were
equipped with continuously operated aerators to
prevent stratification and to provide supplemental
oxygen.



A grading seine with a mesh size designed to re-
move fish weighing 350 g or more was used eight
times during the year to selectively harvest fish from
all ponds. Small fish (10-15 cm long) were returned
to the ponds on a one-to-one basis to replace fish
removed by the grading seine; the number of fish
in each pond thus remained nearly constant
throughout the year.

The average size of fish selectively harvested in-
creased from 304 to 824 g during the 12-month
study. Dress-out weight was highest in September
(59% for both sexes) and lowest in November (52%
for males and for females). This seasonal dif-
ference of 7 to 9 percentage points in dress-out
weight, which was not solely a function of gonadal
state but apparently an accumulation of smaller dif-
ferences related to other body changes, trandates
into a considerable difference in the price of fish
to theretailer and consumer. Seasonal changesin
the water and lipid content of muscle may aso pro-
duce changes in texture and flavor of processed fish.

Field Testing of Pond Aeration Equipment.
Hatchery and production ponds often become strat-

ified, and inadequate levels of dissolved oxygen may
limit growth and survival of fish. During the past
few years we have been investigating methods of
destratifying ponds to provide a uniform mixture

Fountain and spray-type floating agitators are used to provide
emergency aeration in warmwater fish ponds. The device
mounted above the water at left is ademand feeder, which
delivers food when the rod extending from the can to the water
is moved by the fish. Photo by M. A. Suttle.

These striped channel catfish, which lack alayer of pigmented cells in the whitish areas of the skin and have irregularly shaped

fins, have been crossed with normally pigmented fish to determine if these characteristics are a result of genetic

If the

characteristics are inheritable, they may be useful as a genetic marker in future studies of channel catfish. Photo by N. C. Parker.
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Channel catfish are weighed in alift net as they are removed
from a pond that was used by researchers to investigate the ef-
fects of aeration devices on fish production. Photos by M. A.
Suttle.



of oxygen throughout the pond. Airlift pumps ef-
fectively destratified our small ponds. In addition,
the pumps were easy to assemble and install, and
economical to operate.

We increased the capacity of our airlift pump sys-
tem and installed the pond aeration equipment at
Edenton National Fish Hatchery, Natchitoches Na-
tional Fish Hatchery, and San Marcos National Fish
Hatchery and Development Center. Ponds equipped
with the airlift pumps and the replicate control
ponds at these hatcheries ranged from 0.04 to
0.32 ha. An additional system wasinstalled in a
2-ha pond at the Southeastern Fish Cultural Lab-
oratory.

The aeration systems consisted of continuously
operated airlift pumps, 7.6 cm in diameter, which
each moved 132 L of water per minute. The systems
were designed to operate 25 airlift pumps per hec-
tare. Regenerative blowers were used to supply the
air and each airlift required 85 L of air per minute.
Daily operational cost for the regenerative blower
and airlift pump system was about $2.50/ha, based
on cost of electrity of $0.05 per kilowatt hour
when regenerative blowers were used at the rate of
2.5 horsepower per hectare.

Benefits of pond aeration included increased dis-
solved oxygen in the ponds and the elimination of
pond stratification. More fish were produced and
survival of fish was higher in the aerated than in
the unaerated ponds. Hatchery managers reported
fewer or no incidences of disease in aerated ponds
stocked with largemouth bass and striped bass.

Detection and Quantitation of Steroidsin Blue
Tilapia. Steroid hormones have been used in aqua-
culture for enhancing fish growth and as sex-rever-
sal agents for producing mono-sex fish populations.
Treating sexually undifferentiated blue tilapia with
methyltestosterone has consistently produced mono-
sex populations of this potential food fish. How-
ever, the action of the hormone within the fish
and the residual tissue levels over time are unknown.
Such information is essential if these sex-reversed
fish are to be used for human consumption. Studies
were begun to develop reliable methods of estimat-
ing levels of methyltestosterone and testosterone in
tissues of bluetilapia, and to determine the residual
tissue levels of these compounds. Optimum detec-
tion conditions were developed by using high pres-
sure liquid chromatography. The lowest limit of
testosterone and methyltestosterone that could be
resolved and separated by high pressure liquid chro-
matography was 5 ng per compound. Extraction
procedures have been devel oped that optimize re-

covery and quantitation of these steroids from
spiked samples of tilapia muscle. The metabolic fate
of radioactively labeled testosterone (*H-testos-
terone) fed to tilapiain the diet indicated that,
1 hour after feeding, *H-testosterone levels were
higher in the liver and kidney than in other tissues.
Radioactivity peaked 3 hours post-ingestion in the
proximal intestine and 6 hours post-ingestion in the
distal intestine. The gallbladder contained the high-
est radioactivity of all tissues measured 12 hours
post-ingestion. This pattern of isotope incorpora-
tion suggests excretion by way of the liver and bile,
as has been previously shown for salmonids and
carp. These techniques should enable us to quanti-
tate residual levels of methyltestosteronein the tis-
sues of bluetilapia

Content of RNA and DNA in Fish Muscle Tis-
sue. Growth in fish and invertebrates can be defined
as protein synthesis of new cells and tissues within
a specified time. Biochemically, the amount of ribo-
nucleic acids (RNA) present in the cells and tissues
reflects these rates of protein synthesis. Since the
deoxribonucleic acid (DNA) content is nearly con-
stant within cells, the RNA/DNA rétio has been
proposed as an index of growth in fish and inverte-
brates. Unfortunately, few investigators have re-
ported recovery rates of known amounts of RNA
and DNA standards from spiked tissues when a par-
ticular extraction procedure was used. Conse-
quently, we evaluated several modifications of the
Schmidt-Thannhauser method (developed in 1945)
for their precision and accuracy in separating and
extracting nucleic acids from muscl e tissue of
striped bass. Orcinol-indole sugar reactions and UV
absorption spectrophometry were used in conjunc-
tion with the extraction methods to determine RNA
and DNA content. In the procedure deemed best,
we used sample volumes of 6 mL, with afinal
concentration of 0.2 N acid, and 0.3 N
NaOH as the alkali. After the hot-acid extraction
of DNA, the determination of nucleic acids was
made by UV absorption. Recovery of DNA wasim-
proved by the addition of nucleic acid-free bovine
serum albumin to the muscle and spiked tissue sam-
ples. Hot-acid extraction and UV absorption yielded
highly reproducible estimates for DNA, and recov-
eries ranging from 72 to 100%. Recovery of RNA
determined by UV absorption provided reproduci-
ble estimates, but recovery rates were 13% or less.
Additional work will be required to improve the
RNA recovery rateif it isto be of value as an indi-
cator of fish growth.
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Chemical Induction of Zooplankton Growth and
Reproduction. In previous research we identified a
4-week period, 2 weeks before and 2 weeks after
stocking fish, as an especidly critical time during
which the culturist must establish and maintain
crustacean zooplankton populationsin striped bass
rearing ponds. Fish culturists fertilize the ponds to
provide nutrients for the phytoplankton and food
for the zooplankton. The zooplankters must be pro-
duced at arate greater than the rate of removal by
predation of larval fish. With the goal of increas-
ing the growth and reproductive rates of zooplank-
ters, we studied the cladoceran Daphnia pulexwhen
exposed to several concentrations of the steroid

Y oung daphnids (neonates) were
exposed to low concentrations of ethanol (controls)
and estradiol dissolved in an ethanol carrier.
Daphnids were examined daily for growth, numbers
of viable and nonviable eggs, abortions, and num-
bers of young produced. Test solutions were
renewed and daphnids were fed daily about ~ cells
of the green alga reinhardi. All
daphnids that were fed algae and exposed to es-
tradiol were larger after 21 days and produced more
eggs than did the controls fed the same algae.
Furthermore, the control organisms exposed to
ethanol produced more young than did organisms
not exposed to ethanol. Application of these find-
ings may improve the control and manipulation of
zooplankton reproduction and growth enhancement
by biochemical means.

Zooplankton Production in Fertilized Striped
Bass Rearing Ponds. Previous research at this Lab-
oratory indicated that striped bass rearing ponds
fertilized with combinations of liquid inorganic and
organic fertilizers and inoculated with crustacean
zooplankton produced more striped bass per hectare
than did ponds fertilized with only organic ferti-
lizers. In a cooperative research project with the
Marion Hatchery of the Alabama Department of
Conservation and Natural Resources, we eval uated
combinations of liquid inorganic fertilizers, organic
fertilizers, and zooplankton inoculation during a
4-week period. Ten 0.04-ha ponds were fertilized
with liquid inorganic fertilizer, inoculated with a
mixed population of cladocerans and copepods, and
fertilized with either cottonseed meal (five ponds)
or chicken manure-chicken litter (five ponds). All
ponds were stocked with 7-day-old striped bass fry.
Fish survival and production averaged 63% and 50 kg
fish/hain ponds fertilized with cottonseed meal,
and 46% and 26 kg fish/hain ponds fertilized with
chicken manure-chicken litter. Zooplankton sam-
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plesindicated that ponds fertilized with cottonseed
meal produced significantly more crustaceans
(cladocerans and copepods) than did ponds ferti-
lized with chicken wastes. However, weekly zoo-
plankton analyses indicated that levels of both
organic fertilizers were insufficient to maintain
enough food to support crustacean reproduction
over the 28-day period. These results and our pre-
vious work indicate that management effort should
be shifted toward maximizing crustacean zooplank-
ton foods during the period 2 weeks before and 2
weeks after the fish are stocked.

TUNISON LABORATORY OF
FISH NUTRITION

Nutritional Cataractsin Hatchery Fish. From
time to time a problem in fish hatcheries has been
the development of cataracts in large numbers of
young fishes. The problem has economic signifi-
cance, in that fish with impaired vision do not feed
as efficiently as normally sighted fish, and conse-
guently do not grow as rapidly. Therefore, the var-
ious causes of cataracts in fish have warranted in-
vestigation. Cataracts develop predictably in fish on
diets deficient in methionine, tryptophan, or ribo-
flavin, or on diets high in mineral content. In view
of thisrelation to diet, fish could be used as a model
for the study of the mechanism of cataract forma-
tion in general.

It has been found that cataracts can be prevented
in various salmonid fishes by adding zinc to prac-
tical dietsthat contain high levels of minerals. The
content of calcium in such dietsis usually about 3%
of the diet.

To assess a possible interaction of calcium and
zinc relative to cataract formation, we studied rain-
bow trout (initial weight about 1.5 g) that were fed
semipurified diets (casein-gelatin) with various levels
of calcium. Each diet contained 0.1, 0.5, 1.0, 2.0,
or 3.0% calcium supplied by steamed bone meal.
Thezinc levelsin dl five diets were in the range of
15-30 ppm, which iswithin the normal limits
established for rainbow trout. After 22 weeks more
than half of the trout on each of the five diets had
developed opacities of the lens. Most opacities were
in the anterior cortical region just beneath the lens
capsule. There was dlight to severe involvement of
the deeper anterior cortex of the lens. Since fish on
low, medium, and high levels of calciumin the diets



developed cataracts, the suggestion is that there may
not be a simple direct interaction between zinc and
calcium in the diet. Other considerations include
possible interactions of zinc and other minerals be-
sides calcium; possible effects of very low calcium
diets, irrespective of the zinc levels; and the possi-
bility that the effects of the mineralsin the diets are
modul ated by some factor or factorsin semipurified
diets not present in practical diets.

Future studies in trout may answer these ques-
tions and contribute to our knowledge of how diet
affects the development of cataracts. This one study
with different concentrations of calcium and zinc
did not resolve the original question about how cal-
cium and zinc interact (if at all) relative to cataract
development in rainbow trout.

Branch-chain Amino Acid Requirements of Fish.
Since the costs for protein (35-55% of the diet) can
represent 40% or more of the cost of fish produc-
tion, the reduction of those costs could result in sub-
stantial savings. Effortsto replace the relatively ex-
pensive fish meal protein in salmonid diets with
other less costly protein sources of either animal or
plant origin have not been altogether successful, pri-
marily due to a paucity of knowledge of amino acid
requirements and interactions. We are attempting
to fill aportion of thisvoid for salmonids.

We conducted a series of studies to determine the
dietary requirements of lake trout for leucine,

and valine. Growth studies showed the re-
quirement for leucine was 2.74-3.66% of dietary
protein; isoleucine, 1.54-2.06%0; and valine,
1.77-2.23%. Feeding lake trout adiet low in
isoleucine, or valine impaired growth and feed
conversion efficiency. The protein content of the
carcass was also lower in fish fed the low isoleu-
cinediet than in control fish, indicating that iso-
leucine might be limiting for protein synthesis.

Feeding excess leucine caused areduction in
growth and feed conversion efficiency but had no
effect on free amino acids in plasma or muscle. Ex-
cess dietary isoleucine did not depress fish growth
or feed utilization unless the diet was supplemented
with leucine. Addition of supplemental valine re-
lieved the depression in both instances. Growth and
feed utilization efficiency were also reduced in fish
fed excess valine, but this reduction could not be
overcome by added leucine or isoleucine. Tissue
composition analyses showed a diminution in
energy stores of fish whose growth was impaired,
although protein levels were relatively unaffected.
The studies indicated that dietary excesses of leu-
cine or isoleucine are antagonistic toward valine and

cause an increase in the valine requirement. The in-
ability of leucine and isoleucine to remove the ef-
fects of excess dietary valine isinterpreted as an
amino acid toxicity rather than as an antagonism
caused by excesses of leucine and isoleucine.

Effects of Phosphorusin Hatchery Feedson
Water Pollution. A report on a study in Michigan
indicated that the discharge of phosphorus (origi-
nating from fish feed) from a salmonid hatchery
into asmall lake significantly hastened the eutrophi-
cation process. Therefore we conducted an experi-
ment with rainbow trout to try to reduce the level
and forms of dietary phosphorus not well retained
by trout. Two commercially prepared diets tested
were the sailmon diet used in Michigan and a
Swedish diet (Ewos T40) purported to reduce waste.
Two new experimental diets were formulated by
computer to contain no excess or unavailable forms
of phosphorus. They were identical except that one
contained dicalcium phosphate (Dical) and the other
deflorinated rock phosphate (CDP). The CDP sup-
posedly is highly digestible but dissolves only
dlightly in water — a possibly beneficial property in
reducing water pollution.

After the diets were fed for 12 weeks, growth and
survival were best in trout fed the Swedish diet. The
Michigan salmon diet supported good growth, at
arate of 73% of that for the Swedish diet. The Dical
and CDP diets supported growth equal to 86 and
93% of that supported by the salmon diet. Chemi-
cal analyses of phosphorusin feeds, carcasses, and
sludge (feces and solid wastes) showed significant
differencesin the fate of phosphorus among diets,
although about 0.45% phosphorus remained in all
carcasses, regardless of diet. The percentages of
dietary phosphorus remaining in the sludge were 30,
23, 13, and 33 for the salmon, Swedish, Dical, and
CDP diets, respectively. Thus it appears that more
phosphorus from the less-soluble CDP diet was re-
tained in the sludge, thereby reducing the pollution
of the effluent water.

Effluent data showed that 1,000 pounds of the
salmon diet would leave 12.4 pounds of phosphorus
in the effluent water, whereas the Swedish, Dical,
and CDP diets would leave only 6.4, 5.4, and 4.5
pounds, respectively. Thus pollution by diet was re-
duced by 64% when the CDP diet, rather than the
salmon diet, was fed.

Because the salmon diet was far less costly than
the others, still another experiment was conducted.
It showed that CDP (and another product with simi-
lar potential to reduce pollution) could successfully
be included in a new economical diet that supports
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good growth; however, the pollution benefits
remain to be determined.

NATIONAL RESERVOIR RESEARCH
PROGRAM

The National Reservoir Research Program
(NRRP) continued intensive efforts to describe and
quantify the environmental factors that determine
sport fish production in 1,600 large reservoirs (over
500 acresin ared), which now provide about 30%
of al freshwater fishing in the United States. The
synthesis of data produced by its several field re-
search units and by other State and Federal fishery
agencies yielded an integrated body of information
on which to base improved management techniques
and measures designed to protect or enhance fishery
resources.

During fiscal year 1982, a staff of 36 professional
and support personnel addressed problems ranging
from heated water effluentsin reservoirs to mini-
mum flow requirements in tailwaters below dams.
The studies have yielded answers to immediate man-
agement problems, as well as broad findings con-
cerning reservoir ecology. The findings have been
communicated to managers and other users by the
publication of technical papers; by illustrated talks
at workshops, seminars, and regional and national
meetings, by correspondence and telephone; by per-
sonal visits; and by field demonstrations of equip-
ment and techniques.

Long-term base-line studies designed to describe
variations in fish population composition and struc-
ture in selected reservoir types have been the back-
bone of the reservoir research program. Studies on
impoundments of the Missouri River in the Dakotas
and on the White River in Arkansas-Missouri have
resulted in the development of extensive data bases,
which have provided invaluable information con-
cerning the effects of variationsin reservoir opera
tional procedures on reservoir ecology. Upon com-
pletion, this effort should provide along-term
record of the ecology and productivity of reservoirs
and a broad understanding of the sport fishing po-
tential of these waters.

Widespread concern over possible adverse effects
of heated water additions and pump-back opera-
tionsin reservoirs prompted an extensive field in-
vestigation of Lakes Keowee and Jocassee in South
Carolina. Studies of the fish populations and

lated trophic levels began in 1972, 2 years before
start-up of Duke Power Company's Oconee nuclear
generating and pump-storage facilities on the two
lakes.

In 1974, NRRP and the Environmental Effects
Laboratory, U.S. Army Engineers, Waterways Ex-
periment Station, began a cooperative study on the
effects of varying the outlet depth of the dam on
the ecology of DeGray Lake and its tailwater. Coor-
dinated field studies are under way to test and pro-
vide verification for elaborate ecological simulation
models currently being developed by the Environ-
mental Effects Laboratory. Research for 4 years
during which water was released from the epilim-
nion has been completed, and 4 years of study dur-
ing which water is released from the hypolimnion
will be completed in 1983.

In abroad approach to reservoir operation as re-
lated to aquatic resources, NRRP and the Water-
ways Experiment Station entered into a 6-year coor-
dinated research effort designed to locate and de-
fine conditions that optimize both coldwater and
warmwater tailwater fisheries, the limits within
which they can operate, and the immediate and
long-term biological effects of various operational
procedures. The program includes a synthesis of
existing published and unpublished information on
biological relationsin tailwaters and field studies
on nine tailwaters that represent widely used opera-
tional modes. Studies incorporate operational modi-
fication of reservoirs on an experimental basis. They
include such objectives as determining criteriafor
establishing optimal minimum release, downstream
effects of different depths of release of water from
the reservoir, and effects of different hydropower
operational modes on the tailwater biota. The ef-
fects of various operational modes on reservoir fish-
eries are al'so being evaluated.

Modeling Reservoir Ecosystems. Continued
devel opment of NRRP's trophic model has pro-
duced a new version that requires input of biomass
data according to species and size classes of fish col-
lected in August as opposed to four seasonal sam-
ples. The simplification was made possible by re-
gressing the mean biomass of different functional
groups of fish collected four times a year on their
biomassin August. Consequently, we now can pro-
vide predictions for fishery managers who sample
only in August. The new version of the model also
includes revised food conversion efficiencies for
young-of-the-year and older fish, resulting in more
realistic estimates of food consumption.

Using an equation derived in a cooperative study



with Oak Ridge National Laboratory, we can now
predict annual primary production from our esti-
mates of fish production. Estimates of primary pro-
duction enable classification of areservoir as oligo-
trophic, mesotrophic, or eutrophic. Predictions of
trophic state usually agree with the classification
given in the National Eutrophication Survey, U.S.
Environmental Protection Agency. Other predic-
tions include mean monthly biomass of benthos and
zooplankton and the total biomass of prey fish re-
quired annually by piscivores.

In another study, regression of fish standing crop
and harvest data on data such as Secchi disc trans-
parency, chlorophyll a, total phosphorus, total
nitrogen, akalinity, and 12 other physicochemical
variables from 115 reservoirs has provided over 50
new regression models for predicting standing crop
or harvest of fish in reservoirs. For example, the
best single variable for predicting the total standing
crop of fish was total phosphorus, which explained
about 41% of the variation in crop among reser-
voirs. Roughly 52% of the variation was explained
by athree-variable equation that included total
phosphorus, total nitrogen, and chlorophyll a. In
hydropower storage reservoirs, total phosphorus
and alkalinity explained 61% of the variation in
total crop.

The best single variable for predicting total har-
vest was chlorophyll a, but for 106 reservoirs this
variable explained only about 17% of the total var-
iation. For hydropower storage reservoirs, chloro-
phyll a explained up to 40% of the total variation
and a three-variable model that included trans-
parency, chlorophyll a, and mean depth explained
50% of the variation in total harvest.

Water-level Studies. Published literature on the
effects of water-level fluctuations in reservoir eco-
systems has been synthesized in areport that pro-
vides aliterature review and conceptual model of
operations to enhance reservoir fisheries. Thisre-
port describes how changes in water levels can in-
directly influence fish production and fisheries by
altering both the physical environment (basin shape,
bottom substrates, and habitat) and the chemical
environment (nutrients and dissolved oxygen). It
also describes the complex ways that water-level
changes affect aquatic plants, zooplankton, ben-
thos, and fish.

An intensive analysis of data on the effects of
water-level changes on fish standing crops is under
way. Data collected over a 75-year period on
monthly changes in surface elevation, area, volume,
inflow, and outflow have been collated for 11 reser-

voirs in lowa, Kansas, Arkansas, Kentucky, Mis-
sissippi, Virginia, North Carolina, and Georgia.
These data have been matched, by reservoir and
year, with fish standing crop data furnished by State
fishery agencies. Preliminary multiple regression
analyses have begun to reveal the effects of magni-
tude, seasonality, duration, and rates of water-level
changes on different species and sizes of fish. Such
information should prove valuable in the devel op-
ment of water-level management plans.

Classifying Reservoir Habitats on the Basis of
Sport Fish Harvest. In recent years, the Fish and
Wildlife Service has devoted considerable attention
to classifying terrestrial and aquatic habitats as an
aid in assessing changes in fish and wildlife re-
sources associated with changes in land and water
use. In conjunction with this effort, NRRP devel-
oped multiple-regression equations relating environ-
mental features and harvest of important coolwater
and coldwater sport fishesin reservoirs. The equa-
tions are based on field data obtained mostly by
State fishery agencies from 119 coolwater and 96
coldwater reservoirs, and have application to many
reservoirs throughout much of the northern and
western United States. Indexes of habitat suitability
have also been devel oped to help biologists com-
pare observed or predicted harvest with that from
other reservoirs. The harvest of important sport
fishes such as walleyes, yellow perch, northern pike,
rainbow trout, brown trout, and coho salmon can
be predicted from the equations.

EAST CENTRAL RESERVOIR
INVESTIGATIONS

East Central Reservoir Investigations conducts
studies to determine the influence of reservoir re-
leases on water quality, invertebrates, and fish in
tailwaters. Cooperetive studies between the Envi-
ronmental Laboratory of the U.S. Army Corps of
Engineers Waterways Experiment Station and the
Fish and Wildlife Service provide information on
the effects of releases from flood-control and
hydropower reservoirs on tailwater biota. The pur-
pose is to develop and evaluate environmental cri-
teria and operational methods that maintain desir-
able downstream aquatic habitat and associated
biota. Base-line data for assessing the effects of
reservoir releases on tailwater biota are provided by
studies conducted on multi-level release flood con-
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trol projects (Barren River Lake and Green River
Lake, Kentucky; Lake, Arkansas; and Pine
Creek Lake, Oklahoma) and hydropower reservoirs
(Beaver Lake, DeGray Lake, and Lake Greeson,
Arkansas; and Lake Hartwell, South Carolina).

Effects of Reservoir Releases on Water Quality
of Tailwaters. Water quality studies have been con-
ducted below flood control and hydropower reser-
voirsin southwest Arkansas and southeast Okla-
homato assess the effects of different releases on
water quality of tailwaters and the associated bio-
logical community. Water quality in tailwaters of
Pine Creek Lake, Oklahoma, and Gillham Lake,
Arkansas (both flood-control reservoirs), were not
affected by reservoir water rel ease during unstrati-
fied periods. During summer stratification, how-
ever, the water quality in the tailwaters depended
largely on the amount of water released and the re-
lease depth within the reservoirs. In Lake,
where water releases during stratification were near
the surface and above an anoxic hypolimnion, low
flow releases from the reservoir had no adverse ef-
fects on the water quality in the tailwater. In Pine
Lake, where the water-rel ease depth during strati-
fication was within an anoxic hypolimnion, aera-
tion and the precipitation of various chemicals oc-
curred immediately downstream from the reservoir
during low flow releases (1.5 mV second). During
increased reservoir releases (14 mV second), how-
ever, large amounts of anoxic water were carried
farther downstream, increasing the distance down-
stream in which the tailwater biota would be
stressed by elevated amounts of certain chemicals.

In the tailwater immediately below Lake Greeson,
Arkansas, hydropower released produced consid-
erable variation in water temperatures and total
organic and inorganic matter. Benthic invertebrate
communities immediately below the dam were
stressed by hypolimnetic water released during
power generation. Detrimental effects from altered
temperature and variable release patterns had de-
creased 16 km downstream, where invertebrate
communities were representative of less stressed
environments.

Effects of Releases from a Flood-control Reser -
voir on Zooplankton and Macroinvertebratesin the
Tailwater. Zooplankton abundance and distribution
in tailwaters are largely functions of reservoir re-
lease patterns (outlet depth and release volume) and
the composition and distribution of organismsin
the reservoir. Studies of zooplankton abundance in
the Barren River Lake tailwater have provided in-
formation on zooplankton population dynamicsin
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tailwaters. in the tailwater of Barren
River Lake varied seasonally, concurrently with
changes in abundance in the reservoir, but densi-
tiesin the tailwater were reduced. Plankton densi-
ties were highest near the dam and were progres-
sively reduced downstream. Decreases in densities
downstream were attributed to fish predation,
physical destruction, and lack of suitable habitat.
During summer when the reservoir was stratified,
water released from low levels of the reservoir con-
tained larger numbers of zooplankters than were
observed in the reservoir hypolimnion, suggesting
that water and associated organisms were drawn
from awide section of the water column. When the
reservoir was unstratified, densities of zooplankton
were lower in the tailwater than in the reservoir at
the level of release, which indicated that zooplank-
ton was concentrated above the level of discharge.

Macroinvertebrates in tailwaters of flood-control
reservoirs are affected by the magnitude and varia-
tion of discharge. Altered temperatures and water
quality, afunction of the level of withdrawal, also
influence the structure of the tailwater community.
Discharges from Barren River Lake were catego-
rized into three flow types: low-stable, high-stable,
and fluctuating. Highest densities of tailwater
macroinvertebrates were associated with low-stable
flows (2.1 mVsecond for at least 20 days). Low
densities of macroinvertebrates were associated with
high-stable flows (flows greater than 80 mV second
for more than 20 days), which resulted from heavy
rains in the watershed and scheduled reservoir

Macroinvertebrate densities associated with
fluctuating flows were more variable than those ob-
tained during stable releases. Few macroinverte-
brates were tolerant of al flow regimens and asso-
ciated water-quality changes. Only tolerant forms
were found in the immediate tailwater of Barren
River Lake, where cool, deep releases and altered
flows created stressful living conditions. The com-
position of macroinvertebrate collections 22 km
downstream suggested that the stress had dimin-
ished but that recovery was still incomplete (on the
basis of a comparison with conditions in the natural
stream above the reservair).

Fish Sampling in Tailwaters. Accurate sampling
of fish standing crops in tailwaters is necessary to
assess the effects of reservoir releases. The objec-
tive of this study was to devel op techniques for
quantitative sampling of tailwater fish populations.
Two mark and recapture procedures were used to
estimate fish standing crops; in the first we used
only electrofishing to collect fish, and in the second



we used both electrofishing and application of
rotenone.

The electrofishing mark and recapture method
was unsuccessful because too few marked fish were
recaptured to yield sound population estimates. The
electrofishing plus rotenone method was more suc-
cessful, but was influenced by handling mortality
of small fish. Population estimates were therefore
made only for fish longer than 100 mm, and thus
were conservative measures of the tailwater fish
standing crops. Standing crop estimates for fish
populations were 361 kg/ha for Green River Lake
tailwater and 759 kg/ha for Barren River Lake tail-
water.

The el ectrofishing and rotenone procedure
allowed comparison of the capture efficiencies of
the sample methods. Capture efficiency for eight
species ranged from 5 to 54% for electrofishing, and
from 36 to 100% for rotenone.

Effects of Reservoir Releaseson Tailwater Fish
Abundance. Fish abundance in the tailwater of Bar-
ren River Lake, Kentucky, was compared with that
in an unregulated tributary. The purpose was to
determine the influence of reservoir releases on fish
occurrence in the tailwater. Abundance was 2.5
times greater in the tailwater and was dominated
by species common in the reservoir (gizzard shad,
bluegills, and white crappies).

Reservoir stratification appeared to influence the
number of fish in the tailwater. Using electro-
shockers, biologists caught 334 fish per hour when
the reservoir was unstratified (October-May) and
108 fish per hour when it was stratified (June-Sep-
tember). Comparative catch rates in the tributary
stream indicated little difference between the Octo-
ber-May and June-September periods (100 versus
75 fish per hour).

The greater abundance of fish in the tailwater
during fall and winter was seemingly the result of
fish leaving the reservoir during fall drawdown
(75% of reservaoir volume discharged) and winter
flood releases. Movement of fish to the lower end
of the reservoir, where they could be influenced by
water currents near the discharge gates, is likely dur-
ing fall and winter, when reservoir volumeisre-
duced and temperature and dissolved oxygen con-
centrations are uniform. During summer the reser-
voir is stratified, and low dissolved oxygen concen-
trations at the level of water release and the rela-
tively large volume of the reservoir reduce the likeli-
hood of fish passage into the tailwater. A large fall
and winter fishery for white crappies has developed
in the tailwater and is apparently dependent on fish

originating in the reservoir. We found no evidence
of upstream movement of riverine fishesinto the
tailwater during fall and winter.

Influence of Reservoir on Tailwater Fish Popu-
lations. The influence of Green River Lake on the
tailwater fish community was examined by com-
paring post-impoundment tailwater samples with
pre-impoundment and headwater samples. Abun-
dance of common reservoir species (white crappies
and gizzard shad) after impoundment increased in
the tailwater and was positively correlated with
reservoir discharge. Riverine species (redhorses,
minnows, and catfishes) declined after impound-
ment, apparently because water temperaturesin the
tailwater decreased. Our studies suggested that cau-
tion must be used in comparing headwater and tail -
water samples. The headwater fish community may
only partly represent pre-impoundment conditions
because some species, particularly common carp
and gizzard shad, migrate upstream out of the reser-
Voir.

MULTI-OUTLET RESERVOIR STUDIES

Control of the depth at which water is released
from areservoir is a primary means of controlling
water quality in reservoirs. Unfortunately, many
biological effects of atering reservoir release depths
remain poorly understood. Multi-outlet Reservoir
Studies was established to eval uate the effects of
changing outlet depth on reservoir fisheries and re-
lated aguatic resources. Field studies being con-
ducted at DeGray L ake, Arkansas, include monitor-
ing of trendsin fish and invertebrate crops and pro-
duction during 4 years in which water was released
from the epilimnion (1975-78), followed by 4 years
of release from the hypolimnion (1979-82). The
DeGray L ake studies are part of a cooperative ef-
fort by several universities and State and Federal
agencies to provide base-line information on physi-
cal and biological interactions in multi-outlet reser-
VOirs.

Lossof Larval Fish. The development of multi-
outlet release structures and knowledge of daily and
seasonal patterns of vertical distribution of the
larval fishes allows for selectivity in regulating the
degree of entrainment. The experimental operation
of the multiple release structure at DeGray Dam has
enabled biologists to quantify larval fish losses from
the lake and explore factors that influence those
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Biologists using a boat-mounted electroshocker to collect fish in the regulating pool at DeGray Lake, Arkansas, as part of a study
designed to compare the effects of water releases from the epilimnion and from the hypolimnion on downstream fish populations.

Photo by T. O. Duncan.

losses. Theloss of larval fish through DeGray Dam
during periods of generation has varied annually
since 1975. Annual losses are related to depth of
outlet, differences in population density, amount
of water discharged when the fish are small, and
vertical distribution of larvae.

Estimated annual loss of larval fishes ranged
from nearly 15 million in 1980 to more than 400
million in 1979; estimated loss of larval fish bio-
mass ranged from 226 kg in 1981 to 1,644 kg in
1978. Using data from 6 years of larval entrainment
studies, we have developed linear regression models
to describe the relation between larval fish abun-
dance above the dam and larval fish entrainment
during both high-level (epilimnial) and low-level
(hypolimnial) discharge regimens. The slope of the
regression line predicting larval fish loss on the basis
of reservoir fish density indicated a higher degree
of entrainment during epilimnial release for the
three principal taxa (shad, crappies, and sunfishes).
Since our data indicate that larval fish lossis pas-
sive, the seasonal vertical distribution of the larvae
vulnerable to entrainment and the outlet depth
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largely determine the percentage of larvae en-
trained.

Although millions of larval fish are discharged
each year, it is the proportion of the reservoir
standing crop entrained that is biologically impor-
tant. Proportions of the standing crop of larval fish
discharged (May through July) were indicated by
comparisons of weekly estimates of entrainment
with corresponding estimates of the reservoir popu-
lation. During epilimnial release, estimated weekly
percentages of the reservoir population lost ranged
from 0.01 to 8.6 for shad, 0.0 to 3.3 for crappies,
and 0.0 to 2.6 for sunfishes. During hypolimnial
release, the weekly percentages were much lower for
shad (0.0-1.1), but higher for crappies (0.03-10.6).
Weekly percentages of the larval sunfish population
lost were similar for both rel ease regimens. We be-
lieve these losses have little effect on the total reser-
voir population, even though rates of entrainment
were greater during epilimnial release.

L argemouth Bass Population Dynamics. The
population of largemouth bass has been sampled
intensively to evaluate possible effects of different



reservoir release depths on the population dynamics
of thisimportant sport fish, and to evaluate spring-
time electroshocking as a sampling tool for quanti-
tative sampling. Studies conducted since 1975 have
indicated that the population is dominated by fish
of ages| and Il. In 1982 the number of bassin-
creased in three study coves, the increases ranging
from 3% in the uplake section of the reservoir to
75% in the section. Only the midlake por-
tion of the reservoir showed a noticeable increase
in large fish (longer than 250 mm). In 1982 the

study cove was sampled in March and
again 1 month later. The length frequency of bass
collected was similar, indicating little differencein
the size distribution of bass near shore. This lack
of difference suggested that population estimates
of bass obtained in March and April were compa-
rable.

Bass production was 14.9 kg/hain 1980-81, and
18.5 kg/hain 1981-82. Both of these values were
below the average of 25.5 kg/hafor the period
1975-80. Largemouth bass reproduction, as mea-
sured by the number of young of the year in Septem-
ber rotenone samples, was slightly below average
in 1982 — 188/ha, compared with 279 for 1981 and
a 6-year mean of 254 (range 30-625/ha).

River Zooplankton. The abundance and distri-
bution of zooplankton and benthos was studied
downstream from DeGray L ake to determine the
influence of thisreservoir release on alarge river
system (Ouachita River). Zooplankton was sampled
from areas below the DeGray Lake reregulating
pool on the Caddo River, above the confluence of
the Caddo and Ouachitarivers, and below the con-
fluence. The DeGray L ake tailwater contained rela-
tively high densities of reservoir-produced zoo-
plankton, whereas the Ouachita River stations had
extremely low densities of zooplankton. Most of the
reservoir-produced zooplankton in the DeGray tail-
water during minimum-flow conditions disappeared
within 2 river miles downstream from the reregu-
lating pool. Organisms found below this point were
most often littoral types not commonly found in
reservoir samples.

SOUTHEAST RESERVOIR INVESTIGATIONS

The management of the fisheriesin large Federal
reservoirs and tailwatersis a complex and con-
tinuing experimental process. Each reservoir has

unigue problems — some related to natural environ-
mental differences and othersto activities of man —
but the integration of knowledge gained from
limited studies contributes to our ability to under-
stand these problems over awide geographical area,
to manipulate natural and man-made events for
management purposes, and to ultimately predict an
aguatic system's response to various environmental
alterations. Southeast Reservoir Investigations
major rolein this effort is to assess the impacts of
various electrical power development projects on
aquatic lifein reservoirs and their tailwaters. Re-
search has focused on conventional hydroelectric
plants, pumped-storage hydroelectric systems, and
nuclear-fueled steam generating plants. Headquar-
ters of the Investigations are at Clemson, South
Carolina, near a series of power reservoirsin the
upper Savannah River watershed. Progressing
downstream, the reservoirs are Jocassee (7,570
acres), Keowee (18,120 acres), Hartwell (56,400
acres), and Clarks Hill (71,500 acres). With the
completion of Richard B. Russell Reservoir (29,340
acres) in 1984, atotal of about 115 miles of river
will be inundated.

Zooplankton Abundance. Keowee and Jocassee
reservoirs have been influenced by a nuclear-fueled
steam-e€l ectric power plant (2,600 MW) and a
pumped-storage hydroelectric plant (610 MW) since
late 1973. Operation of the nuclear plant moves
large volumes of water (for condenser cooling) from
adepth of 66-89 feet and returnsit at a depth of
30-39 feet in Keowee Reservoir; pumped-storage
operations exchange water between the two reser-
voirs at a depth of 43-66 feet. Southeast Reservoir
Investigations sampled both reservoirs from 1973
through 1977 to document long-term changesin
zooplankton distribution and abundance due to
plant operation. Numbers of surface-oriented (0-49
feet) zooplankton declined 40% from 1973 to 1977
and biomass declined 56%. Over the same period,
nutrient levels decreased and the population of a
zooplankton predator (threadfin shad) increased.
Both factors could have contributed to the decline
in zooplankton density. However, changes in zoo-
plankton abundance have been site-specific,
whereas nutrient and predation pressure effects
probably occur with equal intensity over the entire
reservoir. Zooplankton declines were greatest in
areas farthest from the nuclear plant in summer and
nearest the plant in winter. The summer declineis
attributed to movement of zooplankton from the
surface to depths greater than 49 feet because of
changes in the summer temperature profile of the
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reservoir induced by the nuclear plant. Zooplank-
ton numbers in winter probably are low because
condenser cooling water (from 66-89 feet) islow
in zooplankton and is displaced near the surface
(30-39 feet). The Jocassee pumped-storage opera-
tion also has an effect on the northernmost area of
Keowee Reservoir near Jocassee Dam. The densities
in this area are not significantly different from those
found in Jocassee Reservoir, and densities have not
declined in either area asthey have in Keowee Reser-
VOir proper.

Similar species were present over the years of
study in Keowee Reservoir, but population changes
varied among species. Three major species increased
over the years, or declined initially, but recovered
to 1974 levels by 1977. Densities of four other
species declined significantly from 1974 to 1977.
Time of yearly maximum abundance changed sig-
nificantly during the study period. For example, the
dominant season for Diaphanosoma, acommon
plankter, occurred during summer in 1974-75, but
in spring of 1976-77. Thus the nuclear plant opera-
tion appears to have affected abundance and sea-
sonal dynamics of zooplankton over a wide area of
Keowee Reservoir, although plant-induced mortal-
ity is not asignificant factor. In contrast, pumped-
storage operations have resulted in only limited
changes in zooplankton density in Jocassee Reser-
voir and have stabilized densities in adjacent areas
of Keowee Reservoir.

LifeHistory Studies. Many steam-electric power
plants use large multi-purpose reservoirs as a source
of cooling water and as a means of dissipating waste
heat. These cooling reservoirs sometimes have
higher water temperatures and longer growing sea-
sons than do nearby non-cooling reservoirs. The
response of fish to elevated water temperatures and
other subtle changes (e.g., changes in dissolved oxy-
gen and flow regimens) in cooling reservoirsis a
major concern of fishery managers, and the long-
term studies by Southeast Reservoir |nvestigations
are part of an effort to measure the effects of these
changes on fish communities. The growth rates of
three major sport fishes — bluegills, largemouth
bass, and black crappies — in Keowee Reservoir were
determined for the first 10 years of impoundment.
During this period, the reservoir filled, water
temperatures were increased by the heated effluent,
and threadfin shad were stocked by the State with
the hope of increasing predator growth rates.
Threadfin shad may have improved the growth rates
of 2-year-old largemouth bass and 2-, 3-, and
4-year-old black crappies. Growth rates of bluegills
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generally were fastest as the reservoir filled and de-
clined significantly after the reservoir reached full
pool. Elevated water temperatures had no measura-
ble effects; fish growth was apparently regulated by
the abundance and size of prey.

Redeye bass were collected along with numerous
species of fish in Keowee and Jocassee reservoirs.
This speciesis generally believed to be poorly
adapted for lakes and reservoirs and is usually abun-
dant in reservoirs for only afew years after the na-
tive streams are impounded. However, annual
catches of redeye bass per 100 gill netsin Keowee
Reservoir increased from 0.37 in 1973 (5 years after
impoundment) to 13.75in 1981 (13 years after im-
poundment) and catches in Jocassee Reservoir in-
creased from 2.02 in 1977 (4 years after impound-
ment) to 17.50 in 1981 (8 years after impoundment).
Growth rates for fish from Keowee and Jocassee
reservoirs were considerably faster than those re-
ported in streams, but somewhat slower than those
reported in ponds. The increase in abundance and
the rapid rate of growth of redeye bass in Keowee
and Jocassee reservoirs suggests that this species
may be better suited for some lake environments
than previously believed.

Larval Fish Entrainment. Pumped-storage hydro-
electric power plants use reversible pump-turbines
and two reservoirs for power generation. Electricity
is generated during periods of peak power demand,
but during periods of low power demand the tur-
bines are reversed and water is pumped into the
upper reservoir whereit is available for additional
generation. The reuse of large volumes of water by
pumping and generation increases the vulnerability
of larval fish to passage through the power plant
(entrainment) to mortality or relocation. We com-
pleted a study (1977-79) at Jocassee Pumped-
Storage Station to determine operational effects on
larval fish populations in the upper (Jocassee) and
lower (Keowee) reservoairs. Information collected
and used in a predictive model developed in con-
junction with the Service's National Power Plant
Team include annual production estimates, natural
mortality rates, pumping and generation entrain-
ment passage and survival rates, and volumes of
water flowsin and out of each reservoir. Adequate
data were available for three major species. Thread-
fin shad were most vulnerable to generation and
pumping. Pumped-storage operations reduced
young-of-the-year shad in both reservoirs by about
40%. However, the production of shad in each
reservoir differed, and pumped-storage operation
resulted in anet gain of aimost 18-fold in the upper



reservoir and aloss of about 48% in the lower reser-
voir by the end of the entrainment period. Reduc-
tions of young-of-the-year black crappies and yel-
low perch ranged between 0.5 and 3.0%. Therelo-
cation of black crappies resulted in a 100% net
increase in the population of the lower reservoir and
an 8% loss in the upper reservoir. The relocation
of yellow perch resulted in no net gains or losses
for either reservoir. Thisinformation is the first step
in estimating long-term impacts on the size of adult
fish populations.

Tailwater Fisheries. Factors controlling distribu-
tion and abundance of tailwater fish populations
are poorly understood. Effects on tailwaters are
most severe when water is released for power gen-
eration through discharge structures located near
the bottom of reservoirsthat thermally stratify in
summer. Thistype of release resultsin low water
temperatures throughout the tailwater. We studied
Hartwell Reservoir tailwater (a peaking hydropower
project) when flows ranged from 100 to 23,500
cubic feet per second during nongeneration and gen-
eration, respectively; maximum water temperatures
rarely exceeded 68°F throughout the 8-mile study
area; and dissolved oxygen concentrations periodi-
cally dropped as low as 3 ppm in the 1-mile section
of tailwater immediately below the dam.

Estimates of fish distribution and abundance
were obtained by electrofishing and sampling with
rotenone. The collection of 43 species of fish indi-
cated that this is one of the more diverse cold tail-
water fish faunas in southeastern United States. Dis-
tribution of specieswas similar at all sampling loca-
tions, but abundance generally increased down-
stream. Mgjor factors affecting fish abundance be-
low Hartwell Dam appeared to be recruitment of
fish from the reservoir, areduction in habitat
diversity just below the dam, water temperatures
suitable for sunfish spawning, and the stocking of
rainbow trout and brown trout.

WHITE RIVER RESERVOIR STUDIES

The acquisition of long-term records needed to
identify various environmental and biological inter-
actions remains the only effective approach to
understanding the functioning of sport fish com-
munities in reservoirs. The White River Reservoir
Studies team conducted field investigations on
Beaver and Bull Shoals lakes from 1963 to 1981 to

document the development and evolution of the
sport fishery in anew reservoir (Beaver) and to com-
pare population trends with those observed in an
older reservoir of similar morphometry (Bull
Shoals). Field activities have yielded a unique data
bank for fishery biologiststo usein testing hypoth-
€ses concerning reservoir ecosystems. Sampling
techniques devel oped by the White River Reservoir
Studies team are widely used for studying reservoir
fish communities.

Long-term Studieson Angler Harvest Document
Reservoir Aging Effects. Estimates of angler use
and harvest obtained from Beaver Lake during its
first 17 years of impoundment have provided biol-
ogists with valuable insights into the potential for
reservoir angler use. After closure of Beaver Dam
in late 1963, sport fishing was exceptionally good
for about 4 years (anglers caught more than 30
pounds of sport fish per acre annually). The har-
vest of most important sport fishes then declined
through 1980, the 17th year of impoundment. Al-
though there were substantial year-to-year fluctua-
tions during the period, annual harvest of all sport
fishes decreased about 80%. The catch of black
basses and crappies showed similar declines. Fish-
ing pressure peaked at about 110 hours/ha during
the 4th year of impoundment and then slowly de-
clined to about 25 hours/hain 1979-80. This decline
paralleled the decrease in harvest. The pattern of
declining harvest on Beaver Lake is characteristic
of that in other man-made impoundments as they
age. Until recently, new reservoirs provided excel-
lent sport fishing in most regions of the United
States. With the decline in reservoir construction,
fishery agencies now face the difficult task of main-
taining acceptable levels of angling success in aging
reservoirs — a change that will require intensive ef-
fort and a much broader knowledge of reservoir fish
population dynamics than now exists.

SEATTLE NATIONAL FISHERY
RESEARCH CENTER

Role of Virusin Natural Salmonid
Populations. In a cooperative study with the Wash-
ington Department of Game, an attempt was made
to control mortality due to infectious hematopoietic
necrosis (IHN) at a Columbia River production
hatchery. All female brood fish were spawned indi-
vidually and a sample was obtained from each for
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virus analysis. The eggs from each female were held
separately until results of the virus tests were
known; the eggs from virus-positive fish were then
destroyed, and those from virus-negative fish com-
bined. Infection rates were in sea-run cutthroat
trout, 18% in summer-run steelhead trout, and

in winter-run steelhead trout. Mortality due to IHN
at this hatchery was less than of the total pro-
duction. Mortalities were 50 to 95% at nearby
hatcheries where eggs were not screened by this
method.

In arelated study done cooperatively with Port-
land General Electric Co. and the Oregon Depart-
ment of Fish and Wildlife, all female brood fish at
another Columbia River hatchery were examined.
None were found to be carriers of IHN virus, but
a severe epizootic resulted in an almost total 1oss
of the fry. The source of infection for this outbreak
was believed to be waterborne virus originating in
known IHN carrier fish in the reservoir above the
hatchery.

An effort to control IHN mortality of sockeye
salmon in streamside egg incubation boxes was
made cooperatively with the Washington Depart-
ment of Fisheries. Three mgjor experiments were
conducted: (1) examining the distribution of virus
levelsin the adult females used as egg sources for
each incubation box, (2) reducing egg and fry densi-
ties, and (3) changing spawning techniques to keep
eggs from each femal e separate through fertiliza-
tion, water-hardening, and disinfection. Severe IHN
epizootics occurred in the fry produced in all boxes.
Theinfection rate in this population was for
the third consecutive year. However, the virus load
in the spawning popul ation was obviously high this
year; more than 70% of the individual titers ex-
ceeded the midpoint, compared with less than 40%
in each of the preceding 2 years. This high level of
virus may explain why all control efforts failed.

Contrary to current dogma, male fish may play
arolein egg-associated (vertical) transmission of
IHN virus. Sperm from steelhead and rainbow
trout, kokanee, and chinook salmon were capable
of binding from 90 to 99% of the IHN virus present
in solution. Virus binding was complete in less than
1 minute, an extremely rapid rate, considering that
1 hour is required for full adsorption of virusto
cell cultures. Neither seminal plasma nor ovarian
fluid affected the process. At least some of the virus
remains viable because it can be eluted by chemical
treatment of the sperm. The capacity of sperm to
bind virusisfragile, asit can be destroyed by freez-
ing or washing of the sperm. The sperm may bind
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virus produced by the male itself or virus contrib-
uted by the female in the cavity fluid released dur-
ing expulsion of the eggs. The sperm would then
act as a carrier vehicle for the entry of the virus into
the egg.

Rapid Detection Methodsfor Fish Viruses. The
lack of a specific high-titered antiserum against IHN
virus continues to be the primary obstacle to devel-
opment of an immunologically based rapid assay.
The fluorescent antibody staining of IHN antigens
in cell culture was improved by the use of fluores-
cein isothiocyanate-labeled staphylococcus protein A
to replace the second antibody in the indirect test.
L ess non-specific staining occurred. Tests of severa
counterstains revealed that enochrome black T
yielded the best results. This staining procedureis
now being tested to identify viruses after cytopathic
effects are seen in cell cultures, to reduce the time
required for the neutralization test now being used.

Ovarian or cavity fluid is the sample of choice
for detection of IHN virus. It is a complex mixture
of at least 25 proteins. Eight to 10 of these proteins
differ quantitatively between IHN carrier and
non-carrier sockeye salmon; one or more may be
suitable for use in an assay that will more quickly
separate carrier from non-carrier fish.

Field Testing of M ethodsfor the Control of Fish
Diseases. Bacteria kidney disease (BKD) has been
a serious problem among hatchery-reared salmonids
throughout the United States and foreign countries.
Effective control of BKD isimpeded by the lack of
arapid method of diagnosis and surveillance. Pres-
ent methods of detection include isolation of the
bacterium (Renibacterium salmoninarum), gram-
stain, and the fluorescent antibody technique. How-
ever, isolation is slow (21 days), and gram-stain and
fluorescent antibody technique are arduous when
the number of samplesislarge. In 1981, we com-
pleted preliminary work and laboratory testing on
the development of an enzyme-linked immunosor-
bent assay (ELISA) for the rapid detection of BKD.
Our efforts during 1982 were directed toward the
testing and evaluation of the procedure on large
numbers of hatchery samples. Results obtained by
ELISA were also compared with those from the
fluorescent antibody technique, counterel ectro-
phoresis, and immunodiffusion.

Detection of BKD by ELISA corresponded with
detection by the other methods in all cases thus far
examined. We were able to detect relatively low con-
centrations of antigen in BKD-infected salmonids,
and ELISA enabled usto test about 200 fish per
day. The sensitivity of ELISA issuperior to that



of the other procedures tested. Counterel ectro-
phoresis can be used in preference to the more time-
consuming and tedious systems of staining (gram
and fluorescent antibody technique). Compl ete suc-
cess with ELISA depends on solving the problem
of reagent stabilization and the production of more
powerful antisera.

Dissolved Gas M onitoring System. Both air
supersaturation and low dissolved oxygen can be
very dangerous to aguatic organisms, and both can
occur without warning in hatcheries and labora-
tories. Continuous monitoring has been relatively
costly and time-consuming until a gasometer was
recently developed at the Seattle Center. In the
operation of this easily constructed device, a semi-
permeable membrane is used to compare total dis-
solved gas pressure with the air pressure. A posi-
tive pressure is produced when the water is super-
saturated with gases (which causes gas bubble
disease). A negative pressure isindicative of low dis-
solved oxygen (which causes hypoxia and suffoca-
tion). In cooperation with the Denver Wildlife Re-
search Center, we equipped the gasometer elec-
tronically to continuously monitor a water supply.
This version of the gasometer not only provides an
early warning when dangerous limits are reached,
but turns on the appropriate correctional treatment.

Coho Salmon Production in the Columbia River.
Among hypotheses examined that could explain the
collapse in production of coho sailmon in the
Columbia River observed in the early 1970's were
environmental degradation, predation, loss of wild
runs, phenomenarelated to population density in
the ocean, and factors related to the quality of re-
leases.

Through analysis of data on adult sex ratios and
return of jacks (early maturing salmon), it was
shown that nearly all (92 to 99%) of the mortali-
ties occurred during the first 6 months after release,
and that about 74% occurred even before the fish
entered salt water.

Muultiple regression techniques were used to deter-
mine the effects of various hatchery practices on
the production of adults. That production was
found to be best measured in terms of returns of
jacks. Among the hatchery-related factors, pond
loading densities (which have increased in hatcheries
during the past two decades) proved to be a signifi-
cant factor negatively affecting the survival of coho
salmon to adulthood, although it accounted for
only 5% of the variation in returns. Part of the
variation may be due to difficulty in measuring the
true density.

Histopathology of Salmonids. "Microscopic ana-
tomy of salmonids: An atlas' by W. T. Y asutake,
National Fishery Research Center, and J. H. Wales,
Oregon State University, has been completed and
isnow in press. The atlasis to include 12 color plates
and 50 black-and-white photomicrographs. This
project was undertaken in response to numerous
inquiries from researchers, biologists, professors,
students, and othersin related fields, about the
availability of abook on the microscopic anatomy
of trout and salmon.

The book was prepared primarily as an atlas and
supplementary reference. Consequently, the empha-
sisis on the photomicrographic illustrations, which
provide detailed descriptions, and the text consists
largely of general comments. The atlas contains an
extensive up-to-date bibliography on fish histology
and an appendix that includes the fixation and stain-
ing procedures used in preparing the materials
illustrated in the book.

Decline of Sockeye Salmon in Karluk L ake,
Alaska. Preliminary analysis of conditions that
could have resulted in a decline of sockeye salmon
in Alaska's Karluk River led to a conclusion that
the historic "stability” region (stock-recruit analy-
sis) for these fish collapsed and was reestablished
at amuch lower level. Subsequently, the Alaska Re-
gional Office of FWS concluded that restoration of
these sockeye salmon was a matter of high priority
and that an attempt should be made to identify the
specific mechanism for this collapse, not only be-
cause of its significance at Karluk, but also because
of its potential significance for sockeye salmon
populations associated with other Service lands.

In 1982, the Seattle Center began a project at
Karluk to eliminate, as efficiently as possible, the
alternative explanations that could account for col-
lapsing stability regions. These explanations in-
cluded propositions that the collapse resulted from
changes in lake productivity or depensatory mor-
tality.

We concluded that the lake productivity possibil-
ity could best be addressed by an analysis of sedi-
ment core samples. The one core that has been ana-
lyzed to date was collected on 12 August 1981, from
Thumb Bay in water 40 m deep. It was frozen and
returned to the Seattle Center, where it was sliced
into 13 samples with an average length of 3 cm. Sub-
samples were taken from the center of each sample
and cleaned for diatoms by oxidation with potas-
sium dichromate and 30% hydrogen peroxide, and
mounted for enumeration. Ten or more fields, to
amaximum of 25, were counted per subsamplein
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order to ensure statistically relevant counts. Means
and standard deviations were calculated for each
type of diatom, and the ratio of araphidineae to
centric diatoms (A/C) was calculated. A trophic
classification of the lake was determined for the
time at which each subsample was laid down. Domi-
nant members of the community were determined
by numbers rather than by volume. A total of 86
taxa were identified from the core. The dominant
diatom taxa from each subsample were tabul ated.

The A/C ratios for the subsamples indicated that
the lake has been oligotrophic or mildly meso-
trophic over most of the time represented by the
core. However, during the period of time repre-
sented by two of the subsamples, the lake was ex-
tremely eutrophic. Because the core was frozen and
thawed an unknown number of timesin transit to
the laboratory, it was not deemed suitable for nitro-
gen and phosphorus analysis. Numerous

of the core were examined both with compound
and dissecting microscopes for fish remains, but
none were found. The core has been transferred to
the Institute for Quaternary Research at the Uni-
versity of Washington, for radiocarbon dating.

Depensatory mortality could result from preda-
tion or competition. Our first goal was to test the
predation hypothesis. Our strategy was to estimate
the number of prey (sockeye salmon) consumed per
predator at Karluk. Potential predators were col-
lected from May to October 1982 by seining, trap-
ping, and angling. Few of the data have yet been
analyzed, but we have virtually eliminated Dolly
Varden as an important predator of sockeye salmon
fry or fingerlings: Only one specimen collected was
found to have eaten a young sockeye salmon. How-
ever, Dolly Varden consumed large numbers of sal-
mon eggs during the peak of salmon spawning ac-
tivity.

Brood Stock Management. A series of models
was developed to describe the possible outcomes of
genetic manipulation of brood stocks through stock
transfer. We concluded that, because of insufficient
information and knowledge within the field of ge-
netics, the models must serve primarily to demon-
strate the range of possible effects from transfer-
ring fish and not to predict the outcome in a par-
ticular situation.

Perhaps the most important indication was that
the probability for permanent genetic change was
much greater for outplanting than for transfers be-
tween hatcheries. Continual genetic introgression
from the hatchery population to the wild popul a-
tion, combined with associated density-dependent
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effects, constitutes a powerful force: After 30 gen-
erations of outplanting there may be little difference
between the wild population and the contributing
hatchery population. Consequently, if the same
hatchery population is used to supplement 10 gene-
tically distinct wild populations, for instance, it
would be expected that there would be little differ-
ence among these populations after 30 generations.
Hence, to the extent that management agencies are
concerned with conserving genetic diversity, they
must ensure that large regions to be intensively
stocked are divided into areas based on evidence for
genetic similarity among the endemic fish popula-
tions. The hatchery contributing to each areawould
develop its fish population from populations en-
demic to that area. Transfers of fish between areas
would be prohibited except perhaps for experi-
mental purposes.

Several recommendations for brood stock man-
agement in the Columbia River were made, and a
"framework" for decision-making in the use of
hatchery-produced salmonids was compl eted.
Recommendations were (1) that each hatchery be
designated as either a selective breeding station or
aconservation hatchery; (2) that conservation units
be established on the basis of electrophoretic data,
geographic proximity, and other pertinent informa-
tion such as life history and disease resistance; (3)
that transfers involve few fish and occur infre-
quently; (4) that brood stocks be developed from
wild fish within the conservation unit; and (5) that
wild fish (perhaps beincluded in each year's
brood stock for hatcheries in conservation units that
include wild populations.

Guidelinesfor Use of Hatchery Fish. A report
entitled "Limitations and guidelines for the use of
artificially propagated salmonids in management
programs' was prepared for the Regional Resource
Manager. In the report, we reviewed evidence to
show that effects of density regulation, species inter-
actions, gene flow, and ocean productivity cannot
be safely ignored in management decisions regard-
ing the use of artificially propagated anadromous
salmonids. For instance, when natural recruitment
of presmoltsis sufficient to use the available food
and space, efforts to increase their density merely
increases the mortality rate. This effect, combined
with the effect of gene flow from hatchery fish
("genetic pollution™) can threaten an endemic
population's ability to persist. Further, we showed
that increasing smolt abundance in one population
can reduce other populations in a community, and
that ocean productivity for salmonids may be much



lessthan it is generally perceived to be.

In addition to describing goals in gene resource
conservation, and some of the ecological relations
that can limit success of management projectsin
which artificially propagated salmonids are used,
aprimary purpose of the report was to assist mana-
gers and other fishery resource decision-makers by
developing preliminary guidelines for evaluating
proposals to supplement or enhance salmonid re-
sources. These guidelines were presented in the form
of akey that requires the user to progress through
aseries of paired options until a presumed logical
conclusion regarding the proposal is reached.

Biochemical Genetics of Sockeye Salmon. Defi-
nition of stocks (populations) and specification of
reproductive requirements (escapement) for stabil-
ity depend on the availability of accurate descrip-
tions of the populations for which management
criteria are to be developed and applied. It is some-
times known that more than asingle "race" of an
anadromous salmonid occurs within awatershed.
Each race certainly is a population, but in some
situations, several populations are known to exist
within arace. Homing behavior and environmental
peculiarities that have resulted in reproductive iso-
lation of populations no doubt have also resulted
in site-specific adaptations invol ving reproductive
characteristics such as fecundity, age at maturity,
and growth. Consequently, all populations cannot
be expected to respond to fishing in the same way.
Optimum management and use, and gene resource
(population) conservation depend first, therefore,
on descriptions of the distribution of specific popu-
lations and on information that accounts for dif-
ferences in reproductive potentials.

Our research effort in fish genetics to date has
largely been restricted to answering specific ques-
tions concerning some sockeye salmon populations
that have been raised by the Alaska Department of
Fish and Game, and Region 7. Significant genetic
differences were found between early and late runs
of sockeye salmon in both the Russian and Karluk
rivers, and between sockeye salmon from each of
theseriversfor certain enzymes. The differencein
aconitase allele frequencies for fish from the Rus-
sian and Karluk rivers was of particular interest be-
cause the most common allelein the Russian River
fish was lacking in fish from the Karluk River.

Salmon in Kenai River, Alaska. The original ob-
jectives of this 3-year study (1979-81), conducted
in cooperation with the Alaska Department of Fish
and Game, were to delineate and characterize
spawning and rearing habitat for permit reviewers,

to evaluate the effects of past and present riverine
developments (docks, boat ramps, jetties, excava-
tions, . . .) on salmon habitat, to develop new
methodologies for research in glacial rivers, and to
attempt to provide information useful to fishery
managers.

A total of 139 chinook salmon were radio-tagged
over 3 years and more than 50 spawning areas were
located. In studies of juveniles we used modified
Instream Flow methodology. A brief summary of
the major findings follows.

(1) The existence of two runs of chinook salmon
into the Kenai River was confirmed. Tagging and
tracking studies showed that early-run salmon enter
the Kenai during May and June and spawn in tribu-
tary streams. Late-run salmon enter the stream in
July and August and spawn in the Kenai main stem
during August and early September.

(2) Early-run fish spawn primarily in two tribu-
tarieson Kenai National Wildlife Refuge lands. In
the most productive tributary (Killey River) we used
an electric weir and mark and recapture methods
to estimate an escapement of 8,000 adults. Late-run
chinook salmon are more likely to be affected by
development structures in the stream because all of
the freshwater life history occursin the main stem.

(3) Several high-use rearing areas were docu-
mented. Also, habitat use curves were constructed
for three species of juvenile salmon. The compo-
nents identified included velocity and substrate. It
should be possible to determine how the type of
development for which a permit application has
been made will affect rearing. Catch rates for juve-
niles along natural banks were compared with those
along various developed areas.

(4) Data are now available on diel movements of
adults, migration rates, length of time that tagged
fish were vulnerable to anglers, sport harvest rates
of tagged fish, age and growth of juveniles, and
food preferences.

Our successful use of radio-tagging to describe
the timing of spawning runs of chinook salmon and
their choice of spawning locations in the Kenai
River has stimulated interest in the development of
similar methods for other species and locationsin
Alaska

Atlas of the Distribution of Marine Birdsin the
Gulf of Alaska and Southern Bering Sea. Theim-
pending development of petroleum resources on the
continental shelf of Alaska potentially threatens
populations of marine birds that are larger and
more diverse than in any similar region of the north-
ern hemisphere. In an effort to evaluate this threat,
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large-scale studies of populations and biology of
marine birds were begun in 1975. Results of cen-
suses conducted in the Gulf of Alaska and Bering
Sea are now summarized in an atlas that shows sea-
sonal distributions of all major species. The dis-
tributions of individual species differ, but numbers
are generally highest near shore, somewhat lower
over the continental shelf, high in areas of upwell-
ing at the edge of the shelf, and much lower over
deep oceanic regions. Although an estimated 40 mil-
lion seabirds of 30 species nest in Alaska, dominant
speciesin summer are sooty and short-tailed shear-
waters that nest in the southern hemisphere. Other
results of these studies have been reported in more
than 50 publications.

Fidelity and Reproductive Successin Alaskan
Shorebirds. Black turnstones nest primarily along

Migratory Birds

the coastal fringe of the Y ukon-Kiskokwim Delta.
Densities of nesting birds are highest in salt-grass
meadows and coastal lowlands that are susceptible
to flooding by spring or storm-driven tides. During
a 5-year study, the return rate of individually
marked birds averaged 89% for males and 79% for
females. Fidelity of birdsto territories, which en-
compassed areas used for courtship, nesting, feed-
ing, and chick-rearing, appeared to serve in part to
reunite pairs, which were strictly monogamous. Re-
productive success was highest among birds that
were faithful to both nests and territories. However,
thisfidelity of turnstones to mates and territories,
which is advantageous under natural conditions,
could tend to increase the vulnerability of this spe-
ciesto pollution that may occur with devel opment
of offshore petroleum resources.

MIGRATORY BIRD AND HABITAT
RESEARCH LABORATORY

Study Confirms Dependence of Neotropi-
cal Migrant Birdson Large Forest Tracts. Reduc-
tion of total forest area and the fragmentation of
native forest into isolated patches have adversely
affected populations of many bird species, espe-
cially those songbirds that winter in the tropics. Be-
cause forest habitat is also disappearing at an alarm-
ing rate in Latin America where these birds winter,
there is an urgent need to determine the areare-
quirements of those species that depend on forest
interior habitats. Current research is designed to
determine the magnitude of forest habitat needed
to support the nesting species typical of that habitat.

In a contract study in 1979-81, investigators at
the University of Illinois used the point-count tech-
nique to record bird populationsin 29 forest sites
in east-central Illinois. They found a strong correla-
tion between area of woodland and number of
breeding species of neotropical migrants. In con-
trast, numbers of species of short-distance migrants
were not strongly correlated with forest area. These
findings are similar to those reported from the Mid-
dle Atlantic Statesin 1979, indicating that de-
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pendence of long-distance forest migrants on large
tracts of habitat during the breeding season is not
merely aregiona phenomenon.

Many of the vireos, thrushes, gnat-
catchers, tanagers, and flycatchers are among the
neotropical migrants most dependent on large tracts
of forest for nesting. Examples of the smallest tract
on which birds were found during the breeding sea-
son in east-central I1linois are 600 hafor hooded
warbler, 118 hafor American redstart, 65 hafor
cerulean warbler, 28 hafor veery and rose-breasted
grosbeak, 24 hafor Acadian flycatcher, blue-gray
gnatcatcher, northern parula, and ovenbird, and
16 hafor scarlet tanager.

Although these species defend territories of only
1-2 ha, during the breeding season, a block of forest
many times that large is needed to attract even small
populations of these area-sensitive species. This
concept must be taken into account in planning the
acquisition and management of natural areas.

Tern Nesting on the Atlantic Coast. Along the
heavily disturbed beaches of the coastal Atlantic re-
gion, many ground-nesting seabirds have been dis-
placed from beach-dune habitats to alternate habi-
tats, such as salt marsh or dredged-material islands.
Common terns, black skimmers, herring and great
black-backed gulls, and American oystercatchers



have had to alter their nesting habits because of
human activity.

For 3 years, common tern coloniesin New Jer-
sey, Maryland, and Virginiawere studied to deter-
mine if habitat choice influences colony structure
and reproductive performance. Information on
reproductive success and nest-spacing patterns was
collected during weekly visits to natural beach and
salt marsh colonies. Reproductive success varied
greatly among study colonies within years and
within colonies among years. The largest, most suc-
cessful colonies, however, werein natural beach-
dune habitat. Depending on the direction and sever-
ity of storms and high tides, nest destruction by
flooding was usually (but not always) more severe
for marsh colonies. Nest-spacing patterns differed
between marsh and beach colonies. Ternsin
marshes were restricted to building nests on small
mats of dead vegetation (eelgrass "wrack™), which
provided some flotation when high tide waters en-
croached. As a consequence, however, nests were
placed closer together than in beach habitats.

Theresults indicate that common terns can adapt
readily to marshes for nesting, although long-term
nesting success may be lower than in traditional
beach habitats. The same appears to be true for
gulls. Preliminary results suggest that black skim-
mers, least terns, or American oystercatchers are
more specialized and less adaptable to alternate
nesting habitats. For these species, some active man-
agement of nesting habitat may be necessary to sus-
tain populations in increasingly disturbed coastal
areas.

High Coastal M arsh Systems | mportant for
Migratory Shorebirds. Large numbers of sandpipers
and plovers use Atlantic coastal marshes as stop-
overs and staging areas during migration. The total
acreage of these habitats has declined about 16%
since 1922. On the coast of New England and the
Middle Atlantic States alone, 90% of the high
marsh zone, that portion lying above mean high tide
level, has been ditched for mosquito control since
the turn of the century. The objective of this study
was to determine how, and for what purposes,
shorebirds make use of high marsh systems.

Two methods were used near Wallops Island, Vir-
ginia, to help answer these questions. High marsh
ponds frequently visited by shorebirds were ob-
served through full tide cycles, and censuses of all
species were conducted at regular intervals. Be-
havior of individuals was recorded during each cen-
sus. To determine microhabitat preferences, we
established 40 census plots along transects through

the high marsh. Birds were censused in all plots
twice per day during the spring migration. Habitat
structure and composition and water levels were
measured in each plot.

Results of the censuses through tide cycles
showed that most species exhibit strong population
cycles, peaking in the high marsh at high tide when
intertidal mudflats are flooded and returning to the
flats when the tide recedes. Feeding activity of
species like short-billed dowitchers and semipal-
mated plovers was similarly cyclical, tapering off
markedly during the high tide period. Least and
semipal mated sandpipers, however, continued to
feed actively on dipteran larvae in the high marsh.
Many individuals of these species remained here
even at low tide levels. These resultsindicate that
the high marsh is an important high tide roosting
areafor most shorebird species and is also a signifi-
cant source of food for some of the smaller species.

Casual observation of shorebirdsin the high
marsh suggests that large, shallow ponds are the
favored microhabitat. Results of the habitat tran-
sect censuses, however, showed that those species
with statistically significant preferences prefer very
small openings amid the marsh grasses. Preliminary
studies of prey distribution showed no difference
between large and small ponds. It is tentatively con-
cluded that shorebirds select high marsh microhabi-
tats that offer feeding opportunities while mini-
mizing the risk of detection by aerial predators.

The significance of these resultsis twofold. First,
because high marsh habitats provide safe roosting
sites for many shorebird species and feeding sites
for some, increased consideration should be given
to preserving natural high marsh systems. Second,
the results of habitat studies suggest simple ap-
proaches to high marsh management that may en-
hance shorebird utilization during migration.

Relation Between Environmental Variables and
Distribution of Mallards Wintering in the Missis-
sippi Alluvial Valley. Analyses of band recovery
data suggest that mallards from specific breeding
areas do not always winter in the same areas each
year. A recent study addressed the question of
whether variation in distribution of mallards win-
tering in the Mississippi Alluvial Valey (MAV) was
associated with three environmental variables: win-
ter temperatures, winter precipitation, and mallard
population size. Datafor 1950-81 were obtained for
December-January temperatures and days below
freezing for northern wintering areas outside the

cumulative November-January precipitation
for locationsin and continental mallard
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numbers from the winter waterfowl survey.

Winter distributions of mallard band recoveries
were centered farther south in cold wintersthan in
warm winters. Winter waterfowl survey data indi-
cated major southward shifts in distribution during
the two coldest wintersin the period of interest, Jan-
uary 1977 and January 1979. Mallard winter dis-
tribution also differed between wet and dry winters,
and higher proportions of band recoveries (espe-
cially for young birds) occurred in MAV during wet
winters. In winters of high population size the pro-
portion of young mallards wintering in de-
creased, suggesting possible competition with
adults.

These results indicate that management activities
on specific wintering grounds will not necessarily
affect the same wintering population each year. Re-
sults also support decisions made in recent years to
increase wetland preservation effortsin to
offset the massive flood-control and drainage ef-
forts that have cleared more than of the bot-
tomland forests and wetlands.

Effects of Permanent Trap Responsein Capture
Probability on Jolly-Seber Capture-Recapture
Model Estimates. The Jolly-Seber capture-recap-
ture model provides a means of estimating mortality
rates, reproductive rates, and population sizein
natural animal populations. The model iswidely
used and has been applied in migratory bird re-
search. The model incorporates the assumption that
every individual in the population has the same
probability of being caught within a given trapping
period. Permanent trap response refersto a situa-
tion in which unmarked and previously marked
individuals have different capture probabilities, and
thus represents a deviation from this assumption.
A "trap-happy" response occurs when marked indi-
viduals have a higher capture probability than un-
marked individuals, and a "trap-shy" response
occurs when marked individuals have alower cap-
ture probability.

We studied the effects of permanent trap response
using analytical approximations and computer
simulation. A trap-happy response was shown to
produce negatively biased estimates of population
size whereas a trap-shy response produces positive
bias. Relative biases of population size estimates are
worse when capture probability islow and when the
studied population exhibits substantial turnover
(high reproductive and mortality rates). Trap re-
sponse does not bias survival rate estimates but does
affect their precision. Tests for the existence of trap
response can be made with certain closed popula-
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tion models.

Breeding Ground Habitat Conditionsand Mal-
lard Survival. Recent analyses of mallard banding
and band recovery data indicate that mallard sur-
vival rates vary from year to year. However, we
know little about what environmental factors are
associated with this variation. A recent analysis
addressed the question of whether mallard survival
rates vary in response to habitat conditions on
prairie breeding grounds. Annual survival rates of
mallards were estimated from banding and band re-
covery data corresponding to specific prairie breed-
ing areas. May ponds and mallard breeding popu-
lation size were estimated from the annual May
breeding ground Results of the analysesin-
dicated that mallard survival rates were generally
higher during years of good habitat conditions (re-
flected by high May pond numbers and low mal-
lards-per-pond ratios) than during years of poor
conditions (low pond numbers and high ratios).
This relation was stronger for males than females.
Land management activities directed at improve-
ment of water conditions on prairie breeding
grounds may thus benefit survival aswell as repro-
duction of mallards.

Band Reporting Rates of American Black Ducks.
It has been known for years that not all of the bands
on ducks retrieved by hunters are reported to the
Bird Banding Laboratory. A knowledge of the ac-
tual reporting rate of leg bands is needed to adjust
band recovery rates in order to estimate harvest
rates. Additionally, low band recovery rates result
in an inefficient return of data from banding opera-
tions; low band reporting rates may suggest the need
to encourage band reporting among sportsmen.

Standard U.S. Fish and Wildlife Service (FWS)
leg bands were applied to 18,008 American black
ducks during the preseason banding period and to
25,070 black ducks during the postseason period,
1978-80. Reward bands (a control band on oneleg
and an iodized green "REWARD $15" band on the
other leg) were applied to 2,965 and 5,055 birds dur-
ing the preseason and postseason periods, respec-
tively. Maximum likelihood methods were used to
estimate band reporting rates, harvest rates, and
band solicitation rates and to test hypotheses about
temporal and geographic variability in these rates.

Mean band reporting rate for black ducks recov-
ered in Canada and in the Atlantic and Mississippi
flyways of the United States was 0.43 ( = 0.04, 95%
confidence interval). A previous reward band study
for mallards found significant regional geographic
differences in reporting rates, and within geographic



regions, lower reporting rates at sites close to band-
ing stations. We found little evidence of regional
geographic differences in reporting rates for black
ducks, and no evidence that rates were influenced
by distance from banding station. There was also
suggestion of temporal variations in reporting rates
over the 3 years of this study, indicating that the
constant rate of 0.43 should be taken as the best
estimate of overall reporting rates for black ducks.

A critical assumption of al reward band methods
isthat 100% of the reward bands found by hunters
arereported. We believe that this assumption is
false, and that the actual reporting of reward bands
is 75-90%. The effect of violating this assumption
isthat the reporting rate of standard bandsis over-
estimated by as much as 50%, and that harvest rates
are underestimated by the same amount. In future
studies this problem could be alleviated by raising
the value of the reward or by applying several sam-
ples of reward bands having increasing reward pay-
ments.

Cooper ative Dove Nesting Study Completed. In
recent years, some individuals and organizations
have opposed Federal regulations permitting Sep-
tember dove hunting because part of the nesting sea-
son may coincide with the hunting season. The con-
cern was expressed that hunting mortality of breed-
ing adult doves in September may result in substan-
tial mortality of eggs and nestlings and that the dis-
turbance of hunting might curtail nesting activity.
In 1977 the FWS prepared an environmental assess-
ment which examined the currently available infor-
mation on the impact of hunting on the dove popu-
lations. The conclusion was that regulations allow-
ing September hunting have negligible adverse im-
pact on the maintenance of the mourning dove
population in the United States. Although that con-
clusion was based on alarge amount of informa-
tion, there had been no standardized and coordi-
nated field studies of seasonal dove nesting patterns
throughout the United States, nor had there been
any comparisons of egg or nestling survival in
hunted and non-hunted areas in September.

To obtain this additional information, we ini-
tiated a nationwide study in 1978 through the coop-
eration of 23 State wildlife agencies, six State uni-
versities, and the FWS. This study estimated the
proportion of annual dove nesting activity and pro-
duction that occurs in September and October, and
compared the survival rates of eggs and nestlings
in hunted and non-hunted areas during September.

During the 2 years of the study, about 7,000 ac-
tive nests were located on 106 study areasin 27

States. Estimates were obtained on nest initiation,
nest activity, and fledging. Two methods were used
to estimate monthly proportions of nest initiation.
One was based on backdating from the hatch dates
and the other was based on dates on which nests
were initially found. The nationwide percentage of
the annual total of nests that were initiated in Sep-
tember and October was 1% based on backdating
hatch dates and almost 3% based on nests found
for the first time.

Nesting activity was estimated by numbers of eggs
and nestlings present in weekly counts. Nationally,
4.5% of the annual total of nesting activity occurred
in September and October. The fledging that
occurred in September and October was about 10%
of the total fledging.

In a separate part of the study, survival rates were
estimated from paired hunted and non-hunted areas
from data on 668 nests. The survival rates were not
significantly different. Even if there had been areal
differencein survival rates that was too small to be
detected, it probably would reduce the mean fledg-
ing rate by less than 1%.

In conclusion, only a small proportion of total
annual nesting attempts was exposed to hunting.
There was no statistically significant differencein
survival ratesin areas where hunting was permitted
compared with areas where it was prohibited. Thus,
dove hunting under current regulations has no sub-
stantial effect on recruitment of fledglingsinto the
mourning dove population.

Numbersand Sex Ratios of Canvasbacks M oni-
tored by Aerial Photography. An aerial photo-
census of canvasbacks was conducted throughout
Chesapeake Bay (tidal Maryland and Virginia) and
coastal North Carolinato assess numbers of birds
and provide valuable sex ratio information. Color
photographs of flocks of canvasbacks were taken
with a conventional, hand-held 35-mm camera from
the window of low-flying aircraft. Flock size and
sex ratio characteristics were determined from pho-
tographs of 165 flocks of canvasbacks totaling over
95,000 birds. Sex was determined for 68,800 birds,
an average of 80% of the canvasbacks in each of
150 flocks. The resultant flyway-wide sex ratio was
2.91 males per female.

Flock size differences were detected in each State.
In Maryland, 70 flocks of canvasbacks exhibited a
broad range of flock sizes; 63% of flocks contained
less than 500 ducks, whereas 10% ranged from
2,000 to a maximum of 5,000 birds. In Virginia,
canvasbacks were widely scattered in numerous
small flocks (n = 71) in the James, Y ork, and
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Rappahannock rivers; 93% of flocks contained less
than 500 ducks and no flocks larger than 1,000 birds
were recorded. The open sounds of North Carolina
harbored the fewest (n = 24), but on the average
the largest, flocks of canvasbacks; 25% of flocks
contained fewer than 500 ducks, and 29% ranged
from 2,000 to a maximum of 3,600 birds.

Sex ratio varied latitudinally in the flyway as well
aslocally with flock size. Sex ratio (males per fe-
male) was highest in Maryland (3.98) and lowest in
North Carolina (1.70), revealing that females and
young tended to congregate at more southern lati-
tudes and males at the more northern limit of the
winter range. We found that over the same range
of flock sizes, sex ratios of canvasbacksin Mary-
land and Virginiawere not significantly different.

Monitoring the annual change in sex ratio of the
wintering canvasback population can provide valua-
ble information on recruitment success and thus on
population status. For example, during the 1981
breeding season, widespread drought on the prairie
resulted in poor breeding success for canvasbacks.
An abbreviated aerial photo-census completed in
January 1982 revealed that the Maryland canvas-
back sex retio increased from 3.98 in 1981 to 4.93
in 1982. Thisincrease reflects the lower survival of
females (vs. males) among the adult population.
During years of good reproduction, large cohorts
of young hirds tended to lower the sex ratio because
of their more balanced sex ratio.

Brood-rearing American Black Duck Females
Use Beaver-created Habitats Extensively in Maine.
Radio-marked female American black ducks were
monitored with broods during 1977-80 in Maine.
Eight marked hens moved broods an average of
1.2 km from the nest site to arearing wetland. Only
one hen moved her brood after the initial movement
from the nest. The eight broods were observed on
21 wetlands, but 43 (51%) ducklings from these
broods were reared on only three ponds. All of the
ponds selected by the hens for brood-rearing con-
tained active beaver colonies, and new flowages
( <3 yearsold) received greater brood use than older
ones. Broods did not use wetland types in propor-
tion to their availability. Emergent wetlands were
used more, and lakes and evergreen scrub-shrub
wetlands were used less. The wetland components
that attracted brood hens were areas of flooded
alder-willow, herbaceous vegetation, and wetlands
with large surface water area. Clearly, beaver har-
vest regulations that promote an expanding beaver
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population will result in the creation of brood-rear-
ing habitat.

Nesting Effort of Individual M ourning Dove
Pairsin Georgia. In 1979 and 1980, mourning dove
pairs were radio-tagged at the beginning of the nest-
ing season in Georgia. Attempts were made to re-
capture and retag these birds every 2 months
through the nesting season so that nesting efforts
and successes of single pairs could be recorded
through the nesting season. In 1979, 11 pairs of
mourning doves were radio-tagged through their
complete breeding season; in 1980, 14 pairs were
radio-tagged.

In 1979 the nesting season began in March and
ended in September; only 9.7% of the nests were
begun after 31 August. In 1980 the nesting season
began in February and ended in September; 4.6%
of the nests were begun after 31 August. The length
of the breeding season averaged 174 daysin 1979
and 180 daysin 1980. In 1979 nesting success aver-
aged 48% and an average of six young were pro-
duced per breeding pair. In 1980 nesting success
averaged 37% and an average of 5.4 young were
produced per breeding pair. The number of nesting
attempts averaged 6.6 per breeding pair in 1979 and
7.6 per breeding pair in 1980. Most nests were lost
during the egg stage, and predation and severe
wesather were the most common causes of these
losses. The length of time between nesting attempts
ranged from 4 to 21 days and averaged 9.4 daysin
1979 and 1980.

Estimates of Juvenile American Black Duck Sur -
vival Rates Affected by L oss of Entire Broods. In
Maine, recently completed radiotelemetry studies
of juvenile American black duck survival during
brood-rearing revealed that failure to consider loss
of entire broods inflated the survival rate by nearly
20%. If survival rate is based on the product of the
Class |11 brood size (5.26) divided by the expected
number of ducklings at hatching (8.55), the appar-
ent survival rateis 0.6152. However, when a method
described by Mayfield which considers daily sur-
vival rates and accounts for loss of entire broods
isused, the survival is significantly lower, only
0.4244.

Aswould be expected, younger ducklings had a
survival rate about 10% lower than that of older
ducklings and nearly 20% of the breeding females
lost their entire broods. Therefore, brood produc-
tion estimates that do not consider loss of entire
broods should be used with caution because they
overestimate actual recruitment by about



NATIONAL WILDLIFE HEALTH
LABORATORY

National Wildlife Health L aboratory Serves
Diversity of User Groups. A total of 422 different
submissions for diagnostic assistance were received
by the National Wildlife Health Laboratory
(NWHL) during fiscal year 1982. These submissions
accounted for 2,163 specimens of which 64% were
waterfowl, 12% eagles, 16% all other bird species,
and the remaining 8% mammals and other speci-
mens.

The origin of these submissions included the Na-
tional Wildlife Refuge System (23%), U.S. Fish and
Wildlife Service (FWS) Special Agents (18%), other
Federal agencies (24%), State conservation agen-
cies (23%), and other public and private conserva-
tion organizations (12%). Documentation of cause
of death for legal purposes was requested by Special
Agentsin 29 submissions (7%). In addition to the
above, more than 1,700 tissue swabs taken from
wild waterfow! in the Mississippi and Central fly-
ways were tested for the presence of duck plague
virus.

Fish and Wildlife Service research programs at
other locations also benefited from NWHL activi-
ties during the year. Vitamin A deficiency was diag-
nosed as a problem in Mexican bobwhite quail being
propagated under Endangered Species program ac-
tivities, and the parasite Capillaria hepatica was
identified as the cause of liver damage in captive
Richardson's ground squirrels. In addition, coop-
erative efforts with FWS environmental contami-
nant studies resulted in more than 300 avian car-
casses that were evaluated for infectious diseases be-
fore submission of tissues for contaminant assays.

The number of non-infectious diseases and chem-
ical intoxicationsincreased in fiscal year 1982. Or-
ganophosphate pesticides were identified as the
cause of three waterfowl and one songbird die-off.
Strychnine was responsible for mortality of yellow-
headed blackbirds on a national wildlife refuge
(NWR) and for the deaths of pigeons, urban birds,
and a peregrine falcon at another location. Im-
proper use of Avitrol was also identified as a cause
of songbird mortality.

Lead poisoning from causes other than ingested
lead shot was diagnosed during the year. In one
instance mine tailings in Idaho were implicated, and
in another ingestion of lead-based paint chips was
the cause of death of Laysan albatross chicks on
Midway Island.

The diagnosis of Tyzzer's disease (caused by
Bacillus piliformes) in muskrats, tularemiain
beaver, avian tuberculosisin awild whooping crane,
and starvation of a Mississippi crane due
to parasitism of the tongue by Capillaria sp. were
some of the more interesting cases encountered dur-
ing the year. An aberrant form of aspergillosis
(caused by fungus) was also observed. Deaths oc-
curred in Canada geese as aresult of asphyxiation
from blockage of the trachea due to fungal growth.

Wildlife Disease Affects Recreational Use of
Wildlife Areas. Because tularemiais abacterial
disease of animals transmissible to humans, out-
breaks of this disease in wildlife populations have
public health significance whenever exposure of
human populationsis likely. This situation occurred
in spring and early summer 1981 and 1982 at the
Necedah NWR and adjacent State wildlife areasin
central Wisconsin.

Beaver carcasses submitted to the NWHL were
infected with tularemia. Field observations indi-
cated substantial mortality in the Refuge's beaver
population and on adjacent State wildlife areas.
These findings caused local public health authori-
ties to recommend closure of problem areasto the
public until the epizootic was over.

Bacteriaresponsible for tularemia are released
into water when infected animals die in the water.
Man most often becomes infected by handling in-
fected carcasses and by ingesting contaminated
water. Biting insects such as mosquitoes and ticks
that have fed on contaminated animals are another
important means of transmission.

Fishermen, campers, hikers, and canoeists using
the infected impoundments faced risks from the
contaminated water and biting insects. Refuge per-
sonnel and State biologists faced additional risks
associated with carcass removal and were instructed
to use gloves and take other protective measuresin
carrying out this activity.

Tularemiais only one example of diseases of wild-
life transmissible to humans. Other common exam-
plesinclude rabies, brucellosis, leptospirosis, and
rodent plague. In addition to wildlife losses that
occur, failure to adequatley address these types of
disease problems can result in substantial |oss of
recreational opportunities at site-specific locations
because of human health considerations.

Disease I nvestigationsin an Urban Wildlife
Refuge. Jamaica Bay Wildlife Refuge, part of the
Gateway National Recreation Area, lies under the
skyline of the World Trade Center, Empire State
Building, Brooklyn high-rises, and JFK airport.
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Wildlife in metropolitan areas is continually exposed to the by-products of industry and urbanization. National Wildlife Health
Laboratory studies at this landfill site adjacent to the National Park Service's Gateway Refuge, Jamaica Bay, New Y ork, disclosed
salmonellainfections in 28% of moribund and dead gulls, as well as 33% of a small sample of apparently healthy gulls. This
bacterial disease is commonly associated with unsanitary conditions. Photo by C. J. Brand.

Thousands of birders, naturalists, and others from
the surrounding metropolis visit the Refuge to ob-
serve the abundant bird life.

For the past 2 years NWHL was funded by the
National Park Service to study avian botulism on
the Refuge for the purpose of developing plans for
control of this disease. Avian botulism occurred at
low levels throughout the summer, but was only one
of avariety of diseases found. Aspergillosis, a
fungal disease, occurred frequently and was the
major cause of bird mortality during late August
and September during both years of the study.
Other diseases included salmonellosis, renal coc-
cidiosis, and heavy infestations of cestode, nema-
tode, trematode, and pentastome parasites.

Field studies failed to disclose any focal points
for botulinum toxin in living and dead inverte-
brates, algal mats, or sediment samples from shore-
lines and stagnant pools. In addition, there was no
relation between water temperature, pH, dissolved
oxygen, conductivity, alkalinity, or turbidity, and
the onset of botulism.

Vertebrates dying from any cause can serve as a
source of botulinum toxin for fly maggots. Birds
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consuming these maggots can then die from botu-
lism. Avian botulism at Jamaica Bay may beini-
tiated and perpetuated by this type of maggot cycle.
Botulinum toxin was found in maggots associated
with carcasses on the Refuge and it is likely that re-
moval of carcasses from Refuge ponds during this
study prevented large-scal e botulism losses such as
those reported in the past.

Bald and Golden Eagle Mortality 1975-81. Since
1975, bald and golden eagles found dead and sub-
mitted to FWS Special Agents have been sent to
NWHL for necropsy. Following necropsy, appro-
priate bald eagle tissues (brain, liver, kidney, and
carcass remains) were submitted to the Patuxent
Wildlife Research Center for chemical analysis. The
resulting data were entered into a computerized data
storage and retrieval system at NWHL.

In 1975-81, 755 bald eagles and 520 golden eagles
were submitted for necropsy. The four major causes
of mortality among bald eagles were trauma (exclu-
sive of shooting), 20.3%; shooting, 17.9%; electro-
cution, 9.4%; and various poisonings, 9.0%.
Immature bald eagles were much more frequently
shot than adults. For golden eagles, electrocution
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Shooting and electrocution were major causes of mortality among
the 1,275 bald and golden eagles necropsied at the National Wild-
life Health Laboratory from 1975 through 1981. The observed
differences between species for both causes were largely due to
differing habits. Public education and law enforcement efforts
have helped to reduce shooting as a mortality factor, but more
such efforts are needed. Cooperation by power companiesin
modifying existing problem power lines has helped to reduce
losses from el ectrocution.

(23.8%) was the largest cause of mortality, followed
by trauma (exclusive of shooting), 22%; shooting,
15.2%; and various poisonings, 4.8%. Infectious
diseases, including aspergillosis, pox, and various
bacterial infections, accounted for mortality in
8.0% of the bald eagles and 7.0% of the golden
eagles.

Computer analyses of these datarevealed rela-
tions between causes of mortality and geographical
locations. Bald eagles from Adak Island, Alaska,
were usually electrocuted, whereas those from
Kodiak Island and Kodiak Bay, Alaska, were much
more likely to have been shot. Lead poisoning was
diagnosed most often in bald eagles from the North
Central States, a heavily hunted area where dead
and crippled waterfowl! form a major portion of the
eagle food base. In Florida, motor vehicle strikes
were a major mortality factor. In addition, these
analyses disclosed an absence of bald eagle submis-
sions from the western States of Montana, 1daho,
Wyoming, and Nevada, or from Tennessee, Louis-
iana, and Alabama. Bald eagles are no longer
present in Alabama, but are frequently observed in
these other States.

Non-hunting Mortality in Mississippi Valley
Canada Geese. The NWHL participated in a5-year
study of the Mississippi Valley population of

Canada geese to provide a data base on causes and
trends of non-hunting mortality and to detect dis-
ease outbreaks within the population. Dead geese
were systematically collected in major waterfowl
areas in southern lllinois and east-central Wis-
consin. Necropsy examinations were conducted at
NWHL on over 3,300 of these geese from 1976 to
1981.

Mortality factors included mycotic (fungal) infec-
tions, avian cholera, and lead poisoning, as well as
losses indirectly related to gunshot. Also noted was
acondition of unknown cause that we have called
necrotizing enteritis, of which 57 cases were iden-
tified in Mississippi Valley Canada geese during the
study. Forty-two of the 50 cases from Wisconsin
occurred in 1980, when unusually large numbers of
birds remained throughout the winter. That particu-
lar winter was characterized by alack of snow cover
enabling geese to readily feed on an abundant sup-
ply of waste grains. Thirty-four of the 57 cases of
necrotizing enteritis occurred in geese that also had
lesions and chemical findings indicative of lead poi-
soning. The other cases occurred as either single
entities or in conjunction with other debilitating fac-
tors such as aspergillosis and crippling.

Gross lesions of necrotizing enteritis are imme-
diately recognizable upon opening a carcass. The &f-
fected portion of the intestine is distended and dis-
colored purplish-red to black and the lumen isfilled
with dark material containing a mixture of blood
and necrotic tissue. The involved area of thein-
testinal tract varied; lesions occurred in duodenum,
lower small intestine, colon, and in both small and
large intestines. Microscopic examination of the
necrotic tissue revealed gram-positive bacilli mor-
phologically compatible with Clostridium sp. in
47% of the cases examined.

A necrotic enteritis associated with Clostridium
perfringens has been described in domestic poultry,
captive wild birds, and in a die-off of free-flying
mallards and shorebirds in Florida. Clostridium
perfringensis suspected of causing the condition ob-
served in Mississippi Valley geese. The high fre-
quency of occurrence of this condition suggests de-
pendence on some environmental factor. Sixty per-
cent of the cases involved birds with concurrent lead
poisoning. Development of necrotizing enteritisin
those geese may have been enhanced by the para-
lytic effect of lead on the digestive system.

Poisoning of Laysan Albatross Chicks by

Paint. Several hundred 3- to 4-month-old
Laysan abatross chicks were found sick or dead on
Sand Island, Midway Atoll, in the South Pacific,
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Nematode infections of the gizzards of geese are relatively com-
mon. However, pathogenic effects are generally limited to the
epithelial (surface) lining of this structure. The cross section of
this snow goose gizzard shows lesions in the gizzard muscle it-
self caused by the gizzard worm, Epomidiostomum crami. Heavy
infections of this worm result in progressive degeneration of the
muscle tissue. Photo by B. Tuggle.

during spring 1981 and 1982. The affected birds dis-
played signs of droopy wings, difficulty in raising
their heads, weakness, incoordination, and appar-
ent blindness.

A sample of the birds submitted to NWHL for
necropsy revealed that the chicks were in good
physical condition, but that liver lead levels ranged
between 7.1 and 15.1 ppm, wet weight, and blood
lead levels were near 9 ppm. These are considered
lethal lead levelsin waterfowl. A variety of miscel-
laneous material was present in the stomach includ-
ing paint chips. The stomach contents from a bird
with paint chips were analyzed for elemental lead
and contained 63 ppm.

Although lead poisoning from consumption of
lead-based paint is common in humans, domestic

Herpesviruses can be separated into groups by serological tech-
niques, but distinguishing between group members such as duck
plague is very difficult. This photo of an autoradiograph pro-
duced by labeled DNA fragments obtained from three
herpesviruses, representing two serological groups, demonstrates
that techniques are now available to identify groups of viruses
and to separate members of agroup. Only afew bands are shared
by crane herpesvirus (CH) and either the duck plague vaccine
(DPI) or aduck plague isolate (DP2), supporting the serological
group differences between the crane virus and duck plague.
Although many bands are common to the two duck plague
viruses, there are several obvious locations (arrows) where bands
specific to DP2 do not occur in DPI. This technique has great
promise for tracing the movement of different duck plague
isolates in waterfowl populations. Photo by J. Runningen.
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animals, and wildlife species confined in zoos, lead
poisoning resulting from the ingestion of paint has
been infrequently reported in free-living wildlife
species. The unigue combination of the chicks' habit
of picking up miscellaneous items and the availabil-
ity of lead-based paint chips from deteriorating mili-
tary buildings resulted in the deaths of these birds.

Avian Botulism Defies Ster eotypes. Avian botu-
lism is often characterized as a disease that occurs
in waterfowl and shorebirds during the hottest pe-
riods of the summer in shallow akaline wetlands of
the western United States. However, this disease oc-
curs under avariety of conditions throughout the
United States, Canada, Mexico, and other parts of
the world.

During fiscal year 1982 NWHL identified type
C avian botulism outbreaks at 21 locations in 14
States. Although 10 of these outbreaks occurred in
New Mexico, Arizona, California, Montana, and
Idaho, the 11 remaining outbreaks occurred east of
the Mississippi River in Minnesota, Wisconsin, Illi-
nois, lowa, Louisiana, Virginia, Florida, Maryland,
and the District of Columbia. This clearly demon-
strates the broad geographical distribution of this
disease within the United States. Although 13 of
these outbreaks occurred in June, July, and August,
other outbreaks also occurred during cooler weather
in November (Wisconsin and Northern California)
and April (Idaho and Florida).

The outbreaks that occurred at Agassiz NWR in
Minnesota, on Lake Michigan, Horicon NWR in
Wisconsin, and Chincoteague NWR in Virginia,
and previous outbreaks in major river systems
clearly demonstrate that shallow alkaline waters are
not a prerequisite for botulism outbreaks.

The essential components for an outbreak of
avian botulism are the presence of toxigenic strains
of Clostridium botulinum (acommon soil bac-
terium), suitable environmental conditions for toxin
production, birds, and invertebrates. Toxin produc-
tion occurs as a by-product of bacterial multiplica-
tion under anaerobic conditions at relatively high
temperatures in the presence of an appropriate
source of protein such asinvertebrate or vertebrate
carcasses. Toxin isingested during feeding and the
disease cycle perpetuated when dead birds become
flyblown and the resulting maggots are eaten by
other birds. Since maggots are tolerant of botu-
linum toxin, they are capable of storing substan-
tial amounts of toxin in their bodies. Botulinum
toxin is stable when provided a protective "protein
coat" such as invertebrate or vertebrate carcasses,
but denatures relatively rapidly when "free" in the

Electron micrograph of a previously unrecognized herpesvirus
isolated from a healthy bald eagle nestling. Photo by D.
Docherty.

water. Cool weather outbreaks of avian botulism
probably represent consumption of toxin produced
during warmer months, but maintained within the
aquatic environment in a protective protein coat.

It is evident that avian botulism is a more com-
plex problem than traditional perspectiveswould
suggest. Within the United States, this disease has
occurred from border to border, coast to coast, dur-
ing every season of the year, and has caused the
death of large numbers of terrestrial and aquatic
birds.

Unknown Herpesvirus I solated from a Bald
Eagle Nestling. In 1980 cloacal swabs were obtained
from nine bald eagle nestlings in the San Juan
Islands off the State of Washington. A virusiso-
lated from one of these swabs produced a cyto-
pathic effect in duck embryo cells, contained DNA,
and had a lipid coat — all properties characteristic
of a herpesvirus. Electron microscopy confirmed
this assumption by revealing viral particles with
herpesvirus morphology.

The virus was reisolated from the original cloacal
swab material. Serum neutralization tests indicate
that this virusis not related to herpes simplex type
I, duck plague virus, or inclusion body of
falcons. Further comparisons are being made to
determine if this virus represents a new entity or one
closely related to some other herpesvirus.

Isolation was made from an apparently healthy
eagle. Additional work, including species suscepti-
bility studies, are required to assess the degree of
risk the virus poses to bald eagles and other avian
Species.
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Avifaunas of the Great Plains Grasslands. For
many years, phytogeographers have used the flora
found on sample sites to classify and map vegeta-
tion that occurs over large land areas. However,
similar attempts by zoogeographersto classify and
map faunas have generally been thwarted by lack
of sufficient quantitative data. Biogeographical in-
formation may be especially valuable to resource
managersin that it may allow reasonable predic-
tions of the abundance and species composition of
the wildlife resources found on major habitats over
large land areas. Thus costs incurred during the
assessment of environmental impacts associated
with public and private development projects can
be reduced.

One large area currently undergoing rapid energy
and agricultural development is the northern Great
Plains. This area (about 600,000 includes por-
tions of Montana, Wyoming, Colorado, North and
South Dakota, and Nebraska. Because of its vast-
ness and superficial homogeneity, the area has re-
ceived little attention by zoogeographers. To
develop aclassification of the breeding bird com-
munities found on the principal habitat typesin this
region, we divided and mapped the avifaunas of the
native grasslands into six broad subregions. M ap-
ping was based on polythetic, divisive indicator
species analysis applied to quantitative data ob-
tained from 582 sample plots. Common, ubiquitous
species and rare species had little classification value
and were eliminated from the data set used to de-
rive the avifaunas. The basis of initial division of the
plots probably was nest-site requirements based on
morphology of the dominant plant species. Later
divisions probably were related to nesting cover re-
quirements based on vegetation height or density,
habitat heterogeneity, or possibly the existence of
mutually similar distributions or shared areas of
greater-than-average abundance for certain groups
of species.

Knowledge of the effects of grazing on habitat
use by the breeding bird species was used to inter-
pret the results of the indicator species analysis.
Moderate grazing resulted in greater species rich-
nessin nearly all subregions, whereas effects of
grazing on total bird density were more variable.
Effect of grazing on density of several species of
birds was similar among subregions; however, effect
on several common species probably varied among
subregions.
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Species with high indicator scores at various de-
creasing levels included grasshopper sparrow,
Baird's sparrow, chestnut-collared longspur, sage
thrasher, vesper sparrow, Brewer's sparrow, upland
sandpiper, Sprague's pipit, clay-colored sparrow,
and McCown's longspur.

Concentrated Nesting of Mallards and Gadwalls
on a North Dakota I sland. Island nesting is a char-
acteristic feature in the habitat selection of several
species of waterfowl. The gadwall and mallard are
the principal dabbling duck species for which con-
centrations of nests have been observed on islands
in lakes of the prairies and parklands of North
America. Apparently, these two species possess the
physiological and behavioral traits that are con-
ducive to formation of nest concentrations and high
production in suitable habitat niches. Nesting mal-
lards and gadwalls were studied during 1976-80 on
a4.5-haisland in 385-ha Miller Lake in north-
western North Dakota.

During the 5-year study, 2,561 duck nests were
found on island A, located 180 m offshore; 1,500
(59%) were mallard and 861 (34%) were gadwall.
In patches of shrub cover, which contained the
greatest concentrations of nests, annual densities of
mallard nests ranged from 241 to 389/ha and gad-
wall nests ranged from 139 to 237/ha. Nests of
other duck species found on the island included
American wigeon (86), blue-winged teal (1); north-
ern shoveler (2); northern pintail (53); redhead (12);
canvasback (2); lesser scaup (10); and unknown
(34). Over 97% of the nests were placed in four
patches of shrub cover composed of western snow-
berry and Woods rose. The shrub cover totaled
about 1 ha and made up about 30% of the island's
vegetation.

Average hatching success was 85% for clutches
of all species. Abandonment averaged 14% and was
the major cause of egg failure. It appeared that be-
havioral interactions or physiological stresses were
the major factors leading to nest abandonment. No
mammalian predators occurred on the island during
the study and only 15 nests ( < 1%) were destroyed,
primarily by ring-billed gulls or Californiagulls. A
minimum of 15,960 ducklings, including 9,300 mal-
lards and 5,150 gadwalls, hatched on the 4.5-ha
island. Hatchability rates of eggsin successful nests
averaged 83% for mallards and 87% for gadwalls.
In spite of the close spacing of nests, most indi-
vidual hens were able to maintain normal nests.
Eighty-one percent of the mallard clutches con-
tained 7-13 eggs and 81% of the gadwall clutches
contained 8-14 eggs.



Certain islands in lakes within the prairie and parkland region of North America provide highly productive nesting areas for water-
fowl. During 1976-80 this 4.5-hectare island in Miller Lake, North Dakota, contained 2,561 duck nests, of which 59% were mallard

and 34% were gadwall. Photo by H. F. Duebbert.

A complex of 97 natural wetlands occurred within
3 km of theisland and, in addition to Miller Lake,
provided atotal wetland base of 563 ha. Forty wet-
lands (59 hain area) were classed as seasonal (Class
I11) and 7 (71 ha) were semipermanent (Class V).
The lake, along with wetlands on the mainland, pro-
vided aquatic habitat to furnish the food resources
and maintenance area for hens and ducklings asso-
ciated with theisland. Gadwall hens and broods uti-
lized areas of Miller Lake adjacent to freshwater
seeps, whereas mallard hens led their broods to
freshwater wetlands on the mainland.

This study provided an outstanding example of
the potential for high reproduction levels of mal-
lards and gadwalls in small areas of nesting habi-
tat in predator-free environments. Management of
existing islands and construction of new islands
represent excellent opportunities for development
of nesting sites for waterfowl. In planning island
construction or cover development on existing
islands, the availability of aguatic habitat for nest-
ing hens and brood-rearing, along with potential
predator impacts, should be carefully evaluated.

Saline Lakesin North Dakota. Within the prairie
pothole region of North America an abundance of

shallow wetland basins developed under the influ-
ence of glaciation and a semiarid climate. The pur-
pose of this research was to better understand the
hydrologic regimes that interact with each wetland
basin to control its chemical characteristics and sub-
sequently the plant and invertebrate communities.
Saline lakes contain elevated salt levels and usually
function as hydrologic sumpsin topographic lows
associated with glacial outwash or meltwater chan-
nelsin south-central North Dakota. Of 178 lakes
examined, 35, 22, and 10% exceed salinity readings
of 5, 10, and 15 mmhos/cm, respectively. Sulfates
dominated the anions of the North Dakota saline
lakes and sodium, magnesium, and potassium were
the dominant cations.

Salt concentrations of saline lakes, and subse-
quently their biotic characteristics, are dictated by
hydrologic regimes that control water balance. Salts
transported into hydrologic sumps concentrate in
the lake basin as water is evaporated to the at-
mosphere. Changes in the salt content of saline
lakes produce shifts in the species structure of in-
vertebrates and plants that are utilized by ducks.
Brine shrimp were consistently found in salt lakes
with relatively stable water levels but occurred in
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Avocets and other species of shorebirds nest amost exclusively
on the mudflats of saline lakes. Photo by H. F. Duebbert.

Many species of use saline lakes for feeding and resting during migrations through the prairie pothole region. Photo
by H. F. Duebbert.

112



seasonally flooded lakes only during wet cycles and
in lakes of lower salt content during drawdown
when salt concentrations increased to levels suitable
for this species. When water levelsincreased and
lowered the salt content, other species of fairy
shrimp replaced brine shrimp. Amphipods and
snails that dominate fresh prairie lakes do not tol-
erate high salt concentrations and are restricted to
Spring seepages on lakes of high salt content.

Waterfow! are attracted to saline lakes where they
feed on avariety of salt-tolerant invertebrates, vas-
cular plants, and filamentous algae. Adult birds
feed on saline lakes and fly to fresh water that is
usually within a reasonable flying distance. There
is apaucity of information, however, on the suit-
ability of thistype of habitat for ducklings.

Hydrologic characteristics of saline lakes deter-
mine whether conditions are suitable for ducklings
by controlling salt concentrations and the avail abil -
ity of food and fresh water. Broods observed dur-
ing a 2-year period occupied lakes that functioned
as groundwater discharge areas. Ducklings observed
during brood surveys were closely associated with
Spring seepages or areas receiving intermittent in-
flow from wetlands of lower salt content.

Seepages not only provided fresh drinking water
but also supported stands of tule bulrush and cat-
tail that provided cover for broods. Tule bulrush
and cattail do not tolerate high salt concentrations
and asthe salt levelsincreased at greater distances
from seepage influence, they were replaced by alkali
bulrush. In areas where spring seepages were absent,
emergent vegetation at the shoreline was also ab-
sent. Seepages entering at the shore periphery were
consistently lower in salt content than the main
pools.

Saline lakes with water supplied only by surface
runoff did not support broods even though they
contained water during the brood-rearing season
and foods that attracted breeding dabbling ducks.
The lakes lacked seepage areas with actively flow-
ing water on the shore periphery and were isolated
from a source of fresh water. Fresh water appears
to be arequirement for initial duckling use because
recently hatched ducklings cannot tolerate high salt
concentrations unless fresh water is available.

Ducklings first encountering prairie saline water
must initially process all of the salts without the
benefit of functional salt glands. Once the supra-
orbital salt glands become fully functional, duck-
lings can more efficiently process the sodium
chloride component. As salt levels increase, how-
ever, magnesium and sulfate concentrations may

limit duckling use of prairie lakes before total salt
content is afactor.

The potential existsfor creating brood habitats
on saline lakes by management strategies to pro-
vide fresh water whereit is not currently available.
While feeding on saline lakes, ducks have been ob-
served to use fresh water in ponds created in seepage
areas for livestock. Resource managers who acquire
wetland complexes, manipulate water levels, or
assess the quality of wetland components will bene-
fit from research that defines the ecology of saline
lakes and tolerances of salts by waterfowl.

Fall Movementsand Wintering Affinities of Can-
vashacks Staging on the Upper Mississippi River.
Canvasbacks traditionally interrupt their fall migra-
tion to feed and rest on selected open-water lakes
and rivers throughout the upper Midwest and Great
Lakes regions. These stopover sites, known as stag-
ing areas, are strategically located along major flight
corridors. Staging areas where canvasbacks histori-
cally gathered in large numbers include Lake Chris-
tinaand Heron Lake in Minnesota; L akes Poygan,
Koshkonong, Butte des Morts, Winnebago, and
Winneconne in Wisconsin, and the Illinois River in
[llinois. By 1960, however, use of these staging areas
by canvasbacks declined dramatically during fall.
At the same time, canvasback use of navigational
pools 7, 8, and 19 on the Upper Mississippi River
began to increase. Peak numbers increased an-
nually from 1961 to 1977 on pools 7 and 8. A simi-
lar rate of increase was noted on pool 19 until 1970
when peak numbers began to stabilize. Deteriora-
tion of former habitats, mainly from siltation, pol-
lution, eutrophication, and rough fish are suspected
as causal factors responsible for these changes.

Because of the relocation of these staging areas,
a study was conducted during 1973-77 to investi-
gate the distribution of migrating canvasbacks rela-
tive to use of traditional wintering habitats. Previ-
ous to this study, the affiliation of discrete winter-
ing populations to staging areas on the Upper Mis-
sissippi River, and the degree to which these popu-
lations are segregated during migration, were un-
known. Data on dispersal patterns, population turn-
over, and winter distributions were obtained by
color-marking 1,488 male canvasbacks from 1973
to 1975. Additional data were obtained by band-
ing 3,789 canvasbacks of both sexes from 1973 to
1977 on pools 7 and 8 of the Upper Mississi ppi
River near La Crosse, Wisconsin, and on pool 19
near Keokuk, lowa.

Information gathered from observations of
color-marked canvasbacks and recoveries of 258
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banded canvasbacks suggests that birds staging on
pools 7 and 8 are composed of two distinct win-
tering populations. One group migrates eastward
to staging areas on the eastern Great L akes and then
southward to winter in the Atlantic Flyway, primar-
ily the mid-Atlantic coastal region. A second migra-
tional route extends southward aong the Mississippi
River to winter in the central and lower Mississippi
and eastern Central flyways. Sightings of color-
marked birds and band-recovery information sug-
gest that canvasbacks moving south subsequently
stage on pool 19 before continuing on to wintering
habitats farther south. Observations of individuals
marked by different dye colors demonstrated a con-
stant turnover of birds. Therefore, it is difficult to
determine the total numbers of canvasbacks using
these staging areas. The wintering distribution of
birds marked and banded on pool 19 and those mi-
grating south from pools 7 and 8 was similar, which
indicates that these birds follow the same migration
route and are not discrete populations. Canvasbacks
staging on pool 19 did not migrate eastward to the
Atlantic Flyway as previously suspected. They aso
exhibited strong fidelity to specific wintering habi-
tatsin the Mississippi and Central flywaysin sub-
sequent years. Canvasbacks were widely distributed
in small numbers on many rivers, lakes, and reser-
voirs along the Mississippi Valley, Gulf Coast, and
eastern Texas regions of the Mississippi and Cen-
tral flyways. By comparison, canvasbacks winter-
ing in the Atlantic Flyway tended to concentrate in
larger numbers on fewer areas with along history
of use such as Chesapeake Bay, Currituck and Pam-
lico sounds, and the coastlines of Virginia, Dela-
ware, and New Jersey. Regional variation in canvas-
back distribution patterns during fall and winter
appear to reflect different strategies of exploitation
based on resource predictability and availability.
The integration of discrete wintering populations
on pools 7 and 8 of the Upper Mississippi River
demonstrate the strategic importance of this area
asamagjor staging area. Theriver habitats facili-
tate movements of canvasbacks into portions of the
Central, Mississippi, and Atlantic flyways. There-
fore, food availability and the arrangement of these
staging areas are critically important to maintaining
migrational integrity between breeding and winter-
ing grounds. Investigators are continuing to study
resource availability and energetic relationsin-
fluencing the migrational strategies of canvasbacks.
Knowledge of fall movements and wintering affini-
ties of canvasbacks will aid management effortsto
preserve critical habitats and prevent further degra-
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Measurements are taken on tule white-fronted geese during a
study to determine their population, distribution, and habitat
use on wintering groundsin California. Photo by D. Gilmer.

dation of unique migration and wintering habitats.

Activities of Tule White-fronted Geese Winter-
ing in California. A 4-year study was conducted to
determine popul ation size, distribution, chronology
of movement, and habitat use of tule white-fronted
geese wintering in California. This subspeciesis be-
lieved to winter exclusively in the Central Valley of
California. Many of these geese had been captured
and marked with neck collars or radio transmitters
on breeding grounds at Redoubt Bay, Alaska, and
on wintering areas. The tule gooseislarger and
darker and has different behavioral patterns than
the Pacific white-fronted goose, which is common
in the Pacific Flyway.

Summer Lake Wildlife Management Area (WMA)
in south-central Oregon and Lower Klamath
National Wildlife Refuge (NWR) in northeastern
Californiaare primary fall migration stopover
areas. A minor migration stopover areawas on pri-
vate lands near Malheur NWR in southeastern Ore-
gon, an areathat is also used by large numbers of
Pacific white-fronted geese.

Primary wintering areas were in the Sacramento
Valley at Sacramento NWR and Delevan NWR.
Peak numbers of tule geese on these refuges were
3,000-4,000 birds. A secondary wintering area at
Grizzly Island WMA adjacent to Suisun Bay was
used by an additional 1,000-1,500 geese. The total
wintering population remained stable the last two
years at about 5,000 birds. Production of young in
1981 was considered good at 39 immatures per 100
adults.

The hunting bag limit and season length were
again altered for white-fronted geese in 1981-82.



As aresult, the number of these geese shot at Sacra-
mento and Delevan NWR's was 564 compared with
over 800 birdsin the 1978-79 season. These high
numbers were in marked contrast to much lower
numbers taken in 1979-80(110) and 1980-81 (148)
under more restrictive hunting regulations. The
proportion of tule geese in the harvest varied
between 40 and 70% during these years and
exhibited an inverse relationship to the magnitude
of the total white-fronted goose harvest.

The distribution, habitat use, and movements of
tule white-fronted geese in California during win-
ter have been determined, but a portion of the
population (apparently mostly subadults and unsuc-
cessful nesters) uses one or more unknown migra-
tion stopover areas. The spring migration route be-
tween stopover areas in southern Oregon-northern
California and the Alaskan breeding grounds re-
mains unknown.

Hunting Closures I ncrease Number s of Aleutian
Canada Geese. Closures on hunting of Canada
geese on key migration and wintering areas in Cali-
fornia have resulted in a dramatic increase in the
numbers of the Aleutian Canada goose, an endan-
gered species. Introduction of arctic foxes on princi-
pal nesting islands in Alaska had decimated breed-
ing populations, leaving birds only on Buldir Island
in the Aleutian chain. Because Aleutian geese are
similar in appearance to certain other subspecies of
Canada geese and intermingle with them on migra-
tion and wintering areas, little was known of their
movements after nesting. I1n 1974 recoveries by
hunters of geese banded on Buldir revealed defi-
nitely for the first time that birds migrated to and
wintered in California. In the spring of 1975 biolo-
gists discovered banded birds on the northern coast
of California. It was believed that these birds repre-
sented nearly the entire population of Aleutian Can-
ada geese on their northward migration staging
area.

Starting in the fall of 1975 the State of California
closed three areas to hunting of Canada geese to
provide protection to the main part of the Aleutian
goose population. From spring 1975 to spring 1982
the population of Aleutian Canada geese increased
from 790 to 2,600. Corresponding figuresin the fall
ranged from 1,380 in 1976 to 2,700 in 1981. The
average annual increase in the popul ation was calcu-
lated at about 18%. Some birds were shot legally
in the fall and winter outside the closed areas or sea-
sons, or illegally within the closed areas and sea-
sons. However, the results demonstrated clearly that
restrictions of the type instituted were effective ways

to reduce hunting mortality. This action has been
primarily responsible for areversal in the downward
trend in the population.

Feeding Ecology of Northern Pintailsand Mal-
lardsin Managed | mpoundments. Studies were con-
ducted on the Lower Klamath National Wildlife
Refuge during the spring and fall from 1979 to 1981
to obtain information on the feeding ecology of
northern pintails and mallards. One hundred six-
teen northern pintails and 97 mallards were col-
lected on various types of marshes. Thisinforma-
tion aids managers in obtaining optimum utiliza-
tion of managed impoundments. Pintails collected
in March had fed mostly on seeds produced the
previous year in impoundments that had been
drawn down and later reflooded. Mallards were
found more commonly in permanent marshes, and
specimens collected in those habitats in March had
fed primarily on invertebrates. Asinvertebrates,
particularly midges, became more abundant during
the spring, both species increased their consump-
tion of them, thereby helping to fill the demand by
laying females for a high protein and fat diet. In-
vertebrate consumption was still substantial in Sep-
tember but dropped later in the fall, particularly by
pintails, which fed heavily then on red goosefoot
seeds. Abdominal fat reserves and body weights of
birds decreased through the spring during the ac-
tive part of the breeding season. Fat reserves were
till low in September, reflecting the subsequent de-
mands of molting and migrating, but increased later
in the fall. Birds collected in November and Jan-
uary, when cold weather raised existence metabo-
lism levels, had high to very high abdominal fat re-
serves. These findings demonstrate the need to man-
age marsh water levelsto provide for avariety of
habitats to meet the feeding requirements of ducks
whose feeding requirements differ by species, breed-
ing conditions, and time of year.

Bioenergetics of Northern Pintails Wintering in
the Central Valley of California. More northern
pintails spent the winter monthsin the Central Val-
ley of Californiathan in any other geographic area
of North America. Extensive losses of wetlands
since the turn of the century have left only remnants
of habitat that must provide food and sanctuary for
this large, mobile population of birds. Continuing
habitat osses and concern for the welfare of win-
tering waterfowl in California prompted initiation
of studiesin 1979 to better understand food and
habitat requirements, body condition, and behavior
of pintails during winter. Feeding ecology, activity
budgets, and energetics formed the core of these
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studies. Field work was completed in the spring of
1982.

Foods consumed by pintails from August
through March varied among habitat types, indi-
viduals, and season. Important seeds included rice,
millet, smartweeds, swamp timothy, bermuda grass,
and nutgrass. Rice, which dominated pintail diets
throughout the period, was obtained from lure
crops on national wildlife refugesin August and
September and from harvested commercial crops
in the surrounding farm fields after September. In-
vertebrates, such as midge larvae and snails, were
most important in early fall and in February and
March. Few invertebrates were eaten during mid-
winter.

When pintailsfirst arrived in the Central Valley
in August and September, their body reserve of fat
was low, amounting to about 12% of wet body
weight. Peak fat load (22-26%) occurred in Novem-
ber or October each year. Reserves declined again
in January or December to arange of 14-21%, and
then peaked at up to 30% fat before migration in
February-March. Females were fatter than males
in most months during all 3 years of the study. Body
weights followed a similar cyclical pattern of low
weightsin early fall and mid-winter. Peak weights
were attained in late fall and high weights occurred
again in spring, just before migration.

Lean pintails, mostly adult males arriving at win-
tering areas in August and September, require large
quantities of high-energy protein foods to facilitate
rapid weight gain before the onset of winter and in-
tense courtship activity. Courtship demands high
energy because of the great amount of flying time
involved and the many months over which the ac-
tivity occurs. After October, alarge proportion of
the natural and planted foods on the NWR's has
been consumed. At this time the birds depend on
rice from private agricultural fields to provide their
energy needs through the winter. When the hunting
season ends in January, the birds have low body
weight and stored fat. This condition coincides with
the end of intensive courtship during which time
foods can be obtained only at sites at various dis-
tances away. In February and March, courtship ac-
tivity declines and feeding on invertebrates in-
creases. The absence of hunting activity at thistime
enables the birds to make greater use of available
habitats; therefore, body weights and fat storesin-
crease accordingly.

Body weights and carcass fat content of pintails

during two winters with above-normal precipitation
exceeded those during one dry winter. Annual rain-
fall in the Central Valley varies widely from year
to year and thisin turn influences the amount of
winter habitat available.

Restoration of a Former Tidal Salt Marsh. Re-
search conducted in northern Californiareveaed
that management efforts were successful in achiev-
ing partial restoration of aformer coastal salt
marsh. The marsh, located on Humboldt Bay, was
converted in the late 1950's to alog pond by diking
to retain upland runoff. In 1969 the pond was
drained and abandoned, becoming occupied mostly
by upland grasses and forbs. Restoration of this
diked area to atidal marsh was undertaken to com-
pensate for destruction of another tidal marsh in
the bay resulting from construction of a marina.
The restoration was to be achieved through breach-
ing of the dike, which was accomplished in Decem-
ber 1980. In the 1.5 years following breaching the
upland vegetation was killed and replaced rapidly
by typical salt-marsh vegetation which had survived
in afew poorly drained spots within the diked area.
Species showing the greatest increase were Cali-
fornia cordgrass, arrowgrass, pickleweed, and salt-
bush. At the present rate of colonization it is esti-
mated that it may be 5 or more years before restora-
tion to a salt marsh is completed. Because of the
11 years of dewatering, the level of adiked area ap-
pears to have subsided about 1 foot. Thus, some
of the formerly vegetated areas have become ponds
or tidal mud flats.

Conversion of the area has affected the animals
studied in various ways. Species adapted to drier
areas, such as the northern alligator lizard, com-
mon and western terrestrial garter snakes, marsh
wren, western meadowlark, American goldfinch,
savannah and song sparrows, vagrant shrew,
western harvest mouse, and Californiavole, were
reduced in number or eliminated. Other species such
as the Pacific tree frog and red-legged frog, which
require fresh standing water, were aso eliminated.
Conversely, species adapted to mud flats or shal-
low ponded water, such as the great and snowy
egrets, greater yellowlegs, least and western sand-
pipers, and long- and short-billed dowitchers, in-
creased after tidewater was introduced. It is ex-
pected that further changes will occur as the salt-
marsh vegetation becomes more widespread and
dense, and astidal drainage systems become better
devel oped.
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Mammals and Nonmigratory Birds

DENVER WILDLIFE RESEARCH CENTER

Raptor Inventory on Potential Coal L easesin
Western North Dakota. A raptor survey covering
about 22,274 km? of western North Dakota was
completed in fiscal year 1982. The objective of this
study was to locate and map the nesting sites of
golden eagles and other raptors of interest to
Federal agencies, including prairie falcons and fer-
ruginous hawks. These data will be used by the Ser-
vice and the Bureau of Land Management to pro-
tect important raptor nesting habitats while plan-
ning for future energy development activities. The
nesting sites of 124 golden eagles, 64 ferruginous
hawks, 23 prairie falcons, and 18 burrowing owls
were located, mapped, and photographed. Raptor
populations were most abundant and diverse in the
Little Missouri Badlands where natural habitats
have not been significantly altered by agricultural
development.

Distribution and Status of the Endangered Bol-
son Tortoise. A cooperative study by the Fish and
Wildlife Service (FWS), Mexico's Fauna Silvestre,
and university personnel has provided important
new information on the Bolson tortoise. This
speciesis restricted to the Bolson de Mapimi region
of the Chihuahuan Desert in north-central Mexico.
It isthe largest terrestrial reptile in North America.
Despite its size (up to 40 cm long) and conspicuous
large burrow, the Bolson tortoise was first de-
scribed as adistinct speciesin 1959. Its distribution,
population size, and general ecology were poorly
known until recently.

Today Bolson tortoises occur in digunct pockets
of suitable habitat where humans have not disturbed
them (they are eaten by some people). Roads, rail
lines, agricultural fields, villages, and grazed lands
now constitute most of the habitat of the tortoise.
Few viable populations remain within its former
range, an area less than 100 miles wide and 150
miles long.

Field studies show relatively low densities of
active burrows on a 25-ha plot in southeastern
Chihuahua and only 5 active burrows on the same
size plot in western Coahuila. Both sites were se-
lected as areas of favorable habitat with viable tor-

toise populations. Apparently, Bolson tortoises
occur in colonies or in limited areas within the
range, mostly below rocky areas and above playas
(which sometimes flood). Extensive field surveys
and native reports indicate a drastic decline in tor-
toise numbersin recent years.

Efforts to protect this species include an educa-
tional program aimed at ranchers, increased in-
volvement by Fauna Silvestre, and formation of a
private council to promote the conservation of the
Bolson tortoise.

Kenai National Wildlife Refuge M oose Carrying
Capacity Model. The Denver Wildlife Research
Center (DWRC) is developing a carrying capacity
model for moose on the Kenai National Wildlife
Refuge (NWR) in Alaska. Forage biomass, protein,
digestibility, and moose energy requirements and
expenditures are basic components of the model.
Over 300 stands of vegetation on the Kenai NWR
have been sampled for forage availability and repre-
sent over 20 stages of succession and disturbance
in the boreal forest. Quality of important forage
plants has been determined in 18 locations that
represent a broad variety of succession and disturb-
ance. Tame, trained moose are being used to

energy requirements and expenditure in res-
piration chambers at the Kenai Moose Research
Center. Seasonal protein requirements and energy
expenditure have been developed for tame adult
moose and have elucidated the partitioning of
energy through the moose. Although field aspects
of the project were terminated in February 1982,
data are being summarized for final development
of the model. The model will have wide applicabil -
ity in Alaska and Canadafor evaluating the effects
of habitat modification for economic purposes and
for moose habitat management.

Evaluation of a Deferred-rotation Grazing Sys-
tem on Wildlife on the Sheldon National Wildlife
Refuge. The Sheldon NWR encompasses about
575,000 acres of the Great Basin in northwestern
Nevada. Cattle grazing is an important economic
use on the Refuge and the Sheldon's Renewable Re-
sources Management Plan of 1980 made major
changes in the grazing management policy; objec-
tives were to improve wildlife habitat and overall
range condition. DWRC began a project in 1981
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The Bolson tortoise is the largest land reptile in North America and occurs in the Chihuahuan Desert of Mexico. Cooperative
studies with Fauna Silvestre, Mexico's Wildlife Department, have determined the distribution, general ecology, and status of this
endangered species. Photo by R. B. Bury.

The barefoot gecko (Anarbylus switaki), alizard new to the fauna of the United States, is known from rock habitats in the desert
foothills of southern California. Photo by T. H. Fritts.
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to evaluate the effects of grazing on wildlife and
their habitat in the shrubby rolling hills and mahog-
any rocklands range sites on the Sheldon NWR. A
1,000-acre was constructed to compare
wildlife and their habitat in a nongrazed area with
that in a deferred rotation grazing system. Four sub-
projects are under investigation which compare cat-
tle use with non-use on (1) browse production and
utilization; (2) mule deer food habits and forage
availability and quality; (3) populations, reproduc-
tive levels, and body condition of small mammals;
and (4) passerine bird numbers and habitat use.
During 1982, browse production and utilization esti-
mates were made on bitterbrush, mountain-
mahogany, and snowberry at 90 transectsin the
study area. Tame mule deer were observed in six
feeding pens before, during, and after cattle were
on the allotment and vegetation in 60 quadratsin
each feeding pen was clipped to assess forage avail-
ability, plant phenology, and nutritional quality.
Over 120,000 deer bites were classified during the
1982 feeding trials; over half of the bites were on
bitterbrush. Small mammals were trapped monthly
from May through October at 24 traplines; 9 species
(523 individuals) were captured with no apparent
differencesin populations inside and outside the ex-
closure. Passerine bird censuses were conducted at
241 points and 431 birds were counted; vegetative
characteristics around each bird perch site were
measured.

The objective of the 4-year grazing research
project at the Sheldon NWR isto integrate
knowledge about the effects of grazing on awide
variety of wildlife and their food and cover plants
so that the Refuge can make adjustments in the graz-
ing system that will effectively benefit target wild-
life species.

Response of Willow Communitiesto Grazing. In
western States, cattle graze preferentially in riparian
sites due to the availability of water and better
forage. The impact of short- and long-term graz-
ing on the dynamics of a high-altitude willow com-
munity is being quantified at Arapaho NWR. His-
torical grazing patterns do not appear to influence
the species composition of willows present on these
high-altitude sites. Although previous work has
shown that grazing alters the physical structuring
of individual plants, the floristic structuring of the
woody community appears to be influenced more
by edaphic factors (possibly soil moisture levels)
early in the growing season. Cattle grazing would
appear to be compatible with managing the Refuge
as awintering site for native ungulates that show

species-specific browse preferences.

Unusual Lizard Found in the United States. A
diminutive native gecko, new to U.S. fauna, was
discovered in southern California during ecological
field work. The lizard, the barefoot gecko, isre-
stricted to rock habitats in the Peninsular Moun-
tain Range and spends most of its life hidden in rock
crevices and cavities. Research was conducted to es-
tablish the taxonomic relationships of the lizard, to

its ecologica and geographical distribu-
tion, and to investigate the lizard's abundance, ac-
tivity patterns, and faunal associations.

A single specimen of the barefoot gecko was dis-
covered on the Central Baja California Peninsula
of Mexico in 1974. Other specimens are now known
to inhabit San Diego and Imperial countiesin Cali-
forniaand an intermediate site in Baja California,
Mexico. Barefoot geckos from localitiesin the
United States differed dightly in coloration and size
from those from Baja California, but al were con-
sidered to be the same species. The gecko is distin-
guished from other native geckos by unusually small
scales on the toes, which aid in locomotion on rock
surfaces, and by bold black and white bands on the
tail. Barefoot geckos with regenerated tails have
spotted tails. The tail may be greatly enlarged with
fat during periods of abundant food.

The barefoot gecko was found in a variety of
rock habitatsin the Upper and Lower Sonoran Life
zones at elevations of 300 to 600 m. The lizard was
previously overlooked and difficult to locate, in part
because of the problem of searching rock habitats.
The species may be active throughout the year but
spends little time outside the crevices and cavities
normally occupied. Conseguently, observations are
few and knowledge of the barefoot gecko remains
limited.

Habitat Requirements and Breeding Success of
Charadriiform Birds Nesting at Salt Plains National
Wildlife Refuge, Oklahoma. Habitat requirements
and breeding ecology of American avocets, least
terns, and snowy plovers were studied on the flats
of the Salt Plains NWR in northwestern Oklahoma.
Direct counts of adult birds revealed 46 pairs of
American avocets, 80 pairs of least terns, and 325
pairs of snowy plovers breeding on the salt flatsin
1977. Population sizes during 1978 were 53, 135,
and 260 pairs, respectively, for the three species.
A total of 183 nests of snowy plovers, least terns,
and avocets were marked and their progress moni-
tored. Measurements of environmental variables
near the nest sites revealed that all three species
nested in clumped distributions near streams or
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standing bodies of water, independent of woody
debris or other discernible structuring of the flats.
Food sources utilized by the birds included ter-
restrial and aquatic insects and small fish inhabiting
the streams. All foods eaten by the birds occurred
on the salt flats proper; most food species were asso-
ciated with the freshwater inflow streams. The
streams were essential proximate and ultimate com-
ponents of the nesting habitats of these three
Species.

The Her petological Components of Florida
Sandhill and Sand Pine Scrub Associations. Inves-
tigations of the herpetofauna of the peninsular
Florida sandhills and sand pine scrub revealed a
diverse complex composed of a minority of

species combined with an array of wide-
ranging and aquatic species that can be found in
many Florida habitats. The xeric-adapted species
required sand for burrowing or sand-swimming.
The tortoise (Gopherus) digs burrows that serve as
shelter for several other species; the wide-ranging
generalist species, however, require none of the spe-
cialized conditions of the sandhills and scrub. Sand
scrub, especialy early successional stages, contains
22 species of reptiles and amphibians, which is more
than in any other of awide range of peninsular
Florida habitats. Apparently the herpetofaunais
responding to the dry, well-drained soil and patches
of sand, free from roots, rather than to any aspect
of the vegetation. The sand-swimming species (mole
skink, Florida crowned snake, and sand skink) de-
pend on periodic disturbance (e.g., fire and clear-
cutting) to remove the matted understory and pine
canopy. The widespread distribution of these forms
attests to the continuous presence, throughout his-
tory, of amix of successional stagesin both the
sandhills and sand pine scrub.

Estimating Production of Paper Birch and Utili-
zation by Browsers. A 4-year study was conducted
to develop methods for estimating production and
utilization of paper birch on the Kenai NWR,
Alaska. Twenty-four individual birch saplings were
tagged in each of 101 stands. Fall estimates were
made of annual production and spring estimates
were made of utilization of each tagged sapling. Re-
gression equations were developed from clipped-
plant measurements and weights and used to esti-
mate production of each tagged sapling. Diameters
of browsed twigs on the tagged saplings were meas-
ured and regression equations were devel oped to
estimate how much annual growth had been re-
moved from each sapling. Three estimates of uti-
lization were developed for each stand: percentage
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current annual growth (CAG) weight browsed, per-
centage CAG twigs browsed, and percentage birch
saplings browsed. These were highly correlated. An
estimate of percentage CAG weight browsed usually
requires clipping studies; however, that value can
be estimated reliably with either of the latter two
estimators of use. The ability to estimate accurately
these variables is important inasmuch as paper birch
occurs at high densities relative to other browse
species at Kenai and is an important component of
the diet of moose.

Evaluation of Rest-Rotation Grazing in the Mis-
souri River Breakson the CharlesM. Russell Na-
tional Wildlife Refuge, Montana. The vegetative
differences between three grazing treatments after
12 yearsin a 4-year rest-rotation grazing system for
cattle in the Missouri River Breaks were analyzed.
Treatments were established in two locationsin
three landforms: benches, breaks, and bottoms. In
each location, one treatment was not fenced and
allowed free use by cattle and game ungulates; one
was fenced only while cattle were on the range; and
the third was fenced to exclude all grazing ungu-
lates. After 12 years all vegetation was clipped from
30 randomly located 2- x 5-dm quadratsin each
treatment, sorted by species, and oven-dried. Blue-
bunch wheatgrass and western wheatgrass produced
significantly more biomassin protected treatments
in three of the six treatment sets, whereas junegrass
and blue grama tended to produce significantly less
biomass in protected treatments. Y ellow sweetclover
and scarlet globemallow produced more in pro-
tected treatments than in those open to grazing.
Most forbs occurred in such small amounts that
they were not compared. No significant differences
occurred in shrub biomass among treatments. Over-
all differences in biomass production under the
grazing system were not greetly different from that
in treatments protected from cattle grazing.

Sea Turtle Distribution Along the Boundary of
the Gulf Stream Current off Eastern Florida. Aeria
surveys, to 222 km off the east coast of central Flor-
ida during August 1980, revealed that marine tur-
tles were distributed in a narrow zone west of the
Gulf Stream. Of 255 loggerhead turtles, only 3 were
observed east of the western boundary of the Gulf
Stream. Radiometric thermometry revealed that the
waters occupied by most loggerheads were mark-
edly cooler than the nearby waters of the Gulf
Stream. All 18 leatherback turtles were seen west
of the Gulf Stream in waters less than 70 m deep.
Marine turtles off eastern Florida are confined sea-
sonally to nearshore waters west of the Gulf Stream.



The records of leatherbacks in nearshore waters are
in contrast with a deep-water oceanic ecology often
hypothesized for this species.

Rodent Occurrence, Habitat Disturbance, and
Seed Fall in aLarch-Fir Forest. Small-mammal
population changes were measured for 5 years
(1970-74) by livetrapping on broadcast burned
western larch-Douglas-fir clearcuts and in uncut
timber on a north and a south slope in western
Montana. Four species made up 96% of the 1,324
animals caught: deer mice, 42%; red-backed voles,
27%; red-tailed chipmunks, 22%; and long-tailed
voles, 5°70. Deer mice and chi pmunks were common
on clearcut and timber plots. The red-backed voles
were present only under tree canopy and long-tailed
voles were found only in absence of tree canopy.
A hard burn eliminated most of the organic man-
tle and all small mammals except deer mice, which
existed as the single species for 2 years and as
80-90%70 of numbers for 5 years after the burn. A
light burn that left duff intact was associated with
retention of species diversity and alow initial post-
burn (2 years) mammal population, followed by the
largest increases. Numbers of deer mice varied in-
versely with numbers of red-backed volesin the tim-
ber. Deer miceincreased sharply on all plots the first
fall after a heavy conifer seed crop. These observa-
tions suggest that red-backed voles may dominate
deer mice, but a heavy seed crop can temporarily
enhance competitive standing of deer mice. An
open, xeric, pioneering situation (hard burn) was
conducive to persistently high deer mouse popula-
tions. The most obvious habitat feature associated
with an inverse spatial relationship between the two
voles was tree canopy. The long-tailed vole may be
further discriminated against by drier habitats.
Clear-cutting appeared to be the principal determi-
nant of total population size, but burn intensity
seemed to influence species composition.

Black-footed Ferret Studies Continued in Wyo-
ming. Since the discovery of a small population of
black-footed ferrets in Wyoming by Center biolo-
gists, the Wyoming Game and Fish Department,
Idaho State University-Biota Research and Con-
sultants, Inc. (ISU-BIOTA), and DWRC have
begun cooperative studies to determine the num-
bers, distribution, and demography of black-footed
ferrets in northwestern Wyoming. Snow-tracking
studies conducted by ISU-BIOTA from December
1981 to April 1982 revealed that 22 or more ferrets
wintered on awhite-tailed prairie dog colony of
about 2,000 ha. Observationsin spring and early
summer revealed the presence of eight litters with

one to four young. In August and September, one
young ferret from each of six litters was trapped
and fitted with aradio collar to determine when the
young disperse from their natal area and if they sur-
vive. Two of these young have been observed inter-
mittently since they were radio-collared. Movements
of over 2.5 km have been recorded for each of these
animals. Each of three radio-collared young male
ferrets slipped out of their collars within afew days
of attachment. These collars were recovered from
prairie dog burrows at depths of 83, 100, and
238 cm below ground. One of the three radio-col-
lared female ferrets disappeared 2 days after cap-
ture and was not observed again. Monitoring of the
two remaining individuals will be continued into
winter to help determine winter behavior. Snow-
tracking studies will aso be conducted to determine
the number of ferrets wintering on the study sites.

Reproduction in West Indian Manatees. Since
1974 individually recognizable West Indian mana-
tees have been monitored at Crystal River and Blue
Spring, two clear-water, spring-fed riversin north-
ern Florida. The animals aggregate in the rivers dur-
ing winter to escape low water temperatures. Repro-
ductive histories of several individuals indicate that
the reproductive potential of manateesis greater
than previously estimated; gestation is about 12 to
14 months. About 5070 of the births are twins.
Calves are dependent on their mothers for an aver-
age of 1.3 years. The average interbirth interval is
2.4 years, and the minimum age at first reproduc-
tion is 5 years. Additional information is being gath-
ered on reproduction, as well as other life history
traits.

Mass M anatee Die-off Attributed to Red Tide.
Every spring over 150 West Indian manatees dis-
perse down the Cal oosahatchee River in southwest-
ern Florida from awinter warmwater refugium
created by a power plant effluent. In 1982 from
4 February through 22 April, 41 manatees died in
Lee County, Florida, in the lower Cal oosahatchee
River and San Carlos Bay. Thirty-nine carcasses
were recovered, two of which were deaths due to
collisions with water vessels. Causes of death for
the remaining 37 animals were classified as
"natural.” Results from clinical observations, gross
necropsy, histopathology, and bacteriology suggest
that a fast-acting neurotoxin is involved. Other al-
ternatives have been ruled out on the basis of these
studies and the results of chemical analysis of tis-
sues from environmental contaminants. An exten-
sivered tide in the area, coincident with an unusual
bloom of filter-feeding ascidians, has been impli-
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A female manatee with her 2- to 3-month-old twin calvesin the
Crystal River warmwater refugium. Photo by J. A. Powell.

cated as the source of the neurotoxin. The ascidians
probably underwent their bloom due to hypersaline
conditions in the Caloosahatchee River and off-
shore areas brought about by unusually dry weather
in the area and water-conservation measures. The
ascidians were ingested incidentally by manatees
feeding in sea grass beds, and in some instances
thousands of the invertebrates were discovered in
the gastrointestinal tracts of the manatees at
necropsy. Mouse bioassay tests on ascidians ex-
posed to red tide in the laboratory showed that they
accumulated red tide toxin, so that the manatees
probably were exposed through this route. It has
been concluded that the die-off was the result of
an unusual coincidence of events (dispersal of the
manatees from the winter refugium, a red tide out-
break, drought conditions, and a bloom of ascid-
ians) that was unusual and unpredictable.
Manatee Survey in Honduras. In cooperation
with the Honduran Department of Natural Re-
sources, aerial surveys and interviews with coastal
residents were carried out in 1979 and 1980 to deter-
mine the distribution and status of West Indian
manatees al ong the Honduran north coast. During
a 13-hour entire-coast survey, 11 manatees were
seen (0.8 manatee per survey hour). Most of the ani-
mals were sighted in the rivers and a lagoon north
of LaCeiba. During six replicated flightsin the La
Ceiba area, manatees were seen 40 times (13.3
manatees per survey hour). The number of animals
seen per flight ranged from 2 to 10 and averaged
6.7. Although natural mortality occurs when mana-
tees are entrapped in small landlocked coastal
lagoons, the greatest threat to manatees is from sub-
sistence hunting for their meat. Enforcement of
existing protective laws and enlistment of public
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support is required to preserve the remaining mana-
teesin Honduras.

Polar Bear M ovements Monitored Throughout
Winter in Alaska. Valuable population information
was obtained from 116 individual polar bears that
were captured and released along Alaska's Beaufort
Seacoast and in adjacent waters.

Twenty-eight radio collars were attached to adult
female polar bears in autumn 1981 and spring 1982.
For the first time, scientists have been ableto fol-
low movements of individual polar bears through-
out the winter. Several polar bears have been relo-
cated periodically for an entire year. Preliminary
indications suggest that polar bears occupying the
Eastern Alaskan Beaufort Sea in autumn hold their
positions or drift gradually westward throughout
the winter. In early spring most bears appear to
move toward Canada, some possibly approaching
the mouth of Amundsen Gulf. During late spring
and summer they move progressively westward
again, some actually entering the Chuckchi Sea.

Also for the first time, two maternity dens of
Alaskan polar bears were located while occupied,
rather than after abandonment in the spring. One
of these was occupied by a female radio-collared
in October 1981. Knowing from the radio signal
that the female remained in the den all winter, FWS
biologists set up atent camp adjacent to the den.
From there, FWS personnel observed the female
shortly after her emergence in late March with two
newborn cubs. We were also able to document the
family's rapid eastward movement into Canada
after leaving the denning area.

WalrusHaulout Patterns and Foraging Behavior.
During the past decade walrus use of beach areas
for hauling out has increased. Before 1982 a few
scattered reports were received of walruses once
again using the traditional sites on St. Matthew
Island and adjacent Hall 1sland. During summer
1982 a cooperative effort between personnel from
the FWS Alaska Region and Research provided
additional information of walrus use of these sites.
Walruses, predominantly large-bodied males, regu-
larly used beaches on Walrus Cove and Lunda Bay
on St. Matthew Island and North Cove on Hall
Island for hauling out. Walrus use of beach areas
appeared cyclic but the duration of a cycle could
not be determined accurately at each area. Nearly
200 walruses were counted on each of the two
beaches on St. Matthew Island. The highest of five
counts at Hall 1sland was eight animals.

Walruses were observed foraging in inshore areas
10 to 30 m deep adjacent to St. Matthew Island



haulout sites. Although walruses generally fed as
groups of up to 35 animals, individuals were also
sighted. The feeding groups dove and surfaced syn-
chronously with the average surface and dive times
1 and 5.5 minutes, respectively.

Movements and Population Growth of Sea Otters
in Alaska and California. The sea otter population
in Prince William Sound, Alaska, continues to
provide insight into changes that occur as a popu-
lation reoccupies historic range. Early in the 20th
century southern Prince William Sound was one of
the few sites where a few sea otters survived the final
intensive hunting period that began with the pur-
chase of Alaska. This population hasincreased and
has reoccupied the entire Sound. In recent years
natural mortality apparently has increased in the
southern Sound and nearly half of the carcasses
found on the beachesin late spring are of animals
born the previous year. In the northeastern Sound
where reproducing females are still reoccupying
additional areas, natural mortality appearsto be
very low and too few carcasses are found on the
beaches to obtain meaningful age composition. This
suggests that the female population in the southern
Sound is at carrying capacity but that the female
population in the northeastern Sound is not. Anim-
portant implication of thisresult is that two con-
tiguous groups of females apparently form discrete
populations, one increasing and expanding, the
other apparently at carrying capacity. From resight-
ings of marked ottersit is clear that males from both
areas intermingle in acommon "male area." Ob-
servations of marked females suggest that they have
an annual range of less than about 20 miles and that
young females tend to remain near the area where
they were rai sed when they become mature. Data
for males show that they move as far as 60 miles
seasonally and leave the area whereraised late in
thefirst year of life or early in the second year.
Scientists from the University of Minnesota and the
FWS have marked and released more than 200 sea
ottersin Prince William Sound since 1976.

Fish and Wildlife Service biologists have marked
and released 117 sea ottersin the vicinity of Piedras
Blancas, California, since 1978. Since that time sev-
eral thousand resightings of marked individuals
have been accumulated. From these data the fol-
lowing patterns of movement have emerged: After
weaning, male sea otters generally leave reproduc-
tive areas sometime during their first year of life.
Males tagged near Piedras Blancas have been re-
sighted throughout the present range from Santa
Cruz, about 130 miles north of the Piedras Blancas

study area, to near Surf, California, about 90 miles
to the south. Adult males move seasonally from ter-
ritories near Piedras Blancas to wintering areas 40
to 60 miles to the south. This seasonal migration
has been repeated for several territorial males for
1-5 years since the study began in 1978.

Resightings of marked females on the other hand
indicate that they generally have an annual range
of lessthan 20 miles of coastline. Thisistrue for
adults and preliminary indications are that it is also
true for subadults. Thisinformation strongly sup-
ports the information presented here on Alaska sea
otters and suggests that sea otters follow the
common mammalian patterns of males, tending to
disperse more readily and over greater distances
than females. The ramifications of this pattern on
our understanding of population growth are impor-
tant. For example, it may be incorrect to think of
the California popul ation as a whole when popu-
lation growth rates are examined. The above infor-
mation suggests, both from Alaska and California,
that femal e dispersal distances may be less than 20
miles of coastline, and therefore it may be only the
20-mile segments of each end of the population
range that are contributing to population growth.
Thus, the growth rate of a population like the one
in Californiawith arange of 200 miles of contig-
uous coastline would be much lower than expected.

Activity Patternsin the California Sea Otter. An
issue central to future management of seaottersin
Cdliforniaisthe status of the population. In recent
years, avariety of data have been gathered and ana-
lyzed to indicate that the population no longer is
growing perceptibly in size. In fact, although sur-
vey work currently is ongoing, it appears as though
the otter population in California has remained
roughly static, or perhaps even declined in numbers,
over the past 5 years or so. Two hypotheses have
been proposed to explain this situation. One is that
the population has reached an equilibrium with lim-
iting resources. The other is that some extrinsic
source of mortality (such as net entanglement, pol-
lution, and predation) is the causal factor. Resolu-
tion of this matter will have a strong bearing on the
future management of sea ottersin California.

It has been reasoned that time budgets and ac-
tivity patterns may provide an acceptable indicator
of population status. Thisis based on the results
of studiesin Alaska and Oregon, which show that
populations known to be at or near equilibrium with
available resources invest roughly three times more
time foraging during a day (Amchitka lsland) than
do populations known to be well below equilibrium
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density (Attu Island and Oregon).

Similar data now are available for California

Observations consisted of scan samples, done at

intervals, from dawn to dusk. Sufficiently
large segments of coastline were selected for study
to provide what is believed to be a representative
sample of local subpopulations. Viewing stations
were chosen within each segment so that contiguous
subsegments could be monitored on successive days.
Data sets, by using this or closely related techniques,
were obtained from a number of times and loca-
tions. Some of these are from areas near the center
of the existing range and are known to have been
occupied by sea otters for decades. Others are areas
near the present limits of the range in California,
and only recently were reoccupied by otters.

The results of these studies show a consistent pat-
tern among areas and over times. Overall, the per-
centage of time devoted to foraging is about 20 to
25% of the daily (dawn to dusk) time budget. There
are no apparent seasonal effects, nor are there evi-
dent trends between long-inhabited and recently in-
habited areas.

The Alaskan and Oregon studies established that
sea otter populations, known to be near equilibrium
density, devote from about 50 to 55% of their time
foraging, whereas those below equilibrium density
devote between 15 and 20% of their time foraging.
These results also are consistent among areas and
over time. Together, these data indicate that the sea
otter population in central Californiais not limited
by food availability. At present it seems unlikely
that the population is at equilibrium density.

Interatoll Movement of Hawaiian Monk Seals.
The endangered Hawaiian monk seal population de-
clined by about 50% between 1958 and 1978. This
species is distributed throughout the waters around
the Leeward I slands, northwest of the Hawaiian
Islands. The chain of atolls used by monk sealsis
about 1,000 nautical mileslong and these islands
and atolls are separated by distances varying from
50 to 330 nautical miles.

During 1966 through 1972, we tagged 863 monk
seals with monel cattle ear tags on the hind flippers.
Tagging and resighting were done on an opportu-
nistic basis, primarily during survey and inspection
trips to the Hawaiian Islands NWR (Leeward Is-
lands). Usually, tagged seals were not captured or
disturbed when resighted; consequently, tag num-
ber could frequently not be determined.

We resighted and identified 351 tagged seals a
total of 674 times. Only 27 of these were sighted
at atolls other than the one where they were tagged.
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No age- or sex-associated differences were detected
in the proportion of seals that had moved. The long-
est distance moved was from Pearl and Hermes
Reef to French Frigate Shoals, about 575 nautical
miles. There was no obvious directional movement
to the east or west.

Observations of tagged monk seals suggest that
they have a high fidelity to their natal beaches but
use other beaches intermittently. Therefore, each
atoll has arelatively discrete subpopulation and the
proportion of seals that moves between atolls varies
between subpopulations. This knowledge of monk
seal movements and site fidelity is particularly im-
portant when developing total population estimates
and management plans that will stimulate popula-
tion recovery for this endangered species.

New Classification of Mexican Deer Mice. Deer
mice of the genus Peromyscus have long presented
difficultiesin identification to field workers. Most
of the species occurring in the United States are rea-
sonably well defined, but south of the Mexican
Border, where distributions are poorly known and
large samples of specimens are not often available,
species limits are less well known, and many taxo-
nomic problems remain.

As part of a cooperative study with the Mexican
Wildlife Service, the mammal fauna of the State of
Nayarit is being surveyed. Those groups whose clas-
sification is poorly known are being studied inten-
sively and systematic revisions prepared. So far, re-
sults of these studies have been published for cot-
tontails, genus Sylvilagus, and deer mice, genus
Peromyscus.

Seven species of Peromyscusare now recognized
from the State of Nayarit. An eighth, P. ban-
deranus, is now considered as belonging to a sep-
arate genus, Osgoodomys, named for W. H. Os-
good, whose 1909 monograph on Peromyscus was
aclassic of itskind. Three of the seven species, P.
simulus, P. madrensis, and P. spicilegus, were
formerly considered subspecies of P. boylii, awide-
spread form common in the southwestern United
States.

We determined the specific status of these three
kinds of mice using a combination of techniques.
A series of computer programs aimed at handling
large amounts of data permitted detailed

morphometric analyses of cranial and external
features. Chromosome slides were prepared in the
field for many of the specimens collected. Careful
microscopic examination of the preparations pro-
vided new data on the karyotypes of these rodents.
In addition, extensive field surveys revealed severa



localities where various combinations of the species
occur together.

Ecological differences among these closely related
species were also determined. Peromyscus simulus
is confined to the coastal-plain region (sealevel to
100 m); Peromyscus madrensis occupiesthe Tres
Marias Islands;, Peromyscus spicilegus inhabits
intermediate montane zones (100 to 1,600 m) but
has been found as high as 2,100 m; and Peromyscus

occurs at high elevations (1,900 to 2,100 m)
in the eastern mountains of Nayarit.

Habitat Destruction Adversely Affects Aquatic
Reptiles. During the course of along-term study to
evaluate the suitability and ecological impact of the
grass carp as an aguatic weed control agent, popu-
lation data on several reptile species were gathered.
Five permanent transects covering 4,000 m of shore-
line with 175 trapping stations were established in
five pools on Lake Conway, Orange County, Flor-
ida, and populations of all species of amphibians
and reptiles were monitored every 2 weeks from
1977 to 1981. Because Lake Conway isalarge
(743 ha) urban lake with increasing recreational use,
the opportunity to assess the impact of expanding
use, increased shoreline development, and the re-
sultant habitat 10ss on select species of reptiles
existed.

Nine factors were identified as having detectable
changes on the ecology of speciesin the lake. These
causative agents were grouped into four general
categories: effects of the grass carp, human dis-
turbance, natural phenomena, and unknown
causes. Under the category of human disturbance,
we included the effects of shoreline development,
destruction or removal of individual reptiles, boat
mortality, and investigator influence. A brief de-
scription of the impact of upland development on
a single semiaquatic species illustrates some of our
findings.

The green water snake was common in some habi-
tats on the lake. We estimated a mean density of
0.26 green water snake per meter of shoreline or
116.8 g of snake biomass per meter in good habitat
before disruption. This converts to a mean snake
density of 130.4 per hectare and an average stand-
ing crop of 58.4 kg/ha; these values are the highest
reported for any snake species. Most individuals
(51.4%) were found in the littoral zone but some
individuals occupied shallow, open-water habitat
(29.7%) and terrestrial environments (18.9%).
Aquatic sightings of green water snakes during noc-
turnal transects peaked in spring and fall with an
apparent lull in June and July and in winter. Aqua-

tic trap data showed peaks during summer in the
same habitat, suggesting that the snakes were ac-
tive in the water from spring to fall. Most terrestrial
sightings were confined to the cooler months
(89.9% in October through April), whereas most
aquatic sightings (64.2%) were from May through
September.

The tendency of the green watersnake to move
onto shore or bask on emergent vegetation during
the cooler months had important implications for
their survivorship at different sites on Lake Con-
way. We found that during spring and fall this spe-
ciestypically was aquatic but often spent the
morning and mid-afternoon hours basking on emer-
gent vegetation. During summer, little basking oc-
curred. However, once water temperatures dropped
below 16°C in winter, the snakes | eft the aquatic
environment and overwintered in cotton rat bur-
rows on shore. Of 17 individuals observed during
winter months, 15 were basking at the entrances of
rodent burrows.

Highly significant reductions in green watersnake
densities occurred on some sites during the study.
Sightings on one area dropped from 98 in the first
year to 3 and 2 in the next 2 years. These reduc-
tions were caused largely by clearing the adjacent
uplands for housing during the winter and spring
of 1977-78. We believe that a majority of the popu-
lation was killed during these site preparations; only
16.7% (n = 17) of our first-year sample was taken
after April 1978. Thisreduction in density occurred
even though much of the littoral zone habitat re-
mained intact. We suspect that clearing of the up-
lands during summer months would have had little
direct impact on the snake population. Thus, an
understanding of the terrestrial activity of certain
semiaquatic reptiles proved crucial to maintenance
of those populations in intact aquatic environments
and illustrates the temporal susceptibility and de-
pendency of this species on knowledgeable manage-
ment of adjacent terrestrial habitats. This work was
done in cooperation with the U.S. Army Engineer
Waterways Experiment Station and the University
of South Florida.

Status of Marine Birds of the Southeastern
United States. Thisreview is a cooperative effort
between the Service and the Bureau of Land Man-
agement. The objective of this project isto provide
asynthesis and analysis of information about ma-
rine birds of the coastal and offshore waters of the
southeastern United States that will allow an assess-
ment of the effects that offshore oil development
may have on marine bird populations.
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We assembled thousands of references and pro-
duced three volumes that provide the first basic syn-
thesis for alittle studied area. These volumes deal
with 102 species of marine birds and, for some spe-
cies, gather together fundamental information
about their biology for the first time. The combined
bibliographies that follow each species account pro-
vide about 10,000 citations, making these reports
one of the largest specialized bibliographies of birds
compiled in decades, and, as aresult, supplying a
unique source of data for planning further research.

Two of the volumesin this series have been com-
pleted and published, and the third isin the final
stages of production. These reports should be of
great value for planning future research on marine
bird populations and should provide Federal, State,
local, and private agencies a better understanding
of the nature of the problems that may arise when
exploitation of the coastal zone for human needs
conflicts with the needs of marine bird populations
dependent on this areafor survival. These reports
should also be helpful in choosing subjects for
further autecological research and, because of the
breadth of the coverage of the literature, be a highly
useful reference work for administrators, re-
searchers, and the general public.

New Techniquefor Livetrapping Cormorantsand
Wading Birds. The basic Bal-chatri trap, originally
developed for use with raptors, is asmall cage (for
holding live bait such as a bird or mouse) covered
with dlip nooses. When the predator fliesin and at-
temptsto grab the bait, its feet catch in the nooses
and pull them tightly shut. The cage usually is made
of chicken wire or hardware cloth, and the dlip
nooses of monofilament fishing line. The size and
shape of the traps vary according to the size and
habits of the birds to be trapped. This year, as part
of a project with olivaceous cormorants, we devel-
oped amodified form of the trap for use with aqua-
tic species of birds.

Each trap was a1 x 1 m? of 0.635-cm mesh hard-
ware cloth covered with pale blue nooses made of
monofilament fishing line and placed at intervals
of about 5 cm. Nooses made of 8.2-kg test line were
less apt to tangle or accidentally close than those
of other strength lines. Loopswere 6-8 cmin
diameter. The traps were placed under 15-30 cm
of water on the mud floor of a pond and anchored
at the four corners with spikes 15 cmlong. Asa
cormorant moved at the edge of the pond to sun

itself or to manipulate afish on the bank, its toes
caught in the nooses, which closed as the cormorant
attempted to pull free. The cormorants gave no
adlarm calls, and other birds in the area seemed un-
aware of what was happening. Traps were moni-
tored by an observer in ablind, and captured birds
were removed immediately. No birds suffered in-
jury from the trapping. The rate of capture of cor-
morants was about one bird per 3 hours of trap
time. This vaue probably underestimates the poten-
tial capture rate because the times when traps were
in use did not necessarily coincide with peak feed-
ing times of the cormorants.

The location of the traps under water did not
interfere with the functioning of the nooses, al-
though dense aquatic vegetation might do so. The
nooses tended to float in the water, which hel ped
to keep them erect and open. We did not bait our
traps directly, but in habitats where fishes occupy
clear water, individuals or schools swimming above
the traps might attract piscivorous birds. Likewise,
shallow cages (e.g., 10-15 cm high) could be made
and baited with live fishes and placed under the
water. Such traps should be extremely effective for
the capture of wading birdsin shallow-water aress.

L ongevity Records of North American Birds
Now Available. Longevity records provide infor-
mation on a basic aspect of biology for over 400
taxa of North American birds. The purpose of the
four papers that comprise thiswork isto provide
basic data that will allow an examination of biologi-
cal interrelations between length of life and other
factors such as body mass, nesting habits, and other
elements that may influence the survival of an avian
SpEcies.

Thiswork has been pursued intermittently over
aperiod of 5 years, hasinvolved the examination
of over 1,000,000 records on microfiche at the Bird-
Banding Laboratory, and the examination of many
thousands of banding schedules and recovery rec-
ords, and has entailed an exhaustive survey of the
North American literature on the longevity of birds.
Because the papers resulting from this study list the
total numbers that have been banded and recovered
in North America, they are uniquely useful in deter-
mining which species have been relatively poorly
studied with regard to migration, dispersal, and
other topics for which individual marking of birds
isrequired.
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Cooperative Research Unit Program

The Cooperative Research Unit Program is
jointly supported by the U.S. Fish and Wild-
life Service, the Wildlife Management Institute, and
the State game and fish agency and the land grant
university in the State where each Unit is located.
Program direction for each Unit is provided by a
Coordinating Committee composed of representa-
tives from each cooperating entity. Unit personnel,
who are Service employees, are headquartered on the
campuses of the cooperating universities where they
have full faculty status and access to university re-
sources. In thisway, the Units provide a major focal
point for State-Federal cooperation on appropriate
fish and wildlife issuesin 29 States. They also pro-
vide special mechanisms for the Service to bring the
vast array of expertise and facilities available at 31
major universities to bear on problems where the
Service has responsibility but lacks resources to
respond.

The objectives of the Cooperative Research Units
are to conduct research that is responsive to needs
of fish and wildlife resources, provide training and
retraining at the graduate level for prospective and
practicing professional fish and wildlife biologists,
and to participate in technical assistance activities
for the benefit of all cooperators. Although train-

ing was the primary objective when the Unit Pro-
gram began in lowain 1935, changes in cooperator
needs in recent years have dictated a change toward
increasing the focus on research. This has resulted
in agradual decrease in students enrolled in the pro-
gram over the last 5 years, and an increase in use
of professional staff.

Research programs have historically focused on
applied problems of fairly restricted scope for States
or other agencies that have contracted for research.
In recent years the cooperators, with special direc-
tion from the Service, have broadened the general
scope of research in the Units to include complex
contemporary issues of regional and national im-
portance. In fiscal year 1982 the Units were involved
in an array of research, including impacts of energy
development in the Intermountain West, develop-
ment of waterfowl management strategies for the
Central Flyway, reestablishment of runs of Ameri-
can shad and Atlantic salmon in the Northeast,
mitigation of impacts of development and changing
land-use practices on Pacific salmon stocks, devel-
opment of information prerequisite to recovery of
awide variety of endangered species, scope and ef-
fects of acid precipitation, and many others. While
undertaking this type of research, the Units have

Combined Fish
Wildlife Units Fishery Units and Wildlife Units
M.S. Ph.D. M.S. Ph.D. M.S. Ph.D.
Students in program 212 63 244 54 42 17
Minority students 6 4 23 6 3 0
Female students 57 2 45 8 7 1
Degrees granted 56 6 53 11 10 3
Employment
Fish and Wildlife Service 5 0 5 2 0 1
State agencies 17 1 22 1 5 1
Universities 12 6 9 4 1 1
Other fish and wildlife biology 15 2 7 1 0 0
Other biological sciences 4 0 0 1 0 0
Education continued 13 0 9 0 1 0
Miscellaneous 0 1 0 1 1 0
Unemployed 3 1 1 0 0 0
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become directly involved in cooperating with Ser-
vice research laboratories, often providing capa-
bility that the laboratories do not have and adding
breadth to individual laboratory research programs.

The Unit Program gives emphasis to training mi-
norities and women in fish and wildlife science. In
fiscal year 1982, 174 minorities and women were
being trained at the graduate level in the Units, the
largest number ever.

Of the 139 graduatesin fiscal year 1982, only 5
(4%) are unemployed; 94% are working or continu-
ing their education in fish and wildlife programs.

COOPERATIVE FISHERY RESEARCH
UNITS

Alabama. Forage species often are introduced
without consideration of possible harm to existing
fisheries. One candidate species of wide interest
among public agenciesistheinland silverside. It is
an important forage component in lakes of the
southern Mississippi Valley, and was proposed for
introduction to reservoirs of the Southeast.

there were misgivings about its potential to
outcompete young game fishes and existing forage
species such asthe bluegill. A comparative study
of the diets of inland silversides, young largemouth
bass, and juvenile bluegills was conducted in experi-
mental ponds and plastic at Auburn Univer-
sity, aswell as on fish from a natural population
in Louisiana. An unexpected resemblance was ob-
served in the feeding of largemouth bass and inland
silversides: both ate large numbers of bluegill fry.
High diet overlapsin all three species were also seen
in their consumption of several types of zooplank-
ton (notably copepods, cladocerans, and ostracods).
Inland silversides were judged unsuitable for intro-
duction in waters of the Southeast because of the
potential for competition with young-of-the-year
largemouth bass for bluegill fry, aswell asfor other
kinds of food. Inland silversides also have the po-
tential to reduce already established bluegill popu-
lations through food competition and predation.

Research on the conservation status of the so-
called Cahaba shiner, an undescribed species that
resembles the mimic shiner, showed it to be one of
the most geographically limited fishesin eastern
United States. It has been collected only in a 20-mile
reach of the main channel of the upper Cahaba
River, atributary of the Alabama River in central
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Alabama. The ruggedly mountainous Cahaba head-
waters recently were opened to development by the
expansion of Greater Birmingham resulting from
construction of an interstate highway. The "devel-
oping urban" category of land-use tends to imply
avery serious pollution potential. Moreover, main-
channel species are especially vulnerable to events
in headwater areas. Therefore, the Cahaba shiner
may be threatened, and perhaps even endangered
(if, for example, sewage treatment centralization in
the basin can be shown to pose a hazard through
eutrophication).

Alaska. The Alaska Department of Fish and
Game has a continuing project in which fry of Arc-
tic grayling are stocked from hatcheries into ponds
barren of other fish, for asummer of accelerated
growth. In fall they are captured and stocked in a
large stream fed by groundwaeter, Delta Clearwater
Creek, to support arecreational fishery. We at-
tempted to determine the limits of growth and sur-
vival of grayling fry stocked in barren ponds. Ex-
periments conducted on the effects of stocking den-
sity (the number of fry stocked per unit of surface
area) on growth in the nursery ponds showed no
relation between stocking density and growth over
the range of densities tested. Growth in the ponds
was rapid (about 2 mm per day) during early sum-
mer, and slowed in September as pond waters
cooled. In fall, the fish were considerably larger
than those stocked as fry in Delta Clearwater Creek.
The difference was probably due largely to a dif-
ference in water temperature; water in Delta Clear-
water Creek never rises much above 9°C, but that
in the ponds reaches about 20°C. Oversummer sur-
vival of the grayling was aways less than 20%, and
early mortality was identified as the probable cause.
Enclosures provided the sac fry with protection
from waves, and zooplankton as starter food.
Heavy mortality began as the fry completed absorp-
tion of their yolk sacs, and continued until more
than 90% had died. The enclosures excluded preda-
tors, eliminating predation as a significant cause of
early mortality. High early mortality has also been
noted in Alaskan hatchery-held fry as they complete
absorption of the yolk sac and become dependent
on prey for nourishment. It is not known whether
this mortality is a function of inadequate food
(grayling during their first month eat chironomid
pupae almost exclusively), stress due to minute cur-
rents (wild fry remain in bottom substrates until the
yolk sac islost), or some other factor.

Arizona. Extensive beds of aguatic vascular
plants, primarily spiked watermilfoil, in numerous



Many fish of the older year classes of largemouth bassin Alamo
Lake, Arizona, choked to death when they tried to feed on tilapia
(presumably stressed by low winter temperatures) that were too
large for them to swallow. Photo by B. Wanjala.

small mountain lakesin Arizona cause pH'sto rise
to levels that cause stress and mortality in trout.
Peak values, during the afternoon, may reach pH
10.9, but usually range from 10.0 to 10.4. These
high values occur only in areas that have heavy
growths of plants, and usually near the surface. Diel
pH's often exceed 10.0 for several days or even
weeks at atime. In larger lakes, the high pH's are
mostly restricted to heavily vegetated edges; the

open waters, although influenced by phytoplank-
ton, have much lower values that are not known
to exceed 9.8 during peak periods. These resultsin-
dicate that pH cycles in mountain lakes should be
studied before trout stocking schedules are pre-
pared. Each arearequiresindividual attention be-
cause pH cycles vary widely from site to site. Once
pH cycles are known, trout can be stocked in spe-
cific areas at times when the pH values are below
stress or lethal levels (i.e., lower than 9.0).
California. Northern California streams are lo-
cated largely in forests of redwood and Douglas-
fir that are in various stages of timber harvest and
management; most of the streams are important
producers of salmonids. Restoration of the declin-
ing stocks of anadromous fish of the Klamath-
Trinity Basin and other north-coast streamsis a
high-priority objective of the California Depart-
ment of Fish and Game, and is listed among the
Important Resource Problems of the Fish and
Wildlife Service. A mgjor portion of the Unit's cur-
rent program is related to problems of declining sal-
monid stocks. As part of one of these problems,
we completed an evaluation of the use of radio-

The California Fishery Research Unit is evaluating the effects of suction dredge gold mining on fish and fish food organisms
in northern California streams. Note the instream excavation remaining after dredging. Photo by W. L. Somers.
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telemetry to study upriver migration of adult
chinook salmon in Klamath River. From July to
October 1980, internal radio transmitters were
placed in the anterior digestive tracts of 27 adult
salmon. Of these, 16 tagged upriver from saltwater
influence moved downstream after release, 5 moved
upstream from the tagging site, and 6 tagged in the
estuary were lost immediately after release and not
relocated. The period between tagging and subse-
quent location upriver ranged from O to 14 days.
Long-term tracking was successful for three salmon:
these fish progressed consistently upstream with
only minor delays and made no detectable down-
stream movements. Migration rates were 4.3, 6.3,
and 6.7 km/day. To assess the reliability of these
results, we compared the radio-tagged salmon with
control salmon tagged only with spaghetti tags.
Downstream movements of these control salmon
were indicated by tag returnsin the estuary. Con-
trol salmon that ascended the main stem of

River had significantly higher migration rates and
shorter travel times than did salmon that ascended
the Trinity River, the Klamath's largest tributary.
Migration rates for two radio-tagged salmon that
ascended the main stem River were within
the range of 5.6 to 9.6 km/day determined for two
groups of control salmon, and the rate for asingle
radio-tagged salmon that ascended the Trinity River
was within the range of 3.2 to 6.5 km/day deter-
mined for control salmon. Our success was limited
by problems associated with logistics, equipment
failures, saltwater interference in the estuary, pre-
dation on tagged salmon by harbor seals, and pos-
sible mortality due to tagging and handling stress.
We recommended the use of ultrasonic telemetry in
the estuary, the movement of tagging sites farther
upriver to avoid seal predation, the investigation of
alternate methods of transmitter attachment, and
the use of more than one signal-receiving system and
more efficient tracking methods.

Colorado. Successful fishery management is
essentially a planned sequence of field operations
that create or augment different kinds of angling
opportunities in approximate proportion to angler
preferences for each kind. Although managers are
often constrained by budgets, the state of the art,
and ecological rationality, a perhaps equal or more
important factor that is seldom addressed is angler
preference or demand. In an effort to document the
kinds of angling most desired by Colorado anglers,
and to provide the demand component for fishery
management planning in Colorado, we mailed an
attitude questionnaire to more than 8,000 Colorado
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anglers. The survey included questions pertaining
to preferences for kinds of angling experiences, atti-
tudes toward fishing regulations and other manage-
ment options, the extent of each angler's interest
and participation in the sport, and demograhic char-
acteristics of the anglers, such as age, sex, educa-
tion, occupation, and income. The results indicated
that Colorado anglers prefer fishing for "wild" fish
but also support programs involving the stocking
of catchable-size trout, as well as warmwater fishery
management. In general, anglers objected to any
basic restrictions on their opportunity to fish; how-
ever, regulations pertaining to how they fish were
not opposed. Our results provide a basis for allow-
ing angler preferences to guide the fishery manage-
ment program, rather than managers' guesses or the
preferences of special interest groups. This kind of
demand-based planning should result in a more
satisfied and supportive angling public.

The Pyramid Lake Paiute Indian Tribe and the
U.S. Department of the Interior are working toward
restoration of the once famous trophy L ahontan
cutthroat trout fishery in Pyramid Lake, Nevada.
Estimating the potential trout production that
Pyramid Lake will support can provide fishery
managers with a goal toward which to direct their
restoration efforts. Because primary production by
algae generates most of the organic matter in
lakes — including that which ultimately becomes
trout tissue — knowledge of Pyramid Lake's present
primary production can serve as an indirect estimate
of its potential trout production. The primary
production of Pyramid L ake was measured monthly
for 4 years. Other potential sources of organic mat-
ter (e.g., river inflows, blowing tumbleweed) were
also evaluated. To determine how much primary
production would be transferred to fish, experi-
ments were conducted in plastic-lined swimming
poolsin which actual primary production and fish
production were measured. Production of tui chubs
(the magjor food of Lahontan cutthroat trout) aver-
aged 1.1% of primary production. Applying arange
of trophic efficiencies from swimming poolsto a
corresponding range of primary production in Pyra-
mid Lake, and using various assumptions about the
transfer of tui chub production to trout production,
we estimated the median potential annual produc-
tion of Lahontan cutthroat trout in Pyramid Lake
to be 21 kg/ha.

The study of primary production in Pyramid
L ake showed that one salt-tolerant, nitrogen-fixing
filamentous alga, Nodularia spumigena, was the
major single energy source in the Lake. Because fila-



High-volume pump being used to sample larval fishesin standing timber plotsin Georgia. The cover provided by such plots may
be an important factor in survival of larval fishes. Photo by R. Petering.

mentous blue-green algae are often not eaten by
zooplankton, we undertook a study to determine
if Nodularia was important to the food chain of
Pyramid L ake as a source of detritus or food for
bacteria. Numbers of bacteria were strongly corre-
lated with the abundance of Nodularia; however,
particulate detritus was not high, even after blooms.
The significance of Nodulariato Pyramid Lake was
thus primarily as a source of new nitrogen, rather
than as forage. Because the lake is a nitrogen- rather
than a phosphorus-limited system, new nitrogen
produced by Nodularia iscritical for the growth
of diatoms and green algae. These algae arein turn
eaten by zooplankton, which then become food for
fish.

Georgia. Reliable diagnostic characteristics are
needed by biologists and fishermen to distinguish
hybrid bass from their parent species, the white bass

and striped bass. Striped bass and hybrids have been
introduced by fishery managers into reservoirs and
rivers throughout much of the United States, and
popular fisheries have been established in many of
the waters. In most States, legal size and creel limits
differ for white bass, striped bass, and the hybrids.
Since all of these fish superficially resemble one
another, fishermen, law-enforcement officers, and
biologists have had difficulties with proper identi-
fication and compliance with or enforcement of
regulations. Techniques for separating the species
and the hybrid have been described for one popul a-
tion of fish from Virginia and one from South
Carolina, but inasmuch as morphological traits of
fish can vary among populations and locations, we
determined whether characteristics for Savannah
River fish were similar to those from other loca-
tions. Diagnostic characters described elsewhere
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generally were valid in the Savannah system, but
there were minor differences in numbers of fin rays
and scale counts. In the Savannah River, simple
counts of the number of tooth patches on the base
of the tongue and the number of branchiostegal rays
accurately identified 240 of 241 fish examined.
White bass and striped bass have seven branchio-
stegal rays, the hybrid eight; striped bass and hy-
brids have two tooth patches on the base of the
tongue, the white bass only one. In previously pub-
lished work, these traits were much more variable
among specimens within each species or hybrid
group.

The Fish and Wildlife Service attempted to pre-
dict the biological consequences of habitat alter-
ations through a series of species-specific Habitat
Suitability Index (HSI) models. The objective of this
study was to assess performance of selected species
models (green sunfish, warmouth, bluegill, black
crappie, largemouth bass, black bullhead, channel
catfish, and common carp) by comparing estimated
standing crops of fishes and calculated HSI values.
Models were tested by using datafrom six reservoir
and six riverine areas. There wasl little correlation
among estimated standing crops and calculated HSI
values for areas and models tested. The models
posed some obvious problems: (1) difficultiesin ob-
taining or predicting precise information concern-
ing variables used in the models; (2) determination
of appropriate weighting or influences of interac-
tions of variables; (3) failure to compensate for the
ability of fish to overcome or avoid short-term or
restricted adverse physicochemical conditions; (4)
failure to recognize the biological interactions of
fishes; (5) dependence on relatively simple or easily
measured physicochemical variables; (6) failure to
recognize the influences of exploitation on sport and
commercial species; (7) the assumption that stand-
ing crop isadirect reflection of carrying capacity;
and (8) the implied assumption that physicochemi-
cal factors are the limiting elements for fish popu-
lations. Correlation coefficients of standing crops
and HSI values ranged from 0.05 to —0.74.

Hawaii. We studied the Puako Coast to attempt
to characterize the ecology of thisrich coastal reef
tract on Hawaii Island, assess its resources, and
determine the nature and effects of the small-scale
local fishery operating there. Motivated by the in-
creasing pressure of population, land devel opment,
and an unregulated fishery concentrated on this
small, vulnerable area, we designed the study to pro-
duce information that State resource managers can
use to determine what regulation may be required
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A young monk seal on aremote island of the Hawaiian Islands
National Wildlife Refuge shows evidence of shark attack. A
trophic system study by the Hawaii Cooperative Fishery Research
Unit, in cooperation with the Refuge, concerns the feeding rela-
tions of sharks with this endangered species and other impor-
tant components of the nearshore fish community. Photo
courtesy of Hawaiian Islands National Wildlife Refuge.

Blueline snappers caught in agill net set under water by Hawaii
Cooperative Fishery Research Unit divers are being carried to
the surface. Unit researchers are studying the food habits and
habitat of this highly successful new species (recently introduced
into the coastal waters of Hawaii) to determine its place in the
ecology of the community. Photo by D. K. Oda.

on the fishery or other activitiesto maintain a high
natural quality and productivity. Operating from
afield station established locally, Unit personnel
estimated populations of fishes and resident macro-
invertebrates by seasonal visual census, described
habitat types, collected fish specimens and analyzed
gut contents for trophic information, collected ben-
thic fauna to assess the food base, examined gonads
to determine the size at first maturity in relation to
sizes of fish in the fishery, and studied the nature
and intensity of the fishery through repeated obser-
vations and interviews with fishermen. Results indi-
cated arich and varied faunathat presents con-
siderable potential for recreational and subsistence



harvest of alarge number of species. For many reef
fish species, visual census estimates of local popu-
|ations were compared with harvest rates based on
observations of effort and catch per unit of effort
from creel census. These comparisons strongly sug-
gested overharvesting in several local areas. Large
guantities of immature fish are taken in the fishery.

The goatfishes are important components of rec-
reational, subsistence, and commercial fisheries
throughout tropical, shallow, marine waters of the
world. In Hawaii all species have long been part of
the fishery, but little is known of the ecology of the
stocks in the potential new fishing grounds of the
northwestern Hawaiian Islands. Research on the
shallow-water fish communities of these grounds in-
cluded an intensive study of the dominant goatfish
species, their diets, and the invertebrate fauna of
the sandy substrate available as feeding areas. Fish
specimens and sand core samples were collected to-
gether at Midway Islands, and the fish gut contents
and infauna of the sand communities were identi-
fied and quantified. Diets of goatfish in the north-
western Hawaiian Islands were generally similar to
those known for goatfish in the main Hawaiian Is-
lands. As awhole, the group of goatfish species
showed rather generalized carnivorous habits, eat-
ing mostly small crustaceans, polychaete worms,
and bivalve and opisthobranch mollusks. One spe-
cies of goatfish preferentially selected for some
polychaete species and against others. Some parti-
tioning of food resources among goatfish species
may result from differences in specific feeding loca-
tions and different feeding behaviors. Some species
appeared to feed more actively at night than during
the day. The goatfishes are well adapted to seeking
out concealed invertebrate prey species, particularly
in sandy substrates. Of the relatively few speciesin
these fish communities that feed consistently in
sandy substrates, the goatfish are probably the most
numerous and ecologically important large fishes.

Idaho. As part of a study relating the size com-
position of spawning gravel to the survival of sal-
monid embryos, we developed a new method for
describing the size composition of gravel in spawn-
ing redds. For gravel samples from Idaho, Wash-
ington, and Wyoming streams, cumulative particle
size distributions for material smaller than 25.4 mm
consistently plotted as straight lines on log-proba-
bility paper. Because of the lognormal distribution
of particle sizesin this range, the size composition
of material smaller than 25.4 mm was closely ap-
proximated by two points on the cumulative parti-
cle size distribution. The two particle size classes

that best reflected spawning gravel size composition
were the percentage of the substrate smaller than
9.5 mm and the percentage smaller than 0.85 mm.
Laboratory experiments related these two classes of
particle sizes to the survival of salmonid embryos.
In these tests, 90 to 93% of the variability in embryo
survival was correlated with differencesin substrate
size composition. Equations were devel oped to
quantify the effect of spawning gravel size composi-
tion on survival (to emergence) of chinook salmon
and steelhead trout in a wide range of spawning
gravel mixtures. Mixtures containing high per-
centages of fine sediment produced slightly smaller
steelhead fry than did gravels containing low per-
centages of fine sediment. However, the inverse re-
|ation between fine sediment and the size of steel-
head fry was not significant over the range of exper-
imental gravel mixtures. There was no relation be-
tween changes in gravel size composition and the
size of emergent chinook salmon. In gravels con-
taining large amounts of fine sediment, steelhead
and salmon fry frequently emerged before the yolk
sac was completely absorbed.

Iowa. The movement and habitat use of paddie-
fish were investigated by radiotelemetry in the
Upper Mississippi River. Fish in which 49-MHz
transmitters had been surgically implanted were re-
leased at capture sitesin Pool 13. Seven fish were
marked in summer 1980, and 10 in spring and sum-
mer 1981. Physical characteristics of the habitat at
telemetry location sites and proximity to man-made
structures were determined. Paddlefish were very
mobile, especially during spring, when adults near-
ing spawning condition moved long distances. Ac-
tivity was reduced in summer. Some movement be-
tween pools, upstream and downstream, through
navigation dams was observed. Upstream move-
ment through the dams occurred when gates were
fully raised. Habitats in tailwaters and borders of
the main channel were frequented most in spring,
and backwaters in summer. Areas of reduced cur-
rent near man-made structures such as wing dams
were commonly occupied by paddlefish. Two gravid
females were tracked over a gravel shoal that may
be a spawning site in the study area. Direct injury
of tagged fish resulting from the passage of barge
tows was documented.

During summer 1981, vegetated, non-vegetated,
and gravel-rock littoral habitat types were sampled
with 38 m experimental (graded-mesh) gill nets and
fyke nets. Gill nets were fished at dawn, midday,
and dusk for about 2 hours, and fyke nets during
the day and overnight for about 12 hours. Catch
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Radio-tagged shovelnose sturgeon have been followed by re-
searchers at the lowa Cooperative Fishery Research Unit to deter-
mine the summer movement patterns and habitat associations
of this commercially important fish. Photo by G. Marty.

per unit of effort was used as a measure of relative
abundance to determine fish habitat use and pref-
erence. Twenty species of fish were captured dur-
ing the summer sampling. Among eight that were
frequently captured, black bullheads, black crap-
pies, and bigmouth buffal oes preferred vegetated
habitats; yellow perch, white bass, and white
suckers preferred non-vegetated habitats; and wall-
eyes and yellow bass preferred nearshore gravel-
rock habitats. Y ellow perch and white bass were
most active during daylight and black bullheads,
walleyes, yellow bass, and white suckers at dusk and
at night. Inshore activity of black bullheads and yel-
low perch declined as the summer progressed,
whereas that of white bass and yellow bass was
greatest in late summer. Y ellow perch and black
bullheads dominated the fish community associated
with each habitat type. The composition of the fish
community inhabiting vegetated areas was generally
dissimilar to that of communities in non-vegetated
or gravel-rock habitat types. The results of the study
are being used to assess the effects of awater-level
stabilization project that has been proposed for
Clear Lake.
In astudy of the levels and trends of

residues in Red Rock Reservoir and of the rela
tion between organochlorine residues and sediment
characteristics, dieldrin and DDT metabolites were
the only insecticides found in the sediments. Diel-
drin concentrations were higher than those of DDT
but lower than those of polychlorinated biphenyls
(PCB's). Levels of al organochlorines were substan-
tially lower in sediments than in fish from the reser-
voir. The Des Moines metropolitan area seems to
be the major source of the PCB's; residue concen-
trations in fish taken from the Des Moines River
were much lower upstream from the metropolitan
area than downstream. Organochlorine residuesin
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the sediments appeared to be undergoing a slow
degradation and to be in equilibrium with residues
in the water and in fish. Organochlorine residues
in the sediments of Red Rock Reservoir may in-
fluence residue concentrations in the water and
fishes for along time, but the levels are not known
to cause substantial environmental or human health
problems.

Louisiana. Larval black crappies and white crap-
pies were collected weekly from nine areas repre-
senting three major habitat types of the lower and
upper Atchafalaya River Basin. Otoliths were used
for determining and computing daily growth rates,
one ring or growth increment was assumed for each
day of life after hatching. In general, protolarvae
of black crappies grew significantly faster than did
those of white crappies. Their growth was fastest
in the rivers and lakes and negligible in the bayous
and Lower Old River. In contrast, late protolarvae
of the white crappie grew fastest in the bayous and
Lower Old River. Growth of the white crappie was
not significantly related to water quality character-
istics, whereas specific conductivity seemingly ac-
counted for some of the variation in growth ob-
served in the black crappie.

Larval development of the pugnose minnow and
the taillight shiner was compared to provide in-
formation of possible relevance to their phyletic
affinities. Protolarvae and early mesolarvae of the
pugnose minnow are noticeably longer (about
1 mm) than comparably devel oped taillight shiners.
During these early phases, the pugnose minnow has
asubterminal mouth and blunt snout, whereas the
taillight shiner has a more terminal mouth and an
attenuate snout. Upon attaining the late mesolarval
phase (at lengths of about 7.8 mm for the taillight
shiner and 8.2 mm for the pugnose minnow), pug-
nose minnows are characterized by 9 dorsal rays and
14 or 15 postanal myomeres. Discriminant analy-
sis functions derived for the three devel opmental
phases resulted in high classification success. Al-
though it has been postulated that the pugnose min-
now and the taillight shiner are somehow related
below the subfamily level, observations on their
comparative larval development argue against this
hypothesis. Aslarvae, the two forms are at least as
distinct as some other cyprinid genera.

Swamp water habitats of the Atchafalaya Basin
were dependent on physical phenomena for aera-
tion during most of the year. Lotic waters and head-
water lakes functioned as distributaries for most
planktonic rotifers during high-water monthsin the
lower Basin; however, adistinctive rotifer fauna



was found during low water in most habitats of the
Basin. Cluster analysis yielded similar groupings of
stations based on similaritiesin rotifer communi-
ties and water quality, regardless of water stage.
Lower Basin habitats yielded samples with nearly
twice the number of taxa, but only 0.01 the number
of rotiferstaken in upper Basin habitats. Variations
in suspended solids, total dissolved solids, and
organic carbon were most often significantly asso-
ciated with variations in rotifer numbersin regres-
sion models of datafrom the lower Atchafalaya
Basin.

The stomach contents of 716 juvenile croakers
taken from April through September 1980 were
examined to describe the major components of the
diet, compare the diets in two marsh habitats, illus-
trate changes in diet with growth, and demonstrate
the temporal separation of feeding groups. Poly-
chaetes composed the largest portion by volume of
the croaker diet, followed by detritus, fish, amphi-
pods, and mysid shrimp. Copepods were most
abundant numerically, followed by polychaetes.
Juvenile croakers appeared to eat large amounts of
freshwater organisms. Most of the differencesin the
diet between fish from the canals and those from
shallow marsh were attributed to particular loca
tions within these areas. Diet changed with growth:
small croakers, less than about 40 mm in standard
length, were basically planktivorous, but shifted to
larger organisms as they grew, and the diet became
specialized among fish longer than 80 mm. Statisti-
cal analyses defined three major diet groups, asso-
ciated with particular size groups of fish. Tempora
separation did not appear to be an important me-
chanism for the division of resources among
croakers in the marsh; croakers of all sizesfed at
the same time of day. Seemingly, the division of
food among juvenile croakers in the marsh occurs
through diet specialization among fish of different
size groups.

Maine. The ecological impacts of intensive log-
ging near streamsis little known in Maine, although
forestry isthe most important industry in the State.
A study along the East Branch of the Piscataquis
River indicated that the aguatic ecosystem was con-
siderably changed. Although the fish biomass was
higher, brook trout were replaced by more adapt-
able species, such as common shiners and
The invertebrate species changed as well, probably
as aresult of increased water temperatures, thus
perhaps indirectly affecting the fishes.

A study of the ecological effects of pulpwood log
driving and log salvaging showed that some fishes

Extensive pulpwood log drives from 1830 to 1976 left an esti-
mated 1 to 2 million cords submerged in the Kennebec River
system, Maine. Preliminary results of a study of the ecological
effects of salvage operations suggest that certain invertebrates
and fishes depend on the submerged logs for substrate, cover,
and food. Photo courtesy of Maine Department of Inland
Fisheries and Wildlife.

were dependent on submerged logs, and that in-
vertebrates that serve as fish food changed after log
salvaging. Salvaging of 1 to 2 million cords of sub-
merged pulpwood logs in the Kennebec River sys-
tem will indirectly affect the resident fishes.

Reproductive sterilization of fishes has potential
for increasing production and longevity, and pre-
venting dilution of wild gene pools caused by inter-
breeding with hatchery fish. Polyploid Atlantic sal-
mon induced by treatment of fertilized eggs with
cytochalasin B grew about as fast as controls during
hatchery life. They are being tested in two lakesin
Maine. Such engineering techniques could become
valuable tools in managing exotic species and pro-
tecting native or unique species.

High demand for baitfishes for ice fishing has led
to high prices (up to $7.50 per dozen for rainbow
smelt) and illegal bait importation. Theillegal traf-
ficking brings in exotic fish species and diseases, and
the State isinterested in developing a Maine bait
culture industry. The Maine Cooperative Fishery
Research Unit, which devel oped techniques for cul-
ture of rainbow smelt in ponds and hatcheries, re-
ceives more reguests for information on smelt cul-
ture than on any other problem.

M assachusetts. As part of the Connecticut River
anadromous fish restoration program, the construc-
tion of upstream fish passage facilities for Ameri-
can shad, blueback herring, and Atlantic salmon
is continuing. Unlike Pacific salmon, Atlantic sal-
mon do not die after spawning but return to the sea.
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Inserting a transmitter into an adult American shad, as part of
astudy of the survival and behavior of anadromous fish that
Bass through hydroel ectric turbines in the Connecticut River.

hoto by B. Kynard.

Thus, if post-spawning adults suffer high mortality
during downstream migration through hydropower
facilities, downstream fish passage facilities will also
be required. We used radiotelemetry transmittersin-
serted into Atlantic salmon smolts and adult Ameri-
can shad to determine whether the fish survived
passage through a 17-Mw Kaplan turbine at the
Holyoke Dam on the Connecticut River. Mortality
estimates for shad ranged from 18 to depend-
ing largely on their physical condition before pas-
sage through the turbine. The effects of such tur-
bine-inflicted mortality on the sustainment of Con-
necticut River shad as aresource must now be
assessed. The experiments with Atlantic salmon
indicated that 13% of the smolts passing through
the Kaplan turbine at Holyoke would be killed each
spring during their downstream migration to the
sea.

If the restoration of American shad to spawning
areas above hydroelectric damsisto eventually re-
sult in increased returns of adults to the river, many
of the young that originate above the dams must
survive downstream passage past the dams. The
hydroel ectric turbines are an obvious source of mor-
tality to migrating juveniles that have no other
means of passing through the hydropower facility.
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Using mark-recapture techniques to evaluate tur-
bine-induced mortality at Holyoke Dam, we devel-
oped mortality estimates as high as 85% for both
juvenile American shad and blueback herring.

The design of an upstream fish passage facility
must have features that take into account the fish's
ability to use the facility. During 1980 and 1981,
we monitored the movements of radio-tagged adult
American shad in the Holyoke Dam tailrace area,
in relation to concentration of dissolved gases,
water temperature, water velocity, and turbulence.
The shad that were successful made repeated trips
up the tailrace before being lifted by the fish ele-
vator. However, less than 50% of the radio-tagged
fish were lifted over the dam. Water turbulence at
the head of the tailrace appeared to be the main fac-
tor preventing the upstream movement of shad.

Fish that pass through turbines without suffer-
ing immediate mortality may die later due to tur-
bine-related scale loss and eventual osmoregulatory
failure. We found that scale loss from Atlantic sal-
mon smolts that had passed through an Ossberger
turbine was as great as 28% of the total scaled area
of the body; smolts that died within 48 hours after
turbine passage showed scal e osses approaching
that percentage. L aboratory studies on scale loss
confirmed the field results.

Each study relating possible fish mortality to pas-
sage through a hydropower facility has permitted
electric utility owners to further assess their opera-
tionsin relation to mitigating fish losses. The suc-
cess of the anadromous fish restoration program
in the Connecticut River may depend on such miti-
gation.

Missouri. The size of fish caught is among the
most important variables that influence the quality
of fishing. Bluegill populations of high quality
should include some fish longer than 20 cm. How-
ever, bluegills of this size are lacking in most im-
poundments in Missouri and the Midwest. |denti-
fication of density-dependent and habitat factors
associated with bluegill populations that do include
large bluegills should be helpful in the development
of management plans for the improvement of the
quality and harvest of bluegills. Four factors were
common to bluegill populations that consistently
produced fish 20 cm long and longer: longevity of
the fish was 8-10 years; the habitat included aquatic
plants of the proper quality and quantity; fish diets
were composed largely of Chironomidae; and
predation by largemouth bass was evident.

The bassisthe major predator in the
Ozark National Scenic Riverways. It is both eco-



logically important and highly sought after by the
angler. If this speciesis to provide optimum sus-
tained benefits to the public, management decisions
must be based on information that accurately
describes the structure and dynamics of populations
of this fish within an ecosystem. We evaluated the
production of smallmouth bass, and related food
and feeding and habitat to the condition and growth
of the fish. Mortality and growth were similar
among populations at all sites. Growth was rela-
tively slow; 6 years were required for bass to reach
the legal length of 12 inches. We developed arela-
tive importance index to analyze food habits that
combined weights and cal oric contents of food
items. Adult bass fed almost exclusively on cray-
fish, which appeared to be abundant. Density dif-
ferences among sites, although not great, appeared
to be related to habitat — especialy the abundance
of logsfor cover.

Annual fall harvest of redhorses by gigging is an
important recreational event on the streams of the
Ozark National Scenic Riverways. Little information
isavailable for use in the management of these
members of the sucker family. We examined the ef-
fects of the harvest on the population dynamics of
two species—the black redhorse and golden red-
horse — in Jacks Fork and Current rivers by estimat-
ing their densities, mortalities, age class structure,
and movements in four study areas. Population
density in downstream reaches was twice that in up-
stream areas. Growth rates exceeded the State aver-
agein both rivers. Giggers were selective for large
fish, and overharvest did not appear to be occur-
ring. Short-term reductionsin densities of the black
redhorse at specific sites are not a problem because
this speciesis highly mobile.

Montana. Streams are often straightened and
confined to accommodate road building and agri-
cultural activities. These channel alterations result
in aloss of fish habitat and require that stream im-
provement structures be installed for mitigation of
that loss. Effectiveness and durability of three types
of structures were evaluated in several Montana
streams with gradients of 0.85 to 1.7%. After 8
years, randomly placed boulders were still in place
and were more effective than rock jettiesin increas-
ing cutthroat trout populations in narrow chan-
nelized sections of a stream with a bedrock bottom.
Such boulders were ineffective in stream actions
without a bedrock bottom because they often be-
came buried within 4 years. Rock jetties placed in
this stream improved rainbow trout populations and
were largely intact 7 years after installation; brown

trout populations showed no response. Log step
dams did not improve rainbow trout populations
in another stream, although they were functionally
intact 16 years after placement. Results of this study
show that the effectiveness and duration of habi-
tat improvement structures depend on the species
involved and the physical characteristics of the
stream.

Bioaccumulation of mercury in fish can result in
apotential health hazard to the public when fish
are eaten. We examined mercury concentrationsin
walleyes and white crappies in the Tongue River
Reservoir and quantified the dietary accumulation
of mercury by these two species. Mercury concen-
trations increased with increasing fish length, and
were similar in walleyes and white crappies of the
same age. This similarity appeared to result from
similarities in food habits. The percentage of
accumulated methylmercury derived from food was
estimated to be 41-62% for walleyes and
for white crappies; however, the potential error
associated with these estimatesis large. Analysis of
stomach contents showed that young-of-the-year
crappies predominated in the diet of walleyes and
were also important in the diet of white crappies;
however, zooplankton and aquatic insects were also
prominent in the diets of crappies. Diet composi-
tion of both species varied with fish size and sea-
son, and white crappie diets varied with time of day.
Annual food consumption rates were estimated to
be 1.5 to 2.2% of body weight per day for walleyes
and 1.1 to 3.5% for white crappies. Mercury in
forage organisms averaged 0.08 (range, 0.02
to 0.40 Calculated average concentrations of
methylmercury in fish diets averaged 0.05 for
walleyesand 0.04  for white crappies. Concen-
trationsin only 2 of 163 walleyes and none of 248
white crappies exceeded the current Food and Drug
Administration consumption guideline of 1.0

New York. The recent resurgence of interest in
hydroelectric development, particularly for small-
scale or low-head facilities, has prompted an exami-
nation of our understanding of the effects of such
plants on resident and migratory fish populations.
Throughout much of the United States, small-scale
hydroel ectric plants are being built or restored on
streams and rivers that support valuable popul a-
tions of anadromous fishes or have been the object
of fish restoration effortsin the last decade. Many
of these plants will be equipped with high-efficiency
hydraulic turbines, for which information on fish
passage, at least for some species, does not exist.
In studies at a small-scale hydropower demonstra-
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tion site, the New Y ork Cooperative Fishery Re-
search Unit devel oped testing methodology and
evaluated fish passage through two newly designed
impulse-type turbines. Anadromous fish of particu-
lar interest on the northeast coast that were tested
were Atlantic salmon, striped bass, and American
shad. Information was also obtained on rainbow
and steelhead trout. Juvenile salmonids all demon-
strated a size-dependent mortality relation as they
passed through the 650- or 850-kw Ossberger Cross-
flow turbines. Losses ranged from 15% for fish
equal in size to outmigrating Pacific salmon to over
60°70 for fish as large as many Atlantic salmon
smolts. Suitable testing methods for American shad
and striped bass were not devel oped, although it ap-
peared that the mortality of these species during
passage through hydraulic turbines is higher than
that of the salmonids tested. The estimates of mor-
tality developed in this study should provide man-
agement agencies with the background information
required to make recommendations regarding the
use of these particular turbines at hydroelectric sites,
as well asto suggest the need for incorporating
downstream passage facilities at certain sites. Both
State and Federal agencies with responsibility for
the fisheries have previously been constrained by
alack of information on this turbine design.
North Carolina. Surf clams and other marine
organisms near New Jersey are adversely affected
by intermittent periods of low oxygen conditions.
We attempted to determine some of the ecological
conditions accompanying the success of surf clam
populations. Sampling with two dredge types
showed a 7-fold increase in density and a 1.4-fold
increase in weight of the surf clam population
within the 111-km? area adjacent to Little Egg Inlet
between 1976 and 1977. The increase was due to the
exceptionally high survival of the 1976 year class.
Hypoxic water conditions occurred from mid-July
through mid-September 1976, after the peak abun-
dance of recently settled surf clams. The hypoxia
reduced predation of crustaceans, echinoderms, and
fish on recently settled clams, and contributed to
the unusually successful survival observed. Adult
surf clams were most abundant in the shallow inlet
delta. The density of adultsin 1977 was strongly
correlated with the density of adultsin 1976, as well
as with the density of young of the year and year-
lings. A multiple regression model indicated that
70% of the variation in the density of adult surf
clamsin 1977 was accounted for by the density of
adultsin 1976, the density of yearlings, and the den-
sity of young of the year. Adult surf clams had the
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highest similarity coefficient with young surf clams
in 1976 and with yearlingsin 1977.

A comprehensive review of the literature and the
current status of the anadromous fishes of south-
ern waters was completed. The review describes the
life histories and ranges of these species and dis-
cusses their economic and recreational values. All
of the major conservation agencies of the southern
States contributed their assessments of the major
problems affecting the species and the programs
they have under way to protect them from further
degradation. In addition, groups within the Fish
and Wildlife Service and in the States were con-
sulted to determine research and development needs
required to promote their population in the major
river systems of the South. The 520-page report pro-
vides the first compendium of past and current
information about these fish, which contributed
materially to the early economy of the United States
and have the continuing potential of being impor-
tant in the future.

Ohio. Sublethal effects of contaminants on fishes
are often difficult to detect and quantify. Recent
work on marine fishes has indicated that contami-
nants influence development in fishes by causing bi-
lateral asymmetry: certain bilateral structures (e.g.,
numbers of fin rays and lateral line scales) are not
the same 1 both sides of the fish. If the degree of
asymmetry isdirectly related to levels of contami-
nants, it could be a valuable tool for detecting and
quantifying the degree of contamination in agiven
environment. We attempted to relate contaminant
levelsin yellow perch to degree of bilateral asym-
metry, and to induce bilateral asymmetry in fathead
minnows by exposing adults and eggsto DDT,
PCB's, and mercury. Y ellow perch from Lake Erie
and from four reservoir populations that originated
from Lake Erie were analyzed for contaminant
levels. Morphometric characters that were counted
to determine degree of bilateral asymmetry were
pectoral fin rays, gill rakers, and number of scales
above, below, and along the lateral line. Although
the degree of bilateral asymmetry differed among
populations, the differences were not related to con-
taminant levels. In the laboratory, however, bilat-
eral asymmetry was induced by exposing adults and
eggs of the fathead minnow to DDT and PCB's.
Clearly, contaminants can induce asymmetry, but
in yellow perch, in which natural levels of asym-
metry are high, moderate to high exposure rates
may be necessary before the effects of contaminants
become evident.

Supplemental stocking of new impoundmentsis



Aquatic plants significantly affect fish communities and fishing
success. At the Ohio Cooperative Fishery Research Unit, we are
describing and quantifying the relation between plant density
and largemouth bass feeding success, using artificial plantsin
laboratory systems. The results are being tested in controlled field
experiments, where natural aquatic plant densities are known.
Density of prey and growth of both predator and prey are
monitored as experimental responses. Photos courtesy of Ohio
Cooperative Fishery Research Unit.

139



Measuring the buccal gape of a striped bass x white bass hybrid,
as part of afood study in Oklahoma of thisincreasingly popular
fish. The measurement enables estimation of the maximum size
of prey that the fish can swallow. Photo by G. Gilliland.

frequently done to insure rapid devel opment of
sport fish populations. Such stocking of moderate
to large impoundments can be costly. In a 5-year
study we documented the development of fish popu-
lations and the sport fishery in 482-ha Paint Creek
Reservoir, a new impoundment in southern Ohio
that was not stocked. Fish populations expanded
rapidly and peaked in the third and fourth years
after impoundment. Growth rates were excep-
tionally fast during the first 2 years and then de-
clined. Black basses, crappies, and bluegills were
the predominant sport fishes. Catch rates were high-
est in the third year, and thereafter declined to levels
typical of older reservoirs. The fish community had
stabilized in 5 years and it was clear that supple-
mental stocking was not needed to insure success-
ful development of a sport fishery in this reservoir.

Oklahoma. The feeding interactions between
striped bass x white bass hybrids and largemouth
bass were investigated in Sooner Lake, Oklahoma,
by seasonal estimation of relative abundances of
predators and prey, and evaluation of the food,
food selectivity, and diet overlap of the predators.
Both predators preferred gizzard shad and thread-
fin shad. Sunfishes were eaten in proportion to their
abundance in the environment, and inland silver-
sides were generally avoided. Significant diet over-
laps were found between various length groups of
hybrids and largemouth bass during several seasons,
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but the frequency and degree of overlap decreased
for all but the largest length groups after threadfin
shad were introduced.

Channel catfish and blue tilapia appear well
suited for use together in small-scale cage fish cul-
ture. We attempted to determine whether polycul-
turein small, shallow ponds could produce market-
able-sized channel catfish from small fingerlingsin
one growing season, to ascertain whether small
numbers of blue tilapiawould increase net produc-
tion of caged channel catfish, and to document any
differences in mean weight per channel catfish and
the percentage of harvestable fish produced in poly-
culture versus monoculture. We cultured channel
catfish and blue tilapiain cages at three densi-
ties: O tilapia and 400 channel catfish, 10 tilapia and
390 channel catfish, and 50 tilapia and 350 channel
catfish. After 136 days, the mean weight of channel
catfish and percent harvestable fish per cage were
both significantly higher in cages containing 50
tilapia and 350 channel catfish than in cages con-
taining only 400 channel catfish. Net production,
food conversion efficiency, and condition factor did
not differ significantly among channel catfish
stocked at the different densities.

Oregon. To evaluate habitat use by resident fishes
of the lower Columbia River reservoirs, we estab-
lished biological sampling stations on the basis of
the results of alimnological survey conducted dur-
ing summer. Water current and depth were the only
variables that changed significantly throughout
John Day Reservoir. The water flowed relatively
fast and was shallow in the tailrace, and slower and
deeper in the forebay. The reservoir, which does not
stratify, was divided into three main zones on the
basis of their physical characteristics: the tailrace,
transition zone, and the forebay. Habitat types sam-
pled in each area included open shorelines, pro-
tected shorelines (coves and back eddies), and back-
waters (sloughs and tributaries). Adult, juvenile,
and larval fishes were sampled with a variety of
gears. The most striking differences were the pre-
ponderance of exotic fishesin the slower backwaters
and of native fishesin the main channel. Cyprinids
and catostomids were more abundant in the tail-
race during late summer and early fall, perhaps as
aresult of lower discharges and higher tempera-
tures. Larval fish distributions suggested that the
backwaters and upper main channel are important
spawning and rearing areas. Patterns of fish distri-
bution were the same in 1980 and 1981. Nongame
fishes, particularly sculpins, were found to be im-
portant dietary components of game fishes. We at-



Power plant reservoirs represent a potential new fishery resource in northern climates. Evaluation and testing of these new environ-
ments for fish will assist in ensuring their optimum use. Some appear to be well adapted for the rearing and retention of walleye
and muskellunge brood stock. Here the gill net being lifted was set to sample fish populations in a power plant cooling reservoir

in South Dakota. Photo by R. L. Applegate.

tempted various approaches to classifying fish habi-
tats but found that a better relation was obtained
when fishes were grouped into functional classes.

The objective of astudy of seasonal distribution
and habitat selection by the redside shiner in a small
Oregon stream was to document habitat selection
by this shiner, asmall cyprinid that is believed to
compete with juvenile salmonids for food and
space. We found that redside shiners changed their
patterns of habitat use with life stage, size, season,
and availability of usable habitat. Water velocity,
depth, temperature, and size of substrate particles
were important variables accounting for variation
in the habitats selected.

We examined stomachs of cormorants from
Crane Prairie Reservoir as afirst step toward deter-
mining the extent to which they prey on sailmonid
fishes. Tui chubs composed 64% of the diet and
trout 3%; 33% of the contents were digested to a
stage where identification was difficult or impossi-
ble, but bony remains suggested that they were not
trout. Our work supported past findings, which
indicated that cormorants are not voracious preda-
tors of juvenile salmonids.

As part of the Habitat Evaluation Program of
the Fish and Wildlife Service, we developed models
that enable an assessment of habitat quality for 13
species of Pacific Northwest fishes. Literaturein-
formation was supplemented with field observations
to refine the models. Multivariate analyses sug-
gested that factors influencing the distribution of
fishesin streams do not have constant relationships
from reach to reach. Habitat availability, presence
of other species, and physiological responses to
gradients may act in concert to change these rela
tionships.

South Dakota. The National Task Force for
Public Fish Hatchery Policy (1974) reported that
the inability to rear the tiny fry of fisheslike wall-
eyes and yellow perch on artificial diets amajor
problem in the national fish-culture program. We
conducted studies to determine if invertebratesin
municipal sewage lagoons could be used to feed fry.
The studies were designed to document the species
composition of invertebratesin alocal municipal
sewage lagoon and the species and sizes of inverte-
brates selected by the fry. Invertebrates of five
generawere fed to walleyes for 51 days after hatch-
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ing. The cladoceran Moina brachiata was selected
for; the copepod Cyclops vernaliswas initially eaten
in the same proportion as available, but later se-
lected for when M. brachiatawas not available; and
the cladocerans Daphnia magna plus D. pulex (com-
bined) and the rotifer Asplanchna sieboldi were
selected against. Therotifer Brachionussp. was not
eaten. Asthe walleyes grew, they selected for pro-
gressively larger cladocerans but not for progres-
sively larger C. vernalis. Walleyes collected during
the day (11:00 a.m.) ate significantly more organ-
isms than did those collected at night (11:00 p.m.)
initially, but significantly fewer after 15 days of
feeding. The same genera of invertebrates that were
fed to walleyes were fed to yellow perch for 32 days
after hatching. During the first 5 days of feeding,
Brachionussp. was selected for by yellow perch col-
lected during the day and M. brachiata by perch col-
lected at night. During the rest of the study,
Brachionus sp. made up most of the food eaten,
although it was not selected for. Moina brachiata
was selected for on days 6-20 by fry collected both
during the day and at night. Cyclops vernalis was
eaten in the same proportion as available by fry col-
lected at 11:00 a.m. during the first 10 days, but
was selected for by fry in both day and night col-
lections on days 11-25. Daphnia magna plus D.
pulex, and A. sieboldi, were selected against. Mean
diameter and length of cladocerans eaten increased
from 0.20 and 0.36 mm on day 1 of feeding to 0.34
and 0.57 mm by day 20. The mean size of clado-
cerans eaten by fry collected at 11:00 am. and at
11:00 p.m. did not differ significantly, but signifi-
cantly more organisms were eaten by fry collected at
11:00 a.m. than by those collected at 11:00 p.m. The
studies demonstrated that fry of walleyes and yel-
low perch can be reared by feeding them inverte-
brates from municipa sewage lagoons, and that
they selected invertebrates that commonly predomi-
nate in wastewater stabilization ponds. We con-
cluded that sewage lagoons may provide an abun-
dant and economical source of invertebrates of suit-
able size to feed to walleyes and yellow perch during
their early development.

Tennessee. The immature forms of insectsliving
in streams are primarily important as food for
fishes, but they also serve as an indicator of the rela-
tive condition of the stream. The number and kind
of organisms present often indicate whether a
stream is being polluted or has been polluted in the
past. We sampled these bottom organisms in more
than 100 streams in the coal-production areas of
Tennessee, Kentucky, and Alabama so that data
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would be available for comparison with data that
might be collected after mining occurs. In water-
sheds where mining and other kinds of pollution
have already occurred, our data can be used to
evaluate reclamation efforts.

In astudy similar to that on stream insects, fresh-
water mussels were studied in the Stones River, Ten-
nessee, to determine the effects of pollution on the
aquatic life of streams. Thisriver is being adversely
affected by agricultural practices, domestic and in-
dustrial wastes, and gravel removal. Since mussels
cannot move away from pollution, they are agood
indicator of what is occurring in the stream. The
number of species of mussels collected in 1980-81
declined 22% from the number collected in 1968,
suggesting that conditions have deteriorated over
the years. More specific information on the likely
sources of pollution was provided to the State and
Federal agencies concerned with the problem.

Utah. In recent years considerable information
has been collected on the toxicity of fluoride to
freshwater fishes. Unfortunately, concentrations
that produce adverse effects are till difficult to pre-
dict because toxicity isinfluenced by the chemistry
of the water in which the fish live. Standards for
fluoride in wastewater often fail to reflect the in-
fluence of important environmental factors on tox-
icity. In the western United States where measurable
concentrations of fluoride from natural sources are
common in surface waters, water is becoming in-
creasingly valuable. Multiple use of water will soon
become imperative in the dry arid parts of there-
gion as the human population expands and energy
development continues. Hence, additional informa-
tion is urgently needed to establish realistic stand-
ards for fluoride for other than domestic use. In
astudy of the acute toxicity of different concen-
trations of fluoride at different levels of water hard-
ness to rainbow trout, a species common to cooler
waters of the West, we demonstrated that the toler-
ance of trout to fluoride increased markedly with
increases in water hardness.

The overall goal of the rough-fish management
program at the Bear River Migratory Bird Refuge
is to reduce damage to aguatic habitats caused by
common carp but still provide optimum forage for
fish-eating birds. We conducted a study to deter-
mine the movement and behavior of carp in the
Refuge so that the most effective control mea-
sures could be identified. The efficacy of an experi-
mental control program involving poisoning and
screening was evaluated. Biotelemetry, mark-recap-
ture, catch per unit of effort by electrofishing, and



trapping of downstream migrants were used in the
evaluation. On-site bioassays were conducted to
determine rotenone treatment levels. We analyzed
body width of carp to aid in determining screen de-
sign, and trapped stream migrants, counted fish
killed, and set fyke nets to monitor the effective-
ness of the experimental control program. A com-
bination of poisoning and screening was recom-
mended to control carp in units of the Refuge. We
concluded that many carp overwinter in canals and
deep areas of the Refuge, below potential screen-
ing points, rather than in Bear River proper. Other
carp enter the Refuge from the River during spring
floods. The overwintering fish can be killed in early
spring with rotenone. Bar screens placed at intake
structures can then be used to prevent reinfestation
of Refuge pools. In Unit 1, poisoning followed by
screening effectively controlled large carp for 2
years. Numbers of common carp and Utah chubs
of asuitable size for forage for fish-eating birdsin-
creased substantially after the larger fish were con-
trolled.

Little information is available on the habitat re-
quirements of many species of fish in the Inter-
mountain West, even though proposed energy and
water devel opment projects will greatly alter existing
aguatic habitat. One segment of a study to acquire
information on fish habitat requirements involved
determination of temperature preference of moun-
tain whitefish, one of the few species of
game fish that are sustained completely by natural
reproduction. Adult mountain whitefish were col-
lected from the Blacksmith Fork River, Utah, be-
fore spawning, after spawning, in mid-winter, and
in spring. Testsin athermal gradient where arange
of water temperature was available showed that
adult fish of the post-spawning and winter groups
preferred lower temperatures than did those of the
pre-spawning and spring groups. Fish collected just
before they spawned preferred water temperatures
that would have been lethally high for mountain
whitefish embryos. This finding indicated the need
for caution in altering water temperature of moun-
tain whitefish habitat in fall.

Virginia. Headwater streams in the southern
Appal achians support the major populations of
brook trout in the southeastern United States. These
streams are relatively infertile, and the amount of
trout biomass produced each year appearsto be
low. However, that amount has not been quanti-
fied. We attempted to compute fish production for
1 year in a second-order stream and determine the
relative contribution of each species to this annual

value. Fish production was evaluated at three sites
in Guy's Run, western Virginia, from August 1979
to July 1980. Block nets were set at the upstream
and downstream boundaries of each section, and
population estimates of each species were obtained
at quarterly intervals by electrofishing at each site
three consecutive times on each sampling date.
L engths and weights of fish were measured and
scales were taken to compute growth rates for each
age class. Annual production was computed by the
instantaneous growth method, where production
per species equals growth rate multiplied by mean
biomass for that species. Mean biomassin the
stream ranged from 21.4 kg/ha at the upstream site
to 47.5 kg/ha downstream. Total annual produc-
tion by all fish (11 species) was estimated to be 28.4,
31.6, and 39.6 kg/ha at the upper, middle, and
lower site, respectively. Brook trout, mottled scul-
pins, blacknose dace, and bluehead chubs were
dominant species and accounted for 87 to 99% of
the total fish production. Production by brook trout
alone contributed roughly 60% of the total, and
half of the trout production was contributed by
young of the year.

Five rainbow trout strains (Ennis, Fish Lake,
McConaughy, Fish Genetics Lab Standard Winter,
and Sand Creek) were stocked into four put-and-
take Virginiatrout streams as catchable-size fish
and evaluated for survival, growth, and movement.
Ennis and Fish Genetics Lab Standard Winter
strains provided the highest return during the open-
ing weekend of the fishing season and the McCon-
aughy strain the lowest. Returns after opening
weekend were high for Sand Creek, Fish Lake, and
McConaughy strains. The Sand Creek strain had
the highest average percent return for the study and
the McConaughy strain the lowest. Mean percent
returnsfor all strainsin all streamswas 40.5. Sur-
vival of fish not creeled was poor, and too few fish
remained after 3 weeks of fishing for accurate esti-
mates of growth. Creel analysis suggested that there
was downstream movement (11.8% of all fish
creeled were captured more than 1 km downstream
from the stocking areas), but no upstream move-
ment. Survival and relative growthin  unfished
stream were highest for the Fish Genetics Lab
Standard Winter strain, due to lower post-stocking
mortality; natural mortality rates among strains
were similar after strains were established in the
stream. Overall survival for all strains was poor,
and estimated rates of natural mortality indicated
that less than 2% would survive for 1 year, even
without fishing. Condition of fish of all strains
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deteriorated throughout the study. Both Sand Creek
and Fish Genetics Lab Standard Winter strains ap-
peared to be suitable for Virginia's put-and-take
fishery; however, no strain evaluated had the char-
acterigtics of long-term survival and growth desira-
ble for other types of stocking.

Washington. A perplexing problem facing man-
agement agencies attempting to increase coho sal-
mon runs on the Columbia River by planting hatch-
ery-produced fish has been an apparent tendency
for survival to decline as output increased. One
theoretical explanation that has emerged is that cer-
tain trends in hatchery practices may be causing de-
clining quality of smoltsin terms of readiness to
migrate to sea. Records of hatchery production and
facilities at stations where Columbia River coho sal-
mon have been reared over the past 20 years have
shown no direct, observable mortalities caused in
the rearing ponds by increased rearing densities.
However, it is theorized that the increased densi-
ties have tended to increase stress, particularly on
smaller individuals, making the fish physiologically
less capable of successful out-migration. Coho sal-
mon reared in hatcheries under present densities
may need to average about 20 mm longer at release
time than wild smolts, if they are to be ready for
migration; however, about half of the fish now be-
ing released into the Columbia River may be smaller
than that size. Strong evidence supporting this
theory came from an analysis of in-river survival
and migration timing of 15 lots of wire-tagged coho
salmon stocked at various hatcheries along the
Columbia River and recovered at Jones Beach, an
experimental out-migrant seining site near tide-
water. A regression analysis of adult survival rates
asindexed by survival rates of "jacks" (2-year-olds)
further implicated increasing rearing density as a
major factor contributing to the declining trend in
abundance of Columbia River coho salmon.

The lingcod, akey sport speciesin Washington
waters, has been seriously depleted in some areas
by overfishing. Artificial propagation may be neces-
sary if previous population levels are to be regained.
The biological and technical feasibility of raising
lingcod in pens was studied, and captive and wild
juvenile lingcod were compared. The effects of
varying the frequency of feeding and feed quanti-
ties were tested to determine their influence on
growth and survival and the frequency of growth
inequalities at various feeding levels. Growth rates,
growth disparities, body composition, survival, and
(to alimited extent) food conversion, were al in-
fluenced by feeding regimen. Frequency of feeding
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alone had little effect. However, fish fed more fre-
quently to satiation often ate more total feed,
whereas those fed less frequently ate more per feed-
ing. Growth, measured as either instantaneous rate
for individuals or as total weight increase of fish
per pen, was linear to food intake. The rate of in-
crease was always proportional to consumption,
even at the highest levels of feeding. Regardless of
the feeding regimen, social hierarchies developed on
the basis of size, severa large fish growing rapidly
and the rest growing slower or not at all. Growth
disparities increased with increases in food quantity
or feeding frequency. Cannibalism, which was pres-
ent in every feeding treatment and accounted for
most of the mortalities, was reduced by increased
feeding frequency or increased food quantity. In-
creased feeding may haveled to arisein lipids, a
fall in moisture and ash content, and perhaps a
dight rise in protein content. Compared with wild
fish, fish from intensive feeding regimens were
fatter (body lipids were higher), had less ash and
water, and about the same amount of crude protein.
Overall, growth in captivity, even under the most
intensive feeding conditions, did not appear to be
better than that in the wild.

Upper Granite Lake, Skagit County, isthe only
lake in Washington containing Arctic grayling.
Grayling were introduced in 1947, and the popula-
tion has since been maintained by natural reproduc-
tionin inlet and outlet streams available for spawn-
ing. Cutthroat trout (9-10 inches long) were planted
in upper Granite Lake in July 1975. No research
has been focused on specific interactions between
these fishes, but available evidence suggests that the
introduction of trout resulted in amarked decline
in the grayling population. Stomach analyses indi-
cated that both trout and grayling more than
6 inches long ate exclusively insects. During the
spawning season, male grayling become territorial,
and are extremely aggressive. Spawning ground is
low-gradient sand-gravel substrate having overhead
cover and visual obstructions between territorial
males. Females are tolerated within aterritory only
for the spawning act. Grayling and cutthroat trout
do not appear to compete directly for the same
spawning sites because they prefer water currents
of different velocitiesin tributary streams. There-
fore, they use separate parts of the stream for
spawning. The estimated standing stock of fish (11
pounds per acre) is only about one-fifth the esti-
mated carrying capacity of the system. Although
cutthroat trout and grayling are potential food
competitors, the competitive effects are diluted by



low population densities. The amount of adequate
spawning space limits population size. The aggres-
sive territoriality of the male grayling limitsthe
number of spawners that can simultaneously use the
spawning grounds. Seasonal flow characteristics of
theinlet streams further limit the amount of poten-
tial spawning area used. Adding instream cover to
provide visual isolation for territorial males and
rock and gravel or log dams about 1 foot high to
the upper reaches of the inlet stream might increase
spawning success severalfold. The current catch-
and-release regulation for grayling should be re-
tained indefinitely or until grayling production is
increased.

Wisconsin. The effects of the notching of wing
dikes (ridges of rock extending perpendicularly
from the bank) in the Mississippi River were
studied. The dikes were up to 400 m long and 15 m
wide, and all were submerged for at least part
of the year. Sediment, which is often detrimental
to aquatic organisms, is deposited behind wing dikes
and in chutes and backwaters below them. The
notching of wing dikes may increase flow through
the dikes, reducing this sedimentation. Objectives
of this before-and-after study were to determine the
effects of notching on fish, macroinvertebrates,
water velocity, hydrographic relief, sediments,
temperature, dissolved oxygen, and transparency in
the vicinity of the notches and in a downstream
chute. Samples and data were collected at the study
site, 8 miles below Bellevue, lowa, in June, August,
and October in 1978 and 1979, and June and
August 1980. The dikes were notched in May or
June 1979.

Current velocity increased after notching, as ex-
pected, but the proportion of sand in the substrate
of the chute increased, rather than decreased. No
appreciable effects on fish were detected. Benthos
populations were reduced by unusually high sum-
mer discharge during the prenotching phase. The
populations in the main channel recovered after
notching, but apparently not as a result of the
notching. Benthos populations in the chute did not
recover after notching — perhaps as aresult of in-
creased sand in the chute after notching. The re-
sults suggest that the notching of wing dikes that
are submerged during much of the year may have
little value.

COOPERATIVE WILDLIFE RESEARCH
UNITS

Alabama. Habitat used by the threatened

indigo snake and some associated species has
been investigated in southern Georgia. Thirty-seven
adult indigo snakes were instrumented during the
study; their locations provided data on habitat use.
All radio-instrumented indigo snakes used sandhills
during winter, and 94% of the winter dens were
gopher tortoise burrows. They nested, foraged, and
denned in tortoise burrows during other seasons and
frequented sites prepared for reforestation, espe-
cially the windrows of plant debris resulting from
clearing operations. Spring-fall habitat included
sandhills, creek-bottom thickets, upland pine-hard-
wood forest, upland mixed hardwood forest, and
agricultural fields usually adjacent to sandhills.
Gopher tortoises colonized sites where sand depth
typically exceeded 1 m and occupied arange of
about 4 ha. Thirty other vertebrate species were ob-
served using tortoise burrows. Most of the remain-
ing indigo snake habitat is now in sandhills, which
are either planted to slash pine or remain in more
natural longleaf pine-scrub oak communities where
most of the larger longleaf pine has been removed.
In afrequently burned slash pine plantation, herba-
ceous biomass was 2.3 times as great, tortoise den-
sity was 3.1 times as great, and indigo snake use
was 2.8 times as great as in an adjacent more natural
areawhere most longleaf pine had been harvested
and fire was seldom used. Recommended recovery
of such areas includes judicious thinning of scrub
oaks and reestablishment of the pine component to
produce needle cast for carrying fire. The indigo
snake feeds largely on other snakes, small tortoises,
small mammals, and amphibians. It appears to be
at the top of the insect-amphibian-reptile food
chain of the sandhills. In Georgia, this speciesre-
quires many tortoise burrows over alarge home
range. Gassing burrows of the gopher tortoise with
gasoline fumes to drive out eastern diamondback
rattlesnakes has detrimental effects on severd of the
vertebrate species known to use the burrows as dens.
In one experiment, two of three indigo snakes died
within 14 days after being gassed in tortoise bur-
rows and brought into captivity after they left the
burrows. Two Florida pine snakes were also gassed
in tortoise burrows (the Florida pine snake and its
closerelative the black pine snake frequently use
gopher tortoise burrows as dens) and brought into
captivity after they emerged; both died within 24
days. In another experiment, three of six
indigo snakes with radio transmitters were
gassed. They showed signs of disorientation and in-
ability to regulate body temperature, and died 12-34
days later. The three snakes that had not been

145



Indigo snake hatching. Captive propagation of this threatened speciesis being investigated in Alabama. Photo by D. W. Speake.

gassed were later recovered in excellent condition.
Because most gassing related to rattlesnake hunt-
ing isin the winter, it can be lethal to indigo snakes
not only through asphyxiation or other direct ef-
fects, but also by causing disorientation and inabil-
ity to regulate body temperature.

Alaska. Lesser sandhill cranes annually migrate
from their arctic and subarctic nesting areas to win-
tering grounds in the southwestern United States.
Most populations of sandhill cranes use traditional
stopover sites, known as staging areas, along migra-
tion routes to rest and feed in preparation for con-
tinued migration. The importance of one of these
staging areas, the eastern Copper River Delta, to
migrating sandhill cranes was assessed from 1979
through 1981. The Copper River Deltais the most
extensive area of marshes and tidelands on the
northeastern Pacific Coast. Exploration for oil and
gasis planned for the Delta, and extensive cutting
of old growth forest in the region has been pro-
posed. Use of the eastern Copper River Delta by
migrating cranes was determined through watches
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of 1 hour duration every 2 hours during periods
when cranes were moving through the area. The use
of foods on the Delta by cranes was determined by
examination of gizzard and gullet contents of cranes
killed by hunters. Approximately 21,000 sandhill
cranes passed through the eastern Copper River
Delta during fall migration. Fall migrants arrived
in middle to late August and continued to use the
Delta through mid-October. Peaks of migration oc-
curred during the second half of September. Spring
migration progressed at a more rapid pace and
smaller numbers of cranes used the Delta. Cranes
fed primarily on arrowgrass, extracting the fleshy
bulbs of the plant. Nutritional analysis of bulbs
from arrowgrass showed they were rich in carbohy-
drates and protein, and thus a high-quality food for
migrating cranes. These findings confirm the sus-
pected importance of the eastern Copper River
Deltato migrating sandhill cranes and provide a
basis for protection of this important component
of crane habitat during planning for other land-use
activitiesin the area.



Above: Snakes are difficult subjects for radio instrumentation. This
indigo snake has just had its radio implanted under the skin.
Photo by D. W. Speake.

Left: Alabama Unit staff searching for indigo snakes. Photo
by D. W. Speake.

Below: Gopher tortoises are important to many species as burrow
constructors in the southeastern sandhills. Photo by D. W.
Speake.
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Muskoxen exterminated by overhunting in Alaska
before the turn of the century have now been rein-
troduced to native ranges. Alaska Cooperative
Wildlife Research Unit personnel are investigating
habitat selection and use by the expanding muskox
herds. Photo by D. R. Klein.
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Analysis of vegetation on muskox range in the
Arctic National Wildlife Refugeis part of an
Alaska Cooperative Wildlife Research Unit effort
to map muskox habitat as a basis for anticipating
expansion of recently reintroduced muskox herds.
Photo by D. R. Klein.

Eskimo sled dogs were used to assist in live capture
and marking of muskoxen in Northeast Greenland
in a cooperative study involving biologists of
Alaska Cooperative Wildlife Research Unit and
Greenland Fisheries Research Ingtitute. There-
search is aimed at development of guidelines for
onshore oil and gas exploration. Photo by D. R.
Klein.



Wolves in northwestern Alaska occupied seasonal home ranges coinciding with those of caribou of the Western Arctic Herd and
caribou constituted 96% of the large mammals preyed upon. Photo by D. R. Klein.

A study team from the Alaska Unit investigated
the impacts of gray wolf predation on caribou in
and adjacent to the Brooks Mountain Rangein
northwestern Alaska. Seasonal movements and
food habits of two wolf packs were monitored on
caribou range. This study was part of a broad in-
vestigation of caribou and predator relationships
sponsored by the U.S. Fish and Wildlife Service and
the Alaska Department of Fish and Game. Wolves
were captured with dart guns fired from helicop-
ters and were fitted with collars containing radio
transmitters. Movements and hunting behavior of
wolves were studied by locating radio-collared
wolves and observing them and associated members
of the packs. Observations were made from aircraft
and by team members with radio receivers on the
ground. Carcasses of caribou killed by study wolves
were examined to determine sex, age, and general
condition of caribou preyed upon by wolves. Scats
of wolves were collected at summer homesites of
the two packs and examined to determine items

eaten. Seasonal movements of caribou were moni-
tored in the vicinity of the study packs. Migrations
of the two wolf packs between summer and winter
ranges were synchronized with migrations of cari-
bou. Both packs occupied summer home ranges
north of the Brooks Range in areas where caribou
were common through the summer. During autumn
the wolves abandoned their home ranges and ap-
peared to follow bands of caribou south across the
Brooks Range to the Noatak River Valley where
they spent the winter. During spring the packs
moved north to their traditional natal dens a few
days before caribou started to arrive on nearby calv-
ing grounds. Remains of caribou, moose, and

sheep occurred in 93% of wolf scats examined.
Caribou made up about 96% of the ungul ates con-
sumed by both packs. One pack fed on 136 cari-
bou from 20 April to 13 October. The annual cari-
bou kill was estimated at 21 to 40 caribou per wolf.
Thisrate would provide roughly 3.2 to 6.1 kg of
caribou to each wolf each day. There was no evi-
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dence of disporportionate predation on caribou
calves. Thisisthe first documentation among breed-
ing wolves of synchronization of migration with
caribou and results of the study provide a new per-
spective on management of Federal and State lands
in northwestern Alaska.

Moosein Denali National Park were studied dur-
ing 1976-77 at the request of the Alaska Depart-
ment of Fish and Game to assess aspects of moose
behavior that might influence their sightability
during aerial surveys. Interrelationships among
diurnal activity, habitat use, and aggregation pat-
terns were considered, and the relationship of sea
son and weather to these aspects of behavior. Diur-
nal activity patterns changed markedly over short
periods of time. Habitat use was strongly related
to activity; moose tended to use denser cover when
inactive. Aggregation sizesincreased from late win-
ter through fall and were larger in open habitats.
M oose in aggregations synchronized their activity.
No relation was found between aggregation size and
wesather; changes in activity and habitat use with
weather appeared to be related primarily to diurnal
weather patterns. Fall is the best time to conduct
surveys, but sex-age composition biases will result.
Rapid changesin activity patterns over short periods
of time make it important to replicate censuses.

Arizona. Populations of black-throated sparrows
were studied in a palo-verde-mixed cacti community
of the Sonoran Desert during the spring 1980 and
1981 breeding seasons. Territories occurred on simi-
lar areas of five 5.8-ha plots in consecutive years.
Interspecific relations with other bird or rodent
species do not appear to influence territorial estab-
lishment. Black-throated sparrows do not select for
any single species or plant. There is a positive asso-
ciation between territories and percent coverage of
chollaand combined annuals. Comparisons of di-
versities of annual species from occupied and unoc-
cupied areas show no significant difference. Black-
throated sparrows do not appear to focus on any
group of annual plant species when establishing ter-
ritories. Results suggest that black-throated spar-
rows are not randomly establishing territories across
the desert landscape. The absence of stronger
distinctions between territories and unoccupied
areas are attributed to the insensitivity of measure-
ment (percent coverage data), coupled with large,
vaguely defined territories, which may have further
masked any differences. Territorial establishment
may be dependent on suitable densities of annuals
(food), and cholla (nest sites) acting as proximate
factors for habitat association.
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An evaluation of fencing and nesting island proj-
ectsto improve waterfowl habitat in the Apache-
Sitgreaves National Forest in Arizona was made
from 1979 to 1982. Densities and success rates of
duck nests on islands were high. These islands
probably accounted for much of the increase in the
numbers of breeding pairs and ducklings that oc-
curred during the study. At current production
levels, ducklings will be produced on the islands at
acost of $2.13 each during the islands’ estimated
50-year life span. Densities and success rates of nests
on uplands were low, and predation by corvids and
coyotes was high. The effects of fencing on the pro-
duction of ducklings was unclear, but the cost:bene-
fit ratio of the fencing projects will probably be
high. Asapart of their habitat improvements, the
Apache-Sitgreaves Forest personnel created a
marsh by using secondarily treated sewage effluent
from the city of Show Low. This marsh has been
particularly successful — numbers of duck nests
found there increased from 3 in 1979 to 378 in 1982.
The density (309 per ha) and success of nests
on the islands at the marsh in 1982 were among the
highest that have been reported. The heavy use by
waterfowl has probably resulted from the presence
of islands with excellent cover and an abundance
of aguatic invertebrates as afood source. The suc-
cess of this project has provided impetus for the
construction of similar projects elsewhere in Ari-
zona, but the potential detriments to waterfowl that
use wastewater wetlands are poorly understood.

To ascertain seasonal movement pat-
terns and important seasonal use by elk in the Upper
Gunnison River Valley, we trapped, marked, and re-
leased 400 elk, including 87 cow elk instrumented
with radio collars, during January-March 1979 and
1980. The elk were tracked primarily by fixed-wing
aircraft during May-December 1980 and 1981. We
identified summer and winter range, calving areas,
and major movement corridors in three geographic
subareas within the study area. Information on
movements of elk during the 1980 and 1981 archery,
muzzle-loading, and rifle seasons for elk and deer
revealed that movements of cow elk during rifle
seasons for elk were significantly greater than dur-
ing the archery and muzzle-loading seasons for deer,
and the combined rifle seasons for elk and deer. The
Colorado Division of Wildlife and U.S. Forest Ser-
vice are using the information to make recommen-
dations for adoption of a mining plan and to aid
in the development of wildlife recommendationsin
Gunnison National Forest Master Management
Plan.



Georgia. The Convention on International Trade
in Endangered Species of Wild Fauna and Florain-
creased the need for biological data on the river
otter. A specific need was for atechnique that could
be used to monitor population trends. This research
evaluated two census techniques: masonite track-
boards and sand-substrate scent stations. Environ-
mental pollutant trends as indicated by contami-
nants found in river otter tissue were also investi-
gated. Trackboardswere 0.4  sguare, dusted with
blue marking chalk, and with a wooden peg inserted

Sifter, bucket, trowel, and syringe are used to sift sand and con-
struct a scent station for monitoring otter population trends.
Otter lure attractant is applied to a tuft of grass. Photos by J.
Clark.

upright in a hole in the center of each board. The
peg was dipped in an attractant composed of an ex-
tract from anal scent glands of the otter. Track-
boards were placed at 200-m spacings along stream
banks and sandbars and after 2 nights were checked
for evidence of otter visitation. Scent stations were

areas of mud or sifted sand. Otter
attractant was placed on a stick or tuft of grass|lo-
cated in the center of each station. Twenty bridge
crossings were sampled per study area, and scent
stations were placed 100 m above and below each
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Survivability of pen-reared cranes released in the wild was tested
with  greater sandhill cranes reared at Patuxent Wildlife Re-
search Center and liberated at Grays Lake National Wildlife
Refuge in Idaho. Only one survived, probably because it achieved
apair-bond with awild crane. Photo by R. Drewien.
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Radio-tracking was an invaluable tool in following deer and elk
to evaluate range rel ationships between wild ungulates and cattle
under arest-rotation grazing system in ldaho. Photo by J. Peek.

bridge. Trackboard indices were lower and less pre-
cise than those of scent stations. The survey was
most efficient when two scent stations were utilized
per bridge crossing and when stations were checked
after 1 night. In Georgia, the survey should be con-
ducted between 15 February and 15 March. The
technique is also a useful indicator of mink and rac-
coon population trends. River otter carcasses were
collected from trappers during 1979-81. Muscle,
liver, and hair samples were analyzed for ce-
sium-137, DDT and its metabolites, mirex, dieldrin,
mercury, and PCB's. Dieldrin, PCB's, and mercury
were al higher in the 1979-81 sample than in the
1976-77 sample. Cesium-137 and DDT were lower
than in 1976-77.

Idaho. Rest-rotation livestock grazing systems
have been in use in the West for a number of years
on rangelands utilized in common by livestock and
wild ungulates. Rest-rotation grazing systems are
designed primarily to benefit livestock. We exam-
ined the range relations among mule deer, elk, and
cattle in arest-rotation system on steep, moun-
tainous terrain dominated by sagebrush-grass com-
munities and found that the presence of cattle
tended to move deer and elk off the lower, more
lush pastures onto higher, steeper, and less-produc-
tive slopes. Dietary overlap was low between mule
deer and cattle moderate between mule deer
and ek (29%), and highest between elk and cattle

At existing densities of cattle and wild ungu-
|ates, vegetation data collected over a 4-year period
revealed no drastic change in range condition. Con-
current cattle grazing activities caused redistribu-
tion of deer and elk, but the rest-rotation grazing



system was apparently not detrimental to their wel-
fare at existing animal numbers.

The whooping crane recovery plan callsfor at-
tempts to start new wild migratory populations of
whooping cranes as insurance against catastrophe
occurring to the one small existing wild popul ation.
One way of starting a new wild crane population
is by foster-parenting by transfer of eggs. A second
possible approach is by releasing captive-reared
cranes into an existing wild migratory crane popula-
tion with the hope that the captive-reared cranes will
adapt and reach breeding age. We conducted such
astudy using greater sandhill cranes as surrogates
for the whooping crane. In June 1980, 11 captive
parent-reared greater sandhill cranes of various ages
were transported from Patuxent Wildlife Research
Center in Maryland to Grays L ake National Wild-
life Refuge in Idaho and released into awild flock.
All released cranes were equipped with color
markers and were radio-instrumented. Seven of the
11 cranes survived the summer and migrated in the
fall. After 2 years of monitoring crane areas up and
down the migration route (in conjunction with other
studies), only one of the seven captive-reared cranes
was known to survive— a 1-year-old female which
apparently pair-bonded to awild male shortly after
being released. The other six cranes have not been
observed since they migrated from Grays Lakein
October 1980, and are presumed dead. Thisre-
search substantially advances our knowledge of ex-
pected behavior from releases of captive-reared
cranes and leads the way to a future study which
will attempt to avoid some of the problems encoun-
tered in the first experiment.

lowa Small mammals, studied on reclaimed
strip-mine land in Wyoming, used only a negligi-
ble proportion of the above ground net primary pro-
duction. The estimated daily food consumption of
the deer mouse population—which averaged 13.5
animals per haand made up of the small mam-
mal population captured — was about 43 g per ha
per day. Green vegetative material made up
of the food, which represented only 0.1% of the
total net primary production. Deer mice preferred
anative legume, sainfoin, and an annual weed, fire-
weed summercypress. Relatively large proportions
of the net primary production of these two species
were eaten. Above ground net primary production
of sainfoin was greater on grazed than on ungrazed
plots on 2-year-old reclaimed areas, but grazing had
no effect on established areas. Plant species com-
position was not affected by the activities of small
mammals.

The use and selection by the marbled godwit of
wetland and upland habitat were studied in east-
central North Dakota. Godwits frequently used sites
with short, sparse to moderate vegetation and open
water or bare soil along wetland shorelines. Pre-
breeding, breeding, and nonbreeding summer-resi-
dent godwits seemed to prefer ephemeral, alkali,
and temporary ponds but frequently also used semi-
permanent wetlands. Territorial godwits selected
areas with more wetland and more wetland classes
than were found on equal -sized randomly sampled
areas. The area of godwit territories averaged
0.9 Postbreeding godwits primarily used feed-
lots and alkali wetlands. Godwits preferred native
or introduced grass pastures and avoided intensively
tilled land. At upland sites, prebreeding, breeding,
and nonbreeding godwits most frequently used
shortgrass ( < 15 cm) areas. Postbreeding godwits
and broods preferred slightly taller vegetation
(15-60 cm). Marbled godwits are adapted to exploit
open habitats in the northern prairie that were his-
torically maintained by fire and by the grazing and
trampling actions of native ungulates. Management
should incorporate the preservation of wetland
complexes, including less permanent pond types and
akali wetlands, and the use of fire, mowing, and
especially grazing to re-create the characteristics of
the pristine northern prairie to which godwits are
adapted.

Gray partridge movements, frequency of use of
different habitats, and nesting were studied from
1975 to 1977 in north-central lowa, aregion of in-
tensive row-crop agriculture. Use of habitat for nine
birds monitored by radiotelemetry, habitat use was
compared with habitat availability over four sea-
sonal periods. Strip cover was used at higher-than-
expected frequenciesin al periods. Partridge occu-
pied the periphery of fields frequently, but the cen-
tral portion of fields less often. Y oung partridge
broods occupied soybeans at a high frequency and
corn at arelatively low frequency; however, the use
of corn increased after the young were 5 weeks old.
Hay and strip cover and the edges of fields were
used relatively often through 2 weeks of age. Activ-
ity ranges for six mated birds that were monitored
over 4 or more months ranged from 0.84 to
3.66 Ranges of paired partridge were relatively
restricted during prenesting and nesting, but in-
creased in late summer. Birds occupying habitat
with arelatively high variety of cover types tended
to have the smaller overall activity ranges. In con-
trast to pheasants, partridges made little use of
drainage ditchbank, railroad right-of-way, or grass
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Banding a barred owl nestling requires proper equipment, climbers, and a safety rope. This dead elm in southern lowa, avictim
of Dutch elm disease, provided a nesting cavity for barred owls. Photo by G. K. Gremaud.
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This white-tailed deer fawn in southern lowa was
too young to run faster than researchers of afawn-
searching crew. The radio collar expands as the
fawn grows, and gives the location of the fawn
as it matures. Because the radio is equipped with
amortality sensor, researchers know by the radio
signal if the fawn has been killed by aflood, agri-
cultural machinery, or by predators. Photo by T.
Haindfield.



waterway cover for nesting; 83% of the partridge
nests were found in roadside and fenceline cover.
Protection of roadside nesting cover from dis-
turbance should benefit partridge populationsin
northern lowa.

The passerine birds of a sagebrush-dominated
community in southeastern Idaho were studied in
1980 and 1981. The bird community comprised pri-
marily sage sparrows and Brewer's sparrows that
arrived on the study sitein early March and late
April, respectively. Most male sage sparrows present
in 1980 returned in 1981. Sage sparrow territories
were continuous and averaged 0.75 ha, whereas
Brewer's sparrow territories were not contiguous and
averaged 0.51 ha. About 90% of the male sparrows
acquired mates. Sage sparrows nested from late April
to late July, and Brewer's sparrows from late May
to early July. Nesting success was very high for both
species (70-90%) in 1980, but substantially lower
(40-60%) in 1981. Brewer's sparrows nested in areas
with relatively high, dense sagebrush and low herba
ceous plant coverage; sage sparrows preferred areas
with relatively clumped sagebrush distributions.
Both species strongly preferred large, living shrubs
as nesting substrates. Sage sparrows placed their
nests deeper within shrubs than Brewer's sparrows
and avoided placing nests on the southwest side of
shrubs. Brewer's sparrows placed their nests irre-
spective of compass orientation. Vertical vegetation
profiles at nest sites of the two species differed;
vegetation at sage sparrow nest sites was more
dense. Selection of an areafor nesting may have
been most strongly influenced by foraging strate-
gies, whereas selection of a nesting substrate and
nest placement within it may have been influenced
primarily by microclimatic factors.

L ouisiana. Lead poisoning has plagued our con-
tinental waterfowl population since before the turn
of the century, but few studies have attempted to
estimate the numbers of birds that die after ingest-
ing lead shot. To provide information on mortality
from lead poisoning in Louisiana, we collected in-
capacitated and dead waterfowl on Catahoula Lake
and Lacassine National Wildlife Refuge (NWR)
during the 1980-81 waterfow! hunting season and
analyzed them by postmortem and chemical
analyses for lead toxicosis. We found ingested lead
pelletsin 74.4% of pintails and 68.0% of mallards
from Catahoula Lake, and 76.0% of snow geese
and 70.6% of white-fronted geese from Lacassine
NWR. Lead pellet ingestion was highest in pintails
and mallards collected on Catahoula L ake before
the hunting season, indicating that waterfowl pick

up lead deposited during previous hunting seasons.
The number of lead pellets ingested at Lacassine
NWR remained almost constant throughout the
study in snow geese and white-fronted geese. Of the
entire sample of 1,110 ducks and geese, 74.8% had
toxic levels of lead. Lead levels ranged to 449.7 ppm
dry weight (levels less than 20.0 ppm indicate lead
toxicosis). Most of the pintails (82.2%), mallards
(80.0%), snow geese (77.0%), white-fronted geese
(68.6%0), and canvasbacks (52.4%) collected suf-
fered from toxic lead levels. The results of this study
show the intense lead poisoning problem on some
areas in Louisiana and highlight the need for a suit-
able aternative in the type of shot used in hunting
waterfowl. The Unit conducted a shooting test to
evaluate effectiveness in the field of two shot shell
loads, No. 4 steel and No. 6 lead, on Lacassine
NWR. We compared the loads using data from
8,023 No. 6 lead shot shells and 8,615 No. 4 steel
shot shells shot at ducks during the 1980-81 and
1981-82 waterfowl seasons. Of 802 ducks, 366 were
crippled with lead shot and 436 with steel shot.
Hunters bagged 1,242 ducks with lead shot and 986
with steel. Results of the study showed that No. 6
lead was a more effective load than No. 4 steel be-
cause the lead test load hit significantly more ducks
per shot fired and crippled significantly fewer ducks
that were hit. The lead and steel loads tested did
not show relative performance differences at differ-
ent ranges; however, the proportion of ducks hit
per shot was nearly twice as high for both loads at
close ranges as for shots taken at distances greater
than 35 yards. Also, the proportion of ducks crip-
pled per hit was significantly greater for both loads
at the longer distances. The bag consisted of mal-
lards (24%), gadwall (16%), teal (21%), and six
other species of less than 10% each. The species
composition of the bag was not significantly dif-
ferent between the test loads.

To learn more about the reproductive biology of
colonial nesting birds we studied three mixed-species
estuarine heronries in Barataria Bay, Jefferson and
Plaguemines parishes, Louisiana, during the 1977
and 1978 breeding seasons. We collected informa-
tion on nesting great egrets, snowy egrets, little blue
herons, Louisiana herons, black-crowned night
herons, whiteibis, glossy ibis, and white-faced ibis.
Analyses of 13 egg measurements (including vol-
ume, length, widths at various points, and radii of
curvature) from 32 eggs each of snowy egrets, tri-
colored herons, and little blue herons indicated that
the eggs were too similar in size and shape to be
individually distinguishable to species using these
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Tagging of moose in Maine during the summer will enable their
ready identification and aid biologists studying the use of ponds
by moose. Photo by R. Dyke.

variables. We recorded the condition of the eggs and
young at 929 nests during the 1977 season and cal cu-
lated daily survival rates for each of the five stages
that make up the nesting cycle: nest-building,
egg-laying, incubation, hatching, and nestling.
Great egrets had the highest overall probability that
an egg would produce a fledgling (78.45%); white
ibis had the lowest (10.07%). Little blue herons had
the largest average clutch size (3.50) and white ibis
had the smallest (1.97). Several characteristics— in-
cluding nest height, height of vegetation supporting
the nest, and nearest neighbor species—were re-
corded at 722 nestsin a heronry to determine if nest
sites could be differentiated among the species. Cer-
tain species tended to prefer particular sites for their
nests within the heronry. The means of almost all
variables analyzed were significantly different
among species; however, no model could be devel-
oped that could reliably determine the species that
produced any particular nest.

Maine. During the past 30 years, coyotes have
increased dramatically in Maine. Before 1950, vir-
tually none were observed in the State. Their recent
appearance and rapid increase have caused some
alarm among sportsmen and agricultural interests.
Thevirtual lack of information regarding these ani-
malsin New England, and Mainein particular, led
to theinitiation of this study. Habitat and home
range dynamics were investigated. Among seven
radio-collared animalss, two breeding pairs showed
home ranges averaging 50 + 4 km? over a 12-month
period. Pair bonds were maintained throughout the
year. Marked changes occurred in home range size
and in use patterns during the four biological

associated with the annual reproductive cycle:
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Bobcats in eastern Maine are radio-collared and monitored as
part of an effort to determine how prey densities and vegetative
characteristics influence their numbers. Photo by D. Harrison.

pair-bonding and breeding, gestation, nursing and
pup-raising, and independence. Home range sizes
generally increased from pair-bonding through
independence. The range of one other group of
three coyotes (one adult and two juveniles) averaged
11 + 2 km? from the latter part of pup-raising
season until the juveniles dispersed in late January.
Core areas of intensive use (50% of all relocations)
inhabited from season to season were similar in
diversity of vegetative cover to that of the total
ranges. Radio relocations were recorded in forested
cover, primarily softwoods, year-round. Blueberry
barrens were frequented when fruits were ripe
during late summer. Highest levels of coyote activity
were recorded in the early morning (4:00-8:00 a.m.)
and late afternoon and evening hours (4:00
p.m.-midnight). Snowshoe hares were a staple food
source throughout the year. In winter and spring
remains of white-tailed deer were commonly identi-
fied in scats. Blueberries were utilized heavily in late
summer and early fall. In summer and fall remains
of mice and voles became increasingly evident.
The Atlantic population of black ducks has been
declining since the late 1950's. During the same
period the breeding population in Maine has experi-
enced asimilar decline. Several reasons have been
proposed to account for the decline, including ex-
cessive harvest and a stressful environment in win-
ter. This study was initiated to assess the effects of
temperature, wind chill, and the availability of ice-
free foraging habitat on black duck body condition
and behavior during three winters (January-
March), 1979-81, in mid-coastal Maine. Fe-



male body condition depended on temperature,
wind chill, and foraging habitat availability. Juve-
nile females were more adversely affected than adult
females. Juvenile and adult males were affected less
by weather than were adult females. These results
suggest that the timing of extreme cold and ice
formation influences the sex and age composition
and relative condition of black duck flocks. Tide
height was the most important factor affecting feed-
ing and resting behavior. Time-activity and energy
budgets were thus calculated for a 12.4-hour tide
cycle. Nocturnal activity occurred regularly as an
adaptation to tidal regimes. Temperature effects
modified behavior within the tide cycle and resting
was the predominant behavior for all temperatures.
During extreme cold and extensive ice cover, black
ducks rested more and curtailed activity, including
feeding. Birds, however, continued flight activity
during adverse weather; asice covered foraging
areas, ducks were forced to fly in search of an in-
creasingly patchy food resource. Energy costs asso-
ciated with activity decreased with decreasing
temperature, but total daily energy requirementsin-
creased, areflection of increased costs of thermo-
regulation. Daily energy requirements for female
black ducks ranged from 150 kcal per bird per day
at 5°C to 240 kcal per bird per day at — 20°C. We
conclude that weather severity in winter is an impor-
tant factor affecting the behavior and physical con-
dition of northern-wintering black ducks and proba-
bly contributes to reduced survival. Possible man-
agement procedures include identification and
preservation of critical wintering habitat, reduction
of disturbance factors such as hunting and shell-
fishing, and the viability of artificial feeding pro-
gramsin winter. Together with other ongoing proj-
ects, this study has provided significant data cur-
rently being used in the management of black ducks
in Maine.

Massachusetts. Beaver habitat classification has
progressed from early qualitative descriptions to the
quantitative studies of more recent years. This study
represents a refinement in the application of statisti-
cal analysesto beaver habitat classification. We in-
vestigated factors affecting the suitability of beaver
colony sites at 55 stream sitesin central Massachu-
setts and used discriminant and principal compo-
nents regression analyses to relate variables quan-
tifying food availability and water reliability to site
longevity and selection. Variables significant in the
preliminary analysis were included in the model de-
velopment phase of the study. We then applied the
two statistical techniques to data obtained at 36

This 4-week-old black bear cub and its two littermates are being
returned to the den after being weighed and sexed. Denning bears
in a Massachusetts study are tranquilized in the winter den to
acquire data on condition and reproduction, and to change radio
collars each year. Photo by W. E. Dodge.

1-km stream sections to develop models that pre-
dict the maximum density of active beaver colonies.
Percentage of hardwood vegetation, watershed size,
and stream width had significant positive effects on
number of active colonies, whereas stream gradient
and relative soil drainage had significant negative
effects. Three land capability classes for beaver,
characterized by 0, 1, or 2 or more active colonies
per stream kilometer, were distinguished. We made
an independent test of each model using data from
20 additional stream sections. The discriminant and
principal components regression models can be used
with 80 and 75% reliability, respectively, to predict
the capability class of 1-km stream sections. The
models were 95 and 90% successful in predicting
presence or absence of beaver.

Activity and movement data collected from 25
radio-tagged black bears in western Massachusetts
indicated that mast crop failures during 1981 caused
bears to search for other food sources, resulting in
increased crop damage, particularly to field corn.
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Thirteen collared bears fed in cornfields at |east
once in September-October 1981. Extreme move-
ments of the bears were also much greater than the
previous fall, indicating wider searches for food.
We recorded several 40- to 100-km trips by males
and females. A third consequence of poor mast con-
ditions was that all bears denned by the second week
of November as compared with late December the
previous year. One sow with three yearling cubs
denned in the open, 5 denned under windfall trees,
and 12 under brush pilesin logged-over sites. Heavy
snow cover (50-200 cm) produced a deeper state of
torpor than in the previous winter that had relatively
light snow cover (lessthan 30 cm). Seven of nine
bears observed in dens in 1980-81 denned within
0.5 km of the same den sites used in 1981-82.

Resident populations of nhon-migratory Canada
geese in New England and mid-Atlantic States con-
tinue to cause nuisance complaints despite 30 years
of capture and transplant operations. Because 95%
of these birds are in urban and suburban areas
where hunting is prohibited either by regulation or
housing density, an alternative control method is
needed as a long-term solution. To assess effective-
ness of alternative control measures, we are evaluat-
ing transplant band recoveries from 1965 to present
and also the effects of experimental vasectomy of
males of treated pairs. We evaluated the New Y ork
and Connecticut nuisance goose transplant program
by analyzing band recoveries obtained from Pa-
tuxent National Bird Banding Laboratory from
1965 to 1980 for all geese relocated in the follow-
ing States: Georgia, Maine, New Hampshire, Rhode
Island, and West Virginia. The largest percentage
of recoveries was from hunting mortality (66%b)
in the States into which geese were transported.
Many geese traveled along distance from their relo-
cation sites, indicating that they probably joined a
mate or migratory flock. Percentages of transferred
birds that returned to original capture sites were
Georgia 2.2, Maine 1.5, New Hampshire O, Rhode
Island 1.3, and West Virginia 1.9.

Missouri. From November 1978 to June 1981 we
conducted aradiotelemetry study of bobcat ecol-
ogy on a 650-km? area in the southern Missouri
Ozark Plateau. Concurrently, analysis of historical
information, harvest data, and a Missouri Conser-
vation Department agent survey showed that pres-
ent bobcat range is substantially smaller than dur-
ing the 1800's, but has not changed significantly
since the 1930's. The largest populations are in the
contiguous south-central counties. Annual home
ranges of adult males were from 29.8 to 107.5 km?
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(average 60.4), whereas those of adult females
were from 6.2 to 31.0 km? (average 16.1). Juve-
niles made long dispersal movements, up to 75.2 km
straight-line distance; most dispersal occurred dur-
ing late winter through mid-summer. Telemetric re-
locations and snow-tracking data indicated that
bobcats in Missouri preferred early forest succes-
sional stages including regeneration patches, brushy
fields, glades, and river and stream bottoms. Rock
outcroppings on glades and river bluffs were impor-
tant daytime retreat sites. Female bobcats had exclu-
sive home ranges, whereas males used larger, over-
lapping home ranges in a fluid system, separated
temporally.

We used three types of questionnaires to deter-
mine effectiveness of patrol methods, characteris-
tics of closed-season deer violations, and to estab-
lish asociological profile of closed-season white-
tailed deer violations. Information received from
public cooperators resulted in apprehension of al-
most 60% of deer violators that were arrested and
convicted during the 2-year study. Deer violations
occurred year-round, but most often from early
September through February (75% of total viola-
tions), on Fridays (19%), Saturdays (20%), and
Sundays (14%), and most poaching occurred from
5:00 p.m. to midnight. Ages of violators ranged
from 15 to 65 years, and averaged 28 years. Nearly
80% of violators were classified as blue-collar
workers. Violators had an unemployment rate of
30%. About 20% of the violators had afelony ar-
rest record, and 48% had been convicted of mis-
demeanor traffic violationsin Missouri; however,
only 10% had been convicted previously of game
law violations. Forty percent had been drinking
alcohol when arrested. Meat (51%) and recreation
(33%) were principal reasons given by violators for
poaching deer out of season. Deer violatorsin Mis-
souri apparently represent a distinct subculture, as
indicated by the large number of young violators,
those drinking alcohol before being apprehended,
and the rather large segment with criminal records.

We investigated movement and habitat use pat-
terns of the gray fox in an area of extensive oak-
hickory forest in the Missouri Ozarks and located
seven radio-marked foxes 2,584 times between May
1980 and August 1981. Composite home range sizes
ranged from 334 to 1,329 ha and were correlated

,=0.62, P < 0.05) to the number of months the
foxes were radio-tracked. Nightly ranges averaged
79 = 51 ha, or 26.8 + 16.2% of their respective
monthly home ranges. The home ranges of neigh-
boring foxes overlapped considerably, but foxes



Neck-banded Canada goose at site of nest flooded by rising waters of a new impoundment. A Missouri study is designed to assess
effects of flooding on aresident Canada goose flock. Photo by D. Brakhage.

tended to be solitary. Gray foxes were active 87%
of the time at night, but only 54% of the time dur-
ing the day. Diurnal movements were shorter and
more localized than nocturnal movements for all
seasons sampled, but this difference was most ex-
treme in winter. Foxes used mature oak-hickory
forest most frequently and young oak-hickory
forest more during the day than at night. The varia-
tion in habitat use patterns among individuals sug-
gested that gray foxes are habitat generalists and
would probably not be severely impacted by minor
land-use changes as long as substantial amounts of
woodland are reserved.

Because little information is avail able on the feed-
ing ecology of blue-winged teal, we studied their
food habits and habitat preference during the fall
migratory period. We conducted field work on Foun-
tain Grove Wildlife Management Area (WMA)
during August-September 1977 and 1978. Giz-
zards of blue-winged teal collected at Fountain
Grove WMA contained 95% plant foods, primarily
seeds of emergent moist-soil plants. Esophageal
samples collected at Fountain Grove contained 84%

Washout from a pile of lead-mine tailings drains into an Ozark
river. Wildlife is monitored for lead burdens in a Missouri study.
Bank swallows nest in holes in washout wall. Photo by R.
Atkinson.

plant foods by volume, and seeds of wild millet ac-
counted for about 83% of total volumes consumed.
Culicid larvae and pupae were the dominant ani-
mal food. Blue-winged teal gizzards collected at
Schell-Osage WMA and Duck Creek WMA con-
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about 85 and 68% plant foods, respectively.
A comparison of vegetation transects from random
sites and feeding sites at Fountain Grove WMA
described factors important in feeding site selection:
shallow water, emergent communities of moist-soil
plants, and patchy environments created by habi-
tat manipulations such as mowing and disking. In-
formation gained from this study should be help-
ful to Missouri waterfowl managers in designing
management practices for blue-winged teal, a spe-
ciesthat migrates earlier in the fall than other water-
fowl.

During May-August 1979-81 we conducted a
habitat ecology study of the painted bunting in
southern Missouri and northern Arkansas, on the
northern edge of the painted bunting breeding
range. We described quantitative habitat and inves-
tigated comparative ecologies of the painted bunt-
ing and its congener, the indigo bunting, to deter-
mine if potential competition was limiting the
painted bunting's range. Painted buntings exhibited
great variation in both territory size (0.64-6.66 ha)
and in vegetative features that comprised their habi-
tat. Isolated males had larger territories than birds
with adjoining territories. In general, painted bunt-
ings occupied old-field-woodland edge sites, but
variation within these habitat types was pro-
nounced. Lack of suitable habitat was therefore
judged not to be associated with range limitation
and the overall low population in the region.
Painted and indigo buntings occupied identical
habitat and had overlapping territories. Only one
instance of agonistic behavior was observed.
Limited examination of bill morphology and forag-
ing behavior revealed no significant differencesin
the two species. There was no evidence of direct
interspecific competition; however, we could not
definitely conclude that indigo buntings did not
have a range-limiting effect on painted buntings.

Both Breeding Bird Surveys (14 years) and Christ-
mas Bird Counts (40 years) revealed continuous and
alarming declines in eastern bluebirds in Missouri
concomitant with those in eastern United States. We
monitored nesting by bluebirds in newly placed
boxes and old boxes for two breeding seasons and
observed 101 clutches with a mean size of 4.8. Rac-
coons and black rat snakes were principal preda-
tors and house wrens were nest competitors. Un-
usually high temperaturesin July and August in-
hibited third clutch production and thus produc-
tivity. Bluebirds preferred light-colored, thick-
walled wooden nest boxes with air vents, placed on
east or north sides of poles or under shade treesin
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open areas at least 400 m from buildings or feed-
lots. Nestlings (390) were banded but no recoveries
obtained; nationwide about 0.1% have been recov-
ered away from the nest site. Analysis of droppings
and regurgitated pellets in winter roost boxes
showed birds primarily ate wild fruits (20 species),
spiders, and ground beetles (Carabidae). Nest boxes
may be deathtraps to roosting birdsin severe win-
ters and should be closed in fall. A good roost box
should be 7 inches square (inside measurement),
lined with Styrofoam, have no air vents, and be
painted black to absorb solar heat.

Montana. Field investigations on the ecology and
populations of river otters in southwestern Mon-
tana were conducted from January 1980 through
December 1981. Otter presence was detected by
examining riverbanks for tracks and latrines, and
relative otter populations were determined by scat
density. Otters showed strong fidelity to established
latrines. Latrine sites were generally in grassy open-
ings on well-vegetated banks and averaged about
15 m?. Scat deposition at latrines peaked from late
April through mid-May. Habitat characteristics that
benefit otters include high flow volume, densely
vegetated and undercut banks, and the presence of
numerous sloughs and side channels that serve as
brood-rearing habitat. Low flow volume and turbid
water apparently reduced otter use on the Ruby and
Beaverhead rivers. Fish occurred in 99% of the 260
scats examined. Suckers were the most important
prey item, followed by mountain whitefish. Mot-
tled sculpins were an important sustaining food for
otters, as were crayfish, except in winter. Otters
took the most available prey, as determined by prey
abundance and accessibility. Analysis of harvest dis-
tribution and the results of a statewide trapper ques-
tionnaire indicated densest otter populationsin
northwestern and southwestern Montana. Popul a-
tions in these areas were seen as stable or increas-
ing. Populations are sparse in west-central and cen-
tral Montana, and otters are generally absent from
eastern Montana.

Winter ecology studies of mallardsin the Colum-
bia Basin were conducted in November-February
1978-79 and 1979-80. Radio-instrumented mallards
remained in contact an average of 17 days, with
southward movements predominating. Corn com-
prised more than 95% of the diet of both sexes after
mid-November. Ungrazed stubble fields were pre-
ferred feeding sites except when snow cover forced
birds to rely on cattle to expose waste grain. Mean
distance to field-feeding siteswas 7.9 km in 1978-79
and 8.6 km in 1979-80, respectively. Corn supplies



Woodpeckers increased in Montana burnsin
response to abundant bark- and wood-boring
beetle larvae. Three years after the fire, wood-
peckers declined and other cavity-nesting birds
increased. Photo by R. McClelland.

Black-tailed prairie dogs on the Charles M. Russell National
Wildlife Refuge, Montana, occupy sites associated with live-
stock watering areas and homestead sites. By midsummer
herbage utilization by prairie dogs was 29%; use by cattle
and prairie dogs for the same period was 90%. Photo by C.
Knowles.

A Montana study indicated
that perpetuation of forest
mosai cs with old-growth com-
ponents would favor marten
populations. Photo by J.
Craighead.
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were adequate to meet the 1979-80 mallard popu-
lation requirement of 3,285 metric tons. Diurnal
mallard populations on concentration areas were
highest 1-4 hours after sunrise. Estimates of sex
composition were drakesin 1978-79
and 54.4-56.7% in 1979-80. January body weights
of both sexes averaged 10-14% lower than Decem-
ber values. Mid-winter mallard populationsin the
Columbia Basin were highest when water conditions
in the Prairie Parklands were relatively poor, appar-
ently aresult of mallards overflying the drought-
stricken prairies to breed in the northern Pacific
region. Winter weather and its effects on food avail-
ability and migration rates al so appeared to in-
fluence wintering population size.

The ecology and management of black bears were
studied from June 1975 through June 1980 on two
dissimilar study areas in north-central Maine. The
Spectacle Pond study area had no development,
human population, or agricultural lands; it also had
less exploitation, less access, severer climate, and
poorer soils than Stacyville. Bears on the Spectacle
Pond area had a more dense population, larger
home ranges, lower average litter sizes, an older age
for first breeding, less annual mortality attributa-
ble to hunting, lower weights for nearly all sex and
age classes, longer denning periods, and older aver-
age and median ages for females compared with
bears on the Stacyville area. Bears on both study
areas preferred to use early seral stages adjacent to
mature and intermediate forests. Reverting logging
roads, raspberry areas, mature hardwood, and, in
some instances, agricultural lands were important
feeding areas. | mportant food items were grasses,
legumes, and herbs in the spring; various berries and
grasses in the summer; and hard mast, non-woody
plants, and soft mast in the fall. Hunting regula-
tions should protect adult females in exploited
areas. Forest practices harmful to bearsincluded
increasing the amounts of permanent logging roads,
reducing early seral growth, clear-cutting hard-
wood, eliminating migration corridors, and estab-
lishing large cuts.

New York. Birds are among the most visible and
adversely affected faunal groups when one con-
siders the impacts of oil pollution on marine envi-
ronments. Concern has traditionally focused on
assessing massive mortalities following major
tanker spills. However, relatively little is known
about the more subtle effects of petroleum on sea-
birds. The need for such datais accentuated in view
of the widespread distribution of oil at sea and the
recent realization that most of this pollution arises
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from chronic and low-level inputs. Great black-
backed and herring gulls were studied in coordi-
nated field and laboratory experiments to assess
avian reproductive success and population dynamics
in relation to oil contamination. Findings showed
that extremely low levels (10 of oil applied to
eggs early in incubation severely reduced hatching
success. As embryos devel oped, they became more
resistant to oiling. Y oung hatching from oiled eggs
grew and survived normally. Similarly, chicks ex-
posed to oil after hatching were fairly tolerant to
small quantities placed on their food or applied ex-
ternally. However, as was found with eggs, critical
periods exist when young may be more susceptible.
Current efforts are being directed toward applying
these findings to other species and establishing
guidelines for petroleum exploration, development,
and transportation that will minimize adverse im-
pacts on birds and other biological resources.

Purple loosestrife is a perennial plant that was
introduced to the United States from Europe in the
mid-1800's. Like many introduced species, once es-
tablished it expanded its range and now occurs over
most of the Northeast and major portions of the
Midwest. The plant is associated mainly with wet-
land environments where it effectively out-competes
native wetland plant species. Thisis generally to the
detriment of the wetland system, resulting in are-
duction in associated plant and animal diversity. Re-
search was undertaken to help solve the purple
loosestrife problem by gathering basic life history
and ecological information on this plant and devel-
oping strategies for its control. Our findings showed
the plant to be extremely prolific and tolerant of
awide range of environmental conditions. Seedling
densities as high as 20,000 plants per square meter
were observed, and although many of these died
during the summer, virtually all those surviving to
the end of the growing season resumed growth the
following spring. Marshes dominated by purple
loosestrife have proved difficult to control and
further work is being pursued in this area.

Ohio. Captive mourning doves (24 pairs) were fed
diets containing O, 10, or 40 ppm of the polychlori-
nated biphenyl Aroclor 1254 and had either a0 or
10% food restriction imposed on them to examine
the effects on courtship behavior. There were no
significant interactive effects between PCB's and
food restriction. Ten and 40 ppm PCB's signifi-
cantly reduced courtship intensity and prolonged
the courtship phase. In the 10-ppm PCB group,
pairs exhibited a differential ability to persist in
reproduction under the influence of PCB's. Four



The influence of marsh management practices on nontarget
species such asthe yellow rail, a species highly sought by birding
enthusiasts, is under study at Seney National Wildlife Refuge.
Photo by T. A. Bookhout.

of eight pairsfailed to nest; the other four pairs
nested but were less active and the courtship period
was longer than that of the control birds. The delay
in courtship caused a significant 8-day delay in egg-
laying. Pairs fed 40 ppm PCB's did not respond
normally to the presence of a mate. They spent the
entire 30-day trial period in courtship, and only two
of eight pairs formed pair bonds. The 10% food
restriction caused a significant delay in pair bond
formation. It aso reduced the quality of nests built
and, because of delayed pair bond formation, de-
layed egg-laying. This study has shown that some
of the reductions in reproductive output occur be-
cause of alterations in behavior early in the repro-
ductive cycle, possibly because of contaminant ef-
fects on the endocrine system.

Habitat requirements, movements, and breeding
biology of radio-instrumented yellow rails were
studied at Seney National Wildlife Refuge, 27 April
to 4 September 1980. All yellow rails were found
in open bog-sedge meadow dominated by the tall,
mat-forming slender sedge. This sedge made up
90% of the total stem density which was estimated
to be 1,400 stems per square meter. Willow bushes
were interspersed throughout the study area and
represented the advance of the next seral stage. Sea-
sonally fluctuating water levels and periodic fires
were considered to be important to habitat suita-
bility for yellow rails. The principal study area had
the highest concentration of singing male yellow
rails, one singing male per 5 ha. Four breeding
pairs, one immature, and one breeding male were
fitted with radio transmitters during the 1980 field
season. A total of 1,274 |ocations were plotted.

Knowledge of high energy yield and consumption of specific plant
seeds can be used by marsh managers to provide optimum habitat
quality for fall migrating ducks. A known quantity of seedsis
being force-fed to a mallard to measure metabolized energy.

Photo by T. A. Bookhout.
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Males were territorial, but the boundaries of the
areas of movement of males overlapped during the
period singing was heard. Areas averaged 8.3 ha,
which was larger than the 1.9 ha used by the only
male that carried a transmitter after singing ceased
14 August. The positions of male territories did not
vary relative to each other throughout the moni-
toring period. Females moved within the male terri-
tory containing their nest. Females used alarger
area before incubation and after hatching (about
1.2 ha) than during incubation (about 0.3 ha). Seven
nests, including one re-nest, were found during the
study. The average clutch size of nests with com-
pleted clutches (n = 4) was eight (range seven to
nine). Incubation was estimated to require 17 to 18
days. Hatching was synchronous. One brood nest
to which the young were moved shortly after hatch-
ing was 15 m away from the egg nest. The only
female that was monitored for more than 8 days
after hatching of her eggs remained within the area
of movement of her presumed mate. Evidence was
found for two possible instances of serial polygyny.
The immature rail remained near the presumed nest
site and moved within an area of 3.3 ha. The pri-
mary management activity for yellow rails should
be maintenance of the breeding habitat. Present
management practices at the Refuge, primarily for
waterfowl!, have no apparent del eterious effect on
habitat used by breeding yellow rails.
Investigation of the decline in eastern cottontail
populations on the Delaware Reservoir Wildlife
Area, evidenced by a decrease in both hunting and
trapping success, showed that a combination of
weather and flooding accounted for 59% of the
variation in kill per gun hour between 1951 and
1980. Mean minimum temperature for the coldest
month of each winter, summer precipitation, and
flooding were significantly correlated with kill per
gun hour and appeared to be the most important
weather factors examined. However, no correla-
tions were noted between changes in the percentage
of births by month and low temperatures or flood-
ing during the peak production months of March
and April, nor were correlations between the per-
centage of juvenilesin the harvested population and
various weather and flooding factors significant.
Overall sex ratios from hunting and trapping rec-
ords did not differ significantly from 50:50, but the
percentage of juvenilesin the harvest was low
(76.7%) compared with other studies and appeared
to decline between 1961 and 1980. Predation was
the most common cause of death for radio-tagged
cottontails between March 1981 and February 1982,
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and accounted for 58.3% of all known mortalities.
Hunting took 18.7% of the monitored cottontails
during the 1981-82 season, and accounted for 25%
of the annual mortality. Annual adult survival, in-
cluding hunting mortality, was 0.32.

Oklahoma. There islittle information on the den-
sity, distribution, and habitat requirements of wood
ducks in Oklahoma, a State on the western fringe
of North Americasinterior wood duck population.
Furthermore, the implementation of vast water-
retention projects has destroyed or altered thou-
sands of hectares of bottomland habitat. River
float-counts were conducted on a statewide basis
to correlate riverine characteristics with wood duck
densities and productivity. Float-counts were also
used on an impoundment in southeastern Okla-
homa to determine the impact of reservoir construc-
tion on breeding densities of wood ducks. Over 130
river float-counts on a stratified sample of 17 rivers
revealed the greatest densities and production on
riversin the northeastern region and the lowest den-
sities on riversin the extreme West. Wood ducks
selected log jams and flooded shrub-scrub habitats
but avoided open areas. L og jams were also posi-
tively correlated with breeding densities, but
presence of marsh or swamp habitat around rivers
was negatively correlated with densities. Duckling
survival on Oklahomarrivers was calculated at 19%.
Wood duck densities on impounded rivers equaled
densities on unaltered streams; in summer im-
pounded rivers may provide the greatest proportion
of wood duck habitat. Wood ducks were concen-
trated in the secluded cover of impounded rivers.
Limited cover and deep water may be responsible
for limiting distribution in some impounded river
systems.

Oregon. Ruby Marsh is within the boundaries of
Ruby Lake National Wildlife Refuge, Nevada, and
supports large breeding populations of canvasbacks
and redheads as well as a naturalized population
of largemouth bass and a stocked population of
rainbow trout and brown trout. No forage fish are
available as prey, which forces largemouth bass and
trout to feed exclusively on invertebrates, an im-
portant food resource for breeding canvasbacks and
redheads. The feeding ecology of fish and ducks
was investigated in 1980 and 1981. Y oung-of-the-
year largemouth bass fed on zooplankton and early
instar insects, whereas juvenile and adult large-
mouth bass fed primarily on nymphs of dragonflies,
damselflies, and mayflies. Small rainbow trout and
brown trout fed on midge larvae, odonate nymphs,
and other invertebrates; large rainbow trout fed pri-



A participant in an extension program sponsored by the Oklahoma Cooperative Wildlife Research Unit demonstrates the use of

dogsin quail hunting. Photo by T. Bidwell.

on snails. Before nesting in spring, canvas-
backs fed extensively on tubers of sago pondweed,
but once they started laying eggs they switched to
adiet of invertebrates. That diet persisted for the
remainder of the summer. Predominant foods were
snails and nymphs of caddisflies and dragonflies.
Redheads fed extensively on muskgrass throughout
the summer; however, animal matter—mostly
snails, dragonfly nymphs, midge larvae, and bass
eggs — made up 50% of their diet during the egg-
laying period and 75% during the incubation per-
iod. Y oung redhead ducklings fed nearly equally on
vegetation and invertebrates, but older ducklings
fed almost exclusively on muskgrass. Y oung can-
vasbacks of all ages fed extensively on invertebrates.
Snails were the most important food, making up
one-third to one-half of the diet of canvasback
ducklings.

The dietary overlap between redheads of all
reproductive stages and largemouth bass and rain-
bow trout did not exceed 30%. However, that be-
tween certain life stages of canvasbacks and the fish

Biologists from the Oregon Cooperative Wildlife Research Unit
study marine communities off the Channel Islands of southern
Californiato determine suitability of these areas for

of seaotters. Photo by K. Miles.
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To help evaluate level ditch habitat in the production of aquatic
invertebrates, a biological technician collected samples with a
benthic core sampler in eastern South Dakota. Photo by M. R.
Broschart.

was higher: it was 50% between incubating females
and ducklings and rainbow trout, and approached
50% between incubating females and largemouth
bass. This study documented the partitioning of the
food resource between fish and ducks and clearly
indicated the reliance of both on invertebrate food.
This information provides refuge management
additional biological basis for managing the multi-
ple resources of the marsh.

In the Pacific Northwest, silvicultural practices
dictate that old-growth forests be harvested and re-
placed with younger, faster-growing, managed for-
ests. To determine if such practices influence the avi-
fauna in forest systems in northeastern Oregon, we
examined populations of breeding birds and struc-
ture and composition of vegetation in managed and
old-growth mixed-coniferous forests. Managed for-
ests were about 85 years of age and old-growth
stands over 200 years old; both were dominated by
Douglas-fir and ponderosa pine trees. Components
of vegetation that distinguished old-growth forests
from managed forests included large trees (51 + cm
dbh) and snags (31 + cm dbh), small understory
grand fir trees (2.5-10 cm dbh), and tree height
diversity. Each of these components could be asso-
ciated either directly or indirectly with differences
in bird populations between managed and old-
growth forests. Bird species diversity and vertical
and horizontal structural diversity of vegetation
were greater in old-growth forests than in managed
forests. These results supported the contention that
bird species diversity is correlated with vegetation
"patchiness." However, the usefulness of correla-

166

Quadrat sampling in a large fen wetland in western South Dakota
aids in classifying aquatic plants. This information is being used
in a botanical survey of wetlands in the Northern Great Plains.
Photo by G. E. Larson.

tions between avian diversity and vegetation struc-
ture for management purposes is questioned. Man-
aged forests supported a higher total density of
breeding birds than old-growth forests because of
the abundance of several species that appeared to
prefer structurally open habitats. If remaining old-
growth forests are eliminated from areas under in-
tensive management for timber in northeastern Ore-
gon, some species of birds will increase in density,
some will decrease, and a few may be extirpated
from the area under management. Maintenance of
key habitat components for those birds that would
otherwise decline in density challenges forest and
wildlife managers as the remaining old-growth for-
ests are cut.

South Dakota. Prairie wetlands in eastern South
Dakota are of great value to wildlife. They are im-
portant to waterfowl and other migratory aquatic
birds and furnish winter cover and reproduction
areas for most resident game and non-game wild-
life species. Our current studies include estimates
of recreational benefits of wetlands; small mammal,
waterfowl], and shorebird use of natural and modi-
fied wetlands; and aquatic invertebrate production
in prairie marshes. Recently completed studies
examined the aquatic plant communities and inver-
tebrates in a South Dakota prairie marsh at weekly
intervals throughout the duck brood-rearing season.
More than 1,100 samples of aquatic plants and asso-
ciated invertebrates were collected. Linear regres-
sion revealed a 4:100 ratio of animal to plant bio-
mass. Strong associations were found between com-
mon hornwort and Gastropoda, and between corn-



mon duckweed and most zooplankton groups. In
the star duckweed invertebrate community, amphi-
pods and gastropods were the dominant macroin-
vertebrates. Cladocerans were the dominant micro-
invertebrates. Density and biomass of specific
invertebrates varied throughout the summer. Crude
protein values of the community samples ranged
from 7.6 to . Highest protein values were re-
corded during the early part of the season. The in-
vestigations provided valuable information on the
quality of food available to duck broods.

Water retention of intact prairie marshes (i.e., not
artificially drained) provide groundwater recharge
and flood control benefits. However, before these
benefits can be quantified, the water retention capa-
bilities of wetland basins must be determined. In
fall 1981 maximum storage volumes of 15 small wet-
land basins ( <1.58 ha) in a portion of eastern South
Dakota were measured. The logs of these volumes
were plotted against the logs of their surface area
and an excellent regression equation was attained,
demonstrating that storage volume can be predicted
by surface area. This technique has potential for
determining the amount of water that can be held
in storage in wetlands in a given watershed by
measuring only surface area of the basins. How-
ever, the method needs to be tested in different types
of land formations.

We also measured the volume of water retained
in 213 small wetlands (all natural basins having
ponds less than 3.0 ha) on 726 ha of public lands
in eastern South Dakota during April 1982. The
basins measured were not filled to capacity but held
about 20 (158.7 acre-feet) of 1982 spring run-
off. These types of wetlands store considerable
amounts of water over a large geographical area.
Loss of this storage capacity through drainage has
the potential to increase flooding at lower elevations
of the watershed.

Utah. A circular variable filter spectrometer was
used to measure electromagnetic energy for several
species of birds and their primary habitat types.
Energy in the ultraviolet, visible, and near infra-
red portions of the spectrum was measured and ana-
lyzed to determine wavelength bands that allowed
discrimination between a bird species and its back-
ground. Wavelengths were found in the near in-
frared (0.744 and 0.981 that were then used as
a unique spectral "signature.” A mathematical
algorithm was derived allowing classification of
each species of bird vs. its background. This infor-
mation may be useful in a remote sensing system
to census bird populations.

- L

Circular variable filter spectrometer is used to measure spectral
reflectance of a sandhill crane. Photo by J. Payne.

Virginia. Land Between the Lakes (LBL) is a
170,000-acre peninsula in western Kentucky and
Tennessee that the Tennessee Valley Authority is
developing to provide an optimum opportunity for
outdoor recreation and education needs of an
urbanizing society. Two important resources are
white-tailed deer and fallow deer populations.
About 13,500 bow hunters annually hunt the LBL
woods, and over 35,000 gun hunters annually apply
for a computer selection of 12,000 to 15,000 hunt-
ing permits. All hunts combined result in an annual
deer harvest of about 2,500 animals. Managers need
a good description of the people who hunt in LBL,
their hunting patterns, and opinions on important
facets of deer management. Three methods have
been used to obtain better information on the LBL
deer hunter: (1) personal contact with the sports-
man at LBL or during local sportsmen's meetings,
(2) special regional public meetings, and (3) mailed
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Tularemiarinfected cottontails are bled to check for bacteria and
antibodies in the blood. Photo courtesy of Virginia Coopera-
tive Wildlife Research Unit.

guestionnaires. Questionnaires were mailed to 1,250
bow hunters and 1,200 gun hunters: 96% of the
bow hunters and 87% of the gun hunters completed
and returned the questionnaires. Most hunters
(97%) were male, with at least a high school edu-
cation (87%). The average age of both bow and gun
hunters was 31 years. The hunters averaged 9 years
of deer hunting experience, 3 of which included
LBL deer hunts. Bow hunters traveled an average
distance of 90 miles, and gun hunters 85 miles, to
hunt at LBL. Twenty-six percent of the hunters re-
turned home for overnight lodging, 25% camped
along LBL roadways, 35% used LBL camp-
grounds, and the remaining 15% used other forms
of lodging. Bow hunters spent an average of $93.40
within a 25-mile radius of LBL, whereas gun
hunters averaged $68.71. Thus, LBL deer hunting
contributed over $1.5 million in income to the local
economy. Bow hunters typically spent 4 days deer
hunting in LBL; 36% spent 4 to 6 hours per day
hunting. Only 16% of the hunters hunted alone;

hunted with one other person, and the remain-
ing 33% hunted with two or more people. Most bow
hunterswalked to mile(35%)or to mile
(21%) from their vehiclesto their hunting sites. For
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White-tailed deer are a valuable resource to both bow and deer
hunters on Land Between the L akes management area. Photo
by J. J. Scanlon.

the 8% of the bow hunters who harvested a deer
in LBL, the average shot distance was 23 yards. Gun
hunters spent an average of 1.6 days deer hunting
in LBL; most (43%) spent 7 to 9 hours per day
hunting. Only 17% of the gun hunters hunted
alone, 44% hunted with one other person, and the
remaining 39% hunted with two or more hunters.
Most gun hunters (29%) hiked to mileto their
hunting site, 22% hiked to mile, and 13%,
over 1 mile. For the 23% of the hunters who har-
vested a deer with a gun, the average shot distance
was 63 yards. When asked to select the single item
that was most important to the hunter's total hunt-
ing satisfaction, "being close to nature" was selected
most often by bow hunters (19%); "harvesting a
deer" was most often selected by gun hunters (23%).

Information on the status and population trend
of the bobcat in Virginiais needed to assess the im-
pact of harvest and to formulate management
plans. Age and reproductive data from 67 bobcat
carcasses and 15 lower jaws were collected during
the 1979-80 and 1980-81 trapping seasons. Sex and
age information on 16 bobcats taken in 1977-78 and
25 taken in 1978-79 were provided by the Virginia
Commission of Game and Inland Fisheries. The
mean age from the pooled sample was 2.83 + 0.24
(SE) years. Juveniles made up 25% of the pooled
sample, and the maximum age was 12 years. The
sex ratio of the pooled sample was about 1:1. The
mean litter size, by counts of placental scars, was
2.27 + 0.18 (SE). Scent-station survey data and



bobcat harvest records were directly correlated

in the Piedmont region where sharp upswingsin
both harvest and track counts were noted. Bobcat
harvest records for the last 8 years were not corre-
lated with bobcat pelt prices. License sales were not
correlated with bobcat harvest. Bobcat harvest was
inversely related to precipitation.

The response to amail survey of sportsmen, game
wardens, taxidermists, and fur buyers was 37.7%.
Most sportsmen (56%) believed bobcats were in-
creasing, 20% considered them stable, and 24%,
decreasing. Game wardens believed bobcats were
either increasing (27.9%) or stable (61.8%). The
survey revealed that most bobcats killed in Virginia
are taken fortuitously by sportsmen seeking other
species, and that 13-16% of the annual harvest is
taken to taxidermists to be prepared as trophies.
Game wardens surveyed believed bobcats were pres-
ent in 72 counties or cities and absent from eight
counties. This survey, coupled with pelt tag records,
indicates that bobcats are distributed almost state-
wide, except for the "Eastern Shore" and are more
widely distributed than indicated by a previous
study in 1952. Models based on population char-
acteristics and harvest data predicted an increasing
popul ation with an adult survivorship of 73%, juve-
nile survivorship of 36%, and afinite rate of in-
crease of 1.14 (a14% annual increase). The results
suggest that the annual harvest is about 25% of the
population and that trapping pressure is relatively
low.

In an area of low eastern cottontail abundance,
raccoons and other carnivores exhibited agglutinat-
ing antibody titersto tularemia antigen. Very little
research has been conducted on the effects of tula-
remia infection on wild carnivores and although
usually considered resistant to infection by tula-
remia, the possibility of a bacteremiain resistant
species has not been examined. Resistant species
could produce for alimited period a bacteremia that
could serve as a source of infection for vectors of
the disease. To add to the knowledge of the ecology
of tularemia, we conducted experiments examining
the possibility of a bacteremiain carnivores and
studied the effects of infection on susceptible
species. We performed a series of experimental tests
using the LV S and Schu $4 strains of Francisella
tularensis on raccoons, cottontails, white-footed
mice, and CD-Sprague-Dawley rats. Raccoons were
resistant to high doses of both strains. One raccoon
infected with Schu S4 produced a detectable bac-
teremiaof at least 5 days duration. Doses of 10°
organisms injected intraperitoneal ly killed eastern
cottontail rabbitsin 48 hours, and a dose of 10
caused death in 4 to 5 days. High doses
of LV S had no effect. Rats (CD-Sprague-Dawley)
also were susceptible to Schu S4; seven of eight in-
fected with 10° organisms died within 48 hours. Rats
infected with a dose of 10? died between 5 and 21
days after inoculation.

Wisconsin. The ruffed grouse is one of Wiscon-
sin's most valuable game species. Previous studies

Molting adult and flightless young Canada geese were driven into nets so that they could be fitted with leg bands and plastic
neck collars. These geese, which are part of the Eastern Prairie Population and which breed on the Hudson Bay lowlands of Manitoba,
are marked with orange neck collars engraved with unique alphanumeric codes. Photo by S DeStefano.
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on harvest rates in Wisconsin, Michigan, Minne-
sota, and Alberta have indicated light hunting pres-
sure, but these studies were on large tracts of rela-
tively inaccessible land with short hunting seasons
and consequent light hunting pressure. Many of the
public hunting lands in central Wisconsin today are
accessible to alarge and increasing number of up-
land bird hunters, and ruffed grouse hunting regula-
tions have undergone considerable liberalization in
the past four decades.

In 1978 the Wisconsin Cooperative Wildlife Re-
search Unit initiated a study to measure modern-
day harvest rates on alarge and heavily hunted
public areain northeastern Wisconsin. The 6,466-ha
Navarino Wildlife Management Areain Shawano
and Waupaca countiesis readily accessible to over
0.5 million people who live within a 50-mile radius.
From 1978 to 1981, over 800 ruffed grouse were
captured in lily-pad traps and fitted with aluminum
leg bands inscribed with areturn address. To en-
courage returns, the bands carried a $5 or $10 re-
ward, but we detected no difference (P < 0.05) in
return rate based on reward value. Recovery rates
of banded grouse shot by hunters during 1978-81
were 18%, 31%, 31%, and 20%, respectively.
These percentages represent minimum harvest rates
because of mortality before hunting seasons, crip-
pling loss of banded grouse, and failure of hunters
to return recovered bands. Overall, 25% of the
grouse were bagged in December, indicating that
hunting pressure can be heavy in late grouse

These relatively high harvest rates and the ap-
parent heavy hunting pressure in late season war-
rant closer examination of the ruffed grouse har-
vest in Wisconsin.

COOPERATIVE FISHERY AND WILDLIFE
RESEARCH UNITS

Florida. From May 1981 through April 1982 we
analyzed gizzard contents of common moorhens
and purple gallinules, common residents of regional
deepwater marshes and wetlands, on a north-central
Floridalake. Although both species were opportu-
nistic feeders, there was no significant overlap in
their diets, except in April, when insects were con-
sumed in large quantities. Common moorhens ate
93% plant and 7% animal food (by volume), and
purple gallinules ate 71% plant and 29% animal
food. Common moorhens ate primarily leaves and
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Adult purple gallinule in Nuphar beds. Purple gallinules feed
exclusively in the Nuphar beds, and the birds' presence or absence
in Florida's wetlands is related to the structure provided by
Nuphar or similar plants. Photo by R.

stems of hydrilla, seeds of smartweed, and snails;
purple gallinules preferred seeds of yellow cowlily
and smartweed and various aquatic beetles. Purple
galinules fed in dense vegetation and preferred cow-
lily mats as habitat, whereas common moorhens fed
in more open areas and nested in dense vegetation.
Due to differences in microhabitat use and food
habits, competition between the two specieswasin-
significant. Public and private groups interested in
biological function and value of wetlands may find
this study useful in the face of increasing pressures
to alter wetlands for other uses.

The Fish and Wildlife Serviceisrequired by Con-
vention on International Trade in Endangered
Species of Wild Flora and Fauna treaty obligations
to provide evidence that harvesting and exporting
river ottersis not detrimental to the species. Thus,
the Service must now be furnished with harvest or
population data from the 26 States where otters are
still abundant. To develop better means by which
State conservation agencies may regulate a sustained
yield of river otters, we compared two indices of
otter abundance. Scent stations having a synthetic
fermented egg lure of known composition were
tested with captive and wild otters and used to sur-
vey two riversin northern Floridafor relative fre-
quency of otter visits. On one river, fresh otter scats
and scent mounds were recorded along the scent sta-
tion transects. Captive otters exhibited a sexual dif-



ference in response to scent; males were more re-
sponsive than femal es. Response to scent by cap-
tive males and occurrence of sign in thefield were
seasond; highest frequency was in winter and great-
est concordance in February, coinciding with most
independent eval uations of when otters breed.
However, otter visits to scent stationsin the field
were most frequent in the first quarter of deploy-
ment, not in winter, and both captive and field tests
showed declining interest in scent over short time
periods. These results show that sex, season, and
habituation are sources of variation limiting the util-
ity of the scent station method. Further work on
this method should focus on the winter season and
anal gland lure, but the small number and high var-
iance of scent station visits and the large field ef-
fort required will limit the utility of this method.
In contrast, sign surveys yielded much higher counts
and lower variance per unit effort; this method is
recommended for further testing.

Mississippi. Walleye populationsin Alabamaand
the Mississippi Gulf drainage may have resulted
from undocumented stockings, recent planned
stockings, or historical disjunct river basin connec-
tions to the Tennessee River system. If walleyes have
been native to the Gulf Coast drainages for thou-
sands of years, physiological and genetic differences
could have occurred to produce a "southern strain."
Polyacrylamide gel disc electrophoresis was used to
determine blood protein differences between wall-
eyes in the Tombigbee River drainage in Mississippi
and walleyes from lowa, Pennsylvania, and New
Y ork. Results suggested that walleyes of the Tom-
bigbee River system can be distinguished from those
collected at the other geographical locations. Wall-
eye growth rates were slower in the Tombigbee River
system than in the Tennessee Valley and Mississippi
River systems. We believe that spring flooding is one
of the major factors limiting the year-class strength
of walleyesin the Tombigbee River system.

The bottomland hardwood forests of the Missis-
sippi Delta are believed to have once been impor-
tant wintering grounds of the central woodcock
population. Continued clearing of this forest type
over the next few decades will significantly reduce
the remaining acreage available to wintering birds.
Thereislittle or no information on the effects of
continued clearing along the middle and lower river
floodplain on overwintering woodcock. In a study
of the use of various age classes of hardwood for-
est and adjacent agricultural lands by wintering
woodcock, we used trained bird dogs to search
along transects within selected stands of five cate-

goriesof bottomland hardwood in the northern and
southern portions of the Mississippi Delta, from
November through March. Asjudged by flush
counts, woodcock were significantly more abundant
in regeneration areas composed of sapling or early
successiona brush and in mature stands than in pole
stands, cottonwood plantations, or narrow strips
of hardwoods. Significantly more birds were
flushed along stand edges than in the interior of
stands. Dry weather during November and Decem-
ber restricted woodcock use to areas with high soil
moisture or with sandy or loamy soils. No wood-
cock were flushed during a 6-day period when the
ground was frozen, but birds were flushed when the
soil thawed the next week. This study showed that
stands in early succession aswell as open stands of
mature bottomland hardwoods were preferred diur-
nal cover. Management considerations should in-
clude production of young second-growth hard-
woods and should emphasi ze opening mature stands
to develop understory. The retention of narrow
strips of cover along streams and field borders
should also be encouraged.

Pennsylvania. Responses of eastern cottontails to
habitat changes resulting from disposal of waste-
water on land isto be investigated by monitoring
population levels, habitat selection, and health pro-
files of the animals. A data base concerning health
profiles of cottontails before introduction of waste-
water has been completed. The results of thisre-
search indicated that body weight, kidney fat, and
thyroxine levels were higher in adult femal es than
in adult males. Significant differencesin health pro-
files were noted among cottontails in different
years. For example, greater heart weights and white
blood cell counts and lower kidney fat were re-
corded in 1978 than in 1976, indicating that the ani-
mals were in poorer condition in 1978. This differ-
ence may have been related to weather conditions
and food. Temperatures were lower and snow cover
was heavier in 1978 than in 1976 and 1977. Rela
tively high levels of globulin were associated with,
and perhaps reflected in, antibody response to
heavy parasite infestation.

Many northeastern States are blessed with an
abundance of small, clean streams with high recrea-
tional potential, situated on public mountain land.
Growth of trout in these streams is often too poor
to support an appropriate level of public fishery use.
Although acidity from precipitation is implicated,
another cause of the poor growth may be a mineral
nutrient deficiency. Brook trout were collected from
four streams of progressively higher mineral content

171



Trends in the population levels of cottontails are being moni-
tored in central Pennsylvaniato help assess the impact of land
application of wastewater (sewage effluent) on the local fauna.
This cottontail is being tattooed before being released near one
of the wastewater pipelines. Photo by S. A. Williams.

in spring and fall. Total ash weight of the fish was
determined, and the concentrations of calcium,
magnesium, and zinc were measured in the stream
water, and in the whole body, bone, skin, muscle,
and viscera of fish. Fish from the low alkalinity
streams grew more slowly than fish from the higher
akalinity streams; they also had higher whole body
zinc levels, even though there were no differences
among streams in the total amount of ambient zinc.
Previous work has shown that low pH and low dis-
solved minerals increase the likelihood of uptake
and accumulation of zinc by fish. Thereislittle evi-
dence that excess zinc has a direct effect on growth,
but there may be indirect or synergistic effects from
the low pH and low ambient calcium levels. Low
pH by itself did not limit growth, since there was
no significant correlation between growth rate and
pH. Calcium concentrations did not increase with
age in fish from the lowest mineral stream, asthey
did in fish from the higher mineral streams. Con-
centrations of all minerals — not just calcium or
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Blood samples taken from the ear of a cottontail are part of a
long-term study to describe and monitor the health profile of
cottontail populations in man-altered environments in Pennsyl-
vania. Photo by R. L.

The response of cottontail rabbit populations to habitat change
resulting from wastewater application is being monitored in cen-
tral Pennsylvania. Measurements of individual rabbits will add
to a data base needed to monitor the health and population of
rabbits associated with the wastewater pipeline system. Photo
by S A. Williams.



magnesium — were lower in fish from streams of low
akalinity, and the minerals occurred in the same
proportions to one another. Further investigation
is needed to determine whether the lower minerali-
zation in such fish is a cause of slow growth rates
or a consequence of them.

The effects of salvage clearcut logging and asso-
ciated land and stream disturbances on resident
trout populations were investigated in the Appala
chian hardwood forest of north-central

Changes in stream populations of wild brook
trout and brown trout in three study segments
draining a 190-acre clearcut area were evaluated and
compared with the characteristics of aresident trout
community in acontrol segment draining an undis-
turbed basin. Data were collected in the spring be-
fore logging, and again in the spring after logging.
Observations included comparisons of population
estimates, age structure, biomass, and condition
factors of resident brook trout, and stream tempera-
tures during and after clear-cutting. After the sal-
vage clearcut, numbers of young-of-the-year trout
declined markedly in the stream segments draining
the cut areas. The number of yearling trout was sig-
nificantly lower in the upper two logged segments
than in the control segment. The mean condition
factor of fish of at least two age groups in these
same study sections appeared to decrease slightly
after logging. An unlogged buffer zone maintained
on both sides of the permanent stream channel
within the clearcut basin apparently prevented
stream temperatures from reaching levels letha to
trout. Two specific actions could have substantially
reduced the erosion that eventually led to stream
sedimentation: (1) more careful planning of the
placement, construction, and maintenance of main
haul roads, landing sites, and skid trails to avoid
spring seeps and excessive grades and reduce the
total area of soil disturbance; and (2) changing the
harvesting season from spring to winter, when the
ground is frozen.

Wyoming. For the past two years, Unit biologists
have been studying golden eagle nesting habitatsin
the Powder River Basin of Wyoming. Conflicts
have occurred between golden eagle nesting and ac-
tivities involving surface mining for coal and ex-
plorations for oil and gas. The golden eagleis cur-
rently protected under the Eagle Protection Act of
1940, but the U.S. Fish and Wildlife Serviceis now
in the process of devel oping regulations that would
permit the removal of eagle nests that interfere with
mining operations, if proper mitigation techniques
can be shown. One technique that is being used in

an attempt to mitigate golden eagle-mining conflicts
isto entice the nesting pair to nest off the coa lease
on an artificial nesting structure. This study was
designed to identify suitable locations for these arti-
ficial structures. We examined nestsin cottonwood
and ponderosa pine trees, on buttes and knobs
(ground nests), and on artificial platforms (i.e.,
windmills). Data were collected on the overall or
gross environmental features associated with the
nest and on features immediately around the nest
sites. Analysis of the datarevealed severa signifi-
cant differences between the types of nest sites and
between the nest sites and the surrounding habitats.
Nests in cottonwood trees were closer to water and
were at lower elevations above sealevel than were
nests in ponderosa pine trees or on the ground.
Ground nests were at higher elevations than were
nestsin pine trees. Shrub cover and density were
greater at ponderosa pine nest sites and shrubs were
taller at cottonwood tree nest sites than in the sur-
rounding areas. Both nest types were at lower eleva-
tions than the surrounding areas. The dataaid in
the identification of siteslikely to be selected for
nest location by golden eagles, and may enable wild-
life managers to place artificial nesting platforms
in locations that most closely resemble natural nest
sites.

Consultants, agency planners, and field biologists
now have a statewide vegetation map to help pre-
dict environmental consequences of land disturb-
ances in Wyoming. Prepared by personnel of the
Unit at the University of Wyoming, themap isa
comprehensive classification system of hundreds of
vegetation types. Map users can identify vegetation
and land types anywhere in Wyoming. They can de-
termine alpine, cropland, grassland, shrubland, and
several other features. Infrared imagery taken by
aLANDSAT satellite was used to identify vegetation
types such as deciduous and coniferous forests. A
zoom transfer scope placed the images on a Wyo-
ming map at a scale of 500,000:1. Smaller maps of
this type have been devel oped for specific areas, but
none of this magnitude have been developed in
Wyoming. The map is beneficial in land manage-
ment planning and environmental impact assess-
ment, and several agencies such as the Game and
Fish Department are finding it to be a useful man-
agement tool. One current project involves assess-
ing the impact that a proposed pipeline corridor will
have on wildlife. Vegetation types that will be en-
countered on the pipeline route can be determined,
and adjustments can be made if certain wildlife spe-
cies might be adversely affected by construction ac-
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Banding a 7-week-old eagle chick in Powder River Basin, Wyoming. Photo by S Anderson.

tivity. An environmental consulting firm is using
the map to predict the extent to which certain crop-
land areas are susceptible to grasshopper infesta-
tions. The effects of mining and other activity can
be monitored by updating the map in future years
and comparing it with the present map.

The use of thermal effluents may be advanta-
geous in fish culture by enabling fish to be kept at
their optimum temperature for growth or by ena-
bling warmwater species to be reared in temperate
regions where they would not otherwise thrive. Lit-
tle work has been done on the potential of thermal
aquaculture in the Rocky Mountain Region. Six
coal-fired steam electric generating stations in Wyo-
ming and Colorado were evaluated to determine the
feasibility of thermal aguaculture at these sites. The
plants were evaluated relative to the physical and
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chemical characteristics of their effluents. Results
indicated that plants with once-through or pond-
cooling systems discharged effluents with water
chemistry adaptable to thermal aquaculture, but
problems with gas supersaturation and chlorine
would require management. Water quality of cool-
ing waters from zero-discharge cooling systems was
unsatisfactory for fish culture. Water volume was
also alimiting factor. Only one station discharged
enough water (298 cfs) to develop a commercial
facility; at all other sites, 4 cfs or less of cooling
water was available for aguaculture operations. We
concluded that a commercial facility would not now
be profitable; a government-operated aquaculture
facility to produce fish for management purposes
appears to be the most feasible use of thermal ef-
fluents.
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Species Index

acara, black 63

Aeromonas hydrophila 78

Aeromonas salmonicida 78

abatross, Laysan 107

alewife 55, 56, 57

ant, fire 26

ant, red fire 13

Asplanchna sieboldi 142

avocet, American 119

Bacillus piliformes 105

badger 12

bass, largemouth, 31, 37, 65, 70, 85, 92, 94, 128,
129, 132, 136, 139, 140, 164

bass, redeye 94

bass, rock 67

bass, smallmouth 25, 136

bass, striped 25, 26, 29, 30, 37, 77, 82, 85, 86, 131,
138, 140

bass, white 131, 134, 140

bass, yellow 134

bat, big brown 48

bat, little brown 48

bat, Townsend's big-eared 53

bat, Virginia big-eared 53

bear, black 157, 162

bear, grizzly 11

bear, polar 122

beaver 104, 105, 157

beaver, mountain 11, 12

birch, paper 120

blackbird, red-winged 2, 3, 5, 6, 9, 23, 42, 43

blackbird, yellow-headed 2, 105

blackfish, Sacramento 37

bloater 25, 55, 57

bluebird, eastern 160

bluegill 25, 26, 28, 32, 34, 35, 37, 63, 65, 70, 91, 94,
128, 132, 136, 140

bobcat 156, 158, 168

bobwhite, masked 51

bobwhite, northern 40, 43, 44, 105

Bosmina 59

bowfin 64

Branchionus rubens 82

buffalo, bigmouth 134

bullhead, black 132, 134

bullhead, yellow 25

bulrush, tule 113

bunting, indigo 13, 160

bunting, painted 160

canvasback 46, 103, 110, 113, 155, 164

Capillaria hepatica 105

cardina 13

caribou 149

carp, bighead 36, 63

carp, common 26, 31, 64, 66, 77, 91, 132, 142

carp, grass 36, 63, 125

catfish, channel 26, 28, 65, 74, 75, 76, 82, 83, 84,
132, 140

catfish, white 26
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Ceratomyxa shasta 81

chipmunk, red-tailed 121
Chlamydomonas reinhardi 86
chub, bluehead 143

chub, humpback 76

chub, tui 130, 141

chub, Utah 66, 143

chukar 44

Clostridium botulinum 109
Clostridium perfringens 107

coot, Hawaiian 54

condor, Californiaii, 48, 50, 51
cordgrass, California116
cormorant, olivaceous 126
cottontail, eastern 164, 168, 169, 171, 172
cowbird, brown-headed 6

coyote 16, 17, 18, 22, 24, 150, 156
crane, greater sandhill 153

crane, lesser sandhill 146

crane, Mississippi sandhill 53, 105
crane, sandhill 49, 152, 167

crane, whooping 49, 50, 153
crappie, black 67, 94, 95, 132, 134
crappie, white 37, 91, 134, 137
Cyclops vernalis 142

dace, blacknose 143

Daphnia magna 60, 142

Daphnia pulex 60, 86, 142

deer, fallow 167

deer, mule 119, 152

deer, white-tailed 19, 52, 154, 156, 158, 167, 168
dickcissel 13

Diphyllobothrium cordiceps 77
Dolly Varden 25, 98

Douglas-fir 121, 129, 166

dove, mourning 103, 104, 162
dove, ring 10

dowitcher, long-billed 116
dowitcher, short-billed 101, 116
duck, black 40, 102, 104, 156
duck, ring-necked 39

duck, wood 164

duckweed, common 167
duckweed, star 167

eagle, bald 38, 44, 48, 53, 106, 107, 109
eagle, golden 21, 106, 107, 117, 173
egret, great 116, 155

egret, snowy 116, 155

elk 11, 150, 152

Epistylis longicarpa 76
Epomidiostomum crami 108
Escherichia coli 80
Euclinostromum heterostomum 76
falcon, peregrine 38, 105

falcon, prairie 117

fallfish 135



ferret, black-footed 121

finch, house 3

flycatcher, Acadian 100

fox, arctic 115

fox, gray 158

frog, Pacific tree 116

frog, red-legged 116

gadwall 110,111

galinule, Hawaiian 54
galinule, purple 170

gecko, barefoot 118, 119
ginger, wild 6

globemallow, scarlet 120
gnatcatcher, blue-gray 100
goat, angora 16

godwit, marbled 153
goldfinch, American 116
goldfish 64, 78, 80

goose, Canada 105, 107, 115, 158, 159, 169
goose, Ross 42

goose, snow 42, 108, 155
goose, white-fronted 114, 155
goosefoot, red 115

goshawk 12

grackle, common 2, 4, 6, 43
grama, blue 120

grayling, Arctic 128, 144
grosbeak, rose-breasted 100
grouse, ruffed 169

gull, Cdlifornia110

gull, great black-backed 100, 162
gull, herring 100, 162

gull, laughing 42

gull, ring-billed 110

hardhead 37

hare, snowshoe 156

hawk, ferruginous 117
Henneguya exilis 81

heron, black-crowned night 40, 155
heron, little blue 155

heron, Louisiana 155

heron, tricolored 155

herring, blueback 135

herring, lake 55

Heteropolaria colisarum 76
hornwort, common 166
Hydrilla verticillata 27, 37

ibis, glossy 155

ibis, white 155

ibis, white-faced 155
khthyophonus hoferi 76, 77
kestrel, American 38, 39, 40, 41
killifish, banded 77

kite, snail 26

knifefish, Central American 77
kokanee 96

lamprey, sea 55, 56, 57, 62, 66, 67

larch, western 121

lingcod 144

lizard, northern alligator 116
llama 16

longspur, chestnut-collared 110
longspur, McCown's 110
loosestrife, purple 162

mallard 40, 41, 43, 102, 110, 111, 115, 155, 160, 163

manatee, West Indian 121, 122
marten 161

meadowlark, western 116
merganser, common 39

mink 152

minnow, fathead 26, 28, 37, 79, 138

minnow, pugnose 134
Moina brachiata 142
moorhen, common 170
moose 117, 120, 149, 150, 156
mosquitofish 25
mountainmahogany, curlleaf 119
mouse, deer 121, 124, 153
mouse, house 23

mouse, western harvest 116
mouse, white-footed 169
mullet, striped 25
muskellunge 73, 141
muskox 148

muskrat 105

mussel, pocketbook 28
myna, Indian 10

myna, pied 10

myotis, gray 47, 53

myotis, Indiana 53
Myxaobolus kisutchi 77
Myxosoma cerebralis 80, 81
Myxosoma hudsonis 77
Myxosoma scleropercae 77
Nodularia spumigena 130
nutria 12

oak, scrub 145

opossum 22

Or nithodi plostomum ptychocheilus 76, 77

osprey 48

otter, river 151, 170

otter, sea 123, 165

ovenbird 100

owl, barred 154

owl, burrowing 117

owl, long-eared 45

owl, screech 15, 39, 40, 45, 48
oystercatcher, American 100, 101
paddlefish 133

parakeet, Hispaniolan 10
parrot, Hispaniolan 54, 55
parrot, Puerto Rican 54, 55
partridge, gray 153

parula, northern 100
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pelican, brown 42 scaup, lesser 46, 110

perch, tule 37 sculpin, mottled 143, 160
perch, yellow 57, 67, 68, 77, 89, 95, 134, 138, 141 sculpin, slimy 56

Peromyscus banderamus 124 seal, Hawaiian monk 124, 132
Peromyscus 124, 125 sedge, slender 163

Peromyscus madrensis 124, 125 shad, American 79, 135, 136, 138
Peromyscus simulus 124, 125 shad, gizzard 66, 91, 140
Peromyscus spicilegus 124, 125 shad, threadfin 37, 93, 94, 140
petrel, dark-rumped 54 shearwater, Newell's 54
pheasant, ring-necked 42 shearwater, short-tailed 100
pigeon, rock 10 shearwater, sooty 100

pike, northern 67, 68, 73, 89 shearwater, wedge-tailed 54
pine, longleaf 145 sheep, Dall's 149

pine, ponderosa 166, 173 shiner, common 135

pine, Scotch 8 shiner, golden 79

pine, slash 145 shiner, mimic 128

pintail, northern 46, 110, 115, 155 shiner, redside 141

pipistrelle, eastern 48 shiner, taillight 134

pipit, Sprague's 110 shoveler, northern 46, 110
Pleistophora hyphessobryconis 77 shrew, vagrant 116
Pleistophora ovariae 76 silverside, inland 128, 140
plover, semipamated 101 silverside, Mississippi 37
plover, snowy 119 skimmer, black 100, 101
prairie dog, black-tailed 161 skink, mole 120

prairie dog, white-tailed 121 skink, sand 120

pronghorn 18, 19 smelt, rainbow 56, 57, 66, 135
pupfish, Comanche Springs 76, 77 snake, black pine 145

quail, California44 snake, black rat 53, 160

quail, coturnix 6 snake, common garter 116
quail, Japanese 47 snake, eastern indigo 145, 146, 147
quail, Mexican bobwhite 105 snake, Florida crowned 120
quelea, red-billed 10, 11 snake, Florida pine 145
quillback 26 snake, green water 125

rabbit, black-tailed jack 20, 21 snake, western terrestrial 116
raccoon 22, 152, 160, 169 snapper, blueline 132

rail, yellow 163 snowberry, western 110

rat, black 14 sparrow, Baird's 110

rat, cotton 125 sparrow, black-throated 150
rat, Norway 10, 22, 24 sparrow, Brewer's 110, 155
rattlesnake, eastern diamondback 145 sparrow, clay-colored 110
raven, common 48, 50 sparrow, grasshopper 110
redhead 110, 164, 165 sparrow, sage 155

redhorse, black 137 sparrow, savannah 116
redhorse, golden 137 sparrow, song 116

redstart, American 100 sparrow, vesper 110

redwood 129 Squawfish, Colorado 76, 77
Renibacterium salmoninarum 77, 96 squawfish, Sacramento 37
Rose, Woods 110 squirrel, golden-mantled ground 11
salmon, Atlantic 33, 77, 78, 82, 135, 138 squirrel, Richardson's ground 14, 105
salmon, chinook 56, 78, 96, 99, 130, 133 squirrel, Wyoming ground 13, 14
salmon, coho 56, 89, 97, 144 starling 8, 9, 43

salmon, sockeye 96, 97, 98, 99 steelhead 96, 133, 138
sandpiper, least 101, 116 stickleback, threespine 37
sandpiper, semipalmated 101 stilt, Hawaiian 54

sandpiper, upland 110 storm-petrel, Harcourt's 54
sandpiper, western 116 sturgeon, shovelnose 134
sauger 67 sucker, razorback 76
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sucker, white 34, 134
summercypress, fireweed 153
sunfish, green 37, 76, 132
sunfish, redear 37, 65
yellow 120
tanager, scarlet 100
tapeworm, Asian 76, 77
teal, blue-winged 42, 110, 159
tern, Caspian 46
tern, common 45, 100
tern, least 101, 119
thrasher, sage 110
tilapia, blue 64, 85, 140
tilapia, Mozambique 63
tilapia, spotted 63
timothy, swamp 116
topminnow, Gila76
tortoise, Bolson 117, 118
tortoise, gopher 145, 147
tropicbird, white-tailed 54
trout, brook 73, 74, 78, 79, 81, 135, 143, 171
trout, brown 56, 73, 77, 89, 95, 137, 164, 173
trout, cutthroat 29, 73, 96, 130, 137, 144
trout, lake 55, 56, 57, 58, 59, 60, 61, 62, 73, 87
trout, rainbow 25, 26, 27, 28, 32, 56, 65, 69, 70, 73,
74,76, 77,78, 80, 81, 86, 87, 89, 95, 96, 137, 138,
142, 143, 164
turnstone, black 100
turtle, leatherback 120

turtle, loggerhead 120

veery 100

vireo, white-eyed 13
vole, Californial16
vole, long-tailed 121
vole, orchard 15
vole, red-backed 121
vulture, turkey 48

walleye 34, 82, 89, 134, 137, 141, 171

walrus 122

warbler, cerulean 100
warbler, hooded 100

warbler, Swainson's 13

warmouth 132

watermilfoil, spiked 128

weasel, long-tailed 14
weaver, village 10

wheatgrass, bluebunch 120
wheatgrass, western 120

whitefish, lake 56, 57

whitefish, mountain 143, 160
wigeon, American 42, 110

wolf, gray 52,

woodcock, American 171
woodpecker, Hispaniolan 10

149

wren, house 160
wren, marsh 116

yellowlegs, greater 116
yellowthroat, common 13
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Pine marten occur throughout forested regions of Alaska. They are an important source of revenue and recreation to trappers.
Thelife strategy of pine marten is being investigated to gain a better understanding of how they cope with extremely low temperatures
and limited food availability. Photo by S. Buskirk.

Investigations of daily activity patterns of moose in Denali National Park; Alaska, show that moose are more active in open habitat
than where dense cover is available, thus leading to increased bias in aerial surveys. Fall was the best time of year for carrying
out aeria surveys. Photo by D. R. Klein.



Electrofishing is the most commonly used technique for fish population estimates in streams. In this small Virginiatrout stream,
one technician maneuvers the electrodes (powered by a back-pack generator) while two others collect stunned fish with dip nets.
A fourth (not shown) transfers the fish to alive-box for temporary retention until they are fin-clipped or tagged and rel eased.

When the operation is |ater repeated in the same section of stream, the relation between the number of marked and unmarked
fish caught is the basis for the population estimate. Photo by G. B. Pardue.
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