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Waterfowl Migration on Klamath Basin National Wildlife

Refuges 1953-2001

By David S. Gilmer', Julie L. Yee? David M. Mauser?, and James L. Hainline®

Abstract

The Klamath Basin National Wildlife Refuge (NWR)
complex, located in northeastern California and southern
Oregon, is situated on a major Pacific Flyway migration
corridor connecting waterfowl breeding grounds in the north
with major wintering grounds in California and Mexico. The
complex comprises five waterfowl refuges including Lower
Klamath NWR, Tule Lake NWR, Upper Klamath NWR,
Klamath Marsh NWR, and Clear Lake NWR, and one bald
eagle refuge, Bear Valley NWR. Lower Klamath and Tule
Lake NWRs are the largest refuges in the complex; histori-
cally, they supported some of the greatest autumn and spring
concentrations of migrating waterfowl in North America.
Starting in 1953, standardized waterfowl surveys from small
aircraft have been conducted in autumn through spring. This
report summarizes waterfowl migration activity (i.e., abun-
dance, species composition, distribution on refuges, and chro-
nology) over four time periods—the long-term (1953-2001),
early (1953-76), recent (1977-2001), and the most recent
(1998-2001)—to describe changing patterns of migration on
Klamath Basin refuges from autumn 1953 to spring 2001.

Over the long term, waterfowl abundance (birds per
day) on the refuge complex averaged about 1.0 million in
autumn and about 360,000 in spring. A record peak count
of 5.8 million waterfowl was recorded September 24-25,
1958. Average abundance of autumn staging waterfowl for
the refuge complex, after reaching record levels in the 1950s
and early 1960s, began a decline that lasted until the 1980s.
A gradual recovery occurred during the 1990s, but autumn
abundance has not recovered to pre-1970 levels. In contrast to
autumn, average spring abundance was generally lower in the
early decades but has gradually increased through the 1990s,
particularly on Lower Klamath NWR.

Dabbling ducks represented an average of 68% of all
waterfowl in autumn and 55% in spring for the long term.

'U.S. Geological Survey, Western Ecological Research Center, 6924
Tremont Road, Dixon, CA 95620, USA

2U.S. Geological Survey, Western Ecological Research Center, 7801 Folsom
Blvd., Suite 101, Sacramento, CA 95826, USA

3U.S. Fish and Wildlife Service, Klamath Basin National Wildlife Refuges,
4009 Hill Road, Tulelake, CA 96134, USA

Northern pintail (Anas acuta) was dominant, representing 62%
of all dabblers in autumn and 51% in spring. A significant
decline in pintail abundance starting in the late 1950s altered
waterfowl composition on Klamath Basin refuges. As pintail
declined, other species such as mallard (Anas platyrhynchos)
and green-winged teal (Anas crecca) increased in abundance.
Although Arctic nesting geese, including white-fronted (Anser
albifrons), cackling Canada (Branta canadensis minima),
white geese (lesser snow [Chen caerulescens caerulescens],
and Ross’s [Chen rossii]) have become less prominent in
recent decades, they reached an historically high abundance
during autumn in the 1960s and 1970s, particularly on Tule
Lake NWR.

Tule Lake NWR supported the highest average autumn
waterfow] populations until surpassed by Lower Klamath
NWR around 1980. During the recent period (1977-2001),
Lower Klamath NWR accounted for 60% of all waterfowl
using the refuge complex in autumn and 61% in spring. Habi-
tat diversity and wetland productivity contributed to its greater
waterfow] abundance. Tule Lake NWR supported the most
geese over the long term, 79% in autumn and 66% in spring;
however, total waterfowl abundance on this refuge in autumn
has been in decline, likely because of reduced diversity and
productivity of sumps in the refuge. Upper Klamath, Klamath
Marsh, and Clear Lake NWRs accounted for less than 8% of
total waterfowl use in autumn and spring but provided diverse
habitats for migrants.

Waterfowl use-days on Klamath Basin refuges typi-
cally peaked in mid-autumn, decreased as migrants passed
through the basin, and then reached a lesser peak during spring
passage. Waterfowl abundance reached a pronounced peak
in autumn during the early period (1953-76), but spring peak
buildup was much less pronounced. For the recent period the
autumn peak was more subdued.

Waterfowl abundance, species composition, and distri-
bution on Klamath Basin refuges have fluctuated over the
decades and have been influenced by events such as productiv-
ity on breeding grounds and habitat conditions on wintering
grounds that cause shifts in migration patterns. A major chal-
lenge for the future appears to be the availability of adequate
water for wetland management on Klamath Basin refuges.

Key words: California, chronology, Klamath Basin
refuges, migration, Oregon, survey, trends, waterfowl
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Introduction

The Klamath Basin* of California and Oregon has long
been recognized as an important migration staging area for
waterfowl’. Pioneers passing through the basin in the 1850s
reported huge numbers of waterfowl along the shores of Tule
Lake (R.M. Abney, USFWS, unpub. rpt., 1964). Early ornitho-
logical explorations described large concentrations of water-
birds throughout the extensive marshes of the region (Chap-
man, 1908; Bryant, 1914). Early settlement and agriculture
in the basin resulted in reclamation projects (Byrne-Shirley,
1996a, 1996b) and railroad developments that greatly reduced
the marshes that had attracted legendary numbers of staging
and breeding waterfowl. The earliest and most significant of
these projects was the Klamath Reclamation Project, which
started in 1905 and initiated an era of loss and degradation
of the wetlands in the basin (see Rienecker and Anderson,
1960; Blake and others, 2000). Concerns of conservationists
resulted in the establishment of the nation’s first waterfowl
refuges in 1908, the Lower Klamath National Wildlife Refuge
(NWR) and the Malheur NWR in eastern Oregon (Gabrielson,
1943). However, threats to basin habitats continued, includ-
ing a railroad bed which blocked water flows into the Lower
Klamath NWR until the 1940s (USFWS, KBNWR, unpub.
rpt.; Weddell, 2000; H. McCollum, USFWS, written commun.,
2000; E. O’Neill, USFWS, written commun., 2000). Follow-
ing the establishment of Lower Klamath NWR, a succession
of other units was added, including Clear Lake NWR (a water
storage reservoir) in 1911, Tule Lake and Upper Klamath
NWRs in 1928, and Klamath Marsh NWR (originally Klamath
Forest Refuge) in 1958. Bear Valley NWR, a sixth refuge, was
acquired in 1978 to protect a major night roost for winter-
ing bald eagles. Today, the national wildlife refuges of the
Klamath Basin comprise these six units and are a complex
of marshes and uplands of critical importance to waterfowl
and other migratory birds in the Pacific Flyway under the
management of the U.S. Fish and Wildlife Service (USFWS).
Congress passed the Kuchel Act (Public Law 567-88) in 1964,
legislation intended to ensure that certain refuge habitats are
preserved for migratory waterfowl but that allow for continued
agricultural practices consistent with waterfowl conservation.

The Klamath Basin is situated in a high desert transition
zone between the southern Cascade and the northern Sierra
Nevada Mountains. The basin forms a natural corridor for
migrants traveling between major wintering areas in Califor-
nia’s Central Valley (Gilmer and others, 1982) and Mexico
(Bellrose, 1980) and breeding grounds in Alaska, northern
and boreal forests, Canadian parklands and prairies, the
U.S. prairies, and the intermountain areas in Oregon and

*The Klamath Basin as referenced in this report is the Upper Klamath Basin
watershed defined by the U.S. Fish and Wildlife Service (USFWS unpub.
data; C. Mullis, USFWS, written commun., 2002).

*Nomenclature for the species mentioned in this report is in Appendix 1.

Washington (Bellrose, 1980). Few areas in North America
support such an impressive mix of waterfowl populations from
different source areas. The strategic location of the Klamath
Basin in the Pacific Flyway creates a situation unique in North
America. Tule Lake NWR and Lower Klamath NWR provided
resting and feeding habitat for 80% of the ducks of the Pacific
Flyway (Laycock, 1973) and have been described as North
America’s greatest goose concentration area (Gabrielson,
1943; Butcher, 1963; Bellrose, 1980). They also are listed

as key conservation sites for birds in North America (CEC,
1999). Over 30 species of waterfowl and numerous species of
shorebirds, waders, and other wetland-dependent birds migrate
through Klamath Basin.

We analyzed estimates of waterfowl abundance on
Klamath Basin refuges from aerial surveys conducted from
autumn 1953 through spring 2001. Our objectives were to (1)
describe waterfowl abundance and species composition on
Klamath Basin refuges during autumn and spring, (2) describe
migration chronology, and (3) describe and evaluate changes
in abundance, species composition, and migration chronology
for this complete time period.

Areas Surveyed

Refuge Complex

Klamath Basin NWR complex is within the Upper Klam-
ath Basin, a 17,626 km? region comprised of watersheds for
the Lost, Sprague, and Williamson Rivers and Upper Klamath
Lake drainage (fig. 1) (USFWS, unpub. data, 2002). The
complex comprises five waterfowl refuges and one bald eagle
refuge encompassing a wide range of habitat and topography.
Regional climate is dry with 25-41 cm of annual precipitation,
and with hot summers and cold winters. The average elevation
is about 1,200 m above sea level. Tule Lake NWR and Lower
Klamath NWR are the largest and best known refuges. Both
units are situated mostly in northern California, immediately
south of the Oregon state line. A portion of land on each
refuge is farmed in accordance with the Kuchel Act under
a 1977 cooperative agreement between the U.S. Bureau of
Reclamation (USBR) and the USFWS.

Lower Klamath National Wildlife Refuge

Lower Klamath NWR is located in Klamath County,
Oregon, and Siskiyou County, California, about 8§ km south-
west of Merrill, Oregon, and west of Tule Lake NWR. These
two refuges are separated by Sheepy Ridge, a 3.2 km-wide
ridge several hundred feet high. The 21,692 ha refuge is the
largest in the complex and supports a diverse mix of shal-
low seasonal marshes, open water, grasslands, and croplands
managed to provide forage, resting, nesting, molting, and
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Figure 1. The Klamath Basin National Wildlife Refuge (NWR) complex includes Lower Klamath, Tule Lake,
Clear Lake, Upper Klamath, Klamath Marsh, and Bear Valley NWRs. The general route followed for the
aerial waterfowl surveys are indicated by the dashed line. Bear Valley NWR, a forested refuge acquired
to protect bald eagles, was not included in the aerial surveys. The Upper Klamath Basin watershed is

indicated by a broken line.

brood-rearing habitat for waterfowl and other birds (see Miller  Tule Lake National Wildlife Refuge

and Collins, 1953; Mauser and others, 1994b). Large numbers

of waterfowl and colonial nesting birds breed on the refuge. This 15,824-ha refuge, located in California in Siskiyou
Water for this refuge is pumped from the Tule Lake NWR and ~ and Modoc Counties, about 10 km west of Tulelake, consists
is also available from the Klamath River via the Ady Canal. of two open water sumps (reservoirs) totaling 5,261 ha (about

Lower Klamath National
Wildlife Refuge (NWR) in
Siskiyou County, California,
established in 1908, was one
of the first waterfowl refuges
in the nation. Itis the largest
unit of the Klamath Basin NWR
complex. Habitat diversity and
wetland productivity on this
refuge have contributed to
high waterfowl abundance.
Competition for limited water
supplies in the Klamath Basin
has the potential to affect this
refuge more than any other in
the complex.
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3,200 ha-m) surrounded by croplands. A portion (currently,
about 6,880 ha) of the surrounding area is farmed by USBR
lessees. Refuge permittees farm another 770 ha of cereal grain.
This crop, together with the waste grain and potatoes from

the lease program, is a major food source for migrating and
wintering geese and other field-feeding waterfowl. Irrigation
water is managed by the Tule Lake Irrigation District under a
contract with USBR. During the 1950s and 1960s, the open
water and agricultural lands of this refuge supported North
America’s greatest concentration of autumn migrant waterfowl
(Butcher, 1963), and in the 1970s, it was considered the most
important waterfowl refuge in the nation (Laycock, 1973).

Clear Lake National Wildlife Refuge

The 8,094-ha Clear Lake reservoir surrounded by high
desert is the dominant feature of this 13,517-ha refuge, located
about 16 km east of Tulelake, California, in Modoc County.
The reservoir, with water levels regulated by the USBR, is
the primary source of agricultural water for the eastern half of
the Upper Klamath Basin. Small islands provide nesting sites
for the American white pelican, double-crested cormorant,
and other colonial nesting birds. Upland vegetation consisting
of various perennial grasses, common sagebrush and Sierra
juniper surround the reservoir.

Tule Lake National Wildlife
Refuge in Siskiyou and Modoc
Counties, California, is well
known for the large concentra-
tions of geese that traditionally
use this refuge. The refuge
comprises two large open
water sumps surrounded by
croplands of mostly cereal
grains and alfalfa, which
provide foraging areas for
migrating geese. Agricultural
acreage and crops grown are
determined by the Kuchel Act
of 1964. The southern boundary
of the refuge is adjacent to the
Lava Beds National Monument.
This is an aerial view of the
upper sump, a portion of which
is a large emergent marsh.

Clear Lake National Wildlife
Refuge in Modoc County, Cali-
fornia, is a large open water
reservoir surrounded by high
desert, consisting mostly of
sagebrush and juniper. The res-
ervoir serves as a storage for
irrigation water and supports
relatively sparse aquatic habi-
tat. Islands in the reservoir are
important to colonial nesting
waterbirds such as American
white pelicans.



Upper Klamath National Wildlife Refuge

Situated in Klamath County, Oregon, on Upper Klamath
Lake, this 5,828-ha refuge comprises primarily freshwater
marsh and open water providing excellent resting, foraging,
nesting, and brood-rearing areas for waterfowl and colonial
nesting birds. Hank’s Marsh, a 607-ha unit situated on the
southeastern edge of Upper Klamath Lake, was acquired in
1965.

Areas Surveyed 5

Klamath Marsh National Wildlife Refuge

Located about 32 km north of Chiloquin, Oregon,
in Klamath County, this refuge was acquired in 1958 and
contained approximately 6,637 ha of wetlands. In 1990, addi-
tional acquisitions increased the total refuge area to 15,217 ha.
Originally designated as Klamath Forest NWR, the refuge was
recently renamed because virtually all of the historic Klamath
Marsh now lies within the refuge boundaries. This largely
unmanaged marsh provides important nesting, feeding, and
resting habitat for waterfowl, while the surrounding meadow-
lands are attractive nesting and feeding areas for waterfowl,
sandhill crane, yellow rail, and various shorebirds and raptors.

Upper Klamath National Wild-
life Refuge in Klamath County,
Oregon, is situated near the
northern end of Upper Klamath
Lake. A smaller unit (Hank's
Marsh) is located on the
southeast shore of the lake.
The open water and emergent
marsh provides excellent
habitat for migrating water-
birds. This view looks across
the lake over the northern unit
of the refuge. Because this
marsh is open to Upper Klam-
ath Lake, marsh water depths
are dependent on lake levels
mandated for endangered fish
and irrigation deliveries.

Klamath Marsh National Wild-
life Refuge in Klamath County,
Oregon, is surrounded by
mountains, and at an elevation
of about 1,400 m, is the highest
refuge in the Klamath Basin
NWR complex. This largely
unmanaged marsh provides
important migration and
breeding habitat for waterfowl
and other waterbirds includ-
ing sandhill cranes. Klamath
Marsh supports the largest
population of breeding Yellow
rails in the Klamath Basin.
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Methods

Aerial Surveys

The first recorded aerial survey of migratory birds on a
Klamath Basin refuge took place April 4, 1944, on Tule Lake
NWR and was followed later by surveys on Clear Lake NWR
in 1949 and Lower Klamath in 1952 (KBNWR, unpub. rpts.,
1944-52 [refuge surveys]). Migratory bird populations were
censused primarily from the ground until 1953 when refuge
biologists began conducting two or more aerial surveys per
season on Lower Klamath, Tule Lake, Clear Lake, and Upper
Klamath NWRs. From 1953 to 1977, both ground and aerial
surveys were conducted, but starting in 1978 ground surveys
were mostly discontinued.

Waterfowl surveys were usually initiated in late August
or early September when the first white-fronted geese and
northern pintails typically arrived. Surveys continued approxi-
mately biweekly through late April or early May to include
late spring flights of cinnamon teal and gadwall. Surveys of
the five waterfowl refuges (fig. 1) were usually conducted in
two consecutive days but were sometimes delayed because of
fog, snow, or wind (>28 km/h). Surveys of Lower Klamath
and Tule Lake NWRs were usually conducted on the same
day to reduce double counting of waterfowl moving between
the two refuges. Surveys were flown in a single-engine,
high-wing aircraft, 30-50 m above terrain, with a speed
of 140-150 km/h and were conducted along standardized,
parallel transects spaced 0.4 km apart at each refuge except
at Clear Lake NWR where the shoreline of the reservoir was
followed. The observer sat in the right front seat and counted
birds within a 0.4-km swath that was parallel to the aircraft
track. Large waterfowl concentrations were circled to obtain a
complete count before resuming the track. The pilot-observer
team developed their own maneuvering procedures to survey
individual wetland units within each refuge efficiently and
safely. Double counting was considered to be minimal because
most waterfow] were seldom flushed by the survey aircraft
(E. O’Neill, USFWS, written commun., 2000; J. Hainline).
Counts were dictated on a voice recorder. The amount of time
it took to survey each refuge ranged from 1.5 hr at Lower
Klamath NWR during peak populations and full-flood in the
autumn to less than 10 min at smaller refuges during a freeze
or drought.

Identifying and Counting Waterfowl

Aerial techniques developed by Glahn (1967) were used
to identify and count waterfowl. To improve species identifica-
tion, air-ground transects were used in the 1970s (E. O’Neill,
USFWS, written commun., 2000). Observers routinely tallied
the following species: northern pintail, mallard, American
wigeon, northern shoveler, gadwall, green-winged teal,

cinnamon teal, wood duck, ruddy duck, canvasback, redhead,
ring-necked duck, bufflehead, cackling Canada goose, tundra
swan, and American coot®.

Some closely related species were difficult to reliably
identify from aircraft and instead were tallied as groups. These
“groups” included white geese (combined lesser snow geese
and Ross’s geese; see McLandress, 1979); white-fronted geese
(combined Pacific greater white-fronted geese and greater
tule white-fronted geese; see Timm and others, 1982); large
Canada geese (combined western [Great Basin] Canada geese
and lesser Canada geese; see Mowbray and others, 2002);
scaup (combined lesser scaup and greater scaup); goldeneye
(combined common goldeneye and Barrow’s goldeneye);
cinnamon teal (included blue-winged teal, present in relatively
low numbers; see Wheeler, 1965); and mergansers (combined
common, red-breasted, and hooded mergansers). Ducks were
classified as either dabbling ducks (Anas spp., and Aix sponsa)
or diving ducks (Aythya spp., Bucephala spp., Mergus spp.,
and Lophodytes cucullatus). In rare situations, such as low
visibility or flock mixing, ducks were grouped as unidentified
dabbling ducks or unidentified diving ducks.

Data Files and Handling

Aerial survey data were transcribed from voice recorders
to data forms upon return to the office. Computer data files
were started in 1993, and all survey data acquired before then
were transcribed into a single database. In 1996, a system-
atic database evaluation was created to eliminate errors and
inconsistencies and to ensure the computer database agreed
with refuge narrative reports and records. A standard data
record included fields describing the following: refuge, date
(month, day, year), observer’s initials, survey method (aerial,
ground), type of survey (periodic, midwinter, breeding duck,
and special surveys), count reliability (complete, incomplete),
individual species count (26 species), and group counts (total
dabblers, total divers, total geese and swans, total waterfowl).
Data files were managed by using FoxPro and Excel software
in preparation for data analysis. All statistical analyses were
conducted by using SAS software (SAS Institute Inc., 1999).

Characteristics of Survey Data

Our analysis included survey data from autumn 1953
through spring 2001. We used only data from aerial surveys
that were conducted for waterfowl inventories. Ground surveys
and the occasional incomplete and special surveys (survey
focused on only selected species) were not considered in
our analysis. During this period, 2,831 aerial surveys were

% American coot (Family Rallidae) was included with waterfowl (Family
Anatidae) in this survey because they were closely associated with ducks,
geese, and swans and were among the most abundant waterbird on Klamath
Basin refuges during migration.



conducted on the five waterfowl refuges during the autumn
and spring seasons. Percentages of total surveys conducted

at each refuge were: Lower Klamath NWR - 24%, Tule Lake
NWR - 23%, Clear Lake NWR - 19%, Upper Klamath NWR
- 19%, and Klamath Marsh NWR - 15%. The average number
of aerial surveys conducted per year on each refuge was 6.7
during the autumn period (August through December) and

5.5 during the spring period (January through May). Surveys
were usually conducted on a biweekly schedule. At least two
surveys were conducted on refuges each season in all years
except no spring surveys were conducted on Clear Lake NWR
in 1955 and Klamath Marsh NWR in 1982, and no autumn
surveys were conducted on Upper Klamath NWR in 1959

and Klamath Marsh NWR in 1994. Survey schedules were
sometimes altered because of drought (Klamath Marsh NWR),
weather, and budget constraints.

Terminology

Seasons

The annual migration cycle was partitioned into two
seasons: autumn and spring. Autumn surveys included those
conducted in August (only prior to 1982), September, October,
November, and December. Spring season surveys included
those conducted in January (January 1 was arbitrarily defined
as the start of spring), February, March, April, and May (only
prior to 1984). December and January were mostly transition
months, and waterfowl present in the Klamath Basin NWRs
during those months were considered to be overwintering.

Waterfowl Abundance

Waterfowl abundance was described in various ways to
give several dimensions to population assessment and to assist
in characterizing migration patterns and measuring change.
Abundance between surveys was interpolated between survey
dates by a cubic spline method, a piecewise cubic polynomial
function that fits a smooth curve for all observed abundance
(fig. 2). This method allowed us to describe seasonal trends
and also estimate a spline peak value that may be greater
than the observed peak count (highest survey count for that
season and year). In calculating seasonal average abundance,
we standardized the range of dates for the autumn and spring
seasons to reduce relative biases in years having an extended
schedule of surveys. The autumn season was constrained to
fall between September 1 and December 31, inclusive, and the
spring season between January 1 and April 30, inclusive. In
certain years, when the surveys did not span the entire range of
autumn or spring, September 1 and April 30 abundances were
not interpolated, and their values were estimated to be equal to
that of the nearest survey date.

For each year, refuge, species, and waterfowl group,
seasonal abundances were summarized into a total or an
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Figure 2. An example of a smooth curve fitted to survey counts
of northern pintails on Lower Klamath NWR during autumn
through spring 1990-91 using a cube spline function. The top graph
illustrates the derivation of total bird use-days and average birds
per day. The bottom graph illustrates the derivation of median use-
date and interquartile range.

average abundance. Total abundances across the autumn

and spring seasons were equal to the number of waterfowl
use-days. Use-days were calculated on a monthly basis to
give a profile of the rate at which birds passed through the
refuges during migration. The autumn total was divided by
92 (number of days in autumn), and the spring total by 89

(90 when including leap day) to determine an average abun-
dance, or the average birds per day (bpd) (fig. 2). The average
abundance of birds per day gave us a description of sustained
refuge use, and peak count abundance provided an assessment
of surges in migrating populations, whereas the number of
waterfowl use-days gave us a description of cumulative days
of refuge use. Average birds per day were plotted versus per
year to discern annual patterns.

Multi-Year Averaging

Three-year running averages were calculated to dampen
yearly fluctuations inherent in variability among surveys
without masking significant annual changes. For describing
changes over longer periods the running average time period
was increased to 24 years, which smoothed all short-term
fluctuations and allowed us to compare simply the “early
period” (24-year average 1953-76 including autumn 1953
through spring 1977) to the mutually exclusive and “recent
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period” (24-year average of 1977-2001, including autumn
1977 through spring 2001). The “long-term” average included
all survey years (1953-2001). Comparisons involved contrast-
ing periods and long-term averages with the present status.

To describe present status, but to avoid biases inherent in
considering only 1 year, we averaged the most recent 3 years
(1998-2001, from autumn 1998 to spring 2001).

Seasonal Chronology

Daily abundance estimated by spline interpolation was
used to depict the seasonal pattern of abundance and approxi-
mate migration chronology (fig. 2). The distribution of use-
days helped to identify central periods of abundance during the
season and in the process delineated early migrating species
from late migrating species. For ease of comparison, the distri-
butions were summarized by their lower, middle, and upper
quartiles that represented the dates at which, respectively,
25%, 50%, and 75% of the use-days have occurred. Box plots
were used to graphically depict the estimated range of dates
during which the middle 50% of seasonal use-days was allo-
cated, defined by the lower and upper quartiles, also known as
the interquartile range. The middle quartile, also known as the
median, was the date that separated the early 50% of use-days
from the later 50% of use-days. Seasonal patterns also were
described in terms of total use-days distributed per month.

Other Data Files

Breeding ground waterfowl counts (1955-2001) for ducks
from the traditional North American survey areas (strata 1-18,
20-50, and 75-77, see Smith, 1995; USFWS, 2000) and Cali-
fornia midwinter survey counts (1955-2001) (USFWS, unpub.
data) were compared to Klamath Basin survey data. Breeding
ground surveys were begun in May, typically after Klamath
Basin spring surveys were completed. Midwinter surveys
occurred in early January during the transition between
Klamath Basin autumn and spring surveys. Analyses included
(1) Klamath Basin autumn survey counts regressed on the
previous spring breeding ground survey counts, (2) midwinter
survey counts regressed on previous Klamath Basin autumn
counts, and (3) Klamath Basin spring survey counts regressed
on previous midwinter survey counts.

Results and Discussion

Reliability of Waterfowl Surveys

Observer bias in aerial surveys has been discussed in
numerous papers (see Diem and Lu, 1960; Martinson and
Kaczynski, 1967; Smith, 1995; Hodges and others, 1996).
We could not assess the accuracy of the aerial survey data

presented in this report. However, consistency and continuity
were inherent in the conduct of Klamath Basin surveys. About
90% of all aerial surveys from 1953 to 2001 were conducted
by four biologists; two biologists conducted nearly all aerial
surveys from 1962 to 2001. Observers were very familiar with
habitat conditions on each refuge, and aerial surveys were
conducted 8-10 months each year, providing frequent opportu-
nities for experience. We believe that the low turnover rate of
and the considerable survey skills acquired by a few experi-
enced refuge biologists undoubtedly improved the quality of
the data. Experienced observers reported that survey skills
improved over time, particularly in counting difficult species
such as green-winged teal (J. Hainline; also see Moisan and
others, 1967; Sauer and others, 1994). Observer bias undoubt-
edly was a factor in Klamath Basin aerial counts, but biases
that existed were consistent because of the low number and
overlap of observers. For instance, McLandress (1979) tended
to overestimate flocks of white geese of greater than 1,500
birds, whereas, if flocks were greater than 2,000, Boyd (2000)
considered his observations to be biased low. The difficulty

of multispecies waterfowl identification further complicated
the analysis. Regardless, these data serve as the best available
indices to autumn and spring waterfowl populations in the
Klamath Basin NWRs. Indeed, aerial surveys are the basis for
most estimates of waterfowl populations.

Waterfowl Abundance on Klamath Basin
National Wildlife Refuge Complex

All Waterfowl

Overview

The highest ever observed peak count of about 5.8
million waterfowl occurred in autumn on September 24-25,
1958. The highest observed peak count in spring was about
1.2 million on March 1, 1960. After reaching record popula-
tions in the 1950s, total waterfowl populations in autumn in
the Klamath Basin complex began to decline in the mid-1960s
(fig. 3), mostly because of the steep population declines at
both Tule Lake and Lower Klamath NWRs (fig. 4). Average
autumn abundance for the complex reached the lowest levels
in the 1980s. However, the lowest spring counts occurred in
the early 1950s. Populations began a slow recovery through
the 1990s mostly because of increasing autumn and spring use
of Lower Klamath NWR. Waterfow] estimates greater than 1.0
million for the complex were not observed again until March
16, 1994, when a spring peak count exceeded 1.1 million.

Long-Term Period Versus Most Recent Period

Long-term (1953-2001) waterfowl abundance on the
Klamath Basin NWR complex averaged about 1.0 million
birds per day (bpd) in autumn and about 360,000 in spring.
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Figure 3. Three-year running average of total waterfowl abun-
dance (birds per day) during autumn and spring for the Klamath
Basin NWR complex, 1953-2001.
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In contrast, autumn abundance for the complex during the
most recent 3-year period (1998-2001) was about 46% less, or
about 450,000 bpd less. However, spring waterfowl abundance
was greater by 11%, averaging about 40,000 more bpd (table
1; Appendixes 2a, 2b, and 3a). Population peaks tracked
similar changes in waterfowl abundance. Over the long-term
period, peaks averaged about 2.1 million in autumn, and about
660,000 in spring. Compared to the long-term period, the aver-
age peak count in the most recent 3 years decreased by 47% to
about 1.1 million in autumn, but the spring peak increased 2%
to about 680,000 (table 1).

Early Period Versus Recent Period

Waterfowl abundance on Klamath Basin refuges declined
greatly between the early (1953-76) and recent (1977-2001)
periods. Autumn abundance for the early period averaged
about 1.4 million bpd, and the average peak count was about

Spring
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Figure 4. Three-year running average of total waterfowl abundance (birds per day) during autumn and spring for Lower Klamath and
Tule Lake NWRs (upper plots) and Upper Klamath, Klamath Marsh, and Clear Lake NWRs (lower plots), 1953-2001.
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Table 1. Comparison of average waterfowl abundance (birds per day and peak spline counts) on the Klamath Basin NWR
complex for the long-term (1953-2001) period and the most recent 3 years (1998-2001).

Autumn Spring
Long-term Most recent Percent Long-term Most recent Percent
period period change period period change
(1953-2001) (1998-2001) (1953-2001) (1998-2001)
Birds per day 1,001,045 545,486 -45.5 359,191 400,229 +114
Peak counts 2,073,504 1,108,128 -46.6 663,194 677,542 +2.2

3.0 million (table 2; Appendixes 2a and 3a). Autumn abun-
dance decreased 56% to an average of 620,000 bpd, and the
average peak count decreased 64% to 1.1 million from the
early to the recent period. The decrease in abundance between
the early and recent periods was not as great in spring as it was
in autumn. For instance, average abundance and peak counts
in spring for the early period were about 370,000 and 710,000,
respectively (table 2; Appendix 2b). Spring abundance
decreased, but only by 3%, and average peak count decreased
12% from the early to the recent period. The difference
between autumn and spring abundance on the complex also
diminished over time (fig. 3). Spring waterfowl abundance
averaged about 26% of autumn abundance during the early
period, versus 57% in the recent period.

Auvailability of habitat was more widespread in spring
than in autumn because spring runoff created numerous
seasonal wetlands on nonrefuge lands. This may partly explain
why fewer migrants were counted on refuges in spring than
autumn. (Refuge lands supported an average 62% of all
waterfowl in the Klamath Basin in autumn and 59% in spring
from 1991-2001. Surveys of nonrefuge waterfowl areas began
in 1991 and were done in conjunction with routine survey
flights [KBNWR, unpub. rpt., 1992-2002].) But slower
population turnover rates in autumn compared to spring could
also account for some disparity between seasons. Addition-
ally, as autumn populations have decreased over time, spring
abundance increased or remained fairly constant, thereby
narrowing the difference between autumn compared to spring.
Seasonal wetland conditions, particularly on Lower Klamath

and Klamath Marsh NWRs during the 1990s, appeared to have
attracted increased numbers of spring migrants. A combination
of these factors interacted to cause changes in autumn versus
spring waterfowl abundance; however, the trends between the
early period and the recent period, coupled with the population
increase in the most recent period (1998-2001), strongly suggest
that spring use of some Klamath Basin refuges did increase.

Composition of Waterfowl Groups and Species

Overview

Waterfowl species were divided into the following four
groups: dabbling ducks, diving ducks, geese and swans,
and American coot. Dabbling ducks, influenced greatly by
changing northern pintail populations, attained peak numbers
in the late 1950s and then declined in the 1960s (Appendix
3a). In contrast, diving duck numbers were relatively stable
over the years and less influenced by changes in individual
species. Geese and swans, dominated by Arctic nesting geese
(white-fronted, cackling Canada, and snow/Ross’s), reached
historically high peaks during autumn in the 1960s and 1970s
on Tule Lake NWR but became less significant on Klamath
Basin NWRs in more recent decades. Tundra swans increased
in spring during the 1980s and 1990s, which can be attributed
mostly to an increase on the Lower Klamath NWR. American
coots decreased in autumn during the 1960s, but their numbers
have increased in spring on the Lower Klamath NWR in recent

Table 2. Comparison of average waterfowl abundance (birds per day and peak spline counts) on the Klamath Basin NWR
complex for the early period (1953-76) and the recent period (1977-2001) in autumn and spring.

Autumn Spring
Early period Recent period Percent Early period Recent period Percent
(1953-76) (1977-2001) change (1953-76) (1977-2001) change
Birds per day 1,387,027 615,053 -55.7 365,124 353,263 -3.2
Peak counts 3,039,553 1,107,454 -63.6 705,389 621,000 -12.0




decades. Typically, geese, swans, and diving ducks made
up a greater proportion of the total waterfowl during spring
compared to autumn.

Long-Term Period Versus Most Recent Period

Dabbling ducks were the dominant waterfowl group on
the Klamath Basin NWR complex over the long-term period,
representing on average 67% (674,506 bpd) of all waterfowl
use-days in autumn and 55% (197,483 bpd) in spring. (North-
ern pintails accounted for 63% of dabbling ducks in autumn
and 51% in spring.) Geese and swans were the second ranked
group, accounting for about 17% of all waterfowl abundance
in autumn and 28% in spring (Appendixes 2a and 2b). For
comparison, counts on the refuge complex during the most
recent 3 years (1998-2001), included an average of 73%
(395,959 bpd) dabbling ducks in autumn and 52% (209,698
bpd) in spring. Geese and swans represented about 7% of
total waterfowl in autumn and 28% in spring. Diving ducks
and American coots made up the balance of waterfowl on the
refuge complex in autumn (12% and 8%, respectively) and
spring (13% and 7%, respectively).

Early Period Versus Recent Period

Dabbling ducks maintained clear dominance during both
the early and recent periods in autumn and spring. This
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dominance was in spite of a major autumn decline in total
waterfowl abundance from the early period compared to

the recent period. Dabblers represented 67% (929,951 bpd)
of all waterfowl in autumn during the early period (fig. 5;
Appendix 2a). The group’s percentage increased slightly to
68% (419,052 bpd) in the recent period even as abundance
declined. Diving ducks, as a proportion of total waterfowl in
autumn, increased from 4% to 8% between periods, but the
proportion of geese and swans declined from 17% in the early
period to about 15% in the recent period. In spring, dabbling
and diving ducks increased as a percentage of total waterfowl
from the early to the recent period, but geese and swans
decreased between periods (fig. 5; Appendix 2b).

A substantial decline in northern pintail abundance
starting in the late 1950s altered waterfowl composition on
Klamath Basin NWRs (also see Banks and Springer, 1994). As
northern pintails declined, other species increased in promi-
nence. Noteworthy in autumn were mallards, which increased
from 5% in the early period to nearly 16% of total waterfowl
in the recent period, and green-winged teal, which increased
from less than 1% to nearly 9% (Appendix 2a). In spring,
American wigeon, northern shoveler, and green-winged teal
each increased in relative prominence by 4% or more of total
waterfowl from the early to the recent period (Appendix 2b).
These increases were due not only to declines in northern
pintail dominance but also to substantial increases in abundance
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Figure 5. Abundance (birds per day) of waterfowl groups on the Klamath Basin NWR complex for the early period (1953-76) compared
to the recent period (1977-2001), for autumn and spring. The most abundant species within each group are shown. [Note: Some closely
related species were tallied as groups. See Identifying and Counting Waterfowl, p. 6. Other dabblers = all dabblers except Northern
pintails. Other divers = all divers except ruddy ducks. Other geese and swans = all geese and swans except white-fronted geese.]
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(>13,000 bpd) of these species despite major declines in

total waterfowl abundance between early and recent autumn
periods. The increased importance of several duck species in
Klamath Basin in the recent period relative to the early period
was probably a reflection of a strong recovery in breeding
ground populations (except for northern pintails) in the 1990s
after drought conditions on traditional breeding grounds in the
late 1980s (USFWS, 2001a).

Monthly Changes in Composition

From the beginning of autumn migration to the end of
spring migration, the proportion of species and waterfowl
groups on the Klamath Basin refuge complex was constantly
changing (fig. 6). For instance, dabbling ducks represented
a greater proportion of total ducks in autumn compared to
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Figure 6. Changing composition of waterfowl groups and the
most abundant species on Klamath Basin NWR complex each
month, September through April, for the early period (1953-76)
and the recent period (1977-2001). [Note: Some closely related
species were tallied as groups. See Identifying and Counting
Waterfowl, p. 6. Other dabblers = all dabblers except Northern
pintails and mallards. Other geese and swans = all geese and
swans except white-fronted and white geese.]

spring. During December and January mallards reached their
highest proportion of total waterfowl. Diving ducks, geese,
and swans, particularly white geese (see Identifying and
Counting Waterfowl, p. 6), were most abundant in spring
months compared to autumn.

Potential Influence of Central Valley Habitats

The Sacramento Valley, which forms the northern region
of the Central Valley, is the wintering ground for a majority of
waterfowl passing through the Klamath Basin, and along with
the Sacramento—San Joaquin River delta and the San Joaquin
Valley, accounts for about 60% of wintering waterfowl in
the Pacific Flyway (Gilmer and others, 1982). The northern
terminus of the Sacramento Valley is about 160 km south
of the Klamath Basin, a relatively short flight for migrating
waterfowl. Weather patterns can trigger migration movements
(Richardson, 1978); however, other factors were important in
this region. Agricultural practices and water management in
the Central Valley, particularly the Sacramento Valley, prob-
ably influenced the timing and rate of migration through the
basin, as well as the duration of time spent on the wintering
area. For instance, in an effort to decompose rice straw without
exceeding burning limitations (imposed for air quality stan-
dards), autumn flooding of rice fields in the Sacramento Valley
increased from about 25,000 ha in 1985 to about 61,000 ha
by 1995 (CVHIV, 1996) and averaged about 130,000 ha from
1997 to 2001 (J. Garr, Ducks Unlimited, Inc., oral commun.,
2002). Also, new varieties of rice are currently harvested 10-
30 days earlier and fields are flooded earlier than they were in
the late 1970s (J. Williams, University of California Coopera-
tive Extension, oral commun., 2002). The overall effect has
been that in recent decades, more habitats have been available
for waterfowl] earlier in autumn than they were prior to the late
1970s. These and other changes from 1985 to 1995 throughout
the Central Valley, including expanded area of duck clubs
and publicly managed habitats (32% increase) and increased
sanctuary (40% increase) (CVHIV, 1990; CVHIV, 1996),
may encourage a tradition for waterfowl to pass more rapidly
through Klamath Basin enroute to the Central Valley. On the
other hand, drainage of flooded rice fields starting in late Janu-
ary, spring burning of rice fields, and drought, such as in the
winter of 1980-81 (Miller, 1986), reduce available habitats and
may hasten spring departures from the Central Valley. Also,
cropping patterns in response to world agricultural markets
can change rapidly, potentially greatly altering the distribution
and abundance of Central Valley waterfowl habitats.

Relation to Other Surveys

Northern Breeding Grounds

The relation between waterfowl average abundance on
the Klamath Basin NWR complex and waterfowl population



indices for northern breeding grounds varied. Correlations

at the 0.05 significance level were apparent for only two of
nine species for the early period, but six of nine species were
significant during the recent period (table 3). Mallard and
northern shoveler appeared to have no correlation within either
period, and scaup showed negative correlation within both
periods.

California Midwinter

Ultimate destinations for most waterfowl migrat-
ing through the Klamath Basin were traditional wintering
grounds in California, mostly in the Central Valley, so one
might expect abundance of waterfowl staging on the Klamath
Basin NWR complex would predict midwinter counts for
California’s wintering grounds. This expectation was tested
for 20 species by using a statistical regression of California
midwinter survey counts on the previous Klamath Basin
autumn average abundance. Similarly, the relationship was
tested again by regressing the spring average abundance on
Klamath Basin refuges from the previous midwinter counts
for the same species. Comparisons were made separately for
the early and recent periods. During autumn, correlations
significant at the 0.05 level were apparent for three species
during the early period and 10 species for the recent period
(Appendix 4a). Indeed, during autumn for the recent period,
the correlation was significant for total waterfowl. The regres-
sion of midwinter counts from Klamath Basin abundance in
spring produced only one significant correlation in the early
period; however, eight species had significant correlations
for the recent period (Appendix 4b). And similar to autumn,
Klamath Basin total waterfowl spring abundance during the
recent period was significantly correlated with midwinter
counts. The poor association during the early period may be
related to variability in surveys conducted in the early years.
For instance, variability (e.g., differences in observers, timing,
and weather) in midwinter counts could explain poor tracking.
Also, this variability could be due in part to the single survey
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for the midwinter counts, whereas Klamath Basin estimates
were the result of a smoothing and averaging process over
several surveys per season.

Waterfowl Abundance on Individual Refuges

Lower Klamath National Wildlife Refuge

Lower Klamath refuge had its highest waterfowl abun-
dance in autumn during the late 1950s and early 1960s when
populations averaged nearly 1.0 million birds per day (bpd),
with a peak of 2.1 million on October 12, 1960. A count
of about 640,000 waterfowl on February 24, 1968, was the
highest spring waterfowl count to date on a single refuge. (A
new record spring count of nearly 810,000 occurred March 13,
2002.)

Waterfowl habitats on Lower Klamath refuge tradition-
ally largely consisted of seasonal wetlands and agricultural
lands periodically flooded to control weeds (KBNWR, unpub.
rpt., 1960-2002 [various dates]). These wetlands provided a
rich diversity of foods to meet nutritional demands of migra-
tion and reproduction for many species of ducks (Pederson
and Pederson, 1981,1983).

Over the long-term period (1953-2001) the refuge
supported an average of about 45% (about 450,000 bpd) of
Klamath Basin NWR complex waterfowl during autumn
(Appendix 2¢) and about 54% (nearly 200,000 bpd) in spring
(Appendix 2d). Waterfowl populations in autumn declined
steeply in the early 1960s, stabilized somewhat through the
1970s and 1980s, and recovered partially in the 1990s (fig.

4; Appendix 3b). Spring abundance declined after peaking in
the 1950s, fluctuated through the 1970s and early 1980s, then
sharply increased through the late 1980s and early 1990s. In
the early period (1953-76), Lower Klamath NWR supported
38% of total waterfowl in autumn and 47% in spring. During
the recent period (1977-2001), this refuge accounted for 60%

Table 3. Klamath Basin NWR complex autumn waterfowl counts regressed on the previous May breeding ground counts for the
early period (1953-76) and the recent period (1977-2001). Bold = significant correlation.

Species Early period (1953-76) Recent period (1977-2001)
Slope SE P-value r Slope SE P-value r?

Northern pintail 0.78 0.43 0.08 0.14 0.93 0.25 0.00 0.40
Mallard 0.58 0.42 0.18 0.09 -0.26 0.32 0.42 0.03
American wigeon 0.19 0.47 0.68 0.01 0.72 0.30 0.02 0.22
Northern shoveler 0.30 0.29 0.32 0.05 0.41 0.34 0.24 0.06
Gadwall 0.10 0.25 0.70 0.01 0.59 0.27 0.04 0.18
Green-winged teal -0.24 0.44 0.59 0.01 2.70 1.21 0.04 0.19
Canvasback 1.14 0.97 0.26 0.06 1.24 0.41 0.01 0.30
Redhead -1.09 0.44 0.02 0.24 0.52 0.61 0.40 0.03
Scaup -1.50 0.65 0.03 0.21 -1.55 0.50 0.01 0.32
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of all waterfowl using the complex in autumn and 61% in
spring. For comparison, the refuge supported an average of
66% (361,771 bpd) of all waterfowl in autumn during the most
recent 3-year (1998-2001) period. Starting about 1980, Lower
Klamath NWR displaced Tule Lake NWR as the most heavily
used refuge in autumn (fig. 4). It was the dominant refuge in
spring most years. The refuge has seen a steady increase in
spring abundance in all waterfowl groups from about 170,000
bpd in the early period, to about 220,000 in the recent period
(fig. 7), and most recently (1998-2001) the average is over

260,000 bpd (Appendix 2d).

But these patterns in total waterfowl abundance did not
carry over to separate waterfowl groups. For example, over the
long-term period, there was a higher proportion of dabbling
ducks using this refuge, but for geese, the proportion was
lower compared to Tule Lake NWR (Appendixes 2e and 2f).

Adequate water for optimal wetland management, habitat
diversity, increased wetland productivity, and perhaps the
relative decline in the sumps at Tule Lake NWR have made
Lower Klamath NWR the keystone of the Klamath Basin
NWR complex in recent decades.

Tule Lake National Wildlife Refuge

Tule Lake NWR recorded its highest waterfowl abun-
dance in autumn during the 1950s when populations averaged
more than 1.1 million bpd, with a peak count of about 4.2
million on October 13, 1957 (the highest count ever recorded
on a Klamath Basin refuge).

Over the long-term period (1953-2001), the refuge
supported an average of about 50% (about 500,000 bpd) of
Klamath Basin refuge complex waterfowl during autumn
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Figure 7. Abundance (birds per day) of waterfowl groups on Lower Klamath, Tule Lake, and other (Upper Klamath, Klamath Marsh, and

Clear Lake) refuges for the early period (1953-76) compared to the recent period (1977-2001), for autumn and spring. The most abundant
species within each group are shown. [Note: Some closely related species were tallied as groups. See Identifying and Counting Water-
fowl, p. 6. Other dabblers = all dabblers except Northern pintails. Other divers = all divers except ruddy ducks. Other geese and swans =
all geese and swans except white-fronted geese.]



(Appendix 2e) and about 38% (nearly 140,000 bpd) in spring
(Appendix 2f). During the mid to late 1950s, waterfowl
populations on Tule Lake refuge in autumn increased to record
levels (fig. 4; Appendix 3b). These spectacular waterfowl
concentrations were composed mostly of northern pintails,
which averaged more than 80% of total waterfowl using the
refuge in autumn at that time. Autumn abundance sharply
declined, from about 1959 through the early 1960s. The down-
ward trend continued until the early 1980s when populations
appeared to stabilize. Waterfowl on Tule Lake refuge during
the early period (1953-76) averaged 59% of total waterfowl
using the entire complex in autumn and 46% in spring.
During the recent period (1977-2001) average abundance on
the refuge had decreased to about 32% of total waterfowl in
autumn and about 30% in spring. In comparison, abundance
averaged 28% (152,729 bpd) of total waterfowl in autumn
and 27% (110,232 bpd) in spring for the most recent period
(1998-2001).

Although dabbling ducks represented the majority of
waterfowl on Tule Lake refuge, geese accounted for about
26% of waterfowl in autumn and 48% in spring. Indeed,

Tule Lake NWR supported a long-term average of 79% of
the total goose population using the complex in autumn and
66% of all geese in spring. Dabbling ducks (mostly northern
pintails), geese and swans, and American coots showed the
largest proportional declines on the Tule Lake NWR in the
recent period compared to the early period (fig. 7; also see
Appendixes 2e and 2f). The decline in autumn populations
on Tule Lake NWR, even as North American duck popula-
tions increased in the late 1960s and 1970s (USFWS, 2001a)
and Lower Klamath NWR counts trended mostly upward in
autumn and spring (1980s and 1990s; fig. 4), suggested that
local habitat conditions were a factor.

Contributing to this was the Kuchel Act, which was
created in 1964 to protect the refuge by preventing further
homesteading on reclaimed land and stopping any further
reduction in the size of the Tule Lake NWR sumps. Ironically,
the Act inadvertently restricted the ability of refuge managers
to manipulate water levels in future years. Fixed water levels
and siltation eventually contributed to reduced productivity
and diversity of the sumps (D.M. Mauser, 1995, USFWS,
unpub. rpt.; Mauser and others, 1995; USFWS, KBNWR,
2000). During the 1950s, small grains accounted for more
than 80% of crops grown on the refuge. Waste grain provided
an abundant food source for field-feeding ducks and geese in
autumn (O’Neill, 1999). Acreage of row crops increased and
small grain acreage decreased through the 1960s, but grain
crops still averaged about 70% of the refuge’s leased crop-
lands in recent decades (USFWS, KBNWR, and U.S. Bureau
of Reclamation, unpub. rpt., 1970-2000 [various dates]).
Continued availability of waste grain, supplemented in recent
decades by potatoes, suggested that food availability in fields
on Tule Lake NWR was not a factor limiting usage by water-
fowl (also see Frederick and others, 1992). A likely cause of
decline in waterfow]l use on Tule Lake NWR, relative to Lower
Klamath NWR, was the deterioration of its sumps (Line,
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Snow geese feeding in barley fields on Tule Lake National Wildlife
Refuge with Mt. Shasta in the background. Cereal grains planted
for waterfowl food and waste grains in harvested fields provide
abundant high energy forage for field-feeding geese, mallards,
and Northern pintails.

1997) and the concomitant habitat improvements on Lower
Klamath NWR. Refuge managers have initiated programs to
reverse trends in wetland habitat decline by effective use of
water to mimic the hydrological diversity of historic Tule Lake
(USFWS, KBNWR, 2000).

Upper Klamath, Klamath Marsh, and Clear Lake
National Wildlife Refuges

From 1953-2001, waterfowl abundance on these three
refuges combined averaged about 47,000 bpd in autumn and
27,000 in spring (Appendixes 2g-21). Waterfowl distribu-
tion among the refuges as a percentage of the total Klamath
Basin NWR complex was: Upper Klamath, 4% (autumn),
3% (spring); Klamath Marsh, less than 1% (autumn) and
3% (spring); and Clear Lake, less than 1% (autumn) and 1%
(spring). Peak waterfowl populations for these refuges were
about 286,000 (autumn 1990) and 64,000 (spring 1972) for
Upper Klamath; 98,000 (autumn 1960) and 145,000 (spring
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1995) for Klamath Marsh; and 74,000 (autumn 1993) and
59,000 (spring 1995) for Clear Lake. Since surveys began,
average waterfowl abundance changed relatively little on
Klamath Marsh and Clear Lake NWRs until the 1990s when
both refuges saw large fluctuations in spring (fig. 4; Appendix
3c). In contrast, Upper Klamath has seen large fluctuations

in autumn abundance throughout its history. Among these
three refuges in autumn, Upper Klamath NWR typically held
the most dabblers and divers and Clear Lake NWR held the
most geese. In spring, most dabblers and geese were found
on Klamath Marsh NWR and most divers on Upper Klamath
NWR. Events such as drought, grazing, and fire may explain
some of the major fluctuations in waterfowl abundance.

For instance, in 1990 a new acquisition to Klamath Marsh
NWR more than doubled its size. The new addition had been
intensively grazed and the refuge was burned in the early
1990s following drought. For 3 years following flooding in
the mid-1990s, waterfowl use in spring on this refuge reached
unusually high levels (fig. 4; Appendix 3c). Average waterfowl
abundance in autumn increased on Upper Klamath NWR but
decreased on the other refuges from the early period to the
recent period. New marsh developments on private ranches
around Upper Klamath Lake in the last decade may have
altered waterfowl usage patterns on Upper Klamath NWR (H.
Carlson, University of California, written commun., 2002). In
spring, between the early and recent period, waterfowl abun-
dance for Klamath Marsh NWR nearly doubled, for Upper
Klamath NWR it increased slightly, and for Clear Lake NWR
it decreased except for a temporary rise in the mid-1990s.
However, little overall change was noted in total waterfowl
using these three refuges as a proportion of the whole refuge
complex (fig. 7). Clear Lake NWR supported limited forage,
and most waterfowl use on this refuge was attributed to

Northern pintails resting

at Lower Klamath National
Wildlife Refuge during autumn
migration. Pintails are the most
abundant waterfow! using the
Klamath Basin NWRs and were
concentrated by the millions

in autumn in the 1950s and
1960s. In recent decades pintail
populations have declined, and
numbers have not responded
to improved conditions on
northern breeding grounds as
other species have.

overflow from nearby Tule Lake NWR, particularly when
waterfowl populations peaked during the 1950s to around
1976 (H. McCollum, USFWS, oral commun., 1999). From
1998-2001, average waterfowl abundance, when compared
to the long-term period, declined on these refuges, with only
Klamath Marsh NWR showing an increase in spring.

Changing Status of Prominent Species

Northern Pintail

The northern pintail was the most abundant waterfowl
species on the Klamath Basin NWR complex, averaging 42%
(420,000 birds per day) of total waterfowl in autumn and 28%
(100,000 bpd) in spring over the long-term period (1953-2001)
(Appendixes 2a and 2b). No other species on Klamath Basin
NWRs has come close to the pintail in abundance. In the early
period (1953-76), pintails averaged 50% of total waterfowl
in autumn and 35% in spring. During the 1950s and 1960s,
pintails often represented more than 60% of total waterfowl
during autumn. A count of 3.3 million pintails on Tule Lake
NWR on October 13, 1957, was the highest count to date
for a single waterfowl species on any refuge in the Klamath
Basin complex. After several decades of decline, starting in
the late 1950s, autumn pintail abundance in the Klamath Basin
NWRs stabilized in the 1980s (Appendix 3a). Currently, North
America’s pintail breeding population is 23% below the 1955-
2000 long-term average (USFWS, 2001a), and unlike most
other ducks, it has not responded to favorable wetland condi-
tions on breeding grounds (Miller and Duncan, 1999). In the
Klamath Basin complex during autumn 1998-2001, pintails




were 73% below their long-term average. During the recent
period (1977-2001) pintails averaged 25% of total waterfowl
in autumn and 22% in spring. Most recently (1998-2001),
pintail populations have changed little, averaging about 22%
of both autumn and spring total waterfowl. Pintail abundance
in the Klamath Basin complex in autumn for the recent period
reflected trends similar to breeding ground counts (table 3),
suggesting linkage between autumn flights from traditional
breeding grounds and Klamath Basin populations. Also, there
appeared to be association between both autumn and spring
abundance in the Klamath Basin NWRs and populations
wintering in California’s Central Valley during the 1977-2001
period (Appendixes 4a and 4b). Recent satellite telemetry
studies (Miller and others, 2000) have highlighted the impor-
tance of refuges and private lands in southern Oregon and
northeastern California as spring stop-over sites for pintails
returning to breeding grounds. The autumn index for Klamath
Basin pintails was higher for the early period compared to the
recent period and most recent years (1998-2001) (table 4),
reflecting the large population buildups (mostly on Tule Lake
NWR) that occurred during autumn migrations from the 1950s
through the 1970s. The spring index was relatively unchanged
for all periods.

Mallard

The mallard, North America’s most abundant waterfowl
(USFWS, 2001a), was the second most abundant waterfowl
(excluding coot) on the Klamath Basin NWR complex,

Results and Discussion 17

averaging 8% (85,000 bpd) of total waterfowl in autumn
(Appendix 2a) and 6% (23,000 bpd) in spring (Appendix 2b)
from 1953-2001. During the early period, mallards averaged
5% of total waterfowl in autumn and 5% in spring. Mallard
numbers in autumn declined on the complex (primarily on
Tule Lake NWR) from the late 1950s through the late 1970s.
But starting in the early 1980s and continuing through the
1990s, mallard abundance increased (primarily on Lower
Klamath refuge) (Appendixes 3a and 3b). During the recent
period, mallards averaged 16% (97,000 bpd) of total waterfowl
in autumn and 7% (26,000 bpd) in spring. Abundance has
changed slightly during the most recent years, and mallards
represented 17% (93,000 bpd) of total waterfowl in autumn
and 5% (20,000 bpd) in spring from 1998-2001; abundance
was about 10% above the long-term average in autumn and
about 13% below in spring.

There appeared to be no association between mallards
in Klamath Basin NWRs in autumn and traditional breeding
ground counts (table 3). Some investigators noted only weak
linkages between surveys of mallards in most Pacific Flyway
states and the breeding ground survey (USFWS, 2001b).
Further, recoveries from mallards in California showed little
connection to traditional breeding grounds (Munro and
Kimball, 1982; Rienecker, 1990; also see Trost, 1986). A
portion of the mallards in Klamath Basin NWRs in autumn
may originate from breeding areas outside the traditional
survey range (i.e., British Columbia, Washington, Oregon).
Moreover, Bellrose (1980) identified Klamath Basin NWRs
as a major waterfowl production area of the intermountain

Table 4. The average California midwinter (January) survey counts for prominent species during 1953-76, 1977-2001, and 1998-2001.

[The average Klamath Basin NWR complex spline peak counts for the autumn and spring expressed as a proportion of the midwinter count shown as the autumn
index and the spring index, respectively. The index is considered a minimum estimate of waterfowl staging on the Klamath Basin NWRs because turn-over rate

is unknown]

Species Early period (1953-76) Recent period (1977-2001) Most recent period (1998-2001)
California  Autumn Spring California Autumn Spring California Autumn Spring
midwinter index' index? midwinter index' index? midwinter index' index?

Northern pintail 2,204,660 0.77 0.15 1,458,530 0.22 0.13 1,113,563 0.22 0.18

Mallard 497,510 0.34 0.11 409,241 0.43 0.18 437,083 0.38 0.12

White-fronted 129,616 2.40 0.47 108,813 0.77 0.57 188,105 0.26 0.59

goose?

Cackling Canada 118,720 2.05 0.24 25,057 2.22 0.43 2,265 7.48 0.25

goose

White goose* 424,288 0.55 0.41 411,599 0.22 0.28 442,173 0.09 0.26

Total waterfowl 5,500,000 0.55 0.13 4,296,323 0.26 0.14 4,716,963 0.23 0.14

! Klamath Basin NWR complex average spline peak count in autumn divided by California midwinter count.
2 Klamath Basin NWR complex average spline peak count in spring divided by California midwinter count.
3 White-fronted goose includes Pacific greater white-fronted goose and greater tule white-fronted goose.

4 White goose includes lesser snow goose and Ross’s goose.
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West. Others have observed that Klamath Basin NWRs

may be a wintering area for mallards produced in northeast
California (see Rienecker, 1990; Mauser and others, 1994a,
1994b; McLandress and others, 1996). Also, the Klamath
Basin appears to be a molting area (see Rienecker, 1990)

for post-breeding mallards from northern California (Yarris
and others, 1994), further complicating the relation between
Klamath Basin NWRs and wintering areas to the south. No
relationship was apparent between mallard abundance in
autumn in Klamath Basin NWRs and the California midwinter
survey (Appendixes 4a and 4b). Also, there was no associa-
tion between mallards overwintering in the Columbia Basin,
Washington (see Rienecker, 1990), and autumn abundance in
the Klamath Basin NWRs during the early (r’= 0.07, P=0.22)
or the recent periods (r>=0.11, P=0.12). The autumn index
for mallards has increased for the recent and current periods
compared to the early period. The spring index also increased
after the early period (table 4), suggesting mallard use of the
basin had increased in recent decades. According to Rienecker
(1990), banding data from California suggested that two
subpopulations of mallards were evident, one associated with
the Central Valley and the other with the northeastern part of
the state.

White-Fronted Geese

The Klamath Basin NWR complex, and particularly Tule
Lake NWR, exceeded any other staging site for white-fronted
geese in the Pacific Flyway. Always the most abundant goose,

White-fronted geese were the
most abundant geese migrating
through Klamath Basin. Popu-
lations reached high levels
during the 1960s and 1970s but
declined sharply from exces-
sive subsistance and sport
harvest. Pacific populations
have recovered, but Klamath
Basin autumn numbers have
not returned to former levels.
White-fronts breed primarily
in Alaska’s Yukon-Kuskokwim
Delta.

“white-fronts” averaged 7% (73,000 bpd) of total waterfowl in
autumn (Appendix 2a) and 8% (28,000 bpd) in spring (Appen-
dix 2b) over the long-term period. Peak numbers occurred

in autumn during the 1950s and 1960s, but a decline starting
about 1969 (see O’Neill, 1979) reached the lowest levels in the
1990s (Appendix 3a). The Pacific Flyway population of white-
fronted geese, measured by peak populations in the Klamath
Basin NWRs, decreased by almost 90% between 1967 and
1986 (USFWS, unpub. data, 1967-86 [survey data]; Pacific
Flyway Council, 1987), an event attributed to subsistance
harvest on Alaska’s Yukon-Kuskokwim Delta (Klein, 1966)
and recreational hunting in the Pacific Flyway (Bartonek

and others, 1971; Raveling, 1984; Pamplin, 1986). Nearly
coincidental with the sharp downturn in white-fronted goose
abundance in Klamath Basin NWRs was the largest outbreak
of avian cholera (Pasteurella multocida) ever recorded, which
affected mostly white-fronted geese and snow geese (Rosen,
1971) and occurred in California in the winter of 1965-66 and
again in 1970-71 (Rosen, 1971; Botzler, 1991). The Pacific
Flyway white-front population began a recovery starting about
1985 (USFWS, 2000), but autumn populations on Klamath
Basin NWRs indicated no concurrent increase; instead the
population showed an apparent decline. For instance, white-
front abundance in autumn decreased from an average 40,000
bpd to 21,000 bpd between the recent and the most recent
(1998-2001) periods, respectively. A slight increase occurred
between the mid-1980s to the mid-1990s. In comparison, the
midwinter number for white-fronts in California (mostly the




Sacramento Valley) surged from an average count of about
109,000 for the recent period to current counts averaging
nearly 190,000 (table 4). These numbers suggest that although
the flyway population has increased in recent decades, no
proportional increase in white-fronts that stopover in Klamath
Basin in autumn has occurred. Changing migration patterns
(Takekawa and Ely, 1997) and expanding wetland habitats

in the Central Valley (CVHIYV, 1990, 1996) starting in the
1990s may explain the apparent autumn white-front decline
on Klamath Basin NWRs (see Frederick and others, 1992).
However, as the importance of the white-front on Klamath
Basin NWRs waned in autumn, it became more prominent in
spring. From the early period to the recent period, white-fronts
increased from 7% (25,000 bpd) of total spring waterfowl to
9% (32,000 bpd), and currently to 12% (50,000 bpd) in 1998-
2001. This trend was reflected in the autumn index, which has
declined from the early to recent periods, but spring indices
have increased (table 4). There was no significant relation
between the abundance of white-fronted geese in the Klamath
Basin NWRs in autumn and the California midwinter survey
(Appendix 4a). Correlation in spring was significant, however,
(Appendix 4b) suggesting that some white-fronts overfly
Klamath Basin refuges in autumn but stop on return spring
migration.

Cackling Canada Geese

Populations of cackling Canada geese in Klamath Basin
NWRs followed a pattern similar to white-fronted geese.
Originating from breeding grounds on the Yukon-Kuskokwim
Delta (Nelson and Hansen, 1959; Michelson, 1975), “cack-
lers” have traditionally passed through Klamath Basin en route
to wintering grounds in California’s Central Valley. As early
as the 1930s these geese were an important component in
the bag of Klamath Basin hunters (Gilmer and others, 1986;
Fleskes and others, 1994). Cacklers staging at Klamath Basin
NWRs, mostly Tule Lake NWR, averaged 4% (42,000 bpd) of
total waterfowl in autumn (Appendix 2a) and 2% (6,200 bpd)
in spring (Appendix 2b) over the long-term period (1953-
2001). During the early period (1953-76) they represented
5% (64,000 bpd) of total waterfowl in autumn and 3% (9,200
bpd) in spring. Cacklers were never a prominent species in
spring on basin refuges. Autumn abundance reached a peak
in the 1960s, then steadily decreased until the mid-1980s (see
O’Neill, 1979) (Appendix 3a). Similar to white-fronted geese,
the cackler population declined Pacific Flyway-wide and was
attributed to excessive harvest (Raveling, 1984; Pamplin,
1986). From about 1984 to 2000 the Pacific Flyway population
increased steadily (USFWS, 2000). However, the population
in Klamath Basin NWRs showed a corresponding increase
only from about 1985 through the mid-1990s, and counts have
since declined to nearly insignificant levels (table 4; Appendix
3a). The concurrent decline of cacklers in traditional wintering
areas in the Central Valley was confirmed by the correlation
between population counts in the Klamath Basin NWRs and
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the California midwinter counts (Appendixes 4a and 4b).
During the recent period, cacklers averaged 3% (20,000 bpd)
of total waterfowl in autumn and less than 1% (3,300 bpd) in
spring. And from 1998 to 2001, cacklers represented less than
1% (4,300 bpd) of total waterfowl in autumn and less than
1% (200 bpd) in spring. The decrease in cacklers in Klamath
Basin NWRs was related to their increasing tendency to
overwinter in the Lower Columbia River of Washington and
Oregon, and in the Willamette Valley of Oregon, a tradi-

tion which began about 1984 (Raveling and Zezulak, 1992;
Cornely and others, 1998; Jarvis and Bromley, 1998) and
continued to increase through the mid-1990s (USFWS unpub.
rpts., 1990-98 [survey data]). The autumn index was higher
for cacklers compared to most other species and increased
from the early to the recent period as the number of birds in
Klamath Basin NWRs exceeded numbers wintering to the
south (table 4). The spring index increased between the early
and recent periods but decreased in recent years as cackler
numbers dwindled in California.

White Geese

White geese migrating through Klamath Basin NWRs
include snow geese from the western Arctic and Wrangel
Island, Russia, and Ross’s geese from the central and western
Arctic (USFWS, 2000). Following a pattern similar to other
Arctic geese staging on Klamath Basin NWRs in autumn,
populations of white geese decreased after reaching peak
levels in the late 1960s and early 1970s (see O’Neill, 1979)
(Appendix 3a). The decline of both the western Arctic and
Wrangel Island populations passing through the Klamath
Basin and wintering in California seems to have been due
more to changes in movement patterns than to population or
regional differences in survival and productivity (Hines and
others, 1999; Armstrong and others, 1999). However, like
white-fronts, the initial white geese decline occurred nearly
coincidental to a major avian cholera outbreak that struck
wintering waterfowl (mostly white-fronts and white geese)
in California (Rosen, 1971; Botzler, 1991). For the long-term
period (1953-2001) staging white geese averaged 4% (43,000
bpd) of total waterfowl in autumn (Appendix 2a) and 16%
(58,000 bpd) in spring (Appendix 2b). For the early period
(1953-76) white geese represented 4% (61,000 bpd) of total
waterfowl in autumn and 19% (70,000 bpd) in spring, but they
decreased to 4% (24,000 bpd) in autumn and 13% (47,000
bpd) in spring in the recent period. White geese populations
varied in most recent years (1998-2001), averaging 2% (9,500
bpd) of total waterfowl in autumn and 12% (49,000 bpd) in
spring (Appendixes 2a and 2b). The declining importance
suggested white geese may have begun bypassing Klamath
Basin NWRs during autumn migration starting about the late
1980s, which has been reflected in declining autumn indices
(table 4). The spring index changed only slightly between
the recent and current periods. Habitat improvements in the
Central Valley starting in the 1990s (CVHIV, 1990, 1996)
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may encourage an accelerated passage of white geese, as
with white-fronted geese, through Klamath Basin en route
to Central Valley wintering grounds. Relationships were not
significant between abundance of white geese in the Klam-
ath Basin and the California midwinter surveys in autumn
(Appendix 4a) and spring (Appendix 4b).

Other Waterfowl

Significant (P < 0.05) abundance changes in other
waterfowl species varied greatly among time periods, season,
and refuge (Appendixes 2 and 3). Most population declines
on the Klamath Basin NWR complex occurred in autumn, but
most increases were noted in spring. For instance, for autumn
migration during the early period (1953-76), significant
decreases occurred for six species (bufflehead, canvasback,
redhead, ring-necked duck, ruddy duck, and American coot),
and no species showed an increase (Appendix 2a). For the
recent period (1977-2001), autumn changes were nearly
equally divided with five decreases (American wigeon,
cinnamon teal, wood duck, mergansers, and redhead) and six
increases (green-winged teal, gadwall, canvasback, ring-
necked duck, ruddy duck, and scaup). For the long-term period
(1953-2001) significant decreases occurred for seven species
in autumn (American wigeon, cinnamon teal, wood duck,
redhead, ruddy duck, merganser, and American coot) and three
species increased (green-winged teal, ring-necked duck, and
scaup). Population changes in spring migration contrasted to
autumn. For the early period, an increase in refuge complex
use occurred for two species (cinnamon teal and mergansers)
and no species declined (Appendix 2b). However, in the recent
period, increases occurred for nine species (green-winged
teal, gadwall, northern shoveler, bufflehead, canvasback,
ring-necked duck, scaup, tundra swan, and American coot),
but only cinnamon teal declined. For the long-term period,
spring increases occurred in nine species (American wigeon,
green-winged teal, gadwall, northern shoveler, bufflehead,
canvasback, ring-necked duck, scaup, and tundra swan), and
no species decreased.

Several of the above species were noteworthy for large
(>50%) changes in abundance between time periods. For
instance, green-winged teal in autumn increased from less
than 1% (10,192 bpd) of total waterfowl in the early period
to 9% (52,324 bpd) in the recent period, representing a 413%
increase in abundance (Appendix 2a). For spring the increase
was 285% (Appendix 2b). Over the long-term period the
teal population increased about 8% per year in autumn and
6% in spring. For the period of 1998-2001, green-winged
teal averaged 17% (95,000 bpd) of all waterfowl in autumn,
ranking below only northern pintail, even as their population
had begun a decline from a record high. Next to green-winged
teal, the ring-necked duck had the largest proportional change
in abundance, increasing 172% in autumn and 442% in spring
for the recent period compared to the early period. Scaup
increased 63% in autumn and 59% in spring for the recent
period compared to the early period. Northern shoveler and

tundra swan abundance increased in spring 51% and 77%,
respectively, while redhead abundance decreased 57% in
autumn.

The American coot was among the most abundant
waterfowl on Klamath Basin NWRs in autumn, representing
11% (106,445 bpd) of all waterfowl over the long-term period.
However, autumn average abundance declined about 68%
from the early to the recent period. For the long-term period
the American coot declined about 5% per year (Appendix
2a). Abundance during the most recent period (1998-2001)
changed little compared to the previous period.

Increases in green-winged teal, gadwall, and northern
shoveler abundance on Klamath Basin NWRs during the
recent period reflected trends on traditional breeding grounds
(USFWS, 2000), but only the increases for gadwall and
green-winged teal were significant (table 3). Some of the
increase in green-winged teal may be attributed to improv-
ing ability over time in sorting out teal from other species
during surveys (J. Hainline). Significant increases in scaup
in Klamath Basin NWRs have run counter to decreases in
the North American breeding population (Austin and others,
2000; USFWS, 2001a). The redhead was a prominent breeder
on Tule Lake and Lower Klamath NWRs in the 1950s and
1960s (Rienecker, 1968), but the local breeding population
has declined (USFWS, KBNWR unpub. rpt., 1953-70 [various
surveys]), and the species has been relatively unimportant,
averaging less than 1.0% of total waterfowl in autumn and
spring from 1998-2001. In contrast, the continental redhead
population has exceeded the long-term average since the early
1990s (USFWS, 2001a).

Migration Chronology

Autumn

Long-Term Period Versus Most Recent Period

The passage of waterfowl through the Klamath Basin
NWR complex, measured by average use-days, typically
peaked in October then decreased until spring migration began
in January and February. Exceptions to this pattern were
diving ducks and geese, which reached autumn peak use-days
in November during the 1950s and 1960s. The average median
use-date, a marker to judge the timing of migration, was
October 25 for dabbling ducks, October 27 for diving ducks,
and November 4 for geese. From 1998 to 2001 the median
use-dates for both dabblers and divers, when compared to the
long-term period, occurred 4 days later and for geese 3 days
later. The time span between median use-dates of the earliest
arriving migrant (typically cinnamon teal in mid-September)
and the last arrival (tundra swan in early December) averaged
76 days (Appendix 5a). The average time span of the inter-
quartile range was 39 days. Arrival, buildup, and departure
dates among Klamath Basin NWRs were nearly synchronous.



Early Period Versus Recent Period

During the early period (1953-76), waterfowl rapidly
reached peak use-days in October. This pattern was influenced
by the behavior of the large population of northern pintails
staging on Tule Lake NWR in the 1950s through the 1970s.
Compared to the early period, use-days in the recent period
(1977-2001) increased more slowly, reaching a maximum in
November, and a prominent peak was not apparent (fig. 8).
During the 1950s and early 1960s, the first migrant northern
pintails moved into Klamath Basin NWRs in August but did
not arrive until 1 month later by the late 1960s (Rienecker,
1987). Successful nesting conditions on prairie breeding
grounds during early decades may have allowed a large
proportion of northern pintails to migrate earlier, thereby
reaching the Klamath Basin NWRs earlier in the autumn
season. Conditions on traditional northern pintail nesting
grounds have likely been less favorable in more recent decades
(see Miller and Duncan, 1999). Median use-dates were later
(0 =7 days) for all waterfowl groups in the recent period
than during the early period, indicating a shift in the timing
of migration over the long-term period (see Appendix 5a).
Field observations over a 10-year period suggested a tendency
for waterfowl to arrive later in autumn and leave earlier in
spring in the 1980s than in the 1970s (H. McCollum, USFWS,
written commun., 2000). Shifting migration chronology may
be a response to climatic change (see LaRoe, 1991; LeBlanc
and others, 1991; Melillo, 1999; Magnuson and others, 2000).
For total waterfowl, the time span of the interquartile range
averaged 35 days during the early period compared to 43 days
in the recent period.

Spring

Long-Term Period Versus Most Recent Period

Waterfowl use-days on the Klamath Basin NWR
complex from 1953-2001 increased through January and
February, reached a relatively shallow peak in March, and
then decreased in April. Monthly changes were much less
pronounced in spring than in autumn. The average median
use-dates were March 2 for dabbling ducks, March 15 for
diving ducks, and March 15 for geese. In comparison, median
use-dates from 1998-2001 were later by 13 days for dabblers,
4 days for divers, and 8 days for geese. However, the short
(3-year) time period probably inflated the influence of annual
weather patterns that may determine regional migration timing
(see Richardson, 1978). The time span between median use-
dates of the earliest arrival (tundra swan) and the last arrival
(cinnamon teal) was 58 days (Appendix 5b). The average time
span of the interquartile range was 42 days.

Early Period Versus Recent Period

Use-day chronology in spring for the early (1953-76) and
recent (1977-2001) periods had similar patterns but were less
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pronounced when compared to autumn. Use-day peaks for all
waterfowl groups, particularly dabbling ducks, were higher
and more prominent in the recent period compared to the
early period (fig. 8). During the recent period, spring use-days
increased rapidly, reaching a peak in March, whereas during
the early period, use-days rose gradually from January through
March, and a prominent peak did not occur. Median use-dates
were later for dabblers and geese but earlier for divers in

the recent period compared to the early period. The average
time span of the interquartile range in spring was similar for
both periods, averaging 43 days (Appendix 5b). Migration
chronologies for most species were comparable to autumn
and spring patterns for Klamath Basin NWRs described by
Bellrose (1980).

Conclusions

Standardized aerial surveys conducted on the Klamath
Basin NWR complex since 1953 provided an opportunity to
assess waterfowl populations and migration behavior over
nearly half a century. Because of its strategic location as a
gateway between major breeding and wintering grounds,
migration staging patterns in the Klamath Basin provide some
insight to the status of Pacific Flyway waterfowl. Cycles of
population declines and increases have been common. North-
ern pintails, which once had a major presence on Klamath
Basin NWRs, declined to less than 30% of their pre-1970s
autumn populations. In the 1950s and 1960s this species
accounted for more than 60% of all waterfowl staging in
autumn on Klamath Basin NWRs. Presently, they have yet to
recover to anything approaching their former numbers. Other
significant events include flyway-wide declines in Arctic nest-
ing geese in the 1960s through the 1980s. The international
reputation of Tule Lake NWR was established because of vast
autumn goose flights that took place in the 1950s and 1960s.
In recent decades, flyway populations of Arctic geese have
rebounded, but their migration through the Klamath Basin
suggests declining use in autumn. These changes appear to
be related to shifts in wintering grounds (cackling Canada
geese) or migration patterns (white-fronted geese, white
geese). Several duck species have increased, partially filling
the void created by the decline of the northern pintail. For
instance, mallard, green-winged teal, and gadwall use has
increased significantly, particularly on the Lower Klamath
NWR. However, a long-term decline in waterfowl use of
Tule Lake NWR has raised questions about the quality of its
wetland habitat. Management programs to enhance productiv-
ity of refuge wetlands have been developed to address these
concerns.

Increasing spring waterfowl use on Klamath Basin NWRs
in recent decades has run counter to declines in autumn use.
The Central Valley, because of its proximity to Klamath Basin,
may strongly influence Klamath Basin migration patterns. The
decline in autumn but increase in spring waterfowl activity in the
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a. Annual total waterfowl use-days on Klamath Basin refuges
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Figure 8. (a) Annual total waterfowl use-days on Klamath Basin NWR complex, (b) annual total waterfowl use-days by refuge, and (c)
annual total waterfowl use-days by waterfowl groups, for the early period (1953-76) and the recent period (1977-2001). [Note: Some
closely related species were tallied as groups. See ldentifying and Counting Waterfowl, p. 6.]



Klamath Basin NWRs in the recent decade may be related to
major habitat transformations (mostly related to rice produc-
tion) in the Central Valley. However, Central Valley habitat
conditions are influenced greatly by agricultural market forces
and water allocations. These factors have the potential to
create significant and rapid change in Central Valley environ-
ments, perhaps creating future changes in waterfowl behavior
in Klamath Basin NWRs.

A major concern of refuge managers in the future will
be securing adequate water supplies for Lower Klamath and
Tule Lake NWRs, as available water resources in the Klamath
River drainage are seriously over-allocated. Water issues in the
Klamath Basin have been a concern of national importance in
recent years, and W. Kettredge (Blake and others, 2000, p. 31)
colorfully articulated this problem:

Blame El Nifio, global warming, gases emitted by
industries. Ultimately the allocation and uses of
water, its pollution, and the shortfalls are the rank-
ing problems in the Klamath Basin. They will not,
in any foreseeable future, go away. But perhaps if
the citizens of the basin are persistent and resilient,
those problems will over time drive them to a rein-
vented sense of communality.

Only time will tell if northern pintails and Arctic geese
return in numbers characteristic of earlier decades. It is
certain, however, that the Klamath Basin refuge complex
serves as a critical junction in the Pacific Flyway. Periodic
fluctuations in breeding ground populations, wintering ground
habitat, and local conditions will continue to produce the ebb
and flow patterns observed in waterfowl abundance on the
Klamath Basin complex. Throughout these variations it is
important that Klamath Basin NWR management continue to
meet the needs of waterfowl and the uncounted thousands of
other migratory birds that depend on these ancestral habitats
for critical staging, wintering, and breeding requirements.
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Appendix 1

The following appendix lists scientific names for hirds and plants mentioned in the text.
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Table 1. Common and scientific names.

Common Name

Scientific Name

Common Name

Scientific Name

Birds'

American white pelican

Double-crested cormorant

Pacific greater
white-fronted goose

Greater tule white-fronted goose

Lesser snow goose

Ross’s goose

Cackling Canada goose

Western (Great Basin)
Canada goose

Lesser Canada goose

Tundra swan

Wood duck

Gadwall

American wigeon

Mallard

Blue-winged teal

Cinnamon teal

Northern shoveler

Northern pintail

Pelecanus erythrorhynchos
Phalacrocorax auritus
Anser albifrons frontalis

Anser albifrons gambelli

Chen caerulescens caerulescens
Chen rossii

Branta canadensis minima
Branta canadensis moffitti

Branta canadensis parvipes
Cygnus columbianus

Aix sponsa

Anas strepera

Anas americana

Anas platyrhynchos

Anas discors

Anas cyanoptera

Anas clypeata

Anas acuta

Green-winged teal
Canvasback
Redhead
Ring-necked duck
Greater scaup
Lesser scaup
Bufflehead
Common goldeneye
Barrow’s goldeneye
Hooded merganser
Common merganser
Red-breasted merganser
Ruddy duck

Bald eagle

Yellow rail
American coot
Sandhill crane

Sierra juniper
Common sagebrush

Anas crecca

Aythya valisineria
Aythya americana

Aythya collaris

Aythya marila

Aythya affinis

Bucephala albeola
Bucephala clangula
Bucephala islandica
Lophodytes cucullatus
Mergus merganser
Mergus serrator

Oxyura jamaicensis
Haliaeetus leucocephalus
Coturnicops noveboracensis
Fulica americana

Grus canadensis

Plants?

Juniperus occidentalis spp.
Artemisia tridentata spp.

!Scientific names of birds are consistent with the AOU (1983) and supplements, Bellrose (1980), or the following: see McLandress (1979) for white geese
(lesser snow goose and Ross’s goose); see Timm and others (1982) for white-fronted geese (greater tule white-fronted goose and Pacific greater white-fronted
goose); and see Mowbray and others (2002) for large Canada geese (western [Great Basin] Canada goose and lesser Canada goose).

*Scientific names according to Jepson (1975).
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Appendix 2

The following appendix tables provide waterfowl migration activity data for the Klamath Basin National Wildlife Ref-

uge complex and for its five waterfowl refuges: Lower Klamath, Tule Lake, Upper Klamath, Klamath Marsh, and Clear
Lake.
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Appendix 3

The following appendix figures show population changes for waterfowl! species in the Klamath Basin NWR complex
for 1953-2001 (long-term period).
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Figure 3a. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Klamath
Basin NWR complex during autumn and spring 1953-2001. Closely related species were tallied as “groups.” For an explanation, see
Identifying and Counting Waterfowl, p. 6.
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Figure 3a. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Klamath
Basin NWR complex during autumn and spring 1953-2001. Closely related species were tallied as “groups.” For an explanation, see
Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3a. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Klamath
Basin NWR complex during autumn and spring 1953-2001. Closely related species were tallied as “groups.” For an explanation, see
Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3a. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Klamath
Basin NWR complex during autumn and spring 1953-2001. Closely related species were tallied as “groups.” For an explanation, see
Identifying and Counting Waterfowl, p. 6.—Continued
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Autumn Spring
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Figure 3a. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Klamath
Basin NWR complex during autumn and spring 1953-2001. Closely related species were tallied as “groups.” For an explanation, see

Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3b. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Lower
Klamath (solid line) and Tule Lake (dashed line) NWRs during autumn and spring 1953-2001. Closely related species were tallied as
“groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.
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Figure 3b. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Lower
Klamath (solid line) and Tule Lake (dashed line) NWRs during autumn and spring 1953-2001. Closely related species were tallied as
“groups.” For an explanation, see ldentifying and Counting Waterfowl, p. 6.—Continued
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Figure 3b. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Lower
Klamath (solid line) and Tule Lake (dashed line) NWRs during autumn and spring 1953-2001. Closely related species were tallied as
“groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3b. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Lower
Klamath (solid line) and Tule Lake (dashed line) NWRs during autumn and spring 1953-2001. Closely related species were tallied as
“groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3b. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Lower
Klamath (solid line) and Tule Lake (dashed line) NWRs during autumn and spring 1953-2001. Closely related species were tallied as
“groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3c. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Upper
Klamath (solid line), Klamath Marsh (dashed line), and Clear Lake (dotted line) NWRs during autumn and spring 1953-2001. Closely
related species were tallied as “groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.
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Figure 3c. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Upper

Klamath (solid line), Klamath Marsh (dashed line), and Clear Lake (dotted line) NWRs during autumn and spring 1953-2001. Closely
related species were tallied as “groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3c. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Upper

Klamath (solid line), Klamath Marsh (dashed line), and Clear Lake (dotted line) NWRs during autumn and spring 1953-2001. Closely
related species were tallied as “groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.—Continued
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Figure 3c. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Upper
Klamath (solid line), Klamath Marsh (dashed line), and Clear Lake (dotted line) NWRs during autumn and spring 1953-2001. Closely
related species were tallied as “groups.” For an explanation, see ldentifying and Counting Waterfowl, p. 6.—Continued
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Figure 3c. Three-year running average of waterfowl counts (birds per day, thousands) for waterfowl groups and species on the Upper
Klamath (solid line), Klamath Marsh (dashed line), and Clear Lake (dotted line) NWRs during autumn and spring 1953-2001. Closely
related species were tallied as “groups.” For an explanation, see Identifying and Counting Waterfowl, p. 6.—Continued
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Appendix 4

The following appendix tables show correlation between California midwinter survey counts and abundance in the
Klamath Basin National Wildlife Refuge complex, 1953-76 (early period) and 1977-2001 (recent period).
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Table 4a. California midwinter survey counts regressed from the previous autumn average abundance on the Klamath Basin
NWR complex for the early period (1953-76) and the recent period (1977-2001).

[Bold type indicates the regression is significant at the 0.05 level. Closely related species were tallied as groups. For an explanation, see Identifying and Count-
ing Waterfowl, p. 6]

Early period (1953-76) Recent period (1977-2001)
Species Slope SE P-value P Slope SE P-value P
Northern pintail -0.19 0.11 0.09 0.13 0.89 0.19 0.00 0.51
Mallard 0.23 0.20 0.27 0.06 0.10 0.19 0.58 0.01
American wigeon 0.30 0.15 0.06 0.16 0.63 0.23 0.01 0.26
Northern shoveler 0.14 0.44 0.76 0.00 0.36 0.14 0.02 0.23
Gadwall 0.19 0.26 0.46 0.03 1.06 0.25 0.00 0.47
Green-winged teal 0.27 0.10 0.01 0.27 0.16 0.06 0.01 0.29
Wood duck 0.01 0.08 0.88 0.00 -0.21 0.16 0.23 0.08
Ruddy duck -0.10 0.16 0.55 0.02 0.00 0.17 1.00 0.00
Canvasback 0.20 0.09 0.04 0.19 -0.16 0.18 0.39 0.04
Redhead 0.68 0.40 0.10 0.12 0.21 0.23 0.36 0.04
Scaup 0.32 0.22 0.15 0.10 0.06 0.20 0.78 0.00
Ring-necked duck 0.09 0.12 0.45 0.03 0.66 0.10 0.00 0.68
Goldeneye -0.05 0.15 0.74 0.01 0.09 0.09 0.29 0.05
Bufflehead 0.22 0.15 0.14 0.10 0.43 0.32 0.20 0.08
Mergansers -0.02 0.08 0.83 0.00 0.32 0.08 0.00 0.41
White-fronted geese 0.02 0.19 0.92 0.00 -0.29 0.31 0.36 0.04
Cackling Canada goose  0.06 0.20 0.76 0.00 0.78 0.26 0.01 0.29
White geese 0.05 0.08 0.56 0.02 -0.18 0.26 0.51 0.02
Tundra swan 0.05 0.15 0.71 0.01 -0.25 0.09 0.01 0.28
American coot 0.33 0.10 0.00 0.36 0.92 0.40 0.03 0.20

Total -0.08 0.09 0.36 0.04 0.68 0.25 0.01 0.26
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Table 4b. Spring average abundance on Klamath Basin NWR complex regressed from California midwinter survey counts for the
early period (1953-76) and the recent period (1977-2001).

[Bold type indicates the regression is significant at the 0.05 level. Closely related species were tallied as groups. For an explanation, see Identifying and Counting
Waterfowl, p. 6]

Early period (1953-76) Recent period (1977-2001)
Species Slope SE P-value r? Slope SE P-value r
Northern pintail -0.06 0.51 0.91 0.00 0.50 0.21 0.02 0.21
Mallard 0.17 0.42 0.69 0.01 0.57 0.32 0.09 0.13
American wigeon -0.97 0.55 0.09 0.14 0.72 0.22 0.00 0.32
Northern shoveler 0.55 0.31 0.10 0.13 0.15 0.31 0.63 0.01
Gadwall 0.48 0.35 0.19 0.08 0.38 0.14 0.01 0.25
Green-winged teal 0.92 0.57 0.12 0.11 1.11 0.60 0.08 0.13
Wood duck 0.02 0.89 0.98 0.00 0.54 0.56 0.35 0.04
Ruddy duck 0.93 0.32 0.01 0.30 -0.14 0.20 0.49 0.02
Canvasback 0.73 0.38 0.07 0.15 -0.06 0.28 0.85 0.00
Redhead -0.33 0.19 0.10 0.13 0.33 0.17 0.07 0.15
Scaup -0.16 0.24 0.50 0.02 0.01 0.19 0.98 0.00
Ring-necked duck 0.01 0.56 0.99 0.00 0.68 0.12 0.00 0.61
Goldeneye -0.13 0.17 0.45 0.03 0.51 0.23 0.04 0.19
Bufflehead -0.15 0.24 0.53 0.02 0.18 0.17 0.28 0.05
Mergansers 0.20 0.38 0.60 0.02 0.10 0.25 0.69 0.01
White-fronted geese 0.14 0.24 0.57 0.02 0.68 0.14 0.00 0.51
Cackling Canada goose  0.50 0.37 0.19 0.08 0.73 0.20 0.00 0.37
White geese 0.93 0.57 0.12 0.12 0.11 0.07 0.15 0.09
Tundra swan 0.54 0.27 0.06 0.16 0.65 0.30 0.04 0.18
American coot 0.59 0.32 0.08 0.15 0.16 0.13 0.25 0.06

Total -0.10 0.51 0.85 0.00 0.40 0.16 0.02 0.21
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Appendix 5

The following appendix figures show the distribution of median use-dates of waterfowl on Klamath Basin NWR com-
plex during autumn and spring.
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[1] White geese = lesser snow goose and Ross's goose.
[2] White—fronted geese = greater tule white—fronted goose and Pacific greater
white—fronted goose.

Figure 5a. Box plots show the distribution of median use-dates
of waterfowl on the Klamath Basin NWR complex during autumn
over the early period (1953-76; shaded) and the recent period
(1977-2001; open). The left and right edges of a box represent the
interquartile range of median use-dates, or the middle range in
which 50% of all median use-dates occurred. Lines extend from
the box to span the full range of median use-dates over all years.
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Figure 5b. Box plots show the distribution of median use-dates of
waterfowl on the Klamath Basin NWR complex during spring over
the early period (1953-76; shaded) and the recent period (1977-
2001; open). The left and right edges of a box represent the inter-
quartile range of median use-dates, or the middle range in which
50% of all median use-dates occurred. Lines extend from the box
to span the full range of median use-dates over all years.
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Published in the Central Region, Lafayette, Louisiana.
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