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BEHAVIOR, BODY CONDITION, AND FOODS OF
BUFFLEHEADS AND LESSER SCAUPS DURING
SPRING MIGRATION THROUGH THE
KLAMATH BASIN, CALIFORNIA

JAMES H. GAMMONLEY AND MICKEY E. HEITMEYER!

ABSTRACT.— Behavior, body condition, and food habits of Buffieheads (Bucephala albeola)
and Lesser Scaups (Aythya affinis) were studied in the Klamath Basin in northern California
in spring 1986 and 1987. Peak Lesser Scaup and Bufflehead numbers were present in early
February and mid-March, respectively. The first spring migrants of both species were mostly
paired or courting adults. Bufflecheads and Lesser Scaups spent 63—-82% and 23-50% of their
diurnal activities feeding, respectively. Both species consumed primarily (66—77% volume,
58-72% dry weight) invertebrates. Chironomidae larvae were the most important food
consumed by both species. Body and carcass masses of both species were near mid-winter
levels but below masses observed upon their arrival at northern breeding areas. Our data
indicate that wetland habitats in the Klamath Basin provide important food and resting
resources for migrating Buffieheads and Lesser Scaups. Received 11 Sept. 1989, accepted 20
Mar. 1990.

The biology of diving ducks (tribes Aythyini and Mergini) during spring
migration is poorly documented. For some waterfowl species, habitat
conditions on wintering and spring migration areas influence their ability
to obtain nutrients required to meet the nutritional costs of migration,
courtship, pairing, and molt (e.g., Heitmeyer 1988). Additionally, lipid
and protein reserves stored during late winter and spring may influence
the reproductive potential of Lesser Snow Geese (Chen caerulescens)
(Ankney and Maclnnes 1978, Wypkema and Ankney 1979, Davies and
Cooke 1983), Canada Geese (Branta canadensis) (Raveling 1979), and
Mallards (4nas platyrhynchos) (Krapu 1981, Heitmeyer 1988, LaGrange
and Dinsmore 1988). In contrast, nutrient storage patterns of diving ducks
are less well-known (but see Hohman et al. 1988).

The Klamath Basin in southern Oregon and northern California is a
primary migration area used by many waterfowl in the Pacific Flyway,
including Buffieheads (Bucephala albeola) and Lesser Scaups (4ythya aff-
inis) migrating along intermountain corridors to breeding areas in western
North America (Erskine 1972, Bellrose 1980). We collected data on hab-
itat use, behavior, body condition, and food habits for Buffieheads and
Lesser Scaups during spring migration through the Klamath Basin. These

! Dept. of Wildlife and Fisheries Biology, Univ. of California—Davis, Davis, California 95616 (Present
address JHG: Gaylord Memorial Laboratory, Univ. Missouri-Columbia, Puxico, Missouri 63960; MEH:
California Waterfowl Association, 3840 Rosin Court, Suite 200, Sacramento, California 95834).

672



Gammonley and Heitmeyer « SPRING MIGRANT DUCKS 673

data help describe the behavioral and physiological ecology of these spe-
cies, and the importance of resources provided at this important migration
stopover area.

STUDY AREA AND METHODS

Data were collected at Lower Klamath National Wildlife Refuge (LKNWR) located along
the California-Oregon border. LKNWR contains 20,944 ha of shallow palustrine wetlands,
grasslands, and croplands. Wetlands are managed primarily as permanently (PF) and sea-
sonally flooded (SF) marshes. PF marshes are mostly 1-2 m deep and dominated by cattail
(Typha spp.); hardstem “tule” bulrush (Scirpus acutus); many “moist-soil” species including
alkali bulrush (Scirpus robustus), smartweeds (Polygonum spp.), common barnyard grass
(Echinochloa spp.), dock (Rumex spp.), and various sedges; and sago pondweed (Potamo-
geton pectinatus). SF marshes are typically flooded <1 m deep from early fall (August—
September) through spring (April-May) and are dominated by smartweeds, common barn-
yard grass, dock, sedges, foxtail (Hordeum fueginus), and goosefoot (Chenopodium spp.).
Wetlands at LKNWR are approximately 45% SF and 55% PF. Other habitats on LKNWR
include barley fields, grazed and ungrazed uplands, and vernal pools dominated by flixweed
(Descurainia sophia) and saltgrass (Distichlis spicata). Rainfall in the Klamath Basin averages
15 cm during September-March and was near long-term means in 1985-1986 and 1986-
1987 (U.S. Department of Commerce 1985-1987). Temperatures in the Klamath average
5°C and 7°C during February and March, respectively, and were near long-term means
during this study.

Bufflehead and Lesser Scaup numbers on LKNWR from September through April 1985 —
1986 and 1986-1987 were estimated during aerial surveys conducted by LKNWR personnel.
We observed and collected birds on LKNWR during 8-18 March 1986 and 24 February—
18 March 1987.

We observed flocks during all daylight hours and recorded their activity using scan-
sampling techniques (Altmann 1974). Scans were made in both PF and SF habitats selected
opportunistically; both species were present in all but three scans. We repeatedly scanned
a selected flock for at least 20 min. A total of 22.8 h of time-activity data, consisting of 172
scans was collected. Numbers of Buffleheads and Lesser Scaups observed per scan averaged
61 and 71, respectively. We recorded bird activity as follows: (1) feeding (included picking
at foods on the surface, diving, and dive pauses); (2) resting (sleeping and loafing); (3) preening
(also includes drinking and bathing); (4) locomotor (swimming and flight); (5) courtship
(courtship displays, courtship flights, and copulations); and (6) agonistic (alert posture, intra-
and inter-specific aggression). Determination of courtship displays followed Myres (1959),
Johnsgard (1965), and Erskine (1972). Scan-sampling underestimates time spent feeding by
diving ducks since birds cannot be observed while under water (Hohman 1984, Baldassarre
et al. 1988). Although we scanned flocks at a slow rate in an effort to reduce this bias, our
behavior data undoubtedly underestimate time spent feeding.

We used plumage characteristics (Palmer 1976) to determine sex ratios. A higher per-
centage of Buffieheads than recorded may have been male because females and immature
males have similar plumage. Most juvenile Bufficheads migrate several weeks later in spring
than adults (Erskine 1972). Therefore, our observations in early spring migration were likely
only slightly biased toward females. Prior to or following each set of scans, we determined
the pairing status (paired or unpaired) of female Buffleheads and Lesser Scaups from displays
and association of the female with a male (Johnsgard 1965).

Buffleheads and Lesser Scaups were shot in both SF and PF habitats. Immediately fol-
lowing collection, the esophagus and proventriculus of each bird was removed and stored
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in 95% ethanol for subsequent analyses of food habits. We sorted and identified contents
of the esophagus and proventriculus within six months of collection. Food consumption is
reported as frequency of occurrence, aggregate percentage volume, and aggregate percentage
dry weight. Dry weight (nearest 0.001 g) of foods was determined after drying at 60°C for
24 h.

After collection and removal of esophagus and proventriculus, birds were frozen for later
analyses of body composition. Birds were thawed within six months of collection and
weighed, measured, plucked, and dissected. We determined molt status of collected birds
using methods similar to Heitmeyer (1987). Internal organs were weighed to the nearest 0.1
g on a top-loading digital scale. Contents of the gizzard, intestines, and ceca were removed
and body and organ masses adjusted for these contents. The eviscerated carcass (lacking
liver, heart, spleen, gizzard, kidneys, and intestines) was subsequently homogenized in a
meat grinder (McLandress and Raveling 1981). A carcass sample of approximately 50 g was
oven dried at 100°C for 48 h. Following drying, each sample was weighed to determine
moisture content and then placed in a Soxhlet apparatus and lipids extracted for 48 h using
petroleum ether as a solvent. The lipid-free sample was then weighed and ashed in a muffle
furnace at 650°C for 24 h. Ash weight was subtracted from the lipid-free sample weight to
obtain the ash-free lean dry mass (AFLDM), a measure of protein content (Raveling 1979).

Satterthwaite’s approximation of the 7-test (Snedecor and Cochran 1980:97) was used to
compare sex ratio and pairing data between habitat types for each year. Time spent in each
activity was compared without pooling data between years, sexes, and habitat types for each
species using Mann-Whitney U-tests (Daniel 1978). Mann-Whitney U-tests were also used
to examine differences between sexes for body and nutrient reserve masses.

RESULTS

Migration chronology, sex and pairing status, and habitat use. —Lesser
Scaups migrated through the Klamath Basin from September through
mid-November in fall 1985 and 1986 and from late January through
April in spring 1986 and 1987 (Fig. 1). Bufflehead migration into the
Klamath Basin was later in both fall (peak numbers occurred during late
November and early December) and spring (peak numbers from mid-
March through mid-April) (Fig. 1).

Eighty percent of Buffleheads were found on SF wetlands, while 61%
of Lesser Scaups were observed on PF wetlands. Typically, a higher pro-
portion of males was present in flocks on PF than on SF habitats for both
species (P < 0.05) except for Buffleheads in 1987 (P > 0.05) (Table 1).
Approximately 50% of female Bufficheads and Lesser Scaups were paired
from late February to mid-March (Table 1). The percentage of paired
females was not different (P > 0.05) between PF and SF habitat types.

Time budgets. —Buffiecheads spent >60% of the day feeding (Fig. 2).
Time spent in various activities by Buffleheads was not different (P >

-

FiGg. 1. Population estimates of Bufficheads and Lesser Scaups in the Klamath Basin,
1985-1986 and 1986-1987.
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F1G. 2. Percentage of time spent by Buffleheads on seasonally and permanently flooded
marshes at Lower Klamath National Wildlife Refuge in various activities during daylight
hours. R = resting, P = preening, L = locomotor, F = feeding, C = courtship, and A =

agonistic.

0.05) between years, sexes, or habitat types. Buffleheads were typically
very active and spent little time (<10%) resting during daylight hours.
Locomotor activity consisted mainly of birds swimming and flying to join
feeding flocks or courtship parties. Three copulations were observed on
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TABLE 1
PERCENTAGE OF MALES IN FLOCKS, AND PERCENTAGE OF FEMALES THAT WERE PAIRED, OF
BUFFLEHEADS AND LESSER SCAUP OBSERVED ON LOWER KLAMATH NATIONAL WILDLIFE
REFUGE IN SEASONALLY FLOODED (SF) AND PERMANENTLY FLOODED (PF) HABITATS IN
SPRING 1986 AND 1987

Percentage male Percentage female paired
Species and year SF PF Combined SF PF Combined
Buffiehead
1986 58.1 63.9 59.0 53.5 56.1 53.8
G4y 9 (63) (38) (30) (68)
1987 62.1 62.0 62.1 51.9 54.0 52.1
549 (49) (103) (52) 49) (101)
Lesser Scaup
1986 70.1 78.5 74.2 48.6 50.7 49.4
(34) 3 (65) (3%) (29 (64)
1987 68.2 72.4 71.4 52.7 55.0 54.4
(51) (50) (101) (28] 49 (100)
= Number of flocks led in p h
TABLE 2

ESOPHAGEAL AND PROVENTRICULAR CONTENTS OF BUFFLEHEADS COLLECTED ON LOWER
KLAMATH NATIONAL WILDLIFE REFUGE IN SPRING 1986 AND 1987

Males (N = 4) Females (N = 7) Combined (N = 11)

Food item 0: v W o v w [3) v w

Animal 100 73 70 100 61 5t 100 66 58
Chironomidae 100 13 12 8 28 18 91 22 16
Corixidae 25 40 29 43 21 14 36 29 20
Physidae 25 13 24 14 6 11 18 9 16
Planorbidae 25 2 2 14 1 4 18 2 3
Ostracoda 25 2 1 14 1 1 18 2 1
Gammaridae 25 2 1 14 1 tr 18 2 1
Dytiscidae 14 3 2 9 2 1
Plant (seeds) 75 27 30 8 39 49 82 34 42
Scirpus robustus 75 8 12 57 10 11 64 9 11
Polygonum lapathifolium 50 8 11 42 10 17 45 9 15
Scirpus acutus 50 4 4 14 3 2 27 3 3
Rumex spp. 75 4 1 14 1 tr 36 2 1
Potamogeton pectinatus 25 2 2 57 13 17 45 8 11
Chenopodium botrys 25 2 ot 9 1t
Carex spp. 14 1 tr 9 1 tr
Eleocharis spp. 14 1 tr 9 1 tr

= O = Percent occurrence, V = percent aggregate volume, W = percent aggregate dry weight, tr = trace.
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FiG. 3. Percentage of time spent by Lesser Scaups on seasonally and permanently flooded
marshes at Lower Klamath National Wildlife Refuge in various activities during daylight
hours. R = resting, P = preening, L = locomotor, F = feeding, C = courtship, and A =
agonistic.

SF habitats. Common courtship activities included leading and following,
head-bobbing, and pre- and post-copulatory displays. Aggressive inter-
actions of males were mostly related to courtship.

Lesser Scaups spent more time resting and less time feeding during the
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TABLE 3

ESOPHAGEAL AND PROVENTRICULAR CONTENTS OF LESSER ScAUPS COLLECTED ON LOWER
KLAMATH NATIONAL WILDLIFE REFUGE IN SPRING 1986 AND 1987

Males (N = 6) Females (N = 5) Combined (N = 11)

Food item o v w [3) v w [5) v W

Animal 100 82 85 100 70 61 100 77 72
Chironomidae 83 50 63 100 34 33 91 44 46
Ostracoda 17 28 20 20 2 1 18 18 9
Planorbidae 33 3 2 100 14 12 64 7 8
Copepoda 20 12 5 9 5 3
Dytiscidae 17 1 1 20 4 2 18 2 1
Physidae 20 2 7 9 1 4
Daphnidae 20 2 1 9 1 1
Gammaridae 17 tr tr 9 tr tr
Plant (seeds) 83 18 15 80 30 39 82 23 28
Potamogeton pectinatus 33 7 6 40 16 27 36 10 17
Polygonum lapathifolium 67 5 4 40 4 2 54 5 3
Scirpus robustus 17 3 3 40 6 8 27 4 5
Rumex spp. 17 1 1 20 2 1 18 2 1
Scirpus acutus 40 2 3 18 1 1
Chenopodium botrys 17 1 1 9 1 tr

2 O = Percent occurrence, V = percent aggregate volume, W = percent aggregate dry weight.

day than Buffieheads (Fig. 3). Time spent in all activities was not different
(P > 0.05) between male and female Lesser Scaups. Lesser Scaups spent
more (P < 0.05) time (>40% of the day) feeding in PF habitats than on
SF habitats (<30% of the day) (Fig. 3). In contrast, scaups spent more
time (P < 0.05) resting in SF habitats than in PF habitats. Lesser Scaups
rested more in 1987 than during 1986 in both habitats (P < 0.05). Court-
ship among scaups usually consisted of =5 males courting one female.
Agonistic behaviors by scaups were rare.

Food habits. —Buffleheads and Lesser Scaups consumed primarily (77%
and 66% dry weight, respectively) animal matter while in the Klamath
Basin (Tables 2, 3). Midge larvae (Chironomidae) were the most frequently
consumed invertebrates and were present in 91% of both Buffieheads and
scaups. Other foods commonly consumed by Buffieheads were water boat-
men (Corixidae), physid snails (Physidae), and seeds of smartweed, alkali
bulrush, and sago pondweed (Table 2). Lesser Scaups consumed many
ostracods (Ostracoda), planorbid snails (Planorbidae), and sago pondweed
seeds in addition to chironomids (Table 3).

Body condition. — All male Buffleheads and Lesser Scaups collected were
paired, non-molting, and in Alternate plumage. All female Lesser Scaups
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TABLE 4
CARCASS AND SELECTED ORGAN MASsSES (MEANS * SE IN G) OF BUFFLEHEADS AND LESSER
Scaups COLLECTED ON LOWER KLAMATH NATIONAL WILDLIFE REFUGE IN SPRING 1986

AND 1987
Bufflehead Lesser Scaup

(N = 6) Male (N = 7) Female (N = 6) Male (N = 5) Female
Fresh body 442 + 37 333 £ 21* 734 + 24 663 + 52%
Eviscerated carcass 311 + 15 215 £ 21* 499 + 34 438 + 22*
Moisture 192 + 19 136 + 5* 298 + 20 279 £ 17
Lipid 40 + 15 26 + 15* 78 £9 53 + 27
Ash 103 6+2 17+3 141
AFLDM 707 48 + 5* 108 = 5 92+ 5
Right breast 37+2 27 + 2% 63 +3 58 +4
Right leg 16 £1 12 £ 1* 275 24 £2
Liver 15+3 12+2 19+1 19+2
Gizzard 10+3 82 29 x1 26 £7
Intestine 12+3 101 31 4 31+4
Testes or ovary 0.1 0.1 0.2+0.2 0.2 £0.1 0.2 +£0.1
Oviduct 0.3+0.1 0.2+0.2

» Mann-Whitney U-tests (Daniel 1978) between sexes, * = P < 0.05.

were paired and in early stages of the prebasic molt. Five of the six female
Buffleheads collected were paired and in early stages of the prebasic molt;
the other female Buffichead was paired, non-molting,and in Alternate
plumage.

Absolute measures of body, eviscerated carcass, and moisture masses
were larger for male than for female Buffleheads and Lesser Scaups; other
organ and carcass composition masses were similar between sexes in both
species except for lipid, AFLDM, right breast, and right leg masses in
Buffieheads (Table 4). Buffleheads averaged 26-40 g lipid, while Lesser
Scaups averaged 53-78 g lipid. Gonad and oviduct masses were small for
both species.

DISCUSSION

Migration chronology of Buffleheads and Lesser Scaups through the
Klamath Basin during our study was similar to that reported by Erskine
(1972) and Bellrose (1980). Sex ratios observed in this study were also
similar to those reported in other studies (Bellrose et al. 1961, Erskine
1972, Bellrose 1980). The percentage of paired females was generally
higher, however, than reported for early spring in other studies and lo-
cations (Weller 1965, Erskine 1972). Our study occurred relatively early
in spring migration for both species (Erskine 1972, Bellrose 1980) and all
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but one of the birds we collected were adults; therefore, it appears that a
large proportion of the first Buffleheads and Lesser Scaups migrating
northward into the Klamath Basin in spring were paired adults. Earlier
northward migration in spring by paired adults has been documented for
some other waterfowl species, and may confer survival and reproductive
potential advantages (McLandress and Raveling 1981, Heitmeyer 1988).

Wetland habitats in the Klamath Basin provide important food re-
sources and resting areas for Buffieheads and Lesser Scaups. Spring mi-
grant female Buffleheads and scaups incur overlapping nutritional costs
of migration, courtship, and prebasic molt, and both species spent con-
siderable portions of the day feeding. High consumption of invertebrates
by Buffieheads and scaups in this study is consistent with other winter
and spring food habits data for both species (Yocum and Keller 1961,
Rogers and Korschgen 1966, Bartonek and Hickey 1969, Erskine 1972,
Hoppe et al. 1986). Invertebrates, and chironomid larvae in particular,
are heavily exploited by several waterfowl species (Gray 1980, Pederson
and Pederson 1983, Woodin and Swanson 1989).

Relatively little is known about body and organ masses and nutrient
storage patterns of diving ducks. Although sample sizes are small, data
for this study suggest that Bufflehead and Lesser Scaup body masses in
the Klamath Basin during spring are near winter levels (Ryan 1972, Joanen
1964, Erskine 1972) but below body masses upon arrival at northern
breeding areas (Erskine 1972; Afton and Ankney unpubl.). However,
comparative data for wintering or breeding scaup populations in the Pa-
cific Flyway are needed for accurate interpretations of spring body mass
data.

The above considerations emphasize the importance of spring migra-
tion sites, such as the Klamath Basin, to Buffleheads and Lesser Scaups.
The continued loss of wetland habitats throughout North America (Tiner
1984) amplifies the need for enhanced management of high quality hab-
itats on remaining areas. Further studies of diving ducks on spring mi-
gration areas are needed to elucidate evolutionary factors influencing chro-
nology of annual events, patterns of nutrient storage, habitat use, and
behavior.
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