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Abstract.--Many nocturnally migrating birds show at least some degree of winter site 
fidelity. Laboratory tests of nocturnal activity, or Zugunruhe patterns, and displacement ex- 
periments indicate that migratory distances may be under endogenous control. Yellow-rumped 
Warblers (Dendroica coronata auduboni) displayed a southerly nocturnal orientation well into 
winter months, past the conventional migratory period. Additionally, population shifts be- 
tween highly isolated, limited, desert riparian habitats reflected a facultative migration from 
north to south. The magnitude of movement was correlated with food-resource abundance, 
which was dependent on climatic conditions. This suggests that the birds maintain a phys- 
iological state that enables them to winter as far north as possible but allows for a correctly 
oriented movement if conditions become unfavorable. Our results indicate considerable 

plasticity in what is generally considered a more rigidly fixed process. Received 20 May 1983, 
accepted 6 February 1984. 

MUCH of the recent work on bird migration 
has revolved around mechanistic questions, es- 
pecially those involving orientation, naviga- 
tion, and physiology. Specifically, studies con- 
cerning the ethological aspects of bird 
migration have emphasized the degree to which 
behavior is rigidly controlled (Berthold 1975, 
Gauthreaux 1979, Karr 1980). Although these 
studies are extremely valuable, there remain 
numerous questions, virtually unexplored, in- 
volving the ecological, demographic, and so- 
cial aspects of bird migration (Gauthreaux 1979). 
Of primary importance in gaining a more com- 
plete understanding of migration systems is the 
integration of both areas of endeavor. 

Classically, true bird migration has been 
viewed as consisting of deliberate movements 
between two relatively fixed sites on the breed- 
ing and wintering grounds. Those individuals 
that survive return to these sites year after year 
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(Lack 1968, Moreau 1972, Berthold 1975). Gen- 
erally, migrants are believed to traverse the 
distance between the two sites as rapidly as 
possible, given certain constraints (Matthews 
1968). 

The concept of a fixed wintering ground is 
based upon several lines of evidence, includ- 
ing winter site fidelity of marked individuals 
and winter displacement experiments (Schwartz 
1963, Ralph and Mewaldt 1975). Other experi- 
ments have involved displacement of migrat- 
ing birds (Rfippell and Schfiz 1948; Schfiz 1949; 
Perdeck 1958, 1967). These experiments have 
demonstrated that, in some migrants, distance 
and direction to the wintering grounds involve 
a relatively inflexible specific vector move- 
ment, at least in first-year birds. Further exper- 
iments, primarily with Old World warblers 
(Sylviinae), have demonstrated that noctural 
restlessness, or Zugunruhe, in fall migrants is 
correlated well with the timing and duration 
of migration in the field (Helms 1963; Gwinner 
1968, 1972, 1977; Berthold 1973, 1975, 1978, 
1979, 1980; Gwinner and Czeschlik 1978; 
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Gwinner and Wiltschko 1978; Berthold and 

Querner 1981). These experiments imply a 
mechanism whereby the specific vector move- 
ment is fixed. In some species, however, fall 
Zugunruhe has been found to exceed what was 
thought to be the normal migration period in 
nature. Several hypotheses have been ad- 
vanced to address this apparent paradox. One 
such hypothesis is that in some species, espe- 
cially in some relatively short- or medium-dis- 
tance migrants, extended Zugunruhe may reflect 
a physiological condition that is relatively more 
sensitive to variable environmental cues 

(Gwinner and Czeschlik 1978). 
Large numbers of migrant passerine insecti- 

vores that occur from mid-November through 
March in lowland riparian or riverine habitats 
in the southwestern United States are gener- 
ally considered to be wintering birds. Field ob- 
servations and censusing during winter months 
from 1973 to 1979 indicated a decrease in num- 

bers following the prolonged or relatively se- 
vere cold periods that occur during some win- 
ters. When severe cold periods occurred earlier 
than usual, few insectivorous migrants re- 
mained during any winter months. When 
milder winter conditions prevailed, large num- 
bers of birds, primarily Yellow-rumped War- 
biers ( Dendroica coronata), Orange-crowned 
Warblers (Verrniv0ra celata), and lesser numbers 
of other transient insectivorous passetines, re- 
mained throughout the winter period. There 
was no evidence of mortality, and environ- 
ments surrounding these habitat islands were 
unfavorable to local dispersal. Our observa- 
tions suggested that these parulids have a 
highly facultative migration system in which 
migratory behavior may occur during the win- 
ter. Three predictions were generated to test 
this hypothesis. (1) There should be changes in 
population sizes such that northernmost mi- 
gratory stopping sites should attain maximum 
densities, followed by a subsequent decrease, 
before population peaks at more southerly sites. 
(2) The timing of population declines, if they 
were to occur, should be weather related, and 
the magnitude of the decrease should reflect 
the severity of the effects of climatic conditions 
upon food abundance. Potentially, absolute 
population sizes could vary greatly between 
sites because of habitat differences. Therefore, 
the relative patterns at the sites are important. 
Finally, (3) if these warblers were capable of 
initiating a continued nocturnal migration, they 
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Fig. 1. Map of study-site locations. The Phoenix 
location included two separate sites: Santa Maria and 
the Guernsey Ranch. Orientation tests were done pri- 
marily at Phoenix. The elevation rises around Phoe- 
nix in all directions except to the southwest. 

should maintain a preferred orientation 
through fall and into winter. This would be 
necessary in order that additional movements, 
if brought about by unfavorable conditions, be 
properly directed. 

STUDY AREAS AND METHODS 

Our selection of study areas (Fig. 1) was based on 
the following general criteria. (1) All represented 
highly isolated riparian gallery forests surrounded 
primarily by arid Sonoran Desert and/or agricultural 
areas. (2) Each site contained permanent water and 
clusters of trees. All sites contained cottonwood (Pop- 
ulus fremontii), willow ( Salix gooddingii), and mesquite 
(Prosopis glandulosa) or athel tamarisk (Tamarix aphyl- 
la) as dominant perennial species. All Arizona study 
sites contained some salt cedar (Tamarix chinensis), 
whereas the Sonoran site lacked this exotic species. 
(3) All sites contained clumps or rows of trees small 
enough and isolated enough to allow direct counts 
of avian species and calculation of densities. 

Field methods.--At each study site, one or two tran- 
sects of 804.5 x 122 m (0.5 mix 400 ft) were estab- 
lished. These were certsused in early morning. Be- 
muse riparian strips were so narrow at each site, direct 



July 1984] Yellow-rurnped Warbler Migration 429 

counts of birds were considered to be reliable density 
estimates. Census numbers were obtained by aver- 
aging counts for each census period, usually three 
consecutive days (Anderson and Ohmart unpubl.). 

The only extensive areas in the immediate vicinity 
of the Phoenix study sites that appeared to be favor- 
able to Yellow-rumped and Orange-crowned war- 
biers were older residential areas. Two transects were 

established in residential Tempe, near Phoenix, in an 
area supporting large numbers of introduced shade 
trees. If birds were dispersing locally rather than 
continuing south, this would be the most likely area 
to show an increase in warbler density. 

Insect sweep samples were taken along each tran- 
sect with a canvas net on a hoop 0.3 m in diameter 
that was mounted on a pole. Each set of sweep sam- 
pies included 1,000 sweeps per day. Insect samples 
were taken from the vegetation at heights where 
warblers were observed feeding. The number of 
sweeps per unit area was kept constant for each tran- 
sect during insect sampling. All sampling was un- 
dertaken between 1100 and 1300 MST on a given 
date. Samples were placed in a large plastic bag and 
were sealed and frozen. In the laboratory, vegetation 
was separated manually from arthropods, and the lat- 
ter were identified to the lowest taxon possible. 

At the Arizona sites, approximately 100 birds were 
collected from October to January in 1979-1980 and 
1980-1981. These birds were analyzed for stomach 
contents, lipid content (Wolfson 1945), age, sex, 
weight, morphological measurements, and other rel- 
evant information. Ages were determined by plum- 
age characters and skull ossification. 

Bird stomachs, preserved in a 7% ethanol solution, 
were placed in a graduated cylinder, and the dis- 
placement of the full stomach was measured. Next, 
the contents were extruded, and the volume dis- 

placement by the stomach wall was used to measure 
stomach-content volume. Stomach contents were 

identified, separated to insect order or family, and 
then spread over a grid, and the percent volume of 
the stomach content occupied by each taxon was es- 
timated. 

Orientation experiments.--Mist nets were used to 
capture Yellow-rumped Warblers at each site. Birds 
were put into solitary, closed, holding cells until 1 h 
after sunset, when they were quickly measured and 
weighed, and then placed in a paper orientation fun~ 
nel for 1 h (Emien and Emlen 1966). The birds were 
released the next morning at the site of capture. One 
night of testing for orientation per individual bird 
was used. A single night of orientation testing was 
selected for two reasons. First, it is very difficult to 
keep small insectivores alive and healthy for several 
days under field conditions. Second, DeSante tested 
23 Blackpoll Warblers (Dendroica striata) and com- 
pared activity patterns (jumps/night) of the first night 
after capture with those of consecutive nights. He 
concluded that no significant difference in activity 

existed between any of these nights' tests and that 
nocturnal activity of freshly captured birds is truly 
representative of Zugunruhe (DeSante 1973). 

Orientation tests were performed under primarily 
clear skies. Each test site was chosen to eliminate any 
horizon glow from adjacent cities. The Tuzigoot site 
was completely sheltered. The Phoenix birds were 
transported to an area behind South Mountain (828 
m) to eliminate horizon glow. 

Ink prints left by the birds in the orientation fun- 
nels were analyzed by dividing each funnel into 24 
15 ø wedge-shaped segments. A clear grid divided into 
0.5-cm 2 segments was placed over each 15 ø wedge. 
For each wedge, the number of squares that were at 
least half covered by ink were summed. Therefore, 
each of the 24 segments contained a quantitative vaI~ 
ue relative to the amount of ink left by the bird in 
that area of the funnel. These values were analyzed 
for a mean directional angie, •, by means of 24 mid- 
angles derived from each of 24 15 ø segments. The 
mean angie was tested with the Rayleigh test (Zar 
1974). Although independence of hops cannot be as- 
sumed for each bird, significance at P < 0.05 by the 
Rayleigh test was used as an arbitrary method of des- 
ignating directionality, if present, for each funnel 
test. Appropriately oriented activity should be indic- 
ative of Zugunruhe rather than escape activity. 

RESULTS 

Population changes.--During the 1979-1980 
study period, peaks in abundance at more 
northerly sites were followed by decreases at 
those sites and increases at more southerly sites 
(Fig. 2). Yellow-rumped Warbler numbers at the 
northermost site, Tuzigoot, peaked in October, 
and then declined to near zero in November, 

a pattern that might be considered typical of a 
"normal" fall migration. At the Santa Maria site 
(33øN), the maximum population occurred in 
mid-December, when nearly 450 birds/40 ha 
were detected. This population peak was fol- 
lowed by a decrease in bird numbers from mid- 
December through early January. The decline 
continued, from 285 birds/40 ha to 34 birds in 
11 days. By early February, only six birds were 
found at the site. 

The Rio Magdelena site was censused only 2 
days per visit in 1979-1980. There was an in- 
crease from 11 Yellow-rumped Warblers/40 ha 
on 17 January to 90/40 ha on 27 January. This 
increase corresponded well with the decline in 
the north. 

A different situation occurred in 1980-1981. 

Increases similar to those of the previous sea- 
son at Phoenix (33øN) took place from early 
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Fig. 2. Yellow-rumped Warbler densities in highly isolated patches of riparian habitat in Arizona (Tuzi- 
goot, 35øN; Phoenix, 33øN) and Mexico (Magdelena, 31øN). Densities were derived from 3-day count periods. 
Note the dramatic decrease in (A) mid-winter 1979-1980 in the wake of a major cold front versus a much 
lesser decrease in (B) 1980-1981 (no major front). Increases in the south correspond to decreases in the north, 
indicating population shifts. These shifts are occurring during a time period (December-January) when these 
birds were formerly considered to be winter residents at a given site. 

November into December. The peak, however, 
occurred approximately 2 weeks later in 1980 
than in 1979 (Fig. 3). This peak was followed 
by a decrease of approximately 42% (compared 
to 92% in December to January 1979-1980). 
Numbers declined until around 20 January and 
the population then remained at approximate- 
ly the same level into late February (208 birds 
in 1981 compared to 6 birds in 1980). 

Rio Magdelena was censused throughout the 
1980-1981 period, with at least 3 days per cen- 
sus period. The number of Yellow-rumped 
Warblers remained fairly constant, with a slight 
increase from October into very late December. 
From the first of January, however, a steady 
increase was noted until at least 7 February. 

Local dispersal was not detected on the ur- 
ban transects. Rather, mid-winter decreases 

were similar to those at the riparian sites (Fig. 
3). 

Study sites in Arizona lie along major river 
corridors. The vast majority of the wintering 
habitats of Yellow-rumped Warblers along the 
floodplains of these rivers have been eliminat- 
ed (Ohmart and Anderson 1982). Only rem- 
nant, isolated pockets of riparian vegetation 
have been left. Areas surrounding the Phoenix 
sites are all higher in elevation, which corre- 
lates with a decrease in temperature, and, 
therefore, these areas are less suitable winter 
habitat for the warblers. The one exception to 
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Fig. 3. Fall and winter mean densities of Yellow- 
rumped Warblers from two residential transects in 
Tempe, Maricopa County, Arizona. O = October, N = 
November, D = December, and J = January. 
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TABLE 1. Total numbers of insects per 1,000 sweep samples taken at Santa Maria, Maricopa County, Arizona 
(approximately 33øN). 

15 Nov 12 Dec 24 Jan 10 Nov 13 Dec 10 Jan 24 Jan 
Order 1979 a 1979 1980 1980 1980 1981 1981 Total 

Araneida 223 21 205 54 88 355 43 989 

Coleoptera 218 21 97 65 227 116 8 752 
Diptera 533 33 122 1,323 750 695 90 3,546 
Hemiptera 39 3 11 31 43 50 4 181 
Homoptera 7,729 15,181 442 585 13,581 7,045 2,866 47,429 
Hymenoptera 159 4 40 70 314 160 20 767 
Lepidoptera 10 0 2 5 4 7 2 30 
Neuroptera 98 11 17 20 43 67 2 258 
Orthoptera 5 6 5 4 9 29 
Thysanoptera 2 5 1 8 
Trichoptera 1 1 

Total 9,015 15,274 942 2,160 15,059 8,504 3,036 53,990 

Each date represents 1,000 sweeps. 

this general surrounding elevational increase 
is to be found in the Gila River basin, where 
the Gila River flows southwest of the Phoenix 

area and eventually empties into the lower 
Colorado River. Warblers could, in theory, move 
from habitat island to habitat island down the 

Gila River to the lower Colorado River (lower 
in elevation than Phoenix). With extensive 
censusing in all habitats along the entire lower 
Colorado River, however, we did not detect any 
mid-winter increase in Yellow-rumped War- 
biers (Anderson et al. MS). In fact, patterns of 
numerical decreases similar to those described 

for the Phoenix area occurred, indicating a pat- 
tern in other species of migrant insectivores 
similar to that in Yellow-rumped Warblers 
(Anderson and Ohmart 1977, Laurenzi et al. 
1982). To the south of Phoenix (330 m) is a rise 
in elevation to Nogales, Arizona (1,178 m). From 
Nogales, the elevation drops to the south and 
west. The birds would have to fly south at least 
into north-central Sonora to search for more fa- 

vorable environmental conditions. In fact, the 

first area south of Nogales to support leafed 
riparian vegetation in 1979-1980 was a small 
riparian area at Magdelena, Sonora, Mexico. 
This area was probably kept relatively mild by 
moist, warm air from the Gulf of California. 

Therefore, population changes, combined with 
information about the elevation and tempera- 
ture gradients, indicate a fairly long-distance 
movement over relatively unfavorable habitat 
(e.g. actual migration) versus short flights 
through favorable habitat (dispersal). 

Resource abundance.--Numbers of insects col- 

lected at the Phoenix and Tuzigoot sites are 
summarized in Tables 1-3. Stomach contents of 

Yellow-rumped Warblers are summarized in 
Table 4. In general, insect sweep samples re- 
flected the diets of the birds collected. For ex- 

ample, of the 47,429 Homoptera collected at 
Santa Maria, 43,380 were in the family Aphid- 
idae. Therefore, aphids made up the vast ma- 
jority of insects there. Aphids, when summed 
up for those months, represented the greatest 
relative percent volume of the diets. At the 
Guernsey Ranch in 1980-1981, Chironomidae 
(Homoptera) represented by far the majority Of 

TABLE 2. Total numbers of insects per 1,000 sweep 
samples taken at Guernsey Ranch, Maricopa Coun- 
ty, Arizona (approximately 33øN). 

22 12 15 22 

Oct Nov Dec Jan 
Order 1980 a 1980 1980 1981 Total 

Araneida 21 95 270 79 465 

Coleoptera 27 135 103 50 315 
Diptera 54 495 661 575 1,785 
Hemiptera 4 11 3 2 20 
Homoptera 17 194 281 275 767 
Hymenoptera 7 31 78 13 129 
Lepidoptera 3 1 4 
Neuroptera 4 1 3 8 
Psocoptera 2 2 
Trichoptera 1 1 

Total 133 966 1,397 1,000 3,496 

Each date represents 1,000 sweeps. 
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TABLE 3. Total numbers of insects per 1,000 sweep samples taken at Tuzigoot National Monument, Yavapai 
County, Arizona (approximately 35øN). 

24 Oct 18 Nov 23 Nov 19 Oct 8 Nov 25 Nov 
Order 1979 a 1979 1979 1980 1980 1980 Total 

Araneida 497 41 28 42 22 19 649 

Coleoptera 289 14 15 54 23 12 407 
Diptera 1,332 307 59 121 97 92 2,008 
Hemiptera 159 7 0 14 8 12 200 
Homoptera 1,498 53 47 1,973 261 85 3,917 
Hymenoptera 450 26 3 49 20 5 553 
Lepidoptera 35 1 1 2 39 
Neuroptera 21 1 2 25 
Odonata 8 1 9 

Orthoptera 63 1 4 14 5 7 94 
Psocoptera 8 1 9 
Thysanoptera 17 1 1 1 20 
Trichoptera 6 1 1 

Total 4,383 451 157 2,271 440 234 7,931 

Each date represents 1,000 sweeps. 

insects in all sweeps. Chironomidae consis- 
tently represented the greatest relative percent 
volume of stomach contents of birds collected 

at the Guernsey Ranch. A breakdown of the 
insect sweep data presented in Tables I-3 into 
families is available upon request from the se- 
nior author. 

Sweep samples were therefore considered 
reliable estimates of relative resource abun- 

dance for warblers. A highly significant corre- 
lation (P < 0.001) exists between numbers of 
birds and numbers of insects (Fig. 4) at the sites. 
None of the Yellow-rumped Warblers captured 
or collected had any substantial fat accumula- 
tion at any time during the study period. 

Weather at the sites.--In 1979, a cold front 

moved through Arizona on 31 October. The 
temperature at Tuzigoot dropped from an av- 
erage minimum temperature in October of 

27.8øC to an average minimum temperature of 
18.5øC in November. During the cold front, the 
temperature at Santa Maria dropped to approx- 
imately 19.5øC. Within a day, the temperatures 
returned to minimums of 22-32øC until 21-25 

November, when freezing temperatures oc- 
curred at Santa Maria on 21 and 29 November. 
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Fig. 4. Correlation (significant at P < 0.001) be- • 
tween numbers of insects and numbers of birds at ..z. 1 5 o. 
Arizona riparian sites from October through early c3 
February for two years. Each point represents the oa 
mean number of warblers from a 3-day census period •3 1 00• 
against a 1,000-insect sweep sample taken during the •c 
same period at a given site. Stomach analyses (n = • 
100) indicated that the sweep contents represented 50- 
warbler diets. Changes in insect populations ap- 
peared to be strongly associated with climatic vari- 
ables (at least in mid-winter). Southerly population 0 
shifts (Fig. 2A, B) corresponded to drops in insect 
abundance, which varied greatly between years. 
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TABLE 4. Percent volumes occupied by insect groups in the stomachs of Yellow-rumped Warblers from three 
riparian sites in Arizona. (A) = adult; (L) = larvae. 

Tuzigoot (35øN) Guernsey Ranch (33øN) Santa Maria (33øN) 
Sample size = 14 Sample size = 22 Sample size = 27 

Cicadellidae 34.7 Chironomidae 55.0 Aphididae 46.5 
Aphididae 17.8 Cicadellidae 16.4 Hymenoptera 23.0 
Hymenoptera 17.4 Reduviidae 91.0 Cicadellidae 5.6 
Coleoptera 15.9 Coleoptera 7.0 Curculionidae 5.6 
Lepidoptera (A) 5.6 Lepidoptera (A) 5.4 Coleoptera 4.8 
Lepidoptera (L) 5.1 Membracidae 2.4 Araneae 3.4 
Formicidae 1.4 Curculionidae 1.7 Chironomidae 2.9 

Buprestidae 1.2 Syrphidae 1.6 Reduviidae 2.0 
Curculionidae 0.5 Formicidae 0.8 Lepidoptera (L) 1.8 
Araneae 0.2 Nitidulidae 0.4 Buprestidae 1.5 
Hemiptera 0.1 Araneae 0.2 Membracidae 1.1 

Formicidae 0.6 

Nitidulidae 0.6 

Lepidoptera (A) 0.6 

No freezing temperatures occurred at the 
southwest Phoenix site in December 1979. 

Several cold fronts moved through the state 
in January 1980. Freezing temperatures, high 
winds, and hail occurred at the Santa Maria site 
from 17 January through 19 January (the most 
severe conditions during the entire study). The 
only day that snow was in sight of the transect 
was 20 January 1980. During this storm, leaves 
fell from all trees at the Santa Maria site, and 

insect and bird numbers dropped dramatically. 
Although the month was otherwise generally 
mild, leaves did not return until late February. 

In November and December 1980 and in Jan- 

uary 1981, there were no major cold fronts. For 
the most part, trees remained in leaf through- 
out the winter (although cottonwoods lost ap- 
proximately 50% of their leaves in mid-Janu- 
ary). Willows remained in leaf, with buds and 
new leaves emerging throughout December and 
January. Both insects and birds decreased dur- 
ing January but to a much lesser degree than 
in January 1980. The relative role of various 
weather variables in the system is unclear. 

Orientation results.--Yellow-rumped War- 
biers were tested from October or early No- 
vember through early January. Throughout 
both study seasons, they were consistently ac- 
tive in the funnels at night. Of 84 birds tested, 
a high degree of orientation was shown by 52 
birds (Fig. 5). This test population generally 
showed a significant southerly orientation into 
early January (1981), with the exception of ear- 
ly to mid-December 1980 (Table 5). There was, 
however, a decrease in the degree of orienta- 

tion shown by these birds from October 
through early January. Unfortunately, no mid- 
January tests were performed. 

DISCUSSION 

During the winter of 1979-1980 in central 
Arizona, a major cold front in January was im- 
mediately followed by a substantial decrease in 
insect abundance and a significant decrease in 
the number of birds present at the Phoenix site. 
The next winter (1980-1981) was milder in that 
no such fronts occurred. Numbers of warblers 

at Phoenix remained relatively high into March. 
There was a decrease in January in both insect 
and bird numbers, but this decrease was much 

less pronounced than that of the previous win- 
ter. January decreases in Arizona were recip- 
rocated by increases in the number of Yellow- 
rumped Warblers to the south, in northern 
Sonora, Mexico. A similar pattern was found, 
earlier in the fall, between northern Arizona 

(Tuzigoot) and central Arizona (Phoenix). 
Changes in numbers of birds correlated with 
changes in numbers of insects. Nocturnal ori- 
entation corresponded to the southward shifts 
in bird populations. These results support the 
hypothesis that these populations represent in- 
sectivores for which wintering sites are rela- 
tively plastic within and between winters. Fur- 
thermore, these data support an hypothesis of 
a physiological threshold model. In some mi- 
grants, endogenous systems may induce migra- 
tory behavior with the aspects of a relatively 
inflexible pattern, whereas in other birds, such 
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Fig. 5. Orientation of Yellow-rumped Warblers tested outdoors approximately 1 h after sunset. Individual 
birds were tested for a single night (1 h) from late fall into mid-winter (Table 4). The distribution of pooled 
mean directions was significantly oriented (Z = 26.87, P < 0.001) to the south well into the winter period. 

as Yellow-rumped Warblers, the migratory state 
might represent more of a threshold that caus- 
es migration if conditions dictate movement. 
Such thresholds might change with time or 
distance of migration. 

In the Yellow-rumped Warbler, the thresh- 

old hypothesis seems appropriate in light of 
the suddenness with which weather conditions 

can change. Not all fronts passing through Ar- 
izona affect environmental suitability equally. 
Furthermore, variance in the overall climate 

over a given winter season may affect the de- 

TABLE 5. Mean angles (a), measures of dispersion (r), scales of Z, and significance level (P) from nocturnal 
orientation tests on Yellow-rumped Warblers near Phoenix, Arizona. The samples include birds lumped 
together by temporal periods. NS = nonsignificant. 

Number 
Date of birds • r Z P 

November 1979 7 204 ø 0.74 3.91 

Early to mid-December 1979 6 190 ø 0.97 5.72 
Late December 1979 4 156 ø 0.87 3.06 
October 1980 11 210 ø 0.86 8.21 
November 1980 8 182 ø 0.88 6.27 

Early to mid-December 1980 6 217 ø 0.66 2.66 
Late December 1980 to early January 1981 10 163 ø 0.54 3.02 

0.01 < P < 0.02 

P < 0.001 
0.02 < P < 0.05 

P < 0.001 
P < 0.001 

NS 
0.02 < P < 0.05 
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gree of change created by relatively similar 
frontal systems between seasons. If the birds 
had to "gear up" from a nonmigratory state, 
the time element involved in changing to a mi- 
gratory state might be too great. Therefore, an 
extended, low-level maintenance of the migra- 
tory state enabling a rapid response would be 
advantageous. 

The span between a highly facultative mi- 
gration and a highly fixed one may represent 
differences in the degree of suitability of hab- 
itats along the migration route. Many migrants, 
such as those that cross the Mediterranean and 

Sahara or the Gulf of Mexico, might be consid- 
ered as birds that migrate a mandatory dis- 
tance. One tradeoff might be that these birds 
consistently wind up in a relatively benign en- 
vironment at the end of this movement. On the 

other hand, some species apparently have de- 
veloped the ability to shift the wintering area 
along the route, depending upon the current 
suitability of given areas. Underlying this con- 
cept is the assumption that there is an energetic 
cost associated with migration and that a re- 
duction in migratory distance, where feasible, 
would be advantageous. In addition, it has been 
suggested that birds wintering closer to the 
breeding grounds gain an advantage by earlier 
arrival when conditions on the breeding 
grounds permit habitation (Ketterson and No- 
lan 1976, Gauthreaux 1978, Myers 1980). 

Yellow-rumped Warblers are known to be late 
migrants, especially for parulids (Keast 1980a). 
In a seasonal comparison among 14 species of 
northeastern North American breeding wood 
warblers, the longest fall migration period and 
shortest wintering period were attributed to 
Yellow-rumped Warblers. Lack and Lack (1972) 
noted that Yellow-rumped Warblers may not 
arrive in Jamaica until January. Numbers of 
Yellow-rumped Warblers have been found at 
nocturnal tower kills in December and January 
(Crawford 1981). This species has arrived at and 
departed from the Farallon Islands, California, 
relatively frequently in mid-winter (DeSante 
and Ainley 1980). These data, although indi- 
cating mid-winter movement, are unable to ad- 
dress whether these movements were faculta- 

tive or "late" typical migration. 
Some ducks and shorebirds appear to remain 

as far north as possible, moving southward in 
stages as freezes occur (Shuford and DeSante 
1979). So-called "weather migrants" are well 
known. In general, these are not "typical" mi- 

grants or insectivores but include birds such as 
siskins, crossbills, grosbeaks, redpolls, and oth- 
er "irruptive species." Some species of migrant 
sparrows appear to show facultative migration, 
including Field Sparrows (Spizella pusilla; Fret- 
well 1980) and White-crowned Sparrows (Zo- 
notrichia leucophrys; Gauthreaux pets. comm.). 
Chipping Sparrows (Spizella passerina) continue 
to migrate south into the Sierra Madre Occi- 
dental of Mexico from potential wintering areas 
in southeastern Arizona if low summer rainfall 

has not produced an abundance of winter seeds 
(Pulliam and Parker 1979). Individual Dark- 
eyed Juncos (Junco hyemalis) have been found 
after December in vastly different areas be- 
tween winters, with most of these shifts being 
to the south (Ketterson and Nolan 1982). Eu- 
ropean Starlings (Sturnus vulgaris) that were 
displaced to favorable wintering areas ceased 
their migration, whereas other individuals that 
were transferred to unfavorable surroundings 
showed an induced prolongation of migration 
(Perdeck 1964). Several species of Old World 
Turdus are known to extend or initiate facul- 

tative fall (winter) migration (Lack 1944). Some 
recent observations indicate that other Old 

World long-distance migrants may be pausing 
or decelerating in their fall migration and then 
continuing if conditions dictate further move- 
ment. Some species that are destined for South 
America may linger in Panama before proceed- 
ing to their wintering grounds (Morton 1980). 
In Africa, at least some of these migrants move 
southward in stages, pausing for weeks or even 
months before proceeding (Moreau 1972, Mo- 
rel 1973, Pearson and Blackhurst 1976, Moreau 

and Dolp 1970). Experimental evidence sug- 
gests that the birds in Arizona were actually 
showing a propensity for nocturnal migration 
rather than diurnal movements. There is evi- 

dence that very late movements by these other 
species are also of the classical nocturnal type. 
Included in these are Marsh Warblers (Acro- 
cephalus palustris), which were observed repeat- 
edly coming to lighted windows at Amani, 
Tanganyika in December and January (Moreau 
1972). Observations of this species in that area 
occurred only at night. In Isavo, Kenya, 12 
species of nocturnal migrants were found at 
brightly lighted windows on the north side of 
a building in December. Four of these species 
were migrants that have also shown winter site 
fidelity (Moreau 1972). 

Food-resource abundance is probably ex- 
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tremely important in the evolution of migra- 
tion systems (Dingle 1980, Keast 1980b). Ener- 
getically, migration is very costly (Tucker 1971, 
Blem 1980). Therefore, it appears selectively 
advantageous for migrant birds to reduce as 
much as possible the distance between ade- 
quate food resources in the breeding and non- 
breeding periods. In addition, many factors 
would enter into the distance variable: winter 

site predictability, suitability of habitats, re- 
newability or lack of renewability of a food re- 
source, competition, and morphological and 
physiological limitations. Regardless, it would 
be selectively advantageous for an individual 
migrant to be able to leave its present location 
should unfavorable conditions occur and the 

probability of mortality become high. Move- 
ments of this type may not always be more 
beneficial than staying (depending upon the 
probability of finding a better area as opposed 
to the probability of dying if they remain). 
Many factors would enter into the movement 
process, not the least of which would be how 
many other individuals might be leaving an 
area, and how this might affect the habitat suit- 
ability. Thus, there is the likelihood, or at least 
the possibility, of mixed populations of site- 
flexible and site-fixed individuals that may in- 
volve different trade-off relationships, depend- 
ing upon, for example, different breeding 
populations or age or sex groups, dominance 
relationships, and other factors (Ketterson and 
Nolan 1976, 1979, 1982; Gauthreaux 1978). Fi- 
nally, even the same individuals might vary 
between years, depending not only upon past 
experience (or lack thereof) but upon fluctuat- 
ing conditions as well. Winter site fidelity is a 
relatively prominent phenomenon in at least 
some migrant species. This fidelity should oc- 
cur in areas where past winter survivability was 
achieved. There are many benefits derived from 
returning to a familiar area as well. It does seem, 
however, that few data exist concerning be- 
tween-year site suitability in areas where in- 
dividuals recur in winter. The observation that 

a bird recurs does not address the question of 
whether or not the bird possesses the capabil- 
ity to move if the habitat changes for the worse. 

Just as migrants are known to accelerate their 
rate of movement as they approach the breed- 
ing grounds if conditions are favorable (Lin- 
coln 1952), we are suggesting that some, at least, 
decelerate their rate of movement in late fall 

migration if conditions are favorable, stopping 

to winter if conditions remain favorable. De- 

celerating the rate of movement, when feasi- 
ble, may reduce the energetic cost of migration 
and allow for an overall reduction in the dis- 

tance between the breeding and wintering area. 
By maintaining a relatively low-level migrato- 
ry state, movement can be elicited with a min- 
imum amount of preparatory time, and move- 
ments, if necessitated, can be properly oriented. 
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From "Bird nomenclature of the Chippewa Indians," 

"During a three years' residence among the Chip- 
pewas at White Earth, Minn., I had many opportu- 
nities of learning the names which they give to birds, 
and some of their ideas regarding them. These In- 
dians claim to have a name for each and every kind 
of bird inhabiting their country; as a fact, they have 
no specific name for fully one-half of those which 
yearly nest before their eyes, or pass by in migration. 
We may say in general that they give names to all 
winter residents, since at that time bird life is so scarce 

that each one is accurately noticed, while summer 
birds of much greater dissimilarity receive but one 
name. 

Among summer residents, nearly all those that are 
hunted for food are named and described. Indeed, 

few white hunters, or ornithologists, can recognize 
the different species of Ducks as quickly or at as great 
a distance as many of these Indians. Of the other 
summer birds, most of the large species have names, 
but some of these, as, for example, those of the Hawks 
and Owls, are very loosely applied. They all seem to 
be familiar with the names, but not with the partic- 
ular bird to which each belongs. This may be ac- 
counted for by the large number of stories about these 
birds which are told to the children, teaching them 
the names, but not the appearance of the birds. The 
small birds of summer seem to the Indian beneath 

his notice, and when asked the name, the answer not 

uncommonly is, "Why do you want to know its name? 
It isn't good to eat." They consider that when to a 

by W. W. Cooke (1884 Auk 1: 242-250): 

small winged animal they have given the name 'bird,' 
they have done their whole duty." 

[Cooke then provides over 100 examples, among 
which are the following:] 

"Shrike... Kitch'-i-win'-di-go-bi-ne'-sji, big can- 
nibal-bird." 

"Song Sparrow ... Kos-kos-ko-ni'-chi, making a 
scraping or whispering noise. This name is also in- 
discriminately applied to any small dull-colored bird, 
which is seen in the grass or on low shrubs. Probably 
thirty or more species would be included under this 
name." 

"Bobolink... $hi-ka'-go-bi-ne'-shi. Chicago bird, 
that is, skunk bird, from the white stripe down the 
middle of the back." 

"Yellow-headed Blackbird... Bwan-ence'-as-sig'- 
gi-nak, little Souix blackbird; because its home is in 
the west in the land of the Souix." 

"Yellow-shafted Flicker... Mo-ning'-gua-ne,' bird 
with dirty colored wings." 

"Bald Eagle... Mi'-gi-zi .... When young, or gray, 
it is called Ini'-ni'-zi, man Eagle; when old and white, 
Wa'-bi-jush-kwe,' white woman." 

"Loon ... Mang, brave. This is almost the only 
word of one syllable in the Chippewa language. In 
English, to call a person a loon is not very compli- 
mentary, but the Indians use loon-hearted just as we 
do lion-hearted, to denote extreme bravery. In the 
fall, when the colors get dull, the name A'-shi-mang 
is given, meaning false Loon." 


