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Evidence for Redetermination of Migratory Direction
Following Wind Displacement
FRANK R. MooRE

Department of Biological Sciences, University of Southern Mississippi, Hattiesburg, Mississippi 39406-5018 USA
Nocturnal passerine migrants are capable of select-

presumed wind displacement. South-southwesterly

ing a direction with reference to a variety of environ-

winds (3-4 m/s) prevailed on 14 and 15 April 1985,

mental cues (Emlen 1975, Able 1980b, Able and Cher-

but they shifted to moderately strong easterly winds

ry 1986, Moore 1987). How well they maintain that

(7-8 m/s) by 17 April after the passage of a weak

direction is difficult to evaluate. Although free-rang-

front. Winds returned to southerly by midafternoon

ing migrants are seldom observed to be disoriented,

on 17 April. The pattern of change in prevailing winds

flight in seemingly inappropriate directions is not an

as migrants arrived over the northern Gulf Coast rep-

uncommon observation (Griffin 1973; Richardson 1978;

resents a natural analog of a pre-test/post-test exper-

Able 1980a, 1982; Alerstam 1979, 1981). Besides the

imental design for the treatment effect (wind change).

problem of maintaining a predetermined heading,

Most trans-Gulf migrants arrived on 17 April between

orientation errors occur, especially among young, in-

1000 and 1200 CST after experiencing easterly winds

experienced migrants (Herbert 1970, Ralph 1978,

over the northern Gulf of Mexico. If they drifted from

McLaren 1981, Gauthreaux 1982, DeSante 1983, Moore

their preferred heading, which is likely when mi-

1984).

grating over water (Lack 1959, Alerstam and Petters-

For small passerines, displacement by wind is a real

son 1976), migrants might compensate for the dis-

possibility. Whether migrants correct for displace-

placement and reorient their activity the night of their

ment or the extent to which they correct is difficult

arrival or the following morning. Differences in ori-

to determine (Evans 1968; Alerstam 1979, 1981; Rich-

entation should exist among migrants sampled dur-

ardson 1982; Bingman et al. 1982). Migrants may "cor-

ing the 5-day period if they redetermine direction in

rect" while aloft (Myres 1964, Richardson 1978, Coch-

response to wind conditions experienced during mi-

ran and Kjos 1985), or they may redetermine directions

gration.

soon after landing or before their next departure (Ev-

I conducted cage-orientation experiments with mi-

ans 1968, Gauthreaux 1978). If migrants select a di-

grating warblers (Parulinae) that had stopped over at

rection at the time of takeoff, the next morning would

an isolated woodland (29?45'N, 93033'W) along the

be a convenient time to reorient if displaced during

northern coast of the Gulf of Mexico following trans-

a night's flight (Vleugel 1954, Lowery and Newman

Gulf migration (see Moore 1986, Moore and Kerlinger

1955, Moore 1987).

1987). Birds were captured in mist nets on the day of
During a study of migrants after they migrated across
arrival, held overnight, and placed in funnel-shaped

the Gulf of Mexico, natural variation in wind con-

orientation cages (Emlen and Emlen 1966) the next

ditions over five days provided an opportunity to

morning near the beginning of civil twilight. Activity

investigate the orientation of migrants in response to

was recorded for 90 min; then I released the birds.
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Fig. 1. Orientation behavior of migratory wood-warblers in relation to wind conditions experienced during
trans-Gulf migration. Each black dot represents the mean heading of an individual and each distribution is

based on a different sample of migrants. The arrow within the circle gives the mean direction for the sa
and its length is proportional to the concentration of mean headings (r). All three distributions are significantly
different from uniform according to a Rayleigh's Test (P < 0.05). North is to the top of the figure.

Analysis of the orientation records followed proce-

outcome). It may also be argued that because birds

dures described earlier (Moore 1986).

tested on a given day are pooled statistically, the de-

Individuals (n = 17) of four species (Seiurus aurocapillus, S. noveboracensis, Oporornis formosus, and Wilsonia citrina) caught on arrival on 15 April oriented

sign suffers from pseudoreplication (sensu Hurlbert
1984).

The pattern of behavior I found is consistent with

the idea that passerines redetermine their migratory
their cage activity to the north (a = 110) on the morning of 16 April following two days of south-south-

direction to compensate for wind displacement ex-

westerly winds (Fig. 1). The directional preference of

perienced while crossing the Gulf of Mexico. This

that sample is comparable to the orientation of other

interpretation depends on two assumptions. First, the

individuals of the same species tested in the morning

departure direction of spring migrants following

that same migratory season (Moore 1986). I tested a

stopover along the northern Gulf coast is northward.

second sample of individuals (n = 12) on 18 April

Besides being seasonally appropriate for spring mi-

after they arrived with easterly winds the day before.

grants in that area (Gauthreaux 1971), two other ob-

Their activity was oriented to the northeast (a = 57?).

servations support the assumption. First, the cage ac-

Northeast orientation would be expected if birds com-

tivity of migratory warblers tested in another context

pensated for westerly displacement experienced un-

at the same location was, on average, northward

der prevailing easterly winds. After winds had shift-

(Moore 1986). Further, during stopover at the same

ed back to southerly, a third group of arriving birds

location, foraging migrants move in a northward, sea-

was caught on 18 April and tested on 19 April; ori-

sonally appropriate direction (Moore pers. obs.). Sec-

entation was again northward (Fig. 1). A Watson-Wil-

ond, I assume that the migrants captured and tested

liams multisample F-test failed to distinguish among

had arrived on the day and under the wind conditions

the three means (a = 0.05). I concluded that the three

in question. Because trans-Gulf migrants are likely to

distributions estimate the same population mean (F

depart soon after arrival, especially when weather is

= 2.87, 0.05 < P < 0.10). Although a more powerful,

favorable (see Gauthreaux 1971, Hebrard 1971, Moore

bivariate test that takes into account within-individ-

and Kerlinger 1987), it is reasonable that most birds

ual variation might have shown statistical signifi-

at the stopover site arrived the day before their test.

cance (see Batschelet 1981), the Emlen "ink-pad" ap-

The results of this experiment do not exclude the

proach does not permit reliable estimates of individual

possibility that birds tested on the morning of 18

variability within a test-night. In any case, the pattern

April represented a subsample of grounded migrants

of change in orientation in relation to wind condi-

that were not drifted by easterly winds, but whose

tions leads me to suspect a type II error (e.g. small

preferred migratory direction was actually northeast

sample sizes and within-sample variation among in-

(e.g. Crawford 1980). The phenomenon of "pseudo-

dividuals contributed significantly to the statistical

drift" is based on the premise that different popula-
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(Lack 1963a, b; Myres 1964; DeSante 1973; Richardson

their own preferred headings and are aloft with dif-

1978) may be a fixed compass reaction to being off-

ferent wind conditions (Evans 1966, Nisbet and Drury

shore at dawn rather than a response to wind (see

1967, Alerstam 1976). Although it is difficult to refute

also Baird and Nisbet 1960, Murray 1976, Able 1977).

pseudodrift (Richardson 1982), two observations ar-

I thank V. Bingman, D. DeSante, P. Kerlinger, and

gue against pseudodrift being the cause of the ob-

W. Richardson for their constructive comments on

served orientation. First, if the migrants that arrived

the manuscript. J. Ficken Buchanan, M. Buchanan,

with easterly winds on 17 April had not drifted but

and R. Moore provided valuable field assistance. Spe-

preferred a westerly heading, their orientation on 18

cial thanks to the Baton Rouge Audubon Society for

April was largely upwind rather than downwind as

permission to work on the Hollyman Migratory Bird

would be expected if pseudodrift were the explana-

Sanctuary. This research was supported by National

tion. Second, the weather on the days preceding the

Science Foundation grant BNS 8316781.

easterly winds (i.e. south-southwesterly winds) was
quite favorable for northeast migration and migrants

LITERATURE CITED

with a northeast preference should have departed
with those following winds.
These results are consistent with redetermined ori-

entation following lateral wind drift (Gauthreaux 1978,

ABLE, K. P. 1977. The orientation of passerine nocturnal migrants following offshore drift. Auk 94:
320-330.

Alerstam 1979), and they are reminiscent of the re-

. 1980a. Evidence on migratory orientation

sults of an earlier cage experiment with migrants dis-

from radar and visual observation: North Amer-

placed while crossing the North Sea in autumn (Evans

ica. Proc. Int. Ornithol. Congr. 19: 540-546.

1968). Although no control tests were run with mi-

* 1980b. Mechanisms of orientation, naviga-

grants not presumed to be off course and the sample

tion, and homing. Pp. 283-373 in Animal migra-

of birds tested at night was small (n = 13), most birds

tion, orientation, and navigation (S. A. Gauth-

oriented their activity to the southeast, which could

reaux Jr., Ed.). New York, Academic Press.

be interpreted as redetermined migration to compen-

. 1982. The effects of overcast skies on the

sate for wind displacement. More recently, Rabol

orientation of free-flying nocturnal migrants. Pp.

(1985) used Emlen funnels to examine the migratory

38-49 in Avian navigation (F. Papi and H. G.

orientation of vagrant passerine migrants (n = 26) on

Wallraff, Eds.). Berlin, Springer-Verlag.

the Faeroe Islands. Only two individuals displayed

, & D. CHERRY. 1986. Laboratory and field

activity that could be interpreted as redetermined mi-

studies of avian migratory orientation. Pp. 516-

gration; most birds oriented their activity in a south-

525 in Migration: mechanisms and adaptive sig-

southwesterly direction characteristic of autumn mi-

nificance (M. A. Rankin, Ed.). Contrib. Marine

gratory orientation on the European continent and

Sci. Suppl., vol. 27. Marine Sci. Inst., Univ. Texas.

showed no evidence of a compensatory response to

ALERSTAM, T. 1976. Bird migration in relation to wind

their "displaced" location.

Gauthreaux (1978) hypothesized that morning
movements at inland localities function to correct for
wind drift sustained during nocturnal migration. He

regards such flights as redetermined migrations following Lack and Williamson (1959), whereas other

early morning movements probably represent onward migration with no change in heading (Bingman
1980). Visual observations of passerine migration in

northwestern Germany revealed changes in flight directions from one day to the next when wind con-

ditions promoting drift occurred the previous day
(Helbig et al. 1986). Wiltschko and Hock (1972) found

that the activity of European Robins (Erithacus rubecula) was concentrated in the migratory direction during early morning hours only when the birds showed
migratory activity the night before. This led them to

speculate that birds might redetermine their migratory direction at that time.
The redetermined orientation apparent in my re-

and topography. Ph.D. dissertation, Sweden,
Univ. Lund.
. 1979. Optimal use of wind by migrating

birds: combined drift and overcompensation. J.
Theor. Biol. 79: 341-353.

. 1981. The course and timing of bird migra-

tion. Pp. 9-54 in Animal migration (D. J. Aidley,
Ed.). Cambridge, Cambridge Univ. Press.

ALERSTAM, T., & S.-G. PETTERSSON. 1976. Do birds
use waves for orientation when migrating across
the sea? Nature (London) 259: 205-207.

BAIRD, J., & I. C. T. NISBET. 1960. Northward fall
migration on the Atlantic coast and its relation

to offshore drift. Auk 77: 119-149.
BATSCHELET, E. 1981. Circular statistics in biology.
New York, Academic Press.
BINGMAN, V. P. 1980. Inland morning flight behavior of nocturnal passerine migrants in eastern
New York. Auk 97: 465-472.

sults should not be confused with "reorientation,"

, K. P. ABLE, & P. KERLINGER. 1982. Wind drift,

which is the term normally applied to birds that change

compensation, and the use of landmarks by noc-

heading while in flight. For example, inflight reorientation by nocturnal migrants over the sea at dawn

turnal bird migrants. Anim. Behav. 30: 49-53.

COCHRAN, W. W., & C. G. KJos. 1985. Wind drift and

This content downloaded from 131.95.218.41 on Tue, 20 Sep 2016 18:11:17 UTC
All use subject to http://about.jstor.org/terms

428

Short

Communications

[Auk,

Vol.

107

migration of thrushes: a telemetry study. Illinois

Sea studied by radar. Part 5. Movements in Au-

Nat. Hist. Bull. 33: 297-330.

gust, winter and spring, and conclusion. Ibis 105:

CRAWFORD, R. L. 1980. Wind direction and the species
composition of autumn TV tower kills in northwest Florida. Auk 97: 892-895.

461-492.

, & K. WILLLAMSON. 1959. Bird-migration terms.
Ibis 101: 255-256.

DESANTE, D. F. 1973. An analysis of the fall occur-

LoWERY, G. H., & R. J. NEWMAN. 1955. Direct studies

rences and nocturnal orientations of vagrant wood

of nocturnal bird migration. Pp. 238-263 in Re-

warblers (Parulidae) in California. Ph.D. disser-

cent studies in avian biology (A. Wolfson, Ed.).

tation, Stanford Univ.

Urbana, Univ. Illinois Press.

. 1983. Annual variability in the abundance
of migrant landbirds on southeast Farallon Island, California. Auk 100: 826-852.

EMLEN, S. T. 1975. Migration: orientation and nav-

igation. Pp. 129-219 in Avian biology, vol. 5 (D.
S. Farner and J. R. King, Eds.). New York, Aca-

McLAREN, I. A. 1981. The incidence of vagrant landbirds on Nova Scotian islands. Auk 98: 243-257.
MooRE, F. R. 1984. Age-dependent variability in the
orientation of migratory Savannah Sparrows
(Passerculus sandwichensis). Auk 101: 875-880.

* 1986. Sunrise, skylight polarization and the
early morning orientation of night migrating

demic Press.

, & J. EMLEN. 1966. A technique for recording
migratory orientation of captive birds. Auk 83:

warblers. Condor 88: 493-498.

* 1987. Sunset and the orientation behaviour
of migrating birds. Biol. Rev. 62: 65-86.

361-367.

EVANS, P. R. 1966. Migration and orientation of pas-

, & P. KERLINGER. 1987. Stopover and fat de-

serine migrants in northeast England. J. Zool.

position by North American wood-warblers (Pa-

150: 319-369.

rulinae) following spring migration over the Gulf

1968. Reorientation of passerine night mi-

grants after displacement by the wind. Brit. Birds
61: 281-303.

of Mexico. Oecologia 74: 47-54.

MURRAY, B. G., JR. 1976. The return to the mainland
of some nocturnal passerine migrants over the

GAUTHREAUX, S. A. 1971. A radar and direct visual

study of passerine spring migration in southern
Louisiana. Auk 83: 361-367.

1978. Importance of daytime flights of noc-

turnal migrants: redetermined migration follow-

sea. Bird-Banding 47: 345-358.

MYRES, M. T. 1964. Dawn ascent and reorientation
of Scandinavian thrushes (Turdus spp.) migrating at night over the northeastern Atlantic Ocean

in autumn. Ibis 106: 7-51.

ing displacement. Pp. 219-227 in Animal migra-

NISBET, I. C. T., & W. H. DRURY. 1967. Orientation

tion, navigation and homing (K. Schmidt-Koenig

of spring migrants studied by radar. Bird-Band-

and W. T. Keeton, Eds.). Berlin, Springer-Verlag.
1982. Age-dependent orientation in migra-

ing 38: 173-186.

RABOL, J. 1985. The orientation of vagrant passerines

tory birds. Pp. 68-74 in Avian navigation (F. Papi

on the Faeroe Islands, September 1984. Dansk

and H. G. Wallraff, Eds.). Berlin, Springer-Verlag.

Ornithol. Foren. Tidsskr. 79: 133-140.

GRIFFIN, D. R. 1973. Oriented bird migration in or

RALPH, C. J. 1978. Disorientation and possible fate

between opaque cloud layers. Proc. Am. Phil. Soc.

of young passerine coastal migrants. Bird-Band-

117: 117-141.

ing 49: 237-247.

HEBRARD, J. J. 1971. The nightly initiation of pas-

RICHARDSON, W. J. 1978. Reorientation of nocturnal

serine migration in spring: a direct visual study.

landbird migrants over the Atlantic ocean near

Ibis 113: 8-18.

Nova Scotia in autumn. Auk 95: 717-732.

HELBIG, A. J., W. WILTSCHKO, & V. LASKE. 1986. Op-

. 1982. Nocturnal landbird migration over

timal use of the wind by Mediterranean migrants.

southern Ontario, Canada: orientation vs. wind

Suppl. Ricerche Biol. Selvaggina 10: 169-187.
HERBERT, A. D. 1970. Spatial disorientation in birds.

Wilson Bull. 82: 400-419.
HURLBERT, S. H. 1984. Pseudoreplication and the

design of ecological field experiments. Ecol.
Monogr. 54: 187-211.

LACK, D. 1959. Migration across the sea. Ibis 101:
374-399.

in autumn. Pp. 15-27 in Avian navigation (F. Papi

and H. G. Wallraff, Eds.). Berlin, Springer-Verlag.
VLEUGEL, D. A. 1954. Waarnemingen over de nacht-

trek van lijsters (Turdus) en hun waarschijnlikje
orientering. Limosa 27: 1-9.
WILTSCHKO, W., & H. HOCK. 1972. Orientation behavior of night-migrating birds (European robins) during late afternoon and early morning

1963a. Migration across the southern North

Sea studied by radar. Part 4, Autumn. Ibis 105:
1-54.

hours. Wilson Bulletin 84: 149-163.
Received 17 August 1989, accepted 7 December 1989.

1963b. Migration across the southern North

This content downloaded from 131.95.218.41 on Tue, 20 Sep 2016 18:11:17 UTC
All use subject to http://about.jstor.org/terms

