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In a previous paper (Drury and Nisbet, 1964) we analyzed in de- 
tail the orientation of songbirds on autunm migration, using a 
moving picture film record of a radar screen on Cape Cod, Massa- 
chusetts. In this paper we report an analysis of the orientation of 
spring migrants, studied in the same way. Movements of birds near 
Cape Cod are less complex in spring than in autumn, so that a more 
detailed analysis of some aspects of orientation is possible. 

The film record. 
The radar station is at South Truro, :\fassachusetts (Figure 1): 

its technical characteristics and its performance in detecting birds 
have been described by Richardson, et al. (1959) and by Nisbet 
(1963a); its use to analyze orientation has been described in detail 
by Drury and Nisbet (1964). Briefly, echoes from birds are dis- 
played on a screen in the form of bright dots on a circular map (the 
"PPI") which is photographed on 35-min. movie film: each frame 
of the film records a single sweep of the beam, lasting 12 seconds. 
By projecting the fihn on a cinematic viewer, the slow motion of the 
echoes on the screen can be speeded up sufficiently to give a clear, 
but qualitative, impression of the flight directions and spatial dis- 
tributions of the birds. For accurate measurements of orientation, 
it is necessary to employ an electronic device (the "•,•TI") which 
eliminates from the PPI echoes from all targets with no radial 
motion relative to the radar station. Thus, if all the birds are moving 
in the same direction, the }¾[TI removes from the screen all echoes 
in a wedge-shaped sector on each side of the center of the screen, 
the axis of the wedge being perpendicular to the direction of move- 
ment. In practice, the MTI-wedges are diffuse (Figure 2), because 
birds do not all fly in the same direction, but the center-line of the 
wedge is exactly perpendicular to the mean direction of the birds, 
which can thereby be measured within limits of error of only two or 
three degrees. •lTI-wedges are visible only where the movements 
of the targets are (locally) reasonably uniform; they are obscured 
when the directions of flight of individual birds are random (as in 
"disoriented movements"), widely dispersed (as with a strong head- 
wind), or poly-modal (as when several discrete movements overlap). 

*Contribution No. 57 from the Hatheway School of Conservation Education, 
lV[assachusetts Audubon Society, Lincoln, lV[assachusetts. 
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Figtare 1. Map of New England, showing the main directions of spring migration 
observed near Cape Cod. The double lines show the southeastward fringe of 
the dense mass of migrating songbirds: it closely coincides with the northeast- 
southwest trend of the Atlantic Coast. 

Films were available for 85 nights in the periods 1 May-5 June 
during 1959, 1960 and 1961. Some migration in directions between 
north and east was observed on 74 of these nights; the remaining 11 
films either showed reversed movements only, or were obscured by 
echoes from rain. Fihns were also available for a number of nights 
during March and April in 1960 and 1961, but are not analyzed here. 
MTI-wedges were visible during part or all of 52 nights. 

Since MTI-wedges are sometimes difficult to lneasure exactly, we 
preserved objectivity by extracting all the data before starting to 
analyze them, and we did not refer back to the fihns after analyzing 
the data. 

DESCRIPTIVE SURVEY 

On most nights the main direction of migration over Massa- 
chusetts Bay is to the northeast or east-northeast; but the move- 
ments of individual birds show a wide spread, sometimes as far to 
the north as 020 ø and sometimes as far to the east as 085 ø (but it is 
rare for both these directions to be observed on the same night). We 
cannot measure quantitatively the spread in flight directions, but 

Figure. 2. PPI screen at South Truro, Mass., photographed at 0225 Greenwich 
Time (2125 Eastern Daylight Savings Time) on 10 May 1959. The axis of the 
dark wedge extending northwest from the center of the screen is perpendicular 
to the local mean track of the migrating birds. 
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xve estimate that on typical nights the standard deviation is about 
10 ø. For obvious geographical reasons (Figure 1) the more easterly 
directions are more apparent in the eastern half of the radar screen, 
so that the birds appear to be fanning out from a center to the 
left of the radar screen. This paper is concerned primarily with this 
widely-spread northeastward movement. 

Other directions of movement which are frequently observed on 
the films are the following: 

(a) Northwestward movements of bright, fast-moving echoes; 
these have been attributed to shorebirds arriving from South Amer- 
ica (Nisbet, 1963b). 

(b) Southeastward movements of bright, fast-moving echoes; 
perhaps reversed movements of shorebirds. 

(c) Southwestward or southward movements of weak, slow- 
moving echoes; these have been attributed to reversed movements 
of songbirds (Drury and Keith, 1962). 

(d) Eastward or east-southeastward movements of bright ech- 
oes; these are similar to the movements attributed to waterbirds in 
autumn (Drury and Nisbet, 1964). 

These movements generally involve small numbers of birds on 
only a few nights and do not yield MTI-wedges; they will not be 
considered in detail in this paper. 

Whereas in autumn at, least. four discrete types of movements were 
observed, each with its own orientation and spatial pattern (Drury 
and Nisbet, 1964), we could subdivide the spring movements into 
only two discrete types. To the northwest of Cape Cod, especially 
over Boston Bay and the adjacent mainland, most echoes are of the 
weak, flickering type attributed to dense movements of songbirds by 
Drury and Keith (1962) and Nisbet (1963a). According to pub- 
lished surveys (Griscom and Snyder, 1955; Bailey, 1955), the most 
numerous landbirds migrating by night. through eastern Massa- 
chusetts in May and June are members of the families Parulidae, 
Emberizidae, Turdidae, Tyrannidae and Miraidac; according to 
breeding-bird censuses summarized by Nisbet (1963a), these five 
families account for 85-90 per cent of the migrant birds of the north- 
ern forests. Over Cape Cod itself, however, and the sea to the east 
and south, the density of these weak echoes is some 150 times smaller 
(Drury and Keith, 1962), and the most conspicuous movement is 
one of bright, faster-moving echoes which start to move several 
hours before sunset; the density of this movement declines steadily 
during May and it has hence been attributed mainly to ducks, geese, 
and gulls (Nisbet and Drury, in prep.). 

Although these two movements diverge as they extend northeast 
over the Gulf of Maine, they overlap and intergrade in the area of 
Massachusetts Bay where we observe MTI-wedges. Hence we have 
not attempted to separate them in our analysis of orientation. 
Probably for this reason, the spread in observed directions on a 
given night appeared to be larger in spring than that in any of the 
four autumn movements; and the night-to-night variation in mean 
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directions (s.d. about 12 ø) was larger than that in the most variable 
of the autumn movements. We therefore suggest that the vari- 
ability in flight directions at both seasons was primarily due to the 
presence of a large number of species with different migratory be- 
havior, the differences being greater in autumn than in spring. In 
particular, the birds which fly south in autumn must return by a 
more westerly route in spring. Bellrose and Graber (1963) found 
this "loop-migration" to be normal for all species in the Mid-west; 
both they and Drury and Keith (1962) independently explained it 
as an adaptation to the prevailing wind-systems. 

DETAILED OBSERVATIONS 

M TI-wedges. 
MTI-wedges were visible on 65 per cent of the nights on which 

northeastward movements were detected. Comparison of Table 3 
with Table 4 shows that most of the remaining nights were nights 
when the winds had northerly or easterly components. Such winds 
are partly opposed to the normal direction of migration and are 
usually associated with reversed movements (Drury and Keith, 
1962). Thus we suggest that the major obstacle to observing MTI- 
wedges is the presence of birds moving in other directions. This is 
supported by the fact that in autumn, when directions of migration 
are more diverse, we observed MTI-wedges on only about 30 per 
cent of the nights of southward or westward migration (Drury and 
Nisbet, 1964). 

Directions at different ranges. 

Figure 2 shows a spring photograph of the radar screen. It will be 
seen that the density of echoes is much greater to the northwest of 
the radar station than to the southeast, and that the MTI-wedge is 
curved. Table i summarizes the mean tracks as observed by the 
MTI-wedge method at different ranges from the radar station: it 
xvill be seen that the birds (mainly waterbirds) over Cape Cod fly, 
on average, some 200-25 ø more to the east than those (mainly song- 

TABLS 1. ME.• D•RSCTIOX'S OF MIC•R,•,TIO,•, AS RECORDED BY TaE MTI-wE•)•E 
METHOD, AT DIFFERENT RANGES FROM SOUTH TR•-RO. RECORDS FROM ALL DATES 

AND ALL TIMES HAVE BEEN •UMMARIZED IN THE TABLE. 

Range (nautical miles) Number of records Mean track _+ s.e.m. 

0-10 57 066 ø _ 3.2 ø 

5-15 83 058 ø _+ 1.5 ø 

10-20 213 057 ø __+ 0.6 ø 

20-30 180 054 ø _+ 0.9 ø 

30-40 92 048 ø + 1.0 ø 

40-50 24 046 ø __+ 1.1 ø 

50-70 6 042 ø __+ 1.8 ø 
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birds) over the mainland of Massachusetts. Figure 1 shows that this 
difference can be related simply to the geography of the area: most 
birds which depart from the mainland of New England on tracks 
north of 050 ø do not pass close to the radar station. 

Directions at different times. 

Table 2 SUlnr•xarizes the mean tracks during each hour of the 
night. It will be seen that the mean tracks tended to turn towards 
the right by about 7 ø during the hours between 2000 and midnight, 
and to return to the left during the subsequent four hours. Both 
tendencies are apparent at each of the three ranges for which there 
were adequate data, and are statistically significant (p < 0.01) when 
data for the three ranges are combined. 

Figure 1 shows that these changes can be simply explained by 
reference to the geography of the Atlantic coast. Early in the night 
the birds crossing Massachusetts Bay are those which have taken 
off in southeastern Massachusetts and Rhode Island; later in the 
night they are replaced by birds from the New York City region 
lying more to the west; still later, these are replaced by birds from 

TABLE 2. MEAN DIRECTIONS OF MIGRATION DURING ]•ACH HOUR OF THE NIGHT, 
AS RECORDED BY THE MTI-WE•GE METHOD. 

Range (nautical miles) Number of 
Hours (E.S.T.)* 10-20 20-30 30-40 Mean track Records 

2015 053 ø 050 ø 047 ø 051 ø ñ 1.3 ø 54 

2115 055 ø 055 ø 048 ø 054 ø ñ 1.0 ø 88 

2215 057 ø 057 ø 050 ø 056 ø ñ 1.0 ø 84 

2315 059 ø 058 ø 053 ø 057 ø ñ 1.1 ø 70 

0015 061 ø 057 ø 047 ø 056 ø ñ 1.2 ø 58 

0115 057 ø 055 ø 045 ø 053 ø ñ 1.6 ø 42 

0215 060 ø 057 ø (043 ø) 057 ø ñ 1.5 ø 33 

0315 059 ø 053 ø (040 ø) 054 ø ñ 1.8 ø 31 

0415 051 ø 052 ø (044 ø) 049 ø ñ 2.7 ø 18 

*Data for 2000 and 2030 have been combined in the line labelled 2015, and so o11. 

more southern areas in New Jersey. Since the winds were generally 
favorable (Table 3) on the nights in question, the reversal of the 
trend in the mean tracks about 5 hours after the start of the migra- 
tion is consistent with the expected time of passage of birds from the 
New York City area 180 miles away. However, i[ is possible that 
the changes in mean track may also reflect changes in the tracks of 
individual birds: Gehring (1963) observed similar changes in the 
tracks of diurnal migrants in Switzerland, where they are difficult to 
explain on geographical grounds, and he showed that they are to be 
expected on geometrical grounds if the birds use an uncorrected 
sun- or star-compass mechanism of orientation. 
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Fluctuations in directions related to wind. 

Tables i and 2 describe the average pattern of orientation re- 
corded by the MTI-wedge method, and can therefore be used to 
obtain the deviation of a single observation from the average pat.- 
tern. For example, at a range of 10-20 nautical miles, the average 
pattern is for the mean track to change from about 055 ø at 2000 
E.S.T. to 062 ø at 0000 E.S.T. Thus the observation of a wedge at 
335 ø at 2000 E.S.T. represents a deviation of •-10 ø from the aver- 
age, the 4- sign indicating deviation to the birds' right. 

In Table 3 the deviations of the mean tracks from the average 
pattern are related to the direction and speed of the geostrophic 
wind (which approximates the average wind at the birds' usual 
height above the earth's boundary layel'). It will be seen that posi- 
tive deviations are associated with winds from the birds' left, and 
vice versa. 

Subjective measurements of flight directions. 
Table 3 shows that most records of MTI-wedges were with follow- 

ing or partly-following winds. (As already noted, the main reason 
for this is probably that the wedges are obscured by movelnents in 
other directions when the winds are abeam or opposed.) In order to 
measure the effect of beam- or head-winds, it is necessary to use 
subjective measurements of flight directions, obtained from visual 
inspection of the films. This was not possible on the autumn films 
(Drury and Nisbet, 1964), because of the complex nature of the 
movements, but on the spring finns we could classify movements 
under four directional groups, viz., 020ø-035 ø, 040ø-055 ø, 060ø-070 ø 
and 075ø-085ø; usually two or three of these could be seen on each 
film. In Table 4 we have summarized the number of times each of 

TABLE 3. DEVIATIONS OF •{EAN TRACKS FRO• THE AVERAGE PATTERN, RELATED 
TO TItE GEOSTROPHIC WINDS 

Notes: The geostrophic wields were obtai•ed by sta•dard graphical methods from 
the 3-hourly weather maps prepared by the U.S. Weather Bureau. N[ean 
tracks were measured by the N[TI-wedge method, usually once per hour, 
a•d were related to the nearest available wind measurement; for example, 
tracks measured at 0200, 0300 m•d 0400 were related to the wi•d at 0300 
to yield three data for the table. The figures plotted are the means of all 
the deviations corresponding to the given ranges of wi•d speed and 
direction, _ the standard error of the mean, with the sample size i• 
parentheses. 

Wind Speed 

Wind direction 0-8 knots 10.20 knots Over 22 knots 

190ø-215 ø -1.5 _+ 2.4 (13) --4.8 +_ 1.1 (52) -1.9 _+ 3.0 (8) 
220ø-245 ø (0) --3.2 + 0.9 (43) +0.3 + 1.2 (73) 
250 ø-275 ø ca. d- 0.3 (4) +2.3 _ 0.9 (53) +4.3 + 1.0 (33) 
280ø-325ø ca. d- 3 (3) +2.8 + 1.7 (26) +8.9 + 2.2 (15) 
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these groups was recorded in relation to the direction of the surface 
wind observed at Boston at midnight. Regression analysis of the 
data in Table 4 indicated that on average, the birds' mean track 
deviated to the right by (0.041 _ .010) groups, that is about (0.65 
ñ 0.16) degrees, for each change of the wind by one compass point 
(lllz• ø) towards the left. This is consistent with the corresponding 
figure of about (1.2 _ 0.4) ø per compass point obtained from 
Table 3. 

Changes in flight pattern. 
These figures suggest that cross-winds did not cause much de- 

viation of the mean tracks; but study of Figure 1 shows that, al- 
though deviations to the right should be observed easily, deviations 
to the left might not be conspicuous because any birds so deviated 
would pass further from the radar station. As an independent test 
for deviation by cross-winds, we attempted to correlate fluctuations 
in the position of the southeast•vard edge of the mass of echoes with 
the direction of the wind. It is difficult to locate the edge of the 
mass of echoes objectively, but an approximate measure of its 
TABLE 4. OBSERVED DIRECTIONS OF FLIGHT OVER I•ASSACHUSETTS BAY RELATED 

TO THE WIND OBSERVED AT BOSTON 
Regression equation: y = 3.184 --0.0824x) 

Direction of flight 020 ø-035 ø 040 ø-055 ø 060 ø-070 ø 075 ø-085 ø 

Variable y i 2 3 4 

Wind 
Direction Variable x 

ENE 0 -- 1 2 2 

NE 1 -- -- 1 1 

NNE 2 -- 1 1 -- 

N 3 -- 2 1 1 

NNW 4 -- 1 4 1 

-WW 5 1 3 3 1 

WNW 6 -- 3 6 -- 

W 7 1 4 6 4 

WSW 8 3 7 7 3 

Calm 8 1/2 -- 1 4 1 
SW 9 5 13 14 2 

SSW 10 2 9 5 2 

S 11 -- 1 1 -- 

SSE 12 .... 

SE 13 -- 1 -- -- 

ESE 14 3 3 -- -- 

E 15 2 3 2 -- 
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position is provided by the closest range at which an MTI-wedge 
was observable. Table 5 summarizes the relation between this 
measure and the geostrophic winds. It will be seen that the shift 
in the southeastward edge of the mass of echoes was only about 
1/2 mile per compass point shift in the •vind; since most of the birds 
had flown for 1-6 hours before being recorded (Table 2), this shift is 
no more (and probably less) than that expected from Tables 3 and 4. 

Migration under overcast skies. 

Of the 52 nights when orientation was good enough for us to ob- 
serve MTI-wedges, 12 were overcast at Boston and a further 8 were 
very cloudy (average cloud cover eight-tenths or more). The 
orientation of the MTI-wedges appears to have been exactly similar 
on these nights to that on the remaining 32, and we have found no 
qualitative or statistical differences between the two sets of data. 
On at least one night (21/22 May 1961) the MTI-wedge shifted to 
the right by 5ø-10 ø before midnight and back again after midnight 
in the normal way (Table 2), in spite of uniformly overcast skies. 
We conclude that, as in autumn (Drury and Nisbet, 1964), overcast 
skies do not significantly impair orientation. 

Txr• 5. M•N•rJ• RANGES A• WHiCh MTI-w•D•ES WER• OrSERVED, RE•A•ED 
ß O •H• G•OSTROrH•C W•.•DS. 

TI•E F•C•C'RES G•VEN ARE THE MEA• RA•E (•N NAUT•CAX, M•,ES) ñ STANDARD 
•RROR• WITH THE •:'N*UMBER OF RECORDS IN PARENTHESES. 

Wind stre•gth (k•ots) 

Wind directions 0-8 10-20 Over 20 

190ø-210 ø co. 28 (5) 12 ñ 1.4 (11) 17 ñ 3.5 (3) 

2200-245 ø -- 11 _+ 0.8 (13) 11 ñ 1.0 (24) 
250ø-275 ø -- 9 +_ 1.0 (20) 11 4- 2.2 (10) 
2800-320 ø -- 8 ñ 1.8 (12) 13 4- 1.8 (7) 

DISCUSSION' DRIFT? 

Tables 3, 4 and 5 agree in indicating that cross-winds were asso- 
ciated with a shift in the observed mean tracks of the birds of 0.5ø-1 ø 
for each compass point between the birds' normal mean track and 
the direction of the wind. This is much smaller than the deviation of 
about 5 ø for each compass point expected on the hypothesis that the 
birds' mean heading was the same on each night., so that they were 
drifted passively. Thus the birds must have compensated for most, 
if not all, of the drifting effect of cross-winds. 

Our results for autumn were similar (Drury and Nisbet, 1964): 
in two movements we observed no deviation at all; in the other two 
movements we observed slight deviations, but they were not statis- 
tically significant and were much smaller than those expected on 
the hypothesis of passive lateral drift. 
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CALM NORTH WIND SOUTH WIND 

(a) (b) (c) 

Figure 3. Effect of a cross-wind on a widely-spread bird movement. Diagram 
(a) shows the directional tendencies of the birds in calm weather. With a 
cross-wind from the left (diagram (b)), the birds which would otherwise fly 
to the left of average do not migrate, so that the mean track (dashed arrow) 
is deviated to the right. Similarly, a cross-wind from the right (diagram 
(c)) deviates the mean track to the left, thus simulating drift. If the birds do 
not compensate for drift, the deviations will be even larger. 

It is usually taken for granted that wind-correlated deviations 
of the kind shown on Tables 3-5 are evidence for "lateral drift", even 
though the small size of the deviations indicates partial compensa- 
tion for drift. This interpretation, however, requires the dubious 
assumption that the birds flying on each night have the same 
directional preferences, independent of the wind. An alternative 
explanation of the observed deviations (Drury and Nisbet, 1964: 
92) is that the birds which normally fly on a track to the right of 
the average avoid migrating in winds from the right (which to them 
are partially opposed), but preferentially migrate in winds from the 
left (which to them are partially following). This mechanism is 
illustrated in Figure 3. 

For a quantitative evaluation, consider a hypothetical bird popu- 
lation whose members fly on tracks between a minimum of --,I, and 
a maximum of +,I,, the density between these extremes being AdO 
within the range of tracks 0 to 0 + dO, where A is a constant. The 
total density of migration is then 2A,I,. Suppose that each bird's 
track is unaffected by a cross-wind, but that the density in each 
direction is augmented by partly following winds, and suppressed 
by partly opposed winds, by the multiplicative factor (1 - a cos ½ ), 
where ½ is the angle between the wind and the direction concerned. 
This factor can become negative when • is small (i.e., for head- 
winds) so we will apply the model only to tail- and cross-winds. A 
more realistic model would include the effect of varying wind 
strength, and would avoid the over-simplifying assumptions that 
A and a are constants; however, this simple model preserves the 
essential features of the mechmfism illustrated in Figure 3. 

In the simplest case, where the wind is at right angles to the un- 
disturbed direction, ½ = • ,r-O; it can then be shown that the 
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mean direction of the birds which fly is given by 

0 = a(xI ,-1 sinxI,- cosxI,), 

or, if c is not very large (•I '2 <( <(10), 

t3- 

3 

This represents the deviation of the mean observed direction due, 
not to drift, but to modification of the composition of the flying popu- 
lation by the cross-wind. This deviation is proportional to a and to 
the square of ,I,, which measure respectively the suppressire effects of 
head-winds, and the spread of directions within the population. 
(14-a) is the ratio of the mean density of migration with tail-winds 
to that with cross-winds and is easily measured. 

In the case of our spring migration, •I, is about 0.6 radians (= 34 ø) 
and a is about 0.6 (Nisbet and Drury, in prep.), so the above model 
predicts a deviation of about .072 radians (= 4.1 ø) for a wind at 
right angles to the normal incan track, which is in reasonable agree- 
ment with our observed deviation of 5.1 ø from Table 4. We there- 
fore suggest that this effect is the major, and probably the only, 
cause of the observed deviation. Our data are thus consistent with 
the hypothesis that, on average, the birds compensated exactly for 
the drifting effect of cross-winds.* 

The above model also explains why the observed deviations in 
autumn were smaller than those in spring, because the values of • 
for the discrete autunm movements were much smaller (0.15-0.4) 
than those for the diffuse spring movement. Indeed the two autumn 
movements with the larger values of •I, were the two in which we 
recorded small deviations (Drury and Nisbet, 1964). 

Our model also appears to explain the results of Bellrose and 
Graber (1963), who observed small deviations in cross-winds and 
interpreted them as due to partially-compensated drift. For their 
autunm migration, a can be estimated as roughly 0.9 radians (ttass- 
let, et al., 1963: Figures 4 and 5), and ß as 1.2 (Bellrose and Graber, 
1963: Table 2), so that our model predicts 0 = 0.43 radians ( = 25ø), 
in good agreement with the observed value (Bellrose and Graber, 
1963: Figure 4) of about 21 ø . Thus we suggest that they observed 
larger deviations in autumn in Illinois than we did in Massachusetts, 
mainly because the spread in flight-directions was greater in Illinois. 
In spring, the spread in their flight-directions was at least as large 
as in autunm (their Table 1), but they have published no data from 
which a could be estimated: their Figure 5 would be consistent 
with our model if a is less than 0.2. Bellrose (pets. comm.) has con- 
cluded that his data show that the birds he observed do compensate 
for drift. 

*After we had submitted this paper, Peter Evans, at the IrttcmatiortM Orlli- 
thologicM Congress at Oxford, reported an identical explartation which he had 
developed itxdependently for pseudo-drift. This has now been published (Evans, 
1966). 
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Our model may likewise explain the deviations observed by Berg- 
man and Donner (1964), which they interpreted as due to passive 
drift by the wind. For their birds (Oldsquaws Clangula byemalls, 
and Common Scoters Melanitta nigra), ß was about 0.50 radians 
(= 29ø), (their Figure 7), and a was at least as large as 3 (pp. 9, 
45-47), so that our model predicts 0 = 0.25 radians ( = 14ø), in good 
agreement with the value of 15 ø estimated by inspection of Figure 7. 

Our model does not, however, fully account for the observations 
of Lack (1958), 1960, 1963b), who reported that birds flying east 
over the North Sea in spring appeared to be passively drifted. For 
these birds, ß xvas at least as large as 1.2 (Lack, 1960: Table 7), and 
a at least as large as 1.0 (Lack, 1963b' 475; Lack, 1962' 75; Tedd and 
Lack, 1958). Hence, on our model, 13 would be expected to be as 
large as 0.48 (= 27ø), but this still seems significantly smaller than 
the value of (38 ø _+ 1.6 ø) obtained by a linear regression analysis 
of the data in Lack's (1960) Table 10. Thus we suggest that the 
mechanism shown in our Figure 3 explains a substantial part of the 
wind-correlated deviation described by Lack, but that the remaining 
part. must be attributed to drift. (This conclusion needs to be 
checked, because it is difficult to estimate a precisely from Tedd and 
Lack's numerical scale.) 

However, it should be emphasized that our mechanism must be 
additional to any effect of drift.. If Lack's birds had been passively 
drifted, he should have observed a much larger deviation than he 
did--of the order of 60 ø for a beam wind, instead of the 400-50 ø pre- 
dicted by the hypothesis of passive drift without taking account of 
our mechanism. Therefore, we suggest that his birds must have 
compensated, but did not fhlly compensate for the effect of drift. 

Other European radar studies (Sutter, 1961; Parslow, 1962; Lack, 
1962a, 1963a; Gehring, 1963; Lee, 1963; •[yres, 1964; Wilcock, 
1965) have all followed Lack (1960) in concluding that migrants in 
Europe are passively drifted by the wind. However, none of these 
papers included enough data for us to test critically how far the 
observed deviations can be explained by means of our mechanism. 

If it is accepted that migrants in Europe do not fully compensate 
for drift, it is necessary to consider why their behavior differs so 
markedly from that of migrants in North America. One possible 
explanation is that the species studied in North America are mainly 
long-distance migrants with limited wintering areas, whereas most 
of those studied in Europe (Parslow's (1962) warblers being an ex- 
ception) have been short-distance migrants, many of which are 
nomadic in winter (Lack, 1963a; Ashmole, 1962). }VIoreover, north- 
west Europe is stormy: it must often be impossible, and it may fre- 
quently be undesirable, for migrants there to attempt to preserve 
a constant track (cf. Nisbet, 1957; Lee, 1963). 

Lack (1962b) has pointed out the theoretical importance of drift' 
if birds are drifted off-course by the wind, they need a navigational 
mechanism to reach their destination. As far as our birds are con- 
cerned, we would repeat our earlier conclusion (Drury and Nisbct, 
1964) that they appear to preserve their tracks so precisely that it is 
unnecessary to suppose that they use any form of bi-co-ordinate 
navigation. 
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SUMMARY 

Orientation of northeastxvard migration xvas studied using radar 
on Cape Cod during 85 nights in May and early June, 1959-1961. 

Directions of migration were less diverse in spring than in autumn. 
The species which migrate south over Nexv England in autumn must 
return by a more westerly route in spring. 

The mean direction of migration was about 7 ø further to the 
right in the middle of the night than earlier or later. 

The mean direction of migration was deviated to the left by cross- 
winds from the right, and vice versa, but the deviations were much 
too small to be explained as drift from a constant heading. It is 
suggested that the birds compensated for drift, but that winds from 
the right suppressed the migration of the birds whose preferred 
direction was more to the right than average. The same mechanism 
can explain cases of apparent drift reported from North America, 
and can partly explain cases reported from Europe. 

Orientation appeared to be unimpaired by overcast skies. 
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