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several helpful comments on the manuseript. Mr. Clench also
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A MIGRATION WAVE OBSERVED BY MOON-WATCHING
AND AT BANDING STATIONS*

By I. C. T. N1sBET AND WiLruiam H. Drury, Jr.

INTRODUCTION

While studying a migration “wave” in eastern Massachusetts in
1968 we noted some striking discrepancies between migration as
recorded by moonwatching and the changes in numbers of birds
caught at netting stations. This sort of diserepancy has been re-
ported before in general terms, but the events of 4th-6th October
1968 provided some unusually clear illustrations of the different
types of information provided by the two techniques.

Baird et al. (1959) reported that in the autumn of 1958 banding
stations on the Atlantic coast reported ‘‘waves” of arriving migrants
immediately after the passage of cold fronts, but that a banding
station 25 miles inland at Jamesburg, New Jersey, consistently
reported waves one day later. They suggested that the records of
the inland station may have reflected better the migration of birds
overhead, and that the coastal waves may have resulted from
smaller movements of birds, exaggerated by lateral drift of the
birds to the coast in the strong NW winds which usually prevail

*Contribution No. 72 from the Hatheway School of Conservation Education,
Massachusetts Audubon Society, Lincoln. Massachusetts 01773.
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behind cold fronts. Subsequently, working with radar in Massa-
chusetts, we have confirmed that coastal waves usually result from
comparatively small movements of birds (Nisbet and Drury,
1967a). However, the drift hypothesis has had to be modified,
because, on the average, autumn migrants correct for drift (Drury
and Nisbet, 1964). Most of the birds which comprise the waves at
coastal stations appear to be those inexperienced individuals which
undercompensate for drift (Drury and Nisbet, 1964). Some of these
may stop or turn when they reach the coast; others appear to cross
the coast during the night and return to land in the morning (Baird
and Nisbet, 1960; Murray and Jehl, 1964).

WEATHER SEQUENCE

For much of September 1968 the eastern United States were
under the influence of a stationary high pressure system, and with
the exception of a weak cold front on 26th September, the cold front
of 3rd/4th October was the first to affect the area since 11th Sep-
tember. The front passed through the Boston area about midnight
on 3rd/4th October and moved rapidly offshore; on the evening of
the 4th Boston was in the NE quadrant of a high centered in south-
ern Indiana, and on the evening of the 5th it was in the north-
central part of the high centered in Virginia.

Table 1 tabulates measurements of weather variables observed
at Portland, Maine, Burlington, Vermont, and Bedford, Massa-
chusetts, at the time of take-off of nocturnal migrants on the eve-
nings of 3rd, 4th and 5th October. Table 2 gives measurements of
the winds affecting birds after take-off. On the evening of the 3rd,
rain was ceasing in northern New England at sunset, but drizzle
continued at Burlington until after 20:00 and rain continued at Port-
land and Bedford until 02:00 and midnight, respectively. The
evenings of 4th and 5th were clear, dry and cool; northwest winds
were still moderate in strength at dusk on the 5th, 44 hours after the
cold front had passed, but had been stronger at dusk on the 4th.

MOON-WATCHING RESULTS

On each of the evenings 4th and 5th October we spent one hour
(20:00-21:00) moon-watching at Lincoln, Massachusetts. Rain had
prevented observation on the evening of 3rd October. The ob-
servations are summarized in Table 2.

On both evenings unusually large numbers of birds were seen,
but the directions of flight were strikingly different. On 4th/5th
October, 101 birds were seen flying in directions between southeast
and south (mean track 171°) and only 21 birds between SSW and
west (mean track 222°). On the 5th/6th October the observed
tracks again fell into two groups, but the relative proportion was
reversed: only 4 birds were seen flying SSE, but 233 between SSW
and west (mean track 226°).

As seen against the moon, the two groups of birds differed in other
ways, which were familiar to us from moon-watching in earlier
years. The SSE migrants all appeared to be small birds, flying
extremely high (most near to the limit of visibility) in direct flicht



[245

A Migration Wave Observed

Vol. 40, No. 3

SIDMOYS-UIBI— Y] "OZeY—} W0JSIOpUNY)—], "O[QE[IBAB JOU— U “SUISH—I !JUN[BJ]—] "poyIwIul—IN[] SUOLRIADIQYY

[tu [ra H [tu Jru MU i [tu HL
0¢ eI G 0€ jit4 ¢l ¢TI ) €
14 0T A | L 8 8 9 9 !
062 062 002 01€ 063 012 09¢ 0g€ 061
0009 0009 0008 0009 009¢ 00L€ TN INN 000L
L ! 0T 8 6 01 0 0 0T
10Z0T 11101 JROOT Bu BU Bu Bu B '
L4 69 18 9¢ 89 18 8¢ 99 8
154 04 69 154 Ly 69 194 04 €9
¢ 4 € ¢ 4 ¢ ¢ 14 g

S)1OSNYIBSSBIN ‘PIOJPAg]

juouLIe \ ‘uojurng

QuIBTy ‘puspprod

uonyeydmarg

(saTIwr) Ayigqst

(g syowy) paads puiy
(o) UOBORUP puUT
(129)) 3ul[ren pnor)
(s1u0)) 19400 ANQ
(qur) aanssarg

(%) Lupruny aAnerey]
(d,) omyeIoduray,

(8961 100) =18
UoTB)Q IOYIBIA

K961 TATOLO() ¢ ANV F ‘G 0 SONINHAF WHL NO LSH 00:6] LV SNOLLVIS NAHIVEA, ANVIONG MHN SEUH], LV HEHIVEA T A4V,



246] LoCo T, Nasbet and Willvam H. Drury, Jr. B&’S}‘?”{;’%‘é"*

TaBLE 2. UppEr-a1R WINDs aND Frigar DIRECTIONS OF BirRps OBSERVED BY
MoonN-WaTcHING AT LINCOLN, MASSACHUSETTS, ON 4 AND 5 OCTOBER 1968

Date 4 October 5 October

Upper-air wind: direction 300° 320°
speed (knots) 25 20
SSE-flying migrants:
Number seen 101 4
Observed mean track 171° 168°
Estimated mean heading 235° 193°
SW-flying migrants:
Number seen 21 233
Observed mean track 222° 226°
Estimated mean heading ca. 285°%% 291°

Note. Upper-air winds are the ‘gradient’ winds, estimated by standard methods
from the direction and spacing of the isobars on the surface-level weather
maps. Mean headings were estimated from the observed mean tracks and
the upper-air winds, assuming a mean air-speed of 22 knots; that marked
by an asterisk was estimated by direct observation, because only birds with
air-speed greater than 25 knots could have maintained the observed tracks.

with scarcely perceptible undulations. The SW migrants were much
lower (nearly all being easy to observe), of diverse sizes and shapes
(those of flicker, catbird, robin, thrasher, heron and rail were tenta-
tively identified, in addition to small passerines), sometimes un-
dulating markedly and sometimes in loose groups (6 pairs and one
trio were observed crossing the moon together). Because of the
differences in height and direction, the 101 birds seen flying SSE
on the 4th actually represent a migration two or three times denser
than the 233 birds seen flying SW on the 5th. As calculated by the
method of Nisbet (1963a, b), the former represent a migration
traffic rate of about 50,000 birds per hour per mile, or a density of
about 2,000 birds per square (nautical) mile. This is one of the
densest migrations we have recorded, either by moon-watching or
with radar, and is denser than all but a few of the North American
samples listed by Newman and Lowery (1964) for the same October
period in 1952.

The SSE and SW movements correspond exactly to movements in
these directions observed by radar in earlier years (Drury and
Nisbet, 1964). The SW movements are attributed to a variety of
species which winter in the southern United States and in Central
America; the SSE movements are attributed primarily to the
Blackpoll Warbler, although other species appear to be involved,
especially earlier and later in the season than early October (Nisbet
et al., 1963). Radar observation has shown that the mean tracks of
these movements are always close to 172° and 219° respectively,
whether the wind is from the birds’ right or left; in other words that
the birds, on average, adjust their headings to correct for drift
(Drury and Nisbet, 1964). Our observations on 5th October are in
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accord with this conclusion, in that the mean headings of the two
groups of species were about 193° (S8 by W) and 291° (WNW)
respectively—headings which are inexplicable except in terms of
correcting for the effect of wind-drift. Indeed the low flying birds on
5th October could be clearly seen to be ‘“‘crabbing’, heading about
60° to the right of their tracks. The behavior of some birds seen
changing direction in flight will be described in another paper.

A remarkable feature of these observations is that the SSE and
SW movements reached peaks on different nights, although all the
birds experienced the same weather prior to take-off. Pending a
detailed study, we cannot identify the difference in the birds’
response to individual weather factors which was responsible for this
difference. Whereas the upper-air winds on 4th/5th were favorable
for the SSE-migrants, they were so strong that only the strongest
fliers among the SW-migrants could have corrected for the lateral
drift they produced. However, while this may have been the ‘“ulti-
mate” reason why most of the SW-migrants waited until the next
night before migrating, it does not necessarily indicate that they
were directly deterred from migrating on the 4th/5th by the strength
of the surface winds. Other weather factors, such as low pressure
and humidity, also provide information about the strength of upper-
air winds. Baird et al. (1959) first pointed out the danger to SW-
migrants of migrating immediately after the passage of cold fronts,
and suggested that migration may actually be denser on the second
or third nights.

BANDING RESULTS

Tables 3 and 4 summarize the results of daily banding at Round
Hill, Sudbury, Massachusetts, and at Manomet Bird Observatory,
Manomet, Massachusetts, on 4th, 5th and 6th October; rain cur-
tailed mist-netting at both stations on the 7th. The Round Hill site
has been described by Nisbet et al. (1963): it lies some 15 miles
west of Boston, some 25 miles southeast of a straight line between
Portland, Maine, and New York City, and hence just within the
southeastern fringe of the dense SW movements of landbirds
through Massachusetts (Drury and Nisbet, 1964; Nisbet and
Drury, 1967b). Manomet Bird Observatory is in an area of mixed
trees and tall berry-bearing bushes on the cliff-tops some 40 miles
SSE of Boston, and hence some 30-40 miles outside the fringe of the
dense movements.

At Round Hill there was a small inerease in the number of netted
birds on 5th October, and a larger increase on 6th October. In con-
trast, Manomet recorded a major wave—the largest of the year—
on 5th October. Next day the banding totals were again high, but
they were not significantly higher than on the 5th for any species,
and the high proportion of recaptures indicates that many birds
had stayed overnight.

Among the birds banded at Manomet, immatures outnumbered
adults in the ratio of 18 to 1, and in only two species was the pro-
portion of adults significantly greater than this. At Round Hill
there was a marked exeess of immatures in the three most numerous
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species, but in all the other species the proportion of immatures was
not unreasonable for a sample from a part of the species’ population
unsegregated as to age. A marked excess of immatures is normal in
coastal samples (Baird et al., 1959; Drury and Keith, 1962; Murray
and Jehl, 1964), and is casily explained as reﬂecting a process of
selection against poor navigators (Drury and Keith, 1962; Nisbet
and Drury, 1967a). An excess of immatures at Round Hill, 20 miles
inland, is more unexpected, but has been recorded in the Slate-
colored Junco and White-throated Sparrow at Round Hill in earlier
vears (Howard, 1967): it is not known whether it reflects Round
Hill’s location near the fringe of the migration of good navigators
(Nisbet and Drury, 1967a), or its situation as an ecological island
which is associated with other ornithological anomalies (Nisbet
et al., 1963).

COMPARISON OF MOON-WATCHING WITH NETTING RESULTS

Because our moon-watching was undertaken primarily to record
the SSE departures, we watched only in the evenings; hence the
results are not fully comparable with the arrivals recorded at the
netting stations (which were so large that simultaneous departures
could not have been discerned). However, radar observations have
indicated that in the absence of marked overnight weather changes,
migration into our area in the early morning is highly correlated
with emigration from the area on the previous night (Nisbet and
Drury, 1968). On the evenings of 3rd, 4th and 5th October 1968,
the weather on the Maine coast, NE of our area, was very similar to
that recorded in Massachusetts (Table 1). Hence we assume that
the density of SW immigration on the morning of 6th October was
much greater than that on 5th October (though not necessarily
exactly 11 times greater as suggested by Table 2). We therefore
conclude that the netting at Round Hill gave a fairly good indication
of the relative size of the immigrations on these mornings (perhaps
exaggerating that on the 5th by a factor of 2 or 3), whereas the
netting at Manomet gave a totally misleading indication. This
accords with the conclusions quoted in the Introduction.

In earlier years massive SSE departures have been correlated with
decreases in the netting-rate of Blackpoll Warblers at Round Hill
(Nisbet et al., 1963). However, in 1968 numbers of Blackpoll
Warblers at Round Hill were unusually low (cf. Howard, 1967), so
much so that a statistically significant fall in the netting-rate could
not have been observed (Table 3). Nevertheless, our data indicate
that heavy Blackpoll Warblers left Round Hill between 3rd and
5th October. Of six birds caught there on 3rd October, three weighed
more than 20 g and hence were within the normal range of de-
parture weights: no other Blackpoll Warbler heavier than 18.4 g
was caught until netting ceased on 10th October. It is not known,
however, whether these birds departed on the evening of the 4th
or during the previous night (3rd/4th). Ordinarily we would not
have expected a departure on the evening of the 3rd, because rain
was starting at dusk and did not cease until around midnight; birds
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may have taken off after midnight, but radar observations have
indicated that this is unusual (Nisbet et al., 1963).

It may be added that no other species which is known to winter
SSE of Massachusetts was netted in significant numbers at this
period, with the exception of the Magnolia Warbler which increased
in numbers at the netting stations on the 5th. Likewise the massive
SW departure on the 5th/6th was followed by a significant decrease
in only a few species at Manomet, and in no species at Round Hill.
Nisbet and Drury (1967a) reported that a small decrease in ground-
ed migrants is often the best indication of a large-scale departure:
in the case of 5th/6th October the decreases must have been largely
obscured by arrivals.

CONCLUSIONS AND SUMMARY

1. Moon-watching indicated that the main SSE departure (pre-
sumed to be largely Blackpoll Warblers) took place on the first
evening (4th/5th October) after the cold front of 3rd/4th
October; the main SW movement (presumed to comprise most
other species) took place on the second evening (5th/6th
October). The behavioral responses to weather factors which
resulted in this difference are not known, but it seems likely that
the strength of the NW (offshore) wind is either a proximate
or an ultimate factor.

Lo

As seen against the moon, both groups of species flew on the
normal tracks observed by radar in earlier years (in spite of
strong crosswinds for the SW migrants) ; hence they ‘“corrected”’
for drift. The SSE-migrants flew much higher.

3. At the coastal station the wave of arriving SW-migrants took
place on the second morning (5th October) after the cold front,
following a small movement of birds. Immatures greatly pre-
dominated in all species.

4. At the inland station the wave of arriving SW-migrants took
place on the third morning (6th October) after the cold front,
following a large movement of birds; the arrival on the previous
day had been smaller, agreeing at least qualitatively with the
relative sizes of the movements detected by moon-watching.
Immatures somewhat predominated in the three most numerous
species.

5. The massive departure of SSE-migrants on the evening of the
4th was accompanied by a small (but not statistically signi-
ficant) decrease in the netting rate of Blackpoll Warblers, and
by no change in the numbers of any other likely species.
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GENERAL NOTES

Nocturnal Migrants Changing Direction in Flight.—Moon-watching
and radar observations in many parts of the world consistently indicate that
nocturnal migrants usually maintain straight tracks. However, the section of a
bird’s track under scrutiny by a moon-watcher is usually shorter than 30 m.,
whereas radar echoes usually cannot be plotted in detail over distances less than
about 1 km. The question remains whether birds’ tracks would show zig-zags if
plotted over distances of 100-500 m.

During our migration studies in Massachusetts, we have consistently ob-
served that the scatter in tracks estimated by moon-watching is greater than that
estimated by radar tracking (Nisbet, 1963a). The root mean square deviation of
the former 1s typically 15°-20°; the r.m.s. deviation of radar tracks is probably
comparable for the bright echoes which attract most attention on the screen, but
appears to be substantially smaller (often 10° or less) for the large masses of weaker
echoes which correspond to the common species sampled by moon-watching.

Likely errors in observation by moon-watching are too small to account for
the discrepancy (Nisbet, 1963b), and observed undulations by a small number of
birds seen before the moon appear to involve changes in angles much smaller than



