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Nocturnal passerinc migration typically commenc- 
es within an hour of sunset (Drury and Nisbet 1964, 
Casement 1966, Cochran et al. 1967, Parslow 1968, 
Gauthreaux 1971, Hebrard 1971, •kesson et al. 1996), 
and the bulk of migrants depart before the end of 
nautical twilight (which ends when the sun is 12 ø 
below the horizon or almost an hour after sunset). 
This "window" of nightly departure is probably tied 
to the availability of directional information from a 
wide array of environmental cues (Emlen 1980, Moore 
1987, Piersma et al. 1990) as well as to the onset of 
atmospheric conditions favorable for migratory flight 
(Kerlinger and Moore 1989). 

Although several orientation studies have quanti- 
fied the cage activity of migrants during this "win- 
dow" of time (see Moore 1987), species-specific de- 
parture of free-ranging passetines has been reported 
in only a few species (Cochran et al. 1967, •kesson 
et al. 1996). Discounting birds artificially stimulated 
to initiate flight, 7 of 12 radio-tagged Catharus thrush- 
es that departed under clear skies during spring mi- 
gration through Illinois did so within an hour of 
sunset, while greater variation occurred when birds 
(n = 6) .departed on overcast evenings (Cochran et al. 
1967). Akesson et al. (1996) found that half of the 10 
radio-tagged Song Thrushes (Turdus philomelos) that 
stopped over on the island of 61and, Sweden, initi- 
ated migration before the end of nautical twilight or 
within about 90 rain of sunset, whereas the others 

departed much later in the night and possibly the 
next morning. We report the time of departures of 
Summer Tanagers (Piranga rubra) from a stopover site 
along the northern coast of the Gulf of Mexico fol- 
lowing trans-Gulf migration and consider several fac- 
tors (e.g. fat loads) that might explain observed vari- 
ation. 

E-mail: fmoore@whale.st.usm.edu 

Methods.--Observations were made on Horn Island 

(30ø14'N, 88ø40'W), a barrier island located 20 km off 
the Mississippi Gulf coast, during the spring migra- 
tions of 1992-94. Summer Tanagers were caught 
shortly after arrival on the island using mist nets, and 
24 birds were fitted with radio transmitters (Custom 
Telemetry and Consulting, Inc., Watkinsville, Geor- 
gia) to study movement in relation to habitat during 
stopover. Transmitters were attached to the base of 
the rectrices using cyanoacrylate glue and a small 
cable tie. Each transmitter weighed 1.3-1.4 g and had 
a range of 1 km and a lifespan of seven days. 

After release at their place of capture, birds were 
tracked using a hand-held, 2-element Yagi antenna. 
Tracking continued until the bird left the island (i.e. 
continued migration) or the transmitter failed. Al- 
though continuous daily tracking stopped at approx- 
imately 1800 CST, the signal was monitored hourly 
after dark. Some birds roosted close enough to our 
living quarters that the signal could be detected at 
night using the Yagi antenna. If a bird's signal could 
not be detected using the hand-held antenna, the 
receiver was connected to a Yagi antenna attached 
halfway up a 66-m radio tower, which was centrally 
located on the 22-km-long island. Signals were not 
monitored after 2300. If a signal was not received at 
sunrise the following day, and there was no indica- 
tion of impending transmitter failure the previous 
night, we assumed the bird had migrated. Birds whose 
signals were lost prior to 2300 were considered to 
have migrated between the time the signal was last 
received and the time when the signal was no longer 
received. Although it is possible that a bird moved 
out of receiving range during the night, this expla- 
nation is unlikely. The five radio-tagged tanagers that 
stayed on the island beyond the day of capture did 
not change locations during the night. Moreover, birds 
did not make any long-distance movements during 
the day, and there was no reason to expect they would 
do so at night unless they were initiating migration. 
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TABL• 1. Time of departure and departure conditions for Summer Tanagers on Horn Island, 1992 to 1994. 

Estimated 

Estimated fat flight range Time of Wind Cloud 
Date (g) (km) departure (CST) (km/h) cover 

28 Mar 92 5.5 625 >2300 SW 16 Clear 

2 Apr 92 2.4 291 2000-2100 SW 16 Partly cloudy 
4 Apr 92 2.8 337 >2300 SW 16 Partly cloudy 

21 Apr 92 3.7 437 >2300 N 16 Clear 
25 Apr 92 3.2 381 >2300 N 24 Clear 

1 May 92 3.3 392 2000-2100 S 16 Clear 
3 Apr 93 1.3 208 >2300 SW 16 Clear 
4 Apr 93 1.6 217 >2300 NE 8 Cloudy 
4 Apr 93 1.3 208 >2300 NE 8 Cloudy 
8 Apr 93 0.7 88 >2300 NE 32 Cloudy 
9 Apr 93 7.2 791 >2200 NW 24 Partly cloudy 

15 Apr 93 2.1 256 >2300 SW 24 Clear 
25 Apr 93 4.7 542 >2300 $E 16 Cloudy 
27 Apr 93 3.2 381 2000-2100 $E 16 Partly cloudy 
3 Apr 94 a 6.7 742 2000-2100 $ 16 Cloudy 

17 Apr 94 7.0 771 >2200 N 8 Partly cloudy 
17 Apr 94 4.6 531 >2200 N 8 Partly cloudy 

ß Bird stayed beyond day of capture, migrating the night of its second day on island. 

Wind direction was determined by looking at a 
wind vane mounted on the radio tower, and wind 

speed was estimated to the nearest 5 km/h. Cloud 
cover was categorized as "clear" (0-25% clouds), "partly 
cloudy" (25-75%), and "cloudy" (75-100%). The mass 
of each bird's fat stores was estimated by subtracting 
the average fat-free mass of Summer Tanagers (i.e. 
24.7 g; Odum 1993) from body mass at time of initial 
capture. Using this estimate of fat load, we calculated 
the flight range for each bird under conditions of no 
wind (Pennycuick 1989). Capture-recapture data sug- 
gest that Summer Tanagers either maintain or gain a 
little (0.1 g) mass during the day preceding departure 
(Moore and Aborn unpubl. data). 

Results.--We obtained data on time of departure for 
18 of the 24 radio-tagged Summer Tanagers. Of the 
remaining six birds, four either lost or carried failed 
transmitters, one was taken by a predator, and one 
roosted outside the range of the tower antenna and 
was gone the next morning. Departure time could not 
be estimated from four of the five birds that stayed 
beyond the day of capture because the transmitter 
failed or was lost before the end of the day. 

Individuals were tracked continuously throughout 
the day, and no bird was observed leaving during 
daylight hours (Table 1). Two Summer Tanagers de- 
parted near the time of sunset within civil twilight. 
Sunset occurred between 1817 (late March) and 1937 
(early May) during the period of our observations. 
Civil twilight ends when the sun is 6 ø below the 
horizon and lasts about 25 min at this latitude. Winds 

were southerly (i.e. following for northward migra- 
tion) in each case, and cloud cover was clear or partly 
cloudy. Two other birds departed with southerly winds 
and under partly cloudy to cloudy skies at least one- 
half h after the end of nautical twilight. We infer that 

14 birds departed as late as 2200 or 2300 based on 
their presence at night up to that hour and absence 
the following morning (Table 1). Both wind direction 
and cloud cover varied among those nights; on some 
nights winds were out of the NE and the sky was 
cloudy, and on other nights southerly winds pre- 
vailed and skies were clear. 

Estimated fat loads varied widely (Table 1). These 
fat loads translated into flight-distance estimates of 
88 to 791 km under still-air conditions (Table 1). The 
two birds that departed shortly after sunset could 
have flown approximately 400 km on the 3 + g of fat 
they carried, which is similar to the average estimated 
flight distance (420 + SD of 223 km) for birds present 
on the island after 2200 or 2300. Some of the birds 

that did not depart until well after civil twilight car- 
ried fat loads that would have been completely ca- 
tabolized had they flown all night (even under still- 
air conditions), whereas others carried enough fat to 
have flown all night and arrived with a margin of fat 
sufficient to fly another night without refueling. 

Discussion.--Summer Tanagers stopping on Horn 
Island following trans-Gulf flight re-initiated migra- 
tion at least 2 to 3 h after sunset, and possibly much 
later in the night, which is not consistent with the 
expected pattern of departure shortly after sunset. 
How might we explain the observed variability? 

First, the addition of a radio transmitter might have 
affected time of departure, although we found no 
effect of the transmitter on the daytime behavior of 
Summer Tanagers (pets. obs.). If the additional wing 
loading from the transmitter affected the decision to 
depart, we would expect to see a relation between fat 
load and departure time, but we did not (see below). 

Second, when crossing large bodies of water such 
as the Gulf of Mexico, songbirds typically wait for 
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following winds before departing (Gauthreaux and 
Able 1970, Nisbet 1970). Summer Tanagers stopping 
on Horn Island have yet to complete their trans-Gulf 
flight. Thus, they may be unaware of the relatively 
short distance (ca. 20 kin) to the mainland, and they 
may be especially sensitive to atmospheric conditions, 
which are most favorable for migration along the 
northern coast of the Gulf of Mexico after 2200 (Ker- 
linger and Moore 1989). 

Third, birds differed in their fat stores, and time of 
departure may be tied to fat load. Energetic condition 
is known to influence the expression of migratory 
activity (e.g. Gwinner and Czeschlik 1978, Biebach 
1985, Yong and Moore 1993), but the relationship is 
not a simple one (e.g. Able 1977). Birds with fat stores 
insufficient for an entire night's migration might de- 
part later in the evening to ensure arrival at their next 
stopover with some margin of fat remaining (Moore 
and Kerlinger 1991). Assuming our estimates of fat 
load are correct, many of the birds we monitored 
carried insufficient fat for a night's migration if we 
assume a ground speed of 40 km/h and a flight time 
of 7 h for birds departing at 2300, or a flight time of 
9.5 h for birds departing as early as 2000. Those birds 
either land well before daybreak or depart later in 
the night. Five of the birds departing after 2300 car- 
ried more than enough fat to have left earlier and 
flown all night (i.e. 10.5 h), whereas three of the four 
birds that departed between 2000 and 2100 carried 
just enough fat to fuel an all-night flight (i.e. 9 h 
assuming departure at 2030). It is worth noting that 
flight range estimates calculated according to Pen- 
nycuick's (1989) model are conservative and may un- 
derestimate actual flight ranges (e.g. Davidson 1984). 

If migratory activity depends on a "setpoint" or 
threshold fat load (Biebach 1985), we would expect 
the relationship between migratory activity and en- 
ergetic status to be influenced by ecological context 
(Alerstam 1990, Sandberg and Moore 1996). Once an 
ecological barrier is crossed, the selective pressure for 
a "margin of safety" may be relaxed and the setpoint 
for nocturnal activity may be relatively low and vari- 
able (see Moore and Kerlinger 1991), which appears 
to be true for Summer Tanagers departing from Horn 
Island. In any case, until we know the bird's exact 
time of departure and the time it spends aloft, it will 
be difficult to assess flight strategies in relation to 
energetic condition. 

Fourth, the expression of migratory activity is in- 
fluenced by habitat quality and the probability of 
rebuilding fat stores (Biebach 1985; Gwinner et al. 
1985,1988; Terrill 1988). If Summer Tanagers perceive 
Horn Island to be a less-than-suitable place to stop- 
over, they may be better off continuing their migra- 
tion and departing with little regard for time of de- 
parture in relation to energetic condition. Although 
most Summer Tanagers depart on the night of the 
day they arrive on the island (unpubl. data; see Kuen- 
zi et al. 1991), birds that stay can expect to gain mass 

at a rate of 0.10 g per day (unpubl. data), which sug- 
gests that the site is not necessarily poor. Of course, 
habitat quality is relative and depends on the likeli- 
hood the migrant will encounter a better site (Aler- 
stare and Lindstr•Sm 1990). 

Fifth, the relationship between migratory activity 
on a night-to-night basis and fat load may break down 
as individuals approach the end of their migration 
(Yong and Moore 1993). The breeding range of Sum- 
mer Tanagers extends across the Southeast, including 
southern Mississippi and Alabama, and variation in 
fat load may be related to factors other than migratory 
distance (e.g. expected conditions on breeding 
grounds). 

Finally, observed variation in time of departure 
should not be construed as evidence that Summer 

Tanagers do not integrate directional information 
during the transition between daylight and darkness 
(twilight) prior to departure. Birds could integrate 
information and select a direction around sunset (or 
earlier, for that matter), transfer that information to 
landmarks or stars, and depart later that same night. 
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