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Abstract. Major starling roosts (2,000 to 100,000 birds) cannot be fully explained on the 
basis of information transfer, predation, migration, or limited habitat. Radiotelemetry has 
revealed that each starling returns daily to feed on its own stable diurnal activity center 
(DAC), but stops briefly at supplemental feeding areas (SFAs) on its way to and from distant 
communal roosts. We test and find supported a new hypothesis (Caccamise and Morrison 
1986) that DAC-based starlings select roosts that reduce commuting costs to SFAs far from 
their DACs. As predicted, DAC-based adults used SFAs that were nearer their roosts than 
their DACs, and used more distant roosts where SFAs were more widely spaced. In starlings, 
major communal roosts appear to be aggregations containing large numbers of “patch- 
sitting” birds roosting near especially rich sources of food. 

Key words: Communal roosting behavior; diurnal activity center; European Starling; 
foraging behavior; roost; staging area: Stumus vulgaris. 

INTRODUCTION 

Foraging-based explanations for avian commun- 
al roosting usually view the roost as a stable base 
of operation from which the birds disperse to 
exploit ephemeral patches of food surrounding 
the roost (Ward and Zahavi 1973). In contrast, 
radiotelemetry of communally roosting Euro- 
pean Starlings (Sturnus vtllguris) reveals that in- 
dividual roost mates are actually far more faith- 
ful to their feeding sites than to their roosting 
sites (Morrison and Caccamise 1985). Each star- 
ling returns to feed on its own diurnal activity 
center (DAC) every day for months, while using 
a variety of communal roosts surrounding its 
DAC. 

Why do DAC-based birds join communal 
roosts? Our radio-tagged starlings often joined 
minor roosting flocks (< 2,000 birds) close to (< 2 
km from) their DACs, probably to reduce the 
risk of nocturnal predation (Lack 1968, Hamil- 
ton 197 1). However, predation alone cannot ex- 
plain why DAC-based starlings frequently by- 
passed nearby roosting flocks in favor of much 
larger roosts many kilometers away. These major 
roosts (2,000 to 100,000 birds) are orders of mag- 
nitude larger than the size at which the antipred- 

1 Received 3 August 1987. Final acceptance 8 Feb- 
ruary 1988. 

ator benefits of grouping should be near maximal 
(Pulliam 1973, Pulliam and Millikan 1982). 

Three other selective factors can also be dis- 
counted as relatively unimportant at major star- 
ling roosts. Major roosts are not simply premi- 
gratory aggregations; they begin to form in June, 
months before migration (Caccamise et al. 1983). 
Major roosts are not due to a shortage of ac- 
ceptable roosting sites (Lyon and Caccamise 
198 1). Finally, since foraging is centered on sta- 
ble feeding areas (DACs), major roosts do not 
appear to be “information centers” for daily food 
finding (Ward and Zahavi 1973). 

Here we test a new hypothesis (Caccamise and 
Morrison 1986) that major roosts form because 
DAC-based birds aggregate at roost sites that 
reduce commuting costs to supplemental feeding 
areas (SFAs); i.e., patches of readily accessible, 
high energy food located outside their DACs. 
This patch-sitting hypothesis was suggested by 
our observations that (a) major roosts are more 
likely to develop at sites near agricultural fields 
when grain is available there, (b) radio-tagged 
starlings feed primarily on soil invertebrates at 
their DACs, but stop briefly at SFAs (e.g., grain 
fields, orchards) while commuting between roosts 
and their DACs (Morrison and Caccamise 1985) 
and (c) the increase in the number of starlings 
using major roosts coincides with seasonal 
changes in foraging-substrate selection (Fischl and 
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Caccamise 1985) and diet composition (Fischl 
and Caccamise 198 7). 

If our patch-sitting hypothesis is correct, we 
predict there should be a correlation between the 
mean commuting distances flown by individual 
birds and the spacing of SFAs. On average, the 
greater the distances between SFAs, the farther 
DAC-based birds will need to fly to get to an 
SFA. If roosts form near SFAs, then DAC-to- 
roost distances should be greater where SFAs are 
more widely spaced. 

A second prediction concerns components of 
the commuting flights of DAC-based birds. Patch 
sitting reduces total commuting costs to a SFA 
only if it is closer to the roost than it is to the 
DAC (Caccamise and Morrison 1986). To ex- 
plain why, let r represent the distance between 
the roost and SFA, and d the distance between 
the DAC and SFA (Fig. 1, inset). A DAC-based 
bird that stops at an SFA on the way to the DAC 
in the morning travels a distance (r + d). If it 
stops again at the SFA on the way back to the 
roost in the evening, it travels another (r + d). 
Therefore the total commuting distance for two 
stops is 2(r + d), or (r + d) per stop. For this to 
be advantageous, the distance (r + d) must be 
less than that of a simple round trip between the 
DAC and the SFA. That is, (r + d) must be less 
than 2d, or r must be less than d. If the patch- 
sitting hypothesis is correct, then the distance (r) 
between the roost and SFA should always be less 
than the distance (d) between the DAC and SFA. 

We tested these predictions using radio-tagged 
starlings. Our results support the patch-sitting 
hypothesis. 

METHODS 

The study area was the same 1,000 km2 of the 
Piedmont and inner coastal plain provinces of 
central New Jersey censused for starling roosts 
by Caccamise et al. (1983). The northern half of 
the study area is urban/suburban; i.e., it is pri- 
marily residential (8 1%) with some agricultural 
(4%) and forested areas (2%). The southern half 
is more rural; i.e., it has more forested area (27%) 
and agricultural land (18%) and less residential 
area (29%, Fischl and Caccamise 1985). 

Tests of the patch-sitting hypothesis involved 
19 starlings radio-tagged during the local roost- 
ing seasons (June to November) of 1985 and 
1986. In both years, the study period ran from 
early June through early December, 1 month af- 
ter the migration south ofpart ofthe local starling 
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FIGURE 1. Maps of foraging sites (circles), roosting 
sites (squares), and SFAs (plus signs) used by two radio- 
tagged starlings in the urban/suburban north (top), and 
rural south (bottom). 

population. Birds for radio-tagging were cap- 
tured during the day using mist nets or baited 
walk-in traps. The five adults studied in 1985 
(three males, two females) were captured on farms 
in the southern half of the study area. In 1986, 
14 starlings (four adult males, four adult females, 
and six juveniles) were captured 35 km to the 
north, on the campus and experimental farms of 
Rutgers University-New Brunswick. Adults were 
radio-tagged in June and July. Juveniles were 
radio-tagged in July and August. Juveniles were 
young of the year that fledged between late May 
and mid-July. 

A 5-g transmitter package was attached to the 
back of each starling (X = 76.2 g, SD = 5.46 g) 
with a “vest” made from cotton shoelace (AVM 
Instrument Co. 1979). During the 2 to 4 month 
life of the transmitters (X = 118 days), we at- 
tempted to locate each bird three times daily: 
twice during the day according to a predeter- 
mined, random schedule, and once at its noc- 
turnal roost. Location attempts were successful 
over 90% of the time, usually to within an area 
of 100 m x 100 m. 
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We defined a bird’s DAC as the area of the 
smallest polygon containing all of the diurnal 
sightings made on the bird over the life of its 
transmitter. SFAs were defined as feeding sites 
visited by the bird on the way to and from a 
nocturnal roost that were clearly outside its DAC, 
i.e., more than 2 km from the use-weighted cen- 
ter of the DAC. We calculated the use-weighted 
center as the mean x and y coordinates of all 
diurnal sightings on that bird. When the roost 
was ~2 km from the center of the DAC, we did 
not attempt to distinguish SFAs from feeding 
areas at the edge of the DAC. 

To locate SFAs, we followed individuals as 
they left their DACs in the evening or as they 
left their roosts at dawn. Because of the short 
range of the transmitters and the frequency with 
which the birds flew to new roosts, it was often 
necessary to track a bird on two or three evenings 
before its roost could be found. Each of 17 birds 
(13 adults, four juveniles) was successfully fol- 
lowed from its DAC to a roost two to six times, 
for a total of 50. Seven of the birds (five adults, 
two juveniles) were also successfully followed as 
they hew from a roost to their DAC. Morning 
and evening flights did not differ in terms of 
distances flown or frequency and duration of 
stopovers, so the data were combined. 

RESULTS 

All 19 starlings showed a DAC-centered pattern 
of foraging and roosting like those shown in Fig- 
ure 1. Mean size of the DACs was 1.02 km2. 
Each bird joined two to nine communal roosts 
(K = 1.5 roosts/month, SD = 0.63) in several 
directions from its DAC. There were no signif- 
icant differences among males, females, and ju- 
veniles in either DAC size or the number of roosts 
used (Morrison and Caccamise, unpubl.). 

DAC-TO-ROOST COMMUTING DISTANCES 

DAC-to-roost distances for adults (Fig. 2a, b) 
were significantly greater in the rural south (K = 
5.2 km, SD = 3.17) than in the urban/suburban 
north (.z = 2.5 km, SD = 1.68 km; t = 3.12, P = 
0.004). A regional comparison ofjuveniles could 
not be made because no juveniles were radio- 
tagged in the south. For adult starlings in both 
north and south the daily averages of commuting 
distance (Y) from DAC to roost increased sig- 
nificantly(l985, Y = -6.20 + 0.04X, P < 0.029, 
r*=O.20; 1986,Y= -1.53 + O.O2X,P < 0.0001, 
r2 = 0.35) with Julian date (X). Adults in the 

south began using distant roosts (roosts >4 km 
from their DACs) in early July; adults in the 
north first used distant roosts in early August. 

We detected no such seasonal relationship in 
the daily averages of commuting distances flown 
by juveniles (Fig. 2~). Juveniles rarely used dis- 
tant roosts even late in the season. Two juveniles 
did visit distant roosts (8 and 10 km from their 
DACs) in early October, but this represented a 
total of only four nights. The juveniles continued 
to use their DACs for daytime feeding until ter- 
mination of observations in early December. 
They roosted near their DACs at least through 
the end of October. 

PROXIMITY OF ROOSTS AND SFAs 

DAC-to-roost distances were (2 km in 19 of the 
43 commuting flights observed in the urban/sub- 
urban north and one of 14 flights in the rural 
south. We did not attempt to distinguish SFAs 
in these cases. We were able to record stopovers 
of 5 to 45 min (.z? = 22.5, SD = 19.32) during 22 
(58%) of the 38 flights to and from roosts >2 km 
away from the DAC. Additional commuting 
flights of >2 km may have included stops at 
SFAs that we did not observe before the bird 
moved on. Stopovers probably occurred in at 
least three additional cases in which the time 
between DAC departure and roost arrival was 
20 to 30 min greater than expected, given the 
distance to the roost and the estimated flight speed 
of commuting starlings (36.5 km’hr’; Feare 
1984:244, Caccamise and Hedin 1985). 

SFAs used by the five birds in the rural south 
included a 16-ha turf farm and a stand of 10 
fruiting wild cherry trees (Prunus spp.). The SFAs 
used by the 12 birds in the urban/suburban north 
included a 5-ha corn field, a grass-covered ath- 
letic field, and a swine feedlot. 

The birds stopped at SFAs that were closer to 
the roost than the DAC on 20 (91%) of the 22 
commuting flights of > 2 km (the 20 points below 
the diagonal in Fig. 2). On three of these 20 flights, 
the bird stopped at two SFAs. In two of these 
three cases, the first SFA was closer to the DAC 
than the roost (the two plus signs above the di- 
agonal in Fig. 3); in the third case, the first SFA 
was closer to the roost (the plus sign below the 
diagonal). 

On only two of the 22 long-distance commut- 
ing flights was the SFA closer to the DAC than 
the roost (the two ovals above the diagonal in 
Fig. 3). Both involved the same adult female who 
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FIGURE 2. Seasonal patterns in commuting dis- 
tances for southern adults in 1985 (rural), northern 
adults in 1986 (urban/suburban), and northern juve- 
niles in 1986. Each point represents an average of the 
DAC-to-roost distances flown by all radio-tagged birds 
on that day. 

habitually stopped at an active garbage dump 1.5 
km from her DAC before flying on to a distant 
roost. It is possible that she, too, stopped at a 
second SFA nearer the roost, but we were unable 
to confirm this. 

DISCUSSION 

Our observations support the hypothesis (Cac- 
camise and Morrison 1986) that communally 
roosting starlings are patch sitting. Starlings com- 
muting to distant roosts (>4 km from their DACs) 
stopped at SFAs about 60% of the time. As pre- 
dicted, starlings commuting to distant roosts used 
SFAs that were nearer their roosts than their 
DACs. DAC-to-roost distances in the rural south, 
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FIGURE 3. A test of the prediction that the distance 
(r) from roost to the SFA should be less than the dis- 
tance (d) from the DAC to the SFA. All r and d values 
are shown for SFAs used by radio-tagged starlings dur- 
ing commuting flights longer than 2 km. Here r < d 
for all points below the diagonal. The four points above 
the diagonal are discussed in the text. 

where potential feeding areas were more widely 
spaced, were greater than in the urban/suburban 
north. Distances to roosts also increased signif- 
icantly with season. 

COMMUTING DISTANCES 

Our prediction that commuting distances be- 
tween the DAC and roost should be longer where 
potential SFAs are more widely spaced is sup- 
ported by the observation that DAC-to-roost dis- 
tances were longer in the southern half of the 
study area. The types of feeding substrate typi- 
cally used for SFAs in the rural south (e.g., grain 
fields, orchards) are larger and appear to be more 
widely spaced. In the urban/suburban north, the 
spatial distribution of potential SFAs are finer 
grained (Fischl and Caccamise 1985). 

The prediction is also supported by our ob- 
servation that adults in both north and south 
used more distant roosts later in the season. In 
late August diets shift from primarily soil inver- 
tebrates (e.g., in lawns) to less uniformly distrib- 
uted foods (e.g., wild fruits and agricultural grains) 
(Fischl and Caccamise 1987). Given the seasonal 
increase in mean commuting distances, the sea- 
sonal increase in mean roost size observed at the 
population level (Caccamise et al. 1983) appears 
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to be due to roosts (or the SFAs near them) at- 1984:246). Assuming a DAC-to-SFA distance (d) 
tracting birds whose DACs are farther away. Un- of 50 km, roosting at the SFA would save a star- 
supported is the alternative explanation that a ling 66 kJ, or over 40% of the daily energy ex- 
roost attracts birds from the same area through- penditure of a starling roosting on its DAC and 
out the year and that seasonal fluctuations in flying to an SFA two times to feed. 
roost size only reflect changes in the proportion 
of the population using the roost. 

A seasonal shift from nearby to distant roosts 
was not observed for juveniles, however. Juve- 
niles were DAC-based, but they rarely used dis- 
tant roosts even late in the season. The infrequent 
use of distant roosts cannot be attributed solely 
to their ignorance of distant roost locations. Two 
juveniles did use distant roosts for one to two 
nights, but then returned to minor roosts near 
their DACs. Juveniles should be able to locate 
distant, major roosts the same way we do; i.e., 
by following the conspicuous flight lines of birds 
converging on the roost site each evening. 

ROOSTING NEAR SFAs 

As predicted, whenever a SFA was used, it was 
almost always closer to the roost than the DAC. 

SOME ALTERNATIVE EXPLANATIONS 

Patch sitting is an important factor in the for- 
mation of starling roosts, but other factors are 
probably also involved. One third of the birds 
followed to distant roosts did not stop at SFAs. 
Some of these birds may have stopped too briefly 
or at too remote a site for us to observe the stop. 
Some birds may not stop at the SFA every time 
they fly to the roost. However, some may fly to 
distant roosts for other reasons; e.g., to locate or 
evaluate potential SFAs far from their DACs. 
This last possibility is suggested by our obser- 
vations that individuals sometimes stay at the 
distant roost for just one night (Morrison and 
Caccamise, unpubl.). 

Communal roosting doubtless reduces the risk 
of nocturnal predation, but predation alone can- 

That is, the distance (r) from the roost to the SFA not explain the seasonal increases in roost size 
was less than the distance (d) from the DAC to and commuting distance we observed. There is 
the SFA. For a bird that visits an SFA twice a no a priori reason to hypothesize that the sea- 
day, roosting near the SFA rather than on the sonal increase in roost size is due to a seasonal 
DAC reduces the energetic costs of commuting increase in predation pressure. DAC-based birds 
to the SFA by 4d - (2d + 2r) or 2(d - r). DAC- may join larger, more distant roosts for some as 
to-SFA commuting costs are therefore reduced yet unknown reason and stop at SFAs only to 
by a factor 2(d - r)/4d, or (as r approaches 0) offset the cost of the longer commute. However, 
by up to 50%. this alternative does not explain our finding that 

This cost reduction becomes significant in ab- the SFA was almost always closer to the roost 
solute terms as the DAC-to-SFA distance (d) in- than the DAC. 
creases. For a 70-g starling flying at the velocity Other studies have suggested relationships be- 
requiring minimum power (36.5 krn’hrl), the tween foraging and roosting. However, their ex- 
energetic costs of flight are about 0.659 Id/km planations for communal roosting are inconsis- 
(Caccamise and Hedin 1985). For our starlings tent with the DAC-centered roosting and foraging 
the use of roosts near SFAs reduced average com- patterns we observed. The information center 
muting distance to the SFAs by 37%. However, hypothesis (Ward and Zahavi 1973) and its vari- 
since DAC-to-SFA distances were relatively short ations (e.g., Weatherhead 1983) all assume that 
in our study area, the energetic saving was only feeding areas are ephemeral and that an individ- 
3.8 kJ.day-‘. This represents a saving of 2.4%, ual’s center of operation is the roost. Both as- 
assuming a daily energy requirement of 160 kJ sumptions are contrary to our findings. 
day-’ for a noncommuting starling (Feare 1984: 
246, Westerterp and Drent 1985). BENEFITS OF PATCH SITTING 

However, distances between potential feeding The energetic benefits of roosting near an SFA 
areas may be unusually short because our study are clearly greater when the dispersion of SFAs 
area is urbanized. In other environmental set- requires long and energetically demanding com- 
tings the energetic savings from patch sitting could muting flights. Nevertheless, energetic benefits 
be substantial. Roost-to-feeding area distances may still contribute to patch-sitting behavior even 
of 50 to 80 km have been reported for com- when the energy saving appears trivial. For ex- 
munally roosting starlings in California (Ham- ample, equally trivial energetic savings would 
ilton and Gilbert 1969) and Great Britain (Feare appear to be involved in the human practice of 
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cutting corners to save a few steps, even when 
this behavior means wearing a path across some- 
one’s lawn. 

Patch sitting may also have nonenergetic ben- 
efits. Reducing commuting distances reduces the 
time a bird is exposed to in-flight predation. Patch 
sitting may also facilitate the formation of for- 
aging and commuting flocks. Such flocks might 
be an important defense against predation while 
foraging in open habitats or in less familiar sur- 
roundings away from the DAC. 

Many communally roosting species, including 
starlings, congregate near a roost at “pre-roost- 
ing” or “staging” areas before flying as a group 
into the roost itself (Wynne-Edwards 1962, Za- 
havi 1970). Conspicuous preroost assemblies may 
attract conspecifics to the site and so spread the 
risk from predators that aggregate around roost 
sites that are used night after night. Usually, how- 
ever, preroost assemblies are composed of feed- 
ing birds (Feare 1984:235). The observation that 
communally roosting birds use preroost assem- 
bly areas for feeding is consistent with our patch- 
sitting hypothesis. 

Fidelity of individuals to feeding areas (pos- 
sibly DACs?) has been noted anecdotally in 
several other communally roosting birds: Red- 
winged Blackbirds (Agelaius phoeniceus; John- 
son 1979), Cattle Egrets (Ardeola ibis; Siegfried 
197 l), Great Blue Herons (Ardea herodias; Krebs 
1974), and Common Grackles (Quiscalus quis- 
cula; pers. observ.). The applicability of the patch- 
sitting hypothesis to roost-site selection by these 
and other communally roosting species merits 
further study. 
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