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may defend a small colony as a territory, but individ- 
uals do not defend larger colonies (McIlhenny 1937, 
Selander and Giller 1961). Instead, groups of males 
form linear dominance hierarchies in the vicinity of 
large colonies with position in the hierarchy greatly 
influencing a male’s opportunity for mating (Post 
1992, Poston 1997). The hierarchy is a queue, in that 
males start near the bottom and advance to higher rank 
as they age and as higher ranking males die or disap- 
pear (Post 1992, Poston 1997). The stability of such a 
queue would seem to require that males in a given 
colony be able to discriminate between own-colony 
males and other males. Accordingly, we tested Boat- 
tailed Grackles for their ability to discriminate own- 
colony males from foreign-colony males via song. 

We tested for colony discrimination using field play- 
back of song. Field playback on a territory typically 
produces a strong aggressive response from the terri- 
tory owner, presumably because the owner seeks to 
expel the intruder he assumes is producing the play- 
back songs. It is not clear that we should in general 
expect any response to field playback in a nonterrito- 
rial species, but pilot experiments showed that both 
male and female Boat-tailed Grackles may approach 
speakers playing song near colonies (C. A. Seamy, un- 
publ. data). Our a priori prediction was that if Boat- 
tailed Grackles can discriminate own-colony from for- 
eign-colony song, then males would show stronger re- 
sponse to playback of foreign song, as this might rep- 
resent a new male trying to insert himself into the 
queue. 

METHODS 

Songs were recorded during the fall of 1997 in Dade 
County, Florida, at four sites where Boat-tailed Grack- 
les breed: Baptist Hospital, Coral Reef Park, Tamiami 
Park, and Tropical Park. These sites are separated by 
distances of 4-13 km. Recordings were made using a 
Sony TCM-SOOOEV cassette recorder, a Sony ECM- 
170 microphone, and a Sony PBR-330 parabolic re- 
flector. Recordings were made at several locations at 
each site and from multiple males at each location, to 
minimize the possibility that any single individual 
would be recorded more than once. 

For playback we used primary song, which consists 
of three phrases: an introductory series of harsh “ti- 
reet” notes, a low-pitched rattle, and a terminal series 
of “tireet” or “cheat” notes (Selander and Giller 1961, 
Post et al. 1996). This is the song that typically ac- 
companies the ruff-out display posture. We chose by 
ear the best recordings from each site and digitized 
them using the Canary 2.1 program (Charif et al. 
1995). We then used spectrograms produced by Ca- 
nary to make our final choices of four playback songs 
from each site. We chose songs that were at least 8 set 
long, contained little background noise, and consisted 
only of tireet notes and rattles. If the songs we chose 
were over 10 set, we shortened them by removing ti- 
reet notes in the final phrase using the sound editing 
functions of Canary. Thus, the final playback songs 
were all 8-10 set long. The Canary editing functions 
also were used to filter out low frequency background 
noise. We then added enough seconds of silence to 
produce a file 15 set long and copied the file 40 times 

onto a cassette tape to produce a playback tape 10 min 
long. 

We performed four paired playback trials at each of 
the four selected colony sites. Each paired trial con- 
sisted of one own-colony song presentation and one 
foreign-colony song presentation, in random order, and 
spaced 1 hr apart. Each of the 16 tapes was used once 
in an own-colony playback and once in a foreign-col- 
ony playback. 

Playbacks were performed using a Sony TCM- 
5000EV cassette recorder and an SME acoustic-am- 
plifier. Amplitude level of the playback was matched 
by ear to that of a singing Boat-tailed Grackle and then 
held constant throughout the trials. For each pair of 
trials, the speaker was placed at the base of a different 
small tree (5-8 m tall) lacking Boat-tailed Grackle 
nests. Trees were selected within each colony-site to 
maximize the intertree distance while remaining within 
the area used by colony members. The playback trees 
within a site were 40-300 m apart. There were large 
numbers of grackles at each site, and although they 
were unbanded, we think it likely that, for the most 
part, different individuals responded to the successive 
pairs of trials at a given site. 

Each paired trial started with a 10 min silent control 
period, followed by the first 10 min playback. After a 
pause of 50 min, we started a second 10 min silent 
control period, followed by the second 10 min play- 
back. An observer recorded the number of grackles of 
each sex that perched in the playback tree, entering 
these numbers on a flow sheet broken into lo-set in- 
tervals. We decided a priori that the response measure 
would be the cumulative number of seconds that 
grackles (of a given sex) spent in the playback tree; 
this measure (bird-seconds) sums the response times 
of all responding individuals of one sex. The playbacks 
were all performed during March, 1998, with no more 
than one pair of trials per site per day. 

Statistical comparisons are made using the Wilcox- 
on matched-pairs signed-ranks test. Sample sizes are 
the number of pairs of playback trials for the own- 
colony vs. foreign colony comparisons. For own-col- 
ony vs. silent control and foreign-colony vs. silent con- 
trol comparisons, samples sizes are the numbers of tr- 
als. 

RESULTS 

Response by male Boat-tailed Grackles was signifi- 
cantly greater during both own-colony (Z = 3.2, n = 
16, P < 0.01) and foreign-colony (Z = 2.5, n = 16, P 
< 0.02) playbacks than during the matched silent con- 
trol periods (Fig. 1). At least one male Boat-tailed 
Grackle landed in the speaker tree during 13 of 16 
own-colony playbacks and during 9 of 16 foreign-col- 
ony playbacks. Male response was significantly greater 
to own-colony than to foreign-colony playback (Z = 
2.5, n = 16, P < 0.02). Latency to first response 
showed a similar pattern: significantly stronger re- 
sponse (lower latency) during playbacks than controls 
(P < 0.01 for both comparisons) and significantly 
stronger response to own than to foreign playback (P 
< 0.05). 

Female Boat-tailed Grackles showed much lower 
levels of response. Response was not significantly 
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Foreign-Colony 

FIGURE 1. Response of male Boat-tailed Grackles 
to playback of songs recorded from males in their own 
colony or another (foreign) colony. Response is mea- 
sured as the number of bird-seconds spent by male 
grackles in the tree from which songs were played. 
Silent control periods immediately preceded playback 
and were of the same duration (10 min). * indicates a 
significant difference in response to own-colony vs. 
foreign-colony playback (P < 0.05). 

greater during playback than during the matched silent 
control for either own-colony or foreign-colony play- 
back (Z = 1.3, P > 0.10 for both comparisons). One 
or more females landed in the speaker tree during only 
2 of 16 own-colony and 2 of 16 foreign-colony play- 
backs. Given the low overall response of females, 
comparing their response to own-colony songs vs. for- 
eign-colony songs is probably meaningless. 

DISCUSSION 

Male Boat-tailed Grackles responded to playback of 
songs of conspecific males by approaching the source 
of the song. When males in territorial songbirds ap- 
proach playback in this way, the usual interpretation is 
that the territory owner is seeking to find and evict an 
apparent intruder singing on his territory. Male Boat- 
tailed Grackles, however, often have widely overlap- 
ping home ranges (Poston 1997) and are usually con- 
sidered nonterritorial (Post et al. 1996). The response 
of male Boat-tailed Grackles to song must be inter- 
preted in light of this spacing system and also in light 
of what we know about the function of their song. 

What little is known about song function in Boat- 
tailed Grackles comes from observing the context of 
singing. Boat-tailed Grackles produce song together 
with a postural display, the ruff-out (Selander and Gill- 
er 1961). Song and posture are given predominantly 
by males, but also occasionally by females (Post et al. 
1996). Males often sing in small groups (2-7 individ- 
uals) (Post et al. 1996). and in this context the song 
and the accompanying ruff-out posture are clearly di- 
rected at the other males in the group. Males in such 
singing groups may exchange bill-ups, a postural dis- 
play believed to be aggressive in this and other icterids 
(Orians and Christman 1968, Post et al. 1996). Male 
Boat-tailed Grackles also sing when courting females. 
Other males may approach a courting male and, if he 
is lower ranking, attempt to disrupt the courtship (Post 
et al. 1996). Female song and ruff-out are associated 
with female-female aggressive encounters (Selander 
and Giller 1961). Song in Boat-tailed Grackles would 

thus seem to have both within-sex and between-sex 
functions, as does song in territorial species. Given this 
and given the nature of the mating and spacing systems 
of Boat-tailed Grackles, two interpretations of ap- 
proach to playback seem plausible: that the responding 
males are seeking to find the singer in order to assert 
dominance over him, or that the responding males are 
attempting to prevent the singer from attracting and 
courting females. Both motivations may act simulta- 
neously. 

Male Boat-tailed Grackles proved able to discrimi- 
nate own-colony from foreign-colony song. Three dis- 
tinct mechanisms might account for this ability. First, 
songs might differ between colonies due to geographic 
variation. Songs in some territorial songbirds are 
known to vary over distances as small or smaller than 
the distances between our colonies (Marler and Tamura 
1962, McGregor 1980) and where geographic varia- 
tion occurs male songbirds are typically able to dis- 
criminate local from foreign songs (Tomback et al. 
1983, Seamy et al. 1997). Second, the songs of males 
from a given colony may converge to produce colony- 
specific songs, as is known to occur in another colonial 
icterid, the Yellow-rumped Cacique (Cacicus celu) 
(Feekes 1982). Other songbirds showing convergence 
within groups are able to discriminate own-group from 
other-group vocalizations (Nowicki 1983). Third, col- 
ony recognition could be accomplished by grackles 
recognizing each male in the colony as an individual. 
Individual recognition via song has been demonstrated 
in a number of territorial songbirds (Falls and Brooks 
1975, Godard 1991, Stoddard 1996). Analysis of how 
song structure varies between populations, colonies, 
and individuals could be used to test these mecha- 
nisms. 

The ability to discriminate colony members from 
foreign individuals would seem to be necessary to 
maintain the kind of social system shown by Boat- 
tailed Grackles, in which colony males queue up to 
achieve high dominance rank and mating success (Post 
1992, Poston 1997). It is difficult to see how this type 
of system would be stable unless males could discrim- 
inate colony members from non-members and exclude 
the latter. Discrimination could be by visual signals 
alone, but the use of vocal signals does provide certain 
advantages, for example in allowing discrimination of 
individuals that are out of sight behind bushes or trees, 
or simply out of the direct line of sight. 

Contrary to what we initially expected, response 
was higher to own-colony songs than to foreign-colony 
songs. Assuming that approach to playback is an ag- 
gressive response, we expected that colony males 
would respond more strongly to foreign songs, in order 
to prevent the presumed foreign males from jumping 
the queue represented by the local dominance hierar- 
chy. One possible explanation for our results is that 
more than one dominance hierarchy existed at single 
colony sites in our study. Poston (1997) found that two 
groups of males were present at one breeding aggre- 
gation that he studied, each at opposite ends of the 
site, and each organized in a separate hierarchy. As 
males in our study were not banded, we have no check 
on the number of hierarchies. If more than one hier- 
archy existed per site, then males from the other near- 
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by hierarchy may be regarded as the greatest threat, in 
terms of either jumping the queue or courting females. 
A second explanation for the pattern of stronger re- 
sponse to own-colony song is that foreign males in 
general are so strongly discriminated against in mate 
choice by local females that they represent little threat 
to an established male’s mating success. A third ex- 
planation is that males use the songs they hear locally 
to learn what the species song ought to sound like, and 
respond less to foreign songs to the extent that they 
differ from this standard; lower response to foreign 
song under this hypothesis is simply a non-adaptive 
consequence of song learning. Further research would 
be needed to test these alternatives. 

We thank Mindy Nelson, Robert Kelley, and Dan 
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SPERM COMPETITION AND SPERM LENGTH IN SHOREBIRDS’ 

DOMINIC D. P JOHNSON AND JAMES V. BRISKIE~ 
Edward Grey Institute of Field Ornithology, Department of Zoology, University of Oxford, South Parks Road, 

Oxford, OX1 3PS, United Kingdom, e-mail: dominic.johnson@zoo.ox.ac.uk 

Abstract. We investigated how sperm morphology 
varies across 16 species of shorebirds in the Scolopa- 
cidae, Charadriidae, and Jacanidae. Sperm were sig- 
nificantly longer in nonmonogamous than in socially 
monogamous species. Nonmonogamous species also 
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had significantly longer midpieces and tails than mo- 
nogamous species. As the midpiece houses the mito- 
chondria for powering the tail, this suggests that sperm 
competition may select for greater investment inmo- 
bilitv. After controlling for phvlogenv and male bodv 
mass, sperm tail lengih was co&elated positively tb 
relative testis size. There was no evidence that varia- 
tion in sperm morphology was related to either male 
body mass (through allometry) or egg size (via linkage 
disequilibrium). Instead, our results suggest that sperm 
size in shorebirds increases with the intensity of sperm 
competition. 


