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Short communications 
and comments 

Predator-prey interactions between Common Terns and butterfish 
David C. Duffy, Great Gull Island, American Museum of Natural History, New York, NY 10024, U.S.A. (Present 
address: Escuela de Ciencias Ambientales, Universidad Nacional, Heredia, Costa Rica.) 

Numbers of Common Terns Sterna hirundo foraging on butter- 
fish Peprilus tricanthus commensal on jellyfish Cyanea capillata 
had a logistic relation with numbers of host jellyfish passing 
through a foraging area. Increasing numbers of terns did not 
affect success per dive, whereas turnover, the percentage of 
birds leaving the foraging area, was highest at intermediate 
numbers of terns and depressed at higher densities. These data 
suggest that competition occurred for access to available food 
and that increased numbers of birds depressed foraging success. 

Competition for food by seabirds was hypothesized by 
Ashmole (1963) to act through local depletion of or 
limited access to available food, even though impact on 
overall prey populations might be insignificant. In con- 
trast to Ashmole's theory, several workers have pre- 
sented explanations of seabird behavior that imply that 
food is not locally limited and that competition does not 
occur. For example, Simmons (1972: 472), commenting 
on socially-conspicuous plumage, thought that "it is of 
advantage, both to the first-finder and to the summoned 
birds, to congregate at shoals of fish in order to cooper- 
ate in exploiting them efficiently". While mechanisms 
for cooperation have been suggested (e.g. Vogt 1942, 
Nelson 1978: 47), these require that the amount of food 
available per bird at patches or access to food not be 
reduced by the arrival of additional birds. 

Field tests of the two conflicting theories are ex- 
tremely rare, because food availability is difficult to 
measure. This paper reports on a natural feeding sit- 
uation where indirect measurements of food were pos- 
sible and examines the effects of food availability on the 
numbers and foraging success of a seabird. 

I monitored numbers, success per plunge, and turn- 
over (percentage of birds leaving per minute) in flocks 
of Common Terns Sterna hirundo feeding on butterfish 
Peprilus tricanthus commensal on a scyphomedusa Cya- 
nea capillata. Butterfish shelter among the tentacles of 
Cyanea and appear immune to discharges from the 
hosts' nematocysts, although some Peprilus are eaten by 
medusae (Mansueti 1963, pers. observ.). Peprilus feeds 

on the medusae and on invertebrates in the water co- 
lumn. Larger individuals of a related species P. alepido- 
tus become free-living and predatory on medusae (Dun- 
nington and Mansueti 1955, Mansueti 1963); such be- 
havior is likely to occur in P. tricanthus. 

Methods 

Field work was conducted on Great Gull Island, 
41000'N, 72020'W, Suffolk County, New York (Duffy 
1977). I conducted observations in waters surrounding a 
large, dilapidated dock, approximately 7 m wide, ex- 
tending 150 m out into the strong tidal currents charac- 
teristic of the eastern mouth of Long Island Sound. The 
Common Tern population on Great Gull Island during 
the study period was approximately 2,500 pairs, with 
several hundred birds nesting within 100 m of the dock. 

During 14 July-7 August 1973, I made qualitative 
observations of Cyanea-Peprilus interactions from the 
dock, from a rowboat, and while snorkeling. I counted 
the number of Peprilus associated with Cyanea up-cur- 
rent of the dock and collected the jellyfish and attend- 
ant fish when possible, using a scoop net. The standard 
lengths of the fish and the widths of the medusae were 
measured to the nearest mm and cm respectively. Al- 
though qualitative observations were made over three 
weeks, intensive quantitative work was conducted only 
over a single tidal cycle. On 1 August 1973, the numbers 
of jellyfish passing under a 2-m length of the dock were 
counted over 15 min intervals during a 5.5 h tidal cycle 
(1300-1830 hours). During each period, I made three 
counts 1-min apart of the numbers of terns fishing in an 
area of 1500 m2 between the pilings of the dock and 10 
m downstream. I made a 1 min count of the number of 
birds leaving the feeding area, then made a fourth count 
of the number of terns fishing. The number leaving, 
divided by the mean of the four counts of birds fishing, 
provided an index of turnover. I also measured success 
per dive during each 15-min period. Peprilus are silvery 
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Fig. 1. Common Tern capturing a Peprilus commensal on Cya- 
nea after the medusa hit a piling of a disused dock. 

and laterally-compressed, so that even very small fish 
are easy to see when carried by terns. 

Results 

Observations. Up-tide from the dock, I observed Cya- 
nea with intact tentacles, harboring anywhere from 3 to 
30 Peprilus. Distances between jellyfish ranged from 1 
to > 100 m, with greatest numbers concentrated in drift 
lines at the interfaces of different water bodies. The size 
of fish was correlated with medusa size (r = 0.46; n = 
20; P <0.05), as previously reported for P. alepidotus 
under the medusa Chrysaora quinnquecirrha (Mansueti 
1963), but the number of fish was only weakly corre- 
lated with medusa size (r = 0.32; n= 32 jellyfish; P= 
0.075). 

Downstream from the dock, few of the Cyanea had 
fish associated with them and many lacked tentacles, 
suggesting damage during passage through the dock 
pilings. Jellyfish are planktonic, with limited powers of 

mobility. The number passing through the area of the 
dock should correspond to the speed of tidal currents 
and thus to the volume of water passing through the 
dock. The faster the current, the more jellyfish and the 
stronger their impact with the pilings. The pilings were 
encrusted with mussels, barnacles, shortstranded ma- 
rine algae, and kelp in which the tentacles of the jellyf- 
ish frequently became entangled, tumbling them and 
displacing the commensal Peprilus. During almost daily 
snorkeling observations (approximately 30 min d-') 
during July and August 1973, no independent Peprilus 
were seen except among the dock pilings or immedi- 
ately down-current from the dock, where the fish swam 
erratically near the surface for a few seconds and then 
were swept downcurrent. 

Common Terns fed immediately downstream, along 
the length of the dock or even among the pilings where 
the dock surface had fallen away (Fig. 1). Although 
aggressive interactions occasionally occurred between 
individuals, there was no evidence of territorial defence 
of the feeding area. Most terns left the area once they 
caught a fish, returning to the colony, presumably to 
feed nestlings or dependent young. 

Rate of passage of jellyfish under the dock was as- 
sumed to reflect the availability of food for terns feeding 
in the area. No other prey species were seen to be taken 
by terns downstream from the dock, except for a single 
small Cyanea which was picked up and dropped. During 
snorkeling observations, the only fish seen of a size 
suitable as prey for terns were cunners Tautoglobus 
which typically occurred deeper than one metre, be- 
yond the reach of plunging terns. These data suggest an 
absence of prey except those associated with Cyanea, so 
that Cyanea numbers would have been a valid index of 
prey availability. 
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Fig. 2. Number of foraging terns and jellyfish passing under the 
observation dock from 1300 to 1630 hours. 
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Fig. 3. Number of terns foraging as a function of number of 
jellyfish passing through the dock. 

Tern foraging. - The rate of passage of jellyfish under 
the dock increased with apparent tidal flow and num- 
bers of terns fishing were correlated with numbers of 
jellyfish (Fig. 2; y = 2.31X + 3.73; r2 = 0.412; n = 22; 
Fig. 3); however, data had a stronger fit to a logistic 
curve (y + 23.99/ (1 + 631.76e-172x); r2 = 0.630). The 
success rate per plunge (: = 38%, SD = 3.5%; n = 14 
sample periods) did not vary with jellyfish numbers 

(rs 
= -0.01; P > 0.05) or with numbers of birds present (rs 
= -0.17; P>0.05). Turnover, the percentage of birds 
leaving the foraging flock (x = 40.3%; SD = 9.6%; n = 
15 sample periods), varied with jellyfish numbers 

(rs 
= 

0.52; n = 15 sample periods; P <0.05; Fig. 4) and non- 
linearly with the number of birds present, being highest 
at 15-25 birds (Fig. 5). 

Discussion 

Bird and jellyfish numbers showed a better fit to a 
logistic than to a linear curve, a pattern typical of ver- 
tebrate predators (Hollings 1959), suggesting that food 
availability, indirectly measured by the number of host 
jellyfish passing through the dock, limited the numbers 
of terns at the patch. Turnover increased with jellyfish 
numbers, suggesting birds could catch food more rap- 
idly when more was available. Turnover showed a non- 
linear response to bird numbers, being slower at low 
and high numbers. The slower turnover may have been 
indicative of low food availability at low bird numbers 
and of interference between birds at higher numbers 
(cf. Duffy 1986). If interference caused birds to leave 
the foraging area, turnover should have increased with 
bird numbers. However, terns appear to spend much 
more time searching for prey than they do diving and 
capturing it, so that it would be energetically more 
profitable for a tern to stay at a crowded feeding area 
and take slightly longer to catch a fish than it would be 
for the bird to locate another, perhaps distant foraging 
area which might prove to be just as crowded. 

Success per dive was not affected by jellyfish or bird 
numbers, indicating that intervals between dives be- 
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Fig. 4. Percentage turnover of terns in the feeding group in 
relation to number of jellyfish passing under the dock. 

came longer when turnover was slower, but that terns 
only dived when they had a strong probability of suc- 
cess. Gochfeld and Burger (1982), working on Sand- 
wich Terns S. sandvicensis also observed that diving rate 
changed whereas success per dive did not. 

Bird numbers and turnover appeared to be affected 
by prey availability, suggesting that access to food lim- 
ited bird numbers at the patch. Since the prey supply 
was constantly renewed by the tide and since fish were 
apparently only vulnerable to predation for a few sec- 
onds, it seems highly unlikely that the terns depleted 
their prey. The results, although from a single foraging 
situation, support Ashmole's (1963) suggestion that ac- 
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Fig. 5. Percentage turnover of terns in relation to the number 
of individual birds in the feeding group. 
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cess to food may be locally limited around seabird colo- 
nies, even if absolute amounts of food are large. 
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Courtship feeding and copulatory behaviour in the Common Tern 
Sterna hirundo 

David A. Wiggins and Ralph D. Morris, Dept of Biological Sciences, Brock University, St. Catharines, Ontario, 
Canada L2S 3A1. (Present address of D.A.W.: Dept of Biological Sciences, Simon Fraser University, Burnaby, 
British Columbia, Canada V5A 1S6). 

We investigated the temporal associations between courtship 
feeding and copulatory behaviour prior to and during the egg- 
laying stage of Common Terns Sterna hirundo. The occurrence 
of courtship feeding did not affect either the likelihood of suc- 
cessful cloacal-contact copulations or the number of cloacal- 
contacts per copulation bout. In addition, courtship feeding did 
not appear to induce mounting behaviour. However, this find- 
ing is largely dependent on the manipulation of data prior to 
statistical analysis. We suggest that such manipulations be stan- 
dardized and explicitly defined in future studies. 

In a review of courtship feeding behaviour, Lack (1940) 
noted a close association between courtship feeding and 
copulation in some species of birds, but much of the 
evidence for this association was anecdotal. The first 
detailed account of a possible relationship between 
these two events was presented by Morley (1949), who 
found that copulations in the Marsh Tit Parus palustris 
were often preceded by courtship feedings. 

Recent studies have shown that courtship feeding is 
common among many species of seabirds, and that the 
act may serve several functions, depending on the time 

of occurrence during a breeding bout (references in 
Morris 1986, Wiggins and Morris 1986). Descriptions of 
the temporal relationships between courtship feeding 
and copulation in Red-billed Gulls Larus novaehollan- 
diae (Tasker and Mills 1981), Royal Terns Sterna max- 
ima (Kilham 1981) Black-legged Kittiwakes Rissa tri- 
dactyla (J. W. Chardine pers. comm.), suggest that 
courtship feeding acts to induce copulation in some, but 
not all, larids. In this paper, we assess the nature of the 
relationship between courtship feeding and copulatory 
behaviour in the Common Tern Sterna hirundo. 

Methods 

We observed Common Terns at a colony near Port 
Colborne, Ontario, Canada (for details of the study site 
see Wiggins et al. 1984). Observations were made from 
an elevated blind adjacent to the study area. Each pair 
under observation (N= 13 1982; N= 14 1983) included at 
least one previously banded bird. Observations of 
courtship feedings and copulatory behaviour were made 
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