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Summary. From 1983 to 1986 we monitored 284
European starling (Sturnus vulgaris) nests in New
Jersey for evidence of intraspecific brood parasit-
ism and egg removal during the laying period. Egg
removal occurred significantly more often at nests
where intraspecific brood parasitism was detected
(12 of 35 nests, 34%) than at unparasitized nests
(23 of 249 nests, 9%). Brood parasitism (92% of
parasitized nests) and egg removal (74% of nests
with egg removal) were most common at nests
where egg laying began in April of each year (i.e.,
early nests). Egg removal occurred at 26 (19%)
and brood parasitism at 32 (23%) of 138 early
nests. Both brood parasitism and egg removal were
concentrated during the first four days in the lay-
ing period when brood parasitism is most likely
to be successful and when host nests are most vul-
nerable to parasitism (Romagnano 1987). Both
parasitism and removal usually involved a single
egg at each nest. We detected brood parasitism
and egg removal on the same day at five of 12 nests
(42%) where both were observed. Because starlings
do not remove foreign eggs from their nests once
they begin laying (Stouffer et al. 1987) we hypothe-
size that parasite females sometimes removed host
eggs while parasitizing nests.

Introduction

Egg loss and destruction are often associated with
intraspecific brood parasitism (e.g., Weller 1959;
Victoria 1972; Yom-Tov et al. 1974; Vehrencamp
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1978 ; Evans 1980, 1988 ; Karlsson 1983, in Anders-
son 1985; Brown 1984, 1988; Feare 1984; Emlen
and Wrege 1986; Frederick 1986; Mgller 1987;
Brown and Brown 1988). Frequently such egg loss
is the result of the physical struggle between host
and parasite over priority at the nest (c.g., see
Weller 1959; Brown and Brown 1988). In the Eu-
ropean starling (Sturnus vulgaris) (Karlsson 1983,
in Anderson 1985; Stouffer et al. 1987), white-
fronted bee-eater (Merops bullockoides) (Emlen
and Wrege 1986), and barn swallow (Hirundo rus-
tica) (Moller 1987) breeding females guard against
parasitism by removing foreign eggs from their
nests before they, themselves, begin laying.

We examined the association between egg re-
moval and intraspecific brood parasitism in the
European starling because egg removal is an hy-
pothesized correlate of brood parasitism in this
species (Yom-Tov etal. 1974; Yom-Tov 1980;
Evans 1980, 1988; Karlsson 1983, in Andersson
1985; Feare 1984). Various observers have sug-
gested that parasite female European starlings
(Evans 1980, 1988; Karlsson 1983, in Andersson
1985; Feare 1984) behave like some interspecific
brood parasites and remove host eggs when par-
asitizing nests (e.g., cowbirds, Friedman 1929; Old
World cuckoos, Payne 1977a).

Methods

From 1983 to 1986 we studied starlings that nested in boxes
mounted on utility poles along the roadways of the Kilmer
Campus of Rutgers University in Piscataway, Middlesex Co.,
New Jersey. Thirty next boxes were available in 1983, 50 in
1984, 75 in 1985, and 68 in 1986. The site has supported a
breeding population of starlings in next boxes since 1975
(Crossner 1977). The study site contained mowed lawns, old
fields, and parking lots. To prevent racoons (Procyon lofor)
and gray squirrels (Sciurus carolinensis) from destroying nests,
each pole was wrapped with 0.70 m wide aluminum flashing
below the box.
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In 1983 and 1984, we visited nests once in the morning
and agamn in mid-afternoon during the laying period. In 1985
and 1986, we visited nests three times a day during the laying
period. Usually the first census of the day began and was com-
pleted between 0700 and 0800 EST, the second between 1100
and 1200 EST, and the third between 1500 and 1700 EST. Our
first census was conducted before 0800 because only 17.6%
of female starlings have laid eggs at this time (Feare et al. 1982;
Romagnano 1987). Thus, if two or more new eggs were dis-
covered during the second or third census, only one could be
a host egg (e.g., Woodward and Mather 1964; Fraps 1965;
Gilbert 1971; Feare 1984). Eggs were numbered in sequence
with indelible ink. In all years, each nest was monitored until
clutch completion. To avoid needlessly disturbing the birds,
nests were not usually visited again until one day before its
eggs were expected to hatch.

We used a combination of frequent nest censuses and poly-
acrylamide gel electrophoresis to detect intraspecific brood par-
asitism (Romagnano 1987). Censusing occurred in all years but
the use of electrophoresis was restricted to 1983-1985. Breeding
females and males were usually captured six to seven days after
the eggs hatched, uniquely banded with U.S. Fish & Wildlife
Service numbered aluminum bands and color bands if not al-
ready banded, and biopsied for pectoral muscle and blood for
electrophoretic analysis. Chicks were banded and biopsied
20 days after they hatched. Hoffenberg et al. (1988) and Ro-
magnano (1987) describe these techniques in detail.

A nest was defined as parasitized if (1) more than one
egg appeared within 20 h (no bird species is known to lay more
than one egg per 24 h period; Woodward and Mather 1964;
Fraps 1965; Gilbert 1971 Feare 1984), or (2) the electromorphs
of blood plasma and pectoral muscle of one or more nestlings
did not match the electromorphs of their putative mother’s
(Romagnano 1987).

An egg was considered removed if it disappeared from a
nest after being marked. We briefly searched the ground be-
neath and between nest boxes for eggs during all censuses. Al-
though eggs also disappeared from nests during the post-laying
incubation period they are not included in the analyses that
follow because we did not census nests frequently enough dur-
ing incubation to be able to confidently attribute the removal
of an egg from a nest to resident or non-resident starlings.

Results

Egg removal occurred at 12% of the 284 nests
monitored during the laying period (Table 1). Re-
moval occurred significantly more often at nests
where parasitism was detected (12 of 35, 34%) than
at nests where it was not (23 of 249, 9%) (x*=
16.12, df=1, P<0.001). However, the analyses
that follow are restricted to the 138 early broods
because (1) nests where egg laying was initiated
in April of each season represented a highly visible
peak of reproductive synchrony (Romagnano
1987), (2) 92% of the nests with brood parasitism
and 74% of the nests with egg removal were early
broods, and (3) the high mortality of late clutches
due to causes unrelated to brood parasitism (e.g.
ectoparasite infestation of nestlings) made it diffi-
cult to biopsy birds before nest failure and thus
evaluate the relationship between brood parasitism

Table 1. Intraspecific brood parasitism and egg removal at star-
ling nests in New Jersey. Numbers in parentheses are the
number of parasite or removed eggs

Month Nests  Para- Nests Nests with
egg-laying sitized with egg  parasitism and
itiated nests removal  egg removal
April 138 32 (43) 26 (29) 1

May 91 1 1) 4 (6) 0

June 55 2 (2 5 (5 1

Total 284 35 (46) 35 (40) 12

and egg removal. Nestlings survived to biopsy age
at only two of the nine nests where we observed
egg removal during laying in May and June (Ta-
ble 1).

Feare (1984) suggested that the disturbance re-
sulting from investigator visits to starling nests
might cause an increase in the frequency of egg
removal. However, in this study egg removal at
early nests was independent of whether we made
two (9 of 62 (15%) nests had removal) or three
(17 of 76 (22%) nests had removal) censuses a day
((*=1.37,df=1, P>0.10).

Twenty-nine eggs were removed from 26 to 138
(19%) early broods (Table 1). This result corre-
sponds well to the proportion of nests (12 of
52 nests, 23%) at our study site where Kennedy
et al. (1989) using macroscopic examination dis-
covered that the number of postovulatory follicles
(POFs) (i.e., the split, yellowish chambers that re-
main in a bird’s ovary after ovulation) in a resident
female’s ovary exceeded the number of eggs in her
nest. Because a macroscopic examination of POFs
provides a direct index of true clutch size (Kennedy
etal. 1989, references therein), Kennedy et al.
(1989) inferred that most cases in which POFs ex-
ceeded the number of eggs were likely due to egg
removal.

We found six numbered eggs on the ground
directly below boxes during census visits. We have
observed starlings dropping eggs from the nest box
hole (this study; Stouffer et al. 1987). Two of these
eggs had holes in their sides that approximated
the size of a starling’s bill. Two eggs had large
holes in their sides and it appeared as though the
albumin in each egg had been eaten. The remaining
two numbered eggs were undamaged. Twenty-
three eggs disappeared from clutches between cen-
sus visits and were not found.

We found 30 unnumbered eggs on the ground
near to or directly below nests during potential
host laying periods. Nine unnumbered cggs werc
found below six different nests before the resident



females at those nests began laying. We hypothe-
size that these eggs were laid by parasite females
but were removed by resident females. Resident
female starlings quickly removed foreign eggs
placed in their nests by Stouffer et al. (1987).

Sixteen unnumbered eggs were found either
within 15m of (n=3) or directly below (n=13)
14 different nests during the laying periods of the
resident females at those nests. The distribution
of the ratios of unnumbered to numbered eggs
found on the ground each day during laying (Ta-
ble 2) was not significantly different (Log Likeli-
hood Ratio, G=0.846, df=6, P>0.25) from that
expected given the following assumptions: (1) Par-
asites and hosts, on average, laid eggs between our
0700 and 1100 census each day (Romagnano 1987)
meaning that one unnumbered egg was in a nest
when the parasite came and removed an egg. (2)
Each egg in a nest had the same probability of
being removed. We hypothesize that these unnum-
bered eggs were hosts’ eggs that were removed by
parasites before we had a chance to number them
(i.e., they were removed between censuses). Twelve
of these 16 (75%) unnumbered eggs appeared at
nests between our 0700 and 1100 censuses. It is
unlikely that host females removed these eggs be-
cause resident starling females do not remove for-
cign eggs placed in their nests once they begin lay-
ing (Stouffer et al. 1987).

At four of these 14 (29%) nesis we found a
newly laid egg in the nest during the same census
when an unnumbered egg was found on the
ground. At three of these 14 (21%) nests we found
a newly laid egg in the nest during the census im-
mediately after an unnumbered egg was found on
the ground. Given that resident female starlings
do not remove foreign eggs placed in their nests
after they begin laying (Stouffer et al. 1987), this
observation that newly laid eggs were found either
simultaneously with or after the discovery of un-
numbered eggs at 50 percent of these 14 nests sug-
gests that parasite females sometimes remove host
eges while parasitizing nests. However, we were
unable to determine whether these eggs were para-
site eggs using electrophoresis {(Romagnanoc 1987).
This was not surprising given the conservatism of
electrophoresis in our population (Romagnano
1987).

We found five unnumbered eggs on the ground
near four nests during circumstances difficult to
evaluate. One unnumbered egg was found equi-
distant between two nests making it impossible to
assign it a nest of origin. One unnumbered egg
was found under a box in which two females were
nesting communally (see Stouffer et al. 1988). The
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Table 2. The distributions of egg removal, unnumbered eggs
found on the ground, and brood parasitism during host laying
periods at 138 early starling nests. Laying Day 1 (LD1)=the
day the first egg is laid

Day in the laying period

1 2 3 4 5 6 7 8 Total
Eggs removed 56 5 6 5 1 1 0 29
Unnumbered eggsfoundS 4 2 0 4 1 0 0 16
Parasite eggs laid 10 13 10 4 4 1 1 0 43

gjection of eggs from communal nest by females
laying at that nest is common {e.g., see Vehren-
camp 1977; Bertram 1979; Mumme ct al. 1983).
One unnumbered egg was found under a nest two
days after clutch completion at that nest. Two un-
numbered eggs were found under a single nest.
Each was found on successive days, four and five
days after a single egg was laid in that nests. We
observed a male remove one of these cggs.

Because unnumbered eggs were unmarked, we
cannot exclude the possibility that they were laid
on the ground by parasites that were unable to
find unguarded nests (cf. Evans 1988). However,
we do not think that this is likely because most
of the unnumbered eggs (26 of 30 eggs, 87%) were
found directly below nest box holes suggesting that
they were dropped from the hole.

We detected brood parasitism at 23% of early
nests (Table 1) using both census and electropho-
retic techniques (Romagnano 1987). For parasit-
ism to be a successful strategy a parasite egg must
have a high probability of producing a fledgling
(Hamilton and Orians 1965). For our population
this means that parasite eggs must be laid before
the initiation of incubation (Romagnano 1987).
Parasite eggs laid after this time hatch late and
produce runts with low chances of fledging relative
to eggs that hatch on schedule (Litovich 1982).
The modal date of the initiation of incubation in
our population is Laying Day 4 (LD1 =the day
the first egg was laid. Thirty-seven of the 43 (86%)
parasite cggs that we detected were laid before
Laying Day 5 (Table 2). This proportion was not
significantly different from the proportion of the
eggs removed before LD5 (22 of 29 eggs; 76%)
(x*=1.21, df=1, P>0.25) or the proportion of un-
numbered eggs that we found on the ground before
LD5 (11 of 16 eggs; 69%) y*=1.31, df=1, P>
0.25).

At 24 of the 26 (92%) nests where eggs were
removed only a single egg was removed. Likewise,
multiple parasitism was also rare (Romagnano
1987). Twenty-three of the 32 (72%) nests where
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Table 3. The frequencies of multiple acts of removal and multi-
ple parasitism at early nests. Single acts of removal were more
common than single acts of parasitism (y°>=4.54, df=1, P<
0.05). The number in parentheses are the number of nests ob-
served in each category if nests III-10 and III-17 from 1985
are eliminated from the analysis (see text). Analyzed this way
single acts of removal and parasitism are equally common (y* =
2.53, df=1, P>0.10)

One egg More than Total
one egg
Parasitism 23 9(7 32(30)
Removal 24 (23) 2 26 (25)

we detected parasitism had a single parasite egg.
The removal of a single egg was more common
than a single act of parasitism (y?=4.54, df=1,
P <0.05) (Table 3). However, if we eliminate two
nests monitored in 1985 (I1I-10 and II11-17) from
this analysis, the removal of a single egg was as
common as a single act of parasitism (y*>=2.53,
df=1, P>0.10) (Table 3). We justify removing
these nests from the analysis because it appeared
as though two separate parasites “staked out”
each of these nests. Therefore, nests 111-10 and III-
17 were not typical parasitized nests. At 11I-10,
one parasite egg was laid each morning on LD1-
LD3. These parasite eggs were readily distinguish-
able from the host eggs by color. No eggs were
removed from I11-10. At III-17, one parasite egg
was laid each morning on LD2-LD4. Egg one was
removed before 0758 on LD2 (Table 4). The para-
site eggs were lighter than the host eggs. Both the
color-detected series at I11-10 and the weight-de-
tected series at I11-17 were internally homogeneous
implying a single brood parasite at each nest.

At five of the 12 nests (42%) where both egg
removal and brood parasitism were detected, both
events occurred on the same day (Table 4). By us-
ing clutch size as an indicator of the number of
days available for both egg removal and parasit-
ism, and assuming that egg removal and parasitism
were independent events, we determined the proba-
bility of both of them occurring on the same day
at any one of the 12 nests where both were detected
by using the binomial expansion,

Nt
X1Y!

where N is the number of laying days for a clutch
(e.g. if clutch size was five there were five laying
days, n=75), X ==the number of days on which both
removal and parasitism could occur on the same
day, Y = the number of days during which removal
and parasitism could occur on different days (N —

Xr)e

Table 4. Nests where egg removal and intraspecific brood para-
sitism were both detected. The Nest category lists the year,
then the nest box. The day the first egg was laid is equal to
day one (LD1). Egg number is symbolized by En, where n
is the egg’s position in the laying sequence

Nest Removal
in relation
to parasitism

The chronology of removal
and parasitism

April nests
84-111-5 E2 and E3 appeared on LD2. E4 was
removed by 0800 on LD4 and ES was

laid by 1130 on the same day

ES a parasite egg detected by electro-
phoresis was laid between 0730 and
1157 on LDS5. E2 was removed
between 1157 and 1713 on LD35
E2 a parasite egg detected by electro-
phoresis was laid between 0749 and
1147 on LD2. E1 was removed
during the same time interval
85-1-180ld 1 day before E1 was removed on LD3. E2, 3, 4
and were laid on LD4. E4 was found
2 days after dented on LD5 and removed on LD6

85-1-200ld 2 days after

2 days after

84-1-10old Same day

85-1-120ld Same day

E2 a parasite egg detected by electro-~
phoresis was laid on LD2 E3 was
removed between 1124 and 1648 on
LD4

E1 was a parasite egg detected by
clectrophoresis. E2 was laid
between 0735 and 1133 on LD2.
E2 was removed between 1133 and
1604 on LD2

1 day before E1 was removed by 0758 on LD2.
E2 and E3 were laid between 0758
and 1214 on LD2.

Two other parasite eggs were laid on
LD3 and LD4

3 days after E1 and E2 were laid on LD1. ES was

and laid between 0828 and 1152 and

1 day before removed between 1152 and 1523 on
LD4. Two new eggs were laid on
LD5

1 day before E2 was removed by 0835 on LD3
and was replaced by a new unmarked
egg. Two new eggs were laid on LD4

85-111-9 1 day after

85-111-17

86-1-20

86-11-6

86-11-7 On LD1 two starlings were observed
entering and leaving the nest before
our inspection at 0938 revealed two
eggs, one of which was punctured.
The punctured egg was removed

before 1241 on LD1

On LDS5, E5 was laid by 1132. By
the next census at 1611, E1 was
removed and E6 was laid

Same day

86-111-2 Same day

June nests
85-11-7 On LD2, E1 was missing and two
new unmarked eggs were found

in the nest

Same day




X =Y), p=the probability of parasitism and re-
moval occurring on the same day at each nest of
given clutch size N (e.g., if N=35, the probability
of removal occurring on any one day="/5 and the
probability of removal occurring on any one day=
/5, thus the probability of both occurring on any
day (a through e) within the laying period at that
nest=1/,5), and q = the probability of removal and
parasitism occurring on different days in the laying
period, 1-p. Throughout we assume that both re-
moval and parasitism result in either one egg being
removed from or added to a clutch (Table 3).

We compared the expected number of nests
where both removal and parasitism should have
been detected on the same day to the observed
number using the Chi-square Goodness of Fit Test
(Zar 1974). This comparison (x>=10.87, df=4,
P <0.05) suggests that removal and parasitism
were related phenomena. However, because of the
small sample size it is not safe to make this infer-
ence in the absence of additional information.

The additional information necessary to link
egg removal and brood parasitism was found by
examining the chronology of removal and parasit-
ism at the nests where both were detected (Ta-
ble 4). Interspecific brood parasites sometimes re-
move eggs one day before they parasitize host nests
(Friedman 1929; Payne 1977a). A very important
piece of information in determining the identities
of the birds (hosts or parasites) that removed eggs,
is the fact that host starlings in our population
do not remove foreign eggs added to their nests
once they have begun laying (Stouffer et al. 1987).
Karlsson (1983, in Andersson 1985) obtained the
same results in a similar experiment on starlings
in Sweden. Therefore, eggs removed from nests
were probably removed by the parasites and not
by the hosts.

Discussion

Egg removal was common during the laying period
at starling nests in New Jersey. There was a chron-
ological and statistical association between remov-
al and parasitism. Evans’ (1980, 1988) observed
that egg removal was more frequent at parasitized
nests than at nests where parasitism was not de-
tected at his study sites in Great Britain. The se-
quence of events at nests where removal and para-
sitism were both detected suggested that parasites
sometimes removed host eggs at the nests they par-
asitized. However, there are several alternative ex-
planations for the phenomenon of egg removal.
First, egg removal can be the result of egg pre-
dation by mammals or other bird species. How-
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ever, it is very unlikely that predators were respon-
sible for the egg removal that we observed because
(1) since installing predator guards in 1979 no nests
have failed because of predation, (2) mammalian
predators usually take a whole clutch and leave
the nest in disarray by pulling the nest material
out of the nest box hole (Litovich 1982); there
was no cvidence of mammalian predation at nests
with egg removal, and (3) it is unlikely that egg
removal was caused by other bird species (e.g.,
house wrens, Troglodytes aedon, or house spar-
rows, Passer domesticus) known to destroy eggs
because no other species nested in our boxes or
were seen entering them.

Second, egg removal can be the result of usur-
pation tactics by other starlings. Starlings are non-
excavating cavity nesters and must rely on pre-
existing cavities to breed. Therefore, they are likely
limited by nest sites. The inter- and intraspecific
nest site usurpation strategies of other non-exca-
vating cavity species (e.g., tree swallow, Tachycin-
eta bicolor; house wren, eastern bluebird, Sialia
sialis,; house sparrow) are well known (see Kuerzi
1941; Bent 1942, 1948, 1949; Summers-Smith
1963; Leffelaar and Robertson 1985; Belles-Isles
and Picman 1986). A common tactic in their usur-
pation strategies is the removal or destruction of
resident eggs. A nest usurper can best precipitate
a resident’s nest failure and abandonment by re-
moving all of the resident’s eggs or by removing
as many eggs as possible. However, single eggs
were most often removed from nests during laying
and egg removal during laying was not associated
with nest abandonment in this study.

Egg removal (n =84 eggs) also occurred during
the post-laying incubation period at 35 of 284
(12%) total nests, and 14 of 138 (10%) early nests.
At five of these 14 (36%) early nests, complete
clutches were removed, consistent with a hypothe-
sis that nest usurpers were responsible for most
of the removal that occurred during the post-laying
incubation period. However, we did not visit nests
frequently enough once clutches were complete to
exclude alternative hypotheses to explain removal
during the post-laying incubation period.

Third, egg removal can be the result of hosts
removing parasite eggs that they discover in their
nests. Evans (1988) hypothesized that the reduced
breeding success at parasitized nests at his study
sites in Great Britain resulted from females remov-
ing eggs from their nests when their clutches were
small. However, the results of experiments per-
formed by Stouffer et al. (1987) on our population
of starlings do not support Evans’ hypothesis.
Stouffer et al. (1987) found that hosts did not dis-
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criminate between their own and parasite eggs once
they, themselves, began laying. A similar lack of
discrimination after egg laying has been reported
in other species (Rothstein 1975; Lanier 1982;
Brown 1984; Emlen and Wrege 1986; Maller
1987). Thus, it is extremely unlikely that host fe-
males removed parasite eggs added to their partial
clutches. In addition, the electrophoretic data (Ro-
magnano 1987) show that some of the eggs that
were not removed were parasite eggs. Therefore,
we conclude that resident females did not remove
eggs from their own nests during the laying period
during this study and that parasite females some-
times removed host eggs at the nest that they par-
asitize. That egg removal sometimes occurred after
parasitism (Table 4) is difficult to explain because
we have no a priori reason to expect that parasite
females can discriminate their own eggs from host
eggs (cf. Stouffer etal. 1987). The sequence of
events at the five nests where removal occurred
after parasitism make it difficult to associate re-
moval with parasitism in a coherent manner with-
out making undue assumptions.

We may be underestimating the number of nest
usurpation attempts and overestimating the
number of potential parasites because some of the
eggs removed during egg laying may have been
removed by would-be nest usurpers. For example,
if a prospective nest usurper removed one or more
eggs from a nest soon after the resident began lay-
ing, but the resident completed her clutch, we
would assign this pattern of removal to parasites.
This scenario suggests another alternative repro-
ductive strategy. The nonresident female in this
scenario may remove eggs from a nest and if the
resident does not desert she parasitizes it, but if
the resident abandons her nest, the non-resident
usurps the nest.

The patterns of egg removal and brood parasit-
ism suggest the tactics that may be used by brood
parasites. Both egg removal and the appearance
of parasite eggs were concentrated early in the lay-
ing period. This short window of vulnerability/op-
portunity (LD1-LD4) also suggests why the
number of cases of multiple parasitism were rare
(Romagnano 1987). A parasite must lay her egg
in a host nest after the host has begun laying
(Stouffer et al. 1987) but before LDS5. Therefore,
the periods of parasite opportunity and nest vul-
nerability are short (Romagnano 1987). Likewise,
Evans (1988) found that parasite eggs were more
likley to produce fledglings when they were laid
synchronously with host eggs. Apparently, parasit-
ic cliff swallows (Hirundo pyrrhonota) are not faced
with the same time constraints as starling parasites.

Brown and Brown (1988) report that the eggs re-
moved from cliff swallow nests as a prelude to
having eggs transferred into them (Brown 1988)
were removed during incubation and after the end
of laying. Interspecific brood parasites often are
not faced with the time coanstraints challenging
starling parasites (Payne 1977a).

The laying of a single parasite egg in each of
several host nests is a tactic commonly employed
by intraspecific brood parasites (e.g., see Evans
1980, 1988; Brown 1984, 1988; Emlen and Wrege
1986; Mpller 1987). By spreading her eggs over
several nests, the parasite (1) minimizes the time
spent at each nest thereby reducing her chances
of being detected, (2) keeps the host clutches from
exceeding the sizes that the host can rear and there-
by increases the chances that her chick will fledge,
and (3) increases the chances that some of her
young will fledge by not having all of her eggs
in one potentially doomed nest (Payne 1977a,
1977b; Andersson 1985; Brown 1984, 1988).

The advantages accruing to parasites by
spreading their eggs over several nests are aug-
mented by egg removal (Andersson 1985). The egg
remover’s reproductive success is potentially en-
hanced at the direct expense of the host. If a nest
is parasitized by more than one parasite, a parasite
that spreads her eggs over several nests is more
likely to remove the eggs of a parasite that targets
a specific nest than vice versa (Andersson 1985).

The patterns of egg removal and parasitism
that we observed were consistent with Andersson’s
(1985) hypothesis that parasites should remove sin-
gle eggs from host nests while laying single parasite
eggs in them.

We do not known the idenfity of the parasite
females in our population because unlike Brown
(1984, 1988) and Emlen and Wrege (1986) we have
never observed them laying eggs. Yearling females
without nests of their own may represent the larg-
est fraction of the parasite population at our study
site (Romagnano 1987), but there may be several
classes of female involved (see Yom-Tov 1980;
Evans 1980, 1988).
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