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Resumen. — Aceptacidén y rechazo del parasitismo por tordos en los orioles del Nuevo Mundo (Zezerus
spp.). — Usando los orioles del Nuevo Mundo (Ieferus spp.), probamos la hipétesis de Rothstein (1975), la
cual sugiere que, en los tordos patasiticos, la aceptacién o techazo del parasitismo debetfa caracterizar a
todos o a la mayoria de los miembros del taxén. Para ello, resumimos los resultados de otros estudios
sobre parasitismo en orioles y revisamos la informacién disponible en parasitismo natural de tordos en
otras especies, la cual clasifica las especies de orioles de acuerdo a su aceptacién o rechazo al parasitismo
por tordos, i.e., frecuencia del parasitismo, presencia de huevos de tordos al lado de los nidos y
observaciones de otioles alimentando pichones y volantones de tordos. Adicionalmente, parasitamos
experimentalmente otra especie de oriol, el Bolsero castafio (I spurins), para determinar si esta acepta o
rechaza el parasitismo por tordos. Los resultados de los experimentos conducidos por varios
investigadores, los cuales simularon el parasitismo por tordos en los nidos de cinco de las 29 especies de
orioles, revelaron que tres, o posiblemente cuatro, especies expulsan los huevos ajenos de sus nidos,
mientras que una especie los acepta. En nuestros experimentos con los Bolseros castafios, estos aceptaron
los huevos reales y attificiales de tordo en todos los nidos (n = 29). En conjunto con los resultados de
otros estudios que han registrado altas frecuencias de parasitismo en muchas otras poblaciones del Bolsero
castafio, nuestros resultados confirman que esta especie acepta el parasitismo por tordos. La biologfa
reproductiva de siete especies de orioles es poco conocida, sin embargo, la informacién disponible en el
parasitismo por tordos en otras 16 especies sugiere que la aceptacioén es posible o probable en 15 y la
expulsiéon es posible en al menos una especie. Aunque especies diferentes de orioles aceptaron o
rechazaron el parasitismo, la evidencia sugiere que la mayoria de las especies aceptan los huevos de tordo.
Es necesario realizar mas experimentos para confirmar estas afirmaciones; dichos resultados podran ser
usados en esfuerzos de conservacién de aquellas especies que aceptan el parasitismo por parte de los
tordos y por tanto son mas vulnerables a los costos del parasitismo. De especial interés es el trabajo en
aquellas especies que actualmente estan experimentando nuevas amenazas de parasitismo, ya que los
tordos expanden su rango y encuentran nuevas especies hospedadoras.

Abstract. — Using the New World orioles (Iezerus spp.), we tested Rothstein’s (1975) hypothesis that among
hosts of parasitic cowbirds, rejection or acceptance of parasitism should characterize all or most members
of a taxon. We accomplished this by summarizing the results of experimental cowbird parasitism on ori-
oles, published chiefly by others, and reviewing available information on natural cowbird parasitism on
other species of orioles that suggest their status as accepters or rejecters, i.e., the frequency of parasitism,
presence of cowbird eggs beneath nests, and observations of orioles feeding nestling and fledgling cow-
birds. We also experimentally parasitized another oriole species, the Orchard Oriole (I. spurius), to deter-
mine whether it accepts or rejects cowbird parasitism. Results of experiments that simulated cowbird
(Molothrus spp.) parasitism on nests of five of the 29 species of orioles, conducted by various researchers,
revealed that three or possibly four species eject the foreign eggs from their nests, whereas one species
accepts them. Our experiments on the Orchard Oriole resulted in acceptance of real or model cowbird
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eggs at all nests (n = 29). Coupled with high frequencies of parasitism recorded for many other popula-
tions of Orchard Orioles, these results confirm the Orchard Oriole as an accepter. The breeding biology
of seven species of orioles is little known, but the information available on cowbird parasitism for 16 other
species suggests acceptance is possible or probable for 15 and ejection is possible for at least one
additional species. Both accepters and rejecters occurred among the orioles, but the evidence suggests
most species accept cowbird eggs. Experiments are needed to confirm this and the results will assist
conservation efforts on those species that accept cowbird parasitism and, hence, are most vulnerable to
the costs of cowbird parasitism. Work is especially desirable on species that currently are experiencing new
threats of parasitism, as cowbirds expand their range and encounter new host species. Accepted 25 Jannary
2004.

Key words: Brood parasitism, cowbirds, Molothrus spp., Orchard Oriole, Icterus spurius, otioles Icterus spp.,

accepters, rejecters.

INTRODUCTION

Whether potential host species accept or
reject cowbird (Molothrus spp.) eggs, or exhibit
a mixture of these responses, is determined
without bias by adding a real or model cow-
bird egg to their clutches and recording the
fate of the foreign egg (Rothstein 1971, 1975).
Routine inspections of unmanipulated nests
may result in cowbird parasitism being under-
recorded or not recorded, if cowbird eggs are
ejected before or between nest inspections
(Rothstein 1974, Scott 1977, Sealy & Bazin
1995). Cowbird eggs found during nest
inspections that remain in active nests may
lead to the conclusion that the species is an
accepter, but nests at which no parasitism was
recorded may have been parasitized and the
eggs were ejected. Experiments on nests of
these species will confirm that all individuals
are accepters ot that some ate ejecters.
Rothstein (1975: 265) hypothesized that
accepters and rejecters “should sort out along
taxonomic lines, either rejection or accep-
tance being characteristic of all or most of the
members of a taxon.” When Rothstein con-
ducted this work, clear patterns had not
emerged among genera and families of birds
because too few individuals and species had
been tested. Results of recent experiments
conducted on flycatchers (Tyrannidae) and
thrashers (Mimidae) have provided mixed
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support for this hypothesis. The seven species
of Tyrannus tested have been classified as
ejecters (Peer & Sealy 2000), whereas five
other flycatcher species among other genera
accept cowbird eggs (Rothstein 1986, Briskie
& Sealy 1987, Curson et al.1998, Underwood
et al. in press, Sealy unpubl.). Of 11 species of
mimids tested, two are accepters, seven are
ejecters and two species exhibit an intermedi-
ate response to parasitism (Rothstein 1975,
Finch 1982, Fraga 1985, Friedmann & Kiff
1985, Rich & Rothstein 1985, Carter 19806,
Cruz et al. 1989, Haas & Haas 1998, Peer e7 al.
2002).

The 29 currently recognized species of
Icterus (Sibley & Monroe 1990, AOU 1998,
Baker ez al. 2003) afford an excellent opportu-
nity to test Rothstein’s hypothesis. These spe-
cies inhabit most of the New World from
southern Canada to northern Argentina, with
the greatest diversity occurring in Mexico
where 14 species breed (Howell & Webb
1995). Collectively, the ranges of Icterus spe-
cies overlap those of three species of brood-
parasitic cowbirds — Brown-headed (Molothrus
ater), Bronzed (M. aeneus) and Shiny (M. bona-
riensis) cowbirds (Friedmann e a/. 1977) — and
many authors have noted that orioles are
important hosts of these parasites (e.g., Ben-
dire 1895; Friedmann 1929, 1963; Thutber &
Villeda 1980, Pleasants 1981, Skutch 1996;
but see Sealy ¢ a/. 1998). Brown-headed Cow-



bird eggs added experimentally to clutches of
Baltimore Orioles (I. galbula) and Bullock’s
Orioles (I. bullockii) were ejected from all or
most nests by both species (Rothstein 1975,
1977, 1978; Rohwer et al. 1989, Roskaft et al.
1993, Sealy & Neudorf 1995). All Brown-
headed Cowbird eggs added to nests of
Hooded Otioles (I. cucnllatus), on the other
hand, were accepted (Friedmann ef al 1977).
These results are consistent with Rothstein’s
(1975, 1976, 1977, 1982) expetiments on
about 50 species of potential hosts of the
Brown-headed Cowbird in which most spe-
cies either accepted or rejected the foreign
eggs, with few species exhibiting intermediate
levels of acceptance and rejection. This trend
has been confirmed in many recent studies on
species in several genera (e.g, Finch 1982,
Rich & Rothstein 1985, Sealy & Bazin 1995,
Peer & Sealy 2000). Most species of orioles
remain to be tested before trends in responses
to cowbird parasitism in this genus can be elu-
cidated fully, but in lieu of these data, we sum-
marized the available literature and conducted
a field test to reveal responses to cowbird par-
asitism.

Our objectives were two-fold. First, we
tested Rothstein’s hypothesis that acceptance
or rejection characterizes all or neatly all spe-
cies of a taxonomic group, using the New
Wortld otioles (Ieterus). To accomplish this, we
summarized the results of experimental cow-
bird parasitism on orioles in the genus Ieterus,
published chiefly by others, and reviewed
available information on natural cowbird par-
asitism on other species that suggested their
status as accepters or rejecters. Our second
objective was to test another oriole species,
the Orchard Oriole (L spurius), to determine
whether it accepts or rejects cowbird parasit-
ism.

We summarized the records of parasitism
on other Icterus species by Bronzed Cowbirds
and Shiny Cowbirds and summarized obser-
vations that suggested acceptance or rejection
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of cowbird eggs; for example, cowbirds fledg-
ing, adult orioles feeding nestling or fledgling
cowbirds, or cowbird eggs that disappeared
from otherwise active host clutches. Adults
observed feeding a cowbird nestling or fledg-
ling is relatively robust evidence for rearing a
cowbird, but exceptions with individuals of
species other than the known foster species
have been reported occasionally feeding para-
sitic young (Sealy & Lorenzana 1997). Collec-
tively, we used this evidence to assign a status
of “response to parasitism” for each species
of Icterus, based in part on the suggestion of
Friedmann e a/. (1977) that hosts with fre-
quencies of parasitism recorded at more than
20% likely were accepters. We also experimen-
tally parasitized Orchard Oriole nests at Delta
Marsh, Manitoba, and recorded whether the
adults accepted or rejected the introduced real
or model cowbird eggs. We then discussed the
patterns of acceptance and rejection through-
out the genus Ieterus.

METHODS

Status of orioles as cowbird hosts. The order and
nomenclature of the species of orioles treated
in this paper follow Sibley & Monroe (1990),
the American Ornithologists’ Union (1998,
2000) and Baker ez a/. (2003). For the follow-
ing seven species of orioles there is little infor-
mation on natural history, none on parasitism
by cowbirds, and in some species the nest or
eggs have not been described: Orange Oriole
(I auratns), Yellow-tailed Otiole (I mesomelas),
Montserrat Oriole (I obers), Bar-winged Ori-
ole (I. maculialatus), Black-cowled Oriole (L
prosthemelas), Black-backed Oriole (L abeilli),
and Orange-crowned Oriole (I. auricapillus).
Because Shiny Cowbirds apparently do not
yet breed on Montserrat Island, the Montser-
rat Oriole remains parasitism-free (Raffacle ez
al. 1998, BirdLife International 2000, W. ].
Arendt unpubl.)). The breeding ranges of the
other six species, however, overlap those of
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the Shiny and/or Bronzed cowbird (Hilty &
Brown 1986, Ridgely & Tudor 1989, Howell
& Webb 1995). The nest and eggs of the Bar-
winged Oriole apparently have not been
described, as is also the case with the eggs of
the Orange Oriole, a Yucatan endemic, and
the Black-cowled Oriole of Central America
(Howell e# al. 1992, Howell & Webb 1995,
Jaramillo & Burke 1999).

Experiments have confirmed acceptance
or rejection for five other species of orioles,
but for the other species, we summarized
records of parasitism and observations that
suggest acceptance or rejection of cowbird
eggs. We assigned each species a status relat-
ing to its response to parasitism, based in part
on the suggestion of Friedmann ez al. (1977)
that, in the absence of experimental data, a
species can be assumed to be an acceptor if
20% or more of its nests are parasitized, and
whether the cowbird egg is always, or nearly
always, accepted, as observed by the investi-
gator. Our categories are (1) unknown: no
data or only a few isolated cases of parasitism
mentioned without details in the literature;
some records apparently were based on egg
sets in museums or adults observed feeding
fledgling cowbirds; (2) acceptance possible:
frequency of parasitism less than 20% for all
observed populations, possibly with records
of nestling or fledgling cowbirds; (3) accep-
tance probable: frequency of parasitism
greater than 20% or nestling or fledgling cow-
birds reported; (4) acceptance or rejection
possible: observations suggest a mixture of
acceptance and ejection, but the level of
acceptance versus ejection has not been
established; and (5) acceptance or rejection
confirmed: responses confirmed by expeti-
ments.

Frequency of cowbird parasitism and experimental
parasitism on the Orchard Oriole. In conjunction
with other studies, we located Orchard Oriole
nests opportunistically from late May through
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early July in many years from 1977 to 2003
in the forested dune ridge that separates Lake
Manitoba and Delta Marsh, Manitoba
(50°11’N, 98°19’W), Canada (MacKenzie
1982; map in Sealy 1980). Orchard Orioles
colonized the Delta Marsh area in the early
1970s and were first recorded nesting there
in 1976 (Sealy 1980). This species now
nests regularly but at low numbers in the
ridge forest along the edge of Delta Marsh,
but it is among the most frequently parasit-
ized species in this host community (Sealy
unpubl.).

One group of nests was inspected regu-
larly through laying and incubation to deter-
mine parasitism frequencies, whereas at nests
in the other group one real or one model
cowbird egg was added to each clutch during
the host’s laying stage or during the first five
days of incubation. Different nests were used
for each experiment and the manipulations
were conducted after 06:30 (CST) to avoid
interfering with laying by the orioles (McMas-
ter ¢/ al. in press) and were completed by
13:00. Model eggs were made of plaster-of-
Paris from molds formed from real cowbird
eggs collected on the study area and painted
with acrylic paints and polyurethane, follow-
ing Rothstein’s (1975) method. Numerous
tests have shown that hosts respond similarly
to real and model cowbird eggs (e.g., Roth-
stein 1975, Hill & Sealy 1994). All nests were
inspected the day after experimental parasit-
ism and then at least every other day through
five days. Following Rothstein’s (1975) crite-
ria, we considered the cowbird egg accepted if
it and the host’s eggs were tended by the
hosts after at least five days, and ejected if the
cowbird egg disappeared and the adults were
in attendance. A nest was considered deserted
if the contents were present, but the eggs
were cold and the adults no longer attended
the nest. After an experiment ended, the real
or model cowbird egg was removed and
examined carefully with the naked eye or with



a hand-lens for peck marks that would indi-
cate ejection had been attempted (Rothstein
1977). Missing or damaged oriole eggs were
recorded.

RESULTS

Status of oriole species as cowbird hosts

Moriche Oriole (Icterus chrysocephalus). Para-
Shiny Cowbird; response
unknown. Friedmann (1963) recorded a single

site: status:
record of parasitism by the Shiny Cowbird in
Surinam.

Epaulet Oriole (Icterus cayanensis). Parasite:
Shiny Cowbird; response status: unknown. In
Argentina, de la Pefia (1979) reported the first
case of parasitism on this species, by the Shiny
Cowbird, but information was insufficient to
determine the response to parasitism. Fraga
(2002) reported another case of parasitism on
this species, based on a parasitized clutch in
the Museo de La Plata that originally had been
identified as belonging to the Crested Oro-
pendola (Psarocolius decumans).

Greater Antillean Oriole (Icterus dominicensis).
Parasite: Shiny Cowbird; response status:
acceptance confirmed. Up to 100% of nests
observed of this species were parasitized by
Shiny Cowbirds in Hispaniola (29.2% of 24
nests, 100% of 6 nests; Cruz ef a/. 1989) and
Puerto Rico (60.7% of 28 nests, Pérez-Rivera
1986; 100% of 4 nests, Wiley 1988). Cruz ez 4.
(1989) observed adult Greater Antillean Ori-
oles feeding cowbird fledglings on Hispaniola.
There was no mention of host young being
fed along with the cowbirds. In Cuba, Garrido
& Kirkonnell (2000) mentioned parasitism on
this species by the recently arrived Shiny
Cowbird. This evidence suggests acceptance
and, indeed, this response was confirmed
experimentally when all 7 real or model eggs
introduced to nests in Puerto Rico were
accepted (Cruz ez al. 1989).
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St. Lucia Oriole (Icterus laudabilis). Parasite:
Shiny Cowbird; response status: unknown.
This island endemic is not listed as
endangered, but Keith (1997: 118) noted
that “..a possible future threat is brood
parasitism by the Shiny Cowbird.” No parasit-
ized nests have been recorded, although Cruz
et al. (1989) observed one cowbird fledgling
being fed by adult St. Lucia Orioles, and on
three occasions, Post ¢ a/. (1990) observed
adults feeding young cowbirds, but in all
instances no young orioles. These observa-
tions suggest cowbird parasitism on the St.
Lucia Oriole and acceptance of the parasite’s
eggs, however, until parasitism on clutches of
this species has been recorded, this species’
status as a cowbird host is best left as
unknown.

Martinigne Oriole (Icterus bonana). Parasite:
Shiny Cowbird; response status: acceptance
possible. Pinchon & Bon Saint-Come (1951)
were the first to report parasitism by Shiny
Cowbirds on Martinique Orioles. Subse-
quently, Bon Saint-Come reported a decline in
this oriole and implicated cowbird parasitism
(see Wiley 1985). If this link is borne out, this
information and the observation below sug-
gest acceptance of cowbird parasitism. During
the 1986 ICBP Martinique Oriole Expedition,
observations were made at a nest that con-
tained one oriole and two Shiny Cowbird
nestlings (Wood 1987). A Carib Grackle (Quis-
calus lugubris) was observed removing one
cowbird from the nest, but the oriole survived
and fledged at 15 days of age. The fate of the
other cowbird was not determined. Seventy-
five percent of nests were reported parasitized
by Shiny Cowbirds, but the number of nests
examined and details are lacking (Bird Life
International 2000).

Orchard Oriole  (Icterus spurius). Parasites:
Brown-headed Cowbird, Bronzed Cowbird;

response status: acceptance confirmed for
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TABLE 1. Frequency of parasitism on Orchard Oriole nests by Brown-headed and Bronzed cowbirds.

Location Number of nests ~ Number of Parasitism References
examined records frequency (%o)

Oklahoma 13 6 46.2 Ely (1957)

Oklahoma 3 3 100.0 Wiens (1963)

Kansas 13 6 46.2 Platt (1975)

Kansas 15 8 53.3 Hill (1976)

North America 83 6 7.2 Friedmann et al. (1977)

Louisiana 71 20 28.2 Goertz (1977)

Kansas, Missouri, Nebraska 15 1 6.7 Lowther (1977)

Towa 4 0 0.0 Lowther (1985)

Ontario 32 10 31.3 Peck & James (1998)

Maryland 111 5 4.5 Robbins & Blom (1996)

Nebraska 13 8 61.5 Scharf & Kren (1996)

Pennsylvania 8 2 25.0 Uhrich (1997)

Illinois 9 9 100.0 Strausberger (1998)

Illinois 12 5 42.0 Trine et al. (1998)

South Carolina 8 4 50.0 Whitehead et al. (2002)

Texas 61 1" 1.6 K. Ellison pers. com.

Texas 61 45 73.8 K. Ellison pers. com.

Total® 471 94 20.0

*Parasitism by Brown-headed Cowbirds. The single nest parasitized by Brown-headed Cowbirds was also

parasitized by Bronzed Cowbirds.
"Parasitism by Bronzed Cowbirds.

“Total is for Brown-headed Cowbird parasitism only.

Brown-headed Cowbird, acceptance probable
for Bronzed Cowbird. Acceptance of all
Brown-headed Cowbird eggs introduced into
Orchard Oriole nests in this study is consis-
tent with the numerous records of natural
parasitism on this species at several sites
(Table 1). In the five studies where more than
25 nests were inspected, patasitism ranged
from 2.4% (Texas) to 31.3% (Ontatio). The
lowest frequency of parasitism by Brown-
headed Cowbirds among these studies was
1.6%, in Texas, but at this site Bronzed Cow-
birds parasitized 74% of Orchard Oriole nests
(Table 1). Experiments should be performed,
however, to confirm the consistency of
acceptance of Brown-headed Cowbird eggs
among these and other populations, and also
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responses to the immaculate blue eggs of the
Bronzed Cowbird.

Fuertess  Oriole  (Icterus fuertesi). Parasite:
Bronzed Cowbird; response status: accep-
tance possible. Of three nests of Fuertes’s
Oriole examined by Graber and Graber
(1954: 277) on the southern coast of Tamauli-
pas, Mexico, one contained an oriole, in “pin
feathers,” plus one Bronzed Cowbird that
“nearly filled the nest, although it was at
about the same stage of development [as the
oriole].”

Hooded Oriole (Icterus cucullatus). Parasites:
Brown-headed Cowbird, Bronzed Cowbird;
response status: acceptance confirmed for



Brown-headed Cowbird, acceptance proba-
ble

records of parasitism by Brown-headed Cow-

for Bronzed Cowbird. The numerous

birds [eggs, nestlings and fledgling cowbirds
(19% of 16 nests, 8% of 148 egg sets, and
71.4% of 21 nests parasitized; see Pleasants &
Albano 2001)] suggest acceptance. Accep-
tance was confirmed experimentally in Cali-
fornia (Friedmann e al. 1977) where adult
Hooded Orioles, tested at about 10 nests,
accepted the introduced Brown-headed Cow-
bird eggs (S.I. Rothstein, pers.
Instances of burial of cowbird eggs under

com.).

new nest linings (Hardy 1970, Friedmann ez a/.
1977, J. H. Rappole & J. Klicka unpub.) have
been recorded, but this behavior has not been
confirmed as a response to cowbird parasit-
ism. Hooded Orioles also are believed to be
an important host of the Bronzed Cowbird
(Friedmann & Kiff 1985). This is illustrated at
a site in southern Texas where Brown-headed
and Bronzed cowbirds co-occur during the
breeding season. From 2000 to 2002, K. Elli-
son (pers. com.) recorded 87.2% of 86
Hooded Oriole nests parasitized by Bronzed
Cowbirds, and 1.1% by the Brown-headed
Cowbird, making this the most important
host for the larger Bronzed Cowbird at this
site.

Yellow-backed Oriole (Icterus chrysater). Para-
Shiny  Cowbird,;
unknown. A single record of parasitism, by
the Shiny Cowbird, has been recorded in
Colombia (Friedmann 1963).

site: response status:

Yellow Oriole (Icterus nigrogularis). Probable
Parasite: Shiny Cowbird; response status:
rejection probable. In their comprehensive
treatise of the birds of Trinidad and Tobago,
Belcher & Smooker (1937) listed this species
as a host of the Shiny Cowbird, but they did
not provide details of parasitism. Parasitism
was not detected at any of the 13 Yellow Ori-
ole nests inspected on these Islands by Cruz e#
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al. (1995). The ejection of a model cowbird
egg from the single nest tested, however, sug-
gests that if the consistency of this response is
established with additional tests, then possibly
some parasitism occurs in nature followed
quickly by ejection of the cowbird egg;

Campo Oriole (Icterus jamacaii). Parasite: Shiny
Cowbird; response status: unknown. A para-
sitized clutch collected in British Guiana is the
only record of parasitism recorded for this
species (Friedmann 1963).

Black-vented Oriole (Icterus wagleri). Parasite:
Bronzed Cowbird; response status: unknown.
In Mexico, Friedmann ef al. (1977) referred to
parasitism on this species at two localities, but
information on parasitism frequency was
insufficient to permit detection of responses
to parasitism.

Troupial (Icterus icterus). Parasite: Shiny Cow-
bird; response status: aceptance probable. In
Puerto Rico, where the Troupial was intro-
duced, parasitism by Shiny Cowbirds has been
recorded at frequencies of 61% (Pérez-Rivera
1986) to 100% (Wiley 1985). The fledging of a
cowbird (Wiley 1985) also suggests accep-
tance. Unsubstantiated records of parasitism
have been reported within this species’ origi-
nal range, in Guyana (Friedmann 1963) and
Brazil (Sick 1993). Some Troupials re-use
abandoned nests built by other species and
even usurp active nests of other species,
removing the nest-owners’ eggs and young
(Pearson 1974, Robinson 1985, Lindell 1996).
Peer & Bollinger (1998) argued that nest usur-
pation may select for egg rejection behavior.
Thus, the lack of any apparent ejection in this
species is surprising.

Streaked-backed Oriole (Icterus pustulatus). Par-
asite: Bronzed Cowbird; response status:
acceptance possible. Parasitism by Bronzed
Cowbirds on this species has been reported in
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Guatemala (Owen 1861), El Salvador (Dickey
& van Rossem 1938; see also Thurber &
Villeda 1980), and Mexico (Bailey 1906;
Friedmann 1933, 1963; Russell & Monson
1998). Friedmann (1971) incorrectly reported
a nest collected in Mexico containing three
eggs of both the host and the Brown-headed
Cowbird, despite Friedmann (1963) earlier
having correctly reported the cowbird eggs as
those of the Bronzed Cowbird (Friedmann &
Kiff 1985). The lack of details pertaining to
parasitism levels suggest only that acceptance
is possible.

Jamaican Oriole (Icterus leucopteryx). Parasite:
Shiny Cowbird; response status: unknown.
Raffaele ez al. (1998) have indicated parasitism
on the Jamaican Oriole by the Shiny Cowbird,
present in Jamaica only since 1993 (Raffaele ez
al. 1998), but details and frequency of parasit-
ism have not been reported.

Spot-breasted Oriole (Icterus pectoralis). Para-
Bronzed Cowbird;
acceptance possible. Although details are

site: response  status:
lacking, parasitism on this species by the
Bronzed Cowbird has been indicated for El
Salvador (Dicky & van Rossem 1938; see also
Friedmann 1963), and two reports are avail-
able from Mexico (Friedmann e al. 1977).
Spot-breasted Orioles were observed killing a
Bronzed Cowbird nestling near a nest in
Costa Rica, but it was not determined
whether the orioles had reared the nestling
(Sealy et al. 1998). Acceptance by these orioles
would be suggested if they had reared the
cowbird.

Altamira  Oriole  (Icterus gularis). Parasite:
Bronzed Cowbird; response status: accep-
tance/rejection possible. Some of the con-
firmed records of cowbird parasitism on
Altamira Orioles suggest acceptance, whereas
others suggest rejection. Experiments are
needed to confirm the responses of individu-
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als to cowbird parasitism in different popula-
tions. In El Salvador, local residents informed
van Rossem that this oriole was one of the
most frequent hosts of the Bronzed Cowbird
in the lowlands (Dickey & van Rossem 1938).
Although about eight records of parasitism
have been reported from Mexico (Friedmann
1963, 1971; Friedmann et al. 1977, Rowley
1984), parasitism on this species apparently is
recorded infrequently there. Of at least 150
nests examined by T. C. Meitzen in Tamauli-
pas, Mexico, only two contained Bronzed
Cowbird eggs (Friedmann 1963). In southern
Texas, however, Oberholser (1974) stated that
this oriole “does raise some cowbirds but...it
appears better able [than other orioles] to sur-
vive heavy cowbird pressure.” This suggests
acceptance, but without qualification and no
sense of the frequency of parasitism, Ober-
holser’s observations require confirmation.
Acceptance, however, is revealed by observa-
tions of Altamira Orioles feeding cowbird
fledglings (Brush 1998, Hathcock 2000).

Altamira Orioles may be parasitized more
frequently than the number of confirmed
records suggest because some individuals may
eject cowbird eggs (Hathcock 2000). Numer-
ous authors have observed Bronzed Cow-
birds visiting Altamira Oriole nests, although
few have been seen entering them (Thurber &
Villeda 1980, Pleasants 1981, Carter 19806,
Gehlbach 1987, Brush 1998, Hathcock 2000).
One nest inspected after a cowbird had
entered and then left it a few seconds later
had not been parasitized (Hathcock 2000).
This was not surprising, as Hathcock (2000)
noted, because Bronzed Cowbirds lay around
sunrise (Peer & Sealy 1999), whereas the nest
visits observed were later in the day. Although
Hathcock (2000) recorded cowbirds visiting
nests throughout the orioles’ nesting cycle,
significantly more nests were visited during
laying than incubation.

Webster’s (1962) report from the Santa
Ana National Wildlife Refuge in south Texas



suggests ejection of a cowbird egg at two of
13 Altamira Oriole nests with cowbird egg-
shell fragments on the nest floors, plus unbro-
ken oriole eggs. There was no evidence that
any of the other 11 clutches had been parasit-
ized. Carter (1986) found a broken cowbird
egg on the ground beneath an Altamira Ori-
ole nest that had been repeatedly entered by
cowbitds, and Hathcock (2000) watched thtree
female orioles removing Bronzed Cowbird
eggs from nests apparently by puncturing the
shells and then grasping the eggs in their bills.
Tests of other populations are crucial to
ascertain the frequency and generality of this
behavior.

Audubon’s Oriole (Icterus graduacauda). Para-
Bronzed Cowbird;
acceptance probable. Parasitism by Bronzed

site: response  status:
Cowbirds has long been suspected to be detti-
mental to the reproductive success of Audu-
bon’s Oriole (Bendire 1895, Brush 2000),
specifically in southern Texas where substan-
tial numbers of Bronzed Cowbirds have colo-
nized in the last century or more (Oberholser
1974). Implicitly, the reduced reproductive
output of Audubon’s Orioles reflects the
destruction of clutches by Bronzed Cowbirds
and rearing of nestling cowbirds at the
expense of orioles. Bendire (1895: 445) noted
that seven of nine clutches in the United
States National Museum wete parasitized with
one to three cowbird eggs added to one or
two oriole eggs, some of which were punc-
tured. Other observations further suggest
acceptance of cowbird eggs. Flood (1990)
recorded fledgling Bronzed Cowbirds at two
Audubon’s
Tamaulipas, two from one nest and possibly

Oriole nests in northeastern
more than one cowbird from the other. In
1953, the last pair of Audubon’s Orioles to be
recorded nesting at Santa Ana National Wild-
life Refuge along the Rio Grande were
observed feeding three fledged Bronzed Cow-
birds (Goldman & Watson 1953). Three
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times, Brush (2000: 9) and others have seen
Audubon’s Orioles feeding 1-2 fledgling
Bronzed Cowbirds along the Rio Grande, east
of the Santa Ana Refuge, “where [these ori-
oles| are still fairly common”. In none of
these cases were host fledglings recorded also
being fed by the hosts.

Baltimore and Bullock’s orioles (Icterus galbula
and I. bullockii). Parasites: Brown-headed
Cowbird, Bronzed Cowbird; response status:
ejection confirmed for Brown-headed Cow-
bird, acceptance possible for Bronzed Cow-
bird. Results of experiments and observations
of acts of parasitism have revealed conclu-
sively that these species eject Brown-headed
Cowbird eggs, often within minutes of para-
sitism (Rothstein 1975, 1977, 1978; Fried-
mann et al. 1977, Rohwer ¢t al. 1989, Roskaft ef
al. 1993, Neudorf & Sealy 1994, Sealy & Neu-
dotf 1995). Nevertheless, there ate accounts
of Brown-headed Cowbird eggs accepted and
young fledging (reviewed in Friedmann e /.
1977, Hobson & Sealy 1987). Furthermore,
Bronzed Cowbirds parasitized 22.4% of 58
nests inspected in southern Texas (K. Ellison
pers. com.), which suggests that acceptance is
possible for at least some eggs. However,
most eggs were removed as part of a genetic
study and orioles may not have had time to
eject the Bronzed Cowbird eggs.

Scotts Oriole (Icterus parisorum). Parasites:
Brown-headed Cowbird, Bronzed Cowbird;
response status: acceptance probable for both
Brown-headed Cowbirds and Bronzed Cow-
birds. One report exists of the Scott’s Oriole
parasitized by the Brown-headed Cowbird, an
apparently collected clutch containing a single
cowbird egg plus three host eggs from Ari-
zona (Friedmann & Kiff 1985). A northward
expansion in recent decades has brought the
Bronzed Cowbird and Scott’s Oriole into
sympatry and a few records of parasitism have
been reported (e.g, Friedmann e al 1977,
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Friedmann & Kiff 1985, Russell & Monson
1998). The observations suggest acceptance
in some cases, rejection in others, hence,
experiments are needed to clarify the nature
of these responses. The first two records
offered no clues to the hosts’ responses to
parasitism, as both were of single clutches
with one egg, in southern Arizona (Bent
1958) and Mexico Friedmann (1963). In
southern Texas, Flood (2002) recorded fre-
quencies of parasitism by Brown-headed
Cowbirds of 19.3% (11 of 57 nests) and
13.7% (10 of 73 nests) in 1982 and 1983,
respectively, but in 1982 this figure was 37%
when the calculation included only nests initi-
ated after cowbirds had started laying. Up to
three cowbird eggs were recorded in one nest.
Of eight clutches deserted during incubation,
two were deserted after a cowbird egg was
laid, but without controlled experiments it
could not be established whether the
response was to parasitism or to some other
disturbance (e.g, Hill & Sealy 1994). Accep-
tance, however, was indicated at many other
nests from which cowbirds fledged (Barlow &
Flood 1988, Flood 2002).

W hite-edged Oriole (Icterus graceannae). Para-
site: Shiny Cowbird; response status: accep-
tance possible. In Ecuador, Marchant (1960)
recorded a nest with five nestlings, three of
them Shiny Cowbirds. After the cowbirds and
possibly one oriole fledged (one oriole died in
the nest), an unhatched cowbird egg
remained, but the fate of the other oriole
nestling was not ascertained. Acceptance is
suggested. Friedmann & Kiff (1985) reported
two additional nests of this species parasit-
ized, in Peru, both of which contained single
Shiny Cowbird eggs.

Responses to experimental parasitism

Twenty-nine Orchard Oriole nests were
experimentally parasitized, four nests with
real cowbird eggs (between 1987 and 1992)
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and 25 nests with model cowbird eggs (2
nests in 1998, 10 in 1999, 9 in 2000, 4 in
2001). Three nests failed before the outcome
of the experiment could be recorded: two
were destroyed by wind (one within 24 h of
parasitism, the other between 72 h and 96 h)
and the third nest was depredated between 72
h and 96 h. All cowbird eggs (4 real, 22 mod-
els) were accepted at each of the other 26
nests at which full 5-day outcomes were
obtained. None of the experimental nests was
deserted, no cowbird eggs were pecked, and
no host eggs disappeared.

Frequency of parasitism on Orchard Orioles
From 1977 to 1986, three of 12 (25%) unma-
nipulated nests inspected daily through egg
laying and every 3—4 days during incubation
were parasitized (two nests received one, the
other two cowbird eggs). From 1987 to 2001,
most nests found were used for experiments,
but of 15 unmanipulated nests monitored
during that period, six (40.0%) were parasit-
ized, all but one with a single cowbird egg. In
2003, of seven additional unmanipulated
nests inspected every 1-3 days through laying
and the first half of incubation, none was par-
asitized. Combining all of these nests, the
overall parasitism frequency from 1976 to
2003 was 26.5% (9 of 34 nests). This is only
slightly higher than the overall frequency of
parasitism of 20.8% for Orchard Orioles
breeding at various other sites within the spe-
cies’ breeding range (Table 1).

Surprisingly, none of the 29 manipulated
clutches was naturally parasitized. Ortega e al.
(1994) found initial support for cowbirds
avoiding already-parasitized nests and our
results appear to support this idea, especially
because most of our experiments were initi-
ated during laying when parasitism was most
likely to occur (see Sealy 1995). Our experi-
ments, however, were not designed to test this
hypothesis and they lacked appropriate con-
trols. Furthermore, numerous observations



exist of cowbirds laying more than one egg
per host nest (e.g.,, Trine 2000, MclLaren e/ .
2003), including in Orchard Oriole nests
(Scharf & Kren 1996, this study). These eggs
may be laid by the same or different female
cowbirds (McLaren e a/. 2003). Our results,
therefore, provide only suggestive evidence
that cowbirds avoided the already-parasitized
Orchard Oriole nests.

Cowbirds fledged from the five naturally
parasitized nests inspected through fledging
(one young fledged from four nests and two
from the fifth). One fledgling cowbird was
observed being fed by an adult male Orchard
Oriole on 7 July 1994. Neither the female ori-
ole nor any oriole fledglings were observed,
but because brood division has been observed
in this species (Sealy 1980), the female and
young may have been elsewhere.

To recapitulate, the results of simulated
cowbird parasitism on nests of five of the 29
species of orioles revealed that three or possi-
bly four species eject the foreign eggs,
whereas one species accepts them. Our exper-
iments on the Orchard Oriole resulted in
acceptance of real and model cowbird eggs at
all 29 nests tested, which, coupled with high
frequencies of parasitism recorded for many
other populations of Orchard Orioles, con-
firms the Orchard Oriole as an accepter. The
breeding biology of seven species of orioles is
little known, but the information available on
cowbird parasitism for 16 other species sug-
gests acceptance is possible or probable for
15 and ejection is possible for at least one
additional species. Both accepters and reject-
ers occurred among the orioles, but the evi-
dence suggests most species accept cowbird

eggs.
DISCUSSION

Responses by Orchard Orioles and other orioles fo
cowbird parasitism. Experimental parasitism has
revealed that Baltimore Orioles, Bullock’s Ori-
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oles, and Yellow Ortioles (only one nest
tested) eject cowbird eggs, whereas Orchard
Orioles, Hooded Orioles, and Black-cowled
Orioles are accepters. Published observations
of acceptance of cowbird eggs, fledged
cowbirds and fledglings fed by hosts,
however, are sufficient to suggest possible or
probable acceptance by eight other species of
orioles. Cowbirds fledged from Altamira
Oriole nests certainly reveals acceptance by
some individuals, but cowbird eggs found on
the ground under nests (Hathcock 2000)
suggests ejection, although these eggs may
have knocked over the side of the nest during
failed parasitism attempts (K. Ellison pers.
com.). Again, experiments must be conducted
to confirm these responses and to determine
whether all individuals in the populations
consistently accept or reject parasitism. How-
ever, it may be too late to conduct these
experiments on threatened and endangered
species.

Investigations of several species of orioles
have led investigators to suspect or even
blame the declines of some species or popula-
tions on the reduced productivity wrought by
cowbird parasitism (e.g, Oberholser 1974,
Pérez Rivera 1978, Carter 1986, Brush 1998,
Flood 1990; see also Wiley 1985). However, a
link between cowbird parasitism and these
declines has not been made for any species. If
real, however, acceptance by all or most indi-
viduals in these populations certainly would
be indicated. Knowledge of the frequency of
the
responses of hosts to parasitism have conser-

cowbird parasitism on species and
vation implications because a high frequency
of parasitism, especially on small populations
of hosts that accept parasitism, may compro-
mise their reproductive success (see Post &
Wiley 19706). Ejection eliminates parasitism,
therefore, the frequency of parasitism on cer-
tain species may be under-recorded and,
hence, clutch sizes may be reduced by the
activities of parasites at host nests (e.g., Sealy
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1992) that investigators may attribute to
something other than parasitism.

We urge workers throughout Central
America, South America and the Caribbean
area to study the breeding biology of orioles
and to obtain information on the frequency
of cowbird parasitism and, where there are
sufficient numbers of nests, experimentally
parasitize them to determine the responses of
adults to cowbird parasitism. We appreciate
that experiments cannot be conducted on
threatened or endangered species or popula-
tions and that nests of many species of orioles
are difficult to reach for study. In many
regions, range expansions are bringing cow-
birds into contact with new host populations
and species. Experiments should be con-
ducted on species whose breeding ranges
overlap or do not yet overlap with cowbird
ranges. The expansion of the Brown-headed
Cowbird in North America in the past 200
years has been well documented (Mayfield
1965, Rothstein 1994, Ortega 1998), as has
the rapidly expanding range of the Shiny
Cowbirds throughout most of the Greater
Antilles and Lesser Antilles to the southeast-
ern United States, and also in parts of South
America (Post & Wiley 1977, Cruz et al. 1985,
Hogsis 1999, Marin 2000). It is probably only
a matter of time before Shiny Cowbirds reach
the Yucatan of Mexico and other areas of
Central America where otioles (Howell ¢ al.
1992) and other potential host species will be
vulnerable to parasitism (Kluza 1998), both
within and outside areas already occupied by
the Bronzed Cowbird. Knowledge of a spe-
cies’ response to parasitism should help focus
conservation efforts on those species most
vulnerable to parasitism, that is, species that
accept parasitism.

Acceptance and rejection among the species of Icte-
rus. Focusing on the New World orioles of
the genus Icterus, we found that among the
five species previously tested experimentally,
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the results revealed a mixture of responses:
two species accepted cowbird parasitism,
whereas the other three rejected it (although
for one species only a single nest was tested).
These results are clear-cut, but anecdotal
observations summarized for many of the
other species also suggests there are addi-
tional accepters and possibly also rejecters
within this genus. On the surface, it appears
that these results do not support Rothstein’s
hypothesis, but in his original paper, Roth-
stein (1975) did not specify what he meant by
“taxon,” although his discussion centered on
the genus. With more data available, Peer &
Sealy (in press) found a correlation between
rejection behavior and taxonomic affiliation
in hosts of the Brown-headed Cowbird,
which suggests that once rejection behavior
evolves, it may be maintained.

Recent use of molecular genetic tech-
niques has revealed three groups of species
within Ieterus (Omland ef al. 1999). Omland ez
al. (1999) confirmed the monophyly of the
genus Icterus and determined that the genus
consists of three major clades. It is interesting
to note the known or suspected response to
cowbird parasitism for each species within the
clades. All three species of orioles confirmed
experimentally as accepters, as well as two
possible accepters, are grouped in clade A; the
responses of the other species in this clade are
unknown. Clade B contains one probable and
two possible accepters and the responses of
the other species are unknown, whereas the
confirmed and possible ejecters are all in
clade C. Also in the latter clade are three spe-
cies of probable and possible accepters, two
species whose responses are unknown and
one for which there is no information. Thus,
there is among these clades some support for
Rothstein’s hypothesis, but appatrently with a
few exceptions. Nevertheless, most oriole
species remain to be tested before their
responses to cowbird parasitism can be deter-
mined or confirmed. This will be accom-



plished only by testing adequate numbers of
nests for each species and we urge workers to
conduct these experiments.
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