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Abstract

The yellow-shouldered blackbird, Agelaius xanthomus, is endemic to Puerto Rico and Mona Island, and endangered since 1976
mainly because of brood parasitism by the shiny cowbird, Molothrus bonariensis. In 1984 an artificial nest structures program was
initiated, combined with the removal of M. bonariensis, to improve the reproductive success of A. xanthomus. The nesting success
was high in artificial nest structures. From 1996 to 1999, 22 out of 804 nests in artificial structures and one of 203 nests in natural

substrates were parasitized. The use of natural substrates increased from less than 1% (1996) to 35% (1999). Predation was the
main cause of egg and chick loss and was high in natural substrates. The increase in the use of natural substrates for nesting is a
trend favorable for the recovery of this species. Continued management is still needed to augment the breeding population and

reproductive output. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The yellow-shouldered blackbird, Agelaius xantho-
mus, endemic to Puerto Rico and Mona Island, has
been on the US Fish and Wildlife Service endangered
species list since 1976 (US Fish and Wildlife Service,
1976). This species is classified as endangered, according
to the criteria for listing species on the International
Union for Conservation of Nature Red List (IUCN,
2001). Based upon roost counts during the nonbreeding
season, the A. xanthomus population declined in south-
west Puerto Rico from 1663 individuals (1974–1975) to
266 (1981–1982; Wiley et al., 1991). It is endangered due
to a combination of factors including habitat loss, shiny
cowbird (Molothrus bonariensis) brood parasitism, and
nest predation by introduced species (Wiley et al., 1991).
Nest piracy in open spaces by the more aggressive Car-
ibbean martin, Progne dominicensis, also has negatively
affected the reproductive success of A. xanthomus

(Hirsch, 1990). The biology of A. xanthomus has been
described (Post and Wiley, 1976, 1977; Post, 1981;
Mackenzie and Noble, 1989; Wiley et al., 1991). Post
and Wiley (1976) described the nesting habitats of A.
xanthomus as mud flats, salinas, offshore red mangrove
cays, black mangrove forests, lowland pastures, dry
costal forests, suburban areas, coconut plantations, and
coastal cliffs. The distribution of the populations of this
species was described by Cruz-Burgos (1999). The lar-
gest population is found within the mangrove habitat at
the Boquerón State Forest, located in southwestern
Puerto Rico.
In 1984 the Puerto Rico Department of Natural and

Environmental Resources, through a cooperative
agreement with US Fish and Wildlife Service, initiated
an artificial nest structures program in the Boquerón
State Forest to improve the reproductive success of this
species by preventing brood predation and parasitism.
This program was complemented by the trapping and
elimination of M. bonariensis near feeding and nesting
areas of blackbirds as recommended by Wiley et al.
(1991). From 1989 to 1995, almost every nest of A.
xanthomus was in artificial structures and few nests were
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known to occur in natural substrates in southwest
Puerto Rico, although little effort was invested in
searching for natural nests. From 1996 to 1999 the
Department of Natural and Environmental Resources,
the New England Institute for Landscape Ecology, and
US Fish and Wildlife Service gathered nesting data in
natural and artificial substrates. In this paper we present
updates on the progress of the program in increasing the
number of A. xanthomus nesting in natural substrates.

2. Materials and methods

We searched the Boquerón State Forest (municipality
of Cabo Rojo and Lajas) and private lands along the
coast of both municipalities for yellow-shouldered
blackbird natural nesting (Fig. 1). These localities were
selected based on their proximity to the artificial nest
structures area, the likely source of pairs constructing
nests in natural substrates. Specific areas searched were
based upon habitat characteristics and localities repor-
ted in the literature. Once a nest was detected, its status
was recorded and the nest was monitored every 2–3
days whenever possible, with minimal disturbance to
nests (no management). Nests found high in trees were
reached with a ‘‘sky-master truck,’’ a ‘‘tree bicycle’’
(Swiss tree grippers), an aluminum ladder, or climbing
equipment. Nests in black mangroves required no
climbing gear for successful monitoring, but in certain
cases required the use of a mirror connected to a tele-
scoping pole.
Concurrently, 229–251 artificial nest structures were

visited once per week. Each artificial nest structure

consisted of a fence post with a 10-cm diameter poly-
vinyl chloride (PVC) elbow attached at the top. Inside
the PVC elbow, and close to the lower end, a wire bas-
ket was built to prevent the nest material from falling
out. A strip of wire mesh (3 cm wide and 30 cm long)
was attached to the entrance of the PVC elbow to pro-
vide traction for A. xanthomus adults and fledglings. An
inverted tin cone (50 cm in diameter) was attached to
the post 20 cm below the PVC elbow to prevent rat
predation. These structures were placed in mud and salt
flats and painted a natural brown color. Manipulation
of nests found in artificial nest structures consisted of
treatment with acaricide (5% Sevin dust Carbaryl
Insecticide), removal of cowbird eggs and banding of
every nestling blackbird.
The same method to monitor activity, success, egg

and chick loss, and parasitism was used in every com-
pleted blackbird nest (in both artificial and natural sub-
strates). Only nests with at least one egg were
considered to be active. A successful nest was one with
at least one fledgling. Percentage of successful nests was
based on the ratio of successful nests to the total num-
ber of active nests. For multiple clutches, each clutch
was considered a separate nesting event. Predation was
unlikely to be observed, but some predators and evi-
dence of predation were recorded. Therefore, predation
was assumed to have occurred if eggs were missing or
broken or if chicks were missing even when direct doc-
umentation of the event of predation was not possible.
Possible causes for unsuccessful nests were grouped as
egg loss due to predation (broken and missing eggs) or
abandonment (unpunctured eggs more than 2 weeks old
and without parents in the vicinity), chick loss due to

Fig. 1. The Study area. The Boqueron State Forest (municipality of Cabo Rojo and Lajas) is presented with a stripped pattern.
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predation (missing chicks), and abandonment or star-
vation (chicks found dead).
The program SPSS (1999) for Windows was used for

statistical analyses and significance was set at the 0.05
level. We used Fisher’s Exact Test to compare artificial
structures with natural substrates.

3. Results

An increase in the use of natural substrates was found
during the last 4 years from less than 1% (1996) to 35%
(1999; Fig. 2). Almost every nest found in natural sub-
strates was built as an open-cup nest and only four nests
were found in natural cavities. Nest data are presented
in Table 1.
Nests in artificial structures were 17% more successful

than nests found in natural substrates (Fisher’s Exact
Test: X2=12.342, df=1, P=0.001). There was 31%
more natural substrate nests with egg loss (Fisher’s
Exact Test: X2=25.474, df=1, P=0.001). The main
cause of egg loss was predation in both substrates with
no significant difference between their percentages
(Fisher’s Exact Test: X2=2.001, df =1, P=0.198).
There was 30% fewer nests with chick loss in artificial
structures compared to natural substrates (Fisher’s
Exact Test: X2=24.076, df=1, P=0.001). The main
cause of chick loss was also predation with no sig-
nificant difference between nest substrates (Fisher’s
Exact Test: X2=0.826, df=1, P=0.570). Nests parasit-
ism was similarly low for both nest substrates (Fisher’s
Exact Test: X2=1.771, df=1, P=0.351).

4. Discussion

The increased in the use of natural substrates for
nesting during the last 4 years, reveal the success of the
artificial nest structure program. The nesting success
documented in this study in artificial structures was the
highest to date for this species (65%). Yellow-shoul-
dered blackbird nests found in cavities have a greater
nesting success, fledgling/egg ratio, and egg hatched/egg
laid ratio (Post and Wiley, 1977). Wiley (1985) reported
an average success of 39% (26/66) for A. xanthomus in
southwest Puerto Rico. Post and Wiley (1977) reported
a maximum success of 58% (11/19) in offshore nests and
a nesting success of 63% (10/16) in offshore open nests
not parasitized by cowbirds.
The success in artificial structures was significantly

greater than in natural substrates mostly due to the
management of the artificial structures aimed at redu-
cing predation of eggs and chicks, and eliminating
ectoparasites. The greater success in artificial structures
indicates that the management is successfully enhancing
reproduction. Nevertheless, the nesting success in nat-

ural substrates was high (48%) considering the endan-
gered status and history of this species and compared to
similar species. As an example, a 31% nesting success
was reported in Ohio for the red-winged blackbirds,
Agelaius phoeniceus (Dolbeer, 1976), a non endangered
species.
The cowbird removal program detailed by Wiley et al.

(1991) appear to be decreasing the brood parasitism in
A. xanthomus nests of southwestern Puerto Rico. The
increase in the use of natural substrates for nesting also
suggests that A. xanthomus may not need artificial
structures once cowbirds have been removed. Wiley
(1985) reported that in mangrove habitats of southwest
Puerto Rico between 1975 and 1981, 71% (5/7) of the
resident non raptorial land bird species and 89% (59/66)
of A. xanthomus nests were parasitized by cowbirds. In
1982, 100% (n=44) of A. xanthomus nests examined in
mangrove habitats of the Boquerón State Forest and
the Roosevelt Roads Naval Station (in the eastern end
of Puerto Rico) were parasitized by the M. bonariensis
(Cruz et al., 1985). In our study only one parasitized
natural nest was found. In 4 years, parasitism was found
only during 1998 in 22 of 228 active nests (one egg per
parasitized nest) in artificial nest structures. Davis
(1942) in a histological study, shows thatM. bonariensis
laid eggs in clutches of as much as five eggs. Therefore,
those eggs were probably laid by the same small flock of
cowbirds.
As brood parasitism had a negligible effect on nest

success (because parasitism either was not found or was
eliminated in the egg stages), the difference in success
between nest substrates was caused by the difference in
egg and chick loss mainly by predation. Wiley (1985)
reported that 47% of 977 nests (of 19 resident non rap-
torial land bird species in mangroves of southwest
Puerto Rico) failed and 61% of these failures were
attributed to predation and 33% to desertion.

Fig. 2. Percentage of the total nests that were found in natural sub-

strates each year.
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Some factors that historically have contributed to A.
xanthomus decline are nest predation by the pearly-eyed
thrasher, Margarops fuscatus, and introduced mammals
(Post and Wiley, 1976). Rats, Rattus rattus and R. nor-
vegicus, are the main predators of hole-nesting passerine
birds in Puerto Rico (Wiley et al., 1991). Predation by
rats was usually evident and sometimes rats were found
using nests as dens. Rats used modified cavities in trunks
of trees as nests and shelter (Wiley et al., 1991). Predation
by rats was greatly diminished in artificial structures by
metal cones. Therefore, predation in these structures was
mainly due to avian predators. During this study, a great
egret, Casmerodius albus, was observed following a yel-
low-shouldered blackbird fledgling. Also, other possible
predators that were seen near the structures were
smooth- billed ani, Crotophaga ani; mangrove cuckoo,
Coccyzus minor; yellow-billed cuckoo, Coccyzus amer-
icanus; black-crowned night-heron, Nycticorax nycti-
corax; yellow-crowned night-heron, N. violaceus; osprey,
Pandion haliaetus; and red-tail hawk, Buteo jamaicensis.
The greater predation found in natural substrates could
be caused by rats; domestic cats, Felis catus; and avian
predators not found near the artificial structures but
found in La Parguera and Boquerón (i.e. M. fuscatus).
Wiley (1988) found that more chicks fledge from cavities
than open nests, and possibly this difference arises from
the lower predation rates (primarily from M. fuscatus)
at cavity nests.
Although A. xanthomus is still on the endangered spe-

cies list, its current reproductive success is relatively high.
The high nesting success in artificial nest structures may
be effective in helping this species recover. Parasitism
rates have fallen from 100% in 1982 (Cruz et al., 1985)

to less than 3% in southwest Puerto Rico (overall aver-
age from 1996 to 1999 in both substrates), probably due
to a decrease in the local cowbird population due to
trapping and egg removal. The increase in the use of
natural substrates for nesting is a trend favorable for the
recovery of this species, but predation was high in nat-
ural substrates. Therefore, the artificial nest structures
are the principal source of new individuals to the
southwest population and continued management will
be needed to further increase the breeding population
and reproductive output.
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Table 1

Number of active, successful and parasitized nests, and the nests with egg and chick loss for each year in artificial structures (numerator) and natural

substrates (denominator)a

Nests 1996 1997 1998 1999 Mean

Monitored 238/5 138/12 243/81 172/79

Active 220/4 134/11 228/49 156/56

Successful 154/2 88/5 132/22(43) 108/26

Successful (%) 70/50 66/45 58/51 69/46 65/48

With egg loss 136/2 38/4(6) 100/14(23) 45/35(41)

With egg loss (%) 62/50 28/67 44/61 29/85 43/74

With egg loss due to abandonment 28/0 11/1 11/4 18/5

With egg loss due to abandonment (%) 21/0 29/25 12/17 41/12 21/18

With egg loss due to predation 108/2 27/3 89/10 27/30

With egg loss due to predation (%) 79/100 71/75 88/83 59/88 79/82

With chicks 157/3 103/6 159/20 117/27

With chick loss 8/1 31/4 48/8 32/16

With chick loss (%) 5/33 30/67 30/40 27/59 22/52

With chick loss due to abandonment 1/1 7/0 8(47)/0 5/2(15)

With chick loss due to abandonment (%) 12/100 23/0 17/0 16/13 18/11

With chick loss due to predation 7/0 24/4 39(47)/8 27/13(15)

With chick loss due to predation (%) 88/0 77/100 83/100 84/87 82/89

Parasitized 0/0 0/0 22/0 0/1(54)

parasitized (%) 0/0 0/0 10/0 0/2 3/1

a In some cases a number in parentheses is given representing the number of nests surveyed in such case.
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