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ImRODUCFION
Neotropical migratory songbirds have received a great deal of
attention due to the recent population declines of many species
(Wilcove and Whitcomb 1983, Robbins et al. 1989, Terborgh 1989, Finch
1991). Previously, wintering ground tropical deforestation was
believed to be the cause of migrant declines (Morse 1980, Terborgh 1980,
Rappole and Morton 1985, Terborgh 1989). Recently, habitat loss,
habitat fragmentation, and human related disturbance on the breeding
grounds are thought to be, at least, equally detrimental to these
populations (Morton 1980, Wilcove and itc comb 1983, Wilcove and
Terborgh 1984, Hutto 1988, Askins et al. 1990).
Forest hagmentation by human related disturbance (e.g. roads,
clemcut logging, residential development) decreases the patch size of
intact forest and increases the area of edge to interior ratio. These edge
effects result in the decline of reproductive success of nesting migrants
due to an increase in nest predation and brood parasitism (Brittingham
and Temple 1983, Ambel and Temple 1983, Wilcove et al. 1986, Temple
and C a y 1988, Yahner and Scott 1988, Robinson 1992). Gates and Gysel
(1978) showed that nest predation increased with an increase in
distance to edge. Similarly, Wilcove (1985) found higher nest
predation on smaller woodlots, than lager woodlots, where there was a
greater edge to interior area. Brown-headed Cowbirds (Moloth~usater)
are brood parasites which have shown a recent range expansion with

increasing fragmentation of eastern forests and livestock movement
into forested areas (Mayfield 1965, BritBingham m d Temple 1983,
Rothstein et d.1980,1984). High rates of cowbird parasitism is strongly
correlated with forest patch size in the midwest (Robinson 1992).
Neotropicd migrants typically accept cowbird eggs m d are highly
parasitized by cowbirds which usually results in a reduction of nest
success as the parents raise a young cowbird (Payne 1977). Elevated
rates of cowbird parasitism and nest predation in fragmented and
disturbed landscapes can negatively impact the reprodudive success
and population dynamics of neotropical migrants breeding in
temperate forests of North America.
The Solitary Vireo (Vireo solitarius) is a neotropical migrant
which breeds in the temperate forests throughout North America
(AOU 1983). A localized population breeding in the greenbelt

surrounding the highly urbanized city of Boulder, Colorado was
studied by Mawil and Cruz (1989). Tlhey determined that nearly 50% of
the vireo nests in this population were parasitized by Brom-headed
Cowbirds, resulting in significantly reduced reproductive success, and
speculated that this population may be a "sink" replaced by
emmigrants from some "source" population (Mawil and Cruz 1989).
However, rates of nest predation have not been reported, and the
effects of parasitism and predation have not been modeled, for this
population.
The purpose of this paper is to determine the impact of nest
predation and brood parasitism on the reproductive success of Solitary
Vireos breeding in the foothills of Boulder, Colorado. The effects of

parasitism m d predation are determined for this population as a test of
a "sink" population model proposed by Mawil and Cmz (1989).

METHODS
This s t ~ ~ d
was
y conduded during the summers of 1993-1994 in
the foothills of western Boulder County, Colorado. Study sites were on
City of Boulder Mountain Parks and Open Space, Boulder County Open
Space, and Roosevelt National Forest and ranged in elevation from
1,800 m to 2,400 m (Fig. 1). The vegetation of the field sites was
dominated by a ponderosa pine (Pinus ponderosa) overstory
interspersed with Douglas fir (Psuedofsuga menziesii). The understory
was dominated by chokecherry (Prunus virginiana), wax current (Ribes
cey e u m), skudbrush (R hus arowzatica), small ninebark (Physocarpus
mo nogy n us), Oregon g a p e (Mahonia repens), and various gasses
(Bromus, Achillia, and A r f ernesia).
Vireo nests were found during all stages of the nesting cycle and
subsequently visited at least once every four days, care was taken to
m i n i m i z e disturbance and attaction of nest predators to the nest site

(Major 1990, MacIvor et al. 1990, Ralph et al. 1993). M y nests in which
eggs were laid (active nests) were used in the analysis. The outcome of
each active nest was determined: parasitism, predation, fledging,
abandonment. Nest appearance and disturbance characteristics were
used to determine whether nests were preyed upon. Weight was taken
on 54 vireo nestlings and 9 cowbird nestlings. Weights (nearest 0.1 g)
were taken with 30- and 50-g Pesola spring scales.
Only nests in which the final outcome were known were
included in the analysis. Nesting success was calculated using the

Mayfield Method (1975) to reduce the error induced when nests
observed for different lengths of time are treated equally. Alpha values
for nonparmetric urmivxiate statistical analyses were set at 0.05.
Wilcoxon two-sample and goodness of fit tests were used because most
data were not normally distributed.

RESULTS

During both field seasons 81 active Solitary Vireo nests were
found. Brow-headed Cowbirds parasitized 44 (54.3%)nests and 40
(49.4%)nests were preyed upon. Frequency of parasitism and predation
were both independent of year and therefore data for both years are
combined (Table 1 and 2). Predation upon vireo nests was independent
of parasitismf therefore a nest that was parasitized did not have a
greater likelihood of being preyed upon than a nonparasitized nest
(Table 3).
The percentage of initiated Solitary Vireo nests parasitized
increased as the breeding season progressed (Fig. 2). The majority of
cowbird eggs (67.2%, N =61) were laid during vireo egg-laying. Cowbird
eggs hatched ca. 11 days of incubation and fledged ca. 11 days later.
Solitary Vireo eggs hatched ca. 16 days of incubation and fledged ca. 14
days later. The majority of parasitized nests contained one cowbird egg
(70.4%, N= a),
10 nests (22.7%) contained two cowbird eggs, 2 nests
(4.5%)contained 3 cowbird eggs, and 1 nest (2.3%)contained 4 cowbird
eggs. Nest desertion was rare. The one deserted nest was parasitized
prior to clutch initiation.
Clutch size of parasitized vireo nests were smaller than
nonparasitized nests, however the difference was not significant (Table

4). Cowbird host egg ejection may account for the smaller clutch size of
parasitized vireo nests. Egg removal was suspect in 5 cases where one
host egg was missing following a parasitic event, and/or a broken egg
was found near a parasitized nest. Parasitized nests had significantly
lower hatching success, fledging success per egg and egg hatched than
nonpapasitized nests (Table 5). Nonparasitized nests fledged
si@ficmtly more vireos per nest (1.51) than parasitized nests (0.26)
('Table 5). Development of vireo chicks in parasitized nests (n= 9) was
slower than vireo growth in nonparasitked nests (n= 45) (Fig. 3).
Additionally, growth differences between vireos and cowbirds (n= 9)
probably accounts for the lower fledging success of vireos in parasitized
nests (Fig. 2). Competition probably accounts for the differences in
vireo starvation between parasitized nests (16 cases) and nonparasitized
nests (0cases). The presence of a Brown-headed Cowbird chick has a
strong negative affect om the growth rate of Solitary Vireos.
The timing of cowbird parasitism had a large effect on the
reproductive success of the parasitized vireo nest. Parasitized nests
which had cowbirds hatch two or more days ahead of the host young
(n= 27) resulted in 2 vireos fledging and 16 cowbirds fledging. In nests
where cowbirds were the same age or younger than vireos (n= 6) 0
vireos and 1 cowbird fledged. In this case, success is nearly equal for
cowbirds and vireos. Some cowbird eggs did not fledge because the eggs
did not hatch (10 eggs), eggs were laid to late (8 eggs), two cowbirds
hatched and only one fledged (2 eggs), or due to predation (23 eggs).
Nest predation caused reduced reproductive success in 40
Solitary Vireo nests. In three cases, nests were partially greyed upon
and two of these nests were ultimately successful in fledging at least

one vireo. The most c o m o n nest predator was probably the Steller's
Jays (Cyamocitta stelleri) because most wests (95.0%) showed no
disturbance to the structure of the nest (i.e. avian predation) and
Steller's Jays were c o m o n on the study site. Other potential nest
predators include the American Crow (COTVUS
bracPZyrhy~~~hos),
Common Raven (Cornus corax), Abed's squirtpel (Sciurus saberti),
Colorado chipmunk (Eutamias quadrivittatus) and the bull snake
(Pipuophis melamoleucus).
Nest success was not significantly different between years,
therefore data BOP both years are combined (G= 0.1128, dP =1,p > 0.05).
The probability of a Solitary Vireo nest suming 28 days to fledge at least
one young was 0.27, with egg success greater than nestling success
(Table 6). Furthermore, parasitized nests have a significantly lower
probability of being successful than nonpaasitized nests gable 6 ) .

DISCUSSION
Solitary Vireos nesting in the ponderosa pine foothills along the
Colorado Front Range in Boulder County in 1993-1994 had a relatively
low probability of successfully fledging young due to nest parasitism
m d predation. 22.2% of all active nests escaped both predation and
parasitism (Table 3). 64 Solitary Vireos fledged from all nests (0.82 per
nest) observed during both years of study (Table 5). This resulted in a
27% nest success probability for Solitary Vireo wests (40%
nonparasitized, 17% parasitized) (Table 6 ) . This success is similar to
other studies of parasitized host species: Abed's Towhee had a 31%
nonparasitked and 4.6% parasitized nest success probability (Finch
1983); Eastern Phoebe had a 43% to 61% nest success probability in

nonparasiked nests and 0.1% in parasitized nests (Mdaas 1993); and
cardinads had a 15% overall nest success probability (predation only)
(Filliater et al. 1994). Parasitized vireo nests have a higher success than
other passerines, however the success of parasitized vireo nests is
si@ficmtly lower than nonpxasitized nests (Table 4). 1conclude that
nest predation and cowbird parasitism negatively impact the
reproductive success of Solitary Vireos in Boulder County.

Cowbird Parasitism
Solitary Vireos accept cowbird eggs. Cowbird parasitism results

in reduced reproductive success by: 1. reducing vireo clutch size, 2.
cowbirds hatching earlier than vireos, and seduce vireo hatching
success, a d 3. nestling cowbirds out compete vireo nest-mates for food
and space. Cowbirds often remove host eggs when parasitizing a west
(Sealey 1992). In the Solitary Vireo nests studied, parasitized nests had
a smaller clutch size (0.27 fewer eggs) than nonparasiked nests and
Were was direct evidence of egg removal by cowbirds (Table 4). This
indicates that female cowbirds remove host eggs from about 25% of
nests parasitized.
Several hypotheses have been advanced to explain cowbird host
egg removal behavior. Cowbirds may attempt to deceive the host that
counts eggs into accepting the cowbird egg (Hamilton and Chiam 1965).
Cowbirds may eat the removed egg to gain supplemental calcium,
which is needed given the large cowbird clutch size (Ankney and Scott
1980). Sealey (1992) showed that cowbirds often remove a host egg
from Yellow Warbler (Dendroica petechia) nests before laying its own
egg, possibly to test the incubation status of the host (Livessey 1936,

Sealey 1992). Cowbird host egg removal would possibly reduce nestling
competition ( B l ~ e s p o o ret al. 1982). Removal could enhance
incubation efficiency if larger clutches have a higher probability of
unhatched eggs (Davies and Brooke 1988). Finally, where a cowbird
nestling is equivalent to more than one host nestling, it may
advantageous for the cowbird to remove one or more host eggs. Sedey
(1992) determined that egg removal did not increase the acceptance of
cowbird eggs in Yellow Warbler nests, and that warblers did not
abandon nests with up to two host eggs removed. It is not clear why
Brom-headed Cowbirds remove eggs Prom Solitary Vireo nests,
however any cowbird which ingested a host egg would undoubtedly
gain nourishment.
Cowbirds have a shorter incubation period than vireos, and
hatch sooner when cowbird eggs are laid during vireo clutch initiation.
Nests in which cowbirds lay prior to clutch initiation are likely to be
abandoned and the nest not found by an investigator. Cowbirds grow
faster and larger than vireo nestlings (Fig. 3) and are able to outcompete
their nest-mates for food and space. Only 11 vireos fledged from 44
parasitized nests, of the 49 vireos which hatched the remaining 38 died
from nest predation or starvation. By the cowbirds fifth day aMer
hatching it usually took up the space of the entire nest and completely
covered vireo nestlings which, then, were not able to receive food from
the adults. The cowbird fledges earlier than the vireos and disperses
from the nest site by the second day, usually both parents follow the
juvenile cowbird and leave any remaining vireo nestlings in the nest
to starve. Starvation was the proximate cause of vireo nestling
mortality in parasitized nests.

Cowbirds are successfd in Wedging young from Solitary Vireo
nests, nearly half the parasitized nests yield a fledgling whereas vireos
are not successful in fledging their o m young (Table 5). Solitary
Vireos are a good host species for Brown-headed Cowbirds in Boulder
County. Even though parasitized vireo nesting success is higher than
that for other parasitized species, Abed's Towhee (Finch 1983), Eastern
Phoebe (Klaas 1993), Dickcissel ( Z i m e m m 1983), given the moPBdnPity
rates of first year passerines parasitized nests probably do not a d as net
producers of young (CTIE). Therefore, there must be strong selective
pressure on Solitary Vireos to reduce cowbird parasitism. The question
remains, why do Solitary Vireos accept cowbird eggs m d raise cowbird
young to the detriment of their own reprodustive fitness?
Several hypotheses have been put forward to explain cowbird
egg acceptance by cowbird hosts. Rothstein (1975), speculates that hosts
long exposed to cowbird parasitism a d do not reject cowbird eggs have
not evolved the genetic information to preform such a behavior. This
is based on the phenomenon of species exposed to cowbird eggs in their
nest either completely reject or completely accept the egg; the lack of an
intermediate response suggests that once the behavior has arisen it
quickly becomes fixed in the population because of the great
reproductive advantage (Rothstein 1975). Solitary Vireos in Boulder
County have historically occurred within the range of the Brownheaded Cowbird and most likely parasitism is not a novel
phenomenon within this population. Therefore, according to
Rothstein hypothesis vireos have not evolved an anti-parasite
behavior. Alternatively, Rowher and Spaw (1988) suggest that small
hosts are unable to grasp eject cowbird eggs based on bill constraints,

m d do not puncture eject because the hard shela of the cowbird egg will
cause glancing blows to damage the hosts own eggs before the cowbird
egg em be removed (Spaw m d Rohwer 1987). Therefore, s m d hosts,
like the Solitary Vireo, are forced to accept the cowbird egg, or abandon
the nest and begin the entire reproductive cycle again. Consequently,

an earlier nest has a Bower probability of parasitism than a later nest
(Fig. 2), most Uely a renest attempt will be parasitized. Additionally,

dl parasitized nests did not fad completely and it is possible that the
Wedging one young one year and attempting to nest again in
subsequent years out weighs the effort of abandonment and renesting
with each parasitic event. If the genetic information is available for the
vireo to recognize the cowbird egg as foreign, then rejection may still
not be feasible given the constraints of bill size.
Cowbird parasitism has a negative effect on vireo nests and
caused reduced reproductive success. However, the reduced success is
not as low as it is in other host populations and therefore acceptance of
the cowbird egg may be better than renesting given the increased
probability of parasitism again.

Nest Predation
Nest predators caused the loss of approximately half the active
vireo wests on the study sites. Similianily, Kcklefs (1969) estimated that
predation accounts for 55% of egg losses and 66% of nestling losses of 6
passerine species. Predation occurred on 20 (50%)of egg stage and 20

(50%) nestling stage Solitary Vireo nests. Nest predation usually
caused a complete nest failure. If predation occurred early in the egg
stage the adults would build and a new west and initiate a new clutch.

However, later wests had a greater chance of parasitism (Fig. 2), the last
snccessfd nest of the season was initiated on 15 June 1993 and 8 June
1994. Therefore, Solitary Viseos rarely had m opportunity to
successfdy raise a clutch after a predation event.
Although the frequency of predation on Solitary Vireos in
Bodder County is not different from other studies, the rate of
parasitism coupled with predation had a dramatic effect ow the
reproductive success of the Solitary Vireo in this area.

Sink Population
Since predation is random with resped to parasitism and equally
h p a d s both parasitized and nonparasiked nests, I determined the
nnaaxhmn rate of parasitism that will allow a host population to
replace itself horn the equation

Pc={a-[2v/(l-bk0)l}/(A-x)
(May and Robinson 1985, equation 4), where
h = number of young fledged by nonparasitized female,

A' = number of young fledged by parasitized female
p = mortality rate of adult females, and
ga, = mortality rate in the first year.

For the Solitary Vireos in Boulder County, the observed values for
these variables are as follows: h = 1.51 fledgbngs/year, A' = 0.26
fledglings/ year. I used h o w n estimates of adult mortality of 9 warbler
species (in Morse 1989): p = 0.33, and h o w n juvenile mortalities of
Prairie Warbler (De~droicradiscolor):

~ b=
g

0.67 (Nolan 1978).

The value of PCyielded by these calculations is -39.2%. This
value is negative because the mortality of females each year is greater

than the number of young fledged per nonparasitkzed nest each year.
Which suggests that the present rate brood parasitism strowg8y
decreases the vireo population over time. The strongly negative rate
w o d d also suggest that predation has a strong negative effect on the
population because of the low number of young fledged per
nonparasitized female.
It wodd appear that given the frequency of nest predation and
parasitism the Solitary Vireo population in Bodder County is a "sink"
population which is unable to reproduce itself, and is maintained as a
vireo breeding site only because of a "source" population, with lower
rates of predation and parasitism ove~roducesyoung each year which
are forced into the marginal habitat of Bodder County.
1tested the population "sink" hypothesis BOP Phis population first

proposed by Mamil and

Cxula: (1989), using

the above estimates of

mortality and assuming complete recruitment of females back into the
population and zero emigration. The calculated population growth
of the Solitary Vireo population (N=35 in 1994) in strongly negative
and quickly goes to zero in 16 years (2010) (Fig. 4). This shows that the
net production of vireos is negative given moPBa1ity estimates. This
supports the hypothesis that the population size of Solitary Vireos in
Boulder County relies on emmigration from other "source" apeas
which probably have a positive net production of young. While this is
a hypothetical curve with weak assumptions it points to the strong
negative impact of cowbird parasitism and nest predation on this
neotropical migrant population.

Why is cowbird parasitism and nest predation so high in
Boulder County? The Solitary Vireo nests at low elevations in the
ponderosa pine, which is in close proximity Po cattle grazing on Open
Space and to urbanized area of the city of Bollalder (pop. 83,312,1990
census). Historicdy, Brown-headed Cowbirds have been known to be
associated with bison and more recently with cattle (Mayfield 1965).
Cattle gazing on Open Space may provide foraging places for cowbids
which then move to the ponderosa pine Porests to search for wests
(Rothstein et d. 1980,1984). The large urban area of Boulder may
provide year round foraging opportunities for corvids, which then are
able to take advantage of nesting birds in the ponderosa pine forest as a
food source during the breeding season.

Summary
Solitary Vireos nesting in the foothills west of Boulder, Colorado
have reduced reproductive success due to nest predation and cowbird
parasitism. Frequency of predation and parasitism is similar to that
f o n d in other migrant songbirds nesting in other regions. The
difference is that the combined rates of predation and parasitism have a
strong negative effect on the population. Cowbird parasitism results in
almost complete nest failure for the hosts while nearly half fledge
cowbird young. Nests which are preyed upon result in total nest loss
but often allows the adults to renest. Ultimately, few nests are
successful and this population is only able to sustain itself with the
emigration of vireos from other areas. Human caused disturbance
and fragmentation of the Iower elevation ponderosa pine, where the

vireos nest, may possibly increase rates of parasitism and predation
beyond which the population is able sustain itself.
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Table 1. Frequency of cowbird parasitism m Solitary Vireo wests dwhg
years of study, Bodder County, Colorado.

Parasitized

1993
21

1994
23

Total
44

~ o t aNests
j

46

35

81

Parasitism is independent of year, G= 3.2590, g > 0.05.

%
54.3

Table 2. Predation on Sobtatry Vireo wests, Boulder County, Colo~ado,
1993-1994.

Preyed Upon
Noi preyed Upon
Total Nests

1993
25
21
46

1994
15
20
35

Total
40
41
81

Predation independent of year, G= 1.0524, df= 1, g > 0.25.

%
49.4
50.4

Table 3. Predation on parasitized and nonpmasitized Solitary Vireo nests,
Bodder County, Colorado, 1993-1994.

Preyed Upon
NO^ preyed Upon
Total

Parasitized
21
23
44

Paonparasitized
19
18
37

Total
40

Predation upon Solitary Vireo nests is independent of parasitism,
G= 0.1056, df

= 1, p > 0.75.

Table 4. Clutch size of parasitized and nonparasi(ized Solitary Vireo nests,
Boulder County, Colorado, 1993-1994.

Parasitized
Nonparasitized
Total

1
0
0
0

2
5
1
6

Clutch Size
3
4
15
23
9
25
24
48

5
1
1
2

Mean f SE
3.45 k 0.11
3.72 *0.10
3.57 0.07

*

Difference in mean clutch size between parasitized and nonparasitized
nest not s i m i c a n t (Wilcoxon two-sample test, Z= 1.6291, p

= 0.1033).

-

Table 5. Reproductive success in nonparasitized and parasitized nests sf
Solitary Vireos, Boulder County, Colorado, 1993-1994.
Vireo Nests
Nonparasitized Parasitized AII
No. active nests
44
81
37
Total eggs
134
152
286
Total hatched
84
49
133
Total fledged
11
64
53
Matching success (%)
42.7 a
32.2
46.5
39.5 b
Fledgling success (%)
'7.2
22.4
Redgel egg hatch (%)
63.1 c
22.4
4-8.1
Mean fledge/ active nest
1.51 d
0.26
0.82

Cowbird
44
61
37
18
60.7
29.5
48.6
0.41

a Differences in hatching success between nonparasitked and parasitized
nests are significant (G= 26.9319, df

= 1, p c 0.01).

b Differences in fledgling success between nonpamsitked and parasitized
nests are sigmuficant (G= 45.2765, df

= 1, p c 0.01).

c Differences in number fledge per egg hatched between nonparasitized
and parasitized nests are significant (G= 21.3819, dP = 1, p

0.01).

d Differences in number fledge per active nest between nonparasiked
m d parasitized nests are significant (Wilcoxon two-sample test, Z= 3.4647,

p = 0.0005).

Table 6. Mayfield's nesting success calculated for parasitized and
nonparasitized Solitary Vireo nests, Boulder County, Colorado, 1993-1994.

Probabilitv of Survival a
Egg Shge
Nestling Stage
0.48
0.21
0.G
0.59
0.55
0.43
J

Parasitized
Nonparasitized
Overall

Overall
0.17
0.44
0.27

a. Probabilities based on survival of at least one offspring for duration of

16 day incubation period and 14 day nestling period.

FIGURE CAPTIONS
Figure 1. Solitary Vireo study sites hatched on map, Boulder County,
Collorado.

Figure 2. Frequency of cowbird parasitism on Sofitmy Vireo nests by date of
nest iitiatiow.

Figure 3. Growth rates (mass) POP nestling Solitary Vireos in monparasitked
nests, parasitized nests, and for Brown-headed Cowbirds in Solitary Vireo
nests. Regression of growth rates si@cant
vireos: y

= 1.087~
+ 2.115, R2 = 0.871,

for each group. Nonpxasitked

F = 786.29, p = 0.0001. Parasitized vireos:

y = 1.365~- 1.119, R2 = 0.926, F = 125.725, p = 0.0001. Brow-headed Cowbirds:
y = 2 . 6 6 ~ 0.478,
R2= 0.868, F = 150.635, p = 0.0001.

e

Figure 4. Hypothetical growth a w e for the Solitmy Vireo population in
Boulder County, Colorado. Population size beginning in 1994 is 35 females.
Growth curve is a test of the population "sink" hypothesis in which there is
no immigration into, or out of, the population, and there is complete
recruitment of females back into the breeding population. Curve shows that
the population is unable to maintain itself without immigration given set
rates of mortality, cowbird parasitism, and nest predation.
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