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ABSTRACT.—It is widely accepted that tropical birds differ from temperate species in life-history traits and social behaviors, yet 
baseline ecological data are lacking for most tropical species and comparative studies often fail to control for phylogenetic influences. 
Within the Americas, the Yellow Warbler (Dendroica petechia) is ideal for such comparisons because its subspecies encompass a range 
of life-history strategies; the subspecies include long-distance migrants, temperate-tropical migrants, and tropical residents. We col- 
lected baseline data on the breeding ecology of Mangrove Warblers (D. p. bryanti) from southern Mexico (2001-2003) and compared 
their life-history traits with those of temperate and other tropical subspecies using existing data. Mangrove Warblers actively defended 
territories year-round during both nonbreeding and breeding seasons. The timing of breeding varied by year, and clutch size averaged 
2.9 + 0.5 [SD] eggs, with both a median and a mode of 3 eggs. Annual estimates of nesting success ranged from 18% to 33%, and nest dep- 
redation was the primary cause of nest failure. Annual survival was significantly higher for males (0.65) than for females (0.52) and, 
given our data, did not vary by age or year. On the basis of a comparative analysis of life-history data from published studies on the 
Yellow Warbler subspecies complex, we found that most life-history traits differed between tropical and temperate latitudes. Specifi- 
cally, compared with temperate Yellow Warblers, Mangrove Warblers exhibited longer breeding seasons, smaller clutch sizes, longer 
incubation and nestling periods, lower nesting success, higher rates of nest depredation, and higher annual adult survival rates. Received 
18 January 2007, accepted 17July 2007 
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Ecologia Reproductiva de Dendroica petechia bryanti y Comparacion de los Rasgos de Historia de Vida 
de las Subespecies del Complejo de Dendroica petechia 

RESUMEN.—Las diferencias en los rasgos de historia de vida entre especies de aves tropicales y de zonas templadas es una notion 
ampliamente aceptada. No obstante, se carece de information biologica para la mayoria de especies de aves tropicales y los estudios 
comparatives con especies de zonas templadas frecuentemente omiten controlar las influencias filogeneticas. En el continente ameri- 
cano, Dendroica petechia es una especie ideal para comparaciones de este tipo ya que cuenta con subespecies migratorias que se re- 
producen en las zonas templadas y con poblaciones tropicales residentes. Estudiamos la biologia reproductiva de la subespecie tropical 
D. p. bryanti del sur de Mexico por tres ahos (2001-2003), y comparamos los rasgos de historia de vida con los de poblaciones de Norte 
America y de otras subespecies tropicales. Encontramos que D. p. bryanti defiende territories durante todo el ano, que el inicio de la re- 
production vario entre ahos y que el tamano promedio de la nidada fue de 2.9 + 0.5 (DE) huevos, con una mediana y moda de tres. Los 
estimados anuales del exito de anidacion estuvieron entre el 18% y el 33%, y la depredation fue la principal causa del fracaso de los nidos. 
La supervivencia anual fue mayor en los machos (0.65) que en las hembras (0.52) y no vario entre edades o ahos. Con base en un analisis 
comparative de datos obtenidos de estudios publicados sobre el complejo de subespecies de D. petechia, encontramos que la mayoria 
de rasgos de las historias de vida difieren entre poblaciones de latitudes tropicales y templadas. Especificamente, en comparacion con 
las poblaciones de Norte America, D. p. bryanti presento un periodo reproductive mas largo, un tamano menor de nidada, periodos 
mas largos de incubation y empollamiento, menor exito reproductive, mayor tasa de depredation de nidos, y mayor supervivencia de 
los adultos. 
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THE YELLOW WARBLER (Dendroica petechia) has one of the larg- 
est breeding distributions of any New World passerine, and its 43 
recognized subspecies exhibit considerable geographic variation 
in plumage, morphology, and life history (Bent 1963, Browning 
1994, American Ornithologists' Union 1998, Lowther et al. 1999). 
The subspecies complex is classified into three groups: (1) the mi- 
gratory Northern (aestiva) group, with nine subspecies distributed 
throughout North America; (2) the resident Golden (petechia) 
group, which comprises 18 subspecies distributed mainly in the 
Caribbean islands; and (3) the resident Mangrove (erithachorides) 
group, with 16 subspecies found in mangroves on both Pacific and 
Atlantic coasts of Central America and northern South America 
(Dunn and Garret 1997, Lowther et al. 1999). The aestiva group 
has been studied intensively on topics including geographic varia- 
tion, reproductive biology, vocal behavior, responses to brood par- 
asitism, foraging ecology, and winter territoriality (see Lowther 
et al. 1999). 

By contrast, little research has been conducted on either the 
petechia or the erithachorides group, despite their extensive dis- 
tribution. Thus far, ecological data exist largely as anecdotal in- 
formation in the literature (e.g., Bent 1963, Wiley 1985). We are 
aware of only three studies that provide information on the breed- 
ing biology of tropical Yellow Warblers. Snow (1966) and Barran- 
tes (1998) studied Mangrove Warbler subspecies in the Galapagos 
Islands (D. p. aureola) and Costa Rica (D. p. xanthotera), respec- 
tively. Prather and Cruz (1995) studied a population of Cuban Yel- 
low Warblers (D. p. gundlachi) in Florida. These three studies, 
however, are largely descriptive or based on few nests. 

We studied the breeding ecology of a population of Mangrove 
Warblers (D. p. bryanti) in southern Mexico. Here, we provide the 
first detailed data on population structure, timing of breeding, 
clutch size, length of incubation and nestling periods, frequency 
of renesting and double brooding, reproductive success, and pa- 
rental care and the first statistically rigorous estimates of annual 
survivorship. In addition, we compare life-history traits of tropi- 
cal populations of D. petechia with those of temperate migrant 
conspecifics. 

METHODS 

Study site and species.—The Mangrove Warbler is a common 
breeder in the southern half of Baja California and south from So- 
nora to Chiapas in the Pacific. On the Gulf coast of Mexico it is 
found from south Tamaulipas southward, except on Cozumel Is- 
land, where resident birds belong to the petechia group (Howell 
and Webb 1995, Dunn and Garret 1997). Mangrove Warblers are 
distinguished from northern types by their larger overall size and 
shorter primary projection. Males have complete dark-chestnut 
hoods and narrower chestnut streaking below (Stiles and Skutch 
1989, Howell and Webb 1995). 

Our research was conducted from 2001 to 2003 at Celestun 
Biosphere Reserve (20°51'N; 90°23'W) on the Yucatan Peninsula, 
Mexico, 90 km west of Merida. The climate in the area is classified 
as "tropical semiarid." Mean daily temperature is 28°C, and mean 
rainfall is 750 mm year ^ (1952-1997). Maximum monthly precip- 
itation occurs in September (mean = 170 mm), and the minimum 
occurs in March (mean = 5.2 mm), with a pronounced dry season 
extending from December to May (Secretaria de Medio Ambiente 
y Recursos Naturales [SEMARNAT] 2000). 

Data collection and analysis.—All data were collected on six 
10- to 15-ha plots established within larger tracts (40-100 ha) of 
Black Mangrove (Avicennia germinans) forest located along the 
southern portion of the reserve. Red Mangrove (Rhyzophora man- 
gle) is also commonly found in the area but is confined to deeper 
waters along the shore of the estuary (SEMARNAT 2000). All six 
plots were marked with an alpha-numeric grid system at 25-m in- 
tervals to facilitate territory mapping, estimation of bird density, 
and nest searching. Plots were ~1 km apart, and canopy height 
ranged from 4 to 10 m (Salgado-Ortiz 2006). 

On each plot, we captured Mangrove Warblers using song 
playbacks accompanied by a decoy to lure individuals into mist 
nets. Captured birds received a unique combination of three color 
leg bands and were sexed and aged as either second-year (SY) or 
after-second-year (ASY) individuals (Stiles and Skutch 1989, How- 
ell and Webb 1995). Birds not captured were identified by plum- 
age patterns when possible. In contrast to ASY males, SY males 
have chestnut spots only around the head rather than a complete 
chestnut hood and have fewer streaks on the breast. Adult (ASY) 
females typically have bright yellow plumage with rusty chestnut 
color extending to the forehead, whereas SY individuals have pale 
yellow-gray plumage and little or no rusty patch on the forehead. 
Territories of Mangrove Warblers were determined by mapping 
locations of color-banded individuals and recording locations of 
counter-singing males, foraging sites, territorial disputes, and 
active nests. Bird density was calculated as the total number of 
adults (pairs) per 10 ha. Age structure was determined by calculat- 
ing the proportion of ASY to SY individuals defending territories. 

We found and monitored nests of color-banded warblers on 
our study plots. Nests were found by following nest-building fe- 
males, parents carrying food items, or individuals giving alarm 
calls, or by carefully scanning vegetation within territories. To de- 
termine clutch size, length of incubation and nestling periods, and 
final nest fate, nests were checked every second or third day. Nests 
found with complete clutches or with nestlings were visited every 
two days until hatching or fledging, and dates of clutch initiation 
or hatching were determined by back-dating (Manolis et al. 2000). 
To quantify parental care, we observed nests and recorded the 
number of trips parents made to determine food-delivery rates and 
whether these varied between females and males. Nest observa- 
tions lasted 1 h and were conducted when nestlings were between 
five and seven days of age. After a nest fledged or failed, we contin- 
ued observing pairs to determine whether additional nests were 
attempted. We defined "nesting attempt" as a female initiating egg 
laying and "double brooding" as initiation of egg laying after suc- 
cessfully fledging young from a previous nest within the same sea- 
son. Parametric statistics were used for analysis of variables related 
to breeding ecology when data met model assumptions. When 
errors were not normally distributed or variances were not equal 
between test groups, we used nonparametric statistics. We report 
means + SE for all variables unless otherwise specified. 

Daily nest survival probabilities were estimated using the May- 
field method (Mayfield 1961,1975), to allow comparison with other 
studies ofD. petechia. We used CONTRAST (Hines and Sauer 1989) 
to test for differences in nest success at Celestun between years. We 
determined the proportions of nests failing because of predation, 
brood parasitism, and other causes. A nest was considered depre- 
dated if either eggs or nestlings disappeared between nest checks or 
if the nest or its contents were damaged or destroyed. 
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Cormack-Jolly-Seber (CJS) models (Pollock et al. 1990, Lebre- 
ton et al. 1992) were used to estimate age- and sex-specific annual 
survival probabilities. Survivorship data were based on resighting 
of color-marked territorial individuals present on our study plots 
in each year. We made an additional visit to our plots in 2004 to 
obtain data on the number of color-banded individuals still de- 
fending territories. Candidate CJS models were chosen prior to 
data analysis. To eliminate nonterritorial individuals, only birds 
resighted within a week of initial capture were included in data 
analyses. All marked individuals that remained at our study plots 
each year were detected during our routine field work; therefore, 
resighting probabilities in all CJS models were fixed at 1. We con- 
structed CJS models in MARK (White and Burnham 1999) using 
a sine link function. Model-selection methods based on second- 
order Akaike's information criterion (AIC ) were used to rank 
candidate models (Burnham and Anderson 1998). Goodness-of- 
fit of our global model was verified with RELEASE (Burnham et al. 
1987) implemented in MARK. 

RESULTS 

Population structure and density.—Territory occupancy and den- 
sity of Mangrove Warblers remained relatively stable within and 
between years. In total, 135 males and 104 females were banded 
across all plots and years combined. Of these, 119 males (88%) and 
83 females (80%) were ASY, and 16 males (12%) and 21 females 
(20%) were SY. After mapping territories of banded individuals, 
we determined that in any year, the proportion of banded indi- 
viduals within study plots ranged from 70% to 100% for males and 
from 50% to 80% for females. Density averaged 10.6 + 0.7 pairs per 
10 ha (range: 8.3 ± 0.7 to 13.2 + 0.5), with territories ranging in size 
from 0.45 to 1.20 ha (mean = 0.77 + 0.06). Densities did not change 
between nonbreeding and breeding seasons. Age ratios of territo- 
rial individuals remained stable over the three breeding seasons 
(Table 1). Most males (83%) were monogamous, but bigamy also 
occurred (Table 1). On average, 7.7 + 2.0% of males were unmated 
per year, with most unmated individuals being SY (Table 1). We 
found no evidence of unmated females. 

Timing of breeding.—Most Mangrove Warbler clutches were 
initiated in May, with the earliest recorded on 20 April 2003 and 
the latest on 19 June 2001 (first attempts only), a period spanning 
60 days. Mean date of first egg-laying within first nesting attempts 
was 18 May+0.9 days (n = 161). Breeding started significantly later in 
2001 (mean date = 25 May +1.7, range: 14 May to 19 June, n=42) than 

TABLE 1. Population structure of Mangrove Warblers at Celestun Bio- 

sphere Reserve, Yucatan, Mexico, February-May, 2001-2003, from all 

study plots combined (five in 2001 and six in 2002-2003). Numbers in 

parentheses indicate percentage of the population. 

2001 2002 2003 

Males (n) 75 87 80 
ASY 63 (84) 84 (96) 73(91) 
Monogamous 61 (81) 71 (82) 69 (86) 
Bigamous 11 (15) 9(10) 4(5) 
Unmated 3(4) 7(8) 7(9) 

Females (n) 82 88 75 

ASY 49 (60) 64 (73) 60(80) 

in 2002 (date = 13 May +1.3, range: 26 April to 12 June; n = 65) and 
2003 (date = 17 May+1.4, range: 20 April to 16 June; n = 57) (analysis 
of variance [ANOVA]: F= 18.54, df = 2 and 156, P < 0.0001). Most 
replacement nests were initiated in June, but third and later at- 
tempts were initiated as late as the second half of July, which re- 
sulted in a breeding season of three and a half months (mid-April 
to the end of July). 

Clutch size, nesting attempts, and length of incubation 
period.—Clutch size for first nest attempts averaged 2.90 + 0.04 
(range: 2-4; n = 160 nests), with both a median and a mode of 3. 
Four-egg clutches were uncommon (5.2%). Mangrove Warblers 
typically laid one egg per day, but females sometimes skipped one 
day after laying the first egg. Clutch size did not vary between years 
for either first clutches (x2 = 2.57, df = 2, P = 0.27) or all clutches 
combined (x2 = 1.44, df = 2, P = 0.48). The number of nesting at- 
tempts by individually marked females (n = 162) ranged from 1 to 5 
per season, with an average of 1.80 + 0.05 and a median of 2 for the 
three years combined. The average number of nesting attempts 
varied by year (Kruskal-Wallis # = 8.20, df = 2, f=0.02), with more 
replacement nests found in 2002 (2.00 + 0.08, range: 1-5) than in 
either 2001 (1.40 + 0.07, range: 1-3) or 2003 (1.51 + 0.07, range: 
1-4). Fourth and fifth nesting attempts were, however, rare (7% in 
2002, n = 131 nests; 2% in 2003, n = 92 nests). An analysis ofcova- 
riance [ANCOVA] was used to test for seasonal declines in clutch 
size by using the first three nesting attempts, with clutch size as 
dependent variable, and year, number of nesting attempts, and 
their interaction as independent factors. There were no significant 
differences in clutch size from the first to third attempts among 
years (ANCOVA: F= 1.61, df = 8 and 265, P = 0.12). However, clutch 
size declined significantly in 2003 (range: 2.91-2.33 eggs; first to 
third nest), resulting from the interaction of year and number of 
nesting attempts (ANCOVA: year, F= 0.97, df = 2 and 271, P = 0.38; 
nesting attempt, F= 0.22, df = 2 and 271, P= 0.80; year*nesting at- 
tempt, F= 2.88, df = 4 and 269, P = 0.02). Females initiated incu- 
bation with the laying of the penultimate egg. Mean incubation 
period was 13.1 + 0.5 days (range: 12-14 days; n = 172) but did not 
differ within years (x2 = 1.04, df = 2, P = 0.90) or between years (x2 = 
2.50, df = 2, P = 0.29) (Table 2). 

Timing of hatching, length of nestling period, and timing of 
fledging.—The average date of hatching (first nests attempts) was 
30 May + 11 days (range: 8 May to 29 June). Hatching of clutches 
typically concluded within 24 h, which suggests hatching syn- 
chrony. Mangrove Warbler nestlings fledged, on average, 11.0 + 
0.9 days after hatching (range: 9-13 days; n = 73 nests), with no 
differences associated with brood size (Kruskal-Wallis H = 3.30, 
df = 2, f = 0.20). Duration of the nestling period was significantly 
shorter in 2003 than in either 2001 or 2002 (ANOVA: F= 9.1, df = 
2 and 69, P = 0.0003; Table 2). Mean number of young fledged per 
successful nest was 2.00 + 0.06 for all years combined (range: 1-3; 
n = 73 nests), with no differences between years (Table 2). The av- 
erage date of fledgling for first nest attempts was 12 June +13 days, 
with the earliest fledglings observed on 20 May 2002. Mangrove 
Warblers fledged young as late as 30 July. 

Parental care.—Parental investment varied by sex and by the 
number of young fledged. Males were observed feeding incubating 
females in 21 (38%) of 55 nests. Incubation feeding ranged from one 
to three times per hour (mean = 1.33 + 0.58 visits h_1). In all but 2 of 
the 32 nests observed to quantify parental care, both sexes fed nest- 
lings. Feeding visits by males (mean = 8.14 + 0.97 feeding visits h_1, 
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TABLE 2. Reproductive effort and nesting success of Mangrove Warblers at Celestun Biosphere Reserve, Yucatan, Mexico, 2001-2003. Variance is 

given as mean ± SE. 

2001 2002 2003 All years 

Number of active nests 
Total eggs laid 

Mean eggs laid per female 

Mean incubation period (days) 
Mean nestling period (days) 
Nesting success3 

Mean number of fledglings (successful nests) 

62 

186 

3.80 ±0.19 
13.10±0.14 
11.40 ±0.17 

0.310 ±0.005 
2.20 ±0.53 

129 

362 

5.30 ±0.28 

13.10±0.08 
11.10±0.12 

0.180 ±0.005 
1.90 ±0.54 

92 
266 

4.60 ±0.29 
13.20 ±0.09 
10.50±0.17 

0.330 ±0.004 
1.90 ±0.58 

283 
814 

4.60 ±0.16 

13.10±0.06 
11.00±0.10 

0.260 ±0.003 
2.00 ±0.50 

aMayfield estimates of nesting success are based on the complete nesting period (26 days, including laying-incubation and nestling stages). 

range: 2-17) and females (mean = 10.35 +1.01 visits h_1, range: 3-18) 
were not significantly different (paired t-test: £=-1.60, df=23,P = 
0.12). After leaving the nest, fledglings remained on natal territo- 
ries for an average of 27.4 + 4.7 days (range: 20-32; n = 5). Both par- 
ents provided care to fledglings, but this varied depending on the 
number fledged. Only males provided parental care when one off- 
spring fledged (n = 10), whereas both parents provided care when 
two or three offspring fledged (n = 25). 

Nesting success, double brooding, and causes of nest failure.— 
For all years combined, the Mayfield estimate of daily survival 
probability for Mangrove Warbler nests was 0.950 ± 0.003 (range: 
0.936-0.960). Annual estimates of nesting success ranged from 
18% to 33%, being significantly lower in 2002 than in either 2001 
(X2 = 8.22, df = 1, P = 0.004) or 2003 (x2 = 12.34, df = 1, P = 0.0004; 
Table 2). Over the three years of our study, 61% of females failed in 
all nesting attempts and, thus, fledged no young (range: 53-68%; 
n = 162 females). Only 5.5% of the females (9 of 162) initiated a sec- 
ond brood; two were successful. The primary cause of nest failure 
was depredation, which accounted for the loss of 64% of all active 
nests. Nest parasitism by Bronzed Cowbirds (Molothrus aeneus) 
was the second most frequent cause of nest failure, affecting 8.5% 
of all active nests over the three years (Table 3). Minor causes of 
nest failure included infertility (n = 5) and weather (n = 1). 

Adult survival.—The best-fit model for annual survival in Man- 
grove Warblers included an effect of sex but no effect of age or year 
(Table 4). Sex-specific survival (based on the sum of AICc weights; 
models 1 and 2; Table 4) was 20.4x more likely than age-specific sur- 
vival (models 5 and 8) and 8.7x more likely than the models combining 
age and sex (models 4 and 7; Table 4). In the best-fit model, females 

TABLE 3. Causes of nest failure in Mangrove Warblers at Celestun Bio- 

sphere Reserve, Yucatan, Mexico, 2001-2003. Values represent the 

number of active nests lost during incubation and brooding stages (with 

percentage of active nests in parentheses). 

2001 

(n=62) 
2002 

(n = 129) 
2003 

(n = 92) 
2001-2003 

(n = 283) 

Incubation 
Depredation 17(27) 
Brood parasitism 4 (6.5) 
Infertility 2 (3) 
Subtotal 23 (37) 

Brooding 
Depredation 20 (32) 
Weather 0 

Total nests lost 43 (69) 

55 (42.6) 24 (26) 
7(5.4) 13(14) 

0 3(3) 
62 (48) 40 (43) 

43 (33) 
0 

21 (23) 

1 (1) 
105(81)        62(68) 

96 (34) 
24(8.5) 
5(2) 

125(44) 

84(30) 
1 (0.3) 

210(74) 

(0.52 + 0.04) had lower estimated survival than males (0.65 + 0.03), 
and this pattern was consistent across all four years. 

Latitudinal differences in life-history traits.—We summa- 
rized life-history traits of temperate and tropical populations of 
Yellow Warblers breeding over a latitudinal gradient from 58°N, 
in Canada, to ~0°S, in the Galapagos Islands. Average clutch size 
significantly increased from 2.5-2.8 at tropical latitudes to 3.8-5.1 
at north-temperate latitudes (rs = 0.89, P < 0.0001; Table 5). The 
incubation period decreased from ~13 days at tropical latitudes 
to ~11 days at temperate latitudes, though this difference was not 
significant (rs = -0.42, P = 0.26; Table 5). The brooding period sig- 
nificantly declined from ~12 days at tropical latitudes to ~8 days 
at temperate latitudes (rs = 0.85, P = 0.016; Table 5). Nest success 
tended to be higher at temperate than at tropical latitudes, but 
data were lacking for most tropical populations (rs = 0.44, P = 0.17; 
Table 5). Nest depredation significantly decreased from tropical to 
temperate latitudes (rs = 0.82, P=0.007; Table 5). Finally, published 
CJS estimates of annual survival probabilities of Yellow Warbler 
populations in the temperate zone are lower than our estimates 
for Mangrove Warblers (Fig. 1). Annual survival probabilities for 
Yellow Warblers averaged 0.41 + 0.04 for females and 0.49 ± 0.04 

TABLE 4. Models of annual survival probability (tp) for adult Mangrove 

Warblers at Celestun Biosphere Reserve, Yucatan, Mexico, 2001-2004. 

Recapture probability (p) was fixed at 1.0 in all models (see text). Col- 

umns give model notation, number of estimable parameters (K), second- 

order Akaike's information criterion values (AICc), AICc differences 

(A.), and AICc weights (vv). Subscripts describe parameterizations of cp: 

"age" = two age classes; "sex" = male or female; "year" = parameter var- 

ies annually; no subscript = constant over group and time variables. Sub- 

scripts joined by an asterisk indicate a factorial model. The global model 

(<p    *    *     ) provided a good fit to the data (y2 = v T age*sex*year  r                            O                                                 s/v = 0.29, df = 6, P=0.99). 

Model                           K                 AIC. A.                      w. 

(1)9=, 
(2)(p   . 

(3)(p 

(4)(p   . v    '   Tage*sex 

(5) <Pag, 

(6)9 ear 

(7)(0     .     . 

(8)(p    . v    '   Tage*year 

2 

6 

i 

4 

2 

3 

10 

6 

473.00 0.00 
476.13 3.13 

476.77 3.77 

476.99 4.00 

478.71 5.72 

480.21 7.22 

483.87 10.88 

485.68 12.68 

0.63 
0.13 

0.10 

0.09 

0.04 

0.02 

0.00 

0.00 
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TABLE 5. Life-history traits of the Yellow Warbler complex across a temperate-to-tropical latitudinal gradient. Values represent means (with range in 

parentheses; NA = data not available). 

Incubation period Nestling period Nest success Nest depredation 
Locality1 Latitude Clutch size (days)b (days)c 

(%)d (%)' N 

Temperate 
Churchill1 58°40'N 4.7 (4-5) 11.7(11-13) 8.5 (8-10) 49 36 62 

Alaska2 58°17'N 5.1 (4-6) NA NA 95 5 20 

Delta Marsh3 50°11'N 4.5 (3-5) 11.3 (10-13) 8.2(8-10) 48 34 227 
Southern Ontario4 44°34'N 4.1 (3-5) 11.5(10-13) 8.8(8-11) 50 37 109 

Iowa5 43°00'N 4.0 (3-5) 11.0(11-12) 9.5(8-10) 54 NA 41 

Wisconsin6 43°00'N 3.5 (3-5) NA NA 42 29 12 

Michigan7 42°00'N 3.8 (3-5) NA NA 45 NA 20 

Rhode Island8 41°27'N 4.5 (4-5) 11.3 (10-12) 9.5(8-10) 51 NA 94 

Colorado9 37°14'N 3.8 (3-5) 10.5(8-14) 

Tropical 

9.0 (8-9) 52 39.1 66 

Key Largo10 25°06'N 2.5 (2-4) 13.0(12-16) 12.0(10-14) 75 19 16 

La Paz11 24°08'N 2.8 (2-3) NA NA NA NA NA 

Celestun12 20°46'N 2.8 (2-4) 13.0(12-14) 11.0(9-13) 26 64 284 
Puerto Rico13 18°30'N 2.7 (2-4) NA NA 41 NA 107 

Costa Rica14 10°02'N 2.8 (2-3) 13.0(13-15) NA NA 55 9 

Galapagos15 0°45'S 2.7 (2-3) 12.0 (NA) NA NA NA 49 

References for geographic localities are indicated by superscript numbers: 1 = Briskie 1995, 2 = Rogers 1994, 3 =Goossen and Sealy 1982, 4 = Clark and Robertson 1981, 
5 = Schrantz 1943, 6 = Young 1949, 7 = Batts 1961, 8 = Mitra 1999, 9 = Ortega and Ortega 2000, 10 = Prather and Cruz 1995, 11 = Bent 1963, 12 = present study, 13 = 
Wiley 1985, 14 = Barrantes 1998, and 15 = Snow 1966. 
^Penultimate egg day to hatch day. 
cHatch day to fledge day. 
dMayfield estimates of nest success. 
^Percentage of the total active nests (N) reported for each location that failed because of predation. 

for males in Montana (Cilimburg et al. 2002) and ranged from 0.4L 
to 0.62 in Manitoba (Mazerolle et al. 2005). 

DISCUSSION 

T     0.6- 

Manitoba Montana 

Locality 

Celestun 

Fig. 1. Apparent survival rate of male and female Yellow and Mangrove 

warblers calculated by capture-recapture estimates in Manitoba (Maze- 

rolle et al. 2005), Montana (Cilimburg et al. 2002), and Celestun, Mexico 

(present study). 

The life history of Mangrove Warblers at Celestun was similar 
to that of other tropical passerines (Skutch 1985, Robinson et al. 
2000, Stutchbury and Morton 2001) but strikingly different from 
that of temperate-zone populations of D. petechia, particularly 
those breeding at high latitudes (Table 5). In general, fecundity 
declines and adult survival increases in Yellow Warblers from 
temperate to tropical environments. Many hypotheses have been 
proposed to explain this pattern, including effects of population 
density, food limitation, nest predation, and fecundity-survival 
tradeoffs associated with different adult survival rates of tropi- 
cal, resident populations versus temperate, migratory groups (re- 
viewed by Ricklefs 2000, Russell 2000, Martin 2004). Below, we 
discuss the behavioral and life-history traits of our study popu- 
lation in comparison with published data from tropical resident 
bird species and from D. petechia over a latitudinal gradient. We 
also consider the observed variation in life history of Yellow War- 
blers in the context of environmental differences between temper- 
ate and tropical breeding areas. 

Mangrove Warblers at Celestun defended territories and 
maintained permanent pair bonds and stable population den- 
sity year-round. This pattern fits the descriptions of territorial 
systems reported for other tropical resident species (Greenberg 



APRIL 2008 BREEDING ECOLOGY OF THE MANGROVE WARBLER 407 

and Gradwohl 1986, Morton and Stutchbury 2000). Although the 
mechanisms of territorial stability are not well understood, it has 
been suggested that strong competition for limited territories cou- 
pled with high adult survival is a likely explanation (Morton et al. 
2000). Habitat homogeneity is also considered a potential factor 
contributing to territorial stability in tropical birds (Greenberg and 
Gradwohl 1986). These explanations are consistent with the ter- 
ritorial system of the Mangrove Warblers we studied: they inhabit 
a highly homogeneous habitat, and vacant territories are rapidly 
occupied by new individuals (J. Salgado-Ortiz et al. unpubl. data). 

According to previously published data, Yellow Warblers 
exhibit strong territorial behavior in both temperate and tropi- 
cal habitats. Migratory D. petechia, for example, defend territories 
during the breeding season at temperate latitudes (Lowther et al. 
1999) and on their nonbreeding grounds in the tropics (Greenberg 
and Salgado-Ortiz 1994). Such year-round territorial behavior 
in both migratory and resident populations suggests that Yellow 
Warblers are limited by habitat or food throughout their range, 
though population densities appear to vary with latitude (Table 5). 
The density of Mangrove Warblers reported here (1.1 pairs ha-1) is 
significantly lower than that estimated for Yellow Warbler popu- 
lations at various North American localities (range: 3.4-14.5 pairs 
ha"1; Young 1949, Goossen and Sealy 1982, Mitra 1999, Yezerinac 
et al. 1999). This is consistent with our finding that territory size 
of Mangrove Warblers is significantly larger (mean = 0.77 ha) than 
that of Yellow Warblers, in which territory size ranges from 0.043 ha 
at Delta Marsh, Manitoba (Goossen and Sealy 1982), to 0.20 ha 
in Rhode Island (Mitra 1999). Lower densities and larger territory 
sizes in tropical species have been attributed to lower food avail- 
ability in tropical habitats (Thiollay 1988, Terborgh et al. 1990, 
Lovette and Holmes 1995). 

Breeding-season duration and breeding asynchrony tend to 
decrease with latitude in Yellow Warblers. The ~3.5-month breed- 
ing season (late April through July) at Celestun is similar to that 
reported for D. p. gundlachi in Florida (Prather and Cruz 1995) 
and shorter than that of breeding populations in Puerto Rico 
(Wiley 1985), Costa Rica (Barrantes 1998), and the Galapagos 
(Snow 1966) but longer than that of most populations of D. pete- 
chia in temperate regions (Lowther et al. 1999). Birds breeding at 
temperate latitudes may be able to compensate for such seasonal 
differences because of the significantly longer day-length (Mar- 
tin 1987). Regardless, the variation in the clutch-initiation period 
(first clutches only) differs widely between tropical and temperate 
subspecies. The clutch-initiation period for Mangrove Warblers in 
our study averaged 47 days, with 50% of clutches initiated within 
12 days from the earliest clutch. By contrast, the clutch-initiation 
period of Yellow Warblers at temperate latitudes ranged from 15 
to 34 days, with 50% of the nests initiated within a five-day pe- 
riod (Goossen and Sealy 1982, Briskie 1995). Such a short period 
of clutch initiation for the migrant subspecies suggests strong se- 
lection on the timing of breeding at temperate latitudes, where 
peaks in food abundance may be critical and the opportunities for 
renesting are probably lower. High breeding synchrony, which has 
been reported for many migratory species, also results in synchro- 
nous fertility of females and is hypothesized to result in a higher 
frequency of extrapair copulations in migratory birds (Stutchbury 
and Morton 1995). The greater variance in the clutch-initiation pe- 
riod of Mangrove Warblers, combined with the fact that they form 

permanent pair bonds, predicts a lower frequency of extrapair 
mating. This, however, remains to be tested in this subspecies. 

Latitudinal differences in clutch size and length of nesting 
periods.—Clutch size tends to decline with decreasing latitude 
and, for most tropical birds, is two eggs (Murray 1985, Skutch 
1985, Robinson et al. 2000). Although clutch size was slightly 
higher for the Mangrove Warblers in our study (median and mode 
of 3), it is still significantly lower than that reported for migrant 
Yellow Warblers from all the temperate studies we have summa- 
rized (see Table 5). Two primary hypotheses have been proposed 
as driving the evolution of clutch size in birds: (1) food limitation 
and (2) nest depredation (for reviews, see Martin 1996, Martin et 
al. 2000), though neither adequately explains latitudinal differ- 
ences (Martin et al. 2000). Also critical to consideration of the 
evolution of clutch size is a complete understanding of adult mor- 
tality and the costs and benefits on overall fitness (Martin 1996). 
For example, if tropical species indeed experience higher survival 
(Faaborg and Arendt 1995, Johnston et al. 1997, Sandercock et al. 
2000; but see Karr et al. 1990), then it follows that tropical birds 
may invest greater effort in fewer young (Martin 1996). Individ- 
ual long-distance migrants breeding at temperate latitudes and 
experiencing higher mortality may be forced to compensate for 
the lower survival associated with the costs of migration by lay- 
ing larger clutches (Moller 1984, Russell 2000, Sillett and Holmes 
2002, Martin 2004). We argue that the latitudinal differences in 
demographic parameters we found in the Yellow Warbler subspe- 
cies complex are probably associated with multiple factors, some 
in the local environment on the breeding grounds (including food 
limitation and nest depredation) and others associated with the 
costs of migration. 

Both incubation and brooding periods decreased with in- 
creasing latitude by two to three days in the temperate Yellow War- 
bler populations compared with the tropical resident Mangrove 
Warblers in our study. This result supports previous conclusions 
suggesting that developmental rates tend to be slower in tropical 
birds and result in longer nesting periods than in related species 
from temperate areas (e.g., Skutch 1949, Lack 1968, Ricklefs 1976, 
Martin 1996). Slower developmental rates in tropical species have 
been attributed to food limitation (Martin 1987, Thiollay 1988), 
higher nest depredation rates (Martin 1996), and their interac- 
tion (Martin 1992). Regardless, incubation and brooding times 
may also reflect parental tradeoffs between current reproduction 
and future survival. Rates of egg and nestling development, there- 
fore, are probably influenced by both the local environment and by 
costs associated with migration (Ardia 2005). 

Compared with temperate-zone birds, tropical species are also 
thought to have higher frequencies of renesting because of higher 
nest-depredation rates and, because of longer breeding seasons, 
more opportunities for multiple brooding (for review, see Martin 
1996). Mangrove Warblers in the present study renested multiple 
times, and double brooding was documented in two of the three 
years of the study, though it was rare (5%). Unfortunately, renesting 
in northern populations of Yellow Warblers has not been reported in 
the available literature and double brooding was only rarely reported 
(Goossen and Sealy 1982, Lowther et al. 1999), so latitudinal com- 
parisons are problematic. Nevertheless, time constraints may limit 
migrant Yellow Warblers to one brood per year and fewer renesting 
attempts after failure, though both are reported in other species of 
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migratory warblers (e.g., Holmes et al. 1992). In Mangrove Warblers, 
longer breeding seasons may allow more renesting opportunities 
and, in good years, more successful double brooding. In addition to 
a longer breeding period, the higher rates of nest depredation expe- 
rienced by Mangrove Warblers may have resulted in high rates of 
renesting (Skutch 1985, Martin 1996). 

Nesting success.—Overall, nesting success for Mangrove War- 
blers in the present study (from incubation to fledging) was similar 
to that reported for other tropical passerine birds (Skutch 1985, Rob- 
inson et al. 2000) and lower than estimates reported for northern 
temperate populations of Yellow Warblers. Comparisons of nest- 
ing success with other populations of Mangrove Warblers are diffi- 
cult to interpret because they are based on small within-year sample 
sizes. Additional studies at other tropical localities to assess intra- 
specific differences in nesting success are needed. Nevertheless, as 
in other studies with tropical species (Robinson et al. 2000; but see 
Stutchbury and Morton 2001), our primary cause of nest failure was 
depredation (65% of all active nests). Barrantes (1998) estimated a 
nest-depredation rate of 67% for a population of Mangrove Warblers 
in Costa Rica (n = 9). By contrast, available estimates of nest depreda- 
tion in temperate Yellow Warblers range from 30% to 40% (Table 5). 
In both the tropics and temperate regions, rates of nest depredation 
are likely influenced more by local environmental conditions, such 
as predator abundance and behavior, than by costs associated with 
migration. If, however, the length of the incubation and nestling pe- 
riods changes the probability of depredation or the investment by 
parents in nest defense, the propensity for adults to abandon the nest 
will also change. In this case, rates of nest depredation may still be 
linked to tradeoffs associated with future survival (Ardia 2005). 

Annual adult survival.—Adult survival is generally thought 
to be higher in tropical than in temperate species (Faaborg and 
Arendt 1995, Johnston et al. 1997, Woodworth et al. 1999, Sander- 
cock et al. 2000; but see Karr et al. 1990), and our survivorship data 
for the Mangrove-Yellow warbler complex are consistent with 
these patterns (Fig. 1). Apparent annual survival of both male and 
female Mangrove Warblers breeding in Mexico is higher than that 
of male and female migratory Yellow Warblers breeding in Mon- 
tana (Cilimburg et al. 2002) and Manitoba (Mazerolle et al. 2005). 
Similarly, using the avian-demographic-query interface available 
online from the Institute of Bird Populations (see Acknowledg- 
ments), survival rates from constant-effort mist netting for the 
Yellow Warbler average 51% across its entire North American 
range. No other estimates of apparent survival are available, but 
estimates based on return rates from studies in southern Ontario 
(Yezerinac and Weatherhead 1997) and Rhode Island (Mitra 1999) 
are considerably lower than our apparent survival estimates. 

Our estimates of apparent survival were based on the number 
of banded individuals resighted or recaptured exclusively within 
study plots. As with all survival analyses of small banded birds, 
we cannot separate emigration from mortality. In fact, we believe 
that our estimates of apparent survival are probably conservative, 
because we resighted seven males that were originally banded on 
our sites as far as 3-4 km away from the original capture site. If an 
extensive search had been conducted in the areas adjacent to the 
original banding sites, our survival estimates would likely have in- 
creased (Cilimburg et al. 2002). 

The present study provides important baseline data for how 
the breeding ecology and survival of a passerine bird vary across a 

tropical-to-temperate latitudinal gradient. Specifically, compared 
with the migratory subspecies of the Yellow Warbler breeding at 
temperate latitudes, the tropical resident Mangrove Warbler ex- 
hibited (1) longer breeding seasons, (2) smaller clutch sizes, (3) lon- 
ger incubation and nestling periods, (4) lower nesting success, (5) 
higher rates of nest depredation, and (6) higher annual adult sur- 
vival rates. Many of the life-history traits we measured in Man- 
grove Warblers are more similar to those of other tropical species 
than to conspecific subspecies of the Yellow Warbler complex. We 
suggest that these life-history traits and strategies are likely shaped 
both by local limiting factors in tropical and temperate regions and 
by the costs associated with migration. Further research on intra- 
specific variation across latitudinal gradients will help us under- 
stand not only how life-history traits evolve in response to factors 
such as length of breeding season and food supply, but also how 
species might respond to local climatic variables and to novel fac- 
tors such as rapid climate change. 
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