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(hereafter simply herons), and herons play important roles 
in trophic relationships in wetlands. They contribute to 
nutrient enrichment in local food webs by nutrient cycling 
between wetlands and adjacent terrestrial habitats through 
prey capture and excretion (Green and Elmberg 2014; Faria 
et al. 2016). Heron presence in wetlands is associated with 
several environmental characteristics, including resource 
availability, vegetation structure and composition, water 
column depth, and available habitat for nesting (Tavares et 
al. 2015; Zhang et al. 2018). Thus, for herons, wetland qual-
ity influences habitat selection for both foraging and repro-
duction (Cintra 2015; Almeida et al. 2016).

Mangroves are coastal wetland ecosystems found 
between terrestrial and marine environments in tropical and 
subtropical latitudes worldwide (Schaeffer-Novelli 1995). 
They are more abundant or dense in areas protected from 
intense wave and tidal forces, such as estuaries, bays, and 
lagoons, where they provide substrate and habitat for a vari-
ety of animals, including herons (Schaeffer-Novelli 1995; 
Ruiz-Guerra and Echeverry-Galvis 2019). In the eastern 

Introduction

Herons and egrets (family Ardeidae) are wading birds asso-
ciated with wetlands worldwide (Sick 1997; Lovette and 
Fitzpatrick 2016). Most of their activities, including forag-
ing, rest, courtship, and reproduction, occur along the mar-
gins of water bodies with nearby vegetation (Grose et al. 
2014; Cintra 2015). Egrets are typically just smaller herons 
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Abstract
Herons typically reproduce colonially, either monospecific or mixed, over waterbodies, high in trees or shrubs, mangroves, 
and islands. Information from neotropical mangroves is lacking concerning heron breeding areas, reproductive biology, 
and functional relationships with mangroves. Here we compared the reproductive biology of Cattle Egret (Bubulcus ibis), 
Little Blue Heron (Egretta caerulea), and Snowy Egret (E. thula), with emphasis on breeding season, nesting materials, 
nest height, clutch size, breeding success, and nest failure in a mangrove ecosystem in ​​Sepetiba Bay, southeastern Brazil. 
The breeding season lasted from November to mid-February (195 nests). Nests were built mostly with twigs, but also 
with grasses (17 nests, 9%) and nylon lines and ropes (Cattle Egrets: 16 nests, 28%; Snowy Egrets: 4 nests, 14%). Little 
Blue Herons nested higher (2.25 ± 0.1 m) than Cattle Egrets (1.97 ± 0.06 m) and Snowy Egrets (1.80 ± 0.1 m). The modal 
clutch size differed among species, with two eggs in Cattle Egrets (1–7 range) and Little Blue Herons (1–4 range) and 
three eggs in Snowy Egrets (2–4 range). Breeding success was high both in Cattle Egrets (90%) and Snowy Egrets (89%) 
but was low in Little Blue Herons (41%). Higher nest failure in Little Blue Herons occurred due to localized predation 
events in all clumped nests built isolated at the colony edge. Therefore, these predation events suggest that interspecific 
nest aggregation was important to diminish nest failure. The remaining nests were quite successful, even though brood 
reduction (common in herons) occurred in most nests.
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seaboard of the Americas, mangroves are found from the 
United States to southern Brazil, and Brazil has the sec-
ond largest extent of mangroves in the world (ICMBio 
2018). Mangroves are among the most threatened ecosys-
tems worldwide and their loss and degradation pose major 
threats to bird species dependent on these habitats (Ávila et 
al. 2019; Martínez et al. 2020). This ecosystem is a critical 
habitat for many bird species that are associated with them, 
often for foraging and nesting (Etezadifar and Barati 2013; 
Ávila 2019).

Reproduction of herons in mangroves is determined 
mostly by vegetation structure, but also by productivity 
in surrounding waters (Etezadifar and Barati 2013, 2015; 
Cox et al. 2019). Vegetation structure and productivity also 
influence heron coloniality (Kelly et al. 2008; Scherer et al. 
2014). Colonial birds may often be bioindicators of local 
conditions as the size of breeding populations and breed-
ing success vary depending on resources, species aggrega-
tion, and predation risk (Kushlan 1993; Kelly et al. 2008; 
Olguín et al. 2015; Zhao et al. 2017). Colonial breeding may 
increase nesting success through greater foraging efficiency 
(due to interspecific interaction) and lower predation rates 
(Brown and Brown 1987; Branco 2003).

Herons tend to breed in monospecific or mixed colonies 
in trees and shrubs over waterbodies, in mangroves, and on 
islands close to feeding areas (Gianuca et al. 2012; Koczur 
et al. 2018). Some species, such as Cattle Egrets, may breed 
farther from where they forage to improve their breeding 
success (Weller 1999; Metallaoui et al. 2020). Reproductive 
traits, such as clutch size, nest site and structure, and breed-
ing success, in mixed colonies may vary among species due 
to microclimate conditions and interspecific competition 
(Johnsgard 2009). Herons usually compete for suitable nest 
substrates and nest sites within the colony. Nesting trees 
with higher canopy spread, girth size, and quality protect 
against predators and heavy weather conditions and provide 
nesting materials and easy access to nest locations (Kelly 
and Condeso 2014; Roshnath and Sinu 2017). Nests in cen-
tral regions of the colony may also decrease predation risk 
in relation to nests in more peripheral areas (Uzun 2009). 
Therefore, mixed colonies can provide valuable compara-
tive data about the effects of microclimate variation and 
interspecific interactions in heron breeding success under 
similar weather conditions (Martínez et al. 2020).

The reproductive biology of herons in mangroves is 
poorly studied, especially in South America (Xiao et al. 
2017; Martínez et al. 2020). Here, we compare the repro-
ductive biology of Cattle Egret (Bubulcus ibis), Little Blue 
Heron (Egretta caerulea), and Snowy Egret (E. thula) in a 
mangrove in southeastern Brazil. Specifically, we compare: 
1) breeding season, 2) nesting materials, 3) nest height dis-
tribution, 4) clutch size, 5) breeding success, and 6) nest 

failure. We highlight the importance of these results to 
understand the poorly-known reproductive biology of her-
ons in neotropical mangroves and to support the conserva-
tion of mangroves in close proximity to urban/industrial 
development.

Materials and methods

Study Area

Our study was conducted in Sepetiba Bay (22º53’ to 23º05’S, 
44º01’ to 43º33’W), one of the largest extents of mangrove 
remaining in the state of Rio de Janeiro, southeastern Brazil, 
with about 38 km² (Rezende et al. 2007; Soares et al. 2011). 
Average annual precipitation varies from 1,000 mm to 2,230 
mm, with a maximum from December to March (summer) 
and a minimum from June to August (winter). The climate is 
classified as rainy tropical (tropical humid, Af-Am-Aw) and 
mild subtropical (Wa) according to the Köppen classifica-
tion (SEMEADS 2001).

The central region of Sepetiba Bay has a small and dense 
forest with an almost continuous canopy dominated by 
white mangrove (Laguncularia racemose), black mangrove 
(Avicennia germinans, A. schaueriana), and red mangrove 
(Rhizophora mangle). Its continental side is limited by high-
ways, railways, and urban occupation. Natural flood dynam-
ics are unrestricted by anthropic influence, with freshwater 
flows towards the intertidal zone. The mangrove is flooded 
daily by tides. The heron colony was at the southern end of 
this mangrove, in a forest fragment of 700 m2 dominated by 
A. schaueriana and few R. mangle (Fig. 1).

Fig. 1  Location map showing the study area in Sepetiba Bay, state of 
Rio de Janeiro, southeastern Brazil and the three-heron mixed colony 
(hatched region) in the mangrove forest. TLS provided the silhouette 
illustration

 

1 3

27  Page 2 of 9



Wetlands (2023) 43:27

Reproduction and Nest Monitoring

The colony was monitored from November 2014 to March 
2015, at three- to seven-day intervals. We started marking 
nests 20 days after the first egg-laying record to minimize 
human disturbance. Due to the limited access by foot, we 
always checked nests when the tide was ≤ 0.8 m as stated in 
the Itaguaí Port (CHM 2014) tide table. We randomly moni-
tored a subset of nests in the two nest-site groups (edge and 
interior). All monitored nests were marked and identified to 
species level to ensure correct identification on subsequent 
observations. We noted the beginning of nest construction, 
nesting materials, clutch size, nest height, fledging date, and 
nest outcome. Nest status (eggs and nestlings) was checked 
through an extensible telescopic rod with a mirror attached 
to its end that reached each nest and allowed the view of 
nest contents. Reproductive periods were classified as incu-
bation period, which began when the first egg was laid and 
ended when the first egg hatched and nestling period, which 
began after the first egg hatched and ended when all young 
fledged (Marini et al. 2009; Fierro-Calderón et al. 2021). 
Nesting materials were classified as twigs with or without 
mangrove leaves, grasses, and nylon lines and ropes. They 
were compared by species as the proportion of nests con-
taining each material of the total number of monitored nests. 
Nest height was measured with 5 cm precision using a 3.5 
m graduated telescopic rod. Nest-site groups were classi-
fied as edge (with adjacent nests only on one side, the other 
side had water) and interior (nests had adjacent nests on any 
side).

We assumed that all transitions (egg-laying, hatching, 
failure, and fledging) occurred at the midpoint between 
nest checks when we did not directly observe them. This 
assumption was used to estimate the incubation (first egg 
laid to last egg hatched) and nestling (hatching to fledging) 
periods. Otherwise, we noted the exact date. Nests were 
successful if at least one young fledged.

Nest failure was classified as predation if eggshells, dead 
and damaged nestlings or feathers were found inside and 
around the nest. Abandonment was assumed if unhatched 
eggs remained on the nest with no sign of parents after 
~ 25 days from egg-laying. Destroyed nests were lost due 
to weather or tide. Rarely, a nest may have been destroyed 
by a predator rather than weather, but without evidence, we 
classified it as destroyed.

Data Analysis

We compared nest height, clutch size, breeding success, and 
nest survival among species. Nest height was assessed by 
linear model test using log10-transformed data to meet the 
assumptions of normality and homogeneity of variances. 

Clutch size and breeding success were compared using 
contingency tables and G-test. Breeding success was esti-
mated as the proportion of successful nests of all nesting 
attempts by species. All analyses were conducted in the R 
4.1.0 software environment (R Core Team 2021). The linear 
model was fitted in stats package (R Core Team 2021) using 
lm function. G-test was conducted in DescTools package 
(Signorell et al. 2021) using GTest function. Nest survival 
was calculated in RMark package (Laake 2013) using mark 
function. Nest survival analysis requires three dates for each 
nest: (1) the day the nest was found, (2) the last day the 
nest was active (with eggs or nestlings), and (3) the last day 
the nest was checked. The analysis also requires the nest 
outcome, calculated as a binary variable: successful (1) and 
failed (0) (Dinsmore et al. 2002). We modeled nest survival 
as a function of species. Figures were generated in ggplot2 
package (Wickham 2016) and QGIS (QGIS.org. 2022).

Results

A total of 195 nests were monitored: 58 Cattle Egrets, 29 
Little Blue Herons, and 28 Snowy Egrets. An additional 80 
nests were also found, but we were unable to identify the 
resident. These unidentified nests were only used to esti-
mate overall breeding success and compare success by nest-
site group (edge and interior). Nests were found only with 
eggs (51 Cattle Egret nests, 26 each Little Blue Heron and 
Snowy Egret nests, total of 103 nests), and with eggs and 
newly-hatched nestlings (7 Cattle Egrets, 3 Little Blue Her-
ons, and 2 Snowy Egrets, total of 12 nests).

Nesting materials comprised of loosely arranged dry 
sticks (all nests, all species), grass collected on the beach 
around the colony (17 nests, 9%), and nylon lines and ropes 
from fishing lines, nets, and mooring ropes, found in 16 
(28%) Cattle Egret and 4 (14%) Snowy Egret nests.

Little Blue Herons nested higher (2.25 ± 0.1 m) than 
Cattle Egrets (1.97 ± 0.06 m) and Snowy Egrets (1.80 ± 0.1 
m) (F2,112 = 5.30, r2 = 0.09, p = 0.006) (Fig. 2). Little Blue 
Herons constructed both clumped nests (15, 52%) isolated 
at an edge of the colony and scattered nests throughout the 
colony (14, 48%).

The modal clutch size differed among species (G = 23.23, 
df = 12, p = 0.026), with two eggs in Cattle Egrets (1–7 range) 
and Little Blue Herons (1–4), and three eggs in Snowy 
Egrets (2–4) (Fig.  3a). Average clutch size was 3.0 ± 0.2 
eggs in Cattle Egrets, 2.3 ± 0.1 in Little Blue Herons, and 
2.7 ± 0.1 in Snowy Egrets. Cattle Egrets had the largest 
clutch size, with 6–7 egg clutches (1 nest, 0.9% each) that 
fledged only 2 young per nest and 5-egg clutches (5 nests, 
4.3%) that fledged 2.4 young per nest. Among all species, 

1 3

Page 3 of 9  27



Wetlands (2023) 43:27

January (Cattle Egrets, Snowy Egrets). In February, only 
two Snowy Egret nests still had nestlings (Fig. 4).

All species fledged young, and around 15 January, a total 
of 51 nests (57% of all successful nests) had fledged. The 
last fledglings were from two Snowy Egret nests (5 and 6 
February). By mid-February, the colony no longer had nest-
ing birds, and adults and young were observed nearby. By 
mid-March, juveniles appeared to be scattered and were no 
longer attended by parents.

Nest failure was due to predation, abandonment, adverse 
weather, and sibling competition. Both nest-site groups had 

2-egg clutches were the most frequent (50 nests, 43.5%) but 
the least productive (1.28 young per nest).

Egg-laying began in the last half of November and 
the first nestlings hatched on December 10th (Little Blue 
Heron), 12th (Cattle Egret), and 13th (Snowy Egret). Most 
nestlings occurred in December (Little Blue Herons) and 

Fig. 4  Number of eggs and nestlings of Cattle Egrets, Little Blue Her-
ons, and Snowy Egrets in the breeding colony of Sepetiba Bay, south-
eastern Brazil

 

Fig. 3  Reproductive output for Cattle Egret, Little Blue Heron, and 
Snowy Egret nests in the breeding colony of Sepetiba Bay, southeast-
ern Brazil. (a) Clutch size, demonstrating that Cattle Egrets had the 

highest variation in clutch size, while Snowy Egrets had the greatest 
median clutch size. (b) Number of fledglings per nest, showing that all 
species converged on two young fledged per nest

 

Fig. 2  Boxplot of nest height distributions for Cattle Egret, Little Blue 
Heron, and Snowy Egret nests in the breeding colony of Sepetiba Bay, 
southeastern Brazil. The boxplot shows medians, quartiles, 5th and 
95th percentiles, raw data, mean values (black dots), and p-values
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species are relatively long-lived, with longevity records of 
11–16 years (Clapp et al. 1982), so lifetime breeding suc-
cess should be much greater than simple replacement at 
these rates, including the Little Blue Herons. Although its 
proximity to urban areas increased the use of anthropogenic 
debris as nesting materials, the overall high breeding suc-
cess of most nests can place this mangrove as an important 
breeding site for herons.

The breeding season begins in late spring and continues 
through summer in the southern hemisphere. In our breed-
ing colony, the breeding season started later and ended 
sooner than is typical for herons in temperate North Amer-
ica, where they begin nesting in late winter and continue 
through late summer (Hancock and Kushlan 2010). In Sepe-
tiba Bay, breeding is timed for the rainy season, which is 
similar to other locations in the USA, Mexico, Cuba, Argen-
tina, and southern Brazil (Ávila et al. 2003; Mellink and 
Riojas-López 2008; Josens et al. 2009; Gianuca et al. 2012; 
Bisinela et al. 2014; Baker and Dieter 2015). Just a short dis-
tance farther south, however, in the state of São Paulo, Little 
Blue Herons began breeding a month sooner than Sepetiba 
Bay (Olmos and Silva e Silva 2002). Climate is very similar 
in the two mangroves (though somewhat warmer in Sepe-
tiba Bay), and this suggests that factors affecting breeding 
patterns may be subtle. Some evidence suggests that breed-
ing season length may increase with colony size (Shirai 
2013), but both breeding season length and colony size may 
be associated with other variables.

In tropical systems, breeding season length can allow 
multiple broods per year as a strategy to increase annual 
breeding success (Roper 2005). However, here we observed 
only one brood during the breeding season. Nests that started 
later may have been after a previous nest failure within the 
breeding season, but this would only be likely for Little Blue 
Herons as breeding success was much greater in the other 
two species. A single brood per breeding season is typical of 
herons in temperate latitudes (Johnsgard 2009), so perhaps 
the limits on breeding season length here do not allow mul-
tiple nests per pair unless they were replacement nests after 
failure (Parsons and Master 2000). Herons remaining in the 
vicinity of their nesting colonies for up to two months after 
breeding seems to be typical (Browder 1973; Erwin et al. 
1996; Cox et al. 2019).

Nests were similar to those reported elsewhere (Sick 
1997; Lovette e Fitzpatrick 2016). They were mostly built 
on Avicennia schaueriana with few nests (mainly Little 
Blue Herons) on Rhizophora mangle. However, the use of 
nylon lines and ropes was unusual and only occurred in two 
of the three herons. The anthropogenic nest materials in our 
breeding colony could be related to its close location to fish-
ing communities, urban populations, and important Brazil-
ian harbors. Anthropogenic debris as nesting materials is 

similar nest failure rates (43% edge, 34% interior, over-
all 36% failure, G = 1.28, df = 1, p = 0.258). We observed 
several potential nest predators around the colony, includ-
ing Black Vulture (Coragyps atratus), White-tailed Hawk 
(Geranoaetus albicaudatus), Great Kiskadee (Pitangus 
sulphuratus), and Black-crowned Night-heron (Nycticorax 
nycticorax). Reptiles and mammals or their footprints were 
not observed, except for a Teiidae lizard found in one nest. 
Agonistic interactions were observed between Great Kiska-
dee and heron nestlings. Breeding success was high both in 
Cattle Egrets (52 of 58 nests, 90%) and Snowy Egrets (25 
of 28 nests, 89%), with lower success in Little Blue Herons 
(12 of 29 nests, 41%, G = 25.95, df = 2, P < 0.001). Nest sur-
vival rates were 99.7% day-1 in Cattle Egrets (SE = 0.0012), 
97.1% day-1 in Little Blue Herons (SE = 0.0070, p < 0.001), 
and 99.7% day-1 in Snowy Egrets (SE = 0.0020). Most nest 
failures occurred during the incubation period in about half 
of Little Blue Heron nests (14, 48%), followed by Cattle 
Egrets (3, 5%), and Snowy Egrets (1, 4%). Nest failure dur-
ing incubation in Little Blue Herons occurred in the last 
half of December due to localized predation events in all 
clumped nests. Brood reduction (fewer young fledged than 
eggs hatched) occurred in all three species, mostly in Cattle 
Egrets (27 nests, loss of 1–5 young), followed by Snowy 
Egrets (14 nests, loss of 1–2 young), and Little Blue Her-
ons (7 nests, loss of 1–2 young). Few nests failed during 
the nestling period (aside from brood reduction), with only 
three losses in Cattle Egrets and Little Blue Herons and two 
losses in Snowy Egrets.

Overall, 176 fledglings were produced (106 in Cattle 
Egrets nests, 22 in Little Blue Herons, and 48 in Snowy 
Egrets, Fig. 3b). Thus, of 116 breeding Cattle Egret adults, 
106 young were produced (92% replacement, 63% of eggs 
laid); of 58 Little Blue Heron adults, 22 young were pro-
duced (38% replacement, 34% of eggs laid); and of 56 
Snowy Egret adults, 48 young were produced (86% replace-
ment, 63% of eggs laid).

Discussion

We found lower breeding success in Little Blue Heron nests 
(41%, 34% of eggs laid) compared to greater success in the 
other colony nesting species (~ 90% in both Cattle Egrets 
and Snowy Egrets). Local predation events may explain its 
lower breeding success as all Little Blue Heron clumped 
nests failed in the last half of December. Therefore, inter-
specific aggregation within a breeding colony may play an 
important role to decrease predation risk. In general, nests 
had relatively high success, with brood reduction occur-
ring in 52% of Cattle Egret, 58% of Little Blue Heron, and 
56% of Snowy Egret nests. Despite these losses, all three 
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can favor sibling competition and aggression (Mock 1987), 
both leading to brood reduction in larger clutches.

Avian breeding success tends to be lower in tropical lati-
tudes due to greater nest predation (Ricklefs 1969; Martin 
1995). However, herons had higher success (~ 90% in both 
Cattle Egrets and Snowy Egrets) when compared to other 
subtropical locations in Brazil, such as Cattle Egrets with 
63% success and Snowy Egrets with 50% in one reservoir 
environment (Petry and Fonseca 2005). Indeed, the breed-
ing success of Cattle Egrets and Snowy Egrets in our colony 
was quite similar to northern latitudes where predation rates 
are lower (Baker and Dieter 2015). While breeding in mixed 
colonies may often result in reduced breeding success for 
some species, we found no evidence for interspecific inter-
actions that would have reduced breeding success. Indeed, 
interspecific interactions may have favored higher breeding 
success in most species. Nest failure in herons often occurs 
during the incubation period (Cupul-Magaña 2004; Olguín 
et al. 2015), even with reduced predation risk provided by 
mixed colonies (Branco 2003). Nest failure may be higher 
at the edge than at the interior of the colony due to more 
exposure to predators and weather conditions (Uzun 2009). 
However, we did not find this pattern in our colony, yet Lit-
tle Blue Heron clumped nests built isolated from the other 
two species at the colony edge suffered higher nest preda-
tion. Therefore, interspecific aggregation of nests may play 
a more important role than nest sites to prevent nest failure.

Conclusion

Cattle Egrets, Little Blue Herons, and Snowy Egrets formed 
a mixed breeding colony of 230 pairs with high breeding 
success in a mangrove of Sepetiba Bay, southeastern Brazil. 
Little Blue Herons had lower success due to the loss of all 
clumped nests. These localized predation events may indi-
cate that interspecific nest aggregation may reduce nest fail-
ure in mixed colonies. Overall, nests were very successful, 
even though brood reduction (common in herons) occurred 
in most nests. Thus, this colony in Sepetiba Bay produces 
more young than a simple replacement of their parents, 
and this productive colony may be an important source 
to provide individuals for other, less successful, colonies 
elsewhere.
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increasing in birds nesting in coastal wetlands (Brentano 
et al. 2020; Thompson et al. 2020). Their use can lead to 
injury or death of adults and chicks through entanglement 
and ingestion (Witteveen et al. 2017; Ryan 2018). Thus, 
management of fishing waste and other anthropogenic 
debris, such as initiatives to collect and recycle nylon lines 
and ropes, should be conducted to decrease the risk of heron 
mortality (Yorio et al. 2022).

Nest-site selection is paramount and requires suitable 
substrates to ensure breeding success (Roshnath and Sinu 
2017; Metallaoui et al. 2020). In mixed nesting colonies, 
the nest-site selection is usually related to bird size (larger 
species dominate) and arrival order (first to arrive get the 
best nest sites) at the colony (Kim and Koo 2009). However, 
Cattle Egrets tend to select nest sites based on other vari-
ables rather than simply height (Burger and Gochfeld 1990; 
Scherer et al. 2014). Here, although Little Blue Heron nests 
were placed higher than Cattle Egrets in the nesting trees, 
we did not observe a strong vertical nest stratification as all 
species were similar in size (smallest Cattle Egrets − 334 g, 
largest Little Blue Herons − 399 g, Ávila 2011) and arrived 
about the same time. This may suggest that suitable condi-
tions for breeding favor the synchronous arrival of all three 
species, and they independently select a nest site without 
much interference from the others.

The average clutch size ranged from 2.3 in Little Blue 
Herons to 3.0 in Cattle Egrets. Avian clutch size tends to be 
greater in more temperate regions (4.5 eggs) and decreases 
at lower, tropical, latitudes (2 eggs) (Ricklefs 1980; Jetz 
et al. 2008). Herons also follow this pattern, for example, 
Black-crowned Night Herons (Nycticorax nycticorax) 
reached an average clutch size of 3.5 in Korea (37°N) (Jung-
soo and Tae-Hoe 2007) and 2.4 in Brazil (2°S) (Martínez et 
al. 2020). Therefore, clutch sizes found in our colony are 
similar to other herons nesting in tropical wetlands (e.g., 
Olmos and Silva e Silva 2002; Gómez et al. 2006; Olguín 
et al. 2015).

Larger clutches may fledge more young but are less fre-
quent. In our colony, 5-egg clutches were more productive 
(2.4 fledglings per nest) and less frequent (4.3%), except 
for 7 − 6 clutches, which produced only 2 fledglings. On the 
other hand, 2-egg clutches were less productive (1.3 fledg-
lings per nest) and more frequent (43.5%). Several hypoth-
eses have been proposed to explain this pattern as higher 
clutch size may be constrained by nest size (Slagsvold 
1982), number of brood patches (Hills 1980), food avail-
ability (Lack 1968), individual condition (Perrins and Moss 
1975), predation risk (Lack 1968; Slagsvold 1982), parental 
effort (Lindén and Møller 1989), sibling competition (Mock 
1987), and parasite load (Moss and Camin 1970). In herons, 
larger clutches may represent insurance against egg infertil-
ity or loss (Martínez et al. 2020), and asynchronous hatching 
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