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ABSTRACT.—We evaluated the influence of environmental and density-dependent factors
(intraspecific and interspecific) on clutch size, brood size, and nesting success of Little Egrets
(Egretta garzetta) in the Camargue of southern France. We recorded these reproductive pa-
rameters in most years from 1970 to 1998. We used a generalized linear modeling approach
(model selection based on AIC) to examine the environmental effects of spring rainfall, win-
ter temperature, and wind on these parameters. We also examined density dependence of
these parameters based on the total number of Little Egrets and the total number of tree-
nesting herons nesting in these mixed-species colonies. Clutch size was positively associated
with rainfall and negatively associated with the number of Little Egret nests in the Ca-
margue. Brood size was negatively associated with the number of Little Egret nests, although
rainfall was only significant as an interaction effect with these two effects. Nesting success
was negatively associated with the number of tree-nesting herons, the proportion of each
colony consisting of Cattle Egrets (Bubulcus ibis), wind speed, and several interactions among
these variables. Virtually all of the reproductive parameters that we evaluated were nega-
tively associated with the number of Little Egret nests or the number of tree-nesting herons.
Anecdotal evidence suggests that Cattle Egrets displace Little Egrets at some centrally lo-
cated nest sites. Such sites are better protected from strong winds, which are a common

cause of nesting failure. Received 20 November 1998, accepted 23 November 1999.

DENSITY-DEPENDENT effects on avian repro-
duction are well known, although little evi-
dence for such effects exists in wading birds
(Butler 1994). In contrast, density-independent
environmental factors are commonly reported
to influence reproduction in this group. For ex-
ample, Hafner et al. (1994) found that rainfall
in winter and spring is correlated with clutch
size and brood size of Little Egrets (Egretta gar-
zetta). Extended periods of temperatures below
freezing are correlated with wintering and
subsequent breeding population size of Little
Egrets (Hafner et al. 1994), although it is not
known if subsequent effects influence repro-
ductive success.

Since the mid-1980s, numbers of Little Egrets
in the Camargue region of southern France
have increased steadily (Hafner and Fasola
1997). Cattle Egret numbers (Bubulcus ibis) also
have increased, from one nest in 1967 to a re-
cent high of 3,532 nests in 1996 (H. Hafner un-
publ. data). In the Camargue, anecdotal evi-
dence suggests that Cattle Egrets occupy the
center of colonies, where reproductive success
of Little Egrets is higher (Hafner 1977). During
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nest building, Cattle Egrets frequently steal
sticks from nearby nests (Valentine 1958), and
sometimes they eject nest contents (Blaker
1969, Siegfried 1972). Given (1) an advantage of
selecting certain nest sites, (2) increased num-
bers of Little Egrets and Cattle Egrets, and (3)
aggressive behavior of Cattle Egrets, we hy-
pothesized that intra- and interspecific density
dependence related to nest-site acquisition
could occur. Here, we evaluate the influence of
environmental and density-dependent factors
on clutch size, brood size, and nesting success
of Little Egrets.

METHODS

Study area.—Our study area was the Camargue
(delta of the Rhone River in southern France), which
comprises 180,000 ha and includes several colony
sites and associated feeding areas used by Little
Egrets (Hafner 1977, Hafner et al. 1982). The flood-
plain of the Rhone River has been confined within
levees on either side of the delta since the early 1850s
(Benoit 1933), and the habitat outside the delta com-
plex generally is unsuitable for breeding or foraging
(Hafner 1977). Thus, the spatial extent of the Ca-
margue population of Little Egrets has remained
largely the same for several decades (Hafner 1977,
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1982). This population also is relatively isolated; the
nearest major breeding areas are in Italy and Spain
more than 400 km from the Camargue.

Breeding population size.—Little Egrets in the Ca-
margue nest in trees, usually in mixed colonies with
Cattle Egrets, Black-crowned Night-Herons (Nycti-
corax nycticorax), and Squacco Herons (Ardeola rallo-
ides). Each year from 1967 to 1998, all colonies were
located throughout the study area using a small air-
craft (Hafner et al. 1994). From May to mid-July, each
colony was censused weekly by the same observer
(Hafner 1977). Each colony was partitioned into sec-
tors of approximately 0.1 ha. Complete nest counts
were conducted within each sector, and any new
nests were added to the previous count during each
subsequent visit. Based on repeated counts and
marking of nests in a sample of sectors, we believe
that overestimation was extremely unlikely and that
the extent of underestimation was not substantial
(e.g. <10% in the largest colonies).

Environmental variables.—We used the cumulative
absolute value of daily minimum temperatures be-
low 0°C (i.e. the sum of the negative values) as an in-
dication of the severity of cold winter weather (Haf-
ner et al. 1992, 1994). In accordance with Hafner et
al. (1994), we used total cumulative rainfall between
February and April as an indication of spring rain-
fall. A strong wind, known as the Mistral, occurs in
the Camargue throughout the year and can be a sub-
stantial source of nesting failure (Valverde 1955, Haf-
ner 1978). Thus, we used the cumulative sum of the
maximum daily wind speed during the main nesting
period (15 April to 15 June) as a measure of wind ef-
fects. Climatic data were provided by the Tour du
Valat meteorological station, which is located in the
center of the Camargue.

Reproductive parameters.—We assessed clutch size,
brood size, and nesting success for a sample of col-
onies during most years (Table 1). Nests were
marked along transects and their contents checked
once a week. To reduce disturbance early in the
breeding cycle, we recorded clutch size at 10% or
fewer of the number of nests in large colonies and
20% or fewer in small colonies. We defined brood
size as the number of chicks alive at 20 to 25 days of
age. After this age, chicks can of escape by walking
and may not be present at nests (H. Hafner unpubl.
data). We considered a nest to be occupied with the
laying of the first egg and successful if at least one
young reached the age at which it was able to escape
by walking. Because complete censuses were con-
ducted weekly and nests were marked early during
incubation, we did not expect a bias from finding
nests in latter stages. Thus, we did not use the May-
field (1961) estimator. Rather, nesting success was es-
timated as the proportion of occupied nests that was
successful.

Data analysis.—Data were analyzed within a gen-
eralized linear modeling framework. We used log-
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TABLE 1. Annual estimates of mean clutch size,
mean brood size, and proportion of nests success-
ful for Little Egrets in southern France. Number of
nests is in parentheses.

Nesting
Year Clutch size  Brood size success
1970 4.30 (156) — 0.96 (142)
1971 4.39 (57) — 0.90 (58)
1972 4.34 (215) — 0.91 (115)
1973 — — —
1974 — — —
1975 — 3.02 (176) —
1976 — 3.30 (152) —
1977 — 3.19 (117) —
1978 — 3.10 (80) —
1979 — 3.05 (150) —
1980 — 3.06 (178) —
1981 — 2.90 (221) —
1982 4.16 (58) 2.89 (189) 0.95 (57)
1983 — 3.09 (144) —
1984 3.80 (51) 2.60 (279) 0.91 (54)
1985 — 3.31 (185) —
1986 4.71 (135) 3.35 (155) 0.94 (156)
1987 4.43 (30) 3.27 (137) 0.88 (49)
1988 4.20 (97) 3.12 (136) 0.92 (122)
1989 3.83 (100) 2.98 (160) 0.88 (117)
1990 4.17 (106) 2.97 (207) 0.85 (148)
1991 3.86 (117) 2.79 (163) 0.63 (173)
1992 4.02 (120) 2.69 (199) 0.81 (155)
1993 3.85 (121) 3.02 (325) 0.89 (132)
1994 4.03 (121) 2.78 (297) 0.92 (122)
1995 4.13 (104) 2.63 (238) 0.78 (147)
1996 3.92 (79) 2.66 (277) 0.78 (151)
1997 3.45 (60) 2.42 (358) 0.79 (73)
1998 3.99 (116) 2.47 (283) 0.86 (121)

linear models to assess effects of environmental and
density-dependent explanatory variables on clutch
size and brood size. We also included time (year) and
colony effects as potential explanatory variables. We
used logistic regression to explore the factors influ-
encing nesting success. Model selection was based on
Akaike’s Information Criterion (AIC; Akaike 1973,
Burnham and Anderson 1998). We checked the valid-
ity of a Poisson assumption using the model devi-
ance divided by its degrees of freedom (SAS 1997,
Burnham and Anderson 1998). We also checked for
temporal autocorrelation by testing the association
between the residuals of fitted models at times ¢ and
t—1.

RESULTS

Our selected model indicated that mean
clutch size was positively associated with rain-
fall (x 2 = 11.67, df = 1, P < 0.001) and nega-
tively associated with the total number of Little
Egret nests (x 2 = 8.85, df = 1, P = 0.003; Fig.
1). The model did not exhibit a substantial
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FiG. 1. Annual clutch size relative to total rainfall

(upper) and total number of Little Egret nests in the
study area (lower).

amount of overdispersion with respect to a
Poisson assumption (deviance/df = 1.3), nor
was there evidence of temporal autocorrelation
of the residuals.

Brood size also was negatively associated
with the total number of Little Egret nests (x?
= 18.36, df = 1, P < 0.001; Fig. 2). Cumulative
rainfall was not significant as a main effect (x2
= 0.25,df = 1, P = 0.617) but was retained in
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F1G. 2. Annual brood size relative to total number
of Little Egret nests in the study area.

our selected model because of its significance
in an interaction term with the number of Little
Egret nests (x2 = 8.31, df = 1, P = 0.004). Our
final model indicated a small degree of over-
dispersion with respect to a Poisson assump-
tion (deviance/df = 2.3); however, adjusting
for overdispersion using a quasi-likelihood
framework (SAS 1997, Burnham and Anderson
1998) did not change which model was select-
ed, and the significance of explanatory effects
changed only slightly. As with clutch size, we
found no evidence of temporal autocorrelation
of the residuals.

Our final model of nesting success indicated
an effect of the total number of tree-nesting
herons, the proportion of the colony consisting
of Cattle Egrets, wind speed, and several inter-
actions among these variables (Table 2). The to-
tal number of tree-nesting herons and the pro-
portion of Cattle Egrets in colonies were neg-
atively associated with nesting success (Fig. 3).
Wind speed was not significant as a main ef-
fect, but it contributed strongly to two inter-

TaBLE 2. Maximume-likelihood analysis of variance table for final logistic regression model of nesting suc-

cess of Little Egrets in southern France.

Source Xz df P
Year 8.48 1 < 0.001
Total population size of tree-nesting herons (TPS) 2.26 1 0.133
Proportion of colony consisting of Cattle Egrets (PCE) 18.29 1 <0.001
Wind® 0.87 1 0.350
TPS X PCE 33.15 1 <0.001
PCE X wind 29.56 1 <0.001
TPS X PCE X wind 41.86 1 <0.001

2Based on type 3 likelihood-ratio statistics and thus not dependent on order within model (SAS 1987).
® Not significant at o = 0.05 as main effect, but retained because of significance in interactions.
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F1G. 3. Annual proportion of nests that were suc-
cessful relative to total number of tree-nesting her-
ons (upper) and proportion of each colony consisting
of Cattle Egrets (lower).

action effects. In contrast to clutch and brood
size, the residuals of our fitted model of nesting
success exhibited temporal autocorrelation
without the inclusion of an additional year ef-
fect, which was also supported by AIC and
therefore included in our final model. An
anomalous event (seen only once since 1967)
occurred during 1986 where Eurasian Jack-
daws (Corvus monedula) nesting in proximity to
one small colony destroyed our entire sample
of nests for that colony. Because the jackdaws
probably used the disturbance of our visit to
gain access to nests while the parents were off
their nests, we excluded this colony from our
analysis. Removal of this colony from analysis
did not alter our general results but would have
introduced an additional colony effect and col-
ony X year interaction.

DIscussiON

Environmental effects.—Severely cold winters
reportedly affect winter and subsequent breed-
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ing population size of Little Egrets in the Ca-
margue (Hafner et al. 1994). However, our anal-
ysis did not indicate a subsequent influence of
winter temperature on reproductive parame-
ters. An association between rainfall preceding
the breeding season and reproductive success
also has been reported for several species of
herons (e.g. Ogden et al. 1980, Bancroft et al.
1988, Bildstein et al. 1990, Maddock and Baxter
1991), including the Little Egret (Hafner et al.
1994). Rainfall was the primary environmental
influence we observed on clutch size and brood
size. Years of higher rainfall correspond with a
greater surface area of Little Egret foraging
habitat (Hafner et al. 1994), and prolonged pe-
riods without surface water in freshwater
marshes can result in prey die offs (Frederick
and Collopy 1989). Although rainfall preceding
the breeding season may have positive benefits
related to foraging habitat, rainfall during the
breeding season has been known to result in
colony abandonment in some North American
wetlands (e.g. Frederick and Collopy 1989).
Such an effect was not apparent in the Ca-
margue.

Wind had a significant effect on nesting suc-
cess, but only as an interaction term with den-
sity- dependent effects. High winds can result
in collapsed nest structures, particularly when
nests are located on the edge of a colony where
they have a more direct exposure without the
sheltering effects of adjacent trees. Mistral
winds in the Camargue typically are out of the
north. Thus, nests on the north ends of colonies
also are more likely to be susceptible to wind
damage. During some years (e.g. 1991), high
winds can cause a substantial decrease in over-
all nesting success.

Density-dependent effects—Density-dependent
reproduction has been observed in many ani-
mal populations (Sinclair 1989, Woiwod and
Hanski 1992, Holyoak and Baillie 1996). De-
spite evidence for density-dependent effects on
reproduction in other waterbirds (Gaston et al.
1983, Birkhead and Furness 1985, Hunt et al.
1986), evidence generally has been lacking for
such effects on ardeids. Recently, Butler (1994)
noted the general lack of evidence for density
dependence in the reproduction of wading
birds. Although our data are correlative, and
inferences regarding causality are therefore
limited, they are in contrast to Butler’s assess-
ment in that they indicate density-dependent
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effects on reproduction of Little Egrets in the
Camargue. Virtually all of the reproductive pa-
rameters we evaluated were negatively associ-
ated with the number of nesting Little Egrets
and/or other tree-nesting herons. In each case,
the association was explained better by num-
bers of herons than by a linear trend over time
(i.e. clutch and brood size), or was in addition
to a linear trend (i.e. nesting success).

Competition for nest sites in the Camargue
may occur because suitable undisturbed stands
of trees are quite limited (Hafner 1982). Given
the substantial increase in the number of Cattle
Egrets in the Camargue since 1967, the poten-
tial for interspecific competition for nest sites
also is likely to have increased, especially con-
sidering the aggressive nature of Cattle Egrets
with respect to nest sites (Blaker 1969, Sieg-
fried 1972). Our data suggest that nesting suc-
cess of Little Egrets is density dependent only
when considered in the interaction with the
proportion of Cattle Egrets in nesting colonies.
Prior to widespread distribution of Cattle
Egrets in the Camargue, Hafner (1977) docu-
mented a relationship between nesting success
of Little Egrets and the position of the nest rel-
ative to the center or edge of the colony. Nests
on the periphery of a colony were more suscep-
tible to damage from wind than those located
more centrally (Hafner 1977). Anecdotal obser-
vations suggest that Cattle Egrets tend to oc-
cupy the more central locations of colonies in
the Camargue and may even displace Little
Egrets from these sites. This is currently being
investigated, and if it occurs, it may provide a
mechanism for the negative effect on nesting
success. The phenomenon also would explain
the interaction that we observed between the
number and proportion of Cattle Egrets and
wind.

Dhondet et al. (1992) postulated that density-
dependent decreases in reproduction occurred
because of more frequent occupation of rela-
tively poor habitats at higher densities (thereby
reducing overall breeding success). The spatial
distribution of heron colonies within the Ca-
margue has remained essentially the same
throughout the study (Hafner 1977, 1982).
Thus, increases in density have not resulted in
spatial expansion of colonies into previously
unused habitats. However, our results do not
preclude the possibility that Little Egrets are
using poorer nest sites within colonies.
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