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Abstract Ecological facilitation (mutualism and commensal-
ism) appears to be a strong force shaping biotic communities,
and may be more likely in stressful and dynamic environ-
ments like wetlands. We examined a specific type of mutual-
ism, ‘protective nesting associations,’ between herons and
egrets (Ardeidae) and American alligators (Alligator
mississippiensis). We predicted that wading birds would be
attracted to sites with alligators. A survey of potential nesting
sites in the Everglades showed strong nonrandom association,
with wading birds never nesting without alligators. At previ-
ously unoccupied nesting colony sites, we experimentally ma-
nipulated apparent densities of alligators and birds using alli-
gator and bird decoys. Small day-herons (little blue herons
(Egretta caerulea), tricolored herons (Egretta tricolor), and
snowy egrets (Egretta thula)) were significantly more numer-
ous at sites with both alligator and bird decoys than other
treatments. These findings together support the hypothesis
that wading birds actively choose predator-protected nesting
locations based in part on information from both conspecifics
and alligators, and suggest that the mechanism supporting this
habitat choice is primarily due to nest protection benefits the
alligators inadvertently provide. We propose that this interac-
tion is strong and could be geographically widespread, and
suggest that it may be critical to shaping management and
conservation of wetland function.
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Positive ecological interactions (e.g. facilitation, mutualism,
commensalism) have emerged as a strong force in structuring
ecological communities (Stachowicz 2001; Bruno et al. 2003;
Altieri et al. 2007; Silliman et al. 2011; van der Zee et al.
2016), and perhaps in driving evolutionary processes
(Kikvidze and Callaway 2009; Kiers et al. 2010). Empirical
and theoretical evidence suggests that ecological facilitation
may be more common in stressful and dynamic environments
like wetlands than in relatively more stable terrestrial or ma-
rine environments (Callaway 2007). While much of the facil-
itation literature has been dominated by examples of plant
interactions (reviewed in: Brooker et al. 2008), there are a
growing number of reports of positive interactions between
animal species (Nummi and Hahtola 2008; Prugh and
Brashares 2012; Moe et al. 2014; Harvey et al. 2016). Here,
we provide evidence of positive ecological interactions among
wetland birds and alligators, the latter of which may function
as nest protectors.

Nest predation is generally a strong selective force in the
evolution of avian nesting behavior and life history (Martin
1993; Ibáñez-Álamo et al. 2015). Protective nesting associa-
tions occur when one species places its nest by active choice
near that of another, more formidable species that drives away
predators of the first species simply by defending its own
territory. Examples include red-backed shrikes (Lanius
collurio) serving to drive off predators of barred warblers
(Sylvia nisoria, Polak 2014), and territorial peregrine falcons
(Falco peregrinus) nesting near seabirds serve to decrease
predation by bald eagles (Haliaeetus leucocephalus, Hipfner
et al. 2011). Most nest protector species fall into one of four
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categories: (1) powerful or aggressive birds nesting solitarily
or in loose aggregations, (2) colonies of pugnacious birds, (3)
crocodilians or (4) colonies of aggressive or annoying social
insects (Haemig 2001a; Sergio et al. 2008). Descriptive stud-
ies of protective nesting associations are relatively common
(Quinn and Ueta 2008), but most studies have not examined
whether the association occurs by active choice and whether
there is a benefit to the association (but see Morosinotto et al.
2012; Haemig 2001b). Crocodilians could be used by birds as
nest protectors because crocodilians are known to prey on
predators of bird nests such as snakes and mammals
(Bondavalli and Ulanowicz 1999) and crocodilians sometimes
guard their own nests (Kushlan and Kushlan 1980). American
alligators (Alligator mississippiensis) have been anecdotally
reported to make islands in South Carolina Bpredator-secure^
for nesting boat-tailed grackles (Quiscalus major; Post and
Seals 1991; Post 1998a), least bitterns (Ixobrychus exilis;
Post 1998b), and common moorhens (Gallinula chloropus;
Post and Seals 2000) by deterring mammalian predators such
as raccoons (Procyon lotor). Robinson (1985) suggested that
black caimans (Melanosuchus niger) and yellow-rumped
caciques (Cacicus cela) may have a similar association.
While these studies noted or implied an association,
they provided no formal test of association. In Ghana,
Hudgens (1997) found that blue-billed malimbes
(Malimbus nitens) nested much closer to African dwarf
crocodile (Osteolamus tetraspis) nest sites than would
be expected from a random distribution. Further, the
mechanisms by which the protectee may have recog-
nized and aggregated to the protector have not been
demonstrated.

Long-legged wading birds (herons, egrets, ibises, storks,
spoonbills; Pelecaniformes and Ciconiiformes) nesting colo-
nially near alligators or in alligator habitat in the southeastern
United States of America present a good opportunity to study
potential mutualism between a nest protector and a symbiont.
Birds, mammals, and snakes commonly prey on wading bird
nests and may be one of the most important factors affecting
choice of nesting location (Frederick and Collopy 1989;
Coulter and Bryan 1995; Tsai et al. 2016). Although long-
legged wading birds are often colonial nesters, there is almost
no group or individual nest protection behavior (Rodgers
1987). Mammalian predators that can climb trees can de-
stroy many nests in a short period. Further, mammalian
predators are often nocturnal and can pose a real threat to
attending adults. Even a single night of intrusion by rac-
coons may lead to abandonment of the entire colony
(Rodgers 1987; Kelly et al. 1993). This suggests that
swamping (satiation) of mammalian nest predators
through synchronous breeding is an unlikely benefit of
coloniality for this group of birds.

Wading birds appear to avoid nest predation by selecting
inaccessible nesting sites, such as islands surrounded by water

(Frederick and Collopy 1989; Erwin et al. 1995; Tsai et al.
2016). However, nest sites in shallowly inundated wetlands
are often accessible to nest predators such as raccoons that
swim readily and move long distances in search of food in
aquatic habitats. In areas outside the range of alligators, rac-
coons have been known to make open-water crossings of up
to 950 m (Hartman and Eastman 1999), and readily move
among widely separated offshore islands (200 m) to prey on
nests and eggs of waterbirds (Ellis et al. 2007). Water depth in
many wetlands is generally shallow (0–3 m) (Loveless 1959;
Mitsch and Gosselink 1993) and vegetation within wetlands
often provides resting substrate for swimming mammals. This
suggests that expanses of open water alone are not likely to
function as a deterrent to raccoon use of wetlands and island
archipelagos.

The threat of predation by crocodilians could be a strong
force deterring raccoons from moving about in wetlands
(Jenni 1969; Post 1998a). This is supported by the obser-
vation that raccoons occur commonly as prey items of
large (>1.8 m total length) alligators (Giles and Childs
1949; Barr 1997; Shoop and Ruckdeschel 1990; Rice
2004).

Conversely, alligators may be less successful at capturing
prey in very shallow water and several studies have suggested
that the nest success of long-legged wading birds declines
when nest trees are no longer inundated, due to increased
predation by mammals (Ruckdeschel and Shoop 1987;
Frederick and Collopy 1989; Rodgers 1987; Post and
Seals 1991; Kelly et al. 1993; Coulter and Bryan 1995).
One interpretation of this evidence is that the movement
behavior of semi-aquatic small mammals may be severely
limited by the threat of predation by alligators. These
hypothesized relationships suggest that presence of alliga-
tors should be an indicator of safer nesting conditions for
long-legged wading birds.

From this information, we predicted that wading birds
should be attracted to visual evidence of alligators when
choosing colony sites. We tested this prediction in two
ways. First, we measured the degree of association be-
tween alligators and nesting wading birds on a large
sample of tree islands that constituted potential nesting
habitat. Second, we experimentally increased the appar-
ent density of alligators at potential colony islands using
decoys. Wading birds often breed colonially (Crozier and
Gawlik 2003; Heath and Frederick 2003) and this aggre-
gative cue might also be an important part of nest site
selection. For this reason, we also included wading bird
decoys in our experimental treatments. Our prediction
was that treatments involving alligator decoys (alligator
alone, or alligator + wading bird decoys) would have a
stronger response in both occupancy and numbers of
nesting birds in the colony site than either birds alone
or no decoys at all.
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Methods

Study Area

Study sites were located in Water Conservation Area-3A
(WCA-3A) of Dade and Broward Counties, Florida (Fig. 1).
WCA-3A is a large (cf 400 km2) impounded area of season-
ally flooded (0–3 m depth) sawgrass (Cladium jamaicense)
and wet prairie dotted with small tree islands. On slightly
elevated tree islands dominated by willow (Salix caroliniana),
little blue herons (Egretta caerulea), tricolored herons
(Egretta tricolor), and snowy egrets (Egretta thula) (collec-
tively hereafter, Egretta herons) tend to nest in aggregations of
two to 200 individuals (Loveless 1959; Frederick 1995).
Although there are numerous types of tree islands in the
Everglades (Loveless 1959), Egretta herons nest almost ex-
clusively on willow-dominated tree islands (Frederick and
Collopy 1988, 1989) that are usually created by the action of
alligators excavating and maintaining a small pond or depres-
sion (alligator Bhole^) used for reproduction and refuge during
low water levels (Mazzotti and Brandt 1994). Nesting is dur-
ing the dry season (January through May).

For experimental manipulation, we selected 40 small
willow-dominated tree islands within a 150 km2 section of
marsh, all of which had an alligator hole. Islands ranged in
size from 50 m to 200 m in their largest dimension, similar to
sites used previously by nesting Egretta herons in WCA-3A
(P. Frederick, unpublished database). We compared areas of
selected islands with the Mann-Whitney U test. Based on
systematic annual ground and aerial surveys, all sites used
for experimental work had been previously unoccupied by
nesting wading birds for at least 16 consecutive years (P.
Frederick unpublished database).

Decoy Experiment Design

We manipulated apparent densities of alligators using decoys,
with whole tree islands as the unit of treatment. Wading birds
are known to be attracted to white bird decoys (Crozier and
Gawlik 2003; Heath and Frederick 2003), and we included
bird decoys in treatments to increase the likelihood that
Egretta herons visited sites with and without the otherwise
very cryptic alligator decoys. We used four different treat-
ments: 10 alligator decoys, 18 bird decoys, 10 alligator plus
18 bird decoys, and no decoys. Decoy treatments were ran-
domly assigned to each of 40 tree island sites. Nighttime
spotlight surveys during this time indicated that all tree
islands had live alligators associated with them. Rather
than manipulating presence or absence of alligators, these
treatments were therefore intended to create some islands
with super-normal alligator stimulus.

Alligator decoys were cast using polyurethane spray insu-
lation (Foam It Green®, Guardian Energy Technologies, Inc.,

Riverwoods, Illinois) from a silicone mold of a dead 2.3 m
alligator. The mold was of the dorsal half of the alligator only,
making the decoys appear as if they were floating at the sur-
face of the water. The alligator decoys were larger than 1.8 m,
the minimum size at which alligators begin to breed, defend
territories, and be a significant predation threat to a raccoon
(Giles and Childs 1949; Joanen and McNease 1980; Klause
1984; Shoop and Ruckdeschel 1990). Alligator decoys were
painted in realistic colors using sprayed latex paint.

At each island with bird decoys, we presented three com-
mercially available great egret decoys (Flambeau, Inc.®,
Middlefield, Ohio) and 15 modified lawn flamingo decoys
(Garden Plast, Inc., Accra, Ghana). The pink flamingo decoys
were painted white with a pneumatic spray gun and flamingo
heads were replaced by a polyurethane-cast piece similar to a
small, white wading bird’s head and bill structure. Modified
flamingo decoys have a proven ability to initially attract small
wading birds to foraging areas (Crozier and Gawlik 2003).

Bird decoys were placed at mid-canopy height, approxi-
mately 1–2 m apart in willow trees surrounding the alligator
hole at each treatment site in February 2011, 1–3 weeks prior
to the initiation of breeding by Egretta herons. Alligator de-
coys were positioned in the water at the edge of the tree island.
No-decoy treatment islands were entered and explored by us
in the same fashion as other treatments.

Detecting Responses to Decoys

We used the maximum number of Egretta herons detected
during any survey as an indicator of interest in the treatment
by birds that might potentially nest. The use of counts of
individual birds instead of nests is justified because 1) in small
islands where all nests can be seen during the incubation
phase, counts of birds and nests were nearly identical; 2)
islands surveyed were very small (50 to 200 m in largest
dimension), providing high confidence that all birds would
be seen when disturbed by the approach of the boat
(Frederick et al. 1996), 3) herons and egrets do not use colo-
nies for feeding (Rodgers 1987) and 4) counting nests by
walking through colonies can cause nest abandonment and
alter the attractiveness of the colony (Tremblay and Ellison
1979). Juveniles (distinguishable by plumage) were only rare-
ly sighted at colonies and were not included in counts.

During response surveys, we approached each site as close-
ly as possible with an airboat. All flushed birds visible from
the exterior of the island were noted and we kept our visits to
less than 5 min. This method of counting individuals flushed
by the airboat is the samemethod used in the previous 16 years
by P. Frederick to survey these islands. Drought and lowwater
conditions in 2011 limited accessibility by airboat to an in-
creasing number of islands as the breeding season progressed.
Surveys were conducted bi-weekly beginning 2 March and
continued until 26 April, when only two of the 40 sites were
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accessible via airboat (N = 105 site visits). Two sites were
surveyed all five times, nine sites were surveyed four times,
twelve sites were surveyed three times, six sites were surveyed
twice, and eleven sites were surveyed just once. Decoy pres-
ence and condition were examined opportunistically and all
were confirmed to be present and in good condition when they
were removed in July 2011.

On the final survey of all experimental sites (morning of 27
April 2011), we used a helicopter (Bell 206B JetRanger III)
instead of airboats as the survey platform. The survey was
timed to coincide with the point at which most heron/egret
eggs had hatched, but no young had fledged. This increased
our chances of at least one adult bird being present at the nest
and therefore visible from the helicopter. The helicopter hov-
ered at approximately 125 m above ground level after ap-
proaching the island from the east. From the left side of the

aircraft, one observer counted, identified, and recorded all
wading birds flushed from the island. The other observer took
photographs using a Canon EOS 50D with a 28–135 mm
image stabilizing lens. We believe that this method is compa-
rable to ground survey counts by airboat in small wading bird
detection ability.

Alligator-Wading Bird Spatial Overlap

We also examined the relationship of wading bird nesting with
alligator presence by tallying both at a random sample of tree
islands in WCA 3. These islands were independent of those
islands that were manipulated, and the survey was done in
2015, four years after the manipulations. We used two ob-
servers in a helicopter (Bell JetRanger II hovering at 125 m
to visually detect presence of adults, young, and fledglings)

Fig. 1 Map of south Florida,
USAwith Water Conservation
Area 3A (WCA-3A) highlighted
in grey. Map courtesy of the U.S.
Geological Survey
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and evidence of recent alligator activity (alligator seen, or
fresh alligator tracks/trail around the alligator hole) in 73 tree
islands between 0900 and 1100 on 30 April and 1 May 2015.

Analysis

Decoy experiment: We used a two-tailed Chi-squared test of
equal proportions to detect departures from an even distribu-
tion of the maximum number of birds nesting at each site,
pooled by treatment group. Alpha was equal to 0.05. A Chi-
squared test was used rather than other statistical tests because
our data were discrete, non-normal and contained a large pro-
portion of zeros. To further examine bird response, we per-
formed post-hoc pairwise Chi-squared comparisons between
all treatments. A Bonferroni adjustment was applied to main-
tain the family-wise error rate. We divided alpha (0.05) by the
number of pairwise comparisons (6), to obtain the adjusted
alpha, 0.0083.

Additionally, we compared colony occupancy rather than
number of birds as a response variable to the experimental
treatments using a Chi-squared test of equal proportions.

Alligator-bird association: We used a two-tailed Chi-
squared contingency test to detect possible association be-
tween bird nesting and alligator presence.

Results

The experimental islands were typical of Egretta nesting sites,
ranging from approximately 450 m2 to 5000 m2

(mean = 1200 m2, measured by ARCGIS, using satellite im-
agery). We found no significant pairwise differences in mean
areas of colonies used in our four treatments (P > 0.10 in all
cases, Mann-Whitney U test).

Bird Response to Decoys

The distribution of numbers of Egretta herons found in sur-
veys relative to decoy treatment was significantly different
from an even distribution (Chi square: Χ2

3 = 72.45,
P = 0.0001) (Fig. 2).

Pairwise comparisons (Table 1) showed the number of
birds attracted to the alligator + bird treatment was higher than
that of all other groups (P < 0.0001). There was no significant
difference between numbers of birds attracted to the bird de-
coy treatment and the no-decoy treatment (Chi square:
Χ2

1 = 1.012,P = 0.31). Birds were less attracted to the alligator
decoy treatment than the bird decoy treatment (Chi square:
Χ2

1 = 18.328, P < 0.0001).
The number of treatment islands of any type that birds were

attracted to was not significantly different from an even dis-
tribution (Chi square: Χ2

3 = 2.00, P = 0.57) (Fig. 3).

Of 73 tree islands surveyed in 2015, we detected alligators
and birds together at 43 islands, alligators alone at 20 islands,
birds alone at zero islands, and neither birds nor alligators at 6
islands (Chi square = 8.96, p = 0.028).

Discussion

In our aerial surveys, the association between alligators and
nesting birds was highly nonrandom, and we found no in-
stances in which birds nested without alligators present.
Since there were appreciable numbers of tree islands that
had alligators but not birds, the distribution of birds appeared
to be uneven across alligator-occupied sites. Since the avian
species we studied typically nest colonially, a clumped distri-
bution is perhaps to be expected. This evidence suggests that
wading birds actively avoid areas without alligators. We inter-
pret the evidence from the decoy experiment to mean that
wading birds were attracted to nesting colonies at least partly
based on visual information about alligators, but only when
visual evidence of other Egretta herons were present. Wading
birds were not attracted to alligator decoys or wading bird
decoys when either was presented alone. Similarly, Dusi
(1985) attempted to attract little blue herons and cattle egrets
(Bubulcus ibis) to a small island with homemade decoys and
recordings of each species. Although seven different species
of wading birds visited the island briefly, none nested during
that 3-year study. This reinforces our finding that presence of
bird decoys alone was not enough to cause birds to select the
site for nesting. The combination of both decoy types ap-
peared to be necessary to create an environment attractive
enough for herons to initiate nesting in novel locations. This
use of dual or multiple social information sources may be
similar to the process by which other protective nesting

Fig. 2 Totals of maximum number of Egretta herons per treatment site
that responded to each decoy treatment. Bars with different letters were
significantly different, Bonferroni test
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associations between colonial species and nest protectors oc-
cur (Quinn et al. 2003; Hudgens 1997; Robinson 1985).

The alligator decoys alone could have been non-attractive
to herons for several reasons. Herons may have simply not
seen the alligator decoys, whichwere camouflaged to the point
that it was sometimes difficult for humans to detect them at
2 m range. Without the long-range stimulus of the highly vis-
ible white bird decoys, it is possible that birds never visited the
alligator-only islands and therefore the intended stimulus was
not detected. Alternatively, birds may have chosen nesting
sites based on presence information from both other wading
birds and alligators. One plausible scenario is that birds were
initially attracted by bird decoys to examine sites, and positive
feedback was further stimulated by noticing alligator decoys at
close range. Our experimental design did not allow us to dis-
tinguish between these hypothesized mechanisms.

We did not find a significant response to decoy treatments
based on presence/absence of birds in colonies. In keeping
with the survey information (above),Egretta herons are highly
social, aggregative nesters. With a sample size of ten islands
per treatment, our experiment may have had relatively low
power to detect an effect of occupancy, due to the birds’ social
nesting behavior. While occupancy would certainly offer the
most convincing test of response, we believe that numerical
responses also constitute one measure of the attraction that we
had predicted.

This study suggests the existence of an apparent preference
for nesting near alligators that may extend to other bird/ croc-
odilian associations. The association may arise from alligator
attraction to birds, bird attraction to alligators, or both. The
evidence presented here that herons were attracted by a com-
bination of birds and alligators to novel nesting locations sug-
gests that these highly mobile birds are probably using alliga-
tors as one of the cues of high quality nesting habitat. The
evidence therefore suggests that birds are active choosers in
this association. Outside of the range of alligators, raccoons
and other semi-aquatic mammalian nest predators are known
to move among widely separated offshore islands (200 m)
surrounded by deep water to prey on nests and eggs of water-
birds (Ellis et al. 2007). Our results suggest that wading bird
nests could therefore be more vulnerable to mammalian pre-
dation in parts of their range where alligators are not present.
This results in the prediction that outside of the range of alli-
gators, colonial birds should be more reliant on long distance
from mainland, tall or difficult to climb trees, or other, non-
crocodilian animals that prey on potential nest predators in
their choices of nest sites.

The evidence presented here suggests that wading birds
choose nesting locations in part based on social information
from both other wading birds and alligators, affording a strong
example of ecological facilitation between wetland animal
species. We predict that the mechanism supporting this habitat
choice is primarily due to the nest protection benefits that
alligators inadvertently provide, and the nutritional boost that
alligators receive from wading bird chick carcasses (Nell and
Frederick 2016; Nell et al. 2016). High predation rates have
been demonstrated when water is not present under nests and
alligators cannot move effectively (Post and Seals 1991;
Frederick and Collopy 1989; Burtner 2011). It is unclear what
part of the recognition of interspecific presence information
comes about through experiential learning, and what part may
be genetically determined. In either case, we suggest that rec-
ognition of nest habitat quality through interspecific cues can
be a productive way to understand habitat selection, and may
have strong management and conservation implications in
wetland habitats (Sergio et al. 2008).

While positive ecological interactions have been increas-
ingly emphasized in community ecology (Bronstein 2009),
the majority of known examples involve plants or other

Table 1 Pairwise comparisons of
numbers of birds responding to
decoy treatments. Alpha =0.0083

Decoy treatment 1 Decoy treatment 2 N = Chi square value P = Significant

Gator + Bird Control 230 25.113 <0.0001 yes

Gator + Bird Bird 243 16.333 <0.0001 yes

Gator + Bird Gator 194 64.66 <0.0001 yes

Control Gator 118 10.983 0.0009 yes

Bird Gator 131 18.328 <0.0001 yes

Bird Control 167 1.012 0.31 no

Fig. 3 Comparison of Egretta heron presence/absence at treatment sites
by treatment group. No significant difference
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sessile, habitat-forming organisms like corals as one of the
species (Cavieres and Badano 2009). Animal-animal interac-
tions are less well understood, yet may be of special interest
because mobile animals can choose where to settle, and can
adjust behavior to maximize the positive aspects of interac-
tions with another species. The alligator-bird interaction ap-
pears to be strongly positive for both species (Nell et al. 2016),
in part because both species groups can use cues and are
mobile enough to co-locate. It remains unclear, however,
whether stressful conditions (e.g. food limitation in an ex-
tremely oligotrophic wetland like the Everglades) are neces-
sary for the evolution of positive animal-animal interactions,
and whether such interactions usually function to expand the
realized niche in such situations (Crotty and Bertness 2015).
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