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abstract.—The Reddish Egret (Egretta rufescens) recently received a state-listing 
status of Threatened in Florida because of its small population size, recent local pop-
ulation declines, and restricted distribution. We implemented a statewide survey of 
nesting Reddish Egrets during the 2016 breeding season to estimate population size as 
a baseline for monitoring and to identify the largest breeding colonies to help prioritize 
management activities in Florida. We first prioritized potential breeding sites based 
on historical data, then used a combination of direct counts (i.e., counts performed by 
walking into a colony or by slowly circling a site in a boat), flight-line surveys (i.e., 
counting adults flying to and from breeding sites), and nonstandardized surveys to 
estimate the number of breeding pairs at 305 wading-bird breeding sites throughout 
Florida. Fifty-eight of the 305 sites surveyed (19%) had at least one nesting pair of Red-
dish Egrets. Birds were fairly evenly distributed across identified core nesting areas, 
with 78-86 pairs in southwest Florida, 54-88 pairs in Florida Bay, 95 pairs in the lower 
Florida Keys, and 34-43 pairs in or near Merritt Island National Wildlife Refuge. No 
nesting birds were observed north of Merritt Island on the east coast or north of Cedar 
Key on the Gulf coast. The estimated population size after correcting for imperfect 
detection at sites with direct counts was 480 nesting pairs (95% CI: 375-606). Our 
study and past efforts differ in survey methodology, intensity, and analytical approach, 
which precludes a population trend analysis. Qualitatively, however, we note that our 
raw count (262-312 pairs) is substantially lower than that reported in past survey ef-
forts and that we observed no colonies as large as the three largest colonies (28, 38, 
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and 54 pairs) documented in Florida Bay during 1977-1978. Regular monitoring to 
inform management and conservation actions is warranted for this rare species. The 
population estimate provided here should be a useful benchmark for tracking future 
population trends.

Keywords: abundance, Egretta rufescens, Florida, monitoring, population status, 
Reddish Egret

The Reddish Egret (Egretta rufescens) is North america’s rarest 
heron. distributed along the coasts of the Gulf of Mexico from Florida 
to Belize, throughout the West Indies, and near Baja California 
on Mexico’s west coast, it has an an estimated global population of 
just 5,000-7,000 individuals (Green 2006). a coastal specialist that 
depends on shallow flats for foraging, the species was probably always 
relatively rare but was nearly extirpated from the united states 
by plume hunters in the early 1900s (lowther and Paul 2002). In 
Florida, the species disappeared entirely sometime around 1908, then 
reappeared in Florida Bay in 1937 (Powell et al. 1989). The population 
then grew steadily until 1978, when researchers estimated that the 
Florida Bay population comprised 200-250 breeding adults (Powell et 
al. 1989). Nesting birds were discovered north of Florida Bay in the 
mid-1970s, and the population on Florida’s southwest coast grew until 
at least 2004, when 98 nesting pairs were found in the Tampa Bay area 
(Hodgson and Paul 2011). The species now breeds in Florida Bay, the 
lower Florida Keys (Wilmers and arnett 2004, Hill and Green 2011), in 
southwest Florida, from Cape sable north to Cedar Key (Hodgson and 
Paul 2011, Cook 2014), and on the east coast, primarily on and near 
the Merritt Island National Wildlife Refuge (NWR), though isolated 
breeding records have been confirmed elsewhere as well (e.g., Rodgers 
and schwikert 1986).

Reddish Egret nests have been monitored annually by boat 
and ground-based surveys in Tampa Bay for >30 years (Hodgson 
and Paul 2011), and monitoring began more recently in southwest 
Florida (Cook 2014). Monitoring has been less consistent elsewhere 
in the state, in part because the species’ dark plumage and subcanopy 
nesting location make it extremely difficult to detect on aerial surveys 
(Rodgers et al. 2005). as such, an estimate of statewide population size 
that includes a measure of uncertainty has not been produced, and 
it is unknown whether there are large, stable colonies not currently 
being monitored or managed. Recent monitoring by audubon Florida 
in Tampa Bay and Florida Bay suggests that both populations may 
now be declining (lorenz and Paul, unpublished data), likely because 
of altered hydrology that reduces the quality of foraging habitat (e.g., 
lorenz 2014a), human disturbance at nesting colonies (Hodgson and 
Paul 2011), and other anthropogenic factors such as continued coastal 
development and sea level rise.
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The Florida Fish and Wildlife Conservation Commission (FWC) 
determined that the Reddish Egret met the criteria for listing as state 
Threatened (FWC 2016) because of its small population size, recent 
local declines, and restricted distribution (FWC 2013). The state 
also finalized a species action Plan for the Reddish Egret and other 
wading birds that called for the identification and monitoring of the 
most important breeding colonies across the state. We implemented 
a statewide survey of Reddish Egrets during the 2016 breeding 
season using a standardized protocol to provide a baseline population 
estimate for future population monitoring and to identify the largest 
breeding colonies to inform the prioritization of management activities 
in Florida.

methodS

Data collection.—We searched for breeding Reddish Egrets from November 2015 
through June 2016 throughout coastal Florida. The earliest surveys were done in Florida 
Bay and the lower Florida Keys, where the breeding season starts earlier and extends 
longer than elsewhere in the state (lowther and Paul 2002). The extent of Florida’s 
coastline (~2,200 km), the logistical challenges associated with surveying coastal islands 
(e.g., weather, tides, cost), and the sparse, clumped distribution of Reddish Egrets pre-
cluded a stratified and/or randomized survey design. Instead, we focused our efforts on 
known colonial wading bird nesting sites with current or historical records of breeding 
Reddish Egrets, as well as places where suitable Reddish Egret nesting and foraging 
habitat occurred in proximity to each other. sites included natural and dredge-spoil is-
lands in estuarine, marine, and freshwater systems that were typically dominated by 
red mangrove (Rhizophora mangle), black mangrove (Avicennia germinans), and Brazil-
ian pepper (Schinus terebinthifolius). sites occurred primarily in each of four distinct 
core nesting areas: lower Florida Keys, Florida Bay, Merritt Island NWR, and Pinellas 
County south to Marco Island (hereafter, southwest Florida; Fig. 1). large stretches of 
Florida’s coast have few or no recently documented records of nesting Reddish Egrets 
(e.g., the eastern Panhandle and Big Bend south to Cedar Key, Jacksonville south to 
Merritt Island, and Merritt Island south to Biscayne Bay), but to ensure that we were 
not missing breeding birds we worked with land managers, NGO staff, and other local 
experts to identify potential survey sites. We recognized that large mixed-species colo-
nies of wading birds existed in the coastal habitats of Everglades National Park between 
Cape sable (Florida Bay) and Marco Island that likely include Reddish Egret nesting. 
But these colonies are inaccessible by boat and are surveyed only from the air, preclud-
ing, as mentioned, documentation of Reddish Egret nesting numbers. Therefore, this 
area was not included in our estimates. We also reviewed records on eBird (ebird.org) 
for locations of adult birds during the breeding season and surveyed nearby potential 
breeding sites.

We developed the statewide survey framework for monitoring Reddish Egrets based 
on Cox et al. (2017). There we recommended that the survey method used at a particular 
site be chosen based on a site-prioritization process as well as more fundamental logisti-
cal constraints. The prioritization process arose from our effort to balance the trade-off 
between sampling extent (i.e., we wanted to visit undersampled sites and make sure we 
could identify range expansions and contractions) and intensity of effort (we wanted to 
sample a subset of sites twice so we could estimate variances). We prioritized sites us-
ing the following criteria: high, a site with high relative abundance and/or consistent 
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occupancy across recent years; medium, a site with infrequent or historical rather than 
recent nest records; and low, a site outside a core nesting area or with suspected low-
quality nesting and/or nearby foraging habitat (i.e., few or no shallow flats; lowther and 
Paul 2002) where nesting birds had not been previously documented. We surveyed high- 
and medium-priority sites at least twice within a short time period (i.e., usually within 
a week) when possible to allow for estimation of count variances. low-priority sites were 
surveyed opportunistically and were rarely surveyed twice.

We could not adopt one survey protocol that suited all sites regardless of their priori-
tization rating because colonies occurred on properties owned and managed by federal, 
state, local, and private entities that allowed various degrees of access. In addition, nest-
ing birds occupied habitat of varying structure (e.g., canopy height, vegetation density) 
on islands of variable size, and in some cases entry into a colony on foot would have 
caused undue disturbance to nesting birds. We therefore relied on two primary survey 
protocols for high- and medium-priority sites: direct counts (i.e., counts performed by 
walking into a colony or by slowly circling a small colony from a boat ~30 m offshore) 
and flight-line surveys (in which two to four observers station themselves on opposite 
sides of a site approximately 100 m from a colony and recorded all incoming and outgo-
ing Reddish Egret flights for 2 h starting 1 h after sunrise). Most sites were surveyed 
twice within a week to estimate count variance. detailed descriptions and assessments 
of direct counts and flight-line surveys may be found in Cox et al. (2017).

unlike other sites, those in Florida Bay were usually surveyed >2 times over the 
course of the breeding season because we performed our surveys concurrent with a long-
term Roseate spoonbill (Platalea ajaja) monitoring program with repeated colony visits. 
The protocol for the Florida Bay sites is outlined in detail in lorenz (2014b), but, briefly, 
we visited current and historic Roseate spoonbill and Reddish Egret nesting colonies a 
minimum of three times per season, with early-season visits made every three weeks for 
sites known to have had nesting activity during the previous five years. We marked each 
active nest with a uniquely numbered 16- × 8-cm waterproof colored (red or blue) card 
attached with a spring-loaded clip to a tree near the nest, and revisited active colonies 
every 7-10 days until all nests failed or chicks became branchlings. Color tags have been 
used to mark nests in Florida Bay for >30 years and no evidence to date suggests that 
individual predators or predator populations have associated the tags with nests (J. lo-
renz, pers. obs).

We adopted an unstandardized approach for surveying low-priority sites that allowed 
us to cover substantial ground in a relatively short time, survey at any time of day, and 
take advantage of the efforts of other research and monitoring groups in the state. These 
survey efforts were made in areas with confirmed but older nesting records, areas with 
verified records in public databases (e.g, eBird sightings) of the presence but not docu-
mented nesting of Reddish Egrets, and at sites proximate to adult Reddish Egrets whose 
flight lines suggested they were nesting. We included these surveys in our overall data 
set if the surveyor was confident that the survey was reliable. some unstandardized 
surveys were performed via a slow, close pass in a kayak or outboard motor boat. In oth-
ers, one person visited an island to search for nesting birds while a second watched the 
canopy for perching Reddish Egrets. In some cases we performed a 1- to 2-h flight-line 
survey in late morning or early afternoon to look for nesting birds. We returned to a site 
when possible to perform a standardized survey if we suspected or had confirmed that 
Reddish Egrets were breeding there.

Analysis.—For each site, one of four count types was used: 1) direct count, performed 
once or twice within a short time period (i.e., usually within a week); 2) flight-line sur-
vey, performed once or twice within a similarly short time period; 3) low-priority-site 
survey, performed once; and 4) direct count, repeated throughout the breeding season 
(Florida Bay), resulting in peak and total nest counts for each site rather than a snap-
shot estimate. We limited estimation of detection rates to sites with one or two direct 
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counts because the other data types were either amenable to estimating variances but 
not detectability or, as in the low-priority-site surveys, were not designed to estimate 
variances. Furthermore, we used detection rates to correct the raw counts only for those 
sites at which direct counts revealed nesting reddish egrets. This approach assumes that 
all zero counts were true zeros, which may be untrue to some extent. However, many of 
the sites had nesting wading birds but were clearly unsuitable for reddish egrets (e.g., 
limited vegetation that lacked their preferred understory). Furthermore, some sites did 
not appear to have any nesting wading birds, and a retrospective review of our data 
showed that reddish egrets rarely nested in the absence of other species (n=1 site). as 
such, applying corrections for detectability to the many sites where reddish egrets were 
not detected would have resulted in a gross overestimate of the state’s Reddish Egret 
population size.

We estimated detection rates for the sites with direct counts using the double-observ-
er model via generalized multinomial N-mixtures (Nichols et al. 2000, Royle 2004) with 
the gmultmix function from the unmarked library (Fiske and Chandler 2011) for the 
R statistical environment (R Core Team 2016). data frames were first assembled with 
the unmarkedFrameGMM unmarked function with type = double and numPrimary = 1, 
hence availability was not estimated. default limits of integration (K = max observed 
count + 100) were assumed, and the stability of model results against larger K (500) was 
confirmed. Four models were compared that differed only in the conditional distribu-
tions (Poisson or negative binomial) and in whether detection probability was assumed 
to be constant or region-specific (southwest Florida vs. Florida Keys), because we had 
different crews and general site characteristics in each region. latent abundance (i.e., 
inferred abundance including individuals not detected) was assumed to be constant. We 
assessed goodness of fit by unmarked’s parboot parametric bootstrap function of the sum 
of squared errors from the best model, with 250 simulations (Fiske and Chandler 2011). 
Confidence intervals for abundance and detection probability point estimates from the 
best double-observer model were obtained by parametric bootstrap with 1,000 simula-
tions.

To obtain a population-size point estimate from the four data types, we summed the 
following: the point estimate from the best double-observer model for the direct count 
data, the mean value flight-line count from sites that received two surveys, the mean 
value of the peak and maximum counts from Florida Bay, and the counts from low-
priority sites or sites that received a single flight-line survey. We then used a parametric 
bootstrapping to obtain a confidence interval around the resulting population size. One 
thousand parametric bootstrap simulations of the best double-observer model from the 
direct counts were performed to estimate the sum of the mean best unbiased predictors 
(unmarked function bup) of the posterior empirical Bayes estimates (unmarked function 
ranef) of latent site abundances. For each simulated total from double-observer models, 
the numbers of nests estimated by flight-line, low-priority surveys, and Florida Bay were 
added. For Florida Bay sites and for sites assessed by flight-line surveys where two es-
timates were made, one from each pair of site counts was excluded by 50-50 chance for 
each simulation, so that the uncertainty implied by differences in pairs of counts at each 
site was included in the uncertainty estimate for the grand estimated sum.

reSultS

We surveyed 305 sites throughout Florida for nesting Reddish 
Egrets (Fig. 1). Twelve sites were surveyed via flight-line survey, 
9 (75%) of which were surveyed twice. One hundred thirty-three 
sites were surveyed via direct count, 28 (21%) of which were 
surveyed twice. Fifty-six sites were surveyed in Florida Bay, and 
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104 sites were surveyed by our team and external partners using 
unstandardized methods. Fifty-eight of the 305 sites (19%) had at 
least one nesting pair of Reddish Egrets (Table 1). Before accounting 
for detectability, 262-312 pairs were detected overall, with the range 
of values reflecting variability from sites that were surveyed twice 
via flight-line counts and from peak versus total nest counts from 
Florida Bay. The two largest colonies each had 23 pairs of nesting 
birds, but 29 sites (50%) had three or fewer pairs. Birds were fairly 
evenly distributed across the core nesting areas, with 78–86 pairs in 
southwest Florida, 54-88 pairs in Florida Bay, 95 pairs in the lower 
Florida Keys, and 34-43 pairs in or near Merritt Island National 
Wildlife Refuge (Fig. 2). No nesting birds were observed north of 
Merritt Island on the atlantic coast or north of Cedar Key on the 
Gulf coast.

The best of the four double-observer models was one assuming a 
negative binomial conditional distribution and region-specific detection 
probabilities. The akaike information criterion weight for this model 

figure 1. locations of the 305 sites surveyed for nesting reddish egrets during 
the 2016 breeding season.
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was 0.99, and goodness of fit was excellent (p = 0.59). after back-
transformation, latent abundance was estimated to be 10.54 (95% 
CI: 7.26-14.82) for the sites counted by double-observer protocol, and 

figure 2. locations and counts of nesting reddish egrets during the 2016 
breeding season in (a) southwest florida and Merritt island nWr, (b) florida 
bay, and (C) the lower florida Keys.
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p(detection) = 0.77 (0.70–0.82) for the Florida Keys sites and 0.47 (0.27-
0.61) for the southwest Florida sites. The bootstrapped point estimate 
of the sum for all sites was 480 (95% CI: 375-606).

diSCuSSion

The subcanopy nesting location, the variability in nesting habitats 
and site-access permissions, and the extent of nesting habitat make the 
Reddish Egret an especially challenging bird to survey. The snapshot 
nature of our survey (i.e., sites outside of Florida Bay were often visited 
during just one week of the breeding season) likely missed birds that 
nested outside our survey window, and our effort cannot be considered 
truly comprehensive because it was simply not possible to visit all the 
nesting habitat along Florida’s ~2,200 km of coastline. In particular, 
we failed to survey the region in southwest Florida between Cape 
sable in Marco Island, where large mixed colonies exist that probably 
include Reddish Egrets but are inaccessible because they are so remote. 
Nevertheless, our approach, which prioritized sites based on known 
Reddish Egret occupancy and allowed for different count types performed 
by biologists from numerous organizations, produced a statewide 
estimate of nesting Reddish Egrets that incorporated detectability and 
other count variances to the extent possible and that was consistent 
with prior knowledge about the status of the species in Florida.

Our population estimate of 480 breeding pairs is greater than the last 
published estimate of 250-300 pairs (Green 2006), which was considered 
a best guess because of spatial and/or temporal gaps in survey coverage. 
It is also greater than a 1990 estimate of 400 pairs at 40 sites (R. T. Paul, 
as reported in Robertson and Woolfenden 1992). Qualitatively, however, 
we note that our raw count (262-312 pairs) is substantially lower than 
that reported in Robertson and Woolfenden (1992), that the number of 
pairs (100-125) estimated by Powell et al. (1989) in Florida Bay in 1977-
1979 is greater than our estimate of 54-88 pairs. In addition, although 
we found birds nesting on five sites not documented by Powell et al. 
(1989), only six of 18 (33%) nesting sites active in 1977-1979 were still 
active in 2015-2016. Furthermore, our raw counts for Tampa Bay and 
southwest Florida in 2016 are substantially lower than those from the 
early 2000s (Hodgson and Paul 2011). Taken together, these facts suggest 
that regular monitoring of nesting Reddish Egrets is warranted until 
we can determine a statewide population trend with confidence. It will 
also allow managers to track regional populations to identify emergent 
issues within any of the core nesting areas.

Our survey effort was limited north of Cedar Key on the Gulf coast 
and north of Merritt Island on the atlantic coast because eBird records 
and communications with land managers and other partners indicated 
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that few, if any, adult Reddish Egrets are found there during the breeding 
season. It is not entirely clear why that is so. active colonies of wading 
birds exist in those areas, and, although Reddish Egrets require a specific 
foraging habitat (lowther and Paul 2002, Bates et al. 2016), the presence 
of juveniles in northeast Florida and the Panhandle during the breeding 
season (W.  a. Cox, unpublished data) and of adults in the Big Bend during 
the winter (W.  a. Cox, pers. obs.) suggests that foraging habitat is available 
in some of those areas. It may be that prey availability is sufficient for self-
maintenance but insufficient to raise young. alternatively, nesting habitat 
may be a limiting factor, at least on the Big Bend and Panhandle coasts. 
Nevertheless, further northward expansion may be just a matter of time, as 
the species has moved steadily northward in Florida since recovering from 
extirpation in the early 1900s, only recently began breeding in the Cedar 
Keys National Wildlife Refuge (the northernmost location on Florida’s Gulf 
coast), and has nested as far north on the atlantic coast as south Carolina 
(Ferguson 2005). any observed northward shift and/or range extension 
may be in response to climate change, as has been observed or projected 
for numerous other bird species (Zuckerberg et al. 2009, Wu et al. 2018). 
Regular monitoring of Reddish Egrets should allow for early detection of 
changes in the distribution of the species and provide an opportunity for 
climate resilient conservation planning and management. The degree to 
which climate change and concomitant sea-level rise will disrupt linkages 
between Reddish Egret foraging and breeding habitat is an open question 
that may also be informed by monitoring efforts.

Continued monitoring of Reddish Egret nesting sites across 
Florida will identify high priority breeding sites and is a necessary 
precursor to implementation of management actions that will benefit 
the species. For example, the substantial number of nesting birds in 
Florida Bay further reinforces the need to restore historical freshwater 
inputs from the Everglades to historic salinity levels to restore prey 
bases for nesting wading birds (lorenz 2014a). Protecting colony sites 
in waterways popular with recreational boaters and fishermen by 
posting the perimeter of the colony and/or including a no-entry buffer 
area should prove beneficial as nesting Reddish Egrets appear to be 
particularly sensitive to disturbance by humans (a. Paul, pers. obs.). 
Finally, numerous sites in Tampa Bay that were historically occupied 
by Reddish Egrets and other wading birds have been abandoned in 
recent years because of the presence of predators such as raccoons 
(Procyon lotor). Targeted predator removal prior to the breeding 
seasons at these sites and additional active colonies may be warranted 
and should benefit Reddish Egrets. Reddish Egrets tend to be found 
in greater abundance in large colonies with greater species diversities 
(Cox et al. 2019), so management at the most important Reddish Egret 
colonies will also benefit numerous other wading birds.
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