- _,
AU BioOne DIGITAL LIBRARY

Water Level Fluctuations Influence Wading Bird Prey
Availability and Nesting in a Subtropical Lake
Ecosystem

Authors: Chastant, Jennifer E., and Gawlik, Dale E.
Source: Waterbirds, 41(1) : 35-45

Published By: The Waterbird Society

URL: https://doi.org/10.1675/063.041.0105

The BioOne Digital Library (https://bioone.org/) provides worldwide distribution for more than 580 journals
and eBooks from BioOne’s community of over 150 nonprofit societies, research institutions, and university
presses in the biological, ecological, and environmental sciences. The BioOne Digital Library encompasses
the flagship aggregation BioOne Complete (https://bioone.org/subscribe), the BioOne Complete Archive
(https://bioone.org/archive), and the BioOne eBooks program offerings ESA eBook Collection
(https://bioone.org/esa-ebooks) and CSIRO Publishing BioSelect Collection (https://bioone.org/csiro-
ebooks).

Your use of this PDF, the BioOne Digital Library, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Digital Library content is strictly limited to personal, educational, and non-commmercial
use. Commercial inquiries or rights and permissions requests should be directed to the individual publisher
as copyright holder.

BioOne is an innovative nonprofit that sees sustainable scholarly publishing as an inherently collaborative enterprise
connecting authors, nonprofit publishers, academic institutions, research libraries, and research funders in the common
goal of maximizing access to critical research.

Downloaded From: https://complete.bioone.org/journals/Waterbirds on 14 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Water Level Fluctuations Influence Wading Bird Prey Availability and
Nesting in a Subtropical Lake Ecosystem

JENNIFER E. CHASTANT'®" AND DALE E. GAWLIK'

'Department of Biological Sciences, Florida Atlantic University, 777 Glades Road,
Boca Raton, Florida, 33431, USA

*Current address: Palm Beach County Environmental Resources Management, 2300 Jog Road,
West Palm Beach, Florida, 33411, USA

“Corresponding author; E-mail: j.e.chastant@gmail.com

Abstract.—Food availability affects the reproductive success of animal populations. However, food availability
includes both prey abundance and its accessibility, which are regulated by different environmental processes. The
match-mismatch hypothesis links reproductive success to annual variability in food availability, but the threshold
hypothesis suggests that changes in prey abundance can reduce or intensify the effects of a mismatch event. From
January-June 2011-2013, food availability and wading bird (Pelecaniformes) reproduction were measured amidst
different environmental conditions at Lake Okeechobee, Florida, USA. Mean prey density was 165 + 21 prey/m?
(2011), 87 + 7 prey/m? (2012), and 104 + 9 prey/m? (2013) while 34% (2011), 36% (2012), and 77% (2013) of the
landscape became available for foraging. Two generalized linear mixed models were constructed to quantify the
relationship between fledging success and total productivity using prey density and foraging habitat availability as
independent variables. The interaction of prey density and habitat availability was significant and positive in both
models. Fledging success and total productivity increased with increasing prey density, the effects of which were
more pronounced when habitat availability was low. Saturation thresholds existed for both fledging success (147
prey/m?) and total productivity (189 prey/m?), above which high concentrations of prey could sustain nesting
when habitat availability was low. Received 10 July 2017, accepted 29 August 2017.

Key words.—egrets, foraging ecology, herons, hydrology, ibis, Lake Okeechobee, match-mismatch hypothesis,
reservoir management, threshold hypothesis.
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Variation in food supply is known to af~ Concomitance of predator and prey behavior
fect both fecundity and reproductive success as well as characteristics of the physical en-
in animal populations, likely influencing vironment can make apparently abundant
life-history traits such as the number and resources inaccessible to the consumer (Bou-
quality of young that an individual is capable  tin 1990; Gawlik 2002; Lantz et al. 2010). For
of rearing (Lack 1968; Martin 1987; Newton instance, in hydrologically pulsed wetlands,
1998). Animals require sufficient resources water depth plays a central role in wading
to endure the greater energy demands as- bird (Pelecaniformes and Ciconiiformes) se-
sociated with breeding, such as pregnancy lection of foraging habitat due to leg length
and provisioning young. Obtaining these constraints, vegetation structure, and aquatic
resources may be particularly challenging fauna dispersal (Arengo and Baldassarre
when food is limited during the breeding 1999; Gawlik 2002; Lantz et al. 2010). Addi-
season (Perrins 1996; Ardia et al. 2006; Ward  tionally, the varying accessibility of food in
and Bryant 2006). In seasonal environments,  space is critical for central-place foragers such
most species time their breeding cycle to as breeding birds that must return to the nest
coincide with maximum food availability to feed their chicks. Increased distance and
(Perrins 1970; Thomas et al. 2001; Durant et  travel time to a foraging location decreases
al. 2007). This is best documented in birds food availability by reducing spatial overlap
where nest initiation dates and clutch sizes (Durant ef al. 2007; Burke and Montevecchi
shift depending on variation in food avail- 2009; Sherley et al. 2013).
ability (Monaghan and Nager 1997; Drent The match-mismatch hypothesis links
2006; Durant et al. 2007). reproductive success to annual variability

For predators, food availability depends in the temporal and/or spatial overlap be-
not only on prey density but also its accessibil-  tween an animal’s nutritional needs and
ity, or vulnerability to capture (Gawlik 2002). its food supply (Cushing 1990). Originally
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36 'WATERBIRDS

developed to explain recruitment variation
in fish, the match-mismatch hypothesis has
been applied to a wide variety of reproduc-
tive predator-prey interactions (reviewed by
Durant et al. 2007). The hypothesis assumes
that: 1) both the predator and the prey dis-
play a certain degree of seasonality; 2) re-
cruitment of the predator is limited by its
access to prey during the breeding season;
and 3) natural selection favors individuals
that match peak food demands (i.e., repro-
duction) with peak food availability. Thus,
reproductive success will be greatest when
the predator’s requirements align with the
availability of the prey. Consequently, a
mismatch between food requirements and
food availability will reduce the predator’s
reproductive success (Cushing 1990; Du-
rant et al. 2007; Dunn et al. 2011). Howev-
er, the threshold hypothesis states that the
abundance of prey will only affect predator
populations when availability of prey is be-
low a certain threshold (Nager et al. 1997).
Therefore, the match-mismatch hypothesis
encompasses both spatial and temporal
accessibility of prey, but the threshold hy-
pothesis suggests the relationship also var-
ies according to the abundance of the prey
(Gotceitas el al. 1996; Durant et al. 2007).
Indeed, Durant et al. (2005) modeled tro-
phic interactions of match-mismatch re-
lationships relative to prey abundance in
three different ecosystems. They found that
changes in prey abundance can reduce or
intensify the effects of the mismatch event
(Durant et al. 2005).

In wetlands around the world, fluctua-
tions in water depth influence the breed-
ing success of wading birds by altering the
availability of their prey (Gonzilez 1997;
Canepuccia et al. 2007; Ma et al. 2010) via
changes in the production, distribution,
and demographics of small fish and mac-
roinvertebrates (Loftus and Eklund 1994;
Trexler et al. 2002; Chick et al. 2004). For
example, declines in wading bird breeding
success and population size in the greater
Everglades ecosystem are thought to be
the result of reduced prey availability due
to anthropogenic changes in the hydro-
logic patterns (Frederick and Collopy 1989;

Frederick and Spalding 1994; Gawlik 2002).
Such changes are likely to become more
widespread as half of the world’s area of
wetlands has been lost (Zedler and Kercher
2005) and human demand for water has
increased on every continent (Kingsford
2000).

Wetland restoration in south Florida,
USA, is largely based on the premise that hy-
drologic patterns, prey availability, and wa-
ter bird use are tightly linked (Canepuccia
et al. 2007; Cui et al. 2009; Ma et al. 2010).
Quantifying the response of the wading bird
prey community to different environmental
conditions will improve our understanding
of how wading birds will be affected by hy-
drologic regimes, as well as how long-term
habitat conditions may regulate reproduc-
tion and nesting patterns. Water levels and
hydrologic regimes, are commonly used as
a proxy for the prey community (e.g., Fred-
erick and Ogden 2001; Bancroft et al. 2002;
Canepuccia et al. 2007; Causarano and Bat-
tisti 2009), requiring assumptions about
how the prey community will respond to
changing water levels. Our study is unusual
in that we have a direct measure of prey den-
sity under different hydrologic conditions,
which we quantitatively link to wading bird
responses.

Our objectives were to evaluate the effects
of foraging habitat availability and prey density
on the nesting success of wading birds at two
scales, one at the colony level (i.e., fledgling
success or the number of chicks fledged/nest)
and the other at the wetland level (i.e., the
sum of the peak number of nests for all wading
bird species breeding in the littoral wetlands
of Lake Okeechobee, Florida, USA). This ap-
proach allowed us to examine local environ-
mental conditions present when wading birds
decide to nest (number of nests) and when
prey availability match should occur (fledgling
success). We hypothesized that wading bird
fledging success would peak in years when
both prey density and available foraging habi-
tat were greatest. We also hypothesized that to-
tal productivity, a metric combining nest num-
bers and fledging success, would be greatest in
years when prey density and foraging habitat
availability were greatest.
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WATER, PREY AND WADING BIRD NESTS 37

METHODS

Study Area

Once a part of the vast network of wetlands that
stretch across south Florida, USA, Lake Okeechobee
(hereafter, lake; 26° 58’ 55.39" N, 80° 46" 54.42" W;
Fig. 1) is currently a multi-purpose regional reservoir
(Havens and Gawlik 2005). The freshwater marshes as-
sociated with the lake, known as the littoral zone, cover
~25% (450 km?) of the lake’s surface area and provide
important foraging and nesting habitat for wading birds
during their breeding cycle (David 1994). The littoral
zone hydroperiod is a function of the overall lake level,

which is managed to provide flood control and water
supply to south Florida’s large human population (Da-
vid 1994; Aumen 1995; Havens and Gawlik 2005).
Aumen (1995) provided a detailed account of the
natural and management history of the lake. Annual hy-
drologic conditions differed during the three years of
our study, as is common in subtropical lakes (Johnson et
al. 2007). During a normal dry season (November-May),
lake levels are highest early in the season (average 4.42
m National Geodetic Vertical Datum (NGVD) in Janu-
ary) then recede at a mean rate of 0.05 m/month from
January through March and a more rapid rate of 0.14
m/month from April through May (Fig. 2). The litto-
ral zone is gradually sloped inward (Jin et al. 2000) so
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Figure 1. Map of water level gauge locations and of wading bird prey sampling locations and wading bird colonies
detected in the littoral zone of Lake Okeechobee, Florida, USA, from January to June 2011-2013.
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Figure 2. Lake Okeechobee hydrograph from the 2010 dry season-2013 dry season with the mean daily lake stage
from 1977 to the present. The percentage of the lake’s littoral zone available for wading bird foraging was estimat-
ed with a Habitat Suitability Model (HSM). Nest numbers were calculated as the sum of the peak number of nests
for the Great Egret (Ardea alba), Snowy Egret (Egretta thula), Tricolored Heron (E. tricolor), Glossy Ibis (Plegadis
falcinellus), and White Ibis (Eudocimus albus). Prey density was calculated as the mean density of fish, crayfish, and
shrimp pooled from all throw-trap sites. When lake levels fall below 3.4 m, the littoral zone marsh is dry.

that a seasonal receding water level causes a window of
ideal foraging depths to move across the littoral zone,
with the cumulative area of good foraging habitat deter-
mined by the lake stage at the start and end of the dry
season. Lake levels in the 2011 dry season were low at
~3.8 m NGVD in January and remained well below the
long-term historic average throughout the nesting sea-
son (January-June; Fig. 2). Dry conditions continued in
2012, and lake levels were below average, starting at 4.15
m NGVD in January and receding at a moderate pace of
0.11 m/month during the nesting season. In 2013, lake
levels were near the long-term average of ~4.6 m NGVD
in January with an extended dry-down throughout the
nesting season. Hereafter, we refer to 2011 and 2012 as
dry years and to 2013 as an average year.

We obtained lake stage data from the DBHYDRO
database (South Florida Water Management District
2013) for 1977 to 2013. This period corresponds to the
period of systematic aerial surveys for wading bird nest-
ing colonies (David 1994). We calculated lake stage as
the mean of four principle gauges located in the lim-
netic zone of the lake (Fig. 1).

Foraging Habitat Suitability Model

We used a previously developed habitat suitabil-
ity model (HSM; Botta 2014) to estimate the annual
amount of foraging habitat available to wading birds
in the littoral zone of the lake. The spatial extent of
the model included the entire littoral region of the
lake from the Herbert Hoover Dike to the inner lim-
netic edge at ~7.5 m North American Vertical Datum
(NAVD) with a spatial grain size of 30.48 m and a total
of 551,986 grid cells. The model was conducted on a
daily time step for dry seasons (January 1-June 30) dur-
ing 2006-2012. The suitability of a grid cell was based on
factors that contribute to the accessibility, vulnerability,
and abundance of wading bird prey based on functions

derived from marsh elevation, lake stage, and vegeta-
tion.

Prey Community Sampling

We sampled prey density throughout the littoral
zone of the lake with a I-m x 1-m throw-trap (Kushlan
1981) during the breeding seasons of 2011-2013. Us-
ing ArcGIS (Environmental Systems Research Institute
2011) and LiDAR ground surface elevation data for the
lake’s littoral zone (National Oceanic and Atmospheric
Administration 2007), we identified random sampling
sites with depths ranging from 0-30 cm. Sites were re-
quired to be accessible by airboat. If we were unable to
approach within 200 m of the site, the next closest ran-
dom point was selected. We removed any vegetation by
hand and used a bar seine to collect all prey items from
the water column. Seining ceased after five sequential
sweeps produced no prey items. Each site was sampled
twice, and all contents within the traps were averaged
during analyses. We chose the second sampling loca-
tion by selecting a random direction and random dis-
tance 5-50 m from the original trap location. Sampled
prey items were transferred to jars containing MS222, a
rapid euthanizing agent, and placed on ice. In the lab,
we rinsed the prey items and preserved them for 4 days
with Prefer, a color fixative, and then transferred them
to 70% ethyl alcohol for storage and later identification.

Nesting Colony Surveys

During the breeding seasons of 2011-2013, we sur-
veyed wading bird nesting to determine both location
and size of colonies on the lake. Each year, we con-
ducted aerial surveys monthly from January through
June with two dedicated observers, one on each side
of a Cessna 182 airplane. Wading bird nests were sur-
veyed along transects flying at an altitude of 244 m and
a speed of 185 kmph. Transects were oriented east-west
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and spaced at 3-km intervals, covering the entire littoral
zone. After detecting a colony, we lowered our altitude
to 122 m and circled it while estimating the number
of nests of each species present within the colony, pho-
tographing the nests, and recording the colony’s geo-
graphic coordinates. We subsequently verified colony
counts and species composition estimates with obser-
vations from airboats. We defined colonies as any as-
semblage of = 2 nests separated by = 200 m (Smith and
Collopy 1995).

Each year, within five or six of the largest and most
accessible colonies, we established two 2-m x 50-m
transects and counted all nests within the transects
weekly. We randomized the transect origins from grid-
ded colony maps and spaced them > 30 m apart in a
loop pattern to minimize disturbance to any particular
area within the colony. Within transects, we marked
each nest containing an egg with numbered flagging
tape. We recorded the species, nest stage, nest fate, and
fledging success (number of chicks fledged/nest) for
each nest monitored. To calculate a colony-specific nest
density, we recorded the number of visible nests and at-
tending adults within 5 m of each transect center and
averaged the count across transects within a colony. We
compared aerial surveys, low-altitude photography, and
distance-derived density estimates for consistency and
accuracy.

Statistical Analysis

We analyzed differences among years in prey den-
sity and fledging success pooled across species using
Proc GLM in SAS (SAS Institute, Inc. 2013). We used
Proc Mixed (SAS Institute, Inc. 2013) to develop gen-
eralized linear models that tested the relative effects of
foraging habitat availability and prey density on wading
bird fledging success and total productivity. We calcu-
lated colony-specific annual fledging success, pooled
across species, from all nests present within the nest
census transect lines. We calculated annual lake-wide es-
timates of nest numbers as the sum of the peak number
of nests for the Great Egret (Ardea alba), Snowy Egret
(Lsgretta thula), Tricolored Heron (E. tricolor), Glossy Ibis
(Plegadis falcinellus), and White Ibis (Eudocimus albus).
We included the total number of nests, summed across
colonies, in our models because it is a well-established
measure of general wading bird response to the hy-
drologic conditions of an ecosystem (Frederick and
Collopy 1989; Crozier and Gawlik 2003; Frederick and
Ogden 2003). We calculated total productivity by multi-
plying annual nest numbers for the lake by colony-spe-
cific fledging success. This metric incorporates spatial
variation in colony productivity and allows for tests of
local resource levels surrounding colonies. We calcu-
lated prey density as the mean density of fish, crayfish,
and shrimp pooled, from all throw-trap sites within 10
km of each colony, a distance that is within the foraging
range of our target species (Bancroft e al. 1994; Smith
1995). We used prey density instead of prey biomass
because prey density can be a better indicator of prey
abundance and availability to wading birds than prey
biomass (Lorenz 2014). We used the annual aggregated

habitat score produced by the HSM to estimate forag-
ing habitat availability. We treated ‘colony’ as a random
variable in the analysis because we were interested in
general patterns for colonies within the lake. As part of
the variable screening process, we tested for collinearity
among explanatory variables with pairwise correlations,
excluding one term in any pair where r> 0.7. The vari-
able ‘year’ was excluded from all analyses due to its high
correlation with the other model variables. Results are
presented as means + SE.

RESuULTS

Numbers of Nests and Fledging Success

From 10 January 2011 to 25 June 2013,
we detected 17 wading bird colonies (names
and locations of the colonies are identi-
fied in Table 1) in the littoral zone of Lake
Okeechobee (Fig. 1). Annual nest numbers
for all wading bird species combined was
5,373 nests in 2011, 3,329 nests in 2012, and
7,539 nests in 2013. Despite extremely low
lake levels in 2011, nest numbers were mod-
erate (just below the long-term mean) with a
mean fledging success of 1.61 + 0.05 young/
nest. Fledging success in 2012 suffered from
an exceptionally dry preceding wet season,
below average water levels throughout the
nesting season, and storms with high winds
and rain. Many colonies were abandoned
before the end of the nesting season, result-
ing in a mean fledging success of 0.71 + 0.03
young/nest. In 2013, nesting peaked in early
April and nest numbers were supra-normal,
with a mean fledging success of 1.43 + 0.06
young/nest (Table 1). Supra-normal nesting
events are those where the number of nests
is > 1 standard deviation above the long-term
mean (Frederick and Ogden 2001). Fledg-
ing success for all wading bird species com-
bined varied among years (Table 1; F, . =
34.44, P< 0.001) and was significantly lower
in 2012 than in 2011 (F, = 61.69, P< 0.001)
and in 2013 (F = 39.08, P<0.001). Fledging
success did not differ significantly between
2011 and 2013 (F, = 2.57, P=0.13).

Prey Density and HSM

We collected 338 throw-trap samples
from 169 random sites throughout the litto-
ral zone of the lake (n = 64, 62, and 43 sites
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during 2011, 2012, and 2013, respectively).
Throw-trap sampling captured 37,392 in-
dividual animals; mosquito fish (Gambusia
holbrooki) , least killifish (Heterandria formosa),
grass shrimp (Palaemonetes spp.), bluefin
killifish (Lucania goodei), and sailfin molly
(Poecilia latipinna) were the five most abun-
dant prey species captured. Without regard
to size, density of fish, crayfish, and shrimp
pooled for the entire littoral zone varied
significantly among years (F, = 8.04, P <
0.001) and was greater in 2011 (165 + 21
prey/m?) than in 2012 (87 = 7 prey/m?); F,
=14.85, P<0.001) and 2013 (104 = 9 prey/
m?); F, = 7.32, P = 0.008). Prey density did
not differ significantly between 2012 and
2013 (£, =0.60, P=0.44; Table 1). There was
no significant correlation between prey den-
sity and water depth at the throw-trap sites
(r=10.17, P=0.44). The estimated percent
of foraging habitat that became available to
wading birds was 34% (2011), 36% (2012),
and 77% (2013).

Models

Fledging success of all wading bird spe-
cies combined was affected significantly by
prey density, foraging habitat availability, and
theirinteraction (Prey: F1,1s: 26.30, P<0.001;
HSM: £, |,= 18.76, P< 0.001; Prey*HSM: F o,
=14.41, P=0.002; Table 2). The interaction
indicated that predicted fledging success at
the colony level increased with increasing
prey density and foraging habitat availabil-
ity (Fig. 3). However, fledging success in-
creased more rapidly with increases in prey
density when foraging habitat availability was

41

low than when foraging habitat availability
was high. A visual plot showed a threshold
in prey density at 147 prey/m?, above which
the availability of foraging habitat had a
weaker effect on fledging success than when
prey density was low. In 2011, three of the
six colonies we monitored had prey densities
over 147 prey/m?, whereas in 2012 no colo-
nies had prey densities that high and in 2013
only one colony had prey densities over 147
prey/m? (Table 1).

Total productivity of all wading bird spe-
cies combined was affected significantly by
prey density, foraging habitat availability,
and their interaction (Prey: F |, = 24.27,
P < 0.001; HSM: F |, = 27.40, P < 0.001;
Prey*HSM: F1 1= 12.95, P=10.003; Table 2).
The interaction was positive, indicating that
predicted total productivity increased with
increasing prey density and foraging habitat
(Fig. 4). Similar to our fledging success mod-
el, total productivity increased more rapidly
with increases in prey density when foraging
habitat availability was low than when avail-
ability was high. However, in this case the
prey density threshold was 189 prey/m?.

Discussion

At both the colony and wetland scale, our
models indicated that high prey density and
high foraging habitat availability contributed
to successful wading bird nesting. As predicted
by the threshold hypothesis (Nager et al. 1997),
the effect of prey density on wading bird nest-
ing was greater when foraging habitat availabil-
ity was low. Moreover, at extremely high prey

Table 2. Parameter estimates (f3), F-values, P-values, and 95% confidence limits (LCL = lower confidence limit, UCL
= upper confidence limit) for factors included in wading bird nesting models for Lake Okeechobee, Florida, USA.

HSM = Habitat Suitability Model.

Model Parameter B Fvalue Pvalue LCL UCL

Fledging success Intercept -2.343 -3.77 -0.92
Prey 0.026 26.30 <0.001 0.02 0.04
HSM 0.044 18.76 <0.001 0.02 0.07
Prey*HSM -0.000 14.41 0.002 -0.001 -0.000

Total productivity Intercept -21246 -31381 -11110
Prey 177.50 24.27 <0.001 99.67 255.33
HSM 378.82 27.40 <0.001 222.47 535.18
Prey*HSM -2.004 12.95 0.003 -3.21 -0.80
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Figure 3. The relationship between predicted wading
bird fledging success and (A) prey density at low, me-
dium and high levels of foraging habitat availability
(Habitat Suitability Model [HSM]) and (B) foraging
habitat availability (HSM Score) at low, medium and
high levels of prey density (Prey).

densities, the predicted responses were actu-
ally greater when foraging habitat availability
was low, suggesting that high concentrations of
prey within patches can compensate in some
years for low foraging habitat availability. How-
ever, the prey density saturation threshold was
greater at the wetland level, suggesting that
foraging habitat availability had a stronger
influence on a wading bird’s decision to nest
(i.e., number of nests). For example, fledging
success was similar in 2011 and 2013, yet nest
numbers were lower in 2011 than in 2013. In
2011, an extremely dry year, elevated prey den-
sity likely counteracted the spatial mismatch
of reduced foraging habitat availability to in-
crease fledging success. In 2013, the average
water year, it is probable that despite reduced
prey density, nest numbers were influenced
by the extended waterlevel recession which
allowed more of the littoral zone to become
available for foraging.
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Figure 4. The relationship between predicted wading
bird total productivity and (A) prey density at low, medi-
um and high levels of foraging habitat availability (Hab-
itat Suitability Model [HSM]) and (B) foraging habitat
availability (HSM Score) at low, medium and high levels
of prey density (Prey).

Differences in the prey density threshold
reveal that different mechanisms influence
particular components of reproduction.
Number of nests is a reflection of how adult
birds perceive the environment and its po-
tential to support nesting activities. While
sufficient amounts of prey are necessary to
fledge young, the chance of encountering a
foraging patch increases with increasing hab-
itat availability, likely explaining the greater
influence of habitat availability on total pro-
ductivity. Alternately, the greater wetland-
level prey density saturation threshold could
be based on the strength of the cues needed
by adults to initiate nesting. A stronger cue
(i.e., more prey) is more likely to be a reli-
able indicator of an environment’s ability to
sustain reproduction.

Similar to our study, evidence of prey
abundance thresholds is common in other
studies of avian reproduction (Nager et al.
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1997; Tremblay et al. 2003; Crawford et al.
2006). Moreover, in a review of 201 experi-
ments from 82 independent studies, Ruffino
et al. (2014) concluded that food supple-
mentation had no detectable effect on avian
reproduction when environmental levels
of food abundance were high. But unlike
these studies which note that the amount of
prey biomass did not equal a proportional
increase in breeding success, our models re-
lated nesting success increases to increasing
prey densities above the saturation thresh-
old. Perhaps the relationship between food
availability and breeding response is non-
linear resulting in a switch in limiting fac-
tors at high food availability (Frederick and
Spalding 1994; Sherley et al. 2013; Ruffino et
al. 2014).

A match between periods of peak energy
demand and the timing and proximity of
accessible prey is necessary for high recruit-
ment of a predator species; however, the
saturation threshold of prey abundance can
alleviate or amplify the effects of a match or
mismatch event (Tremblay et al. 2003; Du-
rant et al. 2007). This study indicated that
high prey density can compensate for a mis-
match with foraging habitat availability and
contribute to successful wading bird nesting.
This information has important implica-
tions for water managers who set hydrologic
regimes. If the hydrologic patterns that lead
to high foraging habitat availability and high
prey density are different, then there will be
several hydrologic regimes that could meet
the energetic needs of wading birds. Such
flexibility is critical when water management
options must balance the hydrologic needs
of people against those of the surrounding
ecosystems.
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