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The snail kite (Rostrhamus sociabilis plumbeus) is a federally endangered raptor 

whose population in Florida has recently undergone precipitous declines. The remaining 

population remains heavily dependent upon the Kissimmee Chain of Lakes in central-

Florida for nesting, particularly Lake Tohopekaliga.  These lakes are subject to many 

anthropogenic influences, including water and vegetation management. Understanding 

what affects snail kite nest success on Lake Tohopekaliga will help sustain breeding 

activity on this highly managed system. I studied causes of nest failure, habitat 

influences on nest success, and snail kite breeding behavior in response to temperature 

stress on Lake Tohopekaliga during the 2010 and 2011 breeding season.  

Predation was found to be the primary cause of nesting failure, with the yellow rat 

snake (Elaphe obsoleta quadrivittata) as the most common predator. Additionally, 

results indicate that habitat characteristics of snail kite nesting areas were found to have 

an effect on predation events with different predators influenced by different habitat 

variables. For some terrestrial predators nest access was affected by distance of the 

nest patch to the shore, water depth, and nest height. Aquatic predators were 

influenced by distance of the nest patch to shore, water depth, and minimum daily 
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temperature. Finally, it was determined that kites responded to the historically cold 

temperatures in 2010 by delaying their breeding season until conditions allowed for 

them to provision their young at a consistent rate.   
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CHAPTER 1 
BACKGROUND 

Population Decline 

The Florida snail kite (Rostrhamus sociabilis plumbeus) is a critically endangered 

mid-sized raptor that is restricted to freshwater wetlands and lakes throughout the 

central and south Florida (Martin et al. 2006). As an extreme dietary specialist, snail 

kites forage almost exclusively on freshwater apple snails (Pomacea spp.)(Snyder and 

Snyder 1969; Sykes 1987b; Rawlings et al. 2007) and are restricted to areas where 

apple snails are not only present but available on emergent vegetation. Kite abundance, 

apple snail abundance, nesting substrate, and demography are all currently influenced 

by water, plant management activities, and habitat degradation (Darby 2006; Martin et 

al. 2008).  

The snail kite population has declined considerably since 1999, with preliminary 

population viability analyses predicting a 95% probability of extinction within 40 years 

(Reichert et al. 2011). Decades of landscape fragmentation and hydroscape alterations 

have greatly reduced the kite’s historic range (4,000 km²), by more than half (Sykes et 

al. 1995). Currently the population is restricted to the Everglades watershed, Lake 

Okeechobee, Loxahatchee Slough, the Kissimmee Chain of Lakes, and the Upper St. 

Johns River of the central and southern peninsula. In addition to the loss of habitat and 

the population decline there has been a decrease in the number of nesting attempts and 

the number of young fledged annually (Reichert et al. 2011).  

Historically Water Conservation Area 3A (WCA3A) was a critical breeding habitat 

for nesting snail kites. Due to extended periods of droughts and long-term habitat 

degradation, recent reproduction within WCA3A has all but ceased, with no successful 
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reproduction in 2005, 2007, 2008 or 2010. This has resulted in much of the population 

now heavily concentrated in and dependent upon the Kissimmee Chain of Lakes 

(KCOL) (Fig. 1), particularly Lake Tohopekaliga (Lake Toho). Toho accounted for 41% 

of all documented successful nests and 57% of all fledged throughout the state from 

2005-2010 (Reichert et al. 2011).    

Lake Toho, is a shallow lake covering approximately 8,176 ha (2009 Remetrix 

bathymetry map), in northwest Osceola County, Florida (Fig. 1-1). Much of the lake 

shore has been altered to accommodate houses, docks, shoreline vegetation removal, 

and cattle grazing (HDR Engineering. 1989). Similar to other lakes in Florida, Lake Toho 

is considered a highly eutrophic lake with mixed emergent littoral vegetation covering 

approximately 25% of the lake’s area (Welch 2004). Snail kite nesting has been 

documented lake wide although more commonly on the northern half of the lake. 

Breeding Behavior 

Snail kite breeding has been document during every month of the year, although, 

not necessarily in the same year. Most initiated nesting attempts take place from 

December through July (Sykes 1987c; Sykes et al. 1995). The start of the breeding 

season varies temporally and regionally from year to year in relation to water levels and 

temperature (Sykes et al. 1995; Bennetts and Kitchens 1997). Snail kites nest in either 

loose colonies or independently (Sykes et al. 1995).  

Kites have been documented using an array of woody and herbaceous nesting 

substrates when nesting statewide, including but not limited to willow (Salix caroliniana), 

cattail (Typha sp.), pond apple (Annona glabra), bulrush (Scirpus californicus), 

maidencane (Panicum hemitomon), cypress trees (Taxodium sp.) and sawgrass 

(Cladium jamaicensis) (Snyder et al. 1989). When nesting on lakes kites regularly build 
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in herbaceous vegetation, principally cattail and bulrush (Rodgers 1998) with 24% of 

nests in bulrush and 54% of nests in cattail on Lake Tohopekaliga in 2010 and 2011. 

Nests are almost always built over water and are constructed out of sticks and available 

green vegetation (Sykes 1987c; Sykes et al. 1995). Nests can vary in structure and size 

and are approximately 25-58 cm in outer diameter with a height of 8-44 cm (Nicholson 

1926; Sykes et al. 1995). 

Males are the predominant nest builders prior to initiation (Sykes et al. 1995) and 

may build several courtship structures before settling on one location (Dreitz et al. 

2001). Snail kites have been known to lay anywhere from 1-6 eggs with an average 

clutch size of 2.66 or 2.92 depending on the study (Sykes 1987c; Snyder et al. 1989). 

Both sexes take turns incubating the eggs, adding vegetation to the nest, and 

provisioning the young, with the female performing the majority of the nocturnal 

incubation (Sykes 1987c). Snail kites are unique in that it is not uncommon for either 

sex to desert its mate near the time of fledging, in some cases in order to pursue 

another mate for further nesting. This is especially true in years of high snail abundance 

(Beissinger 1987a, b; Beissinger and Snyder 1987).  

In addition to ambisexual mate desertion, snail kites increase their annual 

productivity by renesting after failure and attempting multiple broods. Snail kites have 

been recorded making multiple successful breeding attempts in a year (Snyder et al. 

1989). Furthermore, snail kites are a long lived species and have successfully produced 

young up to 18 years of age (Reichert et al. 2010b). This allows for extended beneficial 

years of breeding by experienced breeders (Forslund and Pärt 1995). 



 

18 

Historical Information on Nesting Failure 

Earlier research on central Florida lakes estimates collapse, abandonment, and 

predation to be the leading cause of snail kite nest failure (Sykes and Chandler 1974; 

Sykes 1987c; Snyder et al. 1989; Rodgers 1998). An 18 year study conducted on Lake 

Okeechobee (primarily), Lake Kissimmee, and Lake Toho by Snyder et al. (1989) 

reported structural collapse to be responsible for 47% (n=120) of all nest failures . 

Additionally, they estimated apparent (n=38) and probable (n=35) desertion to be the 

cause of 29% of all nest failures. Predation, both apparent (n=13) and probable (n=27) 

were reported to be cause of 16% of all nest failures. 

A six year study conducted by Rodgers (1998) on East Lake Toho (n=59), Lake 

Toho (n=170), Lake Kissimmee (n=250), and Lake Okeechobee (n=417) found 

abandonment to be the leading cause of nest failure (35.2%) followed by nest collapse 

(n=18.3%). Twenty nests were removed from the study after they were deemed to be at 

risk of collapse, and were installed into nest baskets.  

Although the data was principally recorded from wetland regions of south Florida, 

Sykes (1987c) determined over a nine year period that out of 82 nests, predation (44%) 

was the primary cause of nesting failure, along with adverse weather (22%), weak 

nesting substrate (16%) and other miscellaneous causes. Collectively Everglade rat 

snakes (Elaphe obsolete rossalleni), cottonmouths (Agkistrodon piscivorus), raccoons 

(Procyon lotor), boat-tailed grackles (Quiscalus major), fish crows (Corvus ossifragus), 

great horned owls (Bubo virginianus), larval Dermestes nidum, and ants (Crematogaster 

sp.) were all recorded as predators or potential predators of kite nests throughout the 

state of Florida (Chandler 1974; Sykes 1987c; Snyder et al. 1989). 
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More recently researchers have questioned the accuracy of determining nest 

failure from nest remains (Larivière 1999). Due to the cryptic nature of predators and the 

aquatic nature of snail kite nests, it is difficult to determine reasons for kite nest failure. 

In the situations where predation had clearly occurred (i.e. broken shells present or 

blood and feathers collected) it may be possible to identify the predator to broad 

categories such as reptilian versus mammalian predators, however implicating a 

particular species is not possible (Larivière 1999). Additionally, when nests are found 

collapsed or upside down in the water there is no way to determine if the collapse was 

due to predation, insufficient nesting substrate, or nest abandonment. This suggests 

that there may be a gap in our understanding of snail kite breeding biology with regards 

to aspects of nesting failure.  

Research Objectives 

Given that Toho has accounted for 41% of all successful nests range-wide since 

2005 (Reichert et al. 2011) it is imperative that the lakeshore is managed in a way that 

allows for the highest nest success possible. Currently there is a disconnect with our 

understanding of the true causes of snail kite nest failure in this system. Therefore, the 

first objective of this study is to accurately establish the reasons of nesting failure. The 

second objective is to determine how temporal, environmental, and habitat variables 

influence the risk of nest failure. The third and final objective of this study is to assess 

the snail kites breeding behavior in response to the two very different years of nesting 

success on Lake Toho in 2010 and 2011. 
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Figure 1-1. Lake Tohopekaliga in Osceola County, Florida.
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CHAPTER 2 
SOURCES OF SNAIL KITE NEST MORTALITY ON LAKE TOHOPEKALIGA, FL 

Introduction 

Typically multiple factors can affect a breeding population of birds over the course 

of a season depending upon the species and its nesting behavior (i.e. ground nester, 

cavity nester, etc.). For conservation purposes it is essential to have an accurate 

understanding of what is causing nest failure in the population in order for managers to 

properly manage for nest success. Although potential reasons for nest failure may 

range anywhere from flooding to abandonment it is most often predation that is found to 

be the primary cause of nesting failure among species (Ricklefs 1969; Nilsson 1984; 

Ohlendorf et al. 1989; Hartley and Hunter 1998; Richardson et al. 2009). It is estimated 

that predation can account for 80% of nesting failure for many species in different 

habitats and geographic locations (Ricklefs 1969; Martin 1993; Cain III et al. 2003; 

Hoover 2006).  

Reducing nest predation could provide tremendous benefit to imperiled specie’s 

populations, especially when reproduction is a limiting factor in their recovery (Cade and 

Temple 1995; Côté and Sutherland 1997; Whitehead et al. 2008). One such species is 

the Florida snail kite (Rostrhamus sociabilis plumbeus), which is both critically 

endangered and experiencing a recent decline of >80% population growth rate 

attributed to reduced adult fertility (Martin et al. 2008). The snail kite is a federally 

endangered mid-sized raptor that is restricted to freshwater wetlands and lakes 

throughout the central and south Florida (Martin et al. 2006). As a dietary specialist, 

they forage almost exclusively on freshwater apple snails (Pomacea spp.)(Snyder and 

Snyder 1969; Sykes 1987b; Rawlings et al. 2007).  
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The snail kite population has declined considerably since 1999, with preliminary 

population viability analyses predicting a 95% probability of extinction within 40 years 

(Reichert et al. 2011). Decades of landscape fragmentation and hydroscape alterations 

have greatly reduced the kite’s historic range (4,000 km²), by more than half (Sykes et 

al. 1995). Currently the population is restricted to the Everglades watershed, Lake 

Okeechobee, Loxahatchee Slough, the Kissimmee Chain of Lakes, and the Upper St. 

Johns River of the central and southern peninsula. In addition to the loss of habitat and 

the population decline there has been a decrease in the number of nesting attempts and 

the number of young fledged annually (Reichert et al. 2011).         

Historically Water Conservation Area 3A (WCA3A) was a critical breeding habitat 

for nesting snail kites. Due to extended periods of droughts and long-term habitat 

degradation, recent reproduction within WCA3A has all but ceased, with no successful 

reproduction in 2005, 2007, 2008 or 2010. This has resulted in much of the population 

now heavily concentrated in and dependent upon the Kissimmee Chain of Lakes 

(KCOL) (Fig. 2-1), particularly Lake Tohopekaliga (Lake Toho). Toho accounted for 41% 

of all documented successful nests and 57% of all fledged throughout the state from 

2005-2010 (Reichert et al. 2011).   

This recent shift to lake habitats also means a shift in nesting substrate, as kites 

nesting in lakes tend to use cattail or bulrush, as opposed to woody species used in the 

Everglades habitats. Earlier research estimated collapse as the number one cause nest 

failure on central Florida lakes, accounting for 47% (n=120) of all snail kite nest failures 

in non-woody substrates (Sykes and Chandler 1974; Sykes 1987c; Snyder et al. 1989; 

Rodgers 1998). While predation was thought to be far less important than nest collapse, 
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determining the rate and cause of failure of snail kite nests on Lake Toho is of 

paramount importance now that such a large portion of this imperiled species’ breeding 

activity occurs in habitats previously thought to have low success rates. However, due 

to the cryptic nature of predators and the aquatic nature of snail kite nests, it is difficult 

to determine exact reasons for kite nest failure. Current nest monitoring procedures 

require technicians to search in and around all failed nests to locate and collect any 

signs of dead young and depredated egg shells (Reichert et al. 2011); a method since 

found to be ineffective and unreliable (Larivière 1999). Additionally, when nests are 

found collapsed or upside down in the water there is no way to determine if the collapse 

was due to the action of a heavy-bodied predator, weak nesting substrate, or simply 

nest abandonment. 

Technological advances have now led to readily accessible and relatively 

inexpensive methods of remotely monitoring nests, allowing researchers to accurately 

and unambiguously determine the reasons of nesting failure with cameras. Nest 

cameras not only identify the primary predators (Weatherhead and Blouin-Demers 

2004), but can record reasons for nesting failure related to nest sites; including habitat 

and temporal/environmental variation over the course of the breeding season 

(Thompson 2007; Richardson et al. 2009; Cox et al. 2012). The goal of this chapter is to 

better identify and understand the causes of snail kite nest failure in one of their primary 

breeding habitats in Florida, Lake Tohopekaliga. 

Methods 

Study Area 

In 2010 and 2011 I monitored nests on Lake Toho, a shallow lake covering 

approximately 8,176 ha (2009 Remetrix bathymetry map), in northwest Osceola County, 
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Florida (Fig. 2-2). Much of the lake shore has been altered to accommodate houses, 

docks, shoreline vegetation removal, and cattle grazing (HDR Engineering. 1989). 

Similar to other lakes in Florida, Lake Toho is considered a highly eutrophic lake with 

mixed emergent littoral vegetation covering approximately 25% of the lake’s area 

(Welch 2004). Snail kite nesting has been documented lake wide although nesting 

occurs more commonly on the northern half of the lake.  

Field Methods 

Nest searching was performed by airboat and occurred on the Lake Toho from 

November to August in 2010 and 2011. Nest locations were determined through the 

nest searching protocol currently in place for the state wide snail kite population 

monitoring project (Reichert et al. 2011). Nests were detected when an adult was seen 

flushing from a potential nest site and/or when an adult was observed exhibiting a 

breeding behavior (i.e. nest defense, stick carrying, copulating, flying with snail meat). 

At every new nest a mirror pole with measurements on the pole was used to determine 

nest contents, water depths, and nest heights. Nest coordinates were recorded at the 

nest using a GPS (Garmin GPSmap 76Cx).  

After a full lake nest search was completed nests were randomly selected for 

camera placement and cameras were deployed within four days or greater from the 

original nest check. All cameras were set on nests with at least one egg to minimize the 

chance of abandonment during the nest-building phase (Richardson et al. 2009). When 

possible, cameras were set up on nests in the egg stage, although cameras were set on 

nests with young when no other nests were available. Cameras were set up on nests as 

fast as possible to minimize disturbance. Typically the entire set up took approximately 

10 minutes. Cameras were placed in a variety of substrates including cattail (Typha 
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spp.), giant bulrush (Schoenoplectus californicus), willow (Salix caroliniana), etc. based 

upon their availability. Once cameras were deployed nest checks were preformed every 

seven days. Airboats were used to reach the nest site location at which point the person 

checking the nest would wade or swim the remaining 12 to 46 meter distance through 

the dense vegetation to access the nest. Prior to the camera set up and for nests 

without cameras, nest checks were performed every 21 days. Water depths and nest 

heights were recorded at every nest check. Additionally, camera batteries and memory 

cards were changed during nest checks, and cameras were realigned with the nest if 

necessary.    

A total of 15 Reconyx HyperFire Low Glow Semi-Covert Infrared cameras were 

used on Lake Toho throughout the study, including both the PC85 and PC800 models 

(Reconyx Inc., Holmen WI). These cameras allowed for 3.1 megapixel images to be 

taken in color during the day and monochrome infrared by night. Cameras were set to 

trigger automatically when a combination of heat and motion passed into the field of 

view. The camera would then take 5 rapid fire images with only one to three seconds 

between images in order to ensure that the camera would fully capture any predation 

events. Along with the automatic trigger, cameras were set to take one picture every 

two minutes in order to ensure the capture of events such as snake predation, which 

may not consistently activate the automatic trigger. Anywhere from a few hundred to 

seventy or eighty thousand images were captured in one week per camera depending 

upon the nest stage and camera set. Cameras were mounted on handmade steel 

tripods that could vary in height depending on the nest height. Tripods were constructed 

so that the bottom half could be pounded into the sediment with the three stabilizing 



 

26 

legs remaining below the water. The top half which consisted of a single steel post 

could slide onto the tripod base and lock into place. Cameras were set within three 

meters of the nest and were attached to the tripod using a basic mount that allowed for 

the camera to be angled downward into the nest. Any vegetative structure that 

thoroughly impeded the view into the nest was tied back using twine. All equipment was 

camouflaged using paint and the surrounding vegetation.  

Data Recording 

All images were viewed using FastPictureViewer Professional software. Data 

acquisition was considered to have started on the first day the camera was set and 

ended when the young reached fledge age or 24 hours after a predation event or 

abandonment occurred. The nest success period was determined on a 58 day nest 

cycle with 28 days for laying and incubation and 30 days for the nestling stage (Sykes 

1987c). Given that snail kites can build several courtship structures prior to laying eggs, 

failures at this stage represent failures of courtship and not the nest, therefore, only 

initiated nests are considered for this paper (Steenhof 1987; Dreitz et al. 2001). Nests 

were considered successful when at least one young reached the fledge age of 30 days 

old (Sykes et al. 1995). This timeframe was selected as it coincided with the typical age 

that young started leaving the nest for extended periods of time during the study. Nests 

were considered to be failed when all nest contents were determined to be abandoned, 

unviable, removed or destroyed. A predation event was defined as a partial loss of 

either eggs and/or young or a complete loss of all nest contents due to a predator. 

Nests were determined to be abandoned once both adults stopped tending the nest 

during the viable incubation or young stage. Nest collapse was determined to be any 

nest which shifted position so far that the eggs/young were dislodged. Eggs were 
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determined to be unviable when incubation was observed for 33 days or more and were 

eventually abandoned in the egg stage.  

The date of initiation (laying of the first egg) was either back calculated 28 days 

from the hatch date of the first young if the nest reached hatch age or back calculated 

depending on the number of eggs observed at the   first nest check. For example, if a 

nest was found with 3 eggs the initiation date was estimated to be 14 days prior to the 

nest check. If a nest was found with 2 eggs the initiation date calculated to 4 days prior 

to the nest check. If a nest was found with only 1 egg the initiation date was estimated 

to be 2 days prior. This method was based on previous literature regarding the laying 

intervals of snail kites (Sykes 1987c). 

When looking at the time of day that a predation event took place I determined 

nocturnal or "night" predation to occur when a predator removed nest contents after 

sunset or before sunrise. A diurnal or "day" predation event occurred after sunrise but 

before sunset.     

Occasional technical issues occurred when the camera turned away from the nest 

or the nest shifted out of view before a cause of failure could be determined. Similarly 

this occurred in instances where the batteries died early or the memory card filled prior 

to the nest check. The outcome of these nests were recorded as “unknown”.   

Documenting Non-lethal Nest Visitors 

All non-lethal nest visits of species that were seen either directly on the nest or 

noted within several meters of the nest were recorded. In addition I took note of all 

species that were observed to scavenge remaining eggs from nests that had been 

abandoned. There was no attempt to identify individuals. Therefore, the number of 

times a species was documented is not an accurate representation of the surrounding 
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population but instead represents presence/absence. Non-lethal nest visitors were 

documented throughout all active nesting periods and for 5 days after the nests were 

considered to be failed or fledged. I selected five days as it was still likely to observe 

fledging young around the nest during this time and allowed for scavengers to remove 

remaining eggs. When eggs remained in the nest for greater than a week post 

abandonment the camera was removed for reuse prior to the egg removal. 

Data Analysis 

We modeled daily survival rates (DSR) with Shaffer's logistic exposure method 

(Shaffer and Burger 2004) using Proc GENMOD in SAS 9.3 (SAS Institute 1989; Rotella 

2004). This method of analysis models the probability of the nest surviving between 

nest checks and allows for intervals that vary in length. For nests with cameras our nest 

check intervals were set at 24 hours (daily) provided the recording had not failed for the 

week in which case the interval was set for the following nest check. Essentially if a nest 

was monitored by a working camera it was considered to be nest checked daily. 

Additionally, daily survival rates were used to determine if there were any effects from 

the camera monitoring system. This was done by comparing the daily survival rates of 

nests monitored by cameras and nests not monitored by cameras. Models were ranked 

using Akaike's information criterion (AICc) to correct for a small sample size (Burnham 

and Anderson 2002).  

Results 

Camera Effects on Nesting 

There was an average return time of 34.65 ± 5.6 minutes to the nests following 

camera placement, including the time it took for the camera deployment. The overall 

daily survival rate of the 75 camera monitored nests (95% CI = 0.9717-0.9846) was not 
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significantly higher than the daily survival rate of the 65 nests without cameras (0.9680-

0.9821, x²= 0.41; P = 0.52). The daily survival rate of the 75 camera nests in the 

incubation stage (95% CI = 0.9539-0.9782) was not significantly higher than the daily 

survival rate of the 65 not monitored by camera (0.9492-0.9779, x²= 0.03; P = 0.87). 

Similarly I found the daily survival rate of the 49 camera nests that reached the nestling 

stage (95% CI = 0.9782-0.9220) was not higher than the daily survival rate of the 46 

nests with young not monitored by camera (0.9704-0.9869, x² = 1.53; P = 0.22). 

Nest Outcomes 

Cameras were set up on 75 of the 142 Snail Kite nests located on Lake Toho 

during the 2010 (n=32/63) and 2011 (n=43/79) breeding season (January – October). A 

total of 1,751 days of data were collected and reviewed over the two years. Of the 75 

monitored nests, three of the cameras did not record the cause of nest failure due to 

either dead batteries or a full memory card. As a result, these nests have been removed 

from the following nesting outcome results. 

We observed a clutch size of 1-4 eggs in 2010 with an average of 2.75 eggs per 

clutch (n=32). The clutch size in 2011 was 1-3 eggs with an average of 2.74 eggs per 

nest (n=43). Nests fledged anywhere from 1-3 young during both years of the study, 

with an average of 2.2 young fledged per nest in 2010 (n=10) and an average of 1.8 

young per nest in 2011 (n=25). A total of 22 young reached the fledge age of 30 days 

old in 2010 and a total of 47 young reached fledge age in 2011.   

Over the course of the study I recorded a total of 32 predation events (57 

individual eggs or young) where there was either a partial or complete loss of nest 

contents (Table 2-1). The observed predator community included yellow rat snakes 

(Elaphe obsoleta quadrivittata), marsh rice rats (Oryzomys palustris), raccoons 
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(Procyon lotor), American alligators (Alligator mississippiensis), a great horned owl 

(Bubo virginianus), fish crow (Corvus ossifragus), and a purple gallinule (Porphyrio 

martinica). Yellow rat snakes were the most common predator to consume both eggs 

and young (Fig. 2-3). No instances of adult snail kite predation were observed. 

I found predation (n=21) to be the leading cause of nesting failure on Lake Toho. 

Other sources of nesting failure resulted from abandonment of eggs (n=10), unhatched 

eggs (n=3), accidental egg or young loss (n=2), and nest collapse (n=1). Of the 72 

nests, 49% (n=35) of the nests were successful having fledged at least one young 

(Table 2-2). Of the 177 eggs laid over the course of the two years 60% of the eggs 

hatched (n=106) and of the hatched individuals, 63% fledged (n= 67).        

In all but one depredated nest, yellow rat snakes caused complete or partial loss 

of nest contents with one visit to the nest. Alligators, marsh rice rats, raccoons, and the 

great horned owl(s) were observed returning repeatedly to the same nests either to 

remove remaining nest contents or to recheck the empty nest for missed food. 

Partial loss of nest contents and unhatched eggs that did not directly lead to the 

failure of the nest were observed at 24 of the 72 nests. The recorded reasons for partial 

loss of nest contents were from weak or starved young (n=8), yellow rat snake predation 

(n=4 young), fish crow predation (n=2 eggs), and an alligator predation (n=1 young) 

(Table 2-3). I found a total of 10 eggs that remained unhatched and 9 eggs/young went 

missing for unknown reasons. Many of the unknown egg/young losses were due to the 

difficulty of accounting for missing eggs (i.e. possibly rolled out) although on one 

occasion a small young went missing suddenly from between images without evidence 
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of what caused the loss. Additionally, some egg/young losses were missed during gaps 

in recording due to battery failure.  

Timing of Predation 

From the nests that were monitored by camera (n=75) I found that the DSR was 

significantly lower in the incubation stage (95% CI = 0.9529-0.9782) than nests with 

young (0.9782-0.9220, x²= 7.89; P = 0.005) (Fig. 2-3, 2-4). This result suggests that 

nest success was most limited during the egg stage of the nesting cycle. 

Out of the 30 predation events where the predator was successfully recorded (52 

individual eggs/young), seven events (23%) occurred diurnally and 23 events (77%) 

were nocturnal (Fig. 2-5). All 12 of the snake predation events (28 individual 

eggs/young) and 4 of the marsh rice rat predation events (6 individual eggs/young) 

occurred at night. The single predation event by the fish crow (n=2 eggs) and the single 

predation event by the purple gallinule (n=1 egg) both occurred during the day. 

Raccoons and the great horned owl were observed to take young both at night and in 

the early morning hours of daylight. Alligators were observed taking young 

indiscriminately throughout the day and night. No crepuscular or "twilight" predation was 

observed.  

On Lake Toho yellow rat snake predation events occurred from late February 

(2/24) through early June (6/10). Raccoon predation was observed at the very end of 

May and throughout the month of June (5/31-6/15). Marsh rice rat predation was 

observed later in the breeding season between the months of August and October (8/2-

10/10). The purple gallinule, fish crow, and great horned owl predation events occurred 

in March, May, and August respectively (Fig. 2-6).  
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Non-lethal Nest Visitors 

 The most common species found to visit in and around active snail kite nests 

were boat-tailed grackles (Quiscalus major), red-winged blackbirds (Agelaius 

phoeniceus), marsh rice rats (Oryzomys palustrisI), and intruding snail kites not 

associated with the active nest. Fish crows (n=9), marsh rice rats (n=2), purple gallinule 

(n=1), and a yellow rat snake (n=1) were all observed scavenging abandoned or 

recently depredated eggs (Table 2-4).  

Discussion 

Nest Predators 

Yellow rat snakes were the primary predator observed on Lake Toho and were 

seen taking both eggs and young. Typically they ate young between the ages of 1-5 

days old, and usually ate all of the young or eggs present. On one occasion a 23 day 

old young was killed by constriction but not eaten, possibly due to the nestling’s size. 

On another occasion a yellow rat snake ate one of the young at a nest but did remove a 

second or third (both 1-5 days old); either from satiation or adult nest defense. In this 

example, however, the second young died the following day from what appeared to be 

either injury or shock.   

Over the course of the study I recorded marsh rice rats depredating two nests with 

eggs, both when the nests were left unattended for a night by the adults. Given that 

both adults returned the following days after the predation the failure was attributed to 

predation and not abandonment. Similarly a final nest was depredated with 3 young 

ranging from 2-9 days old when the female neglected to sit on the nest overnight. All 3 

young were pulled over the edge of the nest by one or more rats (only one was seen by 

the camera at any given time). What exactly happened to the young once dragged 
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below is unknown but the rats were certainly the cause of failure. All of the marsh rice 

rat predation events occurred late in the breeding season (August – October) and in 

approximately 58-126 cm of water.  

On a separate occasion in March of 2011 a marsh rice rat was again seen biting 

and pulling on three young in a nest approximately 20 days old. The rat attempted to 

pull one young over the edge of the nest and succeeded in getting it as far as the outer 

rim of the nest. The rats attempt at removing the young eventually failed possibly due to 

the large size of the young. Adults were not present for this event which was common 

for a nest with young this age as adults typically stopped tending nests during the night 

when the young were an average of 20 days old (20.00 ± 0.6).  

Given that marsh rice rats were occasionally observed around nests throughout 

the breeding season either after a nest had failed or fledged suggests that they are 

present in many nest patches but do not always cause harm to the nest contents. It is 

possible that the rats may be acting opportunistically given that all affected nests were 

without adults actively present. This suggests that nests may be more vulnerable to 

such types of predation with less attentive parents or where disturbance has flushed the 

adult during the night. 

American alligators were another predator of nestlings, but were only recorded 

taking older young from 21 to 29 days old (a total of 5 young from 3 nests). All alligator 

depredated nests were located in water depths between 80 and 140 cm at the time of 

failure. Nest heights above the water surface were 5, 18, and 31 cm at the time of 

failure. Alligators accessed these nests typically by lunging upward to grab the nest 
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contents. Structurally nests appeared to be disheveled and tilted towards the water after 

such a predation.  

The great-horned owl depredation was the only predation event to be determined 

without direct images of the predator. The predator was determined due to the speed by 

which each young was removed from the nest (within 20 seconds), the large size of the 

almost fledged young, and the fact that the young were removed at night and very early 

morning hours (Houston et al. 1998). Unfortunately each young was removed so quickly 

that the camera did not trigger fast enough to record the predator. Unlike most snail kite 

nests in the study sample this nest was located at the very top of a small Chinese tallow 

tree and was exposed to the dense tree line that surrounded it. After the predation 

event, great-horned owl feathers where collected from below cypress trees in close 

proximity to the nest.   

A purple gallinule depredated a nest very early in the season in 2010 when 

temperatures were still low. The female flushed when the bird approached and the 

gallinule simply walked off with the egg. Although purple gallinule predation is not 

unheard of for avian community they are typically opportunistic and remove eggs from 

unoccupied nests (Frederick and Collopy 1989). This lack of defense may be attributed 

to the female’s fitness as she spent much of her time on the edge of the nest scratching, 

potentially from an infestation of mites or other unseen bugs or skin condition (Philips 

2007), and spent little time actually sitting on the nest incubating the egg. This level of 

obvious skin irritation was never again observed in the 2010 or 2011 season. Given that 

the female was not banded it is unknown whether or not she survived through the 

season.  
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Predatory Partial Loss of Nest Contents 

After starvation, yellow rat snakes were recorded as the second most common 

reason for partial loss of eggs and nestlings at nests. Typically the snakes would eat 

and/or critically injure one or two of the young in a nest before leaving. Although 

aggressive displays by the female may have encouraged the snakes to leave before 

eating all of the contents in the nests it is difficult to know how much of an effect this had 

on the snake.  

We observed a fish crow removing two eggs from an active nest in 2010 when the 

adults left the nest unattended for a few minutes. At the point that the eggs were 

depredated by the fish crow the nest was technically determined to have unviable eggs 

as it was well beyond the hatch date. I decided to list the eggs as depredated given that 

both adults appeared to still be invested in the nest and spent much of their time tending 

and sitting on the eggs. From personal observations it is not unusual to see fish crows 

attempt to access snail kite nests during the season or scavenge eggs from abandoned 

nests, it was however unique to see them succeed at depredating an active nest on this 

lake in 2010 and 2011.  

The unhatched eggs and nest age may have influenced the opportunity for this 

fish crow predation. The adults may have been less attentive at the nest given that the 

eggs were now 47 days into the nesting cycle. Although still tending the nest, the adults 

had gone from leaving the nest unoccupied 0 minutes each day to approximately 1 hour 

over a 24 hour period. This decreased investment in the nest may have allowed for 

increased predation opportunities.      

As was discussed earlier, an alligator was responsible for the loss of a 23 day old 

young. The nestling was eaten as it perched low near the water away from the nest on 
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some strands of cattail. This type of predation and the low perching away from the nest 

may be a greater unforeseen issue for young as they start fledging from the nest and 

are not yet fully competent at flight.        

Timing of Predation 

There are several potential reasons why the daily survival rates of nests were 

significantly lower in the incubation stage than the nestling stage. The top predator, 

yellow rat snakes, consumed 49% more eggs than young. It is possible that they were 

limited by the size of young they could eat, but not by eggs. It is also possible that the 

nests depredated earlier in the 58 day period of the nest (i.e. incubation) may have 

been located in poor nest sites that were either easier to locate or in a predator heavy 

areas, lending to faster predation (Martin et al. 2000). Additionally, after predation 

(57%), I recorded abandonment (27%) and unhatched eggs (8%) to be most common 

reasons of nesting failure. Given that all abandonment events and unhatched eggs 

occurred in the egg stage this likely added to the limited nesting success during 

incubation. 

The timing of predation is biologically relevant given that each recorded predator is 

likely going to be affected by either the time of day or time of year in some way.  It is 

also possible that the cues from the snail kites on the nest may be different depending 

on the time of day with regards to their activity level and movement. Great horned owls, 

raccoons, and marsh rice rats are all predominantly nocturnal predators (Houston et al. 

1998; Whitaker and Hamilton 1998) and will most likely be a threat to snail kite nests 

during the night regardless, especially when the nest has been left unoccupied for the 

night. Yellow rat snakes were only observed depredating nests during the night and 

may have done so in order to avoid mobbing by the snail kites and locally nesting boat-
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tailed grackles and red-winged blackbirds during the day (Hensley and Smith 1986; 

Stake and Cimprich 2003). Although I recorded alligators eating kites at random times 

throughout the day they too can be limited by the temperature and time of year as they 

stop eating when the ambient temperature drops below 16°C.  

Non-Predation Nest Failure 

Abandonment often began with one adult decreasing their time investment on the 

nest until they no longer returned, forcing the other adult to eventually abandon as well. 

Nests were abandoned at different intervals throughout the season for both years. 

Ultimately I do not know the exact reasons why snail kites abandon their nests, although 

it is a commonly recorded phenomena (Chandler 1974; Bennetts et al. 1988; Snyder et 

al. 1989; Rodgers 1998). Literature suggests that factors such as food stress, lack of 

water beneath the nest, cold weather events, and unhatched eggs may be to blame 

(Snyder et al. 1989). Additionally two banded females were observed to have 

abandoned nests in both the 2010 and 2011 breeding season (one event without a 

camera but was observed by another researcher) without indicating any visible concern 

regarding the camera set up, suggesting perhaps that some individuals may be prone to 

this behavior. Abandonment was never recorded after a partial loss of nest contents or 

attempted predation, as most “invested” adults returned to the nest after the attempt or 

actual predation had occurred. Adults were considered to be invested in a nest when 

they were incubating, brooding, adding nesting material or feeding young. All failures 

from nest abandonment occurred with nests in the egg stage.  

Unhatched eggs that are believed to be infertile resulted in a total of 3 nest failures 

over the course of 2010 and 2011. I observed adults tending the failed nests up to 45, 

53, and 56 days into the 58 day nesting cycle before finally deserting the nests. 
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Similarly to the abandoned active nests, either the male or female would decrease their 

investment at the nest initially before eventually abandoning the unviable eggs a day or 

two prior to the remaining mate.     

Accidental failures, as described earlier, were instances where either an egg or a 

young were seen to fall out of bounds of the nest and then left to die or get eaten. 

During the breeding season a 5 day old young fell out of the nest, landing on flattened 

cattail next to the nest. Although the parents continued to shade the unviable egg in the 

nest and bring in snail meat to the empty nest they did not seem to notice the young on 

the edge who died shortly after (approximately 1 hr), most likely from heat exposure. 

Neither adult seemed to be aware of the location of the young.  

In another instance a male was seen tipping the remaining egg in the nest out and 

over the edge. The male was recorded sitting next to the one egg in the nest after it had 

either been knocked or rolled out to the edge of the nest, shortly after he was seen to 

knock the egg entirely over the edge while straightening sticks in the nest. Although this 

male seemed unaware of the precarious situation of his nest contents a different nest 

observed during the season showed two adults acutely becoming aware of an 

unhatched egg that had rolled out of the nest onto a flat rack of cattail. By the next 

image the adults had managed to roll the egg back into the nest suggesting that it may 

be lack of individual experience or awareness that allows for such accidental nest 

failures to occur, but not necessarily a trait of the overall population.   

The one recorded collapse failure occurred in 2011 with a nest placed 485 cm 

from the ground on the branches of a willow. At the time of failure the nest contained 

two young approximately nine and eleven days old. As the nest started to slide from its 
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placement on the braches the adults continued to bring in food and sticks until the nest 

fell completely to the ground. I found the nest empty in the mud at the base of the tree 

on the following nest check. Although the nest started shifting out of place two days 

prior to it falling out of the tree there is no real indication by the images or the available 

wind data from the DBHYDRO website to suggest that extreme weather was to blame. 

Both the average wind speed and wind gusts were recorded as 4.61 mph for that day.    

Non-Predatory Partial Loss of Nest Contents 

Starvation of one or two of the young from an otherwise successful nest was the 

leading cause of partial nest content losses. Starvations were documented on Lake 

Toho from the beginning of March to the beginning of September. There did not seem to 

be a spatial or temporal pattern to these events. Typically starvation occurred when the 

young were anywhere from 1-5 days old in a nest with limited provisioning. It was 

difficult in such instances to know if the low provisioning was accidental or an intentional 

effort to reduce the brood size to match the capabilities of the parents and resources 

available. Typically the starved young were the last hatched and thus smaller than the 

remaining young. The adults removed all small dead nestlings from the nest almost 

immediately. Young that were approximately 15 days old and older were left in the nest 

and were eventually flattened by the remaining young. Two of the older young that 

starved on Lake Toho were 15 and 22 days old and appeared to have died as a 

resulted of extended asynchronous hatching. The 15 day old hatched four days after the 

first young in the nest and was not large enough to compete for food. The 22 day old 

young hatched three days later and grew noticeably slower than the other two young. In 

this case the young did not appear to lack for provisioned snails but fell behind once the 
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adults started dropping off full sized extracted snails instead of ripping up the snail and 

feeding it.  

We observed one starvation event where a 15 day old young died after the female 

deserted the nest when the two young were only 8 and 10 days old. Although it is not 

atypical to observe desertion by an adult during the nestling stage, it is highly unusual 

for them to do so with such small young in the nest (Beissinger and Snyder 1987). After 

the female deserted, the male was unable to feed the young as consistently as the pair 

had done together throughout the day. Additionally the young were still small enough to 

require shading in the afternoon on hot days and brooding during the night. Eventually 

the smaller young was no longer able to compete with the larger one for meat and died.  

Typically the remaining unhatched eggs remained in the nest for several 

days/weeks after the other eggs had hatched.  Eventually these eggs either rolled out or 

became buried in the nesting material by the general movement of the young and adults 

in the nest. There did not seem to be a spatial or temporal pattern relating the nests with 

unviable eggs present. 

Non-lethal Nest Visitors 

Previous literature has been mixed regarding the threat of predation by boat-tailed 

grackles (Chandler 1974; Sykes 1987c; Snyder et al. 1989). During the course of this 

two year study I did not observed a single predation event or apparent attempt at by a 

boat-tailed grackle (BTGR) even though they were the most common visitor in and 

around the nests. On at least one occasion a large male BTGR was left alone for a 

moment with recently hatched young and although he paused to look in the nest he did 

not touch the young. On several occasions BTGR were observed foraging around 

abandoned eggs even taking the time to shift them aside while look beneath for other 
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prey items. It is possible that they may exhibit predatory behavior towards snail kite 

nests in years where food is limited or perhaps previous observations were the result of 

a localized behavior as was suggested by Sykes (Sykes 1987c). That being said I 

observed both boat-tailed grackles and red-winged blackbirds mobbing, chasing, and 

pecking adult snail kites as they entered in and exited from their shared nest patch 

(Beissinger 1987b). It is possible that the presence of these Icterids may be detrimental 

or beneficial in ways not recorded by this study. 

On 14 different occasions I observed intruding adult snail kites and recently 

fledged young entering onto foreign active nests. Several times intruding adults were 

observed tentatively sitting on eggs in the active nest; although typically they would just 

land on or near the nest and get chased off by the tending adults. The intruding young 

of the year observed entering nests were possibly looking to take snail meat still being 

provisioned to the young in the nest. All intruding young were aggressively chased out 

by the male or the female tending the nest, often with the adult grabbing the young by 

the head. Snail kites were observed to remove sticks from neighboring nests after 

failure in order to add to their own structures.  

Purple gallinules were recorded stealing snail meat from young on occasion when 

the adults were no longer around. Similarly marsh rice rats would remove any remaining 

snail meat from the nest while fledging young were away.  

Of the recorded non-lethal nest visitors at active nests I recorded four nest visitors 

that were considered to be potential nest predators based on their diets, a great blue 

heron (Ardea herodias), a barn owl(s) (Tyto alba), a barred owl (Strix varia), and a river 

otter (Lontra canadensis). A barn owl was observed on two separate occasions in the 
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2010 breeding season. On one occasion the owl landed directly on one of the three 

young in the nest (22-24 days old) before flying away for unknown reasons leaving the 

young intact. On another occasion a barn owl was observed landing on the flattened 

rack of cattail next to a nest to dismember and eat an American coot (Fulica 

americana), again leaving the soon to be fledged young (who was hidden) unharmed. 

The barred owl perched on a tree limb of a cypress tree where a female was incubating 

her eggs for the night. Shortly before the owl landed the female flushed from the nest 

leaving the eggs exposed. If the nest had contained young at the time it is possible that 

the owl may have been a potential predator considering their diet include birds (Mazur 

and James 2000). I recorded the great blue heron standing on the edge of a nest in a 

cypress tree that contained two young (20 days old) with no direct interaction with the 

young. Finally, a river otter was recorded as it came across a low lying nest in a bulrush 

patch with three young ranging from 13-14 days old. With the three young trying to 

move further back in the nest the otter leaned into the nest looking at the young for 

approximately one minute before moving on. It is unknown how these interactions may 

have changed, if at all, if the nest had been in a different stage. 

Camera Effects on Nesting 

The exact impacts of cameras and people visiting nests cannot be determined, but 

these methods were consistent with those used in the annual population study (Reichert 

et al. 2011). Only on one occasion did a predator (a raccoon) directly look at a camera, 

but even then it was only after eating all of the nest contents. There was never an 

indication that an avian predator used the camera pole as a perch although the poles 

were typically lower than the surrounding vegetation purposefully limiting the likelihood 

of this. The return rate of the adults after deployment and visual response of the bird 
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depended on the individual. Some of the adults would stare at the camera for a few 

moments, while others would ignore the camera once on the nest. I occasionally 

observed kites perching on top of the camera pole before entering or exiting a nest. The 

effects of this behavioral change are unknown.   

In addition to the camera deployment I visited the camera nests every 7 days 

compared to the non-camera nest checks which occurred every 21 days. It is important 

to note that even with this increased level of disturbance at camera nests I found no 

significant difference between the daily survival rates of the nests. This may suggest 

that increased monitoring of the nests did not detrimentally affect the nesting outcome. 

That being said the scope of this study did not account for monitored nests versus 

completely unmonitored nest success.   

Conservation Implications: Throughout the study it became clear that cause of 

nest failure is difficult to determine based solely on evidence left behind at the nest. 

Perhaps one of the most interesting observations was the almost complete lack of 

failure from nest collapse even though the majority of our monitored nests (91%) 

occurred in herbaceous substrates. Previous publications have stated that non-woody 

vegetation nests collapse twice as frequently as nests in woody vegetation on the 

central Florida lakes (Rodgers 1998). Earlier estimations of collapse rates on the lakes 

were documented as being one of the leading causes of failure, if the not the leading 

cause of nest failure on the lakes (Sykes and Chandler 1974; Sykes 1987c; Snyder et 

al. 1989; Rodgers 1998).  

Nest collapse was determined to be any nest which shifted in a manner that 

dislodged the eggs/young. Nests that were found tipped over or broken into the water 
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when visited were in fact often the result of a predator once cameras were checked. 

Cameras also revealed that damaged or severely shifted nests still containing eggs or 

young are structurally rebuilt by the adults to avoid total collapse. It is likely that 

previous estimates of nest collapse may have been inflated due to either predator 

damage or lack of nest maintenance after nest failure. Surprisingly, the singular failure 

from collapse during the two year study occurred in a willow tree, not the seemingly less 

stable herbaceous vegetation. Although it is typical for nests in herbaceous substrates 

to drop as the young age there was no relationship between the nest heights of failed 

nests when compared to successful nests as long as the nest remains upright (see next 

chapter).  

Previously it was believed that either lower water levels or high wind events (>15 

mph) could seriously undermine the structural integrity of herbaceous nest substrates, 

especially cattail (Sykes 1987c; Rodgers 1998). Although it is unclear what constituted a 

low water level in earlier publications, 21% (n=4) of bulrush nests and 17% (n=8) of 

cattail nests in our sample were located in 50 cm of water or less by their final fledge or 

fail date. It is possible that the low water levels of previous studies allowed for easier 

wide scale predator access to nests. During the course of this study I found raccoon 

predation to most mimic nest collapse and I found that raccoons significantly preferred 

accessing nests in shallower water (see next chapter, Personal Obs.). Over the course 

of the study 88% of the 1751 recorded days experienced wind gusts greater than 15 

mph with the wind gust speed ranging from 15 to 50 mph (averaging 22.47mph). On 

days with wind over 15 mph anywhere from 1 to 92 gusts of wind were recorded to 

occur each day (averaging 18 gusts per day) according the available wind data on the 
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DBHYDRO website. While nest failure from collapse should certainly not be dismissed 

altogether, it appears that earlier estimates of nest collapse may have been 

overestimated, particularly for non-woody substrates.   

With the snail kite population at risk of extinction, it is important to focus on 

mitigating the causes of nest failure caused by predation. In the next chapter I will 

address the habitat and environmental variables that play a role in snail kite nests 

success on Lake Toho in 2010 and 2011.  
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Table 2-1. Snail kite nest predators of individual eggs and nestlings recorded on Lake Toho, FL from 2010-2011.  

Predator 
Eggs 

Consumed 
% Eggs 

Consumed 
Nestlings 

Consumed 
% Nestlings 
Consumed Total 

% of Total 
Consumed 

Yellow Rat Snake (Elaphe obsoleta quadrivittata) 20 63 7 28 27 46 

Marsh Rice Rat (Oryzomys palustris) 4 13 3 12 7 13 

Common Raccoon (Procyon lotor) 4 13 2 8 6 11 

Unknown Predator 1 3 5 20 6 11 

American Alligator (Alligator mississippiensis) 0 0 5 20 5 9 

Great Horned Owl (Bubo virginianus) 0 0 3 12 3 5 

Fish Crow (Corvus ossifragus) 2 6 0 0 2 4 

Purple Gallinule (Porphyrio martinica) 1 3 0 0 1 2 

 

Table 2-2. Snail kite nesting outcomes recorded on Lake Toho, Fl from 2010-2011.  

Nest Outcome 2010 2011 Total % Total 

Fledged 10 25 35 49 

Depredated 11 10 21 29 

Abandoned 6 4 10 14 

Unviable Eggs 2 1 3 4 

Accidental/Negligence  2 0 2 3 

Nest Collapse 0 1 1 1 
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Table 2-3. Source of partial egg/nestling loss of a total of 34 individual snail kite eggs and nestlings from a total of 24 
nests on Lake Toho, FL from 2010-2011. 

Partial Egg/Nestling Loss Eggs Nestlings Total 

Unhatched Eggs 10 0 10 

Unknown 6 3 9 

Starvation 0 8 8 

Yellow Rat Snake (Elaphe obsoleta quadrivittata) 1 3 4 

Fish Crow (Corvus ossifragus) 2 0 2 

American Alligator (Alligator mississippiensis) 0 1 1 
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Table 2-4. Observed non-lethal snail kite nest visitors documented by cameras during 
the active nest stage, and five days post failure or fledge in the 2010 and 
2011 breeding seasons on Lake Toho, FL. 

 
 

Non-lethal Nest Visitors Active 
Post-
Failed 

Post-
Fledged 

Scavenged 
Nest 

Remains 

Boat-tailed Grackle (Quiscalus major) 52 11 8 - 

Red-winged Blackbird (Agelaius phoeniceus) 24 - - - 

Marsh Rice Rat (Oryzomys palustris) 21 3 7 2 

Snail Kite (Rostrhamus sociabilis) 14 4 - - 

Purple Gallinule (Porphyrio martinica) 9 0 2 1 

Marsh Wren (Cistothorus palustris) 6 13 - - 

Carolina Wren (Thryothorus ludovicianus) 6 - - - 

Unknown Avian Sp. 5 1 - - 
Yellow Rat Snake (Elaphe obsoleta 
quadrivittata) 4 1 1 1 

Tree Swallow (Tachycineta bicolor) 4 - - - 

Limpkin (Aramus guarauna) 3 9 - - 

Common Yellowthroat (Geothlypis trichas) 3 2 - - 

Treefrog (Hyla spp.) 3 - - - 

Unknown Snake Sp. 2 1 - - 

Raccoon (Procyon lotor) 2 - 3 - 

Barn Owl (Tyto alba) 2 - - - 

Common Moorhen (Gallinula chloropus) 2 - - - 

Common Moorhen or American Coot  2 - - - 

Great Blue Heron (Ardea herodias) 1 1 - - 

Mouse spp. 1 - 1 - 

Barred Owl (Strix varia) 1 - - - 

Turtle spp.  1 - - - 

Tricolored Heron (Egretta tricolor) 1 - - - 

River Otter (Lontra canadensis) 1 - - - 

Ribbon snake (Thamnophis spp.) 1 - - - 

Common Grackle (Quiscalus quiscula) 1 - - - 

Anhinga (Anhinga anhinga) - 9 - - 

Fish Crow (Corvus ossifragus) - 4 - 9 

Great Egret (Ardea alba) - 2 - - 

White Ibis (Eudocimus albus) - 1 - - 

American Coot (Fulica americana) - - 1 - 
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Figure 2-1. Kissimmee Chain of Lakes with the relevant nesting lakes East Lake 
Tohopekaliga, Lake Tohopekaliga, Lake Hatchineha, Lake Kissimmee, and 
Lake Jackson outlined in red. 
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Figure 2-2. Lake Tohopekaliga in Osceola County, Florida.
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Figure 2-3. Age of snail kite at time of depredation on the 58 day cycle (1-28 eggs, 29-
58 nestlings) in 2010 and 2011 on Lake Toho, FL. 
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Figure 2-4. Predicted survival rates and 95% confidence intervals of snail kite nests in 
relation to nest stage on Lake Toho, Florida in 2010-2011.  
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Figure 2-5. Time of day of predation on snail kite nest contents in 2010 and 2011 on 
Lake Toho, FL. 

 

 

 

 

 

 

 

 

 



 

54 

 

Figure 2-6. Time of year of snail kite nest predation represented by Julian date in 2010 
and 2011 on Lake Toho, FL. 
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CHAPTER 3 
RELATIONSHIPS BETWEEN HABITAT CHARACTERISTICS AND SNAIL KITE NEST 

PREDATORS ON LAKE TOHOPEKALIGA, FL 

Introduction 

Nest sites are a critical component of a species’ annual productivity when 

considering that much of avian nest success is driven by a high frequency of nest 

predation (Ricklefs 1969; Nilsson 1984; Hartley and Hunter 1998). Given that nest 

success plays an essential role in recruitment, it is important to accurately assess nest 

survival estimates and to identify reasons for nesting failure (e.g. primary predators, 

disturbances, nest collapse). This is especially true for imperiled species where 

conservation of key habitat features effecting breeding productivity and survival can be 

crucial (Martin 1993).  

Commonly, apparent nest survival is estimated from the proportion of observed 

successful nests. This may overestimate nest survival because not all nests are found 

on the first day of initiation and early nest failures are easily missed (Mayfield 1975; 

Shaffer and Burger 2004). With more robust and flexible methods of estimating daily 

nest survival rate (Dinsmore et al. 2002; Rotella 2004; Shaffer and Burger 2004) we are 

now able to create biologically realistic models in order to determine the importance of 

environmental and temporal variables of interest in relation to nest survival (Butler 

2009). 

Prior to the availability of nest cameras, researchers often used the appearance of 

the nest and any egg or nestling remains to estimate reasons of failure; a method since 

found to be ineffective and unreliable (Larivière 1999). Technological advances have led 

to readily accessible and relatively inexpensive methods of remotely monitoring nests 

with cameras, allowing researchers to accurately and unambiguously determine the 
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proximate causes of nesting failure. Nest cameras can identify not only the primary 

predators, but other causes of nesting failure related to nest sites, including habitat use 

habitat characteristics, and temporal/environmental variation over the course of the 

breeding season (Thompson 2007; Richardson et al. 2009; Cox et al. 2012). This 

method is also useful for studying threatened or endangered species, where remote 

monitoring allows for intense data collection with little nest disturbance.     

One such species is the Florida snail kite (Rostrhamus sociabilis plumbeus), which 

is both critically endangered and has recently shifted the majority of its breeding 

attempts into habitats previously considered as high risk for failure (Sykes 1987a). The 

snail kite is a federally endangered hawk that resides on the freshwater wetlands and 

shallow lakes of central and south Florida (Martin et al. 2006). As a dietary specialist, 

snail kites forage almost exclusively on freshwater apple snails (Pomacea spp.)(Snyder 

and Snyder 1969; Sykes 1987b; Rawlings et al. 2007) and are restricted to areas where 

apple snails are not only present but available on emergent vegetation. Kite abundance, 

apple snail abundance, nesting substrate, and demography are all influenced by water, 

plant management activities, and habitat degradation (Darby 2006; Martin et al. 2008).   

The snail kite population has declined considerably since 1999, with preliminary 

population viability analyses predicting a 95% probability of extinction within 40 years 

(Reichert et al. 2011). Decades of landscape fragmentation and hydroscape alterations 

have greatly reduced the kite’s historic range (4,000 km²), by more than half (Sykes et 

al. 1995). Currently the population is restricted to the Everglades watershed, Lake 

Okeechobee, Loxahatchee Slough, the Kissimmee Chain of Lakes, and the Upper St. 

Johns River of the central and southern peninsula. In addition to the loss of habitat and 
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the population decline there has been a decrease in the number of nesting attempts and 

the number of young fledged annually (Reichert et al. 2011).  

Historically Water Conservation Area 3A (WCA3A) was a critical breeding habitat 

for nesting snail kites. Due to extended periods of droughts and long-term habitat 

degradation, recent reproduction within WCA3A has all but ceased, with no successful 

reproduction in 2005, 2007, 2008 or 2010. This has resulted in much of the population 

now heavily concentrated in and dependent upon the Kissimmee Chain of Lakes 

(KCOL) (Fig. 3-1), particularly Lake Tohopekaliga (Lake Toho). Toho accounted for 41% 

of all documented successful nests and 57% of all fledged throughout the state from 

2005-2010 (Reichert et al. 2011).    

Males typically build the nests and using an array of woody and herbaceous 

nesting substrates, including willow (Salix caroliniana), cattail (Typha sp.), pond apple 

(Annona glabra), bulrush (Scirpus californicus), maidencane (Panicum hemitomon), 

cypress trees (Taxodium sp.) and sawgrass (Cladium jamaicensis) (Snyder et al. 1989). 

Snail kite nests in the Everglades typically occur in woody substrates, but in lake 

habitats kites regularly build in herbaceous vegetation, principally cattail and bulrush 

(Rodgers 1998). The difference in substrate use between the two habitat types is 

thought to be the result of the shallow water depths(high predation risk) typically 

associated with woody substrates on the shoreline of lakes (Sykes 1987c).  

Cattail and bulrush patches can be found anywhere within the expansive littoral 

zones of the shallow lakes in central and south Florida, ranging from several 

centimeters to more than a meter in depth, depending on the proximity of the patch to 

the shore and the time of year. Lake water levels typically decrease from winter to 
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summer months, getting shallower throughout the snail kite breeding season (Fig. 3-2). 

This is due to water management and scheduled draw downs for flood control, 

agricultural and municipal uses, recreation, and to supply water to the greater 

Everglades (Sykes et al. 1995).  

Nests built in herbaceous substrates often shift and drop in height over time with 

wind, rain, and the weight of the young (Sykes et al. 1995, see previous chapter). 

Similarly, water depths beneath the nest may change rapidly depending on precipitation 

or water management schedules. When nesting in cattail or bulrush snail kites fold over 

multiple strands of vegetation prior to adding sticks and available green vegetation to 

form the structure of their nest. Nests are approximately 25-58 cm in outer diameter with 

a height of 8-44 cm and are almost always built over water (Sykes 1987c; Sykes et al. 

1995). Males may build several courtship structures before settling on one location 

(Dreitz et al. 2001).  

Earlier research suggested nest collapse, abandonment, and predation were the 

primary reasons for snail kite nest failures range wide, but nest collapse was thought to 

be especially high in lake habitats where nests were in herbaceous substrates (Sykes 

and Chandler 1974; Sykes 1987c; Rodgers 1998). However, recent research on Lake 

Toho (see previous chapter) found predation to be the primary cause of nesting failure, 

with almost no instances of nest collapse. Predators were identified as yellow rat 

snakes (Elaphe obsoleta quadrivittata), marsh rice rats (Oryzomys palustris), raccoons 

(Procyon lotor), American alligators (Alligator mississippiensis), great horned owls 

(Bubo virginianus), fish crows (Corvus ossifragus), and purple gallinules (Porphyrio 
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martinica). Yellow rat snakes were found to be the most common predator in the system 

and were observed eating both eggs and young. 

Since predation was identified as the leading cause of nest failure on Lake Toho, 

efforts to reduce predator access in this critical breeding habitat are important to snail 

kite population recovery. I hypothesize that habitat characteristics of nest patches will 

affect nest predation. For example, terrestrial based predators should be affected by 

variables like water depth, nest substrate, patch area, distance of the nest to the edge 

of the patch, or the distance of the nest patch to the shore (Picman et al. 1993; Jobin 

and Picman 1997; Weatherhead and Blouin-Demers 2004; Albrecht et al. 2006). Avian 

predators will be primarily affected by nest patch area (Bowman and Harris 1980; Martin 

1993; Liebezeit and George 2002). Aquatic predators, on the other hand, should be 

affected by variables like nest height, patch area, and minimum daily temperature 

(Lance 2003).   

By identifying the relevant landscape and habitat-patch factors affecting snail kite 

nest success in lake habitats, we can provide managers with effective conservation 

plans to improve reproductive efforts for this critically endangered species.  

 
Methods 

Study Area 

In 2010 and 2011 I monitored nests on Lake Toho, a shallow lake covering 

approximately 8,176 ha (2009 Remetrix bathymetry map), in northwest Osceola County, 

Florida (Fig. 3-3). Much of the lake shore has been altered to accommodate houses, 

docks, shoreline vegetation removal, and cattle grazing (HDR Engineering. 1989). 

Similar to other lakes in Florida, Lake Toho is considered a highly eutrophic lake with 
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mixed emergent littoral vegetation covering approximately 25% of the lake’s area 

(Welch 2004). Snail kite nesting has been documented lake wide although more 

commonly on the northern half of the lake.  

Field Methods 

Nest searching was conducted every 21 days by airboat from November to August 

of 2010 and 2011 on Lake Toho. I used the nest searching protocol currently in place 

for the state wide snail kite population monitoring project (Reichert et al. 2011) to 

determine nest locations. Nests are typically detected when a snail kite flushes from 

dense vegetation and exhibits a breeding behavior (i.e. nest defense, stick carrying, 

copulating, and flying with snail meat) or a general unwillingness to leave the area. At 

every new nest a mirror pole with measurements on the pole was used to determine 

nest contents, water depths, and nest heights. Nest height measurements were 

recorded from the top of the water to the bottom of the nest, if the nest was tilted or at 

an angle I measured to the lowest corner of the nest. Three water depth measurements 

were taken under and next to the nest from the ground to the waterline. The three 

measurements were then averaged together to get one primary water depth in an 

attempt to account for uneven lake sediment. Nest coordinates were recorded at the 

nest using a GPS (Garmin GPSmap 76Cx) and the primary nesting substrate under and 

around the nest was noted.  

After a full lake nest search was completed nests were randomly selected for 

camera placement and cameras were deployed within four days or greater from the 

original nest check. Cameras were set on nests with at least one egg to minimize the 

chance of abandonment during the nest-building phase (Richardson et al. 2009). When 

possible, cameras were set up on nests in the egg stage, although cameras were set on 
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nests with young when no other nests were available. In an attempt to minimize 

disturbance I aimed to set up cameras as fast as possible and were typically back on 

the boat and idling away from the nest site after 10 minutes. Cameras were placed in a 

variety of substrates including cattail (Typha spp.), giant bulrush (Schoenoplectus 

californicus), willow (Salix caroliniana), etc. based upon their availability.  

We attached cameras to tree limbs near the nest when available (n=2) or mounted 

them on handmade steel tripods that could vary in height depending on the height of the 

nest (n=73). The tripods were constructed so that the bottom half (always 1.82 meters) 

could be pounded into the sediment with the three stabilizing legs remaining below the 

water. The top half which consisted of a single steel post of varying height could slide 

onto the tripod base and was locked into place using a hitch pin. Cameras were set 

within three meters of the nest and were attached to the tripod using a basic mount that 

allowed for the camera to be angled downward into the nest. Any vegetative structure 

that thoroughly impeded the view into the nest was tied back using twine. Before 

deployment the tripods and mounts were spray painted to match the surrounding 

vegetation. Once the cameras were set up the surrounding vegetation was used, when 

available, to camouflage the cameras in the nest patch.   

Once there was a camera present, nest checks were preformed weekly. Airboats 

were used to reach the nest site location at which point the person nest checking would 

wade or swim the remaining 12 to 46 meter distance through the dense vegetation to 

access the nest. Prior to the camera set up and for nests without cameras, nest checks 

were performed every 21 days. Water depths and nest heights measurements were 

taken at every nest check. Additionally, camera batteries and memory cards (28 GB) 
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were changed during nest checks, and cameras were realigned with the nest if 

necessary.    

Over the course of the study 15 Reconyx HyperFire Low Glow Semi-Covert 

Infrared cameras were deployed on Lake Toho, including both the PC85 and PC800 

models (Reconyx Inc., Holmen WI). The cameras recorded 3.1 megapixel images in 

color during the day and monochrome infrared by night.  The cameras were set to 

trigger in response to heat and motion passing in front of the field of view. Once 

triggered the camera would take five rapid fire images with a delay of one to three 

seconds between images in order to ensure that the camera would fully capture any 

predation events. In addition to the automatic trigger, cameras were set to take one 

picture every two minutes all day long to ensure the capture of events such as snake 

predation, which may not consistently activate the automatic trigger. Anywhere from a 

few hundred to eighty thousand images were recorded in one week per camera 

depending upon the nest stage and camera set.  

Data Recording 

We used FastPictureViewer Professional software to view all of the images. Data 

entry was considered to have started on the first day the camera was set and ended 

when the young reached fledge age or 24 hours after a predation event or 

abandonment occurred. The nest success period was based on a 58 day nest cycle 

with 28 days for laying and incubation and 30 days for the nestling stage (Sykes 1987c).  

Given that snail kites can build several courtship structures prior to laying eggs, 

failures at this stage represent failures of courtship and not the nest, therefore, only 

initiated nests are considered for this paper (Steenhof 1987; Dreitz et al. 2001). Nests 

were considered successful when at least one young reached the fledge age of 30 days 
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old. This timeframe was selected as it coincided with the typical age that young start 

leaving the nest for extended periods of time. Nests were considered failed when all 

nest contents were determined to be abandoned, unviable, removed or destroyed.  

The nest age was determined by back calculating date of initiation by 28 days prior 

to the hatch date of the first young if the nest reached hatch age. If eggs did not hatch 

then the initiation date was back calculated depending on the number of eggs observed 

at the first nest check. If a nest was found with 3 eggs the initiation date was estimated 

to be a median of the 28 day incubation period, 14 days prior to the nest check. If a nest 

was found with 2 eggs the initiation date calculated to 4 days prior to the nest check. If a 

nest was found with only 1 egg the initiation date was estimated to be 2 days prior. This 

method was based on previous literature regarding the laying intervals of snail kites 

(Sykes 1987c).  

Failure from abandonment, unviable eggs, collapse, and accidental deaths were 

all considered to be “non-predation” failures. Any failure resulting from a predation event 

is considered to be “predation” failures. We determined abandonment to have taken 

place once both adults stopped tending the nest during the viable incubation or young 

stage. Any nest which shifted in a manner that dislodged the eggs/young was 

considered to be collapsed. Eggs were determined to be unviable when incubation was 

observed for 33 days or more and were eventually abandoned in the egg stage.  

Technical issues would occasionally occur when the nest would shift out of view or 

the camera would turn away from the nest prior to failure. Similarly there were times 

where the batteries died or the SD card filled up prior to the nest check. The outcome of 

these nests were recorded as “unknown” (n=3).  
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Habitat Variables 

Feature Analyst software was used to delineate the herbaceous nest patches on 

Lake Toho using 4-band aerial imagery (0.2 meter pixel resolution) collected on June 

7th, 2010 and June 6th, 2011. Once the nest patches were outlined, ArcGIS 9.3 was 

used to calculate the area of each patch, the distance of nest to the nearest edge of the 

patch, as well as the distance of the nest patch to the nearest vegetated shoreline 

(including islands). Daily water depth measurements under the nest were calculated by 

taking weekly nest check water depths and adding or subtracting from the depth using 

lake stage data available for that date on DBHYDRO. Additionally, average wind speed 

and maximum wind gust data was obtained from the South Florida Water Management 

District database (DBHYDRO); station = TOHOW_H. In order to estimate a daily nest 

height I compensated for any recorded drop in height by applying the difference of the 

weekly measurements linearly across the week. 

Data Analysis 

I modeled daily survival rates with Shaffer's logistic exposure method (Shaffer 

and Burger 2004) fitted using Proc GENMOD in SAS 9.3 (SAS Institute 1989; Rotella 

2004). This method of analysis models the probability of the nest surviving between 

nest checks (everyday for camera monitored nests) and allows for intervals that vary in 

length. A binomial response distribution was used to fit the models, 1 if the interval nest 

fate was successful or 0 if the nest had failed during the interval. For nests with 

cameras our intervals were set at 24 hours provided the recording had not failed for the 

week in which case the interval was set for the following nest check. Daily survival rates 

were used to evaluate support of models for all nests in relation to our a priori 

hypotheses and predictions regarding environmental variables, temporal variables, and 
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vegetative variables over the course of the study. Similarly this approach was used to 

determine if there were any effects from the camera monitoring system. Models that 

comprised the top 90% of the total weight were considered to be well supported 

(Burnham and Anderson 2002). 

When evaluating models for nest predation I compared all nests that experienced 

predation either resulting in total nest failure or an egg/young reduction to all “other” 

nests. The “other” category included nests that had failed for non-predation reasons as 

well as successful nests. I distinguished between the response variables using 1 for 

depredated and 0 for other (Cox et al. 2012). When comparing predation rates to the 

surrounding habitat variables I included nests that had experienced even partial 

predation nest loss over the two years (n=3) and excluded any nests where an unknown 

egg/young loss occurred (n=5) with a total of 1,611 observed days. When including both 

years of data I evaluated support for 23 models describing daily nest survival rates that 

included main effects models of year, nest age, minimum daily temperatures (°C), nest 

height (cm), nest patch area (ha), distance of nest patch to shore (m), distance of nest 

to edge of patch (m), and water depth (cm) (Tables 3-1, 3-2). I predicted that predation 

would increase with increased nest age, and cooler temperatures. Additionally I 

expected predation risk and nest access to diminish with decreased nest height, nest 

patch area, water depth, and distance of nest to edge of patch and patch to shore. 

Additive effects of nest height and distance to shore as well as nest height and water 

depth were considered. For the predation models breeding years 2010 and 2011 were 

run independently to evaluate support for 13 models in each year. When both years of 

data were combined I controlled for the significant differences in daily survival rates 
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between the years by including year as an effect in all of the models. Models were 

ranked using Akaike's information criterion (AICc) to correct for a small sample size. 

Model support was assessed using ΔAICc and Akaike weights (wi) (Burnham and 

Anderson 2002).   

Given that nesting locations on the lake differed by the habitat variables 

accounted for (i.e. distance from shore, nest substrate, water depth, etc.) I did not test 

nest site locations independently. Models with ΔAICc > 2 were considered to be equally 

plausible, best-fit models. I model averaged estimates for parameters including in the 

final best fit models (ΔAICc > 2) and compared their effects to zero using 95% CI.  

Relationships between the most frequent predators (yellow rat snakes, marsh 

rice rats, and raccoons) and habitat variables including nest patch area (ha), distance of 

nest patch to shore (m), distance of nest to edge of patch (m), nest height (cm), water 

depth (cm), and minimum temperature (°C) were tested using generalized linear models 

(GLM’s). Presence (1) or absence (0) of the predators was used as the response 

variable, a normal distribution, and a identity link. Nest patch area, distance of nest to 

edge of the patch, and distance of nest patch to the shore were all log transformed for 

normality. Due to the log transformation the results from these models have asymmetric 

standard errors. Predators were included as “present” if they were observed 

depredating partial or complete nest contents or were recorded entering active or 

recently fledged nests (up to 5 days post fledge) without causing predation. Non 

predation nest visits were included to increase the predator sample size and to address 

predator access into nests in addition to predation. Given the small sample sizes for 

predator observations we pooled data across 2010 and 2011 and did not evaluate for 
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year effect. We only included predator observations of n=5 and greater so that single 

predator events were not included given the small sample size.  

We analyzed the herbaceous and woody nesting substrates using generalized 

linear models (GLM’s) to test for fundamental differences of nesting substrate 

characteristics. For herbaceous nest substrates I compared the size of nest patches 

and the distance of the nest to the edge of patch. Distance of nest site to shore was 

evaluated for nests in both woody and herbaceous vegetation. When comparing 

percentages of predation events in each nesting substrates only predation events were 

included. 

Results 

Nest Outcomes 

Cameras were set up on 75 of the 142 Snail Kite nests located on Lake Toho 

during the 2010 (n=32/63) and 2011 (n=43/79) breeding season (January – October). A 

total of 1,751 days of data were collected and reviewed over the two years. Predation 

was found to be the leading cause of nesting failure (n=21) (see previous chapter). Of 

the 75 nests with cameras, eight were built in trees, 19 were built in bulrush, and 48 

were built in cattail. Tree species observed during the study include cypress (Taxodium 

sp.), willow (Salix caroliniana), and a Chinese tallow (Triadica sebifera).  

Nest Predation Models  

Of the three nest predation model sets (2010, 2011, and both years combined) 

only the 2010 model set had covariates with significant results. The top model for the 

combined 2010 and 2011 nest predation models included the covariates of minimum 

temperature, year, and a categorical variable indicating if predation had occurred (1) or 

had not occurred (0). The weight for this model was low at 0.359 and the confidence 
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intervals spanned zero (Tables 3-3, 3-4). In the 2010 predation model set the effects of 

minimum temperature and predation/non-predation best explained daily survival rates 

for the depredated nests with an AICc weight of 0.94 (Tables 3-5, 3-6). Given that the 

AICc weight was greater than 0.90 for the top model, averaging was not performed 

(Burnham and Anderson 2002). The top model for the 2011 predation model set 

included nest height, distance of nest patch to shore, and predation/non-predation. This 

model was not significant as it was weighted 0.498 with a confidence interval that 

spanned zero (Tables 3-7, 3-8).  

Although daily survival rates were significantly lower in 2010 than 2011 (Χ2
0.05 

=7.65, df=1893, p=0.01) (Fig. 3-4), I did not find a significant difference in the daily 

survival rates for depredated nests in 2010 when compared to depredated nests in 2011 

(Χ2
0.05 =0.03, df=1607, p=0.86). Depredated nests in 2010 had a daily survival rate of 

0.83 ± 0.1 while depredated nests in 2011 were 0.91 ± 0.0 (Fig. 3-5). Of the 29 nests 

depredated over the combined 2010 and 2011 breeding seasons there was not a 

significantly different daily survival rate of nests in the egg stage (95% CI = 0.9229-

0.9757) compared with those in the nestling stage (0.8891-0.9611, X² = 1.11; P = 

0.2926) (Fig. 3-6).   

Predator Specific Models 

There was a significant difference in the distance of the nest patch/tree to the 

nearest shoreline in relation to the presence of marsh rice rates (Χ2
0.05 =7.00, df=66, 

p=0.01) and yellow rat snakes (Χ2
0.05 =12.31, df=66, p=0.001). Marsh rice rats were 

found to be present in nests with an average distance of  m (71.38-285.48 

m) from shore but were absent in nest sites approximately  m (25.11-12.61 m) 
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from shore. Alternatively, yellow rat snakes were observed to be an average  m 

(2.65-15.65 m) from shore while nest sites  m (13.68-89.18 m) from shore did 

not have yellow rat snakes. The distance of the nest patch or tree to the nearest 

shoreline did not differ for raccoons (Χ2
0.05 =0.62, df=66, p=0.43) (Fig. 3-7). 

We did not find a difference of marsh rice rats (Χ2
0.05 =1.84, df=66, p=0.18), 

raccoons (Χ2
0.05 =0.73, df=66, p=0.39), or yellow rat snake presence (Χ2

0.05 =0.50, 

df=66, p=0.48) in relation to nest patch area (Fig. 3-8). Similarly there was no difference 

of presence or absence of marsh rice rats (Χ2
0.05 =0.55, df=66, p=0.46), raccoons (Χ2

0.05 

=0.19, df=66, p=0.66), or yellow rat snakes (Χ2
0.05 =1.81, df=66, p=0.18) in relation to 

the distance of the nest to the edge of the cattail patches, bulrush patches, or tree (Fig. 

3-9).  

There was a significant difference in nest height for the nests that were accessed 

by raccoons when compared to the nests without raccoons (Χ2
0.05 =6.5, df=66, p=0.01). 

Raccoons were found to enter nests at an average of 337.22 ± 49.3 cm while the nests 

that did not experience raccoon intrusion were an average of 206.58 ± 13.9 cm tall. 

There was no difference between the presence or absence of marsh rice rats (Χ2
0.05 

=0.89, df=66, p=0.35) or yellow rat snakes (Χ2
0.05 =0.05, df=66, p=0.83) with regard to 

nest height access (Fig. 3-10).  

Marsh rice rats were observed in nests with significantly deeper water underneath 

with approximately 115.74 ± 11.3 cm compared to nests where rats were absent with 

78.52 ± 4.4 cm of water (Χ2
0.05 =9.39, df=66, p=0.002). Raccoons were observed 

accessing significantly shallower nests with an average of 18.79 ± 14.7 cm of water 
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rather than nests placed above 86.11 ± 4.1 cm of water (Χ2
0.05 =19.36, df=66, 

p=0.<0.001). Water depth beneath the nest did not affect the likelihood of yellow rat 

snakes (Χ2
0.05 =1.71, df=66, p=0.19) accessing a nest (Fig. 3-11). 

When taking the minimum daily temperature into account marsh rice rats were 

observed entering nests during significantly cooler temperatures (16.61 ºC ± 8.4) than 

nests without (36.63 ºC ± 3.3, Χ2
0.05 =4.88, df=66, p=0.03). Minimum daily temperature 

did not appear to affect the likelihood for raccoons (Χ2
0.05 =2.43, df=66, p=0.12) or 

yellow rat snakes (Χ2
0.05 =0.34, df=66, p=0.56) to appear at a nest location (Fig. 3-12).  

Nest Substrates 

Although bulrush had the highest daily survival rate (0.9862 ± 0.005), there was no 

significant difference in the daily survival rates of nests built in bulrush (n=19, 95% CI 

=0.9727-0.9931), cattail (n=18, 95% CI = 0.9672-0.9846), or trees (n=8, 95% CI = 

0.9274-0.9849, X² = 2.96, p = 0.2274) (Fig. 3-13). Nest patch areas of bulrush patches 

(0.15 ± 0.7 ha) were significantly smaller than nest patches of cattail (2.44 ± 0.4 ha) 

(Χ2
0.05 = 8.41, df=65, p=0.003). Additionally, nests were placed significantly further from 

the edge of the patch when nesting in cattail (8.65 ± 1.1 m) than when nesting in 

bulrush (4.00 ± 1.7 m, Χ2
0.05 =5.31, df=65, p=0.02). Nesting trees were significantly 

closer to shore (12.38 ± 45.6 m) than cattail nest patches (114.85 ± 18.6 m, Χ2
0.05 

=4.33, df=72, p=0.04), but not significantly closer than bulrush patches (101.68 ± 29.6 

m, p=0.10). There was no significant difference between cattail and bulrush distances   

to shore (101. 68 ± 29.6 m, Χ2
0.05 =0.14, df=72, p=0.71). Bulrush patches used for 

nesting were not placed at a significantly different distance from trees or cattail patches  
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Approximately 82% of yellow rat snake predation events took place in cattail 

patches (n=9) with the remaining 18% of predations taking place in bulrush (n=1) and a 

cypress tree (n=1). Yellow rat snakes were observed in 6% of nests built in bulrush (1 

out of 18 nests), 14% of nests built in trees (one out of seven nests), and 27% of nests 

built in cattail (13 out of 48 nests). All marsh rice rat predations occurred in bulrush 

patches (n=3). Alligators attacked young 67% of the time in cattail (n=2) and 33% of the 

time in bulrush (n=1). Raccoons depredated nests 67% of the time in cypress trees 

(n=2) and 33% of the time in cattail (n=1). Both the purple gallinule and fish crow 

predation events occurred in cattail while the owl predation occurred in a Chinese tallow 

tree.  

Of the 75 monitored nests, three of the cameras did not record the cause of nest 

failure due to either dead batteries or a full memory card (see previous chapter). Of the 

72 known fate nests 57% of nests in trees experienced a predation event (4 nests out of 

7 nests), 30% in cattail (14 out of 46 nests), and 26% in bulrush (5 out of 19 nests). 

Discussion 

Habitat characteristics of snail kite nesting areas were found to affect predation 

events in this study. Different predators were found to be affected by different habitat 

variables. For some terrestrial predators (e.g. yellow rat snakes and raccoons) nest 

access was influenced by the distance of the nest patch to the shore, nest height, or 

water depth, while aquatic predators (marsh rice rats) were affected by distance of nest 

patch to shore, water depth, and minimum daily temperature. Avian predators were not 

addressed due to the small sample size of predation events. Yellow rat snakes were the 

most common predator of snail kite nests (see previous chapter), and the majority 

(82%) of these predation events took place in cattail and in areas close to shore (
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 m) (2.65-15.65 m). Although yellow rat snakes are capable swimmers they are 

primarily terrestrial and face an array of potential predators while moving through lake 

littoral zones (Allen and Neill 1950). Snakes found in aquatic habitats in the southeast 

are readily eaten by otter, mink, raptors, wading birds, alligators, other snakes, and 

species of fish such as gar, catfish, and bass (Gibbons and Dorcas 2005). 

Given that there was no significant difference between the distance of bulrush 

patches and cattail patches from shore there are likely other reasons driving yellow rat 

snakes apparent preference for cattail. One possible explanation for this might be the 

structural differences between the two substrates. Structurally cattail stems tend to be 

wider and flatter than bulrush stems which are smaller in diameter and cylindrical. This 

difference could make traveling and climbing through the bulrush more difficult and thus 

less desirable for these predatory snakes. 

Contrary to the yellow rat snake’s nest patch preferences all marsh rice rat observations 

occurred in bulrush patches that tended to be in significantly deeper water (115.74 ± 

11.3 cm) and further from the shore (  cm) (71.38-285.48 cm). Although the 

marsh rice rats are susceptible to predation threats similar to the yellow rat snakes while 

swimming, the difference may be they are aquatic year round breeders who primarily 

colonize over water and would not have to return to shore for breeding and foraging as 

a terrestrial predators such as the yellow rat snake would. Inhabiting nest patches 

further from shore in deeper water allows for the rats to avoid terrestrial predators, 

including the yellow rat snake and raccoons that might commonly forage the shoreline 

of the lake and shallower vegetation. Although their diet consists of immature flies, 

crabs, and snails (Post 1981) they are also voracious predators of bird nests consuming 
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both eggs and young of boat-tailed grackles, red-winged blackbirds, and marsh wrens 

(Bancroft 1986). Considering their habitat and foraging preferences it is clear why they 

would depredate unattended snail kite nests when given the opportunity.  

In addition to their habitat preferences marsh rice rats were documented entering 

nests in significantly cooler temperatures (16.61 ºC ± 8.4) than when they were not 

observed (36.63 ºC ± 3.3). Although the exact reason for this is unknown it may have to 

do with their energy requirements and increased foraging during colder temperatures. 

Alternatively they may be reducing their risk of alligator predation by foraging and 

traveling into bulrush patches in cooler temperatures as alligators reportedly stop eating 

when ambient temperatures drop below 16 °C (Lance 2003). Given that marsh rice rats 

are nocturnal and are exceedingly capable of swimming under water for periods of time 

to avoid above water predation it would be beneficial for them to be most active in and 

near the water during temperatures that would eliminate such a notable threat. This is 

especially true since as alligator have been documented to eat aquatic rats (Whitaker 

and Hamilton 1998; Rice et al. 2007).    

Raccoons were recorded in significantly taller nests averaging 337.22 ± 49.3 cm in 

height and in shallower water approximately 18.79 ± 14.7 cm in depth. It is most likely 

due to the raccoon’s proclivity to depredate kite nests in trees that caused this result. 

The raccoon’s superior climbing capabilities and apparent desire to remain in shallower 

water made snail kite nests located in trees especially vulnerable to their foraging. 

Although the raccoons seemed to prefer shallower water they did not necessarily limit 

the distances from shore they were willing to travel in order to access a nest or foraging 

site. The raccoons may have been less cautious about accessing nests further from 
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shore in shallower water given that their size decreases the risk of wading bird or raptor 

predation, unlike the yellow rat snakes. That being said they may have selected to avoid 

deeper waters in an attempt to limit their interactions with alligators (Frederick and 

Collopy 1989; Rice et al. 2007). Furthermore the herbaceous substrates of the deeper 

nests may not have support the weight of a raccoon therefore making the predation risk 

of swimming not worth the trip.  

There were too few predation events by alligators to draw many conclusions (n=3), 

though there are likely influenced by temporal or temperature effects. When ambient 

temperatures reach 16 °C or lower, for example, their metabolism is inhibited and the 

assimilation of food is no longer possible (Lance (2003). Therefore, it is reasonable to 

assume that alligator depredation would likely increase in the latter part of the breeding 

season.  

Beyond nest patch characteristics, this study found an effect of minimum 

temperature on nest survival. The 2010 predation model, minimum daily temperature 

and whether or not the nest was depredated explain most of the variation in the daily 

survival rates. It appears as though in 2010 nest survival increased with warmer 

temperatures for nests that experienced not only predation but non-predation failures as 

well. The effect of temperature on survival was most likely exacerbated in January of 

2010 when the state of Florida experienced historically cold weather. Temperatures 

were recorded to be well below the normal averages for the state (Leftwich et al. 2010). 

According to DBHYDRO minimum temperatures on Lake Toho hovered around 0 °C 

from January 4th to January 13th with water temperatures remaining below 10 °C from 

January to April of 2010. Additionally temperatures remained 15-26 degrees cooler in 
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late February and early March than the temperatures recorded in 2011. Considering 

that the low temperatures negatively affected the survival of both depredated and non-

depredated nests there may have been multiple factors at play during this time. With the 

first six nests of the season failing due to abandonment and predation it is likely that 

breeding kites may have been plagued by decreased foraging success and in turn 

decreased nest investment. It is difficult to know how, if at all, such severe temperatures 

impacted the breeding adults for the rest of the breeding season.  

It has been documented that apple snails (Pomacea spp.) commonly respond to 

temperatures of less than 15 °C by becoming inactive and burying themselves into the 

sediment when temperatures reach 10°C. This behavior renders many of them 

immobile and inaccessible to the foraging adults (Stevens et al. 2002). Snyder et al 

(1989) recorded several instances of entire snail kite colonies abandoning their nests 

after several days of cold weather. This was documented following their observations of 

greatly depressed capture rates of snails. Similarly rates of abandonment were highest 

in the start of the 2010 breeding season when the temperatures were unusually low 

(see next chapter). In addition to inducing abandonment these findings suggest that 

prolonged cold temperatures may create underfed, unhealthy, and possibly less 

invested adults. In the previous chapter I reviewed one of the early 2010 predation 

events by a purple gallinule in which the female spent much of her time scratching her 

feathers on the edge of the nest rather than incubating the nest contents. This same 

female was flushed by a purple gallinule who then ate and removed the only egg in the 

nest. During the course of the 2010 and 2011 breeding seasons females were often 

observed posturing defensively against purple gallinules and other non-raptorial birds 
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approaching too close to the nest, suggesting that this female’s passivity may not have 

been a normal response to such a predator.  

Conservation Implications: Given the impact of nest predation on breeding snail 

kites it is important that the nest predators and their relationship to nesting sites are 

properly identified. This study identified the primary predation threats on Lake Toho and 

how they relate to nest habitat characteristics, providing managers with important 

information about how to increase nest success in the region. Considering that yellow 

rat snakes were the most common predator of both eggs and nestlings managing for 

nest site locations further from the shore should reduce predation. Additionally, since 

marsh rice rats were only observed in nests without adults present it may be important 

to limit nocturnal disturbance (airboats, etc.) near the nests in order to prevent flushing 

the adults at night. Predator guards might also be used when kites nest in woody 

substrates close to shore or when water levels are expected to dry out the area.  

This study also highlighted the danger of having such a large portion of the snail 

kite’s breeding activity concentrated on just a few lakes scattered throughout central 

Florida. Although the extreme cold weather in 2010 affected much of the state, snail 

kites remain especially vulnerable to such events while nesting at the northern extent of 

their range on Lake Toho. These lakes are also some of the most heavily managed and 

heavily recreated in the state, increasing the potential for disturbances and nest failures 

where kite activity has become concentrated. In addition to managing for higher nest 

success on the KCOL, restoring habitat in the southern end of the state will likely 

provide the best long-term viability for the snail kite population.  
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Table 3-1. Description of variables included in the predation models.  

Variables Descriptions 

Area of Patch Area of the patch of vegetation that the nest was located in (ha) 

Distance to Edge Distance of the nest to the closest edge of the patch (m) 

Distance to Shore The shortest distance of the edge of the nest patch to the vegetation on the shoreline (m) 

Julian Date Continuous count of days representing the real date starting on January 1st 

Minimum Temp Lowest recorded temperature of the day (°C) 

Nest Age 1-58 days, from nest initiation to fledge  

Nest Height Height measured from the water to the bottom of the nest (cm) 

Nest Substrate Vegetative structure that the nest was built in, categorized as trees, bulrush, or cattail 

Precipitation Total daily rainfall (cm) 

Predation vs Other Depredated (1) or not (0) 

Water Depth Measured from the sediment to the waterline beneath the nest (cm) 

Year 2010 or 2011 

 

Table 3-2. Model codes in relation to variables. 

Variables Model Code 

Area of Patch Area 

Distance to Edge DistEdge 

Distance to Shore DistShore 

Julian Date JDate 

Minimum Temperature MinTemp 

Nest Age NestAge  

Nest Height NestHeight 

Nest Substrate NestSub 

Precipitation Precip 

Predation vs Other  PvsO 

Water Depth WaterDepth 

Year Year 
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Table 3-3. Support for models predicting snail kite nest survival for depredated and non-
depredated nests on Lake Toho, Florida from 2010-2011 (n=1,878 days 
observed). 

Predation Models K AICc Δ AICc wi 

PvsO + MinTemp + Year 4 356.476 0.000 0.359 

PvsO + DistEdge + DistShore + Year 5 359.393 2.918 0.084 

PvsO + DistEdge + Year 4 359.893 3.418 0.065 

PvsO + Year 3 360.119 3.643 0.058 

PvsO + DistEdge + DistShore 4 360.144 3.668 0.057 

PvsO + Area + Year 4 360.361 3.886 0.051 

PvsO + DistEdge 3 360.689 4.213 0.044 

PvsO + DistShore + Year 4 360.699 4.224 0.043 

PvsO + NestAge + Year 4 361.582 5.106 0.028 

PvsO + NestSub + Year 5 361.815 5.340 0.025 

PvsO 2 361.851 5.376 0.024 

PvsO + WaterDepth + Year 4 361.898 5.423 0.024 

PvsO + NestHeight + Year 4 362.127 5.652 0.021 

PvsO + Area 3 362.303 5.827 0.020 

PvsO + DistShore 3 362.490 6.014 0.018 

PvsO + NestHeight + DistShore + Year 5 362.666 6.191 0.016 

PvsO + MinTemp 3 362.780 6.304 0.015 

PvsO + NestAge 3 363.352 6.876 0.012 

PvsO + WaterDepth 3 363.684 7.209 0.010 

PvsO + NestHeight 3 363.712 7.236 0.010 

PvsO + NestHeight + WaterDepth + Year 5 363.860 7.385 0.009 

PvsO + NestSub 4 364.404 7.929 0.007 

Null 1 381.716 25.240 0.000 
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Table 3-4. Model averaged parameter estimates for factors hypothesized to affect snail 
kite nest survival for depredated and non-depredated nests on Lake Toho, FL 
in 2010 and 2011.  

Parameter Level Estimate SE Low CI Upper CI 

WaterDepth   0.0000 0.0001 -0.0002 0.0002 

Intercept   2.5667 0.8564 0.8538 4.2795 

MinTemp   0.0366 0.0507 -0.0647 0.1379 

Nestsub Bulrush 0.0181 0.0395 -0.0609 0.0972 

Nestsub Tree 0.0083 0.0254 -0.0425 0.0591 

Nestsub Typha 0.0000 0.0000 0.0000 0.0000 

PvsO 0 1.5058 0.3591 0.7877 2.2239 

PvsO 1 0.0000 0.0000 0.0000 0.0000 

NestAge   0.0004 0.0009 -0.0015 0.0022 

WaterDepth   -0.0001 0.0003 -0.0006 0.0005 

Year 0 -0.6742 0.5137 -1.7015 0.3532 

Year 1 0.0000 0.0000 0.0000 0.0000 

Area   -0.0059 0.0127 -0.0313 0.0195 

DistEdge   -0.0593 0.1011 -0.2614 0.1428 

DistShore   0.0254 0.0464 -0.0675 0.1183 
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Table 3-5. Support for models predicting snail kite nest survival for depredated and non- 
depredated nests on Lake Toho, Florida in 2010 (n=592 days observed) . 

Predation Models K AICc Δ AICc wi 

PvsO + MinTemp 3 177.490 0.000 0.940 

PvsO + Area 3 186.651 9.162 0.010 

PvsO + NestSub 4 186.781 9.292 0.009 

PvsO 2 186.824 9.334 0.009 

PvsO + NestAge 3 187.897 10.407 0.005 

Null 1 187.920 10.430 0.005 

PvsO + DistEdge 3 188.255 10.765 0.004 

PvsO + NestHeight 3 188.259 10.769 0.004 

PvsO + DistShore 3 188.545 11.056 0.004 

PvsO + WaterDepth 3 188.628 11.138 0.004 

PvsO + NestHeight + WaterDepth 4 189.568 12.078 0.002 

PvsO + DistEdge + DistShore 4 189.711 12.222 0.002 

PvsO + NestHeight + DistShore 4 189.991 12.501 0.002 

 
Table 3-6. Model averaged parameter estimates for factors hypothesized to affect snail 

kite nest survival for depredated and non-depredated nests on Lake Toho, FL 
in 2010.  

Parameter Level Estimate SE Low CI Upper CI 

NestHeight 
 

0.0000 0.0000 -0.0001 0.0000 

Intercept 
 

-1.5801 1.5248 -4.6297 1.4695 

MinTemp 
 

0.2103 0.0720 0.0663 0.3544 

Nestsub Bulrush 0.0097 0.0206 -0.0315 0.0510 

Nestsub Tree 0.0024 0.0084 -0.0144 0.0192 

Nestsub Cattail 0.0000 0.0000 0.0000 0.0000 

PvsO 0 1.2370 0.4956 0.2457 2.2282 

PvsO 1 0.0000 0.0000 0.0000 0.0000 

NestAge 
 

0.0001 0.0002 -0.0003 0.0005 

WaterDepth 
 

0.0000 0.0001 -0.0002 0.0001 

Area 
 

-0.0012 0.0027 -0.0066 0.0041 

DistEdge 
 

-0.0011 0.0028 -0.0066 0.0045 

DistShore   0.0005 0.0014 -0.0023 0.0033 
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Table 3-7. Support for models predicting snail kite nest survival for depredated and non- 
depredated nests on Lake Toho, Florida in 2011 (n=1,169 days observed). 

Predation Models K AICc Δ AICc wi 

PvsO + NestHeight + DistShore 4 167.299 0.000 0.498 

PvsO 2 171.031 3.733 0.077 

PvsO + NestHeight + WaterDepth 4 171.203 3.904 0.071 

PvsO + DistShore 3 171.532 4.233 0.060 

PvsO + DistEdge 3 171.548 4.250 0.059 

PvsO + DistShore + DistEdge 4 171.582 4.284 0.058 

PvsO + NestHeight 3 171.953 4.655 0.049 

PvsO + WaterDepth 3 172.813 5.515 0.032 

PvsO + MinTemp 3 172.962 5.663 0.029 

PvsO + NestAge 3 173.035 5.736 0.028 

PvsO + Area 3 173.038 5.739 0.028 

PvsO + NestSub 4 174.969 7.671 0.011 

Null 1 187.971 20.672 0.000 

 
Table 3-8. Model averaged parameter estimates for factors hypothesized to effect snail 

kite nest survival for depredated and non-depredated nests on Lake Toho, FL 
in 2011.  

Parameter Level Estimate SE Low CI Upper CI 

NestHeight 
 

0.0086 0.0086 -0.0086 0.0257 

Intercept 
 

1.4007 1.4450 -1.4892 4.2907 

MinTemp 
 

0.0004 0.0020 -0.0036 0.0044 

Nestsub Bulrush 0.0017 0.0083 -0.0148 0.0183 

Nestsub Tree 0.0004 0.0089 -0.0173 0.0182 

Nestsub Cattail 0.0000 0.0000 0.0000 0.0000 

PvsO 0 2.0670 0.5298 1.0075 3.1265 

PvsO 1 0.0000 0.0000 0.0000 0.0000 

NestAge 
 

0.0000 0.0006 -0.0011 0.0012 

WaterDepth 
 

0.0012 0.0025 -0.0038 0.0062 

Area 
 

0.0000 0.0027 -0.0054 0.0054 

DistEdge 
 

-0.0258 0.0534 -0.1326 0.0810 

DistShore   0.2116 0.2126 -0.2137 0.6368 
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Figure 3-1. Kissimmee Chain of Lakes with the relevant nesting lakes East Lake 
Tohopekaliga, Lake Tohopekaliga, Lake Hatchineha, Lake Kissimmee, and 
Lake Jackson outlined in red. 
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Figure 3-2. Representation of the yearly water stage schedule for Lake Toho, FL in 

2010 and 2011.  
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Figure 3-3. Location of Lake Toho within the state of Florida . 

 

 
  



 

85 

 
Figure 3-4. Predicted survival rates with 95% confidence intervals for snail kites nests in 

relation to year on Lake Toho, FL in 2010 and 2011.  

 
Figure 3-5. Daily survival rates of depredated snail kite nests in 2010 and 2011 with 

95% confidence intervals on Lake Toho, FL. 
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Figure 3-6. Daily survival rates of depredated snail kite nests partitioned by the egg and 

nestling stages in 2010 and 2011 with 95% confidence intervals on Lake 
Toho, FL.  
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Figure 3-7. Average distances of nest patches/trees to shore (m) for nests with and 
without predator observations in 2010 and 2011.   
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Figure 3-8. Average nest patch areas (ha) for nests with and without predator 
observations in 2010 and 2011.   
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Figure 3-9. Average distance of nest structure to the edge of the nesting patch or tree 
cover (m) for nests with and without predator observations in 2010 and 2011.   
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Figure 3-10. Average nest height above the waterline (cm) for nests with and without 
predator observations in 2010 and 2011.   
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Figure 3-11. Average water depths (cm) beneath nests with and without predator 
observations in 2010 and 2011.   
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Figure 3-12. Average minimum daily temperatures recorded for nests with and without 
predator observations in 2010 and 2011.  
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Figure 3-13. Predicted survival rates with 95% confidence intervals for snail kites nests 
in relation to nesting substrate on Lake Toho, FL in 2010 and 2011.
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CHAPTER 4 
SNAIL KITE (ROSTRHAMUS SOCIABILIS) BREEDING BEHAVIORS IN RELATION 

TO TEMPERATURE STRESS ON LAKE TOHOPEKALIGA, FL 

Introduction 

Breeding avian populations may experience fluctuating rates of success from year 

to year depending on prey availability. Resource availability plays a vital role in a 

breeding season as birds must be healthy enough and have enough resources to 

partake in breeding activities (Martin 1987; Safina et al. 1988; Schoech 1996). When 

resources are altered due to sudden environmental perturbations such as extreme 

temperatures, hurricanes, or droughts the output of the breeding season is dependent 

upon the breeding behavior responses of the individuals in the population. There is 

value to understanding how individual breeding birds respond to such perturbation as it 

may have implications for the longevity of the population (Reichert et al. 2010b).  

When breeding productivity is reduced in a given year, efforts should be made to 

determine the cause. This may help managers and researchers identify key factors in 

the system that affect productivity, and help create better long term conservation goals. 

Breeding behaviors such as clutch initiation date, clutch size, nest abandonment/ 

desertion, number of young fledged, and provisioning rates may all provide insight to 

breeding productivity from year to year.  

Clutch initiation date may be a primary indicator of food availability prior to egg 

laying, due to the nutritional reserve requirements of the female prior to laying (Perrins 

1970b; Martin 1987; Safina et al. 1988; Nilsson and Svensson 1993). Given that some 

species experience increased chick survivorship earlier in the season food availability 

earlier in the season can be of critical importance for a breeding population (Perrins 

1970a; Pietz 1987).  
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Clutch size has also been found to decrease during times of food scarcity and can 

provide insight into the mechanisms of a population’s response to food availability and 

other environmental influences (Steenhof and Newton 1987). In addition to food 

scarcity, exposure to extreme temperatures may limit avian reproduction as drastic 

temperature fluctuations often reduce semen production, egg-laying, and copulation 

attempts (Blanco et al. 1987). For these reasons clutch size is a possible indicator of the 

population’s response to stressful environmental conditions. 

Although nest abandonment occurs for a variety of reasons (parent mortality, nest 

parasites, predator presence, human disturbance) it is thought to be primarily induced 

by harsh weather conditions and low food availability (Anderson et al. 1982; Marzluff 

1988; Snyder et al. 1989; Huhta et al. 2004). For example, higher rates of nest 

abandonment would be expected during years of increased environmental stresses, like 

extreme temperatures and/or low food resources.  

Abandonment by either parent in early stages almost always ensures nest failure. 

In contrast, late stage nestling desertion by either parent may be an indication of 

increased prey abundance and favorable system conditions (Beissinger 1986; 

Beissinger 1987a, b; Fujioka 1989; Pilastro et al. 2001). These conditions allows for the 

deserting parent to increase their fitness by re-mating or avoiding parental duties, while 

the remaining parent is left to care for the young, rarely resulting in offspring mortality.    

Provisioning rates of young vary with resource abundance, availability, habitat 

quality, and parental foraging ability (Riddington and Gosler 1995; Goodbred and 

Holmes 1996; Van Oort et al. 2007). Although predation may have the greatest effect on 

the number of young fledged from a nest, provisioning rate may have the greatest 
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impact on fledgling weight and thus long term juvenile health (Martin 1987; Ringsby et 

al. 1998).  

The endangered Florida snail kite (Rostrhamus sociabilis plumbeus), is a 

neotropical hawk that resides on the freshwater wetlands and shallow lakes of central 

and south Florida (Martin et al. 2006). As a dietary specialist, snail kites forage almost 

exclusively on freshwater apple snails (Pomacea spp.) (Snyder and Snyder 1969; 

Sykes 1987b; Rawlings et al. 2007) and are restricted to areas where apple snails are 

not only present but available on emergent vegetation. Snail kites have been 

documented to breed in every month of the year, with most initiated nesting attempts 

taking place from December through July (Sykes et al. 1995; Bennetts and Kitchens 

1997). The start of the breeding season varies temporally and regionally from year to 

year in relation to water levels and temperature. Peak egg laying occurs from February 

through April (Sykes 1987c). 

Both sexes take turns incubating the eggs, adding vegetation to the nest, and 

provisioning the young, with the female performing the majority of the nocturnal 

incubation (Sykes 1987c). Snail kites are unique in that it is not uncommon for either 

sex to desert its mate near the time of fledging, in some cases in order to pursue 

another mate for further nesting during the same season. This is especially true in years 

of high snail abundance (Beissinger 1987a, b; Beissinger and Snyder 1987). It is 

important to note that throughout the breeding season snail kites may make multiple 

successful breeding attempts and will renest after a failure (Snyder et al. 1989). Clutch 

sizes have been documented to range anywhere from one to six eggs, with clutches of 

four to five eggs common before 1940 (Beissinger 1986; Sykes 1987a) and only one 
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reported clutch with six eggs ever described (Sykes et al. 1995). Currently the average 

clutch size is 2.66 or 2.92 eggs depending on the study with a range of 1.4 - 2.5 young 

fledged per nest (Sykes 1987c; Snyder et al. 1989).  

Historically, Water Conservation Area 3A (WCA3A) was a critical breeding habitat 

for nesting snail kites (Bennetts and Kitchens 1997). Due to extended periods of 

droughts and long-term habitat degradation, recent reproduction within WCA3A has 

been almost non-existent, with no successful reproduction in 2005, 2007, 2008 or 2010. 

With the habitat conditions in the region remaining unsuitable for kite nesting, much of 

the population is now heavily concentrated in and dependent upon the Kissimmee 

Chain of Lakes (KCOL) (Fig. 4-1), particularly Lake Tohopekaliga (Lake Toho), which 

has accounted for 41% of all documented successful nests and 57% of all fledged 

young on a range-wide basis from 2005-2010 (Reichert et al. 2011). Although lacustrine 

systems tend to provide more consistent water levels than the palustrine wetlands of the 

everglades, there is still a great deal of fluctuation throughout the season with water 

levels decreasing from winter to summer months. This is primarily due to water 

management and scheduled draw downs for flood control, agricultural and municipal 

uses, recreation, and to supply water to the greater Everglades (Sykes et al. 1995) (Fig. 

4-2).   

There were substantially fewer nesting attempts and lower apparent nest success 

range wide in 2010 compared to 2011 (Reichert et al. 2010a, 2011). The most notable 

environmental difference between the 2010 and 2011 breeding seasons was the 

historically cold temperature that gripped Florida in early 2010 (Leftwich et al. 2010). On 

Lake Toho, minimum temperatures hovered around 0 °C from January 4th to January 
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13th with water temperatures remaining below 10 °C from January to April of 2010 

(DBHYDRO 2012). Temperatures remained 15-26 °C cooler in late February and early 

March than the temperatures recorded in 2011 (Fig. 4-3). Such low temperatures can 

have a serious impact on the snail kites prey availability as apple snails (Pomacea spp.) 

become inactive at temperatures of < 13 °C (Stevens et al. 2002), making  them 

inaccessible to foraging adults. 

In addition to the cold weather event 2010 and 2011 differed in the amount of 

hydrilla (Hydrilla verticillata) that was present on Lake Toho (Florida Fish and Wildlife 

Conservation Commission, unpub. data). This invasive submerged vegetation was 

introduced to Florida lakes and waterways in the 1950’s (Langeland 1996) and is often 

used by snail kites when the plant crowns reach the water’s surface and the foraging 

snails are accessible to kites (Pias 2012). This is important since kites are limited to 

accessing snails within their reach, approximately 16 cm below the water surface 

(Sykes et al. 1995). The majority of the snails eaten by kites on Lake Toho are the 

exotic island apple snail (Cattau 2008; Baker et al. 2010; Pias et al. 2012) (Pomacea 

insularum), and this species readily consumes hydrilla (Baker et al. 2010). Therefore, 

snail kites frequently forage in hydrilla mats within and just beyond the emergent littoral 

zone on Lake Toho (Pias 2012). Due to the combination of unusually low temperatures, 

known to inhibit hydrilla growth (Van et al. 1978), and the regularly scheduled aquatic 

plant management treatments (FFWCC 2011) there was very little hydrilla foraging 

substrate available for snail kites on Lake Toho in 2010 (Pias 2012).  

The objective of this chapter is to assess snail kite breeding behavior differences 

between 2010 and 2011 on Lake Toho. While the previous two chapters identified direct 
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causes of nest failure, this chapter will address large scale factors and indirect effects 

by evaluating how clutch initiation date, clutch size, fledge rates, nest abandonment, 

mate desertion, and provisioning rates changed from 2010 to 2011.  

Methods 

Study Area 

In 2010 and 2011 we monitored nests on Lake Toho, a shallow lake covering 

approximately 8,176 ha (2009 Remetrix bathymetry map), in northwest Osceola County, 

Florida (Fig. 4-4). Much of the lake shoreline has been modified, either through routine 

lake management (vegetation removal and herbiciding), development,  and/or cattle 

grazing (HDR Engineering. 1989). Similar to other lakes in Florida, Lake Toho is 

considered a highly eutrophic lake with mixed emergent littoral vegetation covering 

approximately 25% of the lake’s area (Welch 2004). Snail kite nesting has been 

documented lake wide although more commonly on the northern half of the lake.  

Field Methods 

Nest searching was conducted every 21 days by airboat from November to August 

of 2010 and 2011 on Lake Toho. Nest locations were determined using the nest 

searching protocol currently in place for the state wide snail kite population monitoring 

project (Reichert et al. 2011). Nests are typically detected when a snail kite flushes from 

dense vegetation and exhibits a breeding behavior (i.e. nest defense, stick carrying, 

copulating, and flying with snail meat) or a general unwillingness to leave the area. At 

every new nest a mirror pole was used to determine the number of eggs or young 

present in the nest. Coordinates were recorded at the nest using a GPS (Garmin 

GPSmap 76Cx). 
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After a full lake nest search was completed nests were randomly selected for 

camera placement and cameras were deployed within four days or greater from the 

original nest check. Cameras were set on nests with at least one egg to minimize the 

chance of abandonment during the nest-building phase (Richardson et al. 2009). When 

possible, cameras were set up on nests in the egg stage, although cameras were set on 

nests with young when no other nests were available. Reducing disturbance during 

camera installation was a priority, and our total time at the nest patch was typically 10 

minutes or less.  

Cameras were set on a tripod within three meters of the nest at a height that 

allowed for good visibility into the nest. Vegetation that impeded the view was tied back 

out of view while the camera was in use. The tripods and mounts were camouflaged to 

match the surrounding vegetation before deployment. Cameras were camouflaged with 

surrounding vegetation, if available, to make them less visible in the nest patch.  

Once there was a camera present, nest checks were preformed weekly. Airboats 

were used to reach the nest site location at which point we would wade or swim the 

remaining 12 to 46 meter distance to access the nest. Prior to the camera set up and for 

nests without cameras, nest checks were performed every 21 days. Camera batteries 

and memory cards (28 GB) were changed weekly during nest checks, and cameras 

were realigned with the nest if necessary.    

Over the course of the study we used a total of 15 Reconyx HyperFire Low Glow 

Semi-Covert Infrared cameras on Lake Toho, including both the PC85 and PC800 

models (Reconyx Inc., Holmen WI). The cameras recorded 3.1 megapixel images in 

color during the day and monochrome infrared by night. Cameras triggered in response 
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to heat and motion in the field of view. Once triggered, five rapid fire images separated 

by one to three seconds each were taken to fully capture any provisioning events. 

Between several hundred to eighty thousand images were recorded in one week per 

camera depending upon the nest stage and camera set.  

Data Recording 

FastPictureViewer Professional software was used to view all of the images. Data 

entry was considered to have started on the first day the camera was set and ended 

when the young reached fledge age or 24 hours after a predation event or 

abandonment occurred. I based the nest success period on a 58 day nest cycle with 28 

days for laying and incubation and 30 days for the nestling stage (Sykes 1987c).  

Given that snail kites can build several courtship structures prior to laying eggs, 

failures at this stage represent failures of courtship and not the nest, therefore, only 

initiated nests are considered for this paper (Steenhof 1987; Dreitz et al. 2001). Nests 

were considered successful when at least one young reached the fledge age of 30 days 

old. We selected this timeframe as it coincided with the typical age that we observed 

young to start leaving the nest for extended periods of time. Nests were considered 

failed when all nest contents were determined to be abandoned, unviable, removed or 

destroyed.  

The nest age was determined by back calculating date of initiation by 28 days prior 

to the hatch date of the first young if the nest reached hatch age. If eggs did not hatch 

then the initiation date was back calculated depending on the number of eggs observed 

at the first nest check. If a nest was found with 3 eggs the initiation date was estimated 

to be a median of the 28 day incubation period, 14 days prior to the nest check. If a nest 

was found with 2 eggs the initiation date calculated to 4 days prior to the nest check. If a 
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nest was found with only 1 egg the initiation date was estimated to be 2 days prior. This 

method was based on previous literature regarding the laying intervals of snail kites 

(Sykes 1987a). 

Clutch size was recorded during each nest check and updated from the images if 

the camera was set prior to clutch completion. I determined abandonment to have taken 

place once both adults stopped tending the nest during the viable incubation or young 

stage. A mate was considered to have deserted once it stopped appearing at the nest 

and provisioning the young in nestling stage. Although indications of mate desertion and 

abandonment (i.e. less nest visits and provisioning) may have started prior to the 

adult(s) leaving it was only officially documented after their last visit to the nest. It is 

important to note that abandonment always results in nest failure and occurs when both 

parents leave the nest. In contrast, mate desertion primarily occurs in the late nestling 

stage by one parent and typically results in successful nests. Nest abandonment is 

considered to be the result of poor system conditions or other factors, while desertion is 

considered to be an indication of increased prey abundance (Beissinger 1986; 

Beissinger 1987a, b; Fujioka 1989; Pilastro et al. 2001).  

In order to obtain a provisioning rate for a nest I recorded every time a snail was 

brought to the nest starting from the first day a nestling hatched to the fledged date of 

the oldest young (30 days). If the meat was entirely eaten by the adult or accidentally 

dropped over the edge it was not added to the nestling feeding rates. Although adults 

consistently appeared to feed all young in the nest equally, no attempt was made to 

document exact rates and quantities of snail meat provided to each individual young 

(Fig. 4-5).  
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Feeding rates per young were determined by dividing the total number of snails 

brought to the nest in one day by the number of live young present in the nest on that 

day. Given that the majority of snails brought to the nest had already been extracted 

from their shell it was difficult to compare the exact size of each snail or how much the 

adults had eaten prior to bringing it into the nest (Fig. 4-6). Only once the young were 

close to fledge age did the adults occasionally bring in complete un-extracted snails with 

the operculum removed for the young to eat (Fig. 4-7).  

For comparison of feeding rates I recorded the daylight hours for each day to 

account for nests that may have had more daylight hours available to feed their young. 

From this I created a rate of snails provisioned per young per hour. If vegetation blocked 

the view for part of the day or the camera failed during daylight hours the entire day was 

removed from the sample.  

Data Analysis 

The proportion of clutch initiation dates was determined using all nests on Lake 

Toho in 2010 (n=63) and 2011 (n=79). This allowed for a larger sample size given that 

the data was comparable for both non-camera and camera nests. The survival 

probability of nests initiated each month was assessed using only the camera data set 

for 2010 (n=32) and 2011 (n=43) to increase accuracy in the results. I modeled the 

probability of nest survival for each month with Shaffer’s logistic exposure method 

(Shaffer and Burger 2004) fitted using Proc GENMOD in SAS 9.3 (SAS Institute 1989). 

This method of analysis models the probability of the nest surviving between nest 

checks (everyday for camera monitored nests) and allows for intervals that vary in 

length. A binomial response distribution was used to fit the models, 1 if the interval nest 

fate was successful or 0 if the nest had failed during the interval.           
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Clutch sizes were compared between 2010 (n=31) and 2011 (n=43) using a 

generalized linear model (GLM) in Proc GENMOD in SAS 9.3 with a normal distribution 

and an identity link (SAS Institute 1989). One nest was excluded from the 2010 data 

sample since there was ambiguity in the final number of eggs prior to nest depredation. 

Number of young fledged was evaluated for camera nests for 2010 (n=32) and 2011 

(n=43) using the same type as GLM stated previously. All camera nests were included 

in the analysis to compare number of young fledged by the total nesting attempts.  

Total nests abandoned and deserted were compared in 2010 and 2011 using 

GLM’s in Proc GLIMMIX in SAS with a binomial distribution and logit link. A random 

effect for site was added in to account for any habitat effects. Given that all nests were 

capable of experiencing abandonment the sample size remained at 32 nests in 2010 

and 43 nests in 2011. The probability of a snail kite abandoning its nest based on the 

month of initiation was evaluated with Shaffer’s logistic exposure method (Shaffer and 

Burger 2004) fitted using Proc GENMOD in SAS 9.3 (SAS Institute 1989) 

When comparing nests for mate desertion, only nests with young as old as the 

youngest observed deserted nests (10 days old) were included for comparison. This 

was done to remove nests that had failed for other reasons but that might have 

experienced mate desertion if the young had reached a certain age. This left a sample 

size of 13 total nests in 2010 and 28 nests in 2011.   

Provisioning rates were compared in 2010 (190 observation days, n=14 nests) to 

rates in 2011 (616 observation days, n=29) using generalized linear mixed models 

(GLMM’s) in Proc GLIMMIX in SAS. A random effect was included for both nest 

identification and nest site location to account for association of feeding rates within 
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nest and for any spatial correlation of foraging grounds. Provisioning rates were 

obtained by dividing the total number of snails delivered to the nest by the number of 

young alive in the nest on the day and then further dividing the “snails per young” rate 

by the number of daylight hours observed for that day. This accounted for increased or 

decreased feeding rates due to day length.  

Results  

Nesting Outcome 

Of the 258 nest structures documented throughout Florida in 2010, only 190 nests 

reached egg-laying stage, with 50% of nests on the KCOL (34% on Lake Toho). In 

2011, 253 nests reached egg-laying stage out of 293 structures statewide, with 69% of 

nests on the KCOL (33% on Lake Toho). Less than 100 young were fledged from nests 

in 2010 range-wide compared to the approximately 200 young fledged in 2011. Over 

this two year period of time Lake Toho consistently produced 34% and 33% of the 

successful nests range wide.  

On Lake Toho nest cameras were set up on approximately half the nests in 2010 

(32 out of 63 total nests) and 2011 (43 out of 79 total nests). With this data it was 

determined that the nest survival probability on this lake was significantly lower in 2010 

(0.11 ± 0.05) than in 2011 (0.45 ± 0.08, Χ2
0.05=9.87, df=1749, p=0.001). The primary 

cause of egg and nestling mortality was found to be predation for both years with no 

significant difference in the predation rates between the two years (see previous 

chapter). The secondary reason for nest failure was due to abandonment of nests 

during the egg stage. Late stage mate desertion was observed in both years to varying 

degrees.   
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Clutch Initiation Dates 

The first initiated nest(s) on Lake Toho occurred in early February for 2010 

(2/9/2010) and early January for 2011 (1/12/2011). The final nest initiation date was in 

late October (10/25/2010) for 2010 and late September (9/22/2011) for 2011. 

Consequently the breeding season ended up being approximately nine months long for 

both years on Lake Toho. 

The number of initiated nests on Lake Toho peaked in April of 2010 with 

approximately 50 percent of all nesting attempts occurring within April. Similarly, the 

highest number of nesting attempts in 2011 occurred in April as well. The difference 

being that the nesting attempts were distributed more evenly throughout the breeding 

season in 2011 (Fig. 4-8). 

Some trends appeared when comparing the survival rates of nests initiated by 

month and year. The survival rates of nests initiated in February of 2010 were 

significantly lower than all other months of initiation in both 2010 and 2011. Nests 

initiated in March of 2010 experienced significantly lower rates of survival than the 

majority of nests initiated in 2010 and 2011 (Table 4-1, Fig. 4-9).  

Clutch Size 

Observed clutch sizes ranged from 1-4 eggs in 2010 and 1-3 eggs in 2011. There 

was no significant difference in the average clutch size of nests in 2010 (2.81 ± 0.1) 

when compared to nests in 2011 (2.74 ± 0.1, Χ2
0.05=0.22, df=72, p=0.64) (Fig. 4-10).  

Number of Young Fledged 

There was no significant difference in the number of young fledged per nesting 

attempt in 2010 (0.69 ± 0.2) when compared to 2011 (1.09 ± 0.2, Χ2
0.05=2.56, df=73, 

p=0.11).  Additionally there was no significant difference in number of young fledged per 
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successful nest as successful nests in 2010 (n=10) fledged an average of 2.20 ± 0.2 

young and successful nests in 2011 (n=25) fledged an average of 1.88 ± 0.1 young (Χ2-

0.05=1.40, df=33, p=0.24). Nests fledged anywhere from 1-3 young during both years of 

the study with 22 young fledged from 10 nests in 2010 and 47 young fledged from 25 

nests in 2011 (Fig. 4-11).     

Number of Abandoned Nests 

The probability of a snail kite abandoning its nest based on the month of clutch 

initiation was highest for February (0.67 ± 0.3) and March (0.50 ± 0.3) of 2010. There 

was no significant difference in number of nests abandoned in 2010 compared to 2011 

(F-Value=1.37, df=55, p=0.25). In 2010, 19% of nests (n=6) were abandoned while in 

2011 only 9% of nests (n=4) were abandoned. All nests were left during the incubation 

stage. Males (n=3) and females (n=3) initiated abandonment equally in 2010 while more 

females initiated abandonment in 2011 (n=3) with the final nest abandoned 

simultaneously by both the male and female.  

Number of Deserted Nests 

There was no significant difference in the number of nests deserted in 2010 when 

compared to 2011 (F-value=0.79, df=25, p=0.38). In 2010, 15% of nests (n=2) 

experienced mate desertion while 29% of nests (n=8) were deserted by a parent in 

2011. Only females deserted in 2010 while both males (n=2) and females (n=6) 

deserted in 2011 (Table 4-2). One nest loss one of two young from starvation after the 

female deserted, while another nest failed entirely when the remaining fledgling was 

eaten by an alligator at 28 days old.  
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Provisioning Rates 

There was no significant difference between the overall feeding rates of individual 

young fed per daylight hour in 2010 and 2011 (F-value  =0.11, df=38.87, p=0.74) (Fig. 

4-12). However, in both years, individual young in nests with only one young were fed 

significantly more per hour than nests with two and three young. In 2011, individuals in 

nests with two young were also fed significantly more than in nests with three young 

(Table 4-3). In 2010, nests with one young were fed approximately 1.03 ± 0.1 snails per 

hour (15 obs. days), individuals in two young nests were fed 0.56 ± 0.1 snails per hour 

(71 obs. days), and individuals in three young nests were fed 0.54 ± 0.1 snails per hour 

(104 obs. days). In 2011, nests with one young were fed approximately 0.84 ± 0.1 snails 

per hour (182 obs. days), individuals in two young nests were fed 0.67 ± 0.1 snails per 

hour (272 obs. days), and individuals in three young nests were fed 0.55 ± 0.1 snails 

per hour (162 obs. days) (Fig. 4-13). See Figure 14 for averages of total snails fed per 

young per day for both years. 

Discussion 

Although the duration of the kites breeding season remained essentially the same 

(9 months) on Lake Toho for 2010 and 2011 there appeared to be some vital 

differences between the two seasons. In response to the extended cold snap in 2010 

the kites started initiating nests one month later than what was observed in 2011. 

Considering the effects of cold temperatures on availability of apple snails (Stevens et 

al. 2002) this was likely influenced by the lack of available prey at that time. In addition 

to later clutch initiation dates in 2010, kites in 2010 experienced significantly reduced 

early season nesting success (Fig. 4-9). Furthermore, nests initiated in February and 

March of the 2010 nesting season were more likely to be abandoned than any other 
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nests observed during this study. However, kite breeding efforts increased dramatically 

in late March and April of 2010, with almost half of all nests initiated in April (46%). 

Once temperatures, and thus snail activity, reached an optimal level for breeding, kites 

apparently attempted to fledge as many young as possible to make up for the late start. 

This approach was markedly different from what was observed in 2011, where initiation 

rates were much more evenly distributed throughout the season (Fig. 4-8).  

Remarkably, the delayed breeding response by snail kites in 2010 did not affect 

annual measures of clutch size or number of young fledged per successful nest, in 

comparison to 2011. Beissinger (1986; 1987b) also found no evidence of snail kite 

clutch size adjustment in relation to annual variations in food abundance. He 

hypothesized that snail kites respond to variations in prey availability through differential 

rates of mate desertion; when prey are abundant desertion increases, allowing for 

multiple breeding attempts, and when prey are scarce, desertion is rare. While I did not 

find significantly higher rates of desertion in 2011 this may have been due to increased 

desertion rates later in 2010 as snail availability increased with increasing temperatures. 

The initiation of the 2010 breeding season may have been delayed until kites were able 

to provision young at rate similar to that seen in 2011. For example, young were not 

hatched until April 22nd in 2010, compared to February 9th in 2011. Given that there was 

no difference in individual feeding rates from year to year or rate of productivity per nest 

it is likely that kites delayed initiations in 2010 until snail availability was high enough for 

successful breeding. However, there is no way to know if the breeding adults consumed 

fewer snails in order to maintain provisioning rates to young if food was scarce during 

provisioning.  
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Conservation Implications: Given that Toho has accounted for 41% of all 

successful nests range-wide from 2005 – 2011 (Reichert et al. 2011), it is critical that 

the lake is carefully managed  during the breeding season for increased productivity 

(see previous chapter). It is important to note that early season (first half of the breeding 

season) productivity is generally higher than late season nesting attempts. Early nesting 

is beneficial so that recently fledged young can learn to forage on their own in warmer 

temperatures when apple snails are most active. Pias (2012) found hydrilla to be the 

third most commonly used foraging substrate by kites on Lake Toho in 2011, while 

hydrilla foraging was negligible in 2010 due to its limited presence on the lake. It is likely 

that hydrilla provides the kites with an important foraging substrate for late season 

nests. This finding would suggest that hydrilla management should be minimal during 

this critical time for the kites (Pias 2012).    

While the 2010 cold snap appeared to significantly delay breeding activity on Lake 

Toho early in the nesting season, any additional environmental perturbation in April 

could have negatively affected a large portion of the kites breeding efforts for that year. 

Thus, when unusually cold winter/early spring temperatures appear to stymie kite 

nesting, managers should be aware that amplified nesting activity will likely take place 

when conditions improve. Efforts should be made to delay any management activities or 

to reduce recreational disturbance near nests following exceptionally cold winters in 

order to allow snail kites to ‘make up’ for lost time as temperatures warm. It is also 

important to note that Lake Toho is located at the northern extent of the snail kite’s 

breeding range and that restoring wetlands in the southern portion of the kites range 

could provide a breeding refuge when temperatures drop on the KCOL. 
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With the effects of global warming becoming increasingly evident it is likely that 

temperature fluctuations and extreme weather events, such as Florida's 2010 cold snap, 

will become progressively more common (IPPC 2012). Considering how severely snail 

kite nesting success was affected in 2010, the population may be especially susceptible 

to future extreme temperatures. The results in this chapter suggest that while the snail 

kites flexible breeding strategy of multiple nesting attempts and prolonged breeding 

season has proven to be beneficial, they remain extremely vulnerable to increased 

climatic variation.  
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Table 4-1. Differences in nest survival rates by month of initiated on Lake Toho, FL 2010 and 2011. Plus signs (+) indicate 
a positive significant difference in survival rates. Minus signs (-) imply a negative significant difference in 
survival rates (Alpha > 0.05). Dots (.) imply no difference and “ls” refers to a low sample size. Months without 
any initiated nests have been removed. 

  
Feb 
(10) 

Mar 
(10) 

Apr 
(10) 

May 
(10) 

Jun 
(10) 

Aug 
(10) 

Sep 
(10) 

Jan 
(11) 

Feb 
(11)  

Mar 
(11) 

Apr 
(11) 

May 
(11) 

Feb (10)                       

Mar (10)                         

Apr (10)                         

May (10)   . .                   

Jun (10)     . .                 

Aug (10) ls ls ls ls ls               

Sep (10)   . . . . ls             

Jan (11)     .   . ls             

Feb (11)     .   . ls . .         

Mar (11)     . . . ls . + .       

Apr (11)     .   . ls   . .       

May (11)   . . . . ls . . . . .   

July (11)     .   . ls . . . . . . 
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Table 4-2. Desertion month, sex, nestling age, and nest fate of the nests that experienced mate desertion in 2010 and 
2011 on Lake Toho, FL.  

Year 
Desertion 

Month 
Deserting 

Mate 
Age of Oldest 

Nestling  Nest Fate 

2010 May Female 10 days old Successful 

2010 May Female 20 days old Successful 

2011 March Female 24 days old Successful 

2011 April Male 13 days old Successful 

2011 April Female 25 days old Successful 

2011 April Female 21 days old Successful 

2011 April Female 17 days old Successful 

2011 May Male 24 days old Successful 

2011 May Female 21 days old Successful 

2011 August Female 19 days old Failed 

 

Table 4-3. Differences of nestling feeding rates analyzed by number of young in the nest for Lake Toho, FL 2010 and 
2011. Plus signs (+) indicate a positive significant difference in survival rates. Minus signs (-) imply a negative 
significant difference in survival rates (Alpha > 0.05). Dots (.) imply no difference.   

      2010     2011   

    1 Young 2 Young 3 Young 1 Young 2 Young 3 Young 

  1 Young   + + . + + 

2010 2 Young +   .   . . 

  3 Young + .     . . 

  1 Young . + +   + + 

2011 2 Young + . . +   + 

  3 Young + . . + +   
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Figure 4-1. Kissimmee Chain of Lakes with the relevant nesting lakes East Lake 

Tohopekaliga, Lake Tohopekaliga, Lake Hatchineha, Lake Kissimmee, and 
Lake Jackson outlined in red
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Figure 4-2. Daily water stage data (NGDV Feet) for Lake Toho from January to September in 2010 and 2011 on Lake 
Toho, FL. 
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Figure 4-3. Daily minimum temperatures (°C) from January to September in 2010 and 2011 on Lake Toho, FL.  
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Figure 4-4. Location of Lake Toho within the state of Florida. 
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Figure 4-5. A breeding female snail kite feeding her 9-10 day old young snail meat on 
Lake Toho in 2011. 

 

Figure 4-6. A picture of a recently banded 30 day old young with an entire extracted 
snail in its mouth on Lake Toho in 2011.  
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Figure 4-7. Breeding female returning to her nest of two 21 day old young with a non-
extracted snail minus the operculum. Photograph taken on Lake Toho, Fl in 
2011.  

 

Figure 4-8. Proportions of all nests initiated by month (January-September) for the 2010 
(n=63) and 2011 (n=79) breeding season on Lake Toho, FL.  
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Figure 4-9. Survival probability of  nests initiated each month from January to 
September of 2010 and 2011 on Lake Toho, Fl.  

 
Figure 4-10. Average monthly clutch size from January to September of 2010 and 2011 

on Lake Toho, Fl.  
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Figure 4-11. Number of individual young fledged from one, two, and three young 
camera monitored nests in 2010 (n=10) and 2011 (n=25) on Lake Toho, FL.
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Figure 4-12. Estimates of the number of snails fed to individual young per daylight hour from nest ages 29-58 (or nestling 

age of 1-30 days old) on Lake Toho, FL in 2010 and 2011.   
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Figure 4-13. Estimates of the number of snails fed to individual young per daylight hour from nests containing 1-3 young 
with nest ages 29-58 (or nestling age of 1-30 days old) on Lake Toho, FL in 2010 and 2011.  



 

124 

 

Figure 4-14. Average number of snails fed to individual young each day separated by 
number of young in the nest for 2010 and 2011 on Lake Toho, FL.
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CHAPTER 5 
CONCLUSIONS 

The whole purpose of this research was to increase our knowledge of the snail 

kites breeding ecology and to clarify threats to the populations’ reproductive success on 

Lake Toho, an essential breeding ground. This study has highlighted a significant 

disconnect in what was originally perceived to be the primary cause of nesting failure on 

the central Florida lakes and what is currently happening to this breeding population. 

Regardless of the accuracy of historical causes of nesting failure it is clear that the 

majority of nests on Lake Toho failed due to nest predation, not to high rates of nest 

collapse. The breeding behavior of the kites revealed a consistent tendency towards 

continuous nest structure maintenance even after catastrophic egg or young loss by 

predators or as a nest was shifting on its base vegetation. With the knowledge that snail 

kites are at high risk of nest predation managers on the central Florida lakes can focus 

on reducing nest access of key predators. Predators such as the yellow rat snake could 

be dissuaded by managing for nest patches further from shore or placing predator 

guards on trees to limit tree access to raccoons and snakes.   

Additionally, this study highlighted the danger of having such a large portion of the 

snail kite’s breeding activity concentrated on just a few lakes scattered throughout 

central Florida. Although the extreme cold weather in 2010 affected much of the state, 

snail kites remain especially vulnerable to such events while nesting at the northern 

extent of their range on the KCOL. These lakes are also some of the most heavily 

managed and heavily recreated in the state, increasing the potential for disturbances 

and nest failures where kite activity has become concentrated (Sykes 1987c, Snyder et 

al 1989, Personal obs.).  
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While the 2010 cold snap appeared to significantly delay breeding activity on Lake 

Toho early in the nesting season, any additional environmental perturbation in April 

could have decreased a large portion of the kites breeding efforts for that year. Thus, 

when unusually cold winter/early spring temperatures appear to stymie kite nesting, 

managers should be wary that amplified nesting activity will likely take place when 

conditions improve. Efforts should be made to delay any management activities or to 

reduce recreational disturbance following exceptionally cold winters in order to allow 

snail kites to ‘make up’ for lost time as temperatures warm. In addition to managing for 

higher nest success on the KCOL, restoring habitat in the southern end of the state will 

likely provide the best long-term viability for the snail kite population. 

. 
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