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Several authors have suggested that changes in Snail Kite (Rostrhamus sociabilis)

populations correspond with changes in hydrology. The primary objectives of this study

were to estimate survival and movement probabilities and to evaluate the influences on

those probabilities. I estimated survival of Snail Kites in Florida using the Kaplan-Meier

estimator with data from 271 radio tagged Snail Kites over a three-year period and

capture-recapture models with data from 1319 banded birds over a six-year period.

Results from these data sources were similar in their indications of the sources of variation

in survival, but differed in some parameter estimates. Both data sources indicated that

survival was higher for adults than for juveniles, but did not support delineation of a

subadult age class. Our data also indicated that survival differed among years and regions

for juveniles, but not adults.

My results indicated that the probability of movement is influenced by age, time,

and location. Although relatively high water conditions persisted throughout this study,
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water levels (independently of location) did not appear to influence monthly movement

probabilities. Dispersal is generally thought to be favored when local resources are low or

better conditions exist elsewhere. In contrast, my results from both within-year and

between year comparisons suggest that higher probabilities of movement occur when food

resources were high. I suggest a hypothesis that this may be a reasonable strategy given

the dynamic and unpredictable nature of a kite's environment.

My data are consistent with previous views that the habitats used by Snail Kites in

Florida are considerably more extensive than the currently-designated-critical habitat.

Thus, protection of only the currently designated critical habitat may be insufficient to

maintain viable populations of Snail Kites over the long term. The use of habitats can be

characterized as an extensive network and I present a hypothesis ofhow the spatial and

temporal patterns of this network might influence viability of Snail Kites in Florida.
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CHAPTER 1

INTRODUCTION

Overview

Florida's wetlands have undergone extensive anthropogenic change over the past

century including drainage, impoundment, changes in water flow regimes, increased

nutrient loadings, and invasion by exotic plants and animals. The Snail Kite (Rostrhamus

sociabilis). like many other species, is potentially influenced by these environmental

changes. Snail Kite populations during this century have changed considerably in number

and distribution and several authors (e.g., Sykes 1984; Beissinger 1988; Bennetts et al.

1994, Sykes et al. 1995) have suggested that changes in kite populations correspond with

changes in environmental conditions, particularly hydrology. Our knowledge, however,

of demographic processes and their influences is far from complete (Bennetts and Kitchens

1994).

Changes in the size of all populations are a sum of births and immigration minus

deaths and emigration. The Florida population of Snail Kites, however, is perhaps simpler

in that all evidence suggests that this population is closed with respect to immigration and

emigration. Snail Kites in Florida have long been known for their nomadic tendencies

(Stieglitz and Thompson 1967, Sykes 1979, Bennetts 1993), leading to suggestion that the

Florida population is not comprised of discrete subpopulations, but instead, is one

population that frequently shifts in distribution throughout the state (Bennetts and

1
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Kitchens 1992, 1993). There has been speculation about exchange between populations

of the United States and Cuba (e.g., Sykes 1979, Beissinger et al. 1983, Sykes et al. 1995);

however, no evidence supporting this hypothesis has emerged. Thus, from a demographic

perspective, I view the Florida Snail Kite population as geographically closed, although

movements within Florida may play an important role in the population dynamics of this

species.

The birth and death processes can be conceptualized as part of the demographic

cycle represented by parameters for survival (0,) and fecundity (f) (Beissinger 1995,

Legendre and Clobert 1995)(Figure 1-1). Reliable estimates of these demographic

parameters would enable a wide range of demographic modeling (e.g., viability analyses

and risk assessments) with a higher degree of confidence. It also would increase our

predictive capability regarding the response of Snail Kites to changes in water

management. Given the scope of projects currently being planned or implemented (e.g.,

the Central and South Florida Project, the South Florida Ecosystem Restoration Initiative,

Kissimmee River Restoration, Upper St. Johns River Basin Project, Kissimmee chain of

Lakes Fishery Restoration) an improved predictive capability would be highly beneficial

and would greatly reduce controversies.

The goal of this study was to better understand Snail Kite population and spatial

dynamics and how they are affected by both natural and anthropogenic processes. I

believe that demographic models play an important role in the refinement of our

understanding of these dynamics. However, it is also my belief that reliable parameter

estimates, particularly if a model is sensitive to those parameters, are an essential basis for
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reliable model outputs. Lastly, I believe that our models, as well as our knowledge,

should be an iterative and adaptive process (Walters 1986). As we acquire new

information or better parameter estimates, or if our predictions are falsified, we need to

adjust our models, as well as our thinking, to adapt to new information (Figure 1-2).

Objectives

In as much as there appears to be general agreement that changes in Snail Kite

populations are more sensitive to survival than to reproduction (Nichols et al. 1980,

Beissinger 1995, Sykes et al. 1995), data to estimate survival are very limited (Snyder et

al. 1989a) and as a result, reliable estimates of survival are sorely lacking (Beissinger

1995). Consequently, the first objective of this study was to estimate adult and juvenile

survival and to evaluate the influences of environmental conditions (e.g., hydrology) on

survival. In addition to this primary goal, I also recorded supplementary information on

reproductive parameters to the extent that it did not conflict with accomplishing my

primary goals and in areas where such information was not already being collected.

Most previous research on the demography of Snail Kites has focused on

reproduction. Nesting success, in particular, has received considerable attention in recent

years (e.g., Sykes 1987b, 1987c, Bennetts et al. 1988, 1994; Snyder et al. 1989a). There

remains considerable debate about what factors influences nesting success (Bennetts et al.

1994, Sykes et al. 1995); however, compared to other species, the relationship between

nesting success of Snail Kites and environmental conditions is relatively well understood.

Other reproductive parameters are less well known. Unsubstantiated estimates or

speculations have been made regarding the proportion of birds attempting to breed each
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year and the number of nesting attempts per year (e.g., Nichols et al. 1980, Snyder et al.

1989a, Beissinger 1995); however, reliable estimates for these parameters have been

lacking.

In addition to demographic parameters, movements of Snail Kites are also

poorly understood and have been the subject of recent controversy during the planning of

marsh restoration within central and southern Florida. While long term changes in Snail

Kite distribution tend to coincide with changes in hydrologic regimes, shorter term (e.g.,

annual and seasonal) shifts do not always coincide with local hydrologic conditions

(Bennetts et al. 1994). It has been hypothesized that dispersal of kites may be in response

to hydrologic conditions (Takekawa and Beissinger 1989), localized food depletion

(Bennetts et al. 1988), or localized environmental conditions (e.g., dissolved oxygen in the

water) that may influence apple snail (Pomacea paludosa) availability (Bennetts et al.

1994). To what extent movements reflect long-term changes in habitat quality versus

short-term environmental dynamics is poorly understood, as is the bird's ability to locate

and re-colonize wetlands that have been, or will be, restored. Thus, movements are

critical to understanding Snail Kite population dynamics leading to my second primary

objective to evaluate the movement patterns of Snail Kites in Florida including rates,

locations, and what environmental conditions are correlated with movements.
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Figure 1-1. The demographic cycle of Snail Kites showing three age classes (Juveniles=J,

Subadults=S, and Adults=A). Parameters for survival ((b) and fecundity (f) are shown for

each age class. Adapted from Caswell (1989), Beissinger (1995) and Legendre and
Clobert (1995).
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Figure 1-2. Conceptual framework for this study. Reliable estimation of parameters is the

first step toward the development of a wide variety of demographic models.



CHAPTER 2

STUDY AREA

Snail Kites within the United States occur only in Florida (Sykes 1984). It has

been suggested (Bennetts and Kitchens 1992, 1993, 1994, Beissinger 1995) that Snail

Kites comprise one population that shifts in distribution throughout the state, rather than

there being separate subpopulations within the state. Data from studies on movements

(this study) and genetics (Rodgers and Stangel 1996) support that there is considerable

interchange of birds among wetlands in Florida. Consequently, it was deemed essential for

the scope of this study to include the entire population of Snail Kites in Florida and my

study area comprised a network of wetlands throughout central and southern Florida

within the entire documented range of Snail Kites (Figure 2-1).

Spatial Scales

Because the scale ofmy study is statewide, I did not focus on movements within

individual wetlands. For the purpose of this study, I considered wetlands to be distinct if

they were separated by a physical barrier (e.g., ridge or levee) and/or were under a

different hydrologic regime either through natural or managed control. Thus, adjacent

wetlands, which were once hydrologically continuous (e.g., WCA-2A and WCA-2B),

were considered separate units if they were under different water regulation schedules.

Although I recorded locations of animals by specific wetland, for many analyses I

7
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had insufficient data to consider wetlands individually. For example, in the highly

fragmented agricultural areas, there were more than 50 wetlands used by kites during this

study. Consequently, some pooling of locations was required. For most analyses

agricultural areas were pooled into a single class ofwetlands. It was not uncommon for

kites to frequent several such wetlands in immediate proximity, and I seldom (if ever)

would have had sufficient data to support estimating parameters (i.e., survival or

movement probabilities) for each of these wetlands. Other cases of pooling are described

below, or are reported on a case-specific basis based on model selection criteria.

Regions

For some analyses (e.g., survival) I treated location at a regional scale because it

was infeasible to estimate separate parameters for all wetlands. Based primarily on

watersheds, climatic factors, physiography, and management regimes, I assigned each

location to one of five primary regions (Figure 2-2). Locations not included in these five

regions (e.g., agricultural areas and isolated peripheral wetlands) were assigned to a sixth

region I call the peripheral region. Undoubtedly, there are differences in the quantity and

quality of habitats within this sixth "catch all" region (and within the 5 primary regions as

well); however, the amount of data required to partition the effects of this within-region

variability would be enormous and require significantly more effort that the scope of this

study. However, whenever the data supported partitioning beyond a regional scale I did

so.

The Everglades and Big Cypress Region is comprised ofWater Conservation

Areas 1,2, and 3, Everglades National Park, and Big Cypress National Preserve. The
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Loxahatchee Slough Region is comprised of wetlands in the drainage system of the

Loxahatchee Slough and vicinity including the Corbitt Wildlife Management Area, Pal-

Mar Water Control District, private wetlands owned by Pratt-Whitney Corp., and

wetlands within the Loxahatchee Slough owned by the City ofWest Palm Beach (i.e., the

West Palm Beach Water Catchment Area and vicinity). The Okeechobee Region is

comprised ofLake Okeechobee within the Herbert Hoover Dike. The Kissimmee Chain-

of-Lakes Region was comprised of all lakes within this chain including Lakes Kissimmee,

Tohopekaliga, East Tohopekaliga, Marion, Marian, Tiger, Pierce, Jackson,

and Hatchineha. The Upper St. Johns Region includes wetlands within the Upper St.

Johns River Basin, but most Snail Kites used the Blue Cypress Marsh Water Conservation

Area, Blue Cypress Water Management Area, and surrounding wetlands in private

ownership. Agricultural areas (e.g., citrus groves, canals, agricultural fields, or agricultural

retention ponds) within each ofthese regions, as well as all other areas not included in one

of the above regions, were assigned to the peripheral region.

Habitat Types

Snail Kites inhabit freshwater wetlands throughout central and south Florida.

There is considerable variation in the physiographic characteristics and specific plant

communities that comprise Snail Kite habitat (reviewed by Sykes et al. 1995). My

objectives did not warrant documentation of micro-habitat use by kites, nor was my

sampling (often by aircraft) conducive to recording such data. However, for some

analyses I wanted to incorporate the effects of at least a broad classification of habitats

being used by kites. This classification had to be broad enough to enable assignment of
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locations obtained from aircraft to a given habitat type and sufficiently broad such that

micro-habitat variation did not confound the assignment given normal daily movements of

foraging birds. Consequently I assigned each location to one of five habitat types: (1)

graminoid marsh, (2) cypress prairie, (3) Okeechobee, (4) northern lakes, and (5)

miscellaneous peripheral. Graminoid marshes were generally slough and wet prairie

communities (Loveless 1959). I distinguished cypress prairies in that a dominant feature of

the landscape profile was comprised of cypress. This habitat occurred primarily in western

WCA3A, and portions of the Big Cypress National Preserve and Loxahatchee Slough.

The littoral zone ofLake Okeechobee is an extensive system of diverse marsh habitats,

and consequently had elements of at least three ofmy other habitat types (i.e., graminoid

marsh, northern lake, and highly disturbed). Because of this high local diversity I was

unable to assign locations to a particular type without extensive ground verification. Even

then, birds often used more than one of these habitat types within a given day. Thus, I

assigned each location at Lake Okeechobee to its own habitat type. The northern lake

habitat type consisted primarily of lakes within the Kissimmee Chain-of-Lakes, but also

included a few lakes along the Lake Wales Ridge. In contrast to Lake Okeechobee, this

habitat type generally was comprised of a narrow littoral zone (usually < 200 m) on the

periphery of these lakes. This littoral zone had a relatively steep elevation gradient

compared to other habitat types; the zone used by foraging kites often was a band of<

100 m usually dominated by maidencane (Panicum spp) interspersed with patches of

bulrush (Scirpus spp) or cattail (Typha spp). Primary nesting areas were often a zone of

cattail and/or willow (Salix spp) in the shallower zone adjacent to foraging areas. The
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peripheral habitat type was comprised primarily of agricultural areas. These included

retention ponds for citrus groves, agricultural ditches, and other miscellaneous, usually

highly disturbed, habitats. Larger canals, not necessarily associated with agriculture, were

also included in this habitat type.

For some analyses I had insufficient data to partition locations into each of these

habitat types. Consequently, for some analyses I assigned locations to an even broader

category of lakes (i.e., Lake Okeechobee, the northern lake habitat type, and permanently

flooded canals [<0.01% ofmy locations]) and marshes (any non-lake habitat). This was

intended to distinguish habitats that had a permanent water source component available

(even if it was not used) from those that dried periodically.
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Figure 2-1
.
Major wetlands of South Florida referred to in this report. Wetlands are

Everglades National Park (ENP), Big Cypress National Preserve (BICY), Water
Conservation Areas 3A, 3B, 2B, 2A, Loxahatchee National Wildlife Refuge (LOX), Holey
Land Wildlife Management Area (HOLEY), West Palm Beach Water Catchment Area
(WPB), Lake Okeechobee (OKEE), Upper St. Johns [Blue Cypress] Marsh (SJM), Lake
Kissimmee (KISS), Lake Tohopekaliga (TOHO), and East Lake Tohopekaliga (ETOHO).



13

Figure 2-2. South Florida showing geographic regions used for some analyses in this

report. All areas not within a region shown were assigned to a peripheral region.



/

CHAPTER 3

ANNUAL SURVIVAL OF SNAIL KITES IN FLORIDA WITH COMPARISONS
BETWEEN RADIO TELEMETRY AND CAPTURE-RESIGHTING DATA

Introduction

For many long-lived avian species, population persistence is more sensitive to

annual survival than fecundity (Mertz 1971, Nichols et al. 1980, Beisssinger 1995).

Despite this, reliable estimates of survival remain unavailable for many species, while

extensive effort often is expended estimating reproductive parameters. Investigators also

must choose among available techniques for estimating parameters of interest. This

selection often is based on logistic constraints, or unfamiliarity with potential estimators,

rather than how procedure selection might influence resulting parameter estimates. Given

current threats to many populations, reliable demographic data are essential for effective

conservation arguments in the context of alternative management scenarios.

The Snail Kite (Rostrhamus sociabilis) is an endangered raptor whose range in the

United States is limited to central and southern Florida (Sykes et al. 1995). Florida's

wetlands have been severely altered over the past century by drainage, impoundment,

changes in water flow regimes, increased nutrient loadings, and invasion by exotic plants

and animals (Walters et al. 1992, Davis and Ogden 1994). This has resulted in what is one

ofthe largest ecosystem restoration projects ever undertaken (Davis and Ogden 1994).

The Snail Kite, like many other species, is potentially influenced by these, as well as other,

14
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changes (Bennetts et al. 1994). Consequently, reliable estimates of demographic

parameters are essential to understanding population responses to environmental change

(Nichols et al. 1980).

There have been several previous reports of annual survival of Snail Kites in

Florida, although none has used reliable statistical estimators to derive estimates. Snyder

et al. (1989) estimated minimum annual survival of Snail Kites by using the number of

birds that were banded over a 10-year period from 1968-1978 that were observed alive in

1979. They did not use available capture-recapture estimators for these data because of

limited effort to resight banded birds in all but one year (Snyder et al. 1989). Hence, their

approach provides a crude indication ofminimum annual survival, but does not provide

estimates that reliably can be used for demographic assessments. Several other authors

have reported estimates of Snail Kite survival based on differences between annual surveys

conducted in consecutive years (e.g., Sykes 1979, Beissinger 1988, 1995). This approach

fails to account for a high potential for confounding changes in detection probability with

changes in population size (Bennetts and Kitchens 1997a). Problems with using count

data without accounting for detectability have been well recognized (Burnham 1981,

Nichols 1992, Johnson 1995, Link and Sauer 1997). Bennetts and Kitchens (1997a)

found that the number of Snail Kites counted during these surveys was strongly influenced

by differences in observers, effort, and sites, all ofwhich potentially influence detection

probabilities. None ofthese influences has been taken into account for any survival

estimates using these data. Thus, I believe that using the annual survey to estimate

survival, without accounting for detection, fails to provide reliable estimates.
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Here, I estimate survival using reliable statistical estimators. This study also

was part of a larger study focused on both survival and movement. This provided the

opportunity to estimate survival using data obtained from both radio telemetry (the

primary tool I used to examine movement patterns) and capture-recapture (resighting);

enabling comparison of survival estimates derived from these independent data sources.

I was also able to test hypotheses about factors likely to influence survival using these

data sources.

Methods

Estimation of Survival from Radio Telemetry

Adult kites were captured using a net gun (Mechlin and Shaiffer 1979), which uses

22 caliber blank cartridges to propel a 10-foot triangular nylon net. Juveniles were

captured just prior to fledging, at approximately 30-35 d old, without a net gun. Fifteen-

gram radio transmitters were attached to birds with backpack harnesses. My goal was to

annually capture and radio tag 100 snail kites of which 60% were adults and 40%

juveniles for three consecutive years from April 1992 through April 1995. My targeted

ratio of adults to juveniles was intended to emphasize adult survival because

demography of Snail Kites probably is more sensitive to adult rather than juvenile

survival (Nichols et al. 1980, Beissinger 1995). To maintain independence of my

sample, a maximum of one juvenile per nest was equipped with a radio transmitter. I

targeted a 50:50 sex ratio of adults to keep my sample balanced. The proportion of

samples from each area was based on the annual survey to approximate the statewide

distribution (Bennetts and Kitchens 1997a). My targeted annual sample size of 100 was
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based on having sufficient statistical power (e.g., > 0.8) to distinguish differences

(e.g. A 0*0. 1-0.2) among groups (e.g., age or sex) or time periods from a

hypothesized survival estimate (<^) of 0.90 (Bennetts and Kitchens 1997a). Radio-

tagged birds were located at approximately 14-day intervals from aircraft or ground

searches to determine their location and whether they were alive. All radios were

equipped with mortality censors which changed pulse rates if the transmitter had not

moved for 6-8 h. Birds with a transmitter emitting a mortality signal were then located on

the ground to verify their fate.

I estimated survival (<f>) of radio-tagged kites using a staggered entry design

(Pollock et al. 1989) with the Kaplan-Meier product limit estimator (Kaplan and Meier

1958). I used an arbitrary starting date of 15 April 1992 for annual survival estimates. By

this time during my first year I had a sample (n = 16) sufficient to allow reasonable

estimates of survival. Subsequent evaluation of annual survival was based on study years

(SY) from 15 April to 14 April of consecutive years (Bennetts and Kitchens 1997a).

Estimation of Survival from Banding Data

My sample of banded birds for survival analyses was obtained through a

cooperative banding effort with the Florida Game and Fresh Water Fish Commission

(GFC). My sample also was supplemented by resightings of birds banded during two

previous studies by REB (unpubl. data) and J. A. Rodgers (unpubl. data) that were

observed during this study. A previously-banded bird observed alive during my study

at time t was treated as a newly-marked individual.

I estimated annual survival from banding data using the capture-recapture
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(resighting) models originally developed by Cormack (1964), Jolly (1965) and Seber

(1965). The basic Cormack-Jolly-Seber (CJS) approach has undergone extensive

advancement in recent years to become a flexible and unified framework capable of

handling simple to complex models of survival (Lebreton et al. 1992, Nichols 1992).

Recent approaches enable evaluation of effects attributable to individual characteristics

(e.g., age and sex) and environmental variables (e.g., weather). Additional models

have capability to incorporate transition probabilities and multiple strata (e.g.,

exchanges of individuals among geographically stratified populations)(Brownie et al.

1993, Nichols et al. 1993). All analyses of capture-recapture data were conducted in

either Program SURVIV (White 1983, White and Garrott 1990) or MSSURVIV (Hines

1994).

I conducted capture-resighting over six sampling occasions from 1992-1997.

My capture and resighting occasions corresponded with the peak fledging time of Snail

Kites (March-June)(Bennetts and Kitchens 1997a). Thus, survival estimates can be

roughly interpreted as survival from one breeding season to the next, regardless of

whether a given animal was breeding. Snail Kites have a relatively long breeding

season and are not synchronous in their breeding attempts (Snyder et al. 1989, Bennetts

and Kitchens 1997a). Consequently, the time span over which fledging, and therefore

banding, occurred was relatively long. I tried to minimize the time span of my

sampling by limiting my capture and resighting period to the peak four months of

fledging.
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Influences on Survival

Survival ofyoung birds tends to be lower than that of adults in many species (e.g.,

Ricklefs 1973, Loery et al. 1987). However, Ricklefs (1973) points out that "Just how

much experience the young need to attain adult behavior and physiological capabilities

(and thus adult survival rates) is open to question." Beissinger (1995) suggested that

Snail Kites have three age classes with respect to survival (juveniles or age 0-1, subadults

or age 1-2, and adults or age > 2 yr); nevertheless, the survival estimates he used for his

demographic modeling were the same for subadults and adults. I predicted lower survival

for juvenile Snail Kites compared to adults or subadults. I further hypothesized that, if

subadult survival differed from that of adults and juveniles, that it would be intermediate

between the two. To test these hypotheses, I first considered kites as adults after their

first year post fledging. Juvenile Snail Kites are capable of breeding at 9 months of age

(Snyder et al. 1989). For my capture-recapture models, resighting probability at the first

resighting period after initial capture (time 2) was considered to be equal for juveniles and

adults. Bennetts and Kitchens (1997a) tested this assumption by comparing models in

which juveniles and adults had different resighting periods at time 2 to models in which

resighting was equal for the two ages. They concluded that separate estimates for

resighting probability were not warranted. I then tested the hypothesis that adult and

subadult survival does not differ by parameterizing a CJS model such that birds banded as

juveniles were considered to have three age classes with respect to survival rates (i.e.,

juvenile survival during their first year, subadult survival their second year, and adult

survival after year two). In addition to age effects, there is substantial variability in habitat
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quality for Snail Kites over space and time (Bennetts and Kitchens 1997a, b), which could

result in differences in survival. However, because Snail Kites are highly mobile they have

the potential to escape to other areas when conditions are poor. Adults, having had more

experience at alternative sites and the corresponding selective pressures of environmental

variability, may be less susceptible to temporal variation than younger birds.

Consequently, I hypothesized that, if temporal variation in survival exists, that it would be

greater for younger birds than for adults. I tested temporal effects using a sequence of

models analogous to Models A, B, C, and D described by Jolly (1982) and Pollock et al.

(1990). Model SSI (Pollock's Model A) treats both survival (0) and resighting

probabilities (p) as variable over time (i.e., separate estimates of each parameter were

derived for each year). Model SS2 (Pollock's Model B) treats resighting probability, but

not survival, as variable over time. Model SS3 (Pollock's Model C) treats survival, but

not resighting probability, as variable over time. Model SS4 (Pollock's Model D) treats

both survival and resighting probabilities as constant over time. I then incorporated age

effects into this sequence of models (Pollock et al. 1990).

Because variability in habitat quality occurs over both space and time (Bennetts

and Kitchens 1997a, b), I was interested in regional (spatial) effects of survival in addition

to annual (temporal) effects. For the same reasons as temporal variation, I predicted that,

if regional variation in survival exists, that it would be greater for younger birds than for

adults. I tested for regional differences in survival using radio telemetry data two ways.

First I tested the hypothesis that differences in juvenile survival were attributable to their

region of natal origin. For this analysis, a bird was assigned to its natal region, regardless
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ofwhether or not it moved subsequent to initial capture. In most cases I did not know the

natal origin of adults or their history of locations prior to capture. Consequently, I limited

this approach to juveniles.

The second approach I used for testing regional differences in survival was based

on time at risk in each region, rather than focusing only on natal region. Thus, I tested the

hypothesis that survival was affected by current location (e.g., by local factors such as

predation risk). For this analysis, a bird that moved from a given region to another was

censored (White and Garrott 1990) from the number of animals at risk for the region from

which it moved and added to the number of animals at risk in the region to which it

moved. All movements and corresponding changes in the number of animals at risk were

assigned at the midpoint of the time interval between locations. All deaths were assigned

to the region where the dead bird was found.

To test for regional effects of survival and resighting probabilities from capture-

recapture data, I generated a suite of multi-strata models analogous to the models

described above, except that they enabled stratum-specific parameter estimation (in this

case strata= 4 of the 6 regions of capture ~ no captures occurred in the peripheral region

and I had too few observations in the Loxahatchee Slough to include it in the analysis)

(Brownie et al. 1993, Nichols et al. 1993). As above, I generated models with and

without age dependency, enabling us to test hypotheses that <p and/orp were affected by

age, time, and region. Regional effects were tested only in relation to the region of

capture or resighting because capture-recapture/resighting data do not reveal where a bird

has been between resightings. Estimates for the transition probabilities among strata (i.e.,
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the probability that an animal in stratum r at time / was alive in stratum s at time t +1,

given that it was alive at / + 1) were also generated from these models; however, my

primary interest here was site-specific estimates of <p and p. Radio telemetry provides a

more comprehensive assessment of movement probabilities and these data are presented

elsewhere (Bennetts and Kitchens 1997a, Bennetts et al. unpubl. data).

Hypothesis Testing and Model Selection

All comparisons among survivorship curves generated by the Kaplan-Meier

estimator for radio telemetry data were made using log-rank tests (Savage 1956, Cox and

Oakes 1984). All comparisons were made using SAS (SAS Inc. 1988, White and Garrott

1990). For banding data I used a combination of likelihood-ratio tests (LRTs), Akaike's

Information Criterion (AIC)(Akaike 1973, Shibata 1989), and goodness-of-fit tests to

determine the most parsimonious model based on all combinations of effects. My testing

procedures and philosophy were described in detail elsewhere (e.g., Burnham and

Anderson 1992, Lebreton et al. 1992, Brownie et al. 1993, Nichols et al. 1993). In

contrast to LRTs, which were used for pairwise comparisons of nested models to test for

specific effects, AIC was used more as an optimization tool for any number of models,

nested or not (Lebreton et al. 1992, Spendelow et al. 1995). Models with AIC scores

differing by <1 ~2 were not considered statistically different (Sakamoto et al. 1986). All

test statistics were generated using Program SURVIV (White 1983, White and Garrott

1990) or MSSURVIV (Hines 1994).



23

Results

I attached 282 radio transmitters on 271 individual Snail Kites; 1 1 birds were

recaptured in a subsequent year and their radios replaced. I attached 82 radios during SY

1992 and 100 each during SYs 1993 and 1994. Of the 282 radios, 165 (59%) were placed

on adults and 117 (41%) on juveniles. Of the adults, 82 (49.7%) were males and 83

(50.3%) were females. My total sample ofbanded birds used in CJS models was 1319.

Of these, 164 were initially banded as adults and 1 155 as juveniles. However, an

additional 301 resightings of birds initially banded as juveniles supplemented my sample of

adults (Table 3-1).

Age Effects

My results from both radio telemetry and capture-recapture data indicated that

survival differed between adult and juvenile Snail Kites. Based on log-rank statistics using

radio telemetry, survival differed between these age classes for SYs 1992 (x
2
=4.61, 1 df,

P=0.032) and 1994 (x
?=B29.52, 1 df, P<0.001), but not 1993 (x

2
=0.027, 1 df, P=0.869).

In both years where they differed, estimates of adult survival were higher than estimates of

juvenile survival. My capture-recapture data also indicated that survival differed between

adults and juveniles. All models that included age effects on survival had lower AIC

scores than corresponding models without age effects (Table 3-2), and LRTs between

models with and without age effects on survival strongly rejected the more reduced

models further supporting the inclusion of age effects (Table 3-3).

I used two variations ofmy most parsimonious model (Model SS10) to test the

hypothesis that survival of subadult (i.e., age 1-2) Snail Kites differed from adult survival.
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Both ofthese models had separate parameter estimates for subadult survival; however, in

one model subadult survival was held constant among years and for the other it was

variable among years. LRTs between Model SS10 and each of these more general models

failed to reject the more reduced model (x
2
=2.37, 1 df, P=0.124 and X

2=
2 38, 3 df,

P=0.498 for each LRT, respectively), indicating that separate parameter estimates for

subadult survival were not warranted for these data.

Time Effects

Both data sources indicated that survival differed among years for juveniles, but

not adults. Estimates of survivorship functions of adult Snail Kites using radio-telemetry

data did not differ among years at (a = 0.05) between SYs 1992 and 1993 (x
2
=2.84, 1 df,

P=0.092), 1992 and 1994 faM.76, 1 df, P=0.184), or between 1993 and 1994 (x^O.48,

1 df, P=0.486). In contrast, my estimates of survivorship ofjuveniles differed between

SY 1992 and 1994 (x^-16, 1 df, P=0.013), 1993 and 1994 (x
2=12.41, 1 df, P<0.001),

but not between 1992 and 1993 (x
2
=1.43, 1 df, P=0.231). I also found strong evidence,

using capture-recapture data, for the inclusion of time (year) effects for juvenile, but not

adult survival. The AIC scores of models with time effects were lower than corresponding

models without time effects. LRTs between models with and without time effects also

supported this conclusion, except when time effects were limited to adult survival. Based

on my results from radio-telemetry data I generated two models in which
<f>

differed

between adults and juveniles and was variable among years for juveniles, but not adults.

For Model SS9, p was constant among years, and for Model SS 10, p differed among

years. Model SS 10 had the lowest AIC score of any model, goodness-of-fit was
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reasonable (G=26.326, 19 df, P=0. 121), and a LRT between Model SS10 and SS5 (an

identical model, except that <j> differed among years for both juveniles and adults) failed to

reject the more reduced model (SS10). These results indicated that survival differed

among years for juveniles, but not adults; and that resighting probabilities also differed

among years.

Regional Effects

There was little indication of regional differences in adult survival using either

radio-telemetry or capture-recapture data. Of 1 5 pairwise comparisons, using radio-

telemetry data, of adult survival between regions during each year (for which I had

sufficient data) only one differed at a=0.05. Adult survival differed between the

Everglades and Okeechobee regions during SY 1994 (x
2
=4.06, 1 df, P=0.044). If the a

level was adjusted for inflation due to simultaneous comparisons (e.g., using a Bonferonni

correction), none ofthe 15 comparisons was significant at a=0.05. For juveniles, none of

eight survivorship functions (for which I had sufficient data), based on actual time in each

region, was significant at a=0.05. For survivorship functions based on natal region, 1 of

10 comparisons was significant. There was a difference between the Okeechobee and

Everglades regions during SY 1992 (x
2
=4.58, 1 df, P=0.032); however this result also

would not be significant at <x=0.05 if adjusted for simultaneous comparisons.

I also had some data limitations using multi-strata capture-recapture models. Two

regions (Loxahatchee Slough and the peripheral region) had insufficient data to enable

estimates. However, data from the remaining four regions supported the conclusion that

survival did not differ among regions for adults, but indicated that survival did differ
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among regions for juveniles. A model (Model MS 13) in which survival (1) differed

among age classes, (2) differed among years for juveniles, but not adults, and (3) differed

among regions for juveniles, but not adults had the lowest AIC score (Table 3-4). An

LRT between this model and an analogous model (Model MS7) in which survival differed

among years and regions for both age classes failed to reject (x
2=

l 1 42, 1 5 df, P=0.722),

further supporting that these effects were warranted for juveniles, but not adults. Similar

to the single stratum models, Model MS 13 indicated that resighting probabilities differed

among years, but also indicated differences among regions.

Parameter Estimates

Overall estimates of adult survival were very similar using the Kaplan-Meier

estimator with radio telemetry data (Table 3-5) and the CJS models with capture-

recapture data (Table 3-6). In contrast, estimates ofjuvenile survival tended to differ both

in the overall estimates and even in the rank order of estimates among years. Overall

estimates using multi-strata models tended to be lower for both age classes than estimates

derived from either Kaplan-Meier or CJS estimators (Table 3-7). Estimates of resighting

probabilities also differed substantially between single-stratum or multi-strata models.

The precision of individual parameter estimates ranged from 3 to 92% coefficient

of variation (CV), depending on the number of parameters being estimated and the

distribution ofmy sample for a given estimate. CVs for my estimates of adult survival

were 3.2% using the Kaplan-Meier estimator, 6.0% from my final single-stratum model

(Model SS10), and 4. 1% using my final multi-strata model (Model MS13). Average

CVs for juvenile survival were 13 .4% using the Kaplan-Meier estimator, 18.9% my final
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single-stratum model (Model SS10), and 36.7% using my final multi-strata model (Model

MS13).

Censoring ofRadio-tagged Birds

Censoring is the removal of radio-transmittered animals from a sample when the

radio-transmitter signal can no longer be detected (White and Garrott 1990). An

assumption for an unbiased estimate using the Kaplan-Meier estimator is that censoring is

random with respect to fate (Pollock et al. 1989); that is, the probability of a bird being

censored is not related to its fate. In the case of simple radio failure this assumption

probably is valid; however, when a radio is destroyed when an animal dies (e.g., during

predation or scavenging) this assumption may not be valid (White 1983). Censoring due

to radio failure would not be expected to differ among adults and juveniles. My results

indicated that the mean time to censoring differed strongly from this expectation (f=3.77,

df=179, P<0.001). Juveniles, but not adults, had a substantial surge in the number of

censored animals within the first 60 days after radio attachment (Figure 3-1). This result

would have been expected ifjuveniles either left the study area or experienced undetected

mortality. Dead Snail Kites were usually found in water where radio signal strength was

strongly diminished. I suspected that some mortality went undetected as a result.

Consequently, during SY 1994 I increased my search effort for missing birds. I then

examined the proportions of censored and dead birds during the first 180 d after radio

attachment (i.e., before radio batteries likely died). The proportions of adults censored

and confirmed dead remained relatively constant among years (x
2
=1.02, 2 df,

P=0.601)(Figure 3-2). In contrast, the proportions ofjuveniles censored and confirmed
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dead were similar during SY 1992 and 1993, but differed during SY 1994, when search

effort was increased (x
2
=30.25, 2 df, P<0.001). During SY 1994, the proportion of birds

confirmed dead substantially increased and the proportion of censored birds substantially

decreased. The proportion of censored juveniles during 1994 also closely matched the

proportion of censored adults, which it had not during 1992 or 1993.

Discussion

Comparisons Between Data Obtained Using Radio Telemetry and Capture-resighting

The results from radio telemetry and banding data were generally consistent in

identifying sources of variation. Both data sources indicated that survival differed between

age classes and among years for juveniles, but not adults. Single- and multi-strata

capture-recapture models also indicated similar sources of variation for survival and

resighting probabilities, except that the multi-strata models indicated additional regional

effects. In contrast to sources of variation, there were considerable differences in some

parameter estimates among data sources. Although both sources of data indicated

differences among years for juvenile survival, the parameter estimates from these two data

sources differed markedly and were not even consistent in their relative ranking among

years. Estimates ofjuvenile survival during 1992 and 1993 were higher using radio-

telemetry data than for either capture-recapture models. I believe that this was due to a

bias for my estimates using radio telemetry data during those years. My results from

censored radio-tagged birds indicated that I was finding dead juveniles during 1994 when

search effort was increased; whereas a substantial number of dead birds may have gone
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undetected during 1992 and 1993. Thus, my survival estimates using radio telemetry

probably were biased high for juveniles. I had no such evidence for adults.

Another assumption using radio telemetry to estimate survival is that the radio

transmitter does not affect survival (White and Garrott 1990). There has been substantial

evidence in recent years to suggest that, for some species, radio transmitters may

negatively affect survival (e.g., Marks and Marks 1987, Burger et al. 1991, Paton et al.

1991). Bennetts and Kitchens (1997a) tested the hypothesis that radio transmitters

negatively affect survival of Snail Kites using capture-recapture of birds with and without

radio transmitters. They had reasonable power to detect any substantial differences, yet

found no effect.

In contrast to radio telemetry, I had no reason to suspect that violations ofmy CJS

models significantly biased my results. Probably the most substantial violation was for the

assumption that capture and release of animals occurs over brieftime intervals (Pollock et

al. 1990). This assumption enables a clear definition of the interval over which survival is

measured and helps to standardize intervals being compared. The life history of Snail

Kites makes this assumption difficult to meet. However, I do not believe that violation

of this assumption caused substantial bias to my estimates. For adults, the highest risk

of mortality appeared to be during the fall and winter (Bennetts and Kitchens 1997a,

Bennetts et al., unpubl. data). Thus, animals within a given study year all experience

the same period of high risk. For juveniles, the highest risk of mortality occurs over

the first few months post fledging and all juveniles within a given cohort also were

exposed to that period of high risk.
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Band loss probably was negligible on my study because all but 19 (99%) birds

were marked with riveted aluminum bands that were extremely unlikely to have been

lost. The remaining 1 % were made of PVC and anecdotal evidence suggests that band

loss from these bands also was negligible. I also believe that capture and release did

not substantially influence the subsequent resighting of animals. Snail Kites are

relatively tolerant of human presence and often allow humans to approach relatively

close (Beissinger 1988). In addition, most birds were nesting at the time of resighting

and tended to stay close enough to their nest to enable bands to be read with minimal

difficulty.

Parameter Estimates

Because of the potential for biased estimates ofjuvenile survival using radio

telemetry, I was more confident in my estimates using capture-recapture for this

parameter. I also have greater confidence that my parameter estimates using single-

stratum reflects actual survival. My data indicated that, at least for juvenile survival,

regional effects were warranted. However, capture-recapture models estimate apparent

survival, such that permanent emigration (i.e., permanent for the study) is confounded

with actual survival. Because my data were insufficient to partition among two age

classes and all six regions using multi-strata models, there is a potential for increased

confounding ofthese two components of apparent survival. First, the four regions for

which I had sufficient data were those with a greater number of sightings. This could be

due either to greater use of these regions and/or a greater probability of observing birds

that were present. This could account for the higher estimates of resighting probability
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observed from my multi-strata models. Similarly, any permanent emigration to these

regions would have been included in the resulting estimates as decreased apparent

survival. My single-stratum models included these regions because I was not attempting

to derive separate parameter estimates. Thus, although I would expect my estimates of

apparent survival using multi-strata models to be less biased because I was accounting for

regional heterogeneity, there also may have been greater confounding of actual survival

and permanent emigration in these estimates. This would explain the lower estimates of

survival from my multi-strata models compared to estimates from radio telemetry or

single-stratum models.

Nichols et al. (1980) reported that adult survival of Snail Kites in Florida was 0.90.

This was not based on a statistical estimator; rather, it was their "best guess" for

demographic modeling. Similarly, Snyder et al. (1989) suggested that during non-drought

years annual adult survival of Snail Kites probably exceeds 0.90, although this value also

was not derived using any specified estimator. Beissinger (1995) later reported adult

survival during non-drought years as 0.95 based on Snyder et al.'s suggestion. My

estimates were similar to these previous reports of adult survival (&=0.89 and 0.92 from

Kaplan-Meier and CJS estimators, respectively), but were based on reliable statistical

estimators. In contrast to adults, my estimates ofjuvenile survival were not consistent

with some previous estimates. Beissinger reported juvenile survival during non-drought

years as 0.90. Nichols et al. (1980) reported a "best guess" of 0.58 for juvenile survival.

My data suggest that juvenile survival may be substantially lower than Beissinger's

estimate, but similar to the "best guess" reported by Nichols et al. (1980).
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Effects of Age. Time, and Region on Survival

As predicted, I observed differences in survival between juvenile and adult Snail

Kites, although separate estimates of subadult survival were not indicated by my data.

Younger birds may have lesser foraging skill than adults (e.g., Verbeek 1977, Bennetts

and McClelland 1997) and also may be more vulnerable to predation due to a lack of

experience. My results also supported my hypothesis that younger birds are more

susceptible to environmental variation than adults. Survival ofjuveniles, but not adults,

differed among both years and regions. Environmental conditions, and consequently

habitat quality for Snail Kites, may be quite variable in central and south Florida

(Beissinger 1986, Bennetts and Kitchens 1997a). Adult kites are well adapted to this

variability and are quite capable of moving throughout their range in response to changing

conditions (Bennetts and Kitchens 1997a, b). In contrast, juveniles that have not yet

experienced alternative locations, may be less efficient at locating alternative sites when

local conditions are not favorable. Consequently, juveniles may be more sensitive to both

spatial and temporal variation in the environment.

Although my data indicate that juveniles, but not adults were sensitive to

environmental variability, it has been suggested that survival during drought years may be

substantially lower than during high-water years (Beissinger 1988, Takekawa and

Beissinger 1989). Beissinger (1995) found drought-year survival to be one of the most

sensitive parameters of his population viability model. Thus, adults may be susceptible to

this more extreme case of environmental variability. Because I did not encounter drought

conditions during this study, my results can not reliably be extended to drought years.
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Thus, there remains a need for reliable estimates of survival during drought years (see also

Beissinger 1995).

Implications of Resighting Probabilities

Although emphasis of capture-recapture models is usually on survival, annual

differences in resighting probabilities of Snail Kites also may have implications for a

statewide monitoring program. An annual survey of Snail Kites was conducted every year

from 1969-1994. Reported uses of these data include estimation of survival based on

differences in counts between consecutive years (e.g., Beissinger 1988, 1995), and as an

index of population size for comparisons between areas or years (Rodgers et al. 1988).

Using count data for these purposes requires an assumption that either the survey

represents a complete census, or that the proportion of birds detected does not differ

between years or areas being compared (Lancia et al. 1994). The resighting probabilities I

estimated suggest that the annual survey fails to meet either of these assumptions. My

overall resighting probability using CJS models was 0. 19; whereas, a census is a complete

count of all animals (Lancia et al. 1994). My results also indicated that resighting

probability differed among years and regions; a result inconsistent with the assumption

that the proportion of birds detected during the annual survey is constant. It must be

taken into account that my estimates were derived during spring, whereas the annual

survey is conducted during autumn. However, my results certainly supports concern for

the validity of using these data for these applications.
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Table 3-1. Capture-resighting summary of adult and juvenile Snail Kites in Florida from

1992-1997.

Year ofNext Resighting

Year of

Last Birds Banded as Adults

Capture or Never

Resighting 92 93 94 95 96 97

Birds Banded as Juveniles
8

Resighted
92 93 94 95 96 97

Never

Resighted

1992 4 10 5 1 23 11 14 8 104

1993 14 4 2 10 26 10 9 17 14 206

1994

1995

13 11 8

5 5

45

14

21 12 21 88

36 59 148

1996 13 46 158

Total No.

Resighted

Total New
Captures

0 4 24 22 19 27

49 52 53 2 0 8

Total No
Released'

b 49 56 77 24 19 35

0 11 24 38 70 147

149 245 118 205 134 304

149 256 142 243 204 451

Considered to be adults at time 2 of each cohort.
b
Includes total resighted and new captures; however analysis is parameterized such that

juveniles resighted as adults also contribute to estimation of adult surival.
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Table 3-2. Description of single-stratum Cormack-Jolly-Seber

(CJS) models and their corresponding Akaike Information

Criteria (AIC) scores. Parameter structure indicates whether

survival (0) and/or resighting probability (p) was dependent

on time (/) and/or age(a).

Model
Parameter No.

Structure Parameters

SSI <Aa 9
a

198.68

SS2 tip, 6 214.07

SS3 tixP 6 236.04

SS4 <pP 2 289.37

SS5 0t,.A 14
a

171.77

SS6 ti^p 11 195.87

SS7 tip, 7 194.21

SS8 ti>P 3 275.15

SS9 ti^uP
b

7 192.16

SS10 $Guv),aA 11 166.34

a
Because <p and p were both variable over time, we were

only able to estimate a product of the two for the last time

period (Lebreton et al. 1992).
b
Survival was time dependent for juveniles, but not adults.
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Table 3-3. Likelihood ratio tests (LRTs) between Cormack-Jolly-Seber (CJS) models

used to test whether survival (<p) or resighting (p) probabilities differed among age

classes or years (time).

General

Model

Reduced

Model

Parameter

Tested

Effect
HP A. J
Tested

x
2

df p>x
2

SS8 SS4 d> A op 16 219 11 <0 001
. \J\J 1

SS7 SS2 6 Ace 21.861 1 <0.001

SS6 SS3 <f>r Aee 50.168 5 <0.001

SSI SS2 <t> Time 21.393 3 <0.001

SS3 SS4 f Time 61.335 4 <0.001

SS6 SS8 <t>V Time 95.284 8 <0.001

SS6 ch
<P i line A

*t U.JUO

SS5 SS10
<t>

Time" 0.570 3 0.903

SS2 SS4 P Time 83.300 4 <0.001

SSI SS3 p Time 43.358 3 <0.001

SS7 SS8 p Time 88.942 4 <0.001

SS10 SS9 p Time 33.814 4 <0.001

a
Tests for time variation of survival of adults only.
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Table 3-4. Description of multi-strata models and their corresponding

Akaike Information Criteria (AIC) scores. Parameter structure indicates

whether survival (0), resighting probability (p), and/or transition

(movement) probability {iff) was dependent on age(a), time (t), and/or region

(r).

Model
Parameter

Structure

No.

Parameters
AIC

MSI &,«,r Ar ft* 176 989.173

MS2 At Ar ftr 96 982.051

MS3 4>< Pur ft 36 940.507

MS4 <t>V P,,r K 52 900.544

MS5 4>rPr$< 20 1032.120

MS6 4>V Pr ft,r 36 982.580

MS7 80 881.293

MS8
<f>V Pi ft, 36 934.653

MS9
<t>, Pt,r K 46 896.930

MS10 0a,^juv) Pxf fta,r
50 881.364

MS11 ^l(juvXr Pt ft,r 52 894.622

MS12
0a,t(juvXr Ar ft 68 867.264

MS13
0a,l(juv), ifluv) Pt,r fta,r 65 862.713
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Table 3-5. Annual estimates and standard errors for adult and juvenile

survival (#) of Snail Kites for study years (SYs) 1992, 1993, and 1994

using data from radio telemetry.

Adults Juveniles

4> SE(#) $ SE(#)

1992 0.962 0.038 0.825 0.080

1993 0.858 0.063 0.867 0.088

1994 0.883 0.042 0.439 0.090

Overall
4

0.894 0.029 0.671 0.059

a
Estimated using a pooled sample of all years. The arithmetic mean

gives equal weight to each annual estimate, whereas the pooled sample

essentially weights by sample size.
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Table 3-6. Parameter estimates for the Cormack-Jolly-Seber (CJS) model SS10 in

which survival (<j>) differed between adults and juveniles. Under this model, survival

was constant among years for adults, but differed among years for juveniles. Resighting

probabilities jp) differed among years.

Adults Juveniles Adults

Study

Year
X

SE(#)
X
9 SE ($) P SE(p)

1992 0.922 0.055 0.527 0.075 0.121 0.031

1993 0.922 0.055 0.350 0.051 0.198 0.030

1994 0.922 0.055 0.783 0.122 0.166 0.027

1995 0.922 0.055 0.942 0.187 0.168 0.034

1996 0.922 0.055 0.701 0.211 0.322 0.087

Overall 0.922
3

0.055
a 0.530" 0.047" 0.1 89c 0.020°

4
Adult survival in Model SS10 is constant over time.

" Estimated using Model SS7, which is identical to my selected model (SS10) except

that is constant over time. This approach is equivalent to using a weighted mean

estimate where weights are based on the variance-covariance matrix.
c
Estimated using Model SS9, which is identical to my selected model (SS10) except

thatp is constant over time. This approach is equivalent to using a weighted mean

estimate where weights are based on the variance-covariance matrix.
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Table 3-7. Parameter estimates for my most parsimonious multi-stratum model

(MS 13), in which survival differs between adults and juveniles, survival is constant

among years and regions for adults, and survival differs among years and regions for

juveniles. Resighting probability in this model differs among years and regions.

Adults Juveniles Adults

StudvkJ lUUy

Year
Region" SE(0) P SEfc)

i aaoiyyz EVER A OT)U.oZZ A AO AU.UJ4 A a onU.4o /
A 1 1 AU.Z14 A AAAU.UUU A AAAU.UUU

iyyz UK.be, u.ozz A AO AU.UJ4 A 1/IA
U. /4U U. 14z A AC OU.UDJ A AO 1U.UJ 1

iyyz U.5ZZ A AO AU.Uj4 A O/^lU.JO/ U. 1 10 U.jjo A 1 0 Z
U. 1 J j

iyyz T TC T A OHU.oZZ A AO AU.U34 A*»1 /ITIT44 /
a no
U. Izo a ionU.zoU A 1 1 O

U. 1 1 j

1 QQ1iyyj C \ACDIlVllK U.oZz A AO AU.UJ4 A A C\AU.4U4 A AQTu.uy /
A 111U.ZzZ A ACTU.Uj /

1 AAOiyyj UKtb a cooU.ozz a m aU.UJ4 U.4J0 A AOAu.usy A 1 1 A
U. 1 1U A AOIU.UJ /

iyyj VTCC U.oZZ A AO/1U.UJ4 n i aoU. 1 Uz A A/IOU.U4y aU.jZ /
A 111
U. I 51

1 QQ1 TTCTU3J U.oZZ A C\1AU.UJ4 A O/IOU. J4J A 1 1QU. IZo A 1 1 0U. 1 1

J

A AACU.UOj

iyy4 H VxlK A onU.oZZ A AO /IU.UJ4 A HAU. 1ZU A 1 AT
U. 1U/ A 1/1 CU.Z45 A A/IOU.U4j

1994 OKEE 0.822 0.034 0.301 0.276 0.081 0.035

1994 KISS 0.822 0.034 0.275 0.097 0.248 0.080

1994 USJ 0.822 0.034 <0.00 <0.001 0.304 0.114

1995 EVER 0.822 0.034 0.454 0.074 0.199 0.037

1995 OKEE 0.822 0.034 0.437 0.198 0.387 0.103

1995 KISS 0.822 0.034 0.921 0.188 0.194 0.068

1995 USJ 0.822 0.034 1.000 0.317 0.368 0.127

1996 EVER 0.822 0.034 0.234 0.074 0.568 0.095

1996 OKEE 0.822 0.034 <0.00 0.412 0.389 0.121

1996 KISS 0.822 0.034 0.613 0.298 0.749 0.204

1996 USJ 0.822 0.034 0.248 0.175 0.756 0.242

Overall 0.822 0.034 0.441
b

0.036
b

a
Regions are Everglades (EVER), Okeechobee (OKEE), Kissimmee (KISS), and

Upper St. Johns (USJ). There were insufficient sightings to include the Loxahatchee

Slough Region.
b
Based on model MS9 for which survival is considered constant among years and

regions.
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Figure 3-1. Percentage of radio-transmittered adult and juvenile Snail Kites that were
censored in each 60-day time interval from the time of attachment.
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CHAPTER 4

WITHIN-YEAR SURVIVAL PATTERNS OF SNAIL KITES IN FLORIDA

A common generalization, that recent evidence supports, is that juvenile survival

ofmany avian species tends to be lower than that of adults (e.g., Loery et al 1987, Nichols

et al. 1992). This difference may be attributable to a lack of experience ofyounger birds

for foraging, dispersal, and avoidance of predators. There is considerably less evidence

for the time at which the survival rate of younger birds becomes similar to that of adults

(Ricklefs 1973, Loery et al. 1987). In chapter 3 I examined annual survival of Snail Kites

(Rostrhamus sociabilis) in Florida using a combination of radio telemetry and capture-

recapture data. They found that annual survival ofjuveniles (birds of age <1 yr) was

lower than that of adults (birds of age >lyr), but that delineation of a subadult age class

(age 1-2 yrs) was not supported by my data. This suggests that survival rates between age

classes were similar after one year, but does not indicate whether or not it requires less

than a year to become similar. Neither capture-recapture nor telemetry data enables any

evaluation of the patterns of survival within the sampling intervals. However, the intervals

using radio telemetry are usually very short compared to capture-recapture data, even

though estimates are often reported on an annual basis. Thus, within-year patterns can

provide considerable information regarding the time over which juvenile and adult survival

rates converge. These patterns also may provide considerable insights about how the risk

43
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of mortality changes over time, which can further our understanding ofwhat factors

influence survival. Here I use survivorship functions derived from radio-telemetry data to

refine our knowledge of the time at which juvenile survival becomes similar to that of

adults and to evaluate the seasonal patterns of risk for each age class.

Methods

My goal was to annually capture and radio tag 100 snail kites of which 60% were

adults and 40% juveniles for three consecutive years from April 1992 through April 1995.

My targeted ratio of adults to juveniles was intended to emphasize adult survival because

demography of Snail Kites probably is more sensitive to adult rather than juvenile survival

(Nichols et al. 1980, Beissinger 1995). To maintain independence ofmy sample, a

maximum of one juvenile per nest was equipped with a radio transmitter. I targeted a

50:50 sex ratio of adults to keep my sample balanced. The proportion of samples from

each area was based on an annual survey to approximate the statewide distribution

(Bennetts and Kitchens 1997a).

Adult kites were captured using a net gun (Mechlin and Shaiffer 1979), which uses

22 caliber blank cartridges to propel a 10-foot triangular nylon net. Juveniles were

captured just prior to fledging, at approximately 30-35 d old, without a net gun. Fifteen-

gram radio transmitters were attached to birds with backpack harnesses. Radio-tagged

birds were located at approximately 14-day intervals from aircraft or ground searches to

determine their location and whether they were alive. All radios were equipped with

mortality censors which changed pulse rates if the transmitter had not moved for 6-8 h.
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Birds with a transmitter emitting a mortality signal were then located on the ground to

verify their fate.

I used logistic regression as a preliminary analysis for the influences on survival. I

found (Chapter 3) that annual survival differed between adults and juveniles, and among

years for juveniles, but not adults. However, here I was interested in the timing of

mortality, rather than the magnitude of annual estimates. Thus, from my preliminary

analysis, I particularly wanted to determine if there was evidence for a within- and

between-year interaction, which would have indicated that the within-year patterns

differed from year to year. Based on these results and because I was interested in the

timing of mortality, rather than annual differences in magnitude, I pooled my samples from

each year for each age class to better illustrate the overall timing of mortality. However, I

did not pool age classes because of apparent differences in timing. It should be noted,

however, that using an unpooled sample does not alter any ofthe conclusions reported

here.

I generated survivorship functions using a staggered entry design (Pollock et al.

1989) with the Kaplan-Meier product limit estimator (Kaplan and Meier 1958). I used an

arbitrary starting date of 15 April for survivorship functions. By this time during my first

year I had a sample sufficient (n = 16) of adults to allow reasonable estimates of survival.

This time also corresponded with the beginning of peak fledging. Thus juveniles were

added to my sample as they fledged, rather than some having fledged during the previous

calender year. Thus survivorship functions are based on a study year (SY) from 15 April

of calender year / to 14 April of calender year t+l. All comparisons among survivorship
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curves generated by the Kaplan-Meier estimator for radio telemetry data were made using

log-rank tests (Savage 1956, Cox and Oakes 1984) with a modified version ofthe SAS

code (SAS Inc. 1988) reported by White and Garrott (1990).

Cox (1972) proposed a nonparametric model for the instantaneous probability of

an animal's death, or hazard function. The hazard function is a measure of instantaneous

risk of mortality as a function of age or time. I estimated the hazard function ( h\) for

discrete one-month intervals as the number of animals dying during the interval divided by

the number of animals surviving over that interval (Lee 1980). In contrast to survivorship

functions, which were intended to assess if there were differences in survivorship, the

hazard function better illustrates how the risk of mortality changes over time. Because

some risk of mortality ofjuveniles may have been more related to their age, than time, I

estimated an additional hazard function for juveniles based on age (i.e., time since

fledging). I did not do this for adults because, in most cases, I did not know their age, and

age was less likely to have been a factor for adults.

Results

I captured a total of 271 individual Snail Kites and attached 282 radio transmitters.

Eleven of the 271 birds were recaptured in a subsequent year and their radios replaced.

Of the 282 radios, 165 were placed on adults; ofwhich, 45 were during SY 1992 and 60

each during SYs 1993 and 1994. I attached a total of 1 17 radios on juveniles; ofwhich

37 were during SY 1992 and 40 each during SYs 1993 and 1994. Of the adults, 82

(49.7%) were males and 83 (50.3%) were females.
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My preliminary logistic regression model confirmed what had been previously

reported (Bennetts and Kitchens 1997a). Based on Akaike's information criterion

(AIC)(Akaike 1973, Burnham and Anderson 1992), the most parsimonious model was

one that included the effects of age, year, season, an age*year interaction, and an

age*season interaction (Bennetts and Kitchens 1997a). The general effects of age and

annual differences have been discussed in detail elsewhere (Bennetts and Kitchens 1997a,

Chapter 3). Of particular interest here was an age*season interaction, which indicates that

the seasonal patterns of survival were not similar between age classes. Also of interest

were that a season*year interaction or a three-way interaction of age*season*year were

not warranted for these data, which supports my belief that the seasonal pattern for each

age class does not differ among years.

A log rank test supported the conclusion that survivorship functions differed

between adult and juvenile Snail Kites (x
2
=20.76, df=l, P<0.001). A further analysis

indicated that these differences were substantial for the first four months of the year

(X
2
=33.69, df=l, P<0.001), but not the remaining eight months (x

2
=0.47, dfM, P=0.494).

Juvenile survivorship dropped sharply for the first four months, after which it leveled off

considerably to a much slower rate of decline until a relatively less dramatic decrease at

about eight months (Figure 4-1). In contrast, adult survivorship declined at a relatively

slow rate for approximately the first eight months, after which there was a relatively

moderate decrease in survival similar to that ofjuveniles at this time. Thus, survivorship

functions of the two age classes became quite similar after the first four months.
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It was also apparent from hazard functions that the risk of mortality was not

constant over time for either age class (Figure 4-2). Juveniles had the highest risk of

mortality during the first four months; whereas this, was a period of low risk for adults.

Both age classes then experienced increased risk of mortality during winter and early

spring. The hazard function for juveniles based on age indicated that the highest risk of

mortality occurred between 30 and 60 days post fledging, although it was nearly as high

for the first 30 days (Figure 4-3).

Discussion

My data indicate striking differences in seasonal patterns of survivorship between

adult and juvenile Snail Kites. Juveniles were at greatest risk of mortality during late

spring and early summer; adults were at greater risk during winter and early spring. The

period of high risk for juvenile Snail Kites during late spring is not surprising. My

estimated hazard function based on age, rather than time, revealed that the period of

greatest risk is between 30 and 60 days after fledging. Although juveniles are least

experienced during the first 30 days, they also are still attended by their parents. Snyder et

al. (1989) suggested that the post-fledging dependency period lasts for about six weeks.

Hence, during the period between 30 and 60 days after fledging, juveniles are becoming

independent of their parents, are foraging on their own, and dispersing into unfamiliar

areas (Bennetts and Kitchens 1997a). Juveniles that survived the first few months post

fledging appeared to be most vulnerable at the same time as peak mortality for adults.

In contrast to juveniles, it was less clear why adult mortality was highest in winter,

although I offer several hypotheses. During late winter and early spring there is a
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potential for increased risk of predation, which probably was the most frequent cause of

adult mortality (Bennetts and Kitchens 1997a, Chapter 5). Late winter and early spring

corresponds to the time that adults begin courtship. Consequently, at this time they are

exhibiting behaviors more conspicuous to potential predators such as courtship flights and

vocalizations. Adults also may be less wary of predators if their attention is on

procurement of a mate. Evidence also suggests that Great-horned Owls (Bubo

vireinianusV which forage at night, were the most common predators. During winter,

leaves are absent from willows, which is the most commonly used species for communal

roosting by Snail Kites (Sykes et al. 1995, Darby et al. 1996). Thus, concentrations of

roosting kites may have been more visible to nocturnal predators during this period.

Apple snails (Pomacea pahjdosa) are the almost exclusive food of Snail Kites.

These snails are aquatic, and are most vulnerable to kites while at the water surface.

Apple snails have both gills and lungs and the frequency at which they come to the surface

for air is inversely related to the amount of dissolved oxygen in the water (McClary 1964).

Colder temperatures result in higher levels of dissolved oxygen and reduced activity and

oxygen consumption by snails (Freiburg and Hazelwood 1977, Harming 1978).

Consequently, cold temperatures during winter result in fewer foraging bouts and lower

capture success by Snail Kites (Cary 1985, Sykes et al. 1995).

Communal roosting during winter also could result in a greater potential for the

transmission of infectious disease. Although the extent of disease as a source of mortality

of Snail Kites is unknown, I did find at least one dead bird that was diagnosed with an

infection ofthe coelomic cavity (D.J. Forrester and M.G. Spalding, Laboratory of Wildlife
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Disease Research, University of Florida, unpubl. data, Bennetts and Kitchens 1997a,

Chapter 5).

My data indicate that survivorship ofjuvenile Snail Kites becomes similar to that of

adults after about four months. Estimated survivorship and hazard functions based on

time, and hazard functions ofjuveniles based on age all indicated that the period of

greatest risk for juveniles was during their first four months, after which survivorship

became remarkably similar to that of adults. However, I do emphasize that my study was

conducted during a period of favorable environmental conditions. During periods of food

shortage (e.g., widespread droughts), it would not be surprising for there to be a greater

disparity between age classes or an increased time for the risk ofjuvenile mortality to

become similar to that of adults.
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Figure 4-1. Survivorship functions of adult and juvenile Snail Kites from a pooled sample
of 3 years (top). Because I was interested in temporal pattern rather than magnitude, I

aligned the functions without regard to magnitude, to illustrate at what point in time the
functions become similar (bottom).
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Figure 4-2. Estimated hazard functions constructed at monthly intervals for adult and
juvenile Snail Kites.
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Figure 4-3. Estimated hazard function for juveniles based on age, rather than time,

function was constructed at monthly intervals starting at the time of fledging.

This



CHAPTER 5

CAUSES OF MORTALITY OF POST-FLEDGING JUVENILE
AND ADULT SNAIL KITES IN FLORIDA

Previous demographic studies of Snail Kites (Rostrhamus sociabilis) have focused

primarily on reproduction, though survival may be the most important demographic

parameter for this species (Nichols et al. 1980, Beissinger 1995, Sykes et al. 1995). There

have been several reports of causes of death of nestling Snail Kites (e.g., Sykes 1987,

Bennetts et al. 1988), but such information has been largely speculative for post-fledging

juveniles and adults (Beissinger 1986, Sykes et al. 1995). The purpose of this paper is to

provide an indication of the relative frequencies of different causes of mortality of post-

fledging juvenile and adult kites during my period of study.

My study was conducted between April 1992 and April 1995 in central and south

Florida as part of a larger study of survival and movements of Snail Kites in Florida

(Bennetts and Kitchens 1997). I attached 282 radio transmitters on 271 individual Snail

Kites, with 1 1 birds having been recaptured in a subsequent year and their radios

replaced. I monitored birds primarily by aircraft, although verification and retrieval of

dead birds was conducted by airboat or on foot. The average interval between

consecutive locations of birds was 13.5 (±7.9 SD) days (Bennetts and Kitchens 1997). All

radio transmitters were equipped with a mortality switch that, upon prolonged lack of

motion (~6 h), altered the pulse rate enabling us to remotely determine if a bird was dead

54
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or had dropped its radio. I attempted to find all birds emitting a mortality signal the same

day that the signal was detected, although logistic constraints sometimes precluded

attaining this goal.

I found 47 dead or moribund Snail Kites, ofwhich 3 1 were post-fledging juveniles

and 16 were adults. Of these 47, 1 assigned a likely cause of death to 24 (51%). Most

(81%) dead birds were found using radio telemetry, although I have included birds that

were found more incidentally during this study (19%). Carcasses (n=7) in which the

fleshy parts had not been consumed or that did not exhibit extreme autolysis were sent for

necropsy either to the Laboratory of Wildlife Disease Research, College of Veterinary

Medicine at the University of Florida, or the U.S. Geological Survey, National Wildlife

Health Research Center. I emphasize from the outset that the exact cause of death can

seldom be determined with certainty without finding each carcass while fresh and

conducting a necropsy. Even when a necropsy was performed, a conclusive diagnosis was

seldom possible and several contributory factors were often confounded. Despite my

effort to minimize the time until a necropsy could be performed, severe autolysis was

common due to the time interval between death and detection of the mortality signal.

Thus, my intention here is to provide a crude indication of the relative frequencies of

different causes of death, rather than a definitive assessment.

Beissinger (1986, 1988) suggested that adult mortality due to predation is

probably rare. In contrast, I found predation to be the most frequently suspected cause of

death, when it could be identified (Table 5-1). However, birds in which I assigned

predation to be the probable cause were limited to those in which I had ancillary
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information, in addition to the carcass having been eaten. Otherwise, the death was

classified as unknown. Four carcasses were found at sites (e.g., a feeding or plucking

perch) with carcasses of other species. Six others had been plucked, a behavior not

associated with any local scavengers. The predator most frequently suspected was the

Great Horned Owl (Bubo virpinianus). In four cases (not including those listed above)

adults had been found decapitated on their nest, which is a common signature of Great-

horned Owl predation (Nesbit 1975). In several other cases, a Great-horned Owl had

been seen frequenting the area. Barred Owls (Strix varia) also have been previously

suspected to have killed at least one adult female based on feathers left at the nest (Sykes

et al. 1995). Peregrine Falcons (Falco peregrinus) also are occasionally observed in the

area during migration, but have not been reported to take Snail Kites.

Starvation was the second most frequently suspected cause of death for juveniles,

although only two cases were diagnosed (N. Thomas, National Wildlife Health Center,

unpubl. data). In the two cases where starvation was assigned to be the probable cause of

death, each bird was found alive, but in a severely weakened state from which they did not

recover. Also in each case the birds were found in marine environments where apple

snails, the primary food of kites, were completely lacking. These deaths were attributed to

inexperienced birds that dispersed in a direction where they were unable to find sufficient

food. One band return on a previous study (Bennetts et al. 1988) also was a juvenile

found dead in a marine environment (Sanibel Island, Florida). One additional juvenile

was severely emaciated at the time of death, but the diagnosis was not conclusive and the

bird may also have had an intestinal disease (N. Thomas, National Wildlife Health Center,
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unpubl. data). In this case, emaciation may have been a symptom of illness, rather than a

cause of death. Starvation also may have been underestimated in my sample. For

example, juvenile birds dispersing to habitats atypical of adults may have had a lower

probability of detection due to less intensive searches of these habitats. These areas also

may be more likely to have less predictable food resources. In addition, starvation may be

a more frequent cause of death for both age classes during drought years, when food may

be scarce (Beissinger 1986); my data were collected only during non-drought years.

Other causes of death included vehicle collisions, disease, and one probable

gunshot. Vehicle collisions were observed for both age classes and occurred where birds

had been observed foraging or nesting adjacent to roadways. One adult female probably

died of an infection of the coelomic cavity (D.J. Forrester and M.G. Spalding, Laboratory

of Wildlife Disease Research, University of Florida, unpubl. data). The skeletal remains of

one juvenile had a probable gunshot (shotgun) hole through its sternum, but I was unable

to confirm conclusively if this was the cause of death.

It has been suggested that most adult mortality of Snail Kites in Florida occurs

during droughts and is likely caused by starvation or risks encountered during dispersal

(Beissinger 1986, 1995, Snyder et al. 1989). This inference was derived primarily from

changes in the number of kites counted during an annual survey, rather than from

empirical evidence of actual mortality. Although I agree with these authors that an

increased risk of mortality during widespread droughts is likely, the actual extent of

mortality attributed to specific causes is not known (Bennetts et al. 1994, Sykes et al.
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1995, Bennetts and Kitchens 1997). However, I emphasize that my study was conducted

during non-drought conditions and my inferences are limited accordingly.

My inferences also were likely influenced by my methods. For example, two of

three birds I found that had been hit by vehicles were found without using radio

transmitters. This probably is because they were along roadways where detection of the

birds was likely. Finding birds that died of other causes would have been far less likely

without the use of radio transmitters. It is also imperative that, if a study goal is to

determine the causes of mortality, sampling intervals of radio-tagged birds be frequent.

Even with my relatively intensive sampling effort, severe autolysis precluded much of the

information that could have been derived had the carcasses been found fresh. In Florida's

subtropical environment, decomposition occurs quickly. Consequently, causes of death

that required examination of soft tissues for diagnosis are likely to have been

underestimated in my sample.



Table 5-1
. Probable causes of mortality of Snail Kites recovered in Florida from 1992-

1995.

Juveniles Adults Total

Probable Cause Ma1NU. /o No. % No. %

Predation 10 19 9 7 43.8 17 36.2

Starvation 7 6 5 0 0.0 2 4.3

Disease 0 0.0 1 6.3 1 2.1

Vehicle Collision 1 3.2 2 12.5 3 6.4

Gun Shot* 1 3.2 0 0.0 1 2.1

Unknown
(undisturbed)

b

4 12.9 3 18.8 7 14.9

Unknown0
13 41.9 3 18.8 16 34.0

Total 31 100.0 16 100.0 47 100.0

a
Bird banded by Jon Buntz (Florida Game and Fresh Water Fish Commission).

b
These birds were found with carcasses intact, indicating that predation was not a likely

cause of death. One juvenile was determined to be in excellent nutritional health,

indicating that emaciation was also not a likely cause. Another juvenile was determine
to be severely emaciated, which could have been either a symptom of illness or a cause
of death.

c
These birds were too severely decomposed and the carcass had been potentially

disturbed, such that there was no evidence at all as to the potential cause of death.



CHAPTER 6

REPRODUCTION

Because the focus of this dissertation is on demography, I have concentrated my

attention in this chapter on estimates of reproductive parameters. There are numerous

papers on other aspects of reproduction (e.g., behavioral ecology) which I have given less

attention but encourage interested readers to seek out (e.g., reviewed by Beissinger 1988,

Sykesetal. 1995).

Reproduction of Snail Kites (Rostrhamus sociabilis) has been well studied;

although significant gaps remain in our knowledge. There also exist several areas of

disagreement among researchers regarding interpretation of existing data and literature.

Here, I present a combination of original data and a synthesis ofthe existing literature on

reproduction. I have attempted to explicitly point out any areas where disagreement

among researchers exists, and to provide detailed explanations for my interpretations.

From a demographic perspective, what is ultimately of interest is the mean

fecundity rate of females in each age class (Caughley 1977); that is, the mean number of

young (or sometimes just the mean number of female young female) produced per female

of each age class in the population. Unfortunately, for many species, including Snail Kites,

I cannot estimate this parameter directly. Rather, it is derived from the proportion of birds

attempting to breed (a^, the proportion ofbreeding attempts that are successful (S,), and

60
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the number ofbreeding attempts per year (fi). For successful nesting attempts, I also need

to know the number ofyoung produced (Y^) and the sex ratio ofthe young produced (Ity

(Brown 1974, Caughley 1977)(Figure 6-1). In this chapter I review the information that

has been previously reported on each of these parameters, as well as present estimates

based on new data.

Semantics

Misunderstandings about measures of reproduction can frequently be attributable

to a lack of clear definitions ofwhat is being measured and/or to what is appropriate to be

measured. I will address the latter type of misunderstanding in my discussions below;

however, to avoid the former type, I will begin my assessment of reproduction by

providing operational definitions for terms discussed below.

Breeding Attempt

There has been considerable disagreement among researchers regarding what constitutes a

breeding attempt. For the purposes of this chapter , I consider a breeding attempt to begin

with the laying of the first egg Steenhof (1987). Snyder et al. (1989a) considered a

breeding attempt to begin with nest building, prior to the laying ofthe first egg. They

suggested that to ignore the period before egg laying in analyses of reproductive success

would be ill-advised because ofthe high proportion (>0.33) of nests they observed that

failed prior to egg laying. I agree entirely with Snyder et al. (1989a) that, for many

questions, the failure of nests prior to egg laying may have important biological
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implications. These failures may provide insight as to environmental conditions at the time

of egg laying and also may provide information regarding behavioral aspects ofmate

choice. However, I disagree that nests during the nest-building stage for this species

should be considered as a nesting attempt for estimation of reproductive parameters. I

have several reasons for this conclusion.

First, inclusion of "pre-laying" failures may include nests in which a pair bond has

not even been established between a male and female. Nest building is initiated by the

male as part of courtship (Beissinger 1988, Bennetts et al. 1988) and more than one male

may direct courtship toward a single female (Beissinger 1987, pers. obs). Thus, iftwo

males initiated nest building as part of the courtship toward a single female, this would be

considered as two nesting attempts using the definition of Snyder et al. (1989a), even

though only one ofthese nests may produce young. Similarly, my observations indicate

that a single male may exhibit courtship behavior, including nest building, towards several

females in succession. This behavior may last as little as a few hours or may last several

days and may then be redirected to a new female if a pair bond is not established. I

observed a single radio-tagged male direct courtship to as many as five different females

before a pair bond was established that resulted in egg laying. Using the definition of

Snyder et al. (1989a), each of these courtship attempts would have been interpreted as a

failed breeding attempt. In contrast, I view this as part ofthe mate selection (courtship)

process rather than as a demographic parameter. Second, the passage of cold fronts and

corresponding temperature change often results in reduced food availability (Cary 1985).

Consequently, courtship is often terminated with the passage of cold fronts and resumed
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(often at a new location) when temperatures return to pre-front conditions (Beissinger

1988, Bennetts et al. 1988). Thus, iftwo cold fronts passed before eggs were actually

laid, the pair would have been considered to have made three separate breeding attempts

(with two failures) even if the pair successfully raised a brood. For demographic

purposes, I view these postponements as courtship interruptions, rather than multiple

breeding attempts with each interruption being considered as a breeding failure. Third,

because nest building begins with the placement of the first stick and many more courtship

nests are probably initiated than are ever detected, it creates a substantial bias in the

estimate of success ifthese early starts are not detected (Mayfield 1961, Miller and

Johnson 1978, Johnson 1979, Hensler and Nichols 1981).

Finally, it is well known that nesting raptors tend to be considerably more sensitive

to disturbance early in the nesting cycle (Grier and Fyfe 1987, Steenhof 1987). Although

previous investigators have reported a high proportion of nest abandonment by Snail Kites

prior to egg laying (e.g., Beissinger 1986, Snyder et al. 1989a), I have seen no accounting

for how much of this abandonment might have been attributable to disturbance by the

investigators themselves. In contrast, abandonment of eggs or young by Snail Kites is

extremely rare (Bennetts et al. 1994, Sykes et al. 1995). Thus, measuring nesting success

after the first egg has been laid can reduce this potential source of confounding and

minimize disturbance to this endangered species.

Based on these concerns, I defined a breeding attempt to begin with the laying of

the first egg. Thus, unless otherwise stated, references to nests in this chapter implies the

presence of eggs or young.



64

Successful Nest

For the purposes of this chapter , a successful nest is one in which at least one

young reaches fledging age (Steenhof 1987). Because birds after fledging may or may not

be present at the nest, I defined fledging age as 80% ofthe average age of first flight

(Steenhof and Kochert 1982). Snail Kites are capable of first flight at approximately 30

days of age (Chandler and Anderson 1974, Beissinger 1988, Bennetts et al. 1988); thus, I

considered a nest as having been successful if it produced young that survived to at least

24 d (Bennetts et al. 1988). At this age, animals are reasonably assured of still being at

the nest and mortality for most raptors between this time and fledging is minimal (Milsap

1981, Steenhof 1987). In addition, I banded birds at the time they were determined to be

of fledging age. Consequently, any mortality that occurred after this age would have been

included in my estimates ofjuvenile survival from my mark-resighting program.

The Breeding Season

The initiation of nests (i.e., egg laying) has been documented in all months of the

year (Sykes 1987c); although, for any given year, Snyder et al. (1989a) observed a

maximum breeding season (interval over which nests were initiated) of 3 1 .7 weeks (7.9

months) during an 18-year study in Florida. Although Snail Kites in Florida can

potentially lay eggs in all months of the year, there is a very distinct seasonal distribution

of nest initiations (Table 6-1) (Figure 6-2). Nest initiations begin as early as November,

but in most years widespread initiations usually do not begin until January or February.
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Peak initiations usually occur in March, but are often several weeks later, peaking in April,

in the northern habitats (Toland 1994).

The Breeding Population

Age of First Reproduction

Sykes (1979) reported that Snail Kites are capable of breeding at 3 years of age.

However, Sykes (1979) suggested that some birds possibly breed at a younger age.

Beissinger (1986) later reported both male and female birds breeding at one year of age

and Snyder et al. (1989a) reported one female breeding at nine months. My data are

consistent with Beissinger (1986) and Snyder et al. (1989a). During this study, I

commonly observed yearling Snail Kites attempting to breed.

Proportion of Birds Attempting to Breed

Nichols et al. (1980) suggested that the proportion of birds that attempted to breed

during favorable conditions was quite high. They suggested that there was no reason to

suspect that it was not 1.0 and, consequently, assumed that value for their demographic

model. They reported, however, that this was a crude estimate for lack of a better one.

Beissinger (1995) similarly reported that the proportion of adult Snail Kites attempting to

breed during high-water years was 1.0, but also provided no empirical evidence. Although

my data for this parameter are very limited, they are consistent with these earlier estimates.

During 1995, 1 closely monitored 23 radio-transmittered adult Snail Kites for breeding

activity in order to assess the proportion attempting to breed and the number of breeding

attempts per year. Of these 23 adults, 14 were females and 9 were males. During the 1995

nesting season, I located each bird on the ground approximately bi-weekly to determine its
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breeding status (e.g., a nest, courtship, not breeding). Birds in which no breeding activity

was detected were generally observed for *2 hrs and subsequent visits, usually within 10

days, were required to confirm a non-breeding status and to confirm any nests for birds

exhibiting courtship. During 1995 (a relatively high water year throughout the kite's

range), all 23 (100%) adults attempted to breed at least once. My estimate is based on a

relatively small sample (N=23) and on only one year; however, it does provide an

empirical basis that most, if not all, adults may attempt to breed in some years.

Sykes (1979) reported that he observed no nesting attempts during 1971 (a

widespread severe drought). Based on this observation, Nichols et al. (1980) assumed

that no birds nested during 1971 for their demographic modeling effort. Beissinger (1986)

reported that during the 1981 drought 80-90% ofthe kites did not attempt to nest, and

Beissinger (1995) later reported that only 15% of adult Snail Kites attempt to breed

during drought years. However, no empirical evidence was presented in support ofthese

estimates. Based on anecdotal evidence, I believe that the proportion of birds attempting

to breed during drought years may be highly variable depending on the spatial extent of

the drought. I agree that during a severe widespread drought, most birds probably do not

attempt to breed. However, in cases ofmore localized droughts, where portions ofthe

kite's range may not be experiencing dry conditions, the proportion of birds attempting to

breed may remain very high. For example, during 1991, the Everglades region was at the

end of a 2-3 year drought (whether it was a 2 or 3 year drought depends on how a

drought is defined). During this year almost no nesting activity was observed in the

Everglades region (J.A. Rodgers Jr., pers. comm.). This would appear consistent that a
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small proportion of birds had attempted to breed. However, during this year, record

numbers of birds were breeding on Lake Tohopekaliga (J.A. Rodgers and J. Buntz, pers.

comm.) and in the upper St. Johns Marshes (B. Toland, pers. comm.), areas not influenced

by the drought conditions in the Everglades. My data on movement strongly suggest that

the Florida population is one population that moves frequently throughout its range, rather

than a meta-population of quasi-isolated subpopulations. Thus, in years where drought is

not widespread, birds may merely shift the location of nesting activities. Consequently, I

suggest that this parameter may be quite variable and needs to take into account the

severity and spatial extent of a given drought.

Sykes (1979) observed relatively few (n=6) nests during 1972, the lag year

following the 1971 drought. The average number of nests per year that Sykes (1979)

reported from 1968-1976, excluding 1971, was 23. Based on this observation of reduced

nesting during this lag year, Nichols et al. (1980) assumed a proportion of 0.5 adults

attempted to nest during 1972. Beissinger (1995) reported that a proportion of 0.8 adults

attempt to breed during lag years, although I could find no empirical support for this

estimate in any of the sources cited. I suspect that, similarly to drought years, this

parameter may be highly variable depending on the specific drought. Thus, I view this

parameter as also being unknown and subject to high variability.

Snail Kites have been reported to breed as young as 9 months old (Snyder et al.

1989a); thus, by a calendar-year definition Snail Kites are capable of breeding as juveniles

(i.e., < 1 year old). However, these cases are ones in which the birds attempted to breed

during the nesting season following the nesting season of their hatch year. Thus, this
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parameter should be defined as the proportion of birds attempting to breed during their

second breeding season (the first is the one in which they hatched).

Based on data from Snyder et al. (1989a), Beissinger (1995) reported that 25% of

subadults attempt to breed during high water conditions. Snyder et al. (1989a) observed 8

banded subadults breeding during 1979 out of a minimum of 74 that had survived from

their hatching year of 1978. Because Snyder et al. (1989a) only checked 50.8% ofthe

nests for bands, they estimated that there were probably 16 subadult breeders out of a

minimum of 74 banded subadults (22%). Of course, this estimate assumes that only the

74 subadults observed alive in 1979 had survived and that there was an equal probability

of detecting a banded subadult that was breeding in the sample of nests that were checked

and those that were not checked.

During 1992, 1 estimated a similar percentage of 17% of the subadult birds

attempting to breed (Bennetts and Kitchens 1992). My estimate was based on only 2

breeding birds of 12 banded yearlings that I observed during the 1992 breeding season.

Consequently, my estimate requires similar assumptions that I suggested above for Snyder

et al. (1989a). During 1995 (a high water year throughout the kite's range), I also closely

monitored 9 radio-transmittered juvenile Snail Kites for breeding activity (as described

above). Ofthese 9 birds 3 (33%) attempted to breed. All ofthe estimates derived from

the data of Snyder et al. (1989a), as well as from my own data, are very limited (i.e., small

samples each from one year); however, they do consistently suggest that a relatively small

proportion of subadults do attempt to breed during some years.
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Beissinger (1995) also reported that the proportion of subadults attempting to

breed during drought years and lag years was 0. 15. I could find no empirical basis for this

estimate in any of the sources cited; but I agree with Beissinger that the average

percentage would probably be lower when conditions are poor in part or all of their range.

Nest Success

Nest success has been among the most widely estimated parameters of

reproduction of Snail Kites. However, it has probably also been among the most

confusing. There are several areas of disagreement among researchers regarding

estimation of nest success. The disagreements center primarily on which nests should be

included in the sample and what estimator should be used. Consequently, nest success has

been difficult to compare because different researchers have used different estimators and

have included or excluded different categories of nests within their respective data sets. I

have attempted to summarize below the major issues of contention. I have also

summarized the literature on nest success and explicitly pointed out which estimator was

used and what categories of nests were included or excluded in the sample. Thus, readers

can make comparisons among studies and decide for themselves which estimates are most

appropriate for their particular needs.
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Areas ofDisagreement Regarding Estimation ofNest Success

Inclusion or exclusion of nests found at different stages

At what stage a given nest is found can greatly influence its probability of success.

Nests found late in the nesting cycle have a higher probability of success because they

have less observation time during which they are at risk. A Snail Kite nest requires at

least 57 days to fledge young (27 days of incubation and 30 days for nestlings to reach

fledging age). Thus, a nest found during egg laying will have potentially >50 days "at

risk" (provided it does not fail earlier) to be considered successful. In contrast, a nest

found close to the time of fledging may have only a few days "at risk" to be considered

successful. Consequently, estimates of nest success that were derived using nests found

late in the nesting cycle tend to be biased high (Mayfield 1961, 1975, Miller and Johnson

1978, Hensler and Nichols 1981, Hensler 1985).

Nests at different stages also are vulnerable to different risks. For example, rat

snakes (Elaphe obsolete) are believed to be one of the major predators of Snail Kite nests

(Bennetts and Caton 1988). Rat snakes will readily take eggs or young that are less than

one week old; however, the larger size of older nestlings largely precludes predation by rat

snakes. Consequently, nests found when young are >1 week have an inherently lower risk

of predation by rat snakes.

Some researchers (e.g., Beissinger 1986, Snyder et al. 1989a) also have included

nests prior to eggs having been laid (i.e., during nest building) in deriving estimates of

success. I disagree with this practice for the reasons previously discussed.
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Because of these biases, estimates of nest success can be substantially influenced

by what nests (i.e., found at what stage) are included or excluded for deriving a given

estimate. This makes comparison of previous estimates of nest success for Snail Kites

difficult because researchers have not used the same criteria for inclusion or exclusion of

nests found at different stages when deriving their estimates. Steenhof and Kochert

(1982) suggested three ways to minimize this type of sampling error for estimating nest

success. First, they suggest estimating success based on a pre-determined sample of

territorial pairs. However, because Snail Kites do not maintain nesting territories from

one year to the next, this solution is not feasible for this species. Secondly, they suggested

using estimates derived only from nests that were found during incubation (by definition,

they considered a breeding attempt to have begun after they laying of the first egg). This

suggestion is feasible for kites; but of the previously reported estimates, only Snyder et al.

(1989a) reported estimates using this criterion. Their third suggestion was to use the

Mayfield Estimator, which is intended to account for the bias imposed by not finding all

nests during early stages. Of the previously reported estimates, only Bennetts et al. (1988)

reported estimates using this estimator.

Given the differences in what nests were included or excluded in previous studies,

I urge caution in making comparisons among previous studies. I also agree with Steenhof

and Kochert (1982) that estimates of success should be derived either using only nests that

were found during incubation or using the Mayfield estimator. Of these two approaches I

prefer the latter, although there remains disagreement among researchers regarding this

conclusion.
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Manipulated nests

Nests that occur in cattails may have a tendency to collapse under conditions of

high winds or waves (Sykes and Chandler 1974). This led to a previous practice of

placing nests that were subject to this type of failure in artificial nest baskets (Chandler

and Andeson 1974, Sykes and Chandler 1974). Because this may influence the outcome

of a given nest, whether to include or exclude these nests has been the subject of some

debate (e.g., Beissinger 1986, Snyder et al. 1989a). Similarly, when these nests have been

included in samples from which estimates of nest success were derived, there have been

differences among researchers (e.g., Sykes 1979, Snyder et al. 1989a) as to how these

nests were treated in the derivation of nest success.

Sykes (1979, 1987b) included 43 nests that were placed in artificial nest baskets in

his sample for estimating success. These nests were not treated differently than other

nests. Snyder et al. (1989a) later criticized this use of manipulated nests. They suggested

that the success of manipulated nests was higher than ifthey had not been manipulated,

and that this would have biased Sykes's estimate of success upward. Snyder et al. also

presented estimates of nest success using 94 manipulated nests. They argued that because

these nests were in imminent danger of collapse, they considered them all as failures.

They suggested that to exclude them, as was done by Beissinger (1986) and Beissinger

and Snyder (1987), would have also biased success upward because these manipulated

nests were not a random sample with regard to their probability of success (i.e., that they

would have failed). In contrast to their suggestion, I have observed collapsed several

nests containing older (>10 d old) nestlings that have been successful. Although I agree
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with Snyder et al. (1989a) that exclusion ofthese nests probably would have biased

success upward, I also believe that including them all as failures probably would have

biased their estimate downward. My tendency is to agree with the solution of Snyder et

al. (1989a), but to recognize that there might be a slight bias toward underestimation of

success.

An additional concern that has not been addressed by previous authors is that the

susceptibility of nests to collapse may be influenced by the investigators themselves. The

vulnerability of nests to collapse can be greatly influenced by the paths of airboats while

conducting nests visits, particularly in cattails (Bennetts 1996). Airboat trails are often

wide enough to allow increased susceptibility to wind damage and/or to weaken the

structural support provided by the cattails adjacent to the nest. This type of damage can

be minimized, if not eliminated, by maintaining a substantial distance from the nest during

an approach and either wading in to nests or using a mirror pole from a distance to check

them (Bennetts 1996). Nest baskets have not been used in recent years and I do not

anticipate (or advocate) a recurrence of their use. Although some nest collapse still

occurs in some areas, particularly on lakes (J.A. Rodgers, pers. comm.), I do not believe

that the benefits of nest baskets warrant the effort or disturbance for their use as a general

management tool. They may, however, be warranted for isolated special circumstances.

Previous use of nest baskets had been initiated when numbers of Snail Kite probably were

much lower than are currently found. I do, however, advocate that researchers exercise

extreme care to avoid influencing the outcome of nests being monitored.
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Mavfield vs conventional estimator

Mayfield (1961, 1975) proposed an estimator for nest success that was based on

daily exposure (risk) such that a daily probability of success was derived using only those

days in which a given nest was under observation. Overall success is then derived by

applying the daily success over the length ofthe interval being estimated. This approach

provides an estimate of success that is unbiased with respect to when a given nest was

found, but requires an assumption that the probability of success is constant over the

period (e.g., incubation) being estimated. Hensler and Nichols (1981) later showed, using

Monte Carlo simulations, that this estimator was superior to the conventional estimator

under a wide variety of conditions.

Bennetts et al. (1988) used the Mayfield estimator for nest success of Snail Kites

and found it to perform favorably for this species. They found some violation of the

assumption of constancy (e.g., success differed between incubation and nestling stages);

however, this assumption can be overcome by using separate estimates for periods that

differ (Hensler and Nichols 1981). Snyder et al. (1989a) later argued that the Mayfield

estimator was inappropriate for Snail Kites because the interval length for nest building

was too variable to apply this estimator. I agree with Snyder et al. (1989a) that the

Mayfield estimator would be inappropriate for estimation of success during the nest

building stage. However, I also have argued that the nest-building period is inappropriate

to include in estimates of nesting success for this species. Consequently, I disagree with

Snyder et al. (1989a) that the Mayfield estimator is inappropriate for estimating nesting

success of Snail Kites. Rather, I agree with Hensler and Nichols (1981), Miller and
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Johnson (1978), Steenhof and Kochert (1982), and Steenhof (1987), that this estimator is

preferable to conventional estimates of nesting success because of its ability to produce

unbiased estimates of nesting success.

Estimates ofNest Success And Its Process Variance

Given the wide disagreement among researchers regarding nesting success, I

suggest that future researchers be specific about what is being included or excluded, and

that consideration be given to reporting success both by conventional and Mayfield

estimators so readers have the ability to compare their results. I have also provided a

summary of previously reported estimates, showing what nests (i.e., found at what stage)

were included in each estimate, whether or not manipulated nests were included, and

which estimator was used (Table 6-2).

I estimated the mean annual nest success (S„ ) as 0.32 based on reported nest

success from each year using estimates that were based on nests, in which at least one egg

has been laid, that were found during the egg stage (Table 6-3). However, some years had

extremely low sample sizes, which may have precluded a reliable estimate for that year. If

I had excluded estimates for those years with <10 nests, I would have estimated mean

annual nest success (S s ) as 0.28.

It is also important to recognize that there are several distinct variance components

associated with demographic parameters (White et al. 1982, Burnham et al. 1987). A

demographic parameter (e.g., survival) may vary over time (temporal variation) or among
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locations (spatial variation). There is also likely to be heterogeneity among individual

(individual variation) in their probability of survival due to genetic or phenotypic variation

(DeAngelis and Gross 1982). Each of these sources of variation are a type of population

variation (Burnham et al. 1987). There is also variation attributable to sampling

populations. Unlike these previous sources of variation, sampling variation is not a

measure of population variability, but rather is a measure of sampling error. This latter

source of variation is important because it provides a measure of the certainty for a given

parameter estimate. However, for demographic modeling, what is important is the actual

variability of parameter over time, space, and among individuals (collectively called

process variance). For modeling populations, sampling variation is a source of noise and

should be removed from the overall variance estimate. Burnham et al. (1987) provided

the theoretical framework and formulae for estimating process variance. I used this

framework to estimate process variance for nest success based on estimates reported from

1968-1995 using only nests found after the first egg was laid, but before hatching. Based

on the data from table 6-3, 1 estimated r)
2=0.08 and 6=0.28.

Influences ofNest Success

There are a multitude of factors that could potentially influence the outcome of

Snail Kite nests. Factors that have been reported to significantly affect nest success include

location (i.e., area)(Snyder et al. 1989a), water levels (Sykes 1987b, Bennetts et al. 1988,

Snyder et al. 1989a, Toland 1994), date of initiation (Bennetts et al. 1988), nest substrate

(Snyder et al. 1989a, Toland 1994), nest height (Bennetts et al. 1988, Toland 1994),
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distance to land (Sykes 1987c), and interspecific coloniality (Snyder et al. 1989a). I used

logistic regression to test for the influence of each of these effects, except interspecific

coloniality, on a sample of 854 nests using data from Bennetts et al. (1988), Toland (1994,

unpubl. data), and this study. My preliminary univariate analysis, which had a liberal

rejection criterion of a=0.25 for each effect, indicated that all of these effects warranted

retention for further analysis. However, my results indicated that the specific substrate,

rather than herbaceous versus woody, was warranted for further consideration. Similarly,

my results indicated that a categorical threshold distance to land of less than or greater

than 200m (Sykes 1987c) was warranted for further consideration, rather than the actual

distance. Although my preliminary univariate analysis supported the retention of these

effects, a multivariate analysis with each of the retained effects (but lacking interaction

terms) indicated that only year and date of initiation were warranted at more restrictive

rejection criteria of a =0.05.

My final model indicated an area, but not a year effect, as was indicated by my

preliminary analyses (Table 6-4). However, area and year effects were highly confounded

in these data because the studies included in this analyses that were conducted during

different years were also conducted at different areas. Thus, I do not believe that I can

reliably distinguish between these effects. Differences in success among areas and years

are not surprising given the many causes of nest failures (Sykes 1987c, Bennetts et al.

1988, Snyder et al. 1989a). My data indicated an effect from the date of initiation in all

phases of this analysis; although it was not completely clear as to whether this effect was

quadratic or linear. Overall nest success (all years combined) was highest during January
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with a generally decreasing trend over time (Figure 6-3). However, the overall trend is

somewhat misleading because it was heavily influenced by one year (1987) of

exceptionally high success in January (Figure 6-4). Most years had the peak of success in

February (3 of 7) or March (2 of 7). In only one year was peak success in January (1987)

and one year in April (1993). In only one year did I observe nesting during December

(1985), and success was lower than during January, February or March of that year.

These temporal effects of success were undoubtedly confounded with year effects

because studies conducted from 1991-1993 by Toland (1994, unpubl. data), which were

included in this analysis, were conducted in the northern part of the kite's range where the

date of initiation was often several weeks later than in the southern portion of their range.

In contrast, most of the data from other years were from the southern portion of the kite's

range. This probably also accounts for the interaction effect of year with date of initiation.

Number ofYoung per Successful Nest

In contrast to nest success, the number ofyoung per successful nest probably is

one of the least variable and has been the least controversial ofthe reproductive

parameters. The relative lack of variability for this parameter is not surprising since it is

not unusual for raptors to produce normal numbers ofyoung per successful nest even

when other aspects of reproduction (e.g., proportion of population attempting to breed or

nest success) are depressed (Brown 1974, Steenhof 1987). For this reason, the number of

young per successful nest is not particularly informative in the absence of these other

reproductive parameters (Brown 1974).
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Several studies have reported estimates for the number ofyoung per successful

nest (Table 6-5) and the average from 20 years of reported data is 1.9. Annual estimates

reported have ranged from a low of 1.4 (Sykes 1979, 1987b, Bennetts et al. 1988) to a

high of 2.5 (Sykes 1979, 1987b)(Table 6-6).

The Number ofBreeding Attempts per Year

For Snail Kites, the success per breeding attempt and the number ofyoung

produced per attempt are relatively well known (Sykes 1979, Bennetts et al. 1988, Snyder

et al. 1989). In contrast, there has been little evidence for the number of breeding

attempts per year. Snail Kites are capable of raising >1 brood per year and attempts at

multiple brooding may be fairly widespread (Snyder et al. 1989). Snyder et al. (1989)

suggested that individuals have the potential to successfully raise four broods per year,

although there have been no documented cases of individuals successfully raising >2

broods in a given year. Snyder et al. (1989) estimated the number of nesting attempts per

pair to be 2.7 per pair. Their estimate was derived using the number of Snail Kites

counted on an annual survey at two locations (Lake Okeechobee and Water Conservation

Area 3A) during late fall of 1977 as an estimate of the potential breeding population of

1978. They then used the number and success of nests found at those locations the

following breeding season to estimate the number of breeding attempts by that breeding

population. However, there are several assumptions inherent in their calculation which

may have greatly influenced their estimate. Beissinger (1995) later used a more

"conservative" estimate of 2.2 attempts per pair in a population viability analysis because
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the estimate by Snyder et al. (1989) was reported to be "under the best conditions". Here,

1 estimate the proportion of the population attempting to breed and the number of

breeding attempts per year for individual Snail Kites during the 1995 breeding season

using radio-telemetry.

During 1995, 1 closely monitored the breeding activity ofthese kites in order to

assess the number of breeding attempts per year. I defined a breeding attempt to begin

with the laying ofthe first egg (Steenhof 1987). However, I recorded all activity

associated with breeding, including courtship behaviors to enable more comprehensive

record of each individual. During the nesting season, I located each bird approximately

biweekly by airboat and determined its breeding status (e.g., not breeding, courtship, or

breeding). Birds in which no breeding activity was detected were generally observed for z

2 hrs and subsequent visits, usually within 10 days, were required to confirm a non-

breeding status and to confirm any nests for birds exhibiting courtship behavior.

I was able to successfully monitor the breeding status of 23 adult Snail Kites for

the entire 1995 season. Of these, 14 were females and 9 were males. I was able to

monitor the breeding status of an additional 9 subadults. The average interval between

successive observations ofbreeding status was 14.1 d (± 8.1 SD).

All adult birds monitored attempted to breed at least once, and I observed an

average of 1.4 (± 0.6 sd) breeding attempts per bird. Of the 23 adult birds, 15 (65%)

made only one breeding attempt, 7 (30%) made two breeding attempts, and 1 (4%)

attempted three times (Table 6-7). I observed only one bird (4%) which successfully

raised two broods. In contrast to adults, not all subadults attempted to breed. Of the nine
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birds monitored, only 3 (33%) were confirmed to have a nest in which at least one egg

was laid, and none were observed attempting to breed more than once.

Our data are consistent with reports by Snyder et al. (1989) that >1 breeding

attempt by Snail Kites in Florida is common during some years. However, my data are

not consistent with previous estimates of 2.7 attempts per year by Snyder et al. (1989) and

even the more "conservative" estimate of 2.2 attempts per year used by Beissinger (1995),

which was based on Snyder et al.'s estimate. A combination of differences in my

estimation procedures, difference in our respective definitions of a breeding attempt, and

annual variability of this parameter probably account for these discrepancies between these

two data sources.

Semantic differences in defining a breeding attempt likely contributed to the

disparity between the estimate of Snyder et al. (1989) and the lower estimates of this

study. Snyder et al. (1989) considered a breeding attempt to begin with nest building,

prior to the laying of the first egg. Thus, their estimate for the number of attempts

included courtship by my my definition. In contrast, I agree with Steenhof (1987) and

defined a breeding attempt to begin with the laying of the first egg. If this definition

were applied to the data reported by Snyder et al. (1989) their estimate would have been

reduced from 2.7 to 1.9 breeding attempts per pair .

The assumptions required by Snyder et al.'s (1989) and this study's estimates can

also have a dramatic influence on the resulting estimates. The primary assumption ofmy

estimates was that no breeding attempts went undetected during the breeding season. The

interval ofmy breeding status checks could have resulted in failure to detect an occasional
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bird that initiated a nest that failed early during laying or incubation. Consequently, my

estimate may have been slightly low for 1995. However, exclusion of birds from my

sample in which I had gaps in the known breeding status helped to minimize this potential

bias. In addition, most breeding failures occur during the first week after hatching

(Bennetts et al. 1988), which occurs after 4-5 weeks of breeding activity, including

courtship. Consequently, the potential bias from having missed breeding attempts

probably was very low. To further assure that this bias was minimal, I also tried a more

restrictive criterion for my sample, such that the average interval between visits was ^8 d,

with a maximum of 2 1 d between any 2 visits. This more restrictive criterion reduced my

sample size (n=10), but did not alter my estimate of the number of breeding attempts per

adult (x=1.38). In addition, 1995 had very favorable water conditions throughout the

Snail Kite's range in Florida. For this reason, I might also have expected my 1995

estimate to be higher than an annual average.

As pointed out by Snyder et al. (1989), their procedure assumed that the 1977

annual survey was an accurate census (i.e., a complete count of all kites). Recent

evidence suggests that this assumption was highly unlikely to have been met. Bennetts

and Kitchens (1997a) and Darby et al. (in review) found that during late fall, when the

annual survey was conducted, a substantial portion (up to 60%) of the population may be

in areas not included in the survey or in habitats (e.g., cypress) where detection is difficult.

In addition, I found that the average probability of detecting marked individuals during

spring, when birds are more concentrated, was quite low (<25%). In contrast to the

procedure used by Snyder et al. (1989), my approach required no assumptions about the
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annual survey because I used radio transmitters to locate individual birds and I eliminated

all birds from my sample whose breeding status was unknown for prolonged periods.

Snyder et al. (1989) reported that they also assumed that no birds died between the

1977 annual survey and the end of the 1978 breeding season. However, because they

used the 1977 survey as an estimate of the number of potentially-breeding pairs during the

1978 breeding season, their approach actually required a more rigorous assumption that

WCA-3A and Lake Okeechobee represented a closed population. Thus, the assumption is

not only that there were no deaths, but also that there were no births, immigration, or

emigration. The assumption regarding births does not impose a serious problem because

the survey was conducted before the primary breeding season. The assumption of no

deaths poses a slightly greater problem since annual mortality of adults is approximately

10%, most ofwhich occurs during the time period between the survey and the following

breeding season (Chapter 4). However, the most serious problem probably is the

assumption ofno immigration or emigration. Data from 271 radio-tagged Snail Kites in

Florida indicated that the probability of a bird moving from one wetland to another during

a given month is approximately 0.25 (Bennetts and Kitchens 1997a, Chapter 7). Given

that the time between the 1977 survey and the end of the 1978 breeding season was

approximately 8-9 months, there is a strong likelihood of substantial immigration and

emigration. Further, Bennetts and Kitchens (1997a) and Darby et al. (in review) found

that there was a substantial shift from peripheral habits, during the time of the survey, to

breeding habitats during spring. Snyder and Snyder (1991) also reported that birds left

Lake Okeechobee after the breeding season and returned during fall. Thus, there was very
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likely a net increase in the breeding population which could have substantially inflated their

estimate ofthe number ofbreeding attempts per pair. In contrast to the approach used by

Snyder et al. (1989) my approach did not require assumptions about closure because my

estimates were based on individual radio-tagged birds, regardless of their location.

Snyder et al. (1989) also recognized that their approach required an assumption

that all birds counted during the 1977 survey were potential breeders during the 1978

breeding season. This assumption also was unlikely to have been met because the annual

survey does not distinguish between adult and subadult birds. Previous reports (e.g.,

Snyder et al. 1989), and my data confirm, that not all subadults are potential breeders. In

contrast, my approach did not require this assumption since my estimates were specific to

each age class.

An additional assumption, required if an estimate is applied to years other than one

from which it was derived, is that the estimate be from a "representative" year of the

conditions to which the estimate is being applied. Estimates derived from both my data

and that of Snyder et al. (1989) were based on a single year. Based either on the number

of nests found or the number ofyoung banded, 1978 was an exceptional year for

reproduction and Snyder et al. (1989) correctly limited their inference to that year. To

extend the inferences of Snyder et al. (1989) to other years would likely result in an

inflated estimate. To account for this bias, Beissinger (1995) used what he considered a

"conservative" estimate of 2.2 breeding attempts per pair in a population viability analysis,

my data suggest that even this "conservative" estimate was likely to be inflated if used as
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an annual average, although my estimate also was based on a single year of relatively

favorable conditions.

Conditional Probability of Attempting to Breed

An alternative way to look at the number of attempts per year is using conditional

probability for the proportion of birds attempting to breed (a^. That is, a, would be the

probability that a bird attempted to breed, given that it had not attempted previously

during that nesting season. Of 23 birds I monitored for breeding activity during 1995, all

23 attempted to breed at least once. Thus, my estimate of a, would be 1.0. Similarly, a
2

would be the probability that a bird attempted to breed, given that it had previously made

1 attempt during that breeding season. Based on my data from 1995, 1 would estimate a2

to be 0.34 (8 of 23). The probability that a bird attempted to breed, given that it had

previously made two attempts during that breeding season (a3) was 0.13 (1 of 8). The

variance for these estimates could be derived based on a binomial distribution, although

the formula traditionally used for this estimate is intended for large samples (White and

Garrott 1990). Hollander and Wolfe (1973) provide alternative procedures that could be

used for smaller samples.

Number of Successful Broods per Year

Snyder et al. (1989a) suggested that in some years it was possible for Snail Kites

to successfully raise four broods. This was based on the length ofthe breeding season for

certain years (e.g., 1978 and 1979) and the assumption that it would take 10 weeks (70 d)
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to raise a brood if mate desertion occurred and 16 weeks (1 12 d) if no mate desertion

occurred. Although this is certainly theoretically possible, I believe that the probability of

a Snail Kite successfully raising even three broods in a given year is very close to zero. I

base my conclusion on several points. First, empirical data do not support Snyder et al.'s

(1989a) conclusion. There have been no documented cases of Snail Kites successfully

raising > 2 broods in a given year, and the occurrence of successfully raising 2 broods

appears quite rare. Out of an 18-year study including 666 nesting attempts, Snyder et al.

(1989a) documented only 3 cases of Snail Kites successfully raising 2 broods. Similarly,

only 1 of 23 (4%) radio-transmittered birds that I closely monitored for breeding activity

during 1995 (a good year), successfully raised two broods. I believe that Snyder et al.

(1989a) overlooked some critical aspects of the breeding biology of Snail Kites when

making this suggestion. First, although the inclusive dates from the first nest initiated in a

given year to the last may span a period of 6-7 months, the initiation of nests is not evenly

distributed throughout that period. The majority of nests (82% of the nests reported by

Snyder et al. [1989a]) were initiated during a five month period from January through

May. This is sufficient time for only two successful broods even when mate desertion

occurs. The longest nesting season (time span over which nest initiations were observed)

reported by Snyder et al. (1989a) over an 18-year period was only 31.7 weeks. Given that

they suggest that it takes 10-16 weeks per successful brood, the longest nesting season

they observed did not even have sufficient time to successfully raise four broods (even

with mate desertion for all broods), and barely had sufficient time to successfully raise two

broods without mate desertion. There also has been no consideration given to energetic
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costs of raising successive broods. Thus, I believe that a small percentage of birds (e.g., <

10%) may successfully raise two broods during some years; however, there is currently no

empirical evidence to support the conclusion that Snail Kites successfully raise > 2 broods

per year.
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Table 6-1 . The number of nest initiations reported in each month during studies from

1966 through 1995.

Sykes Snyder et al. Snyder et al. Bennetts et Toland This Proportion

OCT 5 0 0 0 0 5 0.00

NOV 9 9 8 0 0 17 0.01

DEC 5 35 35 0 7 47 0.04

JAN 26 90 81 14 3 74 184 0.16

FEB 35 98 78 102 22 66 201 0.17

MAR 36 147 119 125 49 106 310 0.26

APR 21 114 103 102 53 40 217 0.18

MAY 10 64 56 32 19 17 102 0.09

JUN 5 44 38 0 16 0 59 0.05

JUL 1 27 25 0 5 0 31 0.03

AUG 2 1 1 0 0 3 0.00

SEP 1 0 0 0 0 1 0.00

Total 156 629 544 375 167 310 1177

a
Includes all years reported by Snyder et al. (1989a).

b
Includes only years reported by Snyder et al. (1989a) to have wide seasonal coverage

(1970-1982).
c
Unpublished data from nests reported by Bennetts et al. (1988). Seasonal coverage was

limited to January through July.
d
Unpublished data courtesy ofB R. Toland from nests reported by Toland (1994).

c Based on data from 1994 and 1995.
f Based only on data with wide seasonal coverage (Sykes 1987c, Snyder et al. 1989a

[1970-1982 only], Toland 1994, and this study.



oo

f)

oj

CD GO

E <*-

•3 °
00 r-
CD o
O H
£: <u

TS C
cd •—
HO -Q
3 C
i- 3
O ,o

0005

i c
9J O

G
•!->

§
°

r- V

1
o
OO

O T3
« C
3 *

u
od ca

5 E
on .5
,—.

-*-*

J J
-o .S

11
8.1

3 !
u a>
O

E X)

E
o

C/3 .3
GO __

0 o

o.
to ai

J II
(jf **

§ C w
S «- £

**

3 53 S
4> j-

22 *>

tN * 3
1 - O

c/j c
CO —

1
"

H 3

CD
t-
CD

u
cu

Io

c
=
c
IX

c
3'

8 2

<U *->

T3 4)

3— goU CO

£ PQ

c
o
1
o
o
-J

go

5
0

ON

On

CO
CD

on

go
0

on
CD

go
CU

VO

IO

tN

oo
On

CO
CDM
>>

c/5

co
CD

n
cu

O O
Z Z

GO

SO

tN

oo
ON

cu

sM
go

'53

CQ

o
Z

/—

>

/—

-

-—

-

i_

00 00 00 0?
00 00 00 00
On ON On ON

S—

'

s—

'

s

—

*

15 15

« ts %
go oo on

2 t-> 2 2
cu u

u
g I

cq PQ PQ

GO
CD o o
>- Z Z

OS ON
00 00
ON ON

tt "3 "3

kg

T3

C/3

kg

i

ON
00
on

CU

kg

W) IO «3
4> 4) 4)

>H

S O O
£ z z

on oo

O
z

o o
z z

>- z

o o
z z

o o
z z

o S
Z

Z

O 1>
oo
4>

O f> NO NOm
oo t~-

tN

NO

tN

so*

NO

tN

so"

kW

r-
NO'

kff

ON
ON

-a
c

o
H

o o
Z Z

8 o
^ Z

o
Z

On
On no

00

3

oo

E—

o
Z

CO
(U

o
Z

o
Z

\
a

E

-o

\ \ % \ \
o
U

o
U

o
U 1 o

u
o
U

o
U

o
U

o
U

o
U

o
U

s
o

tN

so"

in*

tN

NO 00
r-

m
oo

r»
00 00

1^
00 00

m
00

m
00 00

rn
ON

in
On

i

oo
NO

oo
NO

1

00
r-

1

NO
00

1

NO
oo

1

NO
OO

1

NO
00

1

00
NO

1

00
NO

i

00
NO

1o
0s

4
ON

-85%

s5
ox

00
1 3

NOm
s»o^
NO

N°

o
i

0s-
0s-Om

sP
0s-

OO
0s-

oo
sP0s-

tr>

iri

\=
0s-

f>
NO

1

r- o m
tN

om tN
so
tN o io 1o 00

NO
in

s?
oxOm

ov
00

ON s«
0s-

m

M
v?
Ox
ON

M
s?
0 s-

ON
tN

0s-

rn
tN

sP
ox
ON
tN

N«
0s-

00m

CJ

J*

NO

u
Q

oo
oo

CUM
J
m
cu
CU

JO
o
J=
o
cu
CUM
O
cu
_^
3

<

PQ

oo
U
c
m
oo

cu
J3

O
00

-iS oo

E «
3 Z

o

< 00

oo i-

„ |3 O

O

cu

z
c2
CO
CO
CU
O
o
3

3 ?
3 ?t.

<
U

2 8
3 T3

Qo
CO

kg _ClU "~
a. -aS
D

<
U

cuu
03

oo
C
O

'S
o
o

oo
CU

oo
00
U
O

3 5
c
o3

D
2
o
Q.

Oh ,<U

o

1
i

u



<s .5

rS 15

i-

00

v B

(N
1

i 5



91

Table 6-3. Annual nest success reported during studies from 1968 through 1995. Nest

success was based on nests found during the egg stage.

No No. ^est Sampling

Year Nests Successful Success (%) Var(§)* Source

lyoo 1 1
il.UU A AAAAU.UUUU anyder et ai. (lyoyaj

1 Q70ly /U 1 i
i

i nn
i .uu n nnnnU.UUUU onyuer ei hi. ^i^oyd^

1 Q71ly 1

1

1 077ly 1

A

-ij i
i n n n 0741 onyuer ei oi. ^i^o^dj

1 Q7T
1 y 1 j 1 s1 o A n t -

?u.zz U.UU7U onyuer ei <u. ^i^o^d^

1 Q74 nu n no n nnnn oiiyuci ci ai. yiyoyoi)

1 07^ i e
13 U n nnU.UU n nnnnU.UUUU anyaer et ai. \iyoya.)

1 Q7£iy /o 1 015 U n nnU.UU n nnnnU.UUUU Cmr/tAr of oi H QQOn\anyder et ai. (lyoyaj

1 Q77ly 1

1

1

1

1

J

2 n i ?U. 1!)
n n i nnU.U1UU anyder et ai. \iyoy&)

1 O70iy /O ^ Ob
->y 23 n /loU.4Z n nn/i iU.UU41 C„,,J of oi / 1 OOOo\inyder et ai. ^lyoyaj

1 mniy /y
lob
/o 4Z n c /i

U. 54 U.UUJZ Cvtirsfo** of oi nOQOn\anyder et ai. ^lyoyaj

i aoaiyou 2 U A AAU.UU A AAAAU.UUUU anyder et al. (iy»ya)

iy©i <* U n nnU.UU U.UUUU snyder et ai. ^iy©yaj

1 OC7iy&z 1 7^1Z
i
1

n noU.Uo n nn^/iU.UU04 anyder et ai. (^lyoyaj

1 OB7lysj 1 0*"
IB

c
J n toU.Zo n ni 1

1

U.U1 1

1

onyder et ai. ^lysyaj

1 OQ/1iys4

i no c

i n o aiy©o 1 at1U/ Zs n o£U.Zo n nn i oU.UUlo rJennetts et al. (iy©o)

1987 210 92 0.44 0.0012 Bennetts et al. (1988)

1988

1989

1990 26 2 0.08 0.0027 Toland(1994)

1991 39 8 0.21 0.0042 Toland (1994)

1992 59 33 0.55 0.0042 Toland (1994)

1993 43 14 0.33 0.0051 Toland (1994)

1994 57 36 0.63 0.0041 This study

1995 176 94 0.53 0.0014 This study
a
Sampling variance was not reported by the source authors, but was estimated based on a

binomial distribution.
b
Annual success for 1978-1983 was reported separately for lakes and WCA-3A by

source authors, but combined here for estimate of annual success.
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Table 6-4. Summary statistics from the final most parsimonious (based on AIC and

LRTs) logistic regression model for the factors effecting nest success.

Source at X X 1

Yearb 7 9.80 0.200

Area
c

3 10.78 0.013

Date of Initiation (DOI) 1 5.34 0.021

DOI * DOId
1 2.66 0.103

YR*DOI 1 16.63 0.020

1 Chi square was based on a LRT between models with and without the source term.
b
Although the main effect of year was not significant at <x=0.05, it was retained in the

final model because of its significant interaction with date of initiation (DOI).
c
Multivariate model indicated that this term did not need to be retained in subsequent

models; however, the AIC was lower with this term included. Year and area effects

also were confounded because some years included a restricted sample of areas (see

Table 6-2).
d A LRT of models with and without this term indicated that this term was not

warranted; although the AIC was slightly lower with the term included.
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Table 6-6. The number of successful nests, young fledged, and number ofyoung per

successful nest reported for each year from 1968 through 1995

v No.
Year

Successful No. Young No. Young per

1 (±A (TA/1r icuycu Source

iyoo 1 1 24 2.2 Sykes(1979, 1987b)

iyoy o
5

1 *5

13 1.6 Sykes (1979, 1987b)

1 Q7niy /u
o
O 12 1.5 Sykes (1979, 1987b)

iy /i V 0
a Sykes (1979, 1987b)

iy /z 3 7 2.3 Sykes (1979, 1987b)

1973 12 29 2.4 Sykes (1979, 1987b)

1 074iym 0 1

1

1

1

1 s
1 .5 Sykes (1979, 1987b)

1 Q7^iyo 1 A 35 7 5Z.J Sykes (1979, 1987b)

77 1 A
1 .4 Sykes (1979, 1987b)

1 077iy / /
OO ZU 7 5Z.J

/ 1 AO '7L\Sykes (1987b)

1 Q70iy /a 1 1
1 1 ZU 1 O1.0 Sykes (1987b)

1 Q7Qiy /y ,)4 i nfi b1U5 7 nz.U
T"> • • / i no/"\
Beissinger (1986)

i ocniysu c c c C

i no i
(J 0

a Beissinger (1986)

ly&z z /lb4 2.0 Beissinger (1986)

1 Qfil 1 r>1U ZU 7 n.z.U Beissinger (1986)

i no alys4 c c c c

1 no c c c c c

i no/: A C45 65
1 A
1.4 Bennetts et al. (1988)

iy© /
1 (\A104 172 1.7 Bennetts et al. (1988)

1 Q8fiiyoo c c c c

1989 c __c c c

1990 2 3 1.5 Toland (1994)

1991 8 17 2.1 Toland (1994)

1992 33 68 2.1 Toland (1994)

1993 14 26 1.9 Toland (1994)

1994 50 80 1.6 This study

1995 94 181 1.9 This study

a No successful nests from which to estimate
b Not reported, but inferred from number of successful nests and number young per

successful nest
c No reported information



Table 6-7. Number of nesting attempts and number of attempts that were
successful for each of 23 adult Snail Kites during the 1995 breeding season.

Frequency Sex
Number of

Attempts

No. Attempts

Successful

1 CO £LC\Q152.698 F 1 1

152.584 F 1 0

153.496 F 2 0

153.860 F 2 1

152.739 F 3 1

153.931 F 1 1

152.039 F 2 1

153.969 F 2 2

152.494 F 1 1

152.169 F 2 1

153.979 F 2 1

152.777 F 1 1

152.499 F 1 0

i co 'i/cn152.Joy F 1 1

1 CO o^cn152.869 M 1 1

153.900 M 1 1

152.128 M 1 1

JV1 1 1

153.290 M 1 1

152.848 M 1 0

152.858 M 1 1

152.539 M 1 0

152.379 M 2 1



Figure 6-1. Conceptual diagram of reproductive parameters used to estimate fecundity.
Show here for simplicity is model for 2 nesting attempts; although more attempts are
possible within a given year.
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Figure 6-2. The proportion of nest initiations for each month ofthe year based on
cumulative data reported by Sykes (1987c), Snyder et al. (1989a)(1970- 1982 only)
Toland (1994), and this study.
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Figure 6-3. The percentage of nests that were successful during each month. Data used in
this analysis were from Bennetts et al. (1988)(1986-1987), Toland (1994 unpubl data)
(1990-1993), and this study (1994-1995)
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Figure 6-4. The percentage of nests that were successful during each month of each year.
Data used in this analysis were from Bennetts et al. (1988)(1986-1987) Toland (1994
unpubl. data)(1991-1993), and this study (1994-1995)



CHAPTER 7

DISPERSAL PROBABILITIES OF SNAIL KITES IN FLORIDA

Introduction

For birds living in stable and predictable environments there may be many

advantages of site tenacity or fidelity. Knowledge of a location may better enable an

individual to locate available food resources, avoid predators, and resist competitive

intrusion (Alerstam and Enckell 1979). However, as environments become less stable and

predictable, the advantages of dispersal may outweigh the advantages of not dispersing

(Wiens 1976). One of the most commonly held beliefs for why animals move is

availability of food or other resources (e.g., Krebs et al. 1974, Greenwood and Swingland

1984, Pyke 1984). Animals may move if resources are low or if there is potential for

better resources elsewhere (Pyke 1984). Nomadic species in particularly, may disperse

widely in response to sporadic food conditions (Andersson 1980). Snail Kites

(Rostrhamus sociabilis) in Florida exhibit nomadic tendencies and often move several

times per year (Bennetts 1993, Bennetts and Kitchens 1997a, 1997b). Like many other

species, a commonly suggested reason for Snail Kites to move is low food resources

(others, Bennetts et al. 1994). Water levels are another commonly cited reason for kites

to move, but low water levels are generally implied to represent low food availability (e.g.,

Beissinger 1988, Takekawa and Beissinger 1989, Sykes et al. 1995). The basis for much

of this perception ofwhy Snail Kites move is that if an area dries out, food for kites

100
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becomes unavailable, and individuals must disperse or perish. However, droughts in

Florida occur at periodic intervals of approximately 5-10 years (Thomas 1974, Duever et

al. 1994). Thus, most years are not drought years and dispersal would presumably be less

advantageous under the current perception. In this chapter, I examine the probability of

dispersal by Snail Kites during non-drought conditions and explore whether dispersal

under these conditions is associated with local water levels or food availability.

Methods

One ofthe most commonly reported parameters of dispersal is distance. For many

species, distance moved can have important genetic or population implications (e.g.,

Dobzhansky and Wright 1943, Shields 1982). However, Snail Kites in Florida exhibit

nomadic tendencies and are likely to use and breed in numerous wetlands throughout their

lifetime, including their natal one. Thus, distance per se is not an especially meaningful

parameter for this species. Consequently, I focused primarily on dispersal between distinct

wetlands. I considered wetlands to be distinct ifthey were separated by a physical barrier

(e.g., ridge or levee) and/or were under a different hydrologic regime either through

natural or managed control. Based primarily on watersheds, climatic factors,

physiography, and management regimes, I also assigned each location to one of six

regions (Bennetts and Kitchens 1997a).

Terminology

Many ofthe terms commonly used to describe types of dispersal are well suited to

species that are territorial and/or migratory, but are poorly suited to species exhibiting
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nomadic tendencies. Thus, I have intentionally avoided some ofthe commonly used terms

related to types of dispersal because they do not accurately describe the dispersal patterns

of Snail Kites. For example, natal dispersal usually refers to the movement of an

individual from its birth site to the place that it reproduces or would have reproduced had

it survived and found a mate (Greenwood 1980, Greenwood and Harvey 1982, Johnson

and Gaines 1990). Juvenile Snail Kites may disperse from their natal wetland and

reproduce in numerous different wetlands during their lifetime including their natal site

(Bennetts and Kitchens 1997a). Thus, for this paper, natal dispersal was defined as the

initial movement of a juvenile from its natal wetland to a different wetland regardless of its

resulting breeding status.

Breeding dispersal has been defined as the movement of individuals between

successive breeding attempts (Greenwood 1980, Greenwood and Harvey 1982, Johnson

and Gaines 1990). Snail Kites do exhibit breeding dispersal, as defined by these authors,

but it constitutes only a very small subset of the post-juvenile movements of this species.

Consequently, I refer to the more general term of dispersal to describe the movement of

individuals from one wetland to another, regardless of their breeding status.

Field Methods

Dispersal of Snail Kites was monitored over a 3-year period between April 1992

and April 1995 in central and south Florida using radio telemetry. Adult kites were

captured using a net gun (Mechlin and Shaiffer 1979), which uses 22 caliber blank

cartridges to propel a 10-foot triangular nylon net. Juveniles were captured just prior to

fledging, at approximately 30-35 d old, without a net gun. Fifteen-gram radio transmitters
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were attached to birds with backpack harnesses. Transmitters had a battery-life of

approximately 9-18 months. I attempted to locate all radio-tagged kites at 14-day

intervals. Tracking was accomplished from the air in a fixed-wing aircraft, and from the

ground in an airboat.

Estimation ofNatal Dispersal

I estimated the cumulative probability of natal dispersal of radio-transmitted birds

using the Kaplan-Meier product-limit estimator (Kaplan and Meier 1958). A juvenile was

considered to have dispersed when it was located alive outside its natal wetland. The time

of dispersal was estimated as the midpoint between its previous location, in its natal

wetland, and the first location outside of its natal wetland. This analysis only relates to the

initial dispersal from the natal wetland. Movements subsequent to initial dispersal were

not included in this analysis, but were included in my estimation of dispersal probabilities.

Birds were censored (Lee 1980, White and Garrott 1990) if either I was unable to locate

their radio signal or ifthey were known to have died prior to dispersal from their natal

area. Log-rank tests were used for comparisons among dispersal functions.

Estimation ofDispersal Probabilities

I considered the probability of radio-tagged kites moving or staying at a given

location^ over a one-month-time interval t to t + 1 as a binomial random variable, where

the probability of an animal dispersing from a given location was estimated as the

proportion of birds that dispersed of the birds that were available to disperse (i.e.,

conditional upon the animal being alive and its location known at / and / + l)(Nichols

1996). A one-month time interval was based on my sampling frequencies. The average
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time between consecutive locations was 13 .5 (±7.9 SD) days with the upper limit of a

95% confidence interval of29 days (Bennetts and Kitchens 1997a). Thus, I was

reasonably certain to have located all birds within my study area every 29 days. For the

ease of interpreting my results I used calendar months as the time step for this analysis.

To explore the influences on whether or not a given bird moved during a time

interval I used a conditional logistic regression model (Nichols 1996). Thus, my model

expressed the conditional probability that, given a bird was alive and its location known at

time /, it would be in the same location, or conversely at a different location, at time t+ 1.

I then explored several potential effects on this probability. I began my model selection

with a univariate analyses of each main effect. Because the potential contribution of main

effects to interactions may be masked at this step, I initially used a liberal rejection criteria

of a=0.25 (Hosmer and Lemeshow 1989). I then constructed a model including all main

effects meeting the above criteria. At this and all subsequent steps ofthe analysis, I used a

rejection criteria of a=0.05. I then used a combination of likelihood ratio tests and AIC

to test for the inclusion or rejection of additional terms (Hosmer and Lemeshow 1989).

I compared dispersal probabilities between adult and juvenile Snail Kites. Juvenile

Snail Kites are capable of breeding at 9 months of age (Snyder et al. 1989) and survival of

juveniles is similar to that of adults after the first few months post fledging (Bennetts and

Kitchens 1997a). Consequently, I considered kites as adults after their first year post

fledging. Annual differences were compared based on a study year from 15 April to 14

April of consecutive years (Bennetts and Kitchens 1 997a). Adults were trapped during

spring and I usually had a reasonable sample each year by mid April. This also enabled
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analysis of three complete study years, rather than two complete years (1993 and 1994)

and two partial years (1992 and 1995) if I had based my analysis on a calendar year.

Seasonal differences were evaluated with respect to three 4-month seasons (January-April,

May-August, and September-December). This designation of seasons was based on

preliminary model selection using a combination of Akaike's Information Criterion

(AIC)(Akaike 1973) and likelihood ratio tests to determine the most parsimonious

designation of seasons using alternative lengths and using a sliding window approach to

determine which months should be included (Bennetts and Kitchens 1997a).

Food Availability

During 1993 and 1994 I conducted 343 hours of foraging observations, which

included 814 prey captures, to assess the influence of food resources on dispersal. I

compared prey capture rates among seasons and years using the foraging time per capture

as the dependent variable in an ANOVA model. To minimize confounding variation, all

foraging observations were conducted on adult birds between two hours after sunrise and

two hours before sunset. In addition, I restricted my observations to days that were not

unseasonably cold (i.e., during the passage of cold fronts), were not raining, and winds

did not exceed 20 kph. For comparisons of food acquisition, I used only complete

observations of foraging bouts; that is, observations in which I observed an individual for

the entire length of time it took to capture a snail from a previous capture. Course

hunting (hunting by low flight over the marsh) is the most commonly used method of prey

capture in Florida (Beissinger 1983, Sykes 1987a), and accounted for 82% ofthe captures

I observed (Bennetts and Kitchens 1997a). Perch hunting accounted for only 18% of
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captures and was generally restricted to cypress prairie habitats (Bennetts and Kitchens

1997a, Darby et al. in press). Consequently, my comparisons also were limited to course

hunting to reduce confounding between these different behaviors.

In addition to comparisons of capture rates among seasons and years, I also

compared the capture rates of individual radio-tagged birds for which I had foraging

observations prior to subsequent dispersal. To reduce confounding, I restricted this

analysis to those observations where the movement was within 30 days of obtaining the

first foraging observation. This reduced the potential for seasonal differences in food

acquisition to be confounded with differences between locations. To further reduce

confounding, I matched the time of observations before and after moving. Thus, if the

foraging observations before moving were conducted between 1 100 and 1300 h, then

observations after moving were also conducted between 1 100 and 1300 h. I then tested

the null hypothesis that the difference in mean foraging time per capture before and after

moving was zero.

Water Levels

I tested the influence of relative water levels on the probability of dispersal in

relation to water levels over a 27-year period from 1969-1995. For this analysis, I was

limited to a subset ofmy data for which I had applicable hydrologic data (Bennetts and

Kitchens 1997a). My subset for the 27-year period included most of the major wetlands

used by kites, with the most notable exception being the Upper St. Johns marsh. Data that

were applicable to the areas kites used most during this study (i.e., the Blue Cypress

Water Management Area and Blue Cypress Marsh Water Conservation Area) were
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available only after 1990. Water levels were determined using site-specific gauges at each

location maintained by the South Florida Water Management District, St. Johns River

Water Management District, U.S. Army Corps, of Engineers, U.S. Geological Survey, and

City ofWest Palm Beach. Specific gauges were reported by Bennetts and Kitchens

(1997a). Because water depth can be highly variable within sites, and reliable ground

elevation data to estimate site-specific depth are lacking, I used variation in stage (i.e.,

water surface elevation) as the basis for my assessment ofwater levels. I estimated an

average ofthe monthly annual stage (i.e., water surface elevation relative to mean sea

level) over a 27-year period. I then used the number of standard deviations above or

below that average, for any given year, as my measure of water levels. This measure

provides an objective assessment of water levels, which can be applied to all areas

(Bennetts and Kitchens 1997a). Because water depth can be highly variable within sites,

and reliable ground elevation data to estimate depth are lacking, I used the standard

deviations ofthe average monthly water surface elevation (stage relative to mean sea

level) over a 27-year period from 1969-1994 as my measure ofwater levels. The period

of record was used for areas that did not have reliable records for all 27 years. This

measure provides an objective assessment ofwater level, rather than the subjective

designation of drought years by unspecified criteria used in previous studies (e.g., Snyder

et al. 1989, Beissinger 1995).

A major drought had occurred in the southern portion of the Snail Kite's range

during 1989 and 1990, with relatively low water persisting through 1991. Droughts may

have residual effects on food availability that extend beyond their occurrence (Snyder et al.
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1989). Consequently, I compared natal dispersal between areas that were highly

influenced by the preceding drought (i.e., wetlands within the Everglades, Loxahatchee

Slough, and Lake Okeechobee regions) and areas which were relatively unaffected by the

drought (i.e., the Kissimmee Chain-of-Lakes, and Upper St. Johns River Basin)(Bennetts

and Kitchens 1997a).

Results

I equipped 282 Snail Kites with radio transmitters representing 271 individuals; 1

1

birds were recaptured in a subsequent year and their radios replaced. Ofthese radios, 165

(59%) were placed on adults and 1 17 (41%) on juveniles. I obtained 5,299 locations of

these radio-tagged birds, ofwhich 3,618 were of adults and 1,681 were ofjuveniles.

Natal Dispersal

The overall cumulative probability ofjuvenile Snail Kites dispersing from their

natal wetland during their first year was 0.81 (Figure 7-1). Only 8 of 65 (12%) radio-

transmittered birds over a three-year period that survived their entire first year and whose

locations were known remained in their natal wetland for their entire first year. Ofthe

birds that dispersed during their first year (n=57), most (60%) did so within the first 60

days after fledging and all did so within the first 240 days.

Dispersal ofjuveniles from their natal wetland was lowest during 1992 and

relatively higher in both 1993 and 1994 (Figure 7-2). Differences were significant

between 1992 and 1993 (x
2
=5.25, 1 df, P=0.022) and between 1992 and 1994 (x

2
=4.049,

1 df, P=0.044), but not between 1993 and 1994 (x^O.129, 1 df, P=0.720). Natal
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dispersal from regions most affected by the previous drought (n=13) was substantially

lower than that from other regions (n=21) during 1992 (x
2
=7.53, 1 df, P=0.006), but not

during 1993 (x^O.635, 1 df, P=0.426) or 1994 (x
2<
0.001, 1 df, P=0.994)(Figure 7-3). I

had insufficient sample sizes to statistically compare juvenile dispersal among individual

wetlands or regions during 1992; however, all the three regions affected by the drought

had lower estimates of dispersal than either of the two regions that were unaffected by the

drought.

Dispersal Probabilities

I began preliminary testing for an overall time effect using a univariate model based

on separate parameter estimates for each month of each year ofmy study (i.e., 12 months

for each of 3 years =36 parameters). This test showed a strong effect of time (x
2
=90.79,

df=36, P<0.001). I then tested whether this effect could be accounted for with a more

parsimonious model using separate months, but not for each year (i.e., 1 parameter for

each month [12] rather than 36 for the previous model). This model also showed a

significant monthly effect (x
2
=32.36, df=l 1, P<0.001), but a LRT indicated that the more

general model (with 36 parameters) was warranted (LRT=73.81, 24 df, P< 0.001). I next

explored a series of models in which time was expressed as a seasonal, rather than monthly

effect. These models reflected various combinations of 3 and 4 seasons in a sliding

window approach (i.e., each iteration shifted the months included by one month) to

determine how the months should be divided into seasons. This analysis indicated that one

of the 3-season models (of 4 months/per season) was the most parsimonious based on AIC

(Table 7-1); however, 2 additional models (the model with a separate parameter for each
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month and one of the 4-season models) had similarly low AIC values and could not be

rejected based solely on AIC criteria. Next, I compared a suite ofmodels including

combinations ofthe above effects including their interaction terms. This analysis indicated

that a model with season (the 3-season model selected from the above analysis), year, and

the interaction between season and year was the most parsimonious based on AIC (Table

7-2). As above, two alternative models (individual month model with 36 parameters and

the model with season and year without an interaction term) had similarly low AIC values

and could not be rejected based solely on AIC. In contrast to AIC, a likelihood ratio test

indicated that the model with 36 parameters was warranted (x
2
=50.72, df=27, P=0.004)

and that a season x year interaction was not warranted (x
2
=9.55, df=4, P=0.049). Thus,

my preliminary analysis indicated that movement probabilities were influenced by season,

year, and possibly an interaction between season and year (Figure 7-4), but also that

additional significant sources of variation likely exist.

I next explored whether the location of a given bird influenced whether or not the

bird moved between times t and / + 1 . For this analysis, I was not concerned with the

destination of the bird, only its location at the time that dispersal occured. I began this

analysis with the general null hypothesis that the specific wetland where a bird was located

at time / did not influence the probability ofwhether or not it moved to a different location

at time / + 1 I rejected this null hypothesis based on a conditional logistic regression

model (x
2
=107.38, 16 df, P <0.001)(Figure 7-5). I then tested the same hypothesis using

the region, rather than the specific wetland, to determine if this might provide a more

parsimonious model. This test also rejected the null hypothesis (x
2 =53 .82, 5 df, P
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<0.001); however, a comparison of these two models indicated that my data supported

use ofthe more general model (i.e., specific wetlands) based on both a LRT (x
2
=52.04,

1 1 df, P <0.001), and on AIC (Table 7-3).

Pooling of Locations

I next explored whether I could improve my model by some limited selective

pooling based on a combination of biological and statistical criteria. My goal for this

exploration was to determine if I could obtain a more parsimonious model by pooling

areas in which the overall relative use and seasonal patterns ofuse were similar enough so

as not to warrant separate parameter estimates. I did not attempt to pool some wetlands

whose use patterns I felt were biologically different (e.g., wetlands that were used

primarily during non-breeding with wetlands used primarily for breeding) even though I

could have done so strictly based on statistical criteria. Thus, although a more

parsimonious model for the effects of location on movement probability was possible, I

preferred to maintain separate parameter estimates for some areas to better ensure the

biological integrity of these models.

I began my exploration of potential pooling with areas in the Southern Everglades.

The first pooling I considered was Everglades National Park (ENP) and Northeast Shark

River Slough (NESRS). Each of these these areas are administered by the National Park

Service, are part of the Shark River Slough (ENP has areas not within the Shark River

Slough, but these areas were not used by radio-transmittered kites during my study),

receive low to moderate kite use, and are not impounded at their outflow (each have

levees at their inflow). A statistical comparison indicated that separate parameter
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estimates for each of these areas was not warranted based on LRTs and AIC (Table 7-4).

Next, I considered including Water Conservation Area 3B (WCA-3B) with ENP and

NESRS. WCA-3B is also within the Shark River Slough, but is impounded at its outflow

and is administered by state agencies. However, its overall relative use and its seasonal

patterns of use (each ofthese areas tended to be used most during early summer) were

quite similar to ENP and NESRS. A statistical comparison indicated that separate

parameter estimates for each ofthese areas also was not warranted based on LRTs and

AIC. I considered pooling Big Cypress National Preserve (BICY) with ENP, NESRS,

and WCA3B; however, BICY was used more extensively during fall and early winter than

these other areas and much of areas used in BICY consisted of cypress prairie habitat

which was not generally available in these other areas. Consequently, I did not include

BICY with these other areas, even though I probably could have justified doing so on a

statistical basis.

Next, I considered pooling the A R M. Loxahatchee National Wildlife Refuge

(WCA-1), Water Conservation Area 2A (WCA2A), and Holey Land Wildlife Management

Area (HOLEY). Each of these areas represents northern Everglades habitats, although

their water management histories have differed. My statistical comparison indicated that

separate parameter estimates for each ofthese areas was not warranted based on LRTs

and AIC.

I next considered areas within the Kissimmee Chain-of-Lakes. First I considered

pooling Lakes Tohopekaliga (TOHO) and East Lake Tohopekaliga (ETOHO). My

statistical comparison indicated that separate parameter estimates for each of these areas
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was not warranted based on LRTs and AIC. Next I considered including Lake

Kissimmee (KISS) with TOHO and ETOHO. Lake Kissimmee received moderately heavy

use compared to the other lakes, but all are in close proximity, the seasonal patterns of use

were similar, and there was considerable interchange among these lakes. My statistical

comparison indicated that separate parameter estimates for each of these areas again was

not warranted based on LRTs and AIC. In contrast, other lakes within the Kissimmee-

Chain-of-Lakes (e.g., Lakes Marion, Tiger, Walk-in-the Water, and Marian) received

substantially less use than KISS, TOHO, and ETOHO and the seasonal pattern ofuse was

quite different (i.e., they were used most frequently during non-breeding periods). The

seasonal pattern of use ofthese smaller lakes more closely resembled that of the peripheral

habitats. Consequently, I next considered pooling the smaller lakes ofthe Kissimmee-

Chain-of-Lakes with the peripheral habitats. My statistical comparison indicated that

separate parameter estimates for each of these areas were not warranted based on LRTs

and AIC.

Finally, I compared various combinations of pooling to the general unconstrained

model and among each other. This analysis indicted that the model containing all ofmy

proposed pooling was a substantial improvement over the unconstrained model (i.e., with

no pooling). Additionally, the model with all ofmy proposed pooling had the lowest AIC;

although overall differences among all ofthe models I compared were relatively small.

Consequently, I used the most parsimonious model (Model 16) of this set ofmodels in

further analyses of the influence of location on movement probability. This model had 10

parameters compared to the unconstrained model with 17 parameters; but was still a
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substantial improvement (x
2
=47.61, 7 df, P <0.001) over the 6-parameter model using

regions, rather than location.

Using the effects indicated from my preliminary analyses, I began my overall model

selection with a preliminary univariate analysis of each potential term (Table 7-5). As

above, this analysis indicated that dispersal probabilities were influenced by age, season,

year, and location.

The results from using AIC (Table 7-6) were not in complete agreement with

LRTs (Table 7-7). The model with the lowest AIC was a model with all main effects and

only one 2-way interaction term (Season*Location); whereas, LRTs supported the

inclusion of an additional interaction term for (Year*Location). Differences between

models indicated by LRTs and AIC are not uncommon and represent conceptual

differences between an approach of hypothesis testing (LRTs) and optimization

(AIC)(Spendelow et al. 1996). Both approaches were consistent in that they indicated

the same main effects of age, season, year, and location and differed only in their

respective indications ofwhich interactions were supported by the data. Although

univariate analyses indicated that dispersal probabilities differed among areas affected or

not affected by the preceding drought (i.e., overall probabilities of dispersal were lower in

areas affected by the drought), my model selection indicated that the most parsimonious

models included the effect of individual wetlands, rather than region or whether or not

they were affected by the drought.

An examination of the residuals indicated that adults generally had higher dispersal

probabilities than juveniles. The residuals also indicated that annual effects were primarily
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attributable to less than expected movements during 1992 for both age classes (Figure 7-

6), and that seasonal effects were primarily attributable to higher than expected dispersal

probabilities during summer (Figure 7-7). The effect of individual wetlands varied among

years and seasons.

Hvdrologic Effects on the Probability ofDispersal

I began my analysis with a univariate approach to logistic regression (Hosmer and

Lemeshow 1989) using the departure from average stage (described above) as a

continuous independent variable. This analysis initially indicated an effect of relative water

level (x
2
=8.27, 1 df, P=0.004). However, because location (i.e., wetland) and water level

are confounded and my previous analyses indicated an effect of location, I next tested a

model that included the effects of both location and water level. This test was consistent

with my earlier analysis indicating a location effect (x^SS.88, 9 df, P<0.001); however

when included in a model with location, the effect of water level on the probability of

dispersal was no longer apparent (x
2
=0.01, 1 df, P=0.934).

Although these results indicated that relative water level was not a major influence

on the probability of dispersal, I must emphasize that the hydrologic conditions under

which my study was conducted were generally high water conditions throughout the study

area. Consequently, low water conditions that might have triggered dispersal generally

did not occur during this study and inferences regarding the effects of low-water

conditions on dispersal probabilities could not be made. However, previous studies (e.g.,

Beissinger and Takekawa 1983, Takekawa and Beissinger 1989) have indicated

substantial dispersal of Snail Kites during low-water conditions. Given that apple snails
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may die or become unavailable to kites during dry conditions, these previous reports are

certainly reasonable, and may indicate that the lack of an effect ofwater levels I observed

applies only to generally high water conditions.

Food Resources

My data indicated a difference among years, seasons, and an interaction between

year and season in the time required to capture apple snails (Table 7-8). Capture times

were lowest during summer, relatively higher during spring, and still higher during autumn

of each year (Figure 7-8). Capture times also tended to be lower during 1994 compared

to 1993 for each season.

My data indicated no difference in food acquisition before and after moving

(f=0.60, P=0.57). Furthermore, in 4 of the 8 movements I observed, birds increased the

time required to capture snails (Figure 7-9). In the remaining 4 cases, birds decreased the

time required to capture snails.

Discussion

Snail Kites in Florida range across a network ofwetlands covering thousands of

square kilometers. Thus, direct estimates of food availability were not feasible over their

entire range. However, the temporal patterns of dispersal I observed were not consistent

with the hypothesis that food availability was a proximate cue to initiate moving from one

wetland to another. My analysis of residuals indicated that dispersal probabilities during

1992 were lower than expected compared to 1993 and 1994. My analysis ofjuvenile

dispersal also showed that dispersal was lower during 1992, particularly in the southern
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portion of the kite's range that was influenced by the preceding drought. Although I did

not begin formal foraging observations until 1993, anecdotal evidence strongly suggested

that food resources during 1992 were lower following the preceding drought. My

foraging observations during 1993 and 1994, as well as numerous previous reports

(reviewed by Sykes et al. 1995) indicated that the capture of snails generally requires < 10

minutes. In contrast, birds I observed in the southern portion of their range during 1992

often would forage in excess of 30 minutes without capturing a snail. In a few instances

during my trapping period, I observed several foraging birds for hours without observing a

single snail having been captured. The seasonal patterns of dispersal I observed also were

not consistent with low food resources having been the proximate cue for dispersal. My

analysis of residuals indicated that dispersal probabilities were highest during summer, the

season that my foraging observations indicated that the foraging time spent capturing

snails was lowest.

The evidence provided by temporal patterns that food availability was not a

proximate cue to initiate dispersal was further supported by foraging observations of

radio-tagged birds before and after dispersal. Although my sample size was small, half of

the birds I observed actually did worse at obtaining food at their new location compared

to the location that they left. Although one bird that moved to a new location where it

took a particularly long time to capture snails moved again shortly after arriving to a new

location where it took less time. This suggests that there might be a threshold of food

acquisition, below which birds will move if there are more favorable sites elsewhere.
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Low food availability not having been a proximate cue to initiate dispersal during

this study does not preclude its role as a cue to dispersal under other environmental

conditions or it being an ultimate factor for the patterns of dispersal I observed. My study

was conducted entirely during a period of relatively high water. If water levels become

low enough to negatively affect food availability (e.g. < 20 cm), then kites will likely move

from that area. However, during most years there is considerable dispersal that appears to

be independent of water levels. The high rate of dispersal during favorable conditions

may, however, be indirectly related to food availability on a broader scale. I suggest a

hypothesis that these movements may be a reasonable strategy given the dynamic and

unpredictable nature of a kite's environment. A virtual certainty about any wetland

inhabited by Snail Kites is that it will go dry at some point in time. Florida apple snails,

the primary food of Snail Kites, are aquatic and have a limited capacity to survive dry

conditions (Little 1968, Darby et al. 1996). Consequently, dry conditions result in a

reduction of local food resources. What is not certain is which wetlands will go dry in

which years. Thus, there may be an advantage for kites to have experience regarding the

availability ofwetlands throughout their range so that when a local drying event does

occur, past experience reduces the need for "blind" searching for suitable alternative

habitats. Thus, moving when food availability is high may enable kites to "explore" their

potential habitats with little risk of starvation. The resulting experience from many

locations may then help kites to locate food resources faster during times when food is

scarce.
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Dispersal patterns of animals may be highly influenced by the distribution of

resources and may be integrally associated with social behavior. When resources are

predictable and evenly distributed in space and time there may be advantages of tenacity,

such as knowledge of available food resources, avoidance of predators, and resistance

competitive intrusion (Alerstam and Enckell 1979). Under such conditions, territoriality

also may have advantages, provided that the expense resource defense are not excessive

(Wiens 1976). As the distribution of resources becomes more patchily distributed and less

predictable in space and time, nomadic tendencies may emerge. My data indicate that

Snail Kites exhibit a combination of dispersal patterns that express both ofthese

characteristics, but at different scales. Apple snail populations may be patchily distributed

and may exhibit substantial annual and/or seasonal variability (Darby et al. 1997).

However, local areas of high snail availability are likely to persist for weeks or even

months until environmental conditions, predation pressure, or their natural population

dynamics that includes an annual die off affects their availability to kites. During times of

high food availability, I observed radio-tagged kites using and defending small areas for

weeks and even months. These birds exhibited territorial behavior including vocalizations

at approaching conspecifics and ensuing chases if the intruding bird entered the foraging

territory (see also Snyder and Snyder 1970, Sykes 1987a, Sykes et al 1995). However,

the seasonal and annual changes in prey availability would preclude tenacity as a viable

strategy over longer time scales. My data indicate that kites often move to different

wetlands several times per year and, although there is some indications of site tenacity

and/or philopatry, most birds exhibit a fair degree of less habitual movements (Bennetts

i
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and Kitchens 1997a). Even within-wetlands during most times, kites exhibited a fair

degree ofwandering, except when tied to a nest. Thus, at longer time scales the dispersal

patterns of Snail Kites would be better described as nomadic.
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Table 7-1 . Summary statistics for conditional logistic regression models for potential

seasonal groupings affecting the probability of movement between times t and t + 1 (at

monthly time steps), given that an animal was alive at time t and its location known.

Shown are the model description, number of estimable parameters (np), relative

deviance (-21n[Sf]), and Akaike's Information Criteria (AIC). The model shown in bold

would be the one selected from these potential models based on AIC.

Season Model" np -2/«(9?) AIC

(JFMAM JJASOND) 12 2474.44 2498.44

(J FM A) (M J J A) ( S O N D) 3 2490.66 2496.66

(FMAM)(JJ AS) (OND J) 3 2498.75 2504.75

(MAMJ)(JASO)(NDJF) 3 2506.24 2512.24

(AMJJ)(ASON)(D JFM) 3 2498.14 2504.14

(JFM) (AM J) (J AS) (OND) 4 2491.16 2499.16

(F M A) (M J J) (A S 0) (N D J) 4 2497.98 2505.98

(M AM) (J J A) (S 0 N) (D J F) 4 2497.36 2505.36

a Months are abbreviated by their respective first letter and listed sequentially.
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Table 7-2. Summary statistics for preliminary conditional logistic regression models for

potential temporal effects, ignoring age effects, on the probability of movement

between times t and t + 1 (at monthly time steps), given that an animal was alive at time

t and its location known. Shown are the model description, number of estimable

parameters (np), relative deviance (-21n[££]), and Akaike's Information Criteria (AIC).

The model shown in bold would be the one selected from these potential models based

on AIC criteria.

Model np -2fo(S£) AIC

Time 36 2400.63 2472.63

Month 12 2474.44 2498.44

Season 3 2490.66 2496.66

Year 3 2477.48 2483.66

Month Year 14 2446.67 2474.67

Month Year Month*Year 36 2402.74 2474.74

Season Year 5 2460.90 2470.90

Season Year Season*Year 9 2451.35 2469.35
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Table 7-3. Summary statistics for conditional logistic regression models ofthe

probability of movement between times t and t + 1. The model with the lowest AIC
(bold) would be selected if based solely on this criterion.

Source -2/w(9£) np AIC

Specific Wetland 2394.12 17 2428.12

Region 2446.16 6 2458.16
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Table 7-4. Summary statistics for conditional logistic regression models ofthe

probability ofmovement between times t and t + 1 to evaluate the pooling of some

parameters. A failure to reject a LRT indicates that the additional parameters ofthe

more general (unconstrained) model may not be supported by these data. The model

with the lowest AIC (bold) would be selected if based solely on AIC.

No. Constraints (Pooling) LRT* (x
2

) df p>x
2 np AIC

1 Unconstrained — — — 17 2428.13

2 NESRS = ENP 2.78 1 0.10 16 2428.90

3 NESRS = ENP=WCA-3B 2.80 2 0.25 15 2426.93

4 HOLEY = WCA1 0.07 1 0.79 16 2426.20

5 HOLEY = WCA1=WCA2A 0.14 2 0.93 15 2424.26

6 TOHO= ETOHO 1.46 1 0.23 16 2427.59

7 TOHO= ETOHO=KISS 1.48 2 0.48 15 2425.61

8 PERIPHERAL = KISSCH 0.00 1 0.99 16 2426.12

9 Reduced Model (2,4,6,8) 4.31 4 0.36 13 2424.44

10 Reduced Model (2,4,7,8) 5.39 6 0.49 11 2421.52

11 Reduced Model (2,5,6,8) 4.38 5 0.50 12 2422.51

12 Reduced Model (2,5,7,8) 4.40 6 0.62 11 2420.52

13 Reduced Model (3,4,6,8) 4.34 5 0.50 12 2422.46

14 Reduced Model (3,4,7,8) 4.36 6 0.63 11 2420.48

15 Reduced Model (3,5,6,8) 4.41 6 0.62 11 2420.53

16 Reduced Model (3,5,7,8)" 4.43 7 0.73 10 2418.55

a Based on comparison with unconstrained model

b
Includes all proposed constraints (pooling)
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Table 7-5. Maximum likelihood analysis of variance table for univariate models (i.e.,

each source term represents a separate model) of potential sources of variation ofthe
probability of dispersal between times t and t + 1

.

Source x
2a

df p>x2

Age 5.38 1 0.020

Season 17.85 2 <0.001

Year 28.28 2 <0.001

Location 103.36 9 <0.001

1
Based on Wald x* statistic (SAS inc. 1988).
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Table 7-6. Summary statistics used for model selection of conditional logistic

regression models ofthe probability ofmovement between times t and t + 1 . The model

with the lowest AIC (bold) would be selected ifbased solely on AIC criterion.

Model Model Description
1

-2/»(a!) np AIL

1 Age n zjUo.y.)

I Season z4yu.oo T
J z4yo.oo

5 Year n Ann a oZ47/.4o 3 24oJ.4o

A
4 Location 2398.55 10 2418.55

5
A O V7" TA S Y L 2339.23 15 2369.23

6 A O ~\T T A *TA S Y L A*L 2325.62 24 ^^^^
2373.62

7 A S Y L S*L 2294.01 33 2360.01

o
0

A C VA T V7"j|cTA a Y L Y*L 2308.41 33 2374.41

Qy A C V T A *CA a Y L A*a 2338.22 17 2372.22

1 u A C V T A *V 15Jo.z4 1 T
1 /

OOTA *>A15 10.14

1 1
1 1

A C V T C*VA a l L 5 I Til 111 iy zjoy. 1

1

1 91 z A 5 V T Q*T V*TA a I J L I L ZZjy. j 1 5 1 zJoi.3 1

A C V T C*T C*Va a y .l a L, a i 228y.J7 37 2363.37

1 A14 A a Y L a Y Y L 2302.20 37 2376.20

1 J A a Y L a*L Y*L a*Y 2257.06 55 2367.06

16 A S Y L with all 2-way Interactions 2237.34 68 2373.34

17 A S Y L S*L Y*L A*S*Y 2254.41 55 2364.41

18 A S Y L S*L Y*L A*S*L 2238.06 69 2376.06

19 A S Y L S*L Y*L A*Y*L 2226.81 69 2364.81

20 A S Y L S*L Y*L S*Y*L 2199.63 87 2373.63

21 A S Y L S*L Y*L S*Y*L A*Y*L 2166.04 105 2376.04

22 A S Y L with all 2 & 3-way Interactions 2126.47 144 2414.47

23 Fully Saturated 2091.45 180 2451.45

"Abbreviated model terms are A=Age, S=Season, Y=Study Year, L=Location
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Table 7-8. Analysis ofvariance table from model of foraging time per capture as the

dependent variable. Mean square (MS) and F values are based on type III partial sums

of squares (i.e., they are adjusted for all other terms in the model and are not dependent

on the order of entry)(SAS Inc. 1988).

Source df MS F P>F

Year 1 386.79 29.65 <0.001

Season 2 374.80 28.73 <0.001

Year x Season 2 166.65 12.78 <0.001

Error 175 13.04
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Figure 7-1
.
Kaplan Meier estimates for the overall cumulative probability of dispersal

(solid line). Also shown is a 95% confidence interval (dotted line) for the probability

function.
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Figure 7-2. Kaplan Meier estimates for the cumulative probability of dispersal in each of
the three years. Confidence intervals for estimates are not shown to minimize cluttering,

but are provided in detail in Appendix 1.
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CT3

10

Date

Figure 7-3. Kaplan Meier estimates for the cumulative probability of dispersal from
wetlands that were and were not affected by the preceding drought in each of the three

study years. Confidence intervals for estimates are not shown to minimize cluttering, but
are provided in detail in Appendix 2.
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location) at time t + 1 during each season of each study year. Also shown are the

standard errors (rectangles) and 95% confidence intervals (vertical lines).
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CHAPTER 8

IMPLICATIONS TO MANAGEMENT AND CONSERVATION

There has been considerable written regarding the management and conservation

of Snail Kites in Florida, most ofwhich has focused on water management. In this

chapter I begin with some semantic issues that have been previously ignored, but in my

view, must precede any discussion of the implications ofwater management on the Florida

population of Snail Kites. I then discuss management in the context of the entire Snail

Kite population, including a network of wetland habitats that comprise its range, and the

spatial and temporal dynamics that characterize the persistence of this species in a

fluctuating environment.

Drought Semantics

There has been considerable discussion in the literature about the influence of

drought on Snail Kite populations (e.g., Sykes 1979, 1983a, Beissinger 1986, 1995,

Snyder et al. 1989a). Given the potential importance for this influence, it is surprising that

these authors have not even defined a drought sufficiently to enable an independent

observer to designate a given year as a "drought year" based on objective criteria.

Drought can be measured in several ways and be based on either water levels or rainfall

(Duever et al. 1994). Snyder et al. (1989a) and Beissinger (1995) designated each year

over their respective periods of study as a either a drought year, lag year (the first year

139
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post drought), or high water year (i.e., non drought) based on water levels. However, the

water levels that were used to assign a given year as a drought year were not defined by

these authors, nor was there consistency between these authors as to which years that

were designated as drought years. Ofthe years that drought status was reported by both

studies (1969-1983), Snyder et al. (1989a) determined that 1971, 1974, 1981, and 1982

were drought years; whereas, Beissinger (1995) determined that 1971, 1973, 1974, and

1981 were drought years. It seems a logical starting point that before any serious

evaluation ofthe influence of drought on Snail Kite populations can be made, at least it be

clear as to what constitutes a drought. I believe that an absence of clear definitions has led

to considerable misunderstanding among researchers and managers. For example,

Beissinger (1995) suggested that Snail Kite populations would decline if the interval

between droughts was less than 3 .3 years. I have some serious concerns about the

parameter estimates he used to derive this conclusion; however, I do not necessarily

disagree with his conclusion; provided he is referring to widespread droughts. I would

strongly disagree, however, if he is suggesting that local drying events at intervals less

than 3 .3 years would result in population declines. In fact, much of the habitat used by

kites during my study (and over the past decade) has dried out (on average) more

frequently than every 3.3 years and all evidence (i.e., the annual survey and our parameter

estimates) suggests that the overall population has been stable or increasing. Thus, I

believe that this may, or may not, be a valid recommendation depending on how it is

interpreted. There are three essential characteristics of droughts that should at least be

considered and operationally defined for effective evaluation of droughts (Lin et al. 1984)
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and their influence on Snail Kite populations. They are the intensity, spatial extent, and

temporal extent (e.g., duration and/or number of consecutive drought years) of the

droughts being considered.

Intensity

I consider the intensity of a drought as being a measure of"how dry it was". This

is probably best measured from the "well" type of gauges, which are capable of recording

water stage even below ground level at the recording station. One approach to measuring

intensity is to assess water levels at a given location in relation to a reference elevation,

(e.g., ground elevation at that location). I have shown as an example the annual minimum

stages for WCA-3A as recorded at the 3-28 gauge, (the gauge reportedly used by

Beissinger [1995] because of its proximity to areas used by kites)(Figure 8-1). I have also

shown some reference elevations that might be used to designate a given year as having

been a drought year. To illustrate ambiguities that can result from not defining criteria

used to designate a given year as a drought, I have also shown which years were

determined to be drought years by Snyder et al. (1989a) and Beissinger (1995). It quickly

becomes apparent that Beissinger (1995) could have defined a drought year (for WCA-

3A) as a year in which the minimum annual water stage was<2 m. A similar criteria based

on this gauge was not apparent for the assignment of drought years by Snyder et al.

(1989); however, it is quite possible that they may have based their designation on a

different location or using different criteria. Since WCA-3A and Lake Okeechobee were

the two primary areas in each of these studies, I conducted a similar assessment of the

stages ofLake Okeechobee using a standard 10-gauge average (provided by the
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U.S.Army Corps, ofEngineers) to account for spatial variation among gauges (Figure 8-

2). The designation of drought years by Snyder et al. (1989) is more apparent based on

data from Lake Okeechobee (all years they assigned as drought years had stages less than

3.57 m). However, the designation of drought years by Beissinger (1995) becomes less

apparent using data from Lake Okeechobee. For example, Beissinger (1995) determined

1973 to be a drought year but not 1975, 1976, and 1982, all ofwhich had lower stages at

Lake Okeechobee. My point is not to agree or disagree with which years these authors

determined to be drought years; but rather, to point out that without defining the criteria,

the designation of drought years becomes quite subjective.

Ifthe intensity of a drought is used to measure the behavioral or demographic

response ofthe population, then it is also not always the case that drying to ground

elevation should be used as the measure. For example, anecdotal evidence suggests that

Snail Kites move from a drying area well before water levels reach ground level. In some

cases it may be more meaningful to distinguish a functional dry down (i.e., the water level

at which the response occurs) from a physical dry down (i.e., water level < ground

elevation). But again, I suggest that the criteria for such a designation be defined.

An alternative approach for assessing the intensity of a given drought is to use a

statistical measure of the variability (e.g., the standard deviation) of the actual water data.

For example, I determined the minimum annual water level for gauge 3-28 for each year

from 1969 through 1995. I then calculated the mean and standard deviation for these

minimum annual water levels. If I use this approach and define a drought year as any year

in which water levels were lower than 1 standard deviation below the mean minimum
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water level, then I would have selected exactly the same years as Beissinger (1995) for the

period that he used in his analysis (Figure 8-3). Although, as above, this approach would

not necessarily have been applicable to wetlands other than WCA-3A. The advantage of

this approach compared to assigning a reference elevation is that the same criteria (e.g., >

1 standard deviation below the mean) can be used for any area. This eliminates the

subjectivity imposed by assigning a different reference elevation for each area and all

areas determined to be drought years have an equal relative intensity.

Spatial Extent

In virtually every year, the water level in some portion ofthe habitat reaches

ground elevation during the dry season. Additionally, the spatial and temporal variability

of rainfall in Florida (MacVicar and Lin 1984) results in spatial and temporal variability in

droughts (Duever et al. 1994). Consequently, it is necessary to identify and define the

spatial extent of a particular drought being considered if meaningful conclusions are to be

drawn, particularly for a species such as Snail Kites that uses the entire South Florida

landscape.

For a preliminary exploration of the spatial relationships of droughts among

wetlands within Snail Kite habitat I used water levels from major wetlands (where reliable

water data were available) to determine whether or not a drought had occurred during

each year from 1969-1994 (the years in which the annual Snail Kite survey were

conducted). The specific gauges used for this analysis (and all subsequent analyses of

hydrology) are presented in Appendix 8-1. For this exercise, I defined a drought year as

any year in which the minimum water levels were >1 sd below the 26-year mean as a
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drought year and an extreme drought year as any year in which the water levels were >2

sd below the mean. The 1977 minimum annual stage for Lake Kissimmee was not used to

calculate the standard deviation because it was an extreme outlier (9.4 sd below the mean

if 1977 value is not included) due to an intended drainage ofthe Lake for management.

Inclusion of this value would have artificially lowered the mean and inflated the variance

and resulting in some biologically important droughts to have been overlooked (i.e., fewer

years would have been scored as drought years because ofthe inflated variance).

The results from this analysis indicated that there is considerable variability in the

spatial extent of droughts among the most frequently used habitats (Table 8-1). Some

years (e.g., 1971) were relatively widespread droughts and encompassed many of the

major kite habitats within the range of Snail Kites in Florida, while others (e.g. 1985) were

considerably more local in their spatial extent.

Temporal Extent

The temporal extent of a drying event should also be considered when evaluating

the effects of droughts. This includes both within-year extent (i.e., the duration of the

drying event) and the between-year extent (i.e., whether or not drying events occurred in

consecutive years). The duration of a given drying event may affect the survival of apple

snails. Darby et al. (1996b, 1996c) found that apple snails experiencing a drying event

survived on average 3.9 weeks (±2.2 weeks sd) and 3.9 weeks (±3.1 weeks sd) for

marshes in the upper St. Johns River Basin and Lake Kissimmee, respectively. Thus, not

surprisingly, droughts of greater duration may have more of an impact on apple snail

populations than those of short duration. Although research is lacking for post-drought
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recovery of apple snail populations, some less direct evidence (e.g., post-drought return

rates) suggests that apple snail populations may take >1 year to recover to pre-drought

population levels. Consequently, consecutive drought years also may slow the recovery

process.

I used Lake Okeechobee as an example for examining the temporal extent of

droughts from the period of 1969-1995. Using the definition (above) of a drought year

being any year in which the minimum annual stage was <1 sd below the mean (i.e.,

minimum annual stage <1 1. 17 ft MSL), Lake Okeechobee experienced six droughts

during this period (Table 8-2 ). Ofthese six droughts, there were two single-year events

and two consecutive-year events oftwo years each (i.e., four droughts). The duration of

these droughts (i.e., number of days below 1 1.17 ft MSL) ranged from 8-139 days. Thus,

1981 was a severe drought in intensity (-1.89 sd), was a two-year consecutive drought

(followed by the 1982 drought), and had the longest duration at this level of intensity.

Although not shown in this table, 1981 also had a relatively large spatial extent. In

contrast, the 1989 drought was relatively low intensity (-1.07 sd) and was of shorter

duration at an intensity of 1 sd below the mean, although 1989 was also a two-year-

consecutive drought (followed by the 1990 drought).

Critical Habitat

Currently Designated Critical Habitat

Critical habitat for the Snail Kite was determined in 1977 (Federal Register 42

[155]:40685-40688)(50 CFRCh. 1 [10-1-94 edition])(USFWS 1986). It includes (1) St

John's Reservoir, (2) Cloud Lake Reservoir, (3) Strazzulla Reservoir, (4) western portions
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ofLake Okeechobee, (5) A R M. Loxahatchee National Wildlife Refuge, (6) Water

Conservation Area 2A, (7) Water Conservation Area 2B, (8) Water Conservation Area

3A south ofHighway 84, and (9) a portion of Everglades National Park (Figure 8-4).

Sykes (1983 a) suggested the need to supplement existing protected habitat with

"scattered islands" of habitat throughout the kites' range as a means of reducing the

impacts of droughts. Takekawa and Beissinger (1989) also suggested that the currently

designated critical habitat was inadequate because it lacked sufficient "drought-related"

areas. Beissinger and Takekawa (1983) and Takekawa and Beissinger (1989) further

suggested that habitats could be divided into primary, secondary, and drought-related

habitats. They defined primary habitat as having been used extensively over the previous

decade, while secondary habitats received irregular or sporadic use (Takekawa and

Beissinger 1989). They defined drought-related habitats as having been used as a result of

dry periods. Additionally, some management agencies have described Snail Kite habitats

relative to their function (e.g., "breeding habitat", "wintering habitat", or "drought

habitat").

The Habitat Network

My data are consistent with the views ofthese authors in that they indicate that the

habitats used by Snail Kites in Florida are considerably more extensive than the currently-

designated-critical habitat. Approximately 40% of the locations where I observed radio-

transmittered Snail Kites were in habitats outside ofthe currently designated critical

habitat. Additionally, 67% of the radio-transmittered adults used habitats outside of the

critical habitat sometime during my observations. That only 67% of the birds I observed
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used areas outside of the critical habitat probably reflects the short duration ofmy

observations. The number of areas used by kites was highly correlated with how long I

observed the birds, and the duration ofmy observations for birds that had used areas

outside ofthe currently designated critical habitat (x=356 days, n=106) was significantly

shorter than for birds who had not used areas outside ofthe critical habitat (x=267 days,

n=53)(t=-3.94, P< 0.001). Thus, I believe that most, if not all, birds that live an average

adult life span will use, and probably require, habitat outside ofthe currently designated

critical habitat. Consequently, I strongly agree with the conclusions of Sykes (1983a) and

Takekawa and Beissinger (1989) that smaller wetlands peripheral to the currently

designated critical habitat need to be protected if Snail Kite populations are to persist.

However, my data suggest that the concept of primary, secondary, and drought-related

habitats needs to be revised. I believe that the emphasis of research during nesting and the

inaccessibility of many areas has greatly limited our understanding of habitats used by

kites. I would certainly agree with Sykes (1983a) and Takekawa and Beissinger (1989)

that some habitats (e.g., Lake Okeechobee) have been used more consistently than others.

I would also agree that some habitats are used more extensively during droughts.

However, Snail Kite use of all habitats in Florida, including "primary" habitats, exhibits

considerable fluctuation depending on local (and statewide) conditions and may at times

have very few, if any, birds present. For example, during the annual survey of 1994 (a

high water year several years after the previous drought)(Bennetts et al. unpubl. data), no

kites were found in WCA-2A (a "primary" habitat). During that same count 46 birds were

counted at Lake Kissimmee (a "drought-related" habitat) and 43 were counted at
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Lostman's Slough of Big Cypress National Preserve. The latter area is not even listed as

"primary", "secondary", or "drought-related" by Beissinger and Takekawa (1983) or

Takekawa and Beissinger (1989); nor is it within the designated critical habitat (USFWS

1986). In addition, several of the "drought-related " habitats (e.g., Lake Kissimmee and

Loxahatchee Slough [West Palm Beach water catchment area]) described by Beissinger

and Takekawa (1983) and Takekawa and Beissinger (1989) have had kites present in

every year that they have been included in the annual count regardless ofwhether or not it

was a drought year. Approximately 25% of all my locations of radio-transmittered birds

were in habitats considered to be "drought-related" habitats by Beissinger and Takekawa

(1983) and/or Takekawa and Beissinger (1989) even though drought conditions did not

occur during my study. My data indicate that agricultural areas, agricultural and roadside

canals, and peripheral marshes both seasonal and permanent (all described as "drought-

related" areas) are used each year, primarily outside of the breeding season. I have even

observed kites breeding in these "drought-related" habitats. Consequently, I believe that

designations of specific habitats with respect to their function (e.g., "breeding habitat" or

"drought habitat) can be misleading and under-represents the use of these habitats by Snail

Kites. All habitats can be "drought" habitats, and most can be "breeding" habitats. For

example, if drought conditions exist in the northern portion ofthe kite's range, then birds

inhabiting those areas might be using WCA-3A (a "primary" habitat) as a "drought"

habitat. Similarly, when local conditions are good, birds will often breed in "drought-

related" habitats. Designations based on relative use (e.g., "primary" and "secondary"

habitats) can also be misleading because there are often substantial shifts in the distribution
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of birds over time. Consequently, land (and water) management planning may often use

outdated information based on prior assessments of relative use. For example, most

investigators working on Snail Kites today, agree that the habitat assessment ofthe Snail

Kite Recovery Plan (U.S.F.W.S. 1986) is in need of revision even though it is only 10

years old.

Based on my data on the movements of Snail Kites from 1992-1995, 1 suggest that

the use of habitats can be better characterized as an extensive network (Figure 8-5). This

network is comprised of habitats that may or may not be physically connected, but are

connected through extensive movements of kites among the individual habitats. The

network consists of local habitats ranging from large lake or marsh tracts to small

agricultural ponds or canals. Some ofthe habitats may be used by hundreds of kites at a

time, while others may be used by a single bird on rare occasions. My data, as well as the

annual count and numerous anecdotal observations and reports, suggest that the use of

local habitats is highly variable over time. Even areas that are used consistently for a

number of years have dramatic fluctuations in the number birds present at a given time.

The number of birds using a given local habitat also fluctuates seasonally within years.

Areas previously described as "secondary" or "drought-related" habitats may have

numerous birds present at a time when "primary" habitats may have few birds (not always

during droughts). Consequently, I suggest that the patterns of use are better described as

a continuum that is highly variable in space and time.
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Management ofthe Snail Kite in Florida: Beyond a Reductionist Paradigm

In science and problem-solving in general, it is easiest to seek a simple explanation

for an observed phenomenon. In a book on the psychology of understanding and

managing complex systems, Doerner (1996) illustrates through many examples how great

the temptation is to use simple although sometimes erroneous hypotheses, or to push a

correct one far beyond the limits of its validity. Doerner describes experiments in which

subjects were presented with artificial, but realistically complex ecological and economic

systems. The subjects were charged with running these systems over a period of time,

with the goal of maintaining their viability, by making decisions, observing the

consequences, making further decisions, and so forth. Time and again the subjects

grasped at a single simple hypothesis or factor that resulted in a failure ofthe system they

were charged with managing. Scientific practice, heeding Ockham's razor, encourages a

reductionist approach that is often successful when the scope of inference is limited.

However, the initial success of an hypothesis that reduces a phenomenon to one or a small

number of factors may blind one to other factors that may be important or become

important later, particularly if inferences are extended beyond their original scope. Too

often in science, reductive approaches are used in the hope of avoiding having to deal with

the complexity of such systems.

Doerner' s conclusions have been repeatedly exemplified in resource management.

A recent review of 23 case histories of resource management that were considered

failures indicated that the type of reductionist approach described by Doerner was a

common pathology that contributed to these failures (Holling 1995, Holling and Meffe
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1996). In these cases, the emphasis was placed on finding a target variable and attempting

to stabilize that variable such that normal fluctuation would not impose a threat to the

resource of interest. The result was that key elements of these systems changed over

time. These changes, however, generally either occurred so slowly as to escape detection,

or they were not considered of major concern because the resource problem was narrowly

defined in such a way as not to encompass these changing elements. The net result of this

reductionist approach was that, over time, these ecosystems tended to become more

spatially homogenous and, consequently, were less resilient to disturbance. Here, we

present a case history of endangered species management for the Snail Kite in Florida that

we believe strongly parallels this type of pathology, which we refer to as the "reductionist

paradigm".

The Reductionist Paradigm

Descriptive accounts of snail kite populations during the late 1800s and early

1900s indicated that snail kites were relatively abundant in Florida, at least at some

locations. Scott (1881) described snail kites as being "abundant" at Lake Panasofkee.

Bailey (1884) quotes from a letter he received from an egg collector, Mr. E.W. Montreuil,

describing snail kites as being "found in numbers in the Everglades". Wayne (1895)

described kites as "exceedingly common" on the Wascissa River in the Florida Panhandle.

Later, Howell (1932) described "scattered flocks of a hundred or more" birds frequently

having been found.

By the 1920s and continuing through the 1950s, virtually all reports began to

describe Snail Kites in Florida as declining or rare (Howell 1932, Sprunt 1945,
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Wachenfeld 1956). These declines were attributed primarily to widespread drainage that

occurred throughout Florida (Howell 1932, Sprunt 1945, Sykes 1983a, Bennetts et al.

1994). Since that time Snail Kite numbers have rebounded from what was considered to

be a low of about 25-50 pairs (Sprunt 1945) to a current estimate of approximately 1,500

birds (V.J. Dreitz, unpubl. data). This rebound has been largely attributed to the creation

of several water conservation areas, whose primary purpose was flood protection and

water storage, but which also provided long-hydroperiod marshes in areas where they had

been substantially reduced by drainage (e.g., Sykes 1983b).

Snail Kites in Florida have been monitored since 1969 via an annual survey (Sykes

1979, Rodgers et al. 1988, Bennetts et al. 1994). Several authors have viewed the survey

as a census ofpopulation size, thus, enabling inferences to be made about changes in

population size, particularly in response to water levels (e.g., Sykes 1979, 1983a, Snyder

et al. 1989, Beissinger 1995). For example, the difference between the 1980 and 1981

surveys has been widely cited as an estimate of mortality during a widespread drought in

1981 (e.g., Beissinger and Takekawa 1983, Beissinger 1986, Takekawa and Beissinger

1989).

Reproductive success also has been reported to be influenced by water levels. For

example, Snyder et al. (1989) presented a summary of nesting data over an 18-year

period and concluded that nest success was lower during years oflow water; however, at

least part of this effect was due to use of different nest substrates during low-water years

Beissinger (1986) also reported that a large proportion of Snail Kites did not attempt to

nest during a drought in 1981, and that nest success was low both in 1981 and 1982.
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More recently, Beissinger (1995) presented a population viability analysis (PVA)

for snail kites. This model used the annual survey as a primary basis for verification and as

a source of data for its most sensitive parameter, survival during drought years. The

model focused on the occurrence of droughts as the primary environmental effect for

predicting changes in population size. Projections from the model indicated that the

Florida population of snail kite kites would not be viable unless the interval between

successive droughts exceeded 4.3 years.

The cumulative effect ofthese observations, regardless ofthe validity of specific

approaches, was a perception ofwater levels being the primary influence on the Florida

snail kite population (Beissinger and Takekawa 1983, Sykes 1983a, 1983b, Takekawa and

Beissinger 1989). In particular, droughts have been portrayed as demographic

catastrophes in which both survival and reproduction plummet (Takekawa and Beissinger

1 989, Beissinger 1 986, 1 995). Management recommendations under the existing

paradigm have focused primarily on increasing the interval between droughts and the

maintaining permanent water levels (e.g., Stieglitz and Thompson 1967, Martin and

Doebel 1973, Beissinger 1983, 1995), although a need for refugia during droughts also

has been recognized (Sykes 1983 a, Takekawa and Beissinger 1989).

I suggest that this management paradigm closely parallels the pathology described

above for failed resource management in other ecosystems. A target variable was

identified, in this case water levels. The proposed solution for maintaining viable

populations of snail kites was then to minimize the occurrence of droughts. Thus,

stabilization ofwater levels was intended to buffer the population from potential
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demographic consequences of hydrologic variability. However, as in other systems, this

approach has ignored effects beyond the species of interest, particularly plant

communities, and hence the long-term indirect effects on the snail kite through other

changes to the ecosystem.

Conflicts and Limitations of the Existing Paradigm

There are a number of conflicts inherent in the existing paradigm that warrant

consideration. For example, under the existing paradigm, conflicts have been perceived

among species with differing hydrologic requirements. Suitable conditions for snail kites

have been portrayed as being in conflict with species such as wood storks (Mycteria

americanaXGraham 1990) or white-tailed deer (Odocolieus virginianus) (Beissinger

1983), even though these species have coexisted for centuries. There also are conflicts

with native flora. For example, virtually none of the plant species used as nest substrates

by snail kites can tolerate continuous flooding (Craighead 1971, Gunderson et al. 1988),

which is often asserted to be a requirement of suitable habitat. The primary graminoid

species that comprise foraging habitat also cannot tolerate permanent inundation, even

though they can tolerate longer inundation than most woody species (Gunderson 1994).

There are other limitations of the current paradigm. Assessments ofthe effects of

drought (e.g., Snyder et al. 1989, Beissinger 1995) have made no distinction regarding the

spatial extent or severity of a given drought, even though the effect on survival or

reproduction of kites probably depends greatly on the spatial extent of the drought

(Bennetts and Kitchens 1997a, 1997b). Management recommendations under the existing

paradigm also have largely overlooked the influence of stabilizing water levels on other
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species within central and southern Florida, and even on habitat quality for snail kites

beyond a limited time frame. Recent assessments (e.g., Beissinger 1995) have merely

assumed that habitat quality will not change in response to changing hydrologic regimes

despite substantial evidence to the contrary. These assessments have focused only on a

lower limit of drying frequencies, which implies that an upper limit does not exist, or that

it is of relatively little concern. In contrast, there is a considerable body of evidence

regarding the tolerances ofthe plant species, that comprise suitable habitat, to prolonged

inundation (e.g., Craighead 1971, U.S. Department of Interior 1972, McPhereson 1973,

Worth 1983, Gunderson 1994). Similarly, the occurrence of drought is the only

hydrologic effect considered. This implies that factors such as water depth are not

important; again, all evidence is to the contrary (e.g., Steiglitz and Thompson 1967, Sykes

1987, Bennetts et al. 1988). The spatial distribution of birds, and how that distribution

has changed over time, provides important insights about how kites have responded to

changes in habitat quality. However, the spatial distribution of birds has been virtually

ignored under the existing paradigm.

The Importance of Spatial and Temporal Scales

One ofthe possible reasons for failures in resource management is a lack of

attention to all ofthe spatial and temporal scales that are relevant to a problem. There is a

substantial body of ecological literature describing the linkages between patterns and

processes and how these linkages are related to scale (e.g., Wiens 1989a, Holling 1992). I

suggest that a lack of consideration of some relevant scales has been an inherent feature of

the reductionist paradigm of snail kite management. Recommendations have focused on



156

stabilizing the conditions that seem most suitable for kites at a given time, while ignoring

the consequences of that action over longer time scales. Similarly, management

recommendations have focused on a limited spatial scale by considering the impacts of

management to individual wetlands (e.g., Bennetts et al. 1988), while ignoring effects to

the entire network of habitats that comprise the system as a whole. I suggest that explicit

incorporation of scale can, at least conceptually, resolve many ofthe conflicts and

limitations ofthe existing paradigm. I suggest a conceptual framework, described below,

that goes beyond the limitations ofthe existing paradigm to enable a more comprehensive

evaluation of snail kite population dynamics. This framework involves the interaction

between spatial and temporal scales of snail kite habitat and population dynamics and their

long-term persistence in a fluctuating environment. Although many ofthe features I

describe in this conceptual model have a strong empirical basis, my intention here is to

represent my ideas as hypotheses to be tested, rather than as a verified model.

The Dynamic Landscape Hypothesis

I agree with proponents of the current paradigm that water levels are a critical

component of snail kite habitat and viability. However, I argue that favorable habitat for

the snail kite depends on three different aspects of hydrology that can be related to

different temporal scales. When these temporally explicit hydrologic factors are

considered across a broad spatial scale, a dynamic pattern emergences that I call the

"dynamic landscape hypothesis". The first scale is that of current water levels (depth).

The empirical relationship between snail kite use of a given habitat and water depth has

been well recognized and has been illustrated by the distribution of nests or foraging birds
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with respect to water depth (e.g., Steiglitz and Thompson 1967, Sykes 1987, Bennetts et

al. 1988, Bennetts and Kitchens 1997a)(Figure 8-6). The response of snail kites to

changing water depth also can be seen in shifts in spatial distribution. For example, the

spatial distribution of nesting kites within Water Conservation Area (WCA) 3A, a 237,000

ha impoundment used extensively for nesting during the past three decades, was similar

for 1992, 1993, and 1994 (Figure 8-7). During the 1995 breeding season water depths

were at record high levels throughout the Everglades as a result of tropical storm Gordon

the previous fall (Bennetts and Kitchens 1997a). The distribution of nesting kites within

WCA-3A shifted dramatically to the north during 1995, to an area of higher elevation

than had been observed during the previous 3 years. When water levels receded the

following year, the distribution of nesting birds shifted back to the south where they had

been prior to the high water. Similar shifts also have been observed in other areas.

Water depth probably is important for snail kites because ofhow it affects their

primary food source, apple snails (Pomacea paludosaV particularly with respect to snail

behavior. Water depths that are too shallow may restrict the movement of snails, as

submergent vegetation is densely compacted within the water column (Darby et al. 1997).

Shallow water during certain seasons also may result in water temperatures rising above

the tolerance level of snails (Darby et al. 1997). Water that is too deep may lack

sufficient oxygen to support apple snails (Hanning 1978) and/or lack sufficient vegetation

that would enable snails to climb near the surface, where they are available to kites (Darby

et al. 1997).
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The second hydrologic factor is the time since a dry-down at a given location.

This factor contributes both to apple snail population dynamics and to the maintenance of

plant communities Comprising Snail Kite habitat. Florida apple snails are aquatic and have

a limited capacity to survive dry conditions (Little 1968), although the timing of drying

may be more important to the overall population dynamics than just the occurrence of

drying (Darby et al. 1997). However, drying events do result in periodic reductions in

the availability of snail kite food resources regardless of whether or not there are

substantial effects on snail survival. Based on preliminary comparisons ofnumbers of

kites counted during the annual survey before and after drying events in several wetlands,

relative habitat quality on average is about 50% of pre-drying conditions the year

following the drying event, 85% two years following and fully recovered by three years.

Although the occurrence of drying events may affect apple snail populations, the absence

of drying results in changes in plant communities. Observable changes in the plant

communities in the absence of drying have occurred by about 5-6 years (Ager and Kerce

1970, U.S.D.I. 1972) and some plant communities comprising kite habitat can be replaced

by other communities in as little as 9-10 years (Milleson 1987). The relationship between

relative habitat quality for snail kites and time since a drying event can be shown with

respect to the time since drying using a conceptual model (Figure 8-8).

The third hydrologic factor is a cumulative effect ofthe longer time scale pattern

of repeated drying events. In particular, the frequency of drying events is expressed as a

"hydrologic regime" and is measured as long-term hydroperiod (the proportion of time an

area is inundated). This long-term pattern is the primary hydrologic scale at which plant
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communities are regulated; although vegetation is also regulated by still slower processes

that affect climatic regimes and sea-level rise (Gunderson 1994). Although rapid

degradation of habitat occurs if a site is kept inundated, most sites experience drying at

intervals less than that which would result in a direct transition of a plant community.

Habitat changes often occur slowly and incrementally, with periods of at least partial

rejuvenation resulting from periodic drying. Because of the extreme lack of topographic

relief across the central and southern Florida wetland landscape, relatively small changes in

elevation correspond to relatively large changes in hydrology. Consequently, differences

of a few centimeters in elevation can have profound effects on plant communities and

ultimately on the quality of habitat for kites (Figure 8-9). The response of Snail Kites at

this scale also can be illustrated by changes in their spatial distribution over longer time

scales (Figure 8-10).

Available evidence suggests that suitable conditions at each ofthese hydrologic

scales is necessary, but none is sufficient by itself to constitute suitable habitat for snail

kites. The hydrology at each of these scales regulates a different aspect ofthe

environment important to snail kites. In combination, these factors regulate (1) the

behavior of apple snails, and consequently their availability to kites, (2) apple snail

population dynamics, and (3) plant community change. Thus, if a given location has the

appropriate water depth, but has experienced a drying event within the past few months,

the apple snail population may be too low to be used by kites. Similarly, if a location has

been inundated for a suitable period of time, but water depth is too high or low, the

availability of prey may be unsuitable for kites, and so on. Thus, I hypothesize that an
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indication of overall habitat quality can be determined as an alignment of suitable

conditions at each of these three scales. This alignment can be viewed as a dynamic

"window" of hydrologic conditions at a given point in time and space in which Snail Kites

occur (Bennetts and Kitchens 1997a). This window represents the combined effects of

hydrology from all time scales at a given point in space and time. The shifts in distribution

described above illustrate the response of kites to this window. The area used by kites in

recent years is not the longest hydroperiod within WCA3A. Thus, with respect to the

hydrologic regime, the current "window" is a relatively shorter hydroperiod portion of a

long-hydroperiod wetland (Figure 8-11), although the window has and will shift over time.

A quite different window exists in the Stairstep Unit ofBig Cypress National

Preserve over this same time period that further illustrates my concept in a short-

hydroperiod wetland. Wet prairie habitats within the Stairstep Unit are generally shorter

hydroperiod than those which occur in WCA3A. Although birds have used this area

regularly during the non-nesting season for foraging, I had no indication of nesting activity

prior to 1995. This is not surprising because, except for the very wettest portions, these

prairies dried out for short periods oftime during most years. In contrast to WCA3A, the

areas used by kites (primarily in Lostman's, Dixon, and East Sloughs were generally the

longer hydroperiod habitats within this wetland (Figure 8-12)). During the nesting season

of 1995, 1 observed 24 nests in this area. Thus, our window shifted from suitable foraging

habitat during the non-nesting (rainy) season, to suitable nesting habitat during this high

water event (Figure 8-11). During 1996 when more typical spring dry downs occurred

only 8 nests were found in this region. Thus, the window was shifting back down. My
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main point from these examples is that not all Snail Kite habitat needs to be managed for

some "optimal" hydroperiod. Spatial and temporal variation is an integral part of the

Florida wetlands landscape and Snail Kites are well adapted to this variability. If all areas

were managed as long hydroperiod wetlands, then Snail Kites would have limited habitat

available during high water events. Similarly, if all areas were managed as short

hydroperiod wetlands, then kites would only have habitat during high water events. I

believe that it is this mosaic of hydrologic regimes and local conditions that enable kites to

have habitat available during a variety of hydrologic conditions.

Persistence of Snail Kites in a Dynamic Landscape

The second element ofmy dynamic landscape hypothesis was initially described

(Bennetts and Kitchens 1997a, 1997b) and is based on the concept that persistence ofthe

Florida population of Snail Kites is enhanced more by spatial extent of habitat than by

prolonging local inundation. I agree with Beissinger (1995) that there is a threshold mean

periodicity of droughts, below which kite population will not be sustained. However, this

applies more to droughts that affect the whole snail kite range, than to more localized

drying. In fact, periodic disturbance events such as fire, hurricanes, and local and regional

droughts are integral parts of southern Florida's landscape patterns (Davis et al. 1994). In

virtually every ecosystem where disturbance processes have been markedly reduced, there

has been a subsequent realization of their ecological importance (Pickett and White 1985).

In southern and central Florida droughts occur at periodic intervals of about 5-10 years

(Thomas 1974, Beissinger 1986, Duever et al. 1994). However, like most disturbance

processes, the frequency and spatial extent of such events are not independent (Delcourt
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et al. 1983). Rainfall patterns across Florida are quite variable and localized drying events

occur at a relatively high frequency, while widespread droughts that encompass all, or

most of the snail kite's range in Florida, occur much less frequently (McVicar and Lin

1984, Duever et al. 1994, Bennetts and Kitchens 1997a, 1997b). It is these widespread

droughts that have the greatest impact on the snail kite population. When a localized

drying event occurs (e.g., the "drought" of 1985), kites usually are able to escape its

effects by moving to a another location. However, during a widespread drought refugia

are less available (Takekawa and Beissinger 1989) and a numeric response (i.e., change in

survival and/or reproduction) becomes increasingly likely (Bennetts and Kitchens 1997a,

1997b)(Figure 8-13). Thus, periodic local drying, necessary to maintain plant

communities and thus kite habitat, occurs without catastrophic effects on the snail kite

population. These local drying events, at natural frequencies, should be considered as an

essential component of a functioning ecosystem, rather than as catastrophic events

requiring stabilization. Stabilization results in a slow but steady conversion ofwetlands to

a more homogeneous aquatic state, degrading their habitat value for snail kites.

The heterogeneity of rainfall patterns throughout the kite's range plays a crucial

role in enabling snail kites to persist in a dynamic environment. Because ofthe ability of

kites to escape the effects of local drying events by moving, demographic consequences of

most such events are buffered. Consequently, conservation of habitat over a broad spatial

extent (e.g., in several watersheds) that encompasses natural heterogeneity of rainfall

patterns is essential, if refugia are expected to be available during droughts. Reducing the

spatial extent of habitat, reduces the mechanism for resilience ofthe population to local
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drying events. Others have recognized a need for drought refugia (e.g., Sykes 1983a,

1983b, Beissinger and Takekawa 1989), but the importance of the spatial pattern of such

refugia has been largely overlooked.

Conclusions

I am not arguing for a more spatially and temporally complex description of snail

kite dynamics purely for the sake of complexity. This framework is essential to

understand kite dynamics and to make long-term predictions and prudent management

decisions. The principle of parsimony suggests that a model should contain enough

factors to describe the system of interest and to eliminate excessive parameters that do not

significantly contribute to an understanding of that system (Burnham and Anderson 1992,

Lebreton et al. 1992). It is my belief that the existing reductionist paradigm goes beyond

parsimony and has resulted in an inadequate understanding of snail kite habitat and

population dynamics by virtue of its narrow view of spatial and temporal time scales. It is

extremely unlikely that regulating mechanisms inferred from studies of very limited spatial

or temporal scope can be successfully applied to predict system-wide behaviors over long

periods of time. This limitation on scope of inference is a basic principle of research

design that is often overlooked when managers are seeking solutions to guide their

management actions. It is easy to overlook subtle, but critical, vegetation changes that

occur at a temporal scale of one or two decades, when one is looking at year to year

changes in kite numbers. Reversing some the negative effects of stabilization also may be

extremely difficult and require up to several decades.
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Variability, both temporal and spatial, is and always has been, an intrinsic feature

ofthe environment of snail kites in southern and central Florida. Temporal variability of

the individual wetlands that make up the range of the snail kite likewise is an intrinsic

feature and is not in itself a danger to this species. In fact, it is this variability that likely

enables the coexistence of species (e.g., snail kites and wood storks) with seemingly

different hydrologic requirements. These species merely don't tend to occur at the same

location at the same time. Thus, I believe that the reduction of natural variability, through

the reduction of natural fluctuations in water level or hydroperiods, will ultimately erode

the landscape and biotic diversity and will ultimately reduce the value of individual

wetlands as habitat for snail kites. The temptation to "freeze" in place snail kite habitat

through artificial ponding may be stimulated by a narrow reductionist view of the wetlands

in southern and central Florida that focuses on the temporal frequency of droughts,

without considering spatial extent and heterogeneity, and the snail kite's adaptation to a

spatially and temporally varying environment. Under an historic pattern of localized

droughts, snail kites have been able to persist through movements from poor to good

habitat. As a nomadic species, the snail kite is behaviorally adapted to this mechanism of

individual survival. Because the kite makes frequent flights among wetland areas in its

range, it can quickly recolonize habitats that it abandoned because of temporarily bad

conditions when local conditions change for the better.

This concept of snail kite adaptation to a spatially and temporally varying

environment (or a "dynamic landscape") is well substantiated by data on its natural

history. It is also consistent with theory that has been developed for many other species
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(den Boer 1968, 1971, 1981, Delcourt et al. 1983, Wiens 1989a, 1989b, Holling 1992).

Management policies are beginning to recognize the ecological importance of natural

variability instead of trying to fix a static environment. Regeneration of habitat through

fire is now part ofthe long-term environmental management in many ecosystems.

Managers have come to recognize fire as an important process necessary for the

functioning ofthese ecosystems. A similar perspective is now needed such that natural

disturbance processes can be incorporated into management of the snail kite and other

species of southern and central Florida.

There are at least two crucial management implications of the dynamic landscape

view for the snail kite. The first is that artificial attempts to create stable habitat by

reducing variability will be harmful in the long run. The second is that the focus of

management should be on maintaining the existence of as much as possible of the diverse

and geographically distributed network ofwetland habitat areas for the snail kite. The

primary danger to the Snail Kite is from severe system-wide droughts. Droughts that

affect the entire range of the snail kite are rare (about once every 10-20 years), because

climatic conditions are not usually correlated over such a large area (Bennetts and

Kitchens 1997a). However, reduction in the range of the snail kite would increase the

probability of droughts affecting the entire range. Thus, the management emphasis, in my

view, should be strongly oriented to conserving suitable wetlands across a wide

geographic area of southern and central Florida.
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Table 8-2. The number of days that water stage was > 1 standard deviation below the

average minimum stage for a 10-gauge average from Lake Okeechobee for each year

from 1969-1994. This corresponds to a stage of< 1 1.17 ft MSL. The intensity for a given

drought year is shown as the number of standard deviations below the mean.

Year Drought Intensity No. Days

1969 No

1970 No

1971 Yes -1.55 88

1972 No

1973 No

1974 Yes1 Co -1 1 14

1975 MaiNU
Nn1NO

1 07717 / / INO

1 07817/0 i>o

197917/7 1NU

1980 Nn

1981 -1 88-l .00 1J7

1982 I Co 11.J7 1 1QIjy

1983J. 70J Nn

19841 70*T Nn
1 no c
1985 No
1986 No

1987 No

1988 No
1989 Yes -1.04 8

1990 Yes -1.45 85

1991 No

1992 No
1993 No
1994 No
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Figure 8-1. The minimum annual water stage for gauge 3-28 in Water Conservation Area
3A (WCA-3A) for the period of 1968-1988. Shown for reference are the minimum and
maximum ground elevation in WCA-3A and ground elevation at the 3-28 gauge. Points

mark with an "S" were years identified by Snyder et al. (1989) as drought years and those
mark with a "B" were identified by Beissinger (1995) as drought years.
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Figure 8-2. The minimum annual water stage for a 10-gauge average at Lake Okeechobee
for the period of 1968-1988. Shown for reference are the minimum and maximum ground
elevation for the littoral zone at Lake Okeechobee (based on Pesnell and Brown [1977]).
Points marked with an "S" were years identified by Snyder et al. (1989a) as drought years

and those mark with a "B" were identified by Beissinger (1995) as drought years.
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Figure 8-3. The minimum annual water stage for gauge 3-28 in Water Conservation Area
3A (WCA-3A) for the period of 1969-1994. Shown for reference are the average annual
minimum stage, ± 1 standard deviation, and ± 2 standard deviations.



Figure 8-4. The currently designated critical habitat identified in the Snail Kite Recovery
Plan (after 50 CFR Ch.l [10-1-94 Edition]).
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Figure 8-5. South Florida showing the inter-wetland movements of individual radio-

tagged adult snail kites during 1992 and 1993. These movements illustrate a basic habitat

network used by snail kites (also shown). We have shown only a limited subset of this

network (and moments) to minimize cluttering, and because a complete synthesis ofthe

peripheral habitats has not been done. The complete movements, and consequently the

complete network, would include all movements and habitats used by kites throughout the

state.
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Figure 8-6. The percentage of Snail Kite nests (N=745) that were initiated in each 10 cm
water depth class. Data are from Bennetts et al. (1988), B. Toland (unpubl. data), and this

study.
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Figure 8-7. The distribution of Snail Kite nests in Water Conservation Area 3A during
each year from 1992 through 1996. During 1995 this area experienced exceptionally high
water levels as a result of Tropical Storm Gordon and the distribution of nesting kites

shifted to higher elevations.
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Figure 8-8. Conceptual model of relative habitat quality in relation to the time since a

drying event at a given location. In the absence of a drying event (A), habitat quality

initially increases as the apple snail population recovers, but declines after 5-6 years as the

plant communities comprising nesting and foraging habitat begin degradation. If the

drying event occurs too frequently (B), the apple snail population will have been unlikely

to have recovered to its full potential. If drying events occur at longer intervals (C) then

a cumulative process of slow and incremental degradation will occur as plant communities

undergo transition.
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Figure 8-9. Primary plant communities and their corresponding species that comprise
Snail Kite habitat in relation to elevation and a hydrologic gradient.
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Figure 8-10. The reported nesting distribution of nesting snail kites (shaded) in Water
Conservation Area 3A (WCA3A) from 1965 to present. Birds nesting in southeastern

WCA3A during the 1992-1996 period were foraging primarily in Everglades National

Park and the "Pocket" between the L-67A and L-67C levees, both ofwhich have shorter

hydroperiods than the nesting area.
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Long-Hydroperiod Wetland

Hydrologic Window
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Hydrologic Window
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Figure 8-11. A conceptual hydrologic window for a long (e.g., WCA-3A) and short (e.

Big Cypress N.P.) hydroperiod wetlands. This window can shift over time depending

the hydrologic conditions at different scales.
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Figure 8-12. The distribution of Snail Kite nests in Big Cypress National Preserve during

each year from 1992 through 1995 (no nests were observed from 1992-1994).
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Local Widespread

Spatial Extent of Drought

Figure 8-13. Hypothesized relationship between the spatial extent of droughts and

whether the response by Snail Kites is likely to be behavioral (i.e., movement) or

numerical (i.e., change in survival and/or reproduction).



APPENDIX 1

ESTIMATES OF CUMULATIVE NATAL DISPERSAL (ijr), NUMBER OF ANIMALS
AT "RISK" OF DISPERSAL DURING INTERVAL

j (ij), AND STANDARD ERROR
(SE) OF THE ESTIMATE FOR EACH STUDY YEAR

Date

1992 1993 1994

r
j Hr SE(^) Hf r

j SE(^)

04/15 0.000 3 0.000 13 0.000 4

04/18 0.000 3 — 0.067 15 0.064 0.000 4 —

04/26 0.000 5 — 0.138 13 0.091 0.000 5 —

04/28 0.000 8 — 0.354 12 0.128 0.000 5 —

05/13 0.000 8 — 0.354 12 0.128 0.063 16 0.061

05/19 0.000 18 — 0.392 17 0.126 0.063 16 0.061

05/23 0.000 17 — 0.422 20 0.123 0.063 17 0.061

05/26 0.000 17 — 0.422 20 0.123 0.115 18 0.076

05/31 0.000 17 0.422 20 0.123 0.167 17 0.088

06/02 0.000 17 0.422 20 0.123 0.271 16 0.103

06/03 0.048 21 0.046 0.454 18 0.120 0.271 14 0.103

06/05 0.095 20 0.064 0.454 17 0.120 0.271 14 0.103

06/10 0.095 20 0.064 0.454 17 0.120 0.316 16 0.106

06/11 0.095 22 0.064 0.479 22 0.117 0.316 16 0.106

06/12 0.095 22 0.064 0.504 21 0.114 0.316 21 0.106

06/14 0.095 22 0.064 0.504 21 0.114 0.343 26 0.105

06/26 0.186 20 0.084 0.504 21 0.114 0.343 25 0.105

06/28 0.186 18 0.084 0.528 21 0.111 0.343 25 0.105
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Appendix 1. Continued

Date

1992 1993 1994

f r
j * r

j SE(ft r
j

07/01 0.186 17 0.084 0.552 19 0.108 0.343 25 0.105

07/04 0.234 17 0.091 0.552 18 0.108 0.343 23 0.105

07/07 0.282 16 0.097 0.552 18 0.108 0.371 23 0.105

07/09 0.282 16 0.097 0.552 18 0.108 0.428 22 0.103

07/14 0.282 16 0.097 0.552 18 0.108 0.514 20 0.098

07/19 0.282 16 0.097 0.552 18 0.108 0.547 15 0.097

07/27 0.282 16 0.097 0.552 18 0.108 0.611 14 0.093

07/30 0.282 13 0.097 0.612 14 0.102 0.611 14 0.093

08/06 0.282 13 0.097 0.702 11 0.090 0.611 14 0.093

08/12 0.282 13 0.097 0.702 11 0.090 0.644 12 0.091

08/13 0.337 13 0.104 0.702 10 0.090 0.644 11 0.091

08/23 0.337 13 0.104 0.702 10 0.090 0.676 11 0.088

09/05 0.392 12 0.109 0.768 9 0.082 0.676 10 0.088

09/08 0.392 11 0.109 0.801 7 0.076 0.676 10 0.088

09/14 0.447 11 0.113 0.801 4 0.076 0.709 10 0.085

09/26 0.503 10 0.114 0.801 3 0.076 0.709 9 0.085

09/29 0.503 10 0.114 0.801 3 0.076 0.741 9 0.082

10/01 0.503 9 0.114 0.867 3 0.074 0.741 9 0.082

10/03 0.503 9 0.114 0.934 2 0.060 0.741 9 0.082

10/04 0.503 9 0.114 0.934 2 0.060 0.773 8 0.078

10/26 0.558 9 0.114 0.934 1 0.060 0.773 7 0.078

11/10 0.558 9 0.114 0.934 1 0.060 0.806 7 0.073

11/11 0.558 9 0.114 0.934 1 0.060 0.838 6 0.068

04/14 0.558 6 0.114 0.934 0 0.060 0.838 5 0.068



APPENDIX 2

ESTIMATES OF CUMULATIVE NATAL DISPERSAL (tjr), NUMBER OF ANIMALS

AT "RISK" OF DISPERSAL DURING INTERVAL j (i^), AND STANDARD ERROR
(SE) OF THE ESTIMATE FOR EACH STUDY YEAR IN AREAS AFFECTED AND

UNAFFECTED BY THE PREVIOUS DROUGHT

Unaffected by Drought Affected by Drought

Date Hi r
i

SEftf) Hi r
i

A
SE (Hh

Study Year 1992

04/15/92 0.000 1 0.000 -J

J

04/19/92 0.111 9 0.105 0.000 13 —

04/21/92 0.222 8 0.139 0.000 13

{jouo/yZ ft 0.139 0.167 1 z ft IDS

/\"T lf\A lf\^
07/04/92 0.319 o

8 0.152 0.167 1U A 1 ftQ
U. lUo

f\H lf\H ICl*) U.417 0.158 0.167 iu ft 1 ftSU. lUo

08/13/92 0.533 5 0.164 0.167 9
A 1 AO0.108

09/05/92 0.650 4 0.159 0.167 9 0.108

09/14/92 0.767 3 0.143 0.167 9 0.108

09/26/92 0.883 2 0.109 0.167 9 0.108

10/26/92 0.883 1 0.109 0.259 9 0.129

01/10/93 0.883 0 0.109 0.259 6 0.129

04/14/93 0.883 0 0.109 0.259 6 0.129

Study Year 1993

04/15/93 0.000 0 0.000 13

04/18/93 0.000 0 0.067 15 0.064

04/26/93 0.000 0 0.138 13 0.091
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Appendix 2. Continued

Unaffected by Drought Affected by Drought

Date * r
i SE (Uh

04/28/93 0.000 0 — 0.354 12 0.128

05/19/93 0.000 5 — 0.408 12 0.128

05/23/93 0.000 8 — 0.457 12 0.126

06/03/93 0.143 7 0.132 0.457 11 0.126

06/11/93 0.143 6 0.132 0.491 16 0.123

06/13/93 0.143 6 0.132 0.525 15 0.119

06/28/93 0.143 8 0.132 0.561 13 0.116

07/01/93 0.143 7 0.132 0.598 12 0.112

07/29/93 0.250 8 0.153 0.598 7 0.112

07/30/93 0.357 7 0.165 0.598 7 0.112

08/04/93 0.464 6 0.168 0.655 7 0.109

08/06/93 0.571 5 0.165 0.655 6 0.109

09/05/93 0.786 4 0.135 0.655 5 0.109

09/08/93 0.786 2 0.135 0.724 5 0.107

10/01/93 1.000 1
— 0.724 2 0.107

10/03/93 1.000 0 — 0.862 2 0.111

04/14/94 1.000 0 — 0.862 2 0.111

Study Year 1994

04/15/94 0.000 0 — 0.000 4 —

05/13/94 0.000 2 — 0.071 14 0.069

05/26/94 0.000 5 — 0.143 13 0.094

05/31/94 0.000 5 0.214 12 0.110

06/02/94 0.000 5 0.357 11 0.128

06/09/94 0.200 5 0.179 0.357 11 0.128

06/14/94 0.200 10 0.179 0.397 16 0.126

07/09/94 0.500 7 0.177 0.397 15 0.126
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Appendix 2. Continued

Unaffected by Drought Affected by Drought

Date * *

07/14/94 0.500 5 0.177 0.518 15 0.119

07/19/94 0.600 5 0.167 0.518 10 0.119

07/27/94 0.600 4 0.167 0.614 10 0.113

08/12/94 0.600 4 0.167 0.663 8 0.109

08/23/94 0.700 4 0.152 0.663 7 0.109

09/14/94 0.700 3 0.152 0.711 7 0.103

09/29/94 0.700 3 0.152 0.759 6 0.097

10/04/94 0.800 3 0.130 0.759 5 0.097

11/10/94 0.800 2 0.130 0.807 5 0.088

11/11/94 0.800 2 0.130 0.855 4 0.078

01/22/95 0.800 1 0.130 0.855 3 0.078

04/14/95 0.800 1 0.130 0.855 3 0.078
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