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Foreword

In preparing this report, we recognized that our audience consisted
of both scientists and managers. We also recognized that there often is a
significant gap in the information exchange between these disciplines.
Consequently, the format and style of this report represent an attempt to
bridge that gap. To this end, we have tried to provide sufficient detail of our
methodology and results 10 enable the scientific community to evaluate the
validity of our research or to incorporate our findings into a wide variety of
potential models. At the same time we have also tried to provide "down to
earth” explanations, and to frame our research in such a way as to enable
managers t0 incorporate our findings into realistic management scenarios
and planning. For those with a strong quantitative science background, we
hope that our explanations do not border on being offensive. For those with
a background of more applied biology, we hope that we have retained the
essence of the biology within a potential myriad of statistics. Our goal is to
make this report usable to all and that requires a balance in presentation.
We hope that we have succeeded in our attempt.

We also realize that there often is some reluctance (and rightly so)
on the part of scientists to make conclusions when they know that the
temporal or spatial scale of their research precludes valid inferences beyond
the scope of the conditions in which their research was conducted. At the
same time, management agencies urgently need answers to questions that
may be a long way from being answered. Hence, we are often forced
balance the need for answers with the validity of inferences derived from
research conducted within a limited set of conditions. Again, we have
attempted to bridge this gap through our interpretation and conclusions of the
patterns we have observed. This occurs primarily in the Management and
Conservation section of this report and we have tried to be very clear about
what is speculative and what we have actually observed. We anticipate and
welcome challenges to our ideas. That is part of the scientific process and
how we advance in our knowledge.

UNIVERSITY OF
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Executive Summary

Fiorida‘'s wetlands have undergone extensive
anthropogenic change over the past century including
drainage impoundment, changes in water flow regimes,
increased mutrient loadings, and invasion of exotic plants
and animals. The Snail Kite (Rosrrhamus sociabills),
like many other species, is powentially influenced by these
environmental changes. Snail Kite populations during
this century have changed considerably in number and
distribution and several authors have sugpested that
changes in kite populations correspond with changes in
environmental conditions, particularly hydrology. Our
knowledge, however, of demographic processes and
their influences has been far from complete. In addition
to demographic parameters, movements of Snail Kites
are poorly understood and have been the subject of
recent controversy during the planning of wetland
restoration (e.g., the Everglades) within Central and
South Florida. The underiying purpose of this study was
to better understand smail kite population and spatial
dynamics and how they are influenced by environmental
conditions. This understanding combined with reliable
estimates of 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 increases our predictive capability
regarding the response of snail kites 0 changes in water
manapement. The primary objectives of this smdy were
to (1) esimate demographic parameters with an emphasis
on servival, (2) evaluate the influences of environmental
conditions (e.g., hydrology) on survival, (3) evaluate the
movement patterns of smail kites in Florida including
rates, locations, and what environmental conditions are
correlated with these movements, and (4) develop a
protocol for future monitoring of snail kites.

Radio telemetry and mark-resighting (banding)
were the two primary field methods we used to obtain
estimates of survival and movement probabilites. The
combination of these two methods provided a
comprehensive assessment of these parameters and was
complimentary to each other. Radio telemetry emabled
assessment of "within-year" patterns of both survival and
movement. This allowed us to determine such things as
the cause of death of an amimal or what the
environmental conditions were at the time an animal
moved. Mark-resighting is intended o assess "between-
year” patierns of these parameters. Our goal was w
anmually (for three consecutive years) capture and radio
tag 100 snail kitzs of which 60% were adults and 40%
juveniles. Our targeted ratio of adults to juveniles was
intended to emphasize adult survival because

demography of long-lived avian species (e.g., snail kites)
tends to be more sensitive 0 adult rather than juvenile
survival. Additionally, we targeted a 50:50 sex ratio of
adults to keep our sample balanced. Our annual sample
gize of 100 was based on estimates of the statistical
power to distinguish survival differences among groups
(e.g., age or sex) or tme periods.

We attached 282 radio transmitiers on 271
individual Snail Kites, Eleven birds were recapmred and
re-tagged in a subsequent year. We were short (82%) of
our targeted sample size of 100 birds during 1992, but
fully attained our targeted sample sizes in 1993 and
1994, We were very close o our targeted age and sex
ratios for all vears. Our total sample of individual
banded birds for our mark-resighting analyses of survival
was 913, Of this sample, 191 were adults at the time of
addition to our sample and 722 were juveniles.

We estimated adult survival to be an average of
approodmately 0.90 using radio wlemetry and 0.92 mark-
resighting. Estimates of juvenile survival were not as
consistent between methods and averaged 0.71 using
radio telemetry and (.50 using mark-resighting. We
present evidence that the radio telemetry estimates may
be biased high. Both sources of data indicated that
survival was age-dependent and that survival differed
among years for juveniles but not adults. Survival was
high enough that within-year patterns would have been
difficult to detect without epormous effort (i.e., wo few
individuals died to enable quantitative comparisons with
those that survived) and probably not have been very
insightful. Based om our results, we believe that
between-year differences in survival would be more
detectable and more insightful. From the outset of this
study we realized that our scope of inference would be
limited t0 those conditions encountered during our study.
We encountered relatively high water conditions
throughout this smdy. Consequently, we were unable to
derive inferences about drought conditions. Fortunately,
the mark-resighting program should enable a long-term
evaluation of environmental correlates (e.g., hydrologic
conditions) as variable conditions occur in the future,

Our data on movement indicated that Snail Kites
frequently move among wetlands throughout their range.
Overall probabilities of movement (per month) averaged
approximately 0.25 for adults and 0.20 for juveniles.
Our results also indicated that the probability of
movement is influenced by age, time (yearly and
seasonal differences), and location. Although relatvely
high water conditions persisted throughout this study,
water levels (independently of location) did not appear o



influence monthly movement probabilities. This does not
imply that such an influence would not occur under low-
water conditions. Some shifting of birds among regions
within the state also may have been a result of a drought
that preceded our study. Dispersal is generally thought to
be favored when local resources (e.g., food) are low or
better conditions exist elsewhere. In contrast, our results
from both within-year and between year comparisons
suggest that higher probabilities of movement occur
when food resources are high. We also found that natal
dispersal of juveniles was lower in areas where food
resources were likely depressed. We suggest the
hypothesis that this may be a reasonable strategy given
the dynamic and unpredictable natre of a kite's
environment. In years that food is not limiting, which
for kites may be most years, high food resources may
enable kites to “explore” their potential habitats with little
risk. The resulting experience may then help kites to
locate food resources faster during times (e.g., droughts)
when food is limiting.

Prior to 1969 the statewide Snail Kite population
was monitored only through sporadic and haphazard
surveys. Numbers of Snail Kites in Florida since 1969
have been monitored via a quasi-systematic anoual
survey. Since these surveys began there have been
numerous biological interpretations, often with little or
no regard for the inherent sources of variation in these
data that could influence the validity of subsequent
interpretations. We examined several sources of
variation inherent in the annual survey and discuss how
this variation could infloence the validity of data
interpretations. Based on our results and on logic of valid
scientific inference, we suggest the annual survey is not
a valid estimator of population size; nor should year to
year variaion in the count be used to estimate
demographic parameters (i.e., survival or recruitment).
We do, however, believe that the annual count has some
value for examining long term populaton trends
provided that the sources of variation be incorporated
into any analysis. We explore alternatives to the annual
count and provide recommendations that are dependent
on what parameters are being estimated.

There has been considerable discussion in the
literature about the influence of drought on Snail Kite
populations; however, few authors have even defined a
drought sufficiently 0 enable an independent observer to
designate a given year as a “drought year" based om
objective criteria. We suggest that there are three
essential characteristics of droughts (i.e., intensity,
spatial extent, and temporal exient) that should be
operationally defined for effective evaluation of
droughts.  We further suggest ways that these
components can be measured such that they may be

]

incorporated into demographic analyses.

Our dat are consistent with previous views that
the habitats used by Smail Kites in Florida are
considerably more extensive than the currently-
designated-critical habitat. We also believe that the
protection of only the currently designated critical habitat
would be insufficient to maintain viable populations of
Snail Kites over the long term. We suggest that the use
of habitats can be characterized as an extensive network
and present a hypothesis of how the spatial and temporal
patterns of this network might influence viability of Snail
Kites in Florida. We believe that the general directions
and goals of the South Florida Ecosystem restoration
process are not in conflict with maintaining a viable
population of Snail Kites; however, a broader spatial
extent of habitat protection (i.e., outside of the
Everglades and Okeechobee watersheds) probably is
necessary for long-term viability of the Florida
population.
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Chapter 1. INTRODUCTION

Florida's wetlands have undergone extensive
iI'|'l'!|'||'I"|"I"_L'L"|'Ii-.' i.'|'|-:||'|_L'L" over the st century |"IL'||.|I.:-“i|'I_L"
drainage, impoundment, changes in water flow re
gimes, increased nutrient loadings, and invasion by
exotic plants and animals. The Snail Kite { Rostrhams
vorciahilis), ke many other species, is potentially in-
fluenced by these environmental changes., Snail Kite
populations during this century have changed consid-
erably in number and distribution and several authors
(e.g., aykes 1984; Beissinger 1985; Bennetts et al.
1994, Sykes ot al. 19953) have suggested that changes
in kite populations comespond with changes in envi-

ronmental conditions, particularly hydrology Clur

knowledge, however, of demographic processes and
their influences is far from complete (Bennetts and
Kitchens 1904,

Changes in the size of all populations are a
sum of births and immigration minus deaths and emi-
gration. The Florda population of Snail Kites, how
ever, 15 perhaps simpler in that all evidence suggests
that this population 15 ¢losed with respect to iImmigra
tion and emigration. Snail Kites in Florida have long

been known for their nomadic tendencies (Stieglitz and
Thompson 1967, Sykes 1979, Bennetts 1993), lead-
Ing o our previous suggestion that the Florida popu-
lation is not comprised of discrete subpopulations, but
instead, is one population that frequently shifts in dis-
tribution throughout the state (Bennetts and Kitchens
1992, 1993). There has been speculation about ex-
change between populations of the United States and
Cuba (e.g., Svkes 1979, Beissinger et al. 1983, Svkes
et al. 1995} however, no evidence supporting this hy-
pothesis has emerged. Thuos, from a demographic per
spective, we are concerned primardy with birth and
death processes and the influences on those processes
(Fig. 1-1).

The hirth and death processes can be concep-
tualized as part of the demographic cycle represented
by parameters for survival (#) and fecundity (f;)
(Beissinger 1993, Legendre and Clobert 1995)(Fig. 1-
2). Reliable estumates of these demographic param-
eters would enable a wide range of demographic mod-
eling {e.g.. viability analyses and risk assessments)
with & higher degree of confidence. It also would



Figure 1-1. A conceptual model af the parameters and their
influences that affect population change of Snail Kites in
Flovida.

Figure 1-2. The demographic cycle of Snail Kites showing
three age classes (Juveniles=J, Subaduliz =5, and
Adubts=A)L Paramelers Jor survival (@) and fecundity (J) are
shown for ¢ach age class. Adapted from Caswell {1989),
Belssinger (1995) and Legendre and Clobers (1995).

—

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 Ecosysiem Restoration
Initiative, Kissimmee River Restoration, Upper 5t. 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. We believe that demographic models play an
important role in the refinement of our understanding of
these dynamics. However, it is also our belief that
reliable parameter estimates, particularly if a model is
sensitive o those paramelers, are an essential basis for

reliable model outputs, Lastly, we believe that our
models, as well as our knowledge, should be an iterative
and adaptive process (Walters 1986). As we acquire
new information or betier parameter estimates, or if our
predictions are falsified, we need to adjust our models,
as well as our thinking, to adapt to new information (Fig.
1-3).

Figure 1-3. Conceptual framework for this study. Reliable
i eitimalion of paramerers is the firsi siep lovward the
I development of a wide variety of demographic models.

Objectives

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 1987h, 1987c, Bennetts et
al. 1988, 1994; Soyder et al. 198%a). There remains
considerable debate about the what factors influences
nesting success (Bennetts et al. 1994, Sykes et al. 1995);
however, compared o 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 speculation have been made
regarding the proportion of birds attempting to breed
each year and the number of nesting atiempts per year
(e.g., Snyder et al. 1989a, Beissinger 1995); however,
reliable estimates for these parameters have been
lacking.

In as much as there appears to be general
agreement that changes in Snail Kite populations are
maore sensitive to survival than to reproduction {Nichols
etal. 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, we also recorded supplementary
information on reproductive parameters to the extent that
it did not conflict with accomplishing our primary goals
and in areas where such information was not already
being collected.

In addition o demographic parameters,
movements of Snail Kites also are poorly understood and
have heen the subject of recent controversy during the
planning of marsh restoration within Central and South
Florida. While long term changes in Smail Kite
distribution tend to coincide with changes in hydrologic
regimes, shorter term (e.g., anmual and seasonal) shifts
do not always coincide with local hydrologic conditions
(Bennetts et al. 1994), [t has been hypothesized that
dispersal of kites may be in response o hydrologic
conditions (Takekawa and Beissinger 1989), localized
food depleton (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 hahitat
quality wversus short-term environmental dynamics is
poorly understood, as is their ability to locate and re-
colonize wetands that have been, or will be, restored.
Thus, movements are critical to understanding Snail Kite
population dynamics leading to our second primary
objective to evaluate the movement patterns of Snail
Kites in Florida including rates, locations, and what
environmental conditions are correlated with movements.

Because of the kites' endangered status and
because there are a multitude of projects than have and
continue to alter hydrologic regimes of southern Florida,
there has been considerable interest in monitoring the
Florida population of Snail Kites. Since 1969, Snail
Kites in Florida have been monitored using an annual
statewide survey. Unfortunately, there are serious
questions regarding the inferences that can be reliably
made from this data source. Consequently, our third
primary objective was o evaluate the validity of existing
monitoring and to provide recommendations for future
monitoring of Snail Kites in Florida.
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Chapter 2. STUDY AREA

Study Population

Snail Kiees within the United States occur only
in Florida (Sykes 1984). It has been suggested (Bennets
and Kitchens 1992, 1993, 1994, Beissinger 1995) that
Snail Kites comprise one populaton 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 o include the entire population of Snail Kites
in Florida and our study area comprised a network of
wetlands throughout Central and South Florida within the
entire documented range of Snail Kites (Fig. 2-1).

Spatial Scales

Because the scale of our study is smtewide, we
did not focus on movements within individual wetlands.
For the purpase of this study, we considered wetlands to
be distinct if they were scparated 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 wedands, which were once
hydrologically continuous (e.g., WCA-2ZA and WCA-
2B), were considered separate units if they were under
different water regulation schedules.

Although we recorded locations of animals by
specific wedand, for many analyses we had insufficient
data w0 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 of wetlands. It was not uncommon for kites
to frequent several such wetlands in immediate
proximity, and we seldom (if ever) would have had
sufficient data 1 support estimating parameters (i.e.,
gurvival or movement probabilities) for each of thess
wetlands. Other cases of pooling are described below,
or are reported on a case specific basis based on model
selecton critéria (see methods).

Figure 2-1. Major werlands of South Florida referred to in
this report,. Wetlands are Everglades Nariongl Park (ENF),
Big Cypress Natiovnal Preserve (BICY), Water Conservation
Areas 34, 3B, 2B, 24, Loxahatchee Narional Wildlife Refuge
(LOX), Holey Land Wildlife Management Area (HOLEY),
West Palm Beach Water Catchment Area (WPB), Lake
Dkeechobee (OKEE), Upper 5t Johnt [Blue Cypress] Marsh
{BJM), Lake Kissimmee (KIS5), Lake Tohopekoliga (TOHO),
and East Lake Tohopekaliga (ETOHG)

REGIONS

For some analyses (e.g., survival) we 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 we assigned each location W
ope of five primary regions (Fig. 2-2), Locations not
included in these five regions (e.g., agricultural areas
and isolated peripheral wetlands) were assigned 10 a gixth
region we call the peripberal region.  Undoubledly, there
are differences in the quantity and quality of habitats
within this sixth "cawch all” region (and within the §
primary regions as well); however, the amount of data
required to partition the effects of this within-region
variability would be enormous and require significandy
more effort that the scope of this study, However,



Figure 2-2. South Florida showing geographic regions used
for some analyses in this report. All areas not within a

region shown were assigned fo a peripheral region.

whenever the data supported partitioning beyond a
regional scale we did so.

The Everglades and Big Cypress Region is
comprised of Water Conservation Areas 1,2, and 3,
Everglades National Park, and Big Cypress Natonal
Preserve. The Loxahaichee Slough Region is comprised
of wetlands in the drainage system of the Loxahatches
Slough and vicinity including the Corbitt Wildlife
Management Area, Pal-Mar Water Control District,
private wedands owned by Pratt-Whitney Corp., and
wetlands within the Loxahatchee Slough owned by the
City of West Palm Beach (i.e., the West Palm Beach
Water Catchment Area and vicinity). The Okeechobee
Region is comprised of Lake 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 51. Johns River Basin, but
most Smail Kites used the Blue Cypress Marsh Water
Conservation Area, Blue Cypress Water Management
Area, and surrounding wetands in private ownership.
Agricultural areas (e.g., citrus groves, canals,
agricultural fields, or agricultural retention ponds) within

each of these regions, as well as all other areas not

included in one of the above regions, were assigned 10
the peripheral region.

HABITAT TYPES

Snail Kites iohabit freshwater wetands
throughout central and south Florida. There is
considerable variaion in the  physiographic
characteristics and specific plant communities that
comprise Snail Kite habitat (reviewed by Sykes et al.
1995). Our objectives did not warrant documentation of
micro-habitat use by kites, nor was our sampling (often
by aircraft) conducive w recording such data. However,
for some analyses we wanted 0 incorporate the effects
of at least a broad classification of habitats being used by
kites. This classification had © be broad enough to
enable assignment of 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 we assigned each location w0 one of five
habitat types: (1) graminoid marsh, (2) cypress prairie,
{3) Okeechobee, (4) northern lakes, and (3)
miscellaneous peripheral. Graminoid marshes (Fig. 2-3)
were generally slough and wet prairie communities
(Loveless 1959). We distinguished cypress prairies (Fig.
2-4) in that a dominant feature of the landscape profile
was comprised of cypress. This habitat occurred
primarily in western WCAJ3A, and portons of the Big
Cypress Navonal Preserve and Loxahatchee Slough.
The littoral zone of Lake Okeechobee is an extensive
system of diverse marsh habitats, and consequently had
elements of at least three of our other habitat types (i.e.,
graminoid marsh, northern lake, and highly disturbed).
Because of this high local diversity we were unable to
assign locations w a particular type without extensive
ground verification. Even then, birds often used more
than one of these habitat types within a given day. Thus,
we assigned locations at Lake Okeechobee (Fig. 2-5) to
its own habitat type. The northern lake habitat type (Fig.
2-6) consisted primarily of lakes within the Kissimmee
Chain-of-Lakes, but also included a few lakes along the
Lake Wales Ridge. In contrast 10 Lake Okeechobee, this
habitat type generally was comprised of a narrow littoral
zone (usually < 200 m) on the periphery of these lakes.
This lioral 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 (Scirpis spp) or cattail (Typha
spp). Primary nesting areas were often a zone of cattail



andfor willow (Salix spp) in the shallower zone adja-
cent to foraging areas. The peripheral habitat type (Fig.
2-T) was comprised primarily of agriculiural areas.
These included retention ponds for citrus groves, ag-
ricultural ditches, and other miscellaneous, usually
highly disturbed, habitats. Larger canals, not neces-
sarily associated with agriculture, were also included
in this habitat type.

For some analyses we had insufficient data 1o

Figure 2-3, Graminoid marsh habitar tvpe.

Figure 2-3, Cypress praivie habitar tvpe.

partition locations into each of these habitat types. Con-
sequently, for some analyses we assigned locations to
an ¢ven broader category of lakes (i.e., Lake
Okeechobee, the northern lake habitat type, and per-
manently flooded canals [<0.001% of our 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)
with those that dried periodically.




Figure 2-5 Lake Okeechobee habitat tvpe.

Figure 2-6. Northern lakes habitat tvpe.

Figure 2-7. Peripheral habirat ivpe.




METHODS

Chapter 3.

1o provide suthicient detail of our methods and
stil kcep 1t readable for general audiences we have
split up some of the information between the text and
appendices. In the text, we have tried to provide a
more g neral l.:l."‘--\.TI|"|I.'-IZ ol our methodls ing II-.|I"|5‘: e
appropriate citations for analytical procedures. How
ever, for some analyses we have provided a more de
tailed description, including the corresponding formu
lae 1in appendices. Because we also make use of exten
sivie notation, which tor readers not tamiliar with soch
notation, can be confusing, we have also provided a
summary (Appendix 3-1) of notation used through

oul this repor
Overview of Field Methods

Radio telemetry and mark-resighting (band
i"-." were two pnimary ficld methods used to estimate
survival and movement probabilities. The combina

tion of these two methods l'l'-."«|:_|:_ da -_||"|||‘\-|';_'!|-_'||x Ve
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assessment of these i'.EI'.II:'Il.'|I.'|"H- and WETE COMmplemen
tary to each other. Radio telemetry enabled assess
ment of “within-year”™ patterns of both survival and
movement. T'his allowed us to determing such things
as the cause of death of an animal or what the environ-
mental conditions were at the time an ammal moved
Mark-resighting 15 intended 1o assess “between-vear™
patterns of these parameters. This approach was a

much more cost efficient method for estimating an
nual survival. We are also exploring its potential to
estimate population size of Snail Kites. Within-veai
patterns could not be determined using the mark-
resighting approach: however, we had hypothesized
that the primary factor that regulates Snail Kite
populations is periodic drought (Takekawa and
Beissinger 1989, Beissinger 1995), which is a between
vear phenomenon. Thus, the ability to detect diffes
ences and to estimate survival tor drought phenomena
can theretore be assessed ||"--i'|!_' II!.I'.L-I'I.'Hi_E‘_l'Ii."lg'

methodoloay,



Capture and Marking of Animals

We captured adult snail kites primarily using a
net gun (Mechlin and Shaiffer 1979). We initially tried
to caplure kites using a variety of noose carpets {Snyder
et al. 1989b) and traps. These methods proved ineffi-
cient and indicated a relatively strong heterogeneity
(catchability ) among individuals that could have biased
our sample. Some individuvals would actively avoid
perches or food that were associated with traps, while
others showed no apparent avoidance. We decided 1o
use the net gun after careful evaluation of the potential
risks (i.e., injury, death, or nest abandonment) and ap-
parent poor success and potential for bias in other tech-
nigues,

The net gun propels a 10-foot triangular nylon
net using 22 caliber blank cartridges. The projectiles of
the net gun were encased in foam rubber to reduce the
chance of injury. Most captures were of adults while
tlying close during nest defense. We also captured some
foraging birds although this was less effective. To fur-
ther reduce the potential for injury, we did not shoot at
birds that were: (1) closer than 7-8 m. (2) in a defense
dive toward us, or (3) in a position where the vegetation
below the bird posed a risk {e.g., too high to retrieve the
bird). We almost always were able to retrieve the bind
within 60 s of capture. In order to reduce the risk of
nest abandonment, we did not attempt to capture birds
in the early stages of nesting (e.g., courtship or egg lay-
ing). We attempted to capture birds primarily after eggs
had hatched, although a some birds were inadvertently
captured during the incubation period while engaged in
group defense of an adjacent nest.

All adulis captured and most nestlings encoun-
tered at fledging were banded with U.S. Fish & Wild-
life Service bands as well as a uniquely-numbered-an-
odized aluminum band. The anodized-aluminum bands
enabled an individual to be identified from up to 40 m
{a distance not difficult to obtain with snail kites) using
a spotting scope. The banding of nestlings was con-
ducted in a cooperative effort with the Florida Game
and Fresh Water Fish Commission (GFC). Biologists
with the GFC were banding Snail Kites as part of other
ongoing studies using colors to designate natal wetlands.
Consequently, we provided GFC biologists our anod-
1zed numbered bands which enabled us to identify indi-
viduals in the field using colors needed for their respec-
tive studies.

In addition o leg bands, all adults and some
Juveniles (below) were equipped with radio transmit
ters. Radio tagging more than one juvenile per nest
would have allowed us to explore some questions about
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Male Snail Kite fitted with radio transmitter.

the tendency for siblings to disperse together; however,
it would have violated the assumption of independence
required for our survival analysis. Consequently, a
maximum of one juvenile per nest was equipped with a
radio transmitter.

All radio transmitters were equipped with a
mortality switch that upon prolonged lack of motion (=
6 h) altered the pulse rate such that we could remotely
determine if a bird were dead or had dropped its radio.
Radio ransmitters were attached using a backpack har-
ness. Harnesses were made of four separate pieces of
fa" Teflon abbon which were securely fastened at the
ransmitter, but were sewn together at the breast with a
single cotton string. This cotton string attachment was
intended as a “weak link™ which would allow the trans-
mitter to fall off cleanly as the string weakened and broke
over time, The 15 g transmitters were approximately
3.5% of the body weight of adult snail kites (X, =427
g) and 3.9% of the body weight of juveniles at the time
of fledging (% =384 g) (Darby et al.. in press), which
were within the 5% required by our permits.

Sampling Protocols

For our sample to be representative of the state-
wide population we targeted the sample from each lo
cation o be proportional to the preceding annual count
made approximately 3 months prior to trapping, Our
goal was (o annually (for three consecutive years) cap-
ture and radio tag 100 snail kites of which 60% were
adults and 40% juveniles. Our targeted ratio of adults 1o



juveniles was intended to emphasize adult survival
because demography of long-lived avian species (e.g.,
snail kites) ends to be more sensitive to adult rather than
juvenile survival (Young 1968, Grier 1980, Beissinger
1995). Additionally, we targeted a 50:50 sex ratio of
adults to keep our sample balanced. Our annual sample
size of 100 was based on estimates of the statistical
power to distinguish survival differences among groups
(e.g., age or sex) or time periods (Fig. 3-1). We
estimated power assuming a hbinomial distribution
because we intended to0 use a binomial estimator for
movement probabilities (below) and the Kaplan-Meier
estimator for survival analyses (below) which is an
extension of a binomial estimator that enables censoring
and staggered entry of animals (White and Garron
1990). Consequently, a binomial estimator was our best
starting point from which to estimate power prior o
actual collection of data. We used an initial survival
estimate of 0.90 as a null hypothesis (H,) based on
previous speculation (Nichols et al. 1980, Snyder et al.
198%a). We then computed power for the alternative
hypotheses (H,) of 0,80, 0.70 and 0.60 using a range of
potential sample sizes. This analysis indicated that
substantially smaller sample sizes than those we targeted
would have had litde power to detect even large
differences in annual survival.

Sample sizes needed for capture-recapture data
are highly dependent on estimates of re-sighting
probability for which we had no preliminary indication.
Consequently, our goal was to band as many birds as
logistically possible to evaluate whether this method had
sufficient power given the sample sizes of banded birds
and resightings we were able o obtain.
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Figure 3-1. The probability (power) of detecting differences
in survival based on wring different sample sizes. We
assumed a binomiol distriburion and an initial survival
egtimate of 0.9 |
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Monitoring Protocols

We attempied 10 locate all radio-tagged kites bi-
weekly. At this frequency we were likely to detect most
major movements and had a reasonable probability of
finding most dead birds before they were oo
decomposed to determine cause of death. Given the size
of our study area, more frequent locations would have
required considerably more effort and expense. Also
because of the size of our study area, searches were
conducted most efficiently by aircraft. Even by aircraft,
only a small portion of the potential habitat could be
adequately covered during any given flight.
Consequently, we flew approximately two times per
week (for = 4-5 h each flight) to obtain our bi-weekly
locations, We also verified the status (i.e. alive or dead)
and location of birds on the ground (i.e., by airboat or
from levees) whenever we visited each area,

Mark-resighting was conducted from March
through June of each year. Using this period enabled
simultaneous estimates of survival along with recruitment
through mnest monitoring and created additional
advantages. For example, the tendency for a bird to
remain in proximity of its nest increased our ability to
read band numbers (i.e., a resighting) of an individual.
Nest visits were also required for the marking of
individuals (i.e., fledglings), making for an efficient use
of our effort by simultaneously monitoring nesting
success. During nest monitoring we checked the adults
at each nest for leg bands, in addition to other non-
nesting birds observed, and attempted to read the bands
of all birds encountered.

Estimation of Survival

THE KAPLAN-MEIER ESTIMATOR

We estimated survival (@) of radio-tagged kites
using a staggered entry design (Pollock et al. 1989) of
the Kaplan-Meier product limit esumator (Kaplan and
Meier 1958). Detailed descriptions of the estimator and
its properties can be found in Kaplan and Meier (1958),
Cox and Oakes (1984), Pollock et al. (1989a), and
White and Garrott (1990); formulas are provided in
Appendix 3-2.

This estimator is preferred to other estimators
because (1) no assumptions are required about the hazard
function (e.g., constant survival over intervals){White
and Garrott 1990, (2) the estimator allows for staggered
entry of radios (i.e., radios can be added to the
population at any time){Pollock et al. 1989), and (3) the



estimator allows censoring (i.e., radio failure or
loss)(White and Garrott 1990). We used an arbitrary
starting date of 15 April for our survival estimates. At
this time we had a réasonable sample (n = 16 during our
15t year) to allow estimation of survival. Birds captured
after 15 April were included in the anmalysis in
accordance with the staggered entry procedures
described by Pollock et al. (1989) and anmual survival
each year was estimated from April 15 to April 14. All
calculations were conducted in SAS (SAS Inc. 1988)
using variations (for our specific data) of the program
provided in White and Garrott (1990).

Comparison among groups— For comparison
among survivorship curves generated by the Kaplan-
Meier estimator we used the log-rank tests (Savage 1956,
Cox and Oakes 1984). For a log-rank test, each time
step is treated as a 2 x 2 contingency table. Detailed
descriptions of the test and corresponding formulae are
provided in Appendix 3-3. While alternative tests are
possible, the log-rank test is easily generalized to the
staggered entry design (Pollock et al. 1989). Cox and
Oakes (1984) describe three variations of the log-rank
test based on slightly different procedures for estimating
the variance for the number of deaths (d,). The tests
differ slightly in their Type 1 error rate and
corresponding power. Unless otherwise stated, we have
reported only the results from the most conservative test
(i.e., less likely to make a Type I error, but having
lower power). However, when the significance levels
were questionable (i.e., at or near «=0.05) we reported
all three test results for comparison. All of the variations
assume conditional independence and asymptotic
normality of d; (Cox and Oakes 1984, Pollock et al.
1989, White and Garrott 1990).

THE CORMACK-JOLLY-SEBER MODEL

We estimated annual survival from banding data
using the capture-recapture (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 an extremely flexible unified framework capable
of handling a variety of models ranging from simple to
complex models of survival including effects of
individual characteristics (e.g., age and sex),
environmental variables (e.g., weather), and the ability
t incorporate transition probabilities and multiple states
(e.g., exchange among geographically stratified
populations)(Lebreton et al. 1992, Nichols 1992,
Brownie et al. 1993, Nichols et al. 1993). This
increased flexibility has shified the emphasis of CJIS
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models from primarily parameter estimation to a
powerful tool for testing biological hypothesis about the
life history parameters being estimated (Lebreton et al.
1992, Nichols 1992).

Unlike radio ilemetry data, where survival is
estimated on a relatively continoous-time basis
(estimation is discrete at the interval of obtaining radio
locations), survival from banding data is estimated for
discrete time intervals, which are usually yearly. Our
capture and resighting period corresponded with the peak
time of fledging (March-June). Thus, survival estimates
are not strictly anoual, but rather can be roughly
interpreted as survival from one breeding season to the
next, regardless of whether a given animal was breeding.

The basic probabilistic framework for estimating
survival lies in the estimation of two parameters. Let &,
denote the probability that an animal is alive and in the
population at time f + 1 given that the animal was alive
at time ¢, and let p, denote the probability that an animal
alive and in the population at time r is seen (i.e.,
recaptured or resighted). As such, the probabilities of
survival (@) for each sampling occasion (for this study
each occasion equals 1 year) can be described (Fig, 3-2).
Unfortunately, without radio telemetry, we usually do
not know if an animal survived over an interval; we only
know whether or not it was observed. We summarize
this knowledge in the form of capture (resighting)
histories for each individual marked during the study
(Fig. 3-3). For example, a capture history of {11 1}
indicates that an animal was seen on each of 3 occasions
for a 3-occasion study. Similarly, a capture history of {1
0 1} represents an animal that was seen on occasions |
and 3, but not seen on occasion 2.

We can then represent each capture history in
the form of a probablistic model wsing the parameters &
and p (Table 3-1). From this probabilistic framework,
parameters were estimated using maximum likelihood
estimation. Maximum likelihood estimates (MLE) in the

Time 1 Tiresa 2 Tima 3 Time 4
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Figure 3-2. The probabilistic framework for estimating
survival over 4 time periods. Adapied from Nichols (1992).
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Figure 3-3. Diagram of events that result in sach of 4
capture histories for antmals released ar rime 1 in a 3-
occasion Cormack-Jolly-Seber (CI5) model. Adapted from
Nichols (1992).

comtext of survival analyses are described in considerable
detail elsewhere (e.g., White 1983, Brownie et al. 1985,
Pollock et al, 1990, Lebreton et al 1992); however, for
our purposes, it is important o recognize that an MLE is
asympiotically unbiased, normally distributed, and has
minimum variance (White 1982, Brownie et al. 1983,
Lebreton et al. 1992). These properties make MLE well
suited for our purposes compared to other estimators. An
additional advantage of MLE is that it enables the
resulting models 0 be evaluated in the context of
likelihood-ratio framework for hypothesis testing (White
1983, Lebreton et al. 1992)(see Likelihood Ratio Tesis
below). All parameter estimation of CJS models was
conducted in either Program SURVIV (White 1983,
White and Garrott 1990) or MSSURVIV (Hines 1994).

Table 3-1. Possible capture histories for animals
released ar fime 1 and coresponding probabilines
Jor a Cormack-Jolly-Seber model with 4
occasions., Caprure histories and probabilities for
arimals releared ar times 2 and 3 of this model
are not shovwn.

Capture
History

Probability

1111 @ p, Pp, Pp,

i 1110 & p, Bp, (1-Fp)

1101 & p; . (1-p,)Pp,

1100 Sp.[1-dp,- S (1-p,)Ppl
1011 @, (1 -p) &, p, Pp,

1010 @, (1-p) P, p, (1 - P

1001 @ (1-p)®(1-p)Pp, ;
1000 1 - {all terms above) ?

MEAN LIFE SFAN

We estimated mean life span (MLS) for adults
using the estimator introduced by Cormack (1964):
1

()

MLS , =

This approach assumes constant survival among years
(Cormack 1964); however, when the above estimator is
considered as an approximation, Brownie et al. (1985)
suggest that this eshmate is useful when computed from

mean annizal mn"-rival{tﬁ,). Our data also do not indicate
a violation of the assumption of constancy for adults.
Onr data do indicate that juvenile survival is lower than
adults for approximately the first 100 days post fledging
after which it is similar to adult survival. Thus, our
estimate of adult MLS,, is applicable to birds conditional
upon their survival of the first 100 days. It has also
been suggested by numerous authors (e.g., Sykes 1979,
Beissinger 1986, Rodgers et al. 1988, Snyder et al.
19892} that there is increased mortality associated with
droughts., Beissinger (1995) estimated adult survival
during droughts to be 0.60. This was based on the
average difference in the annual count for drought years
after 1973 (Beissinger 1995)(but see discussion in
Monitoring Snail Kite Papularions in Florida). Based on
ancillary evidence (e.g., band sightings from known-age
birds), we believe Beissinger's survival estimate for
drought years is substantially low. To our knowiedge,
no reliable data exist for estimating survival during
droughts (although we have a mark-resighting program
in place to derive such estimates when future droughts
occur). Consequently, we estimated MLS using a range
of hypothesized estimates for drought-year survival
ranging from Beissinger's (1995) estimate of 0.60 w0
gstimates that we believe are more reasonable,
Beissinger (1995) also suggested that survival in lag
years {i.e., one-year after a drought) was 0.90 based on
radio telemetry of eight adult Snail Kiies that were
radiced during the 1981 drought (7 of 8 survived and the
fate of the other was unknown)(Snyder et al. 1989a,
1989b). We are unclear as to what extent this estimate
applies to lag years versus drought years (the radios were
attached in May and June when water levels were
lowest) and the actual survival of these hirds was
0.885<®<1.00. However, for lack of a betler
estimate, we also included this estimate as a hypothesized
value for lag years.

Brownie et al. (1985) derived an analogous
estimator for the expected life time E(T) of juveniles as:
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Thus, for our application this estimates the expected life
time of a juvenile conditional upon it surviving to
fledging (i.e., when birds are banded). I includes the
first 100 days post fledging, but does not include the pre-
fledging nestling period.

Estimation of Natal Dispersal of
Juveniles

Matal dispersal of birds has been defined as the
dispersal of juveniles from their natal site to the sie of
their first reproduction or potental reproduction
(Greenwood and Harvey 1982). Unlike maost species for
which natal dispersal has been described, Snail Kites
exhibit nomadic tendencies and may breed colonially or
solitarily throughout their range (Sykes et al. 1995),
Consequently, the assessment of whether or not a site is
a potential breeding site is rather ambiguous. Thus, for
the purposes of this study, we have defined natal
dispersal as the initial dispersal of a bird from its natal
wetland regardless of whether or not there was potential
for breeding at the site to which it dispersed.

We estimated the cumulative probability of natal
dispersal of radio-transmitted birds using the Kaplan-
Meier product-limit esimator (see above), For this
analysis, a juvenile was comsidered w 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 its natal wetland. Any
movements subsequent to initial dispersal were ignored
for this analysis, but were included in our estimation of
movement probabilities (below). Birds were censored if
either we were unable 10 locate their radio signal or if
they were known io have died prior to dispersal from
their natal area. For clarity, we report these results as
the complement of our estimate (the actual estimate is the
probability of not dispersing). Log-rank tests were used
for comparisons among dispersal functions.

Estimation of Movement
Probabilities

We estimated the conditional probability of
radio-transmittered kites moving (¢) or staying (1 - )
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at a given location f over a finite time pedod rtor + 1
(one month) as a simple binomial parameter, conditional
upon the animal being alive and its location known at ¢
and r + 1 (Appendix 3-4). A one-month time interval
was based on our sampling frequencies.  Although the
average time between consecutive locations was 13.5 days
(our targeted interval was 14 d), there was considerable
vanability in this parameter. ' We estimated the upper Jimit
of a 95% confidence interval for the ume between
locations as 29 days. Thus, we were reasonably certain to
have located all birds within our study area every 29 days.
For the ease of interpreting our results we used calendar
months as the time step for these analvses.

There were alternative approaches to estimating
movement probabilities that did not rely upon a fixed
time interval (i.e., variations of the Kaplan Meier);
however we chose a fixed time interval because it allows
more straightdforward interpretations of our resulis. The
estimates derived from a variable-time estimator would
have been confusing because each estimate would be
associated with a different length of time. One problem
with using a fixed time mterval is that some birds may
have moved more than once during our interval. However,
this problem is inherent in our data regardless of what
analysis approach was used because opur sampling of radio
locations was not continuous.

Model Selection as a Basis for
Data Analysis

ANALYSIS PHILOSOPHY

Although the philosophy and statistical methods
we used for much of our daea analysis have become
increasingly more common in ecological literature and
are described in considerable detail elsewhere (e.g.,
Burnham and Anderson 1992, Lebreton et al. 1992,
Brownie et al. 1993, Nichols etal. 1993, Anderson et al.
1994, Spendelow et al. 1995), some of the statistical
tools we used may not be familiar w0 some readers.
Consequently, we present a brief general discussion of
our approach. A cnitical concept to our approach to
data analysis is that a given amount of data will support
only limited inference (Burnham and Anderson 1992).
Given that premise, we treat data analysis as a problem
of optimization, rather than strict elimimation of
alternative hypotheses based on arbitrary criteria (e.g.,
o Jevel). We also recognize that data ofien will suggest
more than ope model as being appropriate (McCullagh
and Nelder 1989), and that we must integrate biological
common sense into our statistical inference.



The Principle of Parsimony— We use the
principle of parsimony as a basis for model selection.
We begin with the recognition that all models are wrong
(McCullagh and Nelder 1989). Given this recognition,
our goal is o be able to make generalizations about the
system we are trying to model that are supportable by the
data. If we incorporate all possible effects (including
their interactions) into our model, we will have the best
fit of the data. The problem is that we will not have
learned anything. As the number of parameters in a
model is increased, the fit of the model to data will
improve. The cost, however, fnnnq:re-.aslngdmnmnhtr
of parameters in a model is that precision of the
parameler estimates decreases (i.e., the confidence
intervals increaseBurnham and Anderson 1992,
Lebreton et al. 1992)Fig. 34). Thus, the goal of our
amalysis is 0 find a good balance between having enough
parameters in the model to adequately describe the
underlying patterns, but not so many 50 as to defeat the
purpose of making generalizations. Thus, a
parsimonious model is one which remins only those
parameters that are warranted (judged using the tools
such as likelibood ratio tests and Alkaike's Information
Criterion [AIC] described below) and eliminates
excessive parameters (Lebreton et al. 1992),

Variance

-|—\_|_-_-_

Number of Parameters

klay

Figure 3-4. Conceptual tradeaff between precision (low
variance)idotted line) and bias (rolid line) as a_function of the

number of parameters in a model (After Burnham and
Anderson 1992), |

Starting Point-- Whenever possible, we tried to
evaluate 2 full specrum of models, However, in some
cases the number of parameters in more saturated
models (i.e., with many main effects and interactions)
was prohibitively large (e.g., >200). These more
complex models also usually contained some parameters
that were not identifiable or estimable (see discussion in
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parameter identifiability in Lebreton et al. 1992).
Consequently, when we were unable to evaluate a full
suite of models, we used the starting procedures
described by Hosmer and Lemeshow (1989). Their
approach begins with a univariate assessment of each
main effect. Effects that ace significant at a liberal
o={25 are reained for further evaluavon. This liberal
rejection criterion retains main effects that may have an
influence in an interaction that might have been masked
during initial tests. The next step was to evaluaie a
muldvariate model with all of the retained main effects,
but lacking interactions. Effects that were retained at
this stage were further evaluated including their
intéraction effects. This approach enabled us 1o reduce
the parameter space for more complex models down to
a more manageable level, while retaining the integrity of
the analysis.

THE LIKELIHOOD RATIO TEST

One of the advantages of maximum likelihood
estimation (MLE) is that it enables a likelihood ratio
testing framework. Likelihood ratio tests (LRT) allow
testing hypotheses about whether the addition of
parameters to a model significantly improves the fit of
that model. The test statistic is:

(<))

=)

-2in = -2 [In(¥) - In(4))]

where ¥ is the likelihood for a given model evaluated at
its maximum, and is distributed as x* with np, - np,

degrees of freedom, where np is the number of
estimable parameters. The null hypothesis (H,) is that
the reduced model (i.e., the model with fewer
parameters) fits equally well as the more general model
(i.e., the model with more parameters). Thus, a failure
o reject H, indicates that the addidonal parameters of the
more general model are not warranted. A limitation of
LRTs is that they are limited to pairwise comparisons
and that the models being compared must be nested (i.e.,
one is a reduced subset of the other). Consequently, for
non-nested models and for multiple comparisons we used
Alaike’s Information Criteria (AIC)(below) 1o compare
models.

AKAIKE'S INFORMATION CRITERION

In contrast 10 using a LRT for hypothesis testing,
where the intent (in the context used for our analysis) is
to test whether the addition of a particular parameter(s)
improves the fit of a model, the use of Akaike's



Information Criterion (AIC){Akaike 1973, Sakamoto et
al. 1986, Shibata 1989, Anderson et al. 1994) provides
a systematic approach to the analysis of complex
multidimensional data, and it removes the limitation of
nested models required by LRTs (Burnham and
Anderson 1992, Lebreton et al. 1992, Anderson et al.
1994),
Akaike's Information Criterion is defined as:

=2 In(d) + 2np

where In(2) is the log-likelihood function evaluated at
the maximum likelihood estimates (Akaike 1973). The
first term of AIC (i.e., -2 (&), called the relative
deviance (Lebreton et al. 1992), is a measure of
goodness-of-fit of the model and the second term (i.e.,
2np) can be viewed as a cost for adding excessive
parameters (Lebreton et al. 1992). The properties and
benefits of using AIC as a model selection tool have been
extensively documented (Shibata 1989, Burnham and
Anderson 1992, Anderson et al. 1994, Burnham et al.
1994).
We emphasize that the notion of finding one
“true” model for complex hiological data is unlikely, and
often more than one model may be indicated as being
appropriate for a given data set (Burnham and Anderson
1992). Anderson et al. (1994) suggest viewing model
selection in the amalopous comtext of confidence
intervals, rather than point estimation, such that the
selection process often indicates a range of models that
are appropriate, rather than a single model. Thus, as the
differences in AIC become smaller, s0 does the statistical
basis for distinguishing among alternative models
(Burnham and Anderson 1992), Sakamoto et al. (1986)
suggests that AIC differences of >1-~2 should be
considered as statistically significant. Models within this
range were consequently judged not to be more or less
suitable based on AIC criteria alone,

ESTIMATING POWER

In the context of hypothesis testing, the results of
a given statistical test can have only one of four possible
outcomes with respect to “truth”; two that are correct
{i.e., are consistent with truth) and two that are
erroneous (Table 3-2). The Type I error rate (i.e., &)
is reported as a standard protocol for reporting the
outcome of statistical tests. Unformumately, the Type II
error rate (i.e., ) is often overlooked.

Power is defined as | - f, or the probability of
not commiting a Type Il error. Estimation of power
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Table 3-2. Four outcomes with respect to truth of

the null hypothesis H, and their corresponding
errors (Afrer White ev al. 1952). !
T ——— |
|
Decision Based

g H, True H, False
Reject H, T“"'{Lf"“ No Error
Fail to Reject H,  No Error Tﬂ“{%&:“

requires specifying the Type I error rate (&) and an
alternative hypothesis (H,) 1o the mull hypothesis (H ).
We have anempted to report power for tests where we
fail to reject a specified altermative hypothesis, If
otherwise unspecified, all Type 1 error rates for power
estimation were & = 0,05, In most cases we have used
more than one alternative hypothesis H, and express
these hypotheses in the form of a systematic departure
{4} from the null hypothesis H, , so that we may evaluate
power over a range of hypothesized differences. We

usually express these alternative hypotheses as:
H(6 = A+8

where & is a given parameter (e.g., survival or
movement probability), and 4 is the departure from H,
imposed on that parameter. For example, if 8=0.8
under our null hypothesis and 4 = (.95, then © under
our alternative hypothesis would be 0.95%0.8 = 0.76

We evaluated the power of a given test by
simulating an effect on the actual data (Lebreton et al.
1992). We generated expected count data under an
altermative model H, (as abowve) that included the
differences () we intended w0 evaluate, These expectad
values were then analyzed as if they were real data
(Drost et al. 1989, Lebreton et al. 1992). The resulting
test statistic asymptotically has a non-central chi-square
distribution and can be used to approximate the non-
centrality parameter for an alternative hypothesis H, 1o
the null hypothesis H, of no effect.  The probchi function
(SAS Inc. 1988) enables us o then estimate 5 (i.e., the
Type 11 error rate) using this non-centrality parameter
for a specified & (in this case a=0.05). Power is then
estimated as 1 - &



LOGISTIC REGEESSION AND LOG-LINEAR
MODELS

For some analyses of the influences of survival
and movement probabilites, we used a conditional
logistic regression or log-linear models based on one
month time intervals (see discussion of time interval
under Estimation of Movement Probabilities). 'We used
logistic regression in cases where there was a binary
response variable (i.e., survival or movement)(Cox
1970, Cox and Oakes 1984, Hosmer and Lemeshow
1989). Because individual animals can move more than
once, we are assuming conditional independence (e.g.,
that the probability of moving between times f and ¢ + 1
is not dependent on whether that animal moved during
the previous interval).

We used log-linear models for cases where there
was no designated response variable, but rather, for
exploration of interactions in multi-way cross tabulation
(e.g., the probabilities of movements between specific
locations)( Agresti 1990, Everitt 1992), We used MLE
for the parameter estimation from both logistic and log-
linear models (SAS inc. 1988) and consequently, could
apply all of the model selection tools described above.

THE ANALYSIS OF RESIDUALS FROM CROSS-
CLASSIFICATION MODELS

In some cases in our analysis of cross-classified
models (e.g., contingency tables or log linear analyses)
we make use of the residuals for exploring the
contributions of individual cells to the overall test
significance. We do not use this approach in a
hypothesis testing or model selection capacity as
described for LRTs or AIC; but rather, to further
describe patierns already detected in our analysis. This
is often done informally by inspection of deviations from
expected values. A problem, however, with this
approach is that a fixed deviation does not have the same
importance across all sample sizes (Everit 1992),
Consequently we used standardized residuals (Agrest
1990, Everitt 1992) for evaluating the contribution of
individual cells to the overall model significance from
models in which the expected values were derived from
an a priori hypothesis,. Where expected values were
derived from the marginal totals, we evaluated cell
contributions using adjusted residuals (Haberman 1973).
Adjusted residuals are normally distributed with a mean
of zero and a standard deviation of one such that a
residual of 1.96 corresponds with an « of 0.05.
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MULTIFLE COMFPARISONS

Throughout this report we have conducted
numerous statistical analyses, often involving multiple
comparisons of the same parameter.  Multiple
comparisons can result in an inflated alpha () level (Day
and Quinn 1989, Fowler 1990); however, the complexity
of many of our analyses would enable several approaches
to correct for this inflaion. Consequently, unless
otherwise stated, we did not attempt to adjust the o level.
Thus, the reader is cautioned to consider the number of
multiple comparisons when interpreting our results.



Chapter 4. SURVIVALAND MORTALITY

Longevity

Aykes (1979 observed known-age birds
2-8.8 vears old. He suggested that
the maximum life span of Kites in the wild 15 probably
at least 10 vears. Beissinger (1986) later reported
known-age birds of 10-13 vears. Snail kites from South

America (Rostrhamins sociabilis sociabilis) have lived

Florida that were 7

and been capable of reproduction in captivity to 15
vears (G. Gee, National Biological Service, Fatuxent
Environmental Science Center, pers. comm. ). Cur ob
servations sugeest that Snail Kites in the wild are ca
pable of living (and breeding) until at least 18 years of
age and may commonly live 13-15 years. In 1993 we
captured one bird that was banded as a juvenile by
Paul Svkes in 1976. This bird successfully raised one
brood at 17 years old and may have made a second
nesting attempt that vear. The bird was observed again
at a nest with eggs during 1994, Thus, Snail Kites in
the wild are capable of living and breeding to at least

| 8 vears. In addition to this bird, we captured another
bird in 1993 {also nesting) that was banded as a juve
nile in 1978 by Moel Snyder. We read the USFW5
bands of two other birds banded that same year. These
birds were each 15 years old at the time of observa
tion. We also observed several birds (=10} that had
plastic color bands of a type not used since 1978, We
were unable to read the USFWS band and. conse
guently, could not determine their exact age due to the
potential of band loss and fading of colors. However,
these birds had to be =135 years old. We also observed
an additional 23 individual kites that were banded by
MNoel Snvder and Steve Beissinger in 1979, These birds
had numbered PVC bands that enabled individual rec
ognition without having to read the USFWS band
(Snyder et al. 1989a). Given that our CJS models in-
dicated that the probability of resighting a bird in any
given year was low (overall = 0.21), there probably
wene several other birds from the 1979 cohort that were

stll alive bul were undetected,



{drought), and d5£ (lag year).

Table 4-1. Mean life span (MLS) for adult Snail Kites and expected life time E(T) for juvenile
Snail Kites, given estimated parameter values for adult (ad) and juvenile (juv) survival (D)
during high water and hypothesized parameter values for the drought interval (years), @,

Hypothesized & Hypothesized  Hypothesized .

Drought ad Ld D, D MLS,;, E),

Interval (High Water) (Drought) (Lag_Year) ™
5 0.91 0.6 0.9 0.58 6.0 4.2
5 0.91 0.7 0.9 0.58 7.0 4.8
5 0.91 0.8 0.9 0.58 8.3 5.6
5 0.91 0.9 0.9 0.58 10.1 6.6
6 0.91 0.6 0.9 0.58 6.5 4.5
6 0.91 0.7 0.9 0.58 7.4 5.1
6 0.91 0.8 0.9 0.58 8.6 5.7
6 0.91 0.9 0.9 0.58 10.2 6.7
7 0.91 0.6 0.9 0.58 6.9 4.7
7 0.91 0.7 0.9 0.58 7.7 53
7 0.91 0.8 0.9 0.58 8.8 5.9
7 0.91 0.9 0.9 0.58 10.3 6.7

Mean Life Span (MLS)

Beissinger (1986) suggested that the average
adult life span of Snail Kites in the wild is 5-8 years.
This suggestion was based on presumed mortality
associated with droughts, based on differences in
consecutive counts from the annual Snail Kite survey.

Our results, based on Cormack’s (1964)
estimator, suggests that, given a bird has survived 100
days post-fledging, mean life span (MLS) for adults
ranges from 6.0 to 10.3 years (depending on the
assumptions made about drought intervals and survival
during droughts), and the expected life time E(T), based
on the estimator of Brownie et al. (1985), for a newly-
fledged juvenile ranges from 4.2 to 6.7 years (Table 4-
1). Improvements on these estimates should be possible
as data on drought-year and lag-year survival become
available (a monitoring program is in place to obtain
these data, provided that funding is available to maintain
this effort). These estimates also do not take into
account the potential for senescence (i.e., declines in
survival rates as age increases).
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Estimation of Survival from Radio
Telemetry

We attached a total of 282 radio transmitters,
representing 271 individual Snail Kites with 11 birds
having been recaptured in a subsequent year and their
radios replaced. We were slightly short (82%) of our
targeted sample size of 100 birds during 1992 (Table 4-
2); but fully attained our targeted sample sizes in 1993
(Table 4-3) and 1994 (Table 4-4). We were very close to
our targets of age and sex ratios of our sample. The
overall age distribution of our sample was 59% (165 of
282) adults and 39% (117 of 282) juveniles; our target
was 60% adults and 40% juveniles. We had a total of 82
males (49.7%) and 83 females (50.3%); our target was
50% of each. We had a few minor discrepancies
between the distribution of our samples each year and
the preceding annual counts; however, most of these
resulted from shifts in the distribution of birds, rather
than an inability to sample from particular areas.



Table 4-2. The number of snail kites captured during 1992 and equipped with radio rransmirers at each locarion

n_f each age class and sex. —
Total 1992 % of % of 1991
Location Adult Juvenile e’ Feanale' Sample  Sample  Count®
WCA-2A 2 T 1] . 2 12 4
WCA-2B 1 0 1 0 1 1 3
WCA-3A 2 0 1 1 2 2 1
Holey Land W.M.A. | 1 1 0 2 2 0
Loxahatchee Slough 2 2 1 1 4 5 7
Lake Okeechobes 19 14 12 & 34 4] 40
Lake Kissimmes 7 1] 5 2 7 9 13
Lake Tohopekaliga 3 7 1 2 10 12 1
5t Johns Marsh 7 & 2 5 13 16 22
_Total 45 37 24 21 §2 100 61’

! Applies 1o adults only, juveniles carmot readily be sexed in the field
* Percentage of kites in each area based on the 1992 annual survey
! Some peripheral areas included in the annual couns were not sampled due 1o absence of birds ar fime of sampling.

Table 4-3. The number of mail kites mpmrsddurﬁtg!?ﬂimwpﬂiniﬁMﬁEMMiﬁﬂsmmﬂlmnﬁmqf
mﬁ_ugecha.:mnd'sat.

e

Total 1993 % of % of 1992

Location Adult Tuvenile Male' Female' Sample Sample Count®
Everglades N.P.* 0 2 0 0 2 2 9
WCA-ZA 5 2 3 2 T 6
WCA-1B 1 1 0 1 2 2 0
WCA-IA i 9 4 2 15 15 15
WCA-IB 2 2 | 1 4 z
Holey Land W_.M.A. 2 1 a 2 3 2
Loxahatchee Slough 7 2 | & 9 2
Lake Okeechobee 20 11 10 10 31 3l 20
Lake Kissimmee 10 3 7 3 13 13 5
Lake Tohopekalign 2 0 0 2 2 3
E. Lake Tohopekaliga i 2 0 1 3 1
5t. Johns Marsh 4 5 4 0 o 11
Total - 40 20 A0 100 100 §5°

! Applies to adults only, juveniles cannot readily be sexed in the field

? Percentage of kites in each area baved on the 1991 annual survey

? ncluding the North East Shark River Slough addirion lands.

! Some peripheral areas included in the annual couns were not sampled due fo absence of birds ai fime of sampling.
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Table 4-4. The number of snail kites caprured during 1994 and equipped with radio transmirters ar each

location of each age class and sex.
Total 1994 %of % of 1993
Location Adult  Juvenile  Male'  Female' Sample Sample  Counf
Everglades N.P.* 0 1 0 0 | 1 3
Loxshatchee N, W.R. 0 1 0 ¢ 1 1 1]
WCA-2A 0 0 0 0 o 0 0
WCA-2B 18 10 8 10 28 28 4
WCA-3A 11 11 & T 22 22 41
WCA-3B 2 ] 1 1 2 2 12
Lake Jacksom 1 0 1 2 1]
Loxahatchee Slough 0 0 0 0 0 4
Lake Okeechobes 10 4 5 5 14 14 13
Lake Kissimmee 9 6 5 4 15 15 5
Lake Tohopekaliga 4 1 1 3 5 5 0
E. Lake Tohopekaliga 2 4 2 0 6 6 3
St. Johns Marsh 3 1 - | 4 4 1
_Total 60 40 28 32 100 100 26"

! Applies 1o adults enly, juveniles cannot readily be sexed in the field
? Percentage of kites in each area based on the 1992 annual survey
! Including the North East Shark River Slough addition lands.

* Some peripheral areas incliuded in the annual count were not sampled due to absence of birds at fime of sampling.

EFFECTS OF AGE ON SURVIVAL

Our estimates of survival for adults were
generally higher than for juveniles in each year of this
study (Fig. 4-1)(Appendix 4-1). Based on log-rank
statistics, adult and juvenile survival estimates differed
for study years (SY) 1992 and 1994, but not in SY 1993
{Tahle 4-5). In both years where they differed, estimates
of adult survival were higher than estimates of juvenile
survival (Table 4-6). However, in 1993 estimaies of
juvenile survival were slightly (but not significantdy, P =
0.869) higher than adult survival. Ancillary evidence
suggests that our estimates for juvenile survival during
1992 and 1993 were biased high (see discussion of
Assumptions, Bias, and Sources of Error). Our data
from banding (i.e., mark-resighting) also indicates an
age effect on survival (below). Consequently, we
believe that real differences exist between adult and
juvenile survival- and that differences were
underestimated for 1992 and 1993.
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Table 4-5. Results of log-rank resis
berween survivorship functions of adult
and juvenile Snail Kites during each
study vear (April 15 - April 14).

Year df Prob
1992 4.611 1 0.032
1993 0,027 1 0.869
1994  29.520 1 <0.001
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Figure 4-1. Estimates of survivorship funcrions of radio-transmittered adult and juvenile Snail Kires during study
. vear (8Y) 1992, 1993, and 1994, Estimates were derived using a Kaplan-Meier estimator. Confidence intervals

for estimates are not shown to minimize clistering, bur are provided in detail in Appendix 4-1.

Meier esfimyztor,

Table 4-6. Annual survival estimates (@) for adulr
and juvenile Snail Kites for 1992, 1993, and 1994,
Survival is estimared from 15 April to 14 April (e.g.,
P for 1992 is estimated from 15 April, 1992 1o 14
April, 1993). Estimares are derived from Kaplan

EFFECTS OF SEX ON SURVIVAL

In contrast to age, survivorship functions did not differ
between adult male and female kites at @ = (.05 (Table
4-T); although there was a slight divergence (significant
at@ = (.1)in these functions during SY 1994 (Fig.
4-2)(Appendix 4-2), We were unable to determine the
sex of juveniles in the field and consequently have no

Age & 5 information regarding survival differences between sexes
%
Class . SE(P) cid foe this age class,
Adult 1992 0962 0.038  0.B88 - 1.000
TEMP EFFEC SURVIV
Adult 1993 0.858 0.063 0.734 - 0.982 iisls 1S OF AL
Juvenile 1992 0.825 0.080  0.668 - 0.981 functions of adult Snail Kites did not differ among years
) at ¢ = (L03; although, S5Y 1992 differed from 5Y 1993
Juvenile 0.867 0.088 0.695 - 1.000 ? '
: i at ¢ = 0.10 (Fig. 4-3)(Table 4-8). In contrast, our
Juvenile 1994 0439 0.090  0.263 - 0.615 estimates of survivorship of juveniles during SY 1994
| differed from both §Y 1992 and SY 1993 (Table 4-9).
!
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Figure 4-2. Estimates of survivorship funciions of radio-transmirtered adult male and female Snail Kites during
study years (8Y) 1992, 1993, and 1994. Esrimates were derived using a Kaplan-Meier estimaror.  Confidence |
intervals for estimates are not shown fo minimize clurtering, but are provided in detail in Appendix 4-2.
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Table 4-7. Results of log-rank tests between

survivorship functions of adult female and
(April 15 - April 14).
Year ' daf Prob
1992 1.667 1 0.280
1993 0.243 1 0.622
1994 2.753 1 0.097'

! Using the altenative tests described by Cox and
Oakes (1984){Appendix 3-3) thar are slightly less
conservalive (Le., have greater power, bt
higher risk of Type | error) we estimated
=277, P=0.095 and y'=2.75, P=0.097 for
alternative tests 1 and 2, respectively.

Survival estimates for juveniles during SYs 1992 and
1993 were very similar, but were markedly higher than
the estimate for 1994 (Fig. 4-4) (but see discussion of
censoring below in section on Assumprions, Bias, and
Sources of Error),

Table 4-9. Resulis of log-rank resis berween

survivorship funcrions of juvenile Snail Kites

during each study year (SY)(April 15-April 14).
————————

Comparison ¥ df Prob

1992 vs. 1993 1.432 1 0.231

1992 vs. 1994 6.156 1 0.013
1993 vs 1994 12,413 L <0.001

1.0 5

0.8

gm_
0.4 4

az -

ag =

0 S0 100 150 200 250 300 350

Day Since 15 April
! Figure 4-3. Kaplan-Meier estimates of survivorship
| functions of radio-rransmirtered adulr Snail Kires
| during each study year {8Y). Confidence intervals
| for estimates are not shown to minimize cluntering,

but are provided in detail in Appendix 41.

L S0

19 0 2500 300 350

Day Since 15 April

10

Figure 44. Kaplan-Meier estimates of survivorship
Suncrions of radio-rransmirered juvenile Snail Kires
during each study year (5Y). Confidence intervals
[for estimates are not shown to minimize clurtering,
but are provided in detail in Appendix 4-1.

| Table 4-8. Results of log-rank rests between
| each study year (SY){April 15-April 14).

1992 v, 1993 2836 1 0.092!
1992 ws, 1904 1.762 | 0,184
1993 vs. 1994 0.480 1 0.486

? Using the aliemative tests described by Cox and
Oakes (1984) {Appendix 3-3) that are slightly less
conservative (1.e., have greater power, but higher risk
of Tvpe I error) we estimated =293, P=0.087 jor
both tests. "
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Seasonal Effects—- It was apparent from
survivorship functions that the risk of mortality (i.e.,
harard function) was not constant over time. Compared
to an expected value for the number of deaths being
equal in each month, mortality of adults tended to be
highest during the winter months (x*=18.00, df=11,
P=0.08), and juveniles during late spring and summer
(x*=39.54, df=11, P < 0.001)(Fig. 4-5). The seasonal
pattern of juveniles corresponds with the first few
months post fledging (Fig. 4-6). Juveniles are becoming
independent of their parents, beginning to forage on their
own, and disperse into unfamiliar areas. Juveniles that
survived the first few months post fledging appeared w0
be most vulnerable at the same time as peak mortality for
adults (i.e., Janmary). Itis less clear why adult
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mortality was highest in winter; however, during this
time cold temperatures tend to lower the availability of
existing food resources (Cary 1983, 1985), and leaves
are absent from willows, which is the most commonly
used species for communal roosting (Sykes et al, 1995,
Darby et al. 1996a). We offer this latter suggestion
because predation was the most common cause of death
of adults. Ancillary evidence suggests that Great-horned
Owls (Bubo virginianus), which forage at night, were the
most common predator. 'We emphasize, however, that
our suggestons for why adult mortality tended to oceur
during winter is purely speculative. Other anecdotal
evidence (i.e., approximately & to 10 birds without
radios found dead at nests) suggested that adults can also
be vulnerable 1o owl predation during nesting while
incubating at night.

SPATIAL EFFECTS OF SURVIVAL

Regional Effects (By Region of Initial
Capture)-- We approached regional differences in
survival two ways. First we tested the hypothesis that
differences in survival were attributable to differences in
the region of initial caprure. For this analysis, a bird
was assigned t0 the region of its initial capture,
regardless of whether it moved subsequent to capture,
For juveniles, the region of capture represents their natal
region; however, in most cases we do not know the natal
origin of adults or their history of locations prior to
capture. Consequently, this hypothesis is biologically
more intuitive for juveniles than adults. Differences in
survival could reflect several aspects of regional quality
{e.g., food abundance).

Overall there were few differences in survival
among regions of capture. Survival of adult birds
capiured in different regions did not differ among any
regions during 1992 or 1993 (Table 4-10)(Fig. 4-7).
During 1994, adult survival differed between the
Everglades and Okeechobee regions and between the
Everglades and Kissimmee regions but not among any
other pairwise combinations,  Juvenile survival differed
between the Everglades and Okeechobee regions during
1992, but no other differences were detected in any year
(Table 4-11)(Fig. 4-8).

We urge caution in interpreting these results.
Partiioning survival into two age classes and five
different regions (no animals were captured in the
peripheral region) often resulted in the number of
animals at risk for a given group (r;) being small.
Although this does not impose bias, it can present
misleading appearances (see discussion of small sample
size in Assumprions, Bias, and Sources of Error).
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each region during each snudy year (5Y).

SY 1992 SY 1993 SY 1994
—Comparison’ A ] ¥ df Prb © df  Prob
EVER vs. OKEE 0.650 1  0.420 0.021 1  0.885 5014 1 0025
EVER vs. KISS -2 - = 0280 1 0.59 6980 1  0.008
EVER vs. USJI -F - - 0.231 1 0,631 - - -
EVER vs. LOXSL nf - - 0.140 1 0.708 e - -
OKEE vs. KISS 0600 1 0439 0.229 1 0.632 0227 1 0.634
OKEE vs. USJ 0350 1 0.554 0.286 1 0.593 0403 1 0525
OKEE vs. LOXSL 0300 1  0.584 0230 1 0.631 -t - -
KISS vs. USJ - - - 0.388 1 0.533 0.621 1 0431
KISS vs. LOXSL - - - 0.031 1 0.860 0051 1 082
VST vs. Lnxsi. — —~ - 0.333 1 0.563 -* - --

! Regions of comparison are Everglades (EVER), Okeechobee (OKEE), Kissimmee (KISS), Upper St. Johns (USJ), and
Loxahatchee Slowgh (LOXSL).

* No deaths occurred of birds from this region during this year; however some sample sizes were quite small (Appendix

4-3)
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Figure 4-7. Estimates of survivorship functions of radio-transmintered adult Snail Kites that were captured from each region during
each study year (5Y). Estimates were derived using a Kaplan-Meier estimator. Confidence intervals for estimates are not shown fo
minimize cluttering, but can be easily estimated from information in Appendix 4-3.
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Figure 4-8. Estimales of survivorship functions of radio-transminiered juvenile Snail Kites that fledged from each region during each
study year (5Y). Estimates were derived using a Kaplan-Meier estimator. Confidence intervals for estimates are not shown 1o
minimize clutering, but can be easily estimated from information in Appendix 4-4.
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Table 41]1. Results of pairwise log-rank tesis berween survivership funcrions of radio-transmintered juvenile Snail

Kites fledged from each region during each study year (SY).

SY 1992 SY 1993 _SY 1994
Comparisoa’ r o Prob - df  Prob I &  Peb
EVER vs. OKEE 4.582 | 0.032 0.300 | 0.584 009 | 0.758
EVER vs. KISS 1.138 1 0.286 =t - - 1.121 I 029
EVER vs. US] 0.873 1 0.350 -’ - - - - -
EVER vs. LOXSL -} - - = = - P . -
OKEE vs. KISS 1333 1 0.248 -4 - - 0655 1 0418
OKEE vs. USJ 1.750 0.186 - - - -t -
OKEE vs. LOXSL -3 - - -? - - -t - -
KISS ve. US) 0.050 1 0.824 =1 . - P - -9
KISS ve. LOXSL -3 - - } - - -} L i
US) vs. LOXSL -3 - - - - - o = =

Loxaharches Slough (LOXSL).

)

! Regions of comparison are Everglades (EVER), Okeechobee (OKEE), Kissimmee (KISS), Upper 51 Johns (US)), and

'Mmm#“hhmhhyl#MHmmMmlwﬂfw

! There were insufficiens data fo estimare survival and 1o conduct corresponding log-rank test.

Regional Effects (By Region of Current
Location)— The second approach we used for regional
differences in survival reflected actual time spent in each
region, rather than just focusing on the region of capture.
Thus, we st the hypothesis that the survival of a bird is
affected by its current Jocation (e.g., predation risk).
For this analysis, a bird that moved from a given region
io another was censored from the number of animals at
risk for that region (ry) at the midpoint of the interval,
and added to the number of animals at risk in the region
to which it moved. All deaths were assigned to the

region where the dead bird was actually found.
Similar o region of initial capture, there was
litde indication of regional differences in adult survival.
We found no differences during 1992 or 1993 although,
as above, the number of birds at risk (r) was often low
(Fig. 4-9)(Table 4-12). Survival did differ between the
Everglades and Okeechobee regions during 199 ata =
0.05, and between the Everglades and both the Upper St
Johns and Peripheral regions at @ = 0.10. We found no
significant regional differences for juveniles among any
regions during any year (Fig. 4-10)(Table 4-13).
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Figure 49. Esnmates of survivorship funcrions of radio-transmimered adulr Snail Kites while they were present in each
region during each study year (8Y). Estimates were derived using a Kaplan-Meier estimator. Confidence intervals for
estimates are not shown to minimize clurtering, bui can be easily estimated from informarion in Appendix 4-3.
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Table 4-12. Results of pairwise log-rank rests between survivorship fimctions of radio-transmittered adult Snail Kites
while they were present in each region during each study year (5Y).

SY 1992 SY 1993 SY 1994
___ Comparison’ r df _ Prob y 4  Prob ¥ df Prob

EVER vs. OKEE 0545 1 0460 - - - 4061 1 0.044" |
EVER vs. KISS -2 - - 0377 1 0.539 1.358 1 0.244 !
EVER vs. UST -2 - - ! - - 2.842 1 0.092°
EVER vs. LOXSL A - - - - - - - -
EVER vs. PERI - - - —* - - 2.768 1 0.096"
OKEE vs. KISS 0.364 1 0.546 0.1787 1 0,673 0.055 1 0.814
OKEE vs. USJ 013 1 0712 -t - - 0.035 1 0.851
OKEE vs. LOXSL = - - S - - —* - -
OKEE vs. PERI 0.045 1 0.831 = - - [0 I | 0.753
KISS vs. USI - - - - - - 0.042 1 0.838
KISS vs. LOXSL =t - - =* - - - = -
KISS vs. PERT -t - - -* - - -~ - -
UST vs. LOXSL -4 - - - - - -4 - -
UJS vs. PERI - - - -t - - 0.020 1 0.887
LOXSL vs. PERI -t - - -t - - =t - v

! Regions of comparison are Everglades (EVER), Okeechobee (OKEE), Kissimmee (KISS), Upper St Johns (USJ]),
Lozahatchee Slough (LOXSL), and Peripheral Wetlands (FERI).

? No deaths occurred while in this region during this year; however some sample sizes were quite small {Appendix 4-5).

* Using the alienative tesis described by Cax and Oakes {1984){Appendix 3-3) that are slightly less conservative (i.e., have
greaier power, but higher risk of Type I error) we estimated =4.210, P=0.040 and ' =4.149, P=0.042 for aliernative
tests 1 and I, respectively.

* There were insufficient daia Io estimate swrvival for one or both groups and to conduct corresponding log-rank test.

T Using the altenative tests described by Cor and Ouakes (1984){Appendix 3-3) that are slightly less conservative fi.e., have
greater power, but higher risk of Type I error) we estimated ¥'=2 847, P=0.092 for both aliernative tests 1 and 2,

* Using the altenative tests described by Car and Oakes (1984){Appendix 3-3) thar are slightly less conservative i e., have
greater power, but higher risk of Type | error) we estimated 3'=2.829, P=0.093 for both alternative tests 1 and 2.
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Figure 4-10. Estimates of survivorship functions of radio-transmittered juvenile Snail Kites while they were present in each :
region during each siudy year (8Y). Estimares were derived uring a Kaplan-Meier estimator. Confidence intervaly for '
estimates are not shown o minimize cluttering, bur can be eanly estimated from informanion i Appendix 4-6.
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Table #13. Results of pairwise log-rank tests between survivorship funcrions of radio-transmittered juvenile Snail
Kites while they were present in each region during sach study year (5Y).
SY 1992 SY 1993 SY 1994
Comparison' ¥ df Prob . df Prob y* af Prob _
EVER vs. OKEE 1.750 1 0.186 0.400 1 0.527 -~ - -
EVER vs. KISS 1.000 1 0317 = - - 1.452 1 0.228
EVER vs. USJ 0.002 1 0.968 - - - i = -
EVER vs. LOXSL - - - -? - - - gl 2
EVER vs. PERI -2 - - 0200 1 0.655 -2 - -
OKEE vs. KISS ! - - = - = =2 cn .
OKEE vs. US] 2.333 1 0.127 -1 - as -3 =3 2
OKEE vs. LOXSL -* - - -t - - -3 ik =
OKEE vs. PERI - - - -3 - o -2 - -
KISS vs. US] 1.333 1 0.24% = - - -t = -
KISS vs. LOXSL - - - -4 - . -3 = =
KISS vs. PERI - - - -3 - - 7 - -
USJ vs. LOXSL - - - -2 o = e = a
UJS vs. PERI -2 - - - - - - 2 B
_LOXSL vs. FERT - - - - - - - - -
! Regions of comparison are Everglades (EVER), Okeechobee (OKEE), Kissimmee (KISS), Upper 5t Johns (USJS),
Laxahatchee Slough (LOXSL), and Peripheral Wetlands (FERI).
? There were insufficient data to estimate survival for one or both groups and to conduct corresponding log-rank fesl.
‘hhdmhracnﬂ.'rdnﬁkhmwbm&q*ﬂﬁs regions during this year; however some sample sizes were quite small
{Appendix #-8).

Habitat Effects—Because most of our radio
locations were obtained from aircrafi, we were
sometimes unable to record the habitat type of a given
animal's location. This, in combination with the
intermitient use of some habitat types (e.g., cypress and
dismrbed habitats) preciuded a meaningful analysis using
a Kaplan-Meier estimator (i.e., the number of animals at
risk [r;] for these habitats was often too small, or zero).
However, we did conduct a more cursory examination
by testing whether the number of deaths that occurred in
each habitat was proportional to the overall use of that
habitat. This test gave us no indication of disparity
between mortality.and habitat type (x'=4.68, 4 df,
P=0.68)(Fig. 4-11).

We were unable to detect any difference in
survival of adults between lake and marsh habitats for
any year (Table 4-14)(Fig. 4-12). In contrast, juvenile
survival differed between these habitats during 1992
(Table 4-15), but not during 1993 or 1994 (Fig. 4-13).
Although differences were not statistically significant
when regions were compared, this is consistent with the
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survival estimates from different regions (i.e., estimaies
from the Everglades and Upper St. Johns regions [marsh
habitats] were lower than from Okeechobee or
Kissimmes regions [lakes]. This may, at least partally,
reflect the conditions in the Everglades following an
extended dry period from 1989 w 1991,

o
e tela. ’

| I Grarrivic Marsh. [ Cheechuctes ] MorPer Laks [ Cyprean [ Paripheral |

| Figure 4-11. Percentage of total use by adult Snail Kites
of each habisar type and percentage of the rotal ruumber of
Birds thar died in each habitat rype.
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Figure 4-12. Estimates of survivorship functions of radio-transmittered adulr Snail Kites while they were present in lake
and marsh habicais during each snudy year (5Y). Estimares were derived using a Kaplan-Meier estimator. Confidence
intervals for extimates are not shown fo minimize clumering, but are provided in detail in Appendix 4-7,

Table 4-14. Results of log-rank 1ests berween
survivorship funcrions of adult Snail Kites while
they were in lake and marsh habitats during each

Tuble 4-15. Results of log-rank tests between
survivorship functions of juvenile Snail Kites while
they were in [oke and marsh habitats during each

soudy year f:i'llj; study year (SY).
Year ;i df _ Prob_ Year ¥ df Prob
1992 0.633 1 0.426 1002" 4.353 1 0.037
1993 1.367 i 0.242
L L b
g e : o154 1993 0.903 0.342
1994 0.559 1 0.455

! Using the altenative tests described by Cox and
Oakes (1984 ){Appendix 3-3) that are slightly less
congervative (i ¢, have greater power, but higher

risk of Type ] ervor) we astimated 3 =2.075,

P=0.150 and =2 0d8, P=0.153 for allernative

tests ] and 2, respectively.

! Using the altenative tests described by Cox and Oakes
(1984){Appendix 3-3) that are slightly less conservative
fLe., have greater power, bul higher risk of Tvpe 1
error) we estimated Y =4 383, P=0.036 for alternative
tests I and 2, respectively.
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Figure 4-13. Estimates of survivorship funcrions of radio-iransmifiered juvenile Snail Kites while they were present in lake

anad marsh habitars during each snudy year (5Y). Estimates were derived wsing a Kaplan-Meier esnmator.

Confidence

iuervals for esiimares are not shown to minimize clurtering, but are provided in detail in Appendix 4-8.
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MODEL SELECTION FOR EFFECTS ON SURVIVAL

Above we provided evidence for individual
effects on survival based on relatively continuous time
(data were discrete at the interval of telemetry locations)
using a Kaplan-Meier estimator. While this approach
has many advantages (e.g., no assumptions about the
hazard function), it is mot a convemient method for
exploration of more complex models including the
relative effects of multple factors. Here we use a
discrete-time approach (conditional logistic regression)
to evaluate the probability that a bird survives to tme ¢
+ I, conditional on it being alive at time r. This
approach enables us to better evaluate effects on survival
in combination to determine effects most appropriately
supported by our data in an overall survival model.

We began our analysis with a univarate
examination of the sources of variation (Table 4-16),
Because the potential for interaction effects to be masked
at this preliminary stage, we followed the
recommendation of Hosmer and L emeshow (1989) and
used 0.25 as a rejection criteria (&) for inclusion in
further models. The effects due to region were the only
source eliminated at this phase of our analysis. We also
found little evidence for regional effects on survival
using a Kaplan-Meier estimator. We were unable
estimate the effects of month because no deaths occured
during some months. Consequently, we retained month

Table 4-16. Summary statistics for the univariate
analyses (using conditional logistic regression) of
effects on the condirional probability of an animal
surviving o fime ¢ + 1, given that it was alive at
fime . 7 is based on a Wald siatistic (SAS Inc.

1988).

Source df e P
Age 1 18.29 <0.001
Sex 2 18.32 <0.001
Seazon 2 3.17 0.075
Month' - - -
Year 2 8,59 <0001
Region 5 3.06 0.691

! Because deaths did mor ocour in some months,
estimation of these statistics were not reliable. We
evaluated this source in a more comprehensive
analysis (below) using model selection procedures.

P ———

as a potential source of variation at this stage of the
analysis.

Some of the parameters at this stage of the
analysis were subsets of other parameters (e.g., season
répresents combinations of months). Next we evaluated
which of these potentially redundant parameters 1o use in
further models. For this analysis, we used 3 classes of
sex (male, female, and unknown). Because we were
unable to determine the sex of juveniles in the field, sex
represents a combination of age and sex (i.e., all cases
where the sex class is unknown are juveniles). Based on
AIC (Table 4-17) sex provided no substantial gain in
model fit at the cost of an addidonal parameter.
Consequently, we used age, but not sex, in all
subsequent models.  Similarly, individual months
provided no substantial gain in model fit over season at
the cost of 9 addigonal parameters. Thus, we used
season, but not month, in all subsequent models.

The remainder of our model selection invioved
the comparison of models using different combinations
of age, season, and year effects. Based on AIC, any of
the models which did not include some combination of
all three of these effects generally were less adaquate
than models which included all three effects.  Although
model selection often indicates that more than one model
is suitable (McCullagh and Nelder 1989) for a given data
set, our amalysis indicated (by a substantially lower AIC)
that a model including the main effects of age, season,
year, and the interaction effects of age®year, and
age*season was the most appropriate mode! for our data.
This conclusion is further supported by the goodness-of-
fit (P=0.806) of this model compared to the fully
saturated model,

EFFECTS OF HYDROLOGY

Omne objective of this study was to determine the
environmental correlates of survival, partcularly
hydrology. However, as préviously suggested (Bennetls
and Kitchens 1993, 1994), survival was sufficiently high
that within-year patterns would have been difficult w
detect without enormous effort (i.e., too few individuals
died 1o enable guantitative comparisons with thase that
survived) and probably would not have been very
insightful. Rather, we now believe that between-year
differences in survival will be more appropriate. Even
though we encountered relatively high water conditions
throughout this study, the mark-resighting phase of our
study (below) was intended to detect these differences
and will enable a long-term evaluation of environmental
correlates (e.g., hydrologic condibons) as wariable
conditions occur.



Table 4-17. Summary statistics for conditional logistic regression model for the factors effecting the probability
of survival to time ¢ + 1 {at monthly time steps), given that an animal was alive at time t. Shown are the model
description, number of estamable parameters (np), relative deviance (~2In[5]), Akiake s Informanion Criteria
{AIC), and a measure of goodness-of-fit (GOF) for models with relarively low AIC values. GOF was derived
using the probability of a LRT comparing a given model with a fully saturated model. The null hypotheses (Hy) of
the GOF statistic is that the reduced model (with fewer parameters) fits tha data as well as the more general
madel (with more parameters), Thus, a failure ro reject H,, indicates a fit of the reduced model. The model with

the lowest AIC . (bold) would be selected if based only on this criteria.
_————————rs——

Model p 2ln(s) AIC GOF
Age 2 369.33  373.333 -
Sex 3 368243  374.243 a !
Seas 3 382272 388272 h 5
Mon 12 366.496  390.496 "
Ye 3 39.712  385.712 z
Reg 6 385931  397.931 2
Age Seas s 363.063  371.063 -
Age Seas Age*Seas 6 346.849  3SB.802 g
Ape Yr 4 350,446 367,446 - '
Age Yr Age*Yr 6 349.633  361.633 .
Seas Yr 5 372513 382519 2
Seas Yr Seas*Yr 9 363.101  381.101 -
Age Seas Yr Age*Seas Age*¥r 10 324142 4042 0806 |
Ars Saas Vi AgePtions  Seas¥c 12 127212 351212 0.240
Age Seas Yr Age*Yr Seas*Yr 12 333.876  357.876  0.045
Age Seas Yr Age*Sess Age*Yr Seas*Yr 14 122,120 350.120  0.665
Age Seas Yr Age*Seas Age*Yr Seas*Yr Age*Seas*Yr 18 318,039 354.039  1.000

! Term abbreviations: Season (Seas), Month (Mon), Year (¥r), and Region {Reg).

Estimation of Survival from
Banding Data

Our sample of banded birds for survival analyses
was obtained through a cooperative banding effort with
the Florida Game and Fresh Water Fish Commission
(GFC). This sample was also supplemented by
resighting of individually marked birds banded on
previous studies that were observed during this study
(REB, J. Rodgers unpubl. data). Our total sample of
individual banded birds for analyses of survival was 913
(Table 4-18); although birds banded in 1995 will only
contribute to estimates following subsequent resighting
periods (i.e., in future years). Of this sample, 191 were
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adults at the time of addition to our sample and 722 were
juveniles; however, resightings of juveniles after their
fledging year then re-enter our sample as adults
(although resightings were not included in our sample
size reporied above),

EFFECTS OF AGE AND TIME

Estimates of survival from banding data differ
from those obtained via radio telemetry in that they are
discrete at the interval of sampling periods. In this case
we measured survival from one breeding season to the
next (i.e., approximately anmually, see methods). This
precludes the ability for testing some of the effects that
we tested using radio telemetry data. For example, we



Table 4-18. Number of banded birds from each age class, location, and year obtained through a cooperative
banding effort with the Florida Game and Fresh Water Fish Commission or through resighting of birds banded on
previous srudies. Individual birds are only shown at the time and location that they entered our sample.
1942 1993 1994 1995"

Everglades N.P* - - - 2 - 1 - 8 |
Big Cypress N.P. - - - - - - - 18 '
Loxahatchee N.W.R. - - 1 2 - 2 - -
WCA-ZA 3 13 & 15 - - - 4
WCA-2B 1 - 1 2 16 45 - 87

. WCA-IA 4 1 B 24 11 23 2 40

! WCA-3B 1 - I 6 3 - - -

| Holey Land W.M.A. 2 2 2 6 - - & =
Loxahaichee Slough 3 3 6 10 1 - . ==
Lake Okeechobes 27 61 20 96 9 [ - 15

. Lake Kissimmee® g 14 9 3 11 19 .- -

| Lake Tobopekaliga 4 21 1 7 4 8 115
East Lake Tohopekaliga 1 1 1 18 I 14 1 -
Upper St. Johns Marsh 12 43 & KX 3 1 - 5
Total b6 159 62 252 59 119 4 192

! Birds newly marked in 1995 do not contribute fo survival analyses until subsequent resighting periods are complered.
? Includes the Northeast Shark River Slough addition lands
l ¥ Includes nearby Lake Jackson

are unable 10 test seasonal differences in survival without  of age (Snyder et al. 198%) and our radio telemetry
having had a sampling (i.e., capture and/or resighting) results suggest that, for our data, survival of juveniles
period in each sesason of interest. was similar to adults following an initial period of about

We began our assessment using the tesing  3-4 months of high post-fledging mortality. Thus, in
sequence of models described by Pollock et al. (1990) as these models, one resighting probability is used for both
Models A, B, and D. Model A assumes that both  juveniles and adults (because juveniles become adults at
survival and resighting probabilities are time dependent the beginning of their first resighting period); but, a
(i.e., that separate estimates for each year are  separate estimate of juvenile survival is initally
warranted). Model B assumes that survival is constant  generated (because juvenile survival is measured from
over time (i.e., that a single estimate can be applied to  the time of fledging to their first resighting period), but
all years), but that resighting probability is time  may be later deemed unnecessary through model
dependent. Model D assumes that both survival and  selection procedures.

resighting probabilities are constant over time. Each of The results from this initial sequence (Table 4-
these models was generated with and without separate  19) indicated that model A with 2 age classes was the
parameters for each age class. most suitable. The AIC (114.811) from this model was

In this set of models juveniles are assumed to  substantially lower than the altermative models.
become adults at the beginning of their first resighting  Likelihood ratio tests (LRTs) reinforced the selection of
period after their fledging year (this assumption is tested Model A as being the most appropriate with regard to
below). Juveniles are capable of breeding at nine months  time dependency. LRTs between models B and A with
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Table 4-19. Model selection staristics for initial set of Cormack-Jolly-Seber (CJ5) models with and withour age
and time dependency. The model with the lowest AIC (bold) would be selected if based only on this criteria.
— e ——
Model No. Age E
Model Deseription Classes -2In(sd) np AIC GOF
A & p, 1 141.657 6 153.657 <0.001
A, @ p. 2 96.811 9 114.811 0.167
B P p, 1 152.344 4 160,344 <0.001
B,, & p 2 116.161 5 126.161 0.004
D & p 1 154.412 2 158.412 <0.00]
D, & p 2 118.595 3 124.595 0.004

and without age effects both strongly rejected the more
reduced model (Table 4-20), as did the comparisons
between models A and D with and without age effects.
This indicates that constraining survival (@ and/or
resighting probability (p) to be constant among years was
not justified (i.e., these data support a year effect).
Similarly, a LRT between models A with and without an
age effect (Models A and A_) strongly rejected (° =
44.846, 3 df, P < 0.001) suggesting that constraining
parameter estimates to be equal for adults and juveniles
also was not justified (i.e., these data also support an
age effect). The goodness-of-fit (GOF) test also failed to
reject the mull hypothesis (H,) that this model adaquately
fits the data (GOF tests for all of the alternative models
strongly rejected H,.

In order to test the assumption (above) that a
separate estimate for juvenile resighting probability was
not warranied, we generated an aliernative model

Table 4-20. Resulting statistics from Likelihood
Ratio Tests (LRT) berween Cormack-Jolly-Seber
{CI5) models 4%, ‘B" and D " with and
without separare ﬁmﬁrmnhngcehm

General Reduced

Model  Model x & P>y
A B 10.687 2  0.00
A, B 19.350 4  <0.001
A D 12756 4  0.013
Ay D 21783 6  0.001

33

gtructure in which we assumed that juveniles became
adults at the end (rather than the beginning) of their first
resighting period in the post fledging year. This enabled
separate estimation for juvenile resighting, as well as
survival, probabiliies. We then tested the assumption
using an analogous model o Model A, from above by
comparison of models where resighting probability is
constrained and unconstrained o be equal for juveniles
and adufts. The AIC of the model in which resighting
probability was constrained to be equal (which is
equivalent to Model A, from above) for the two age
classes was lower than for the unconstrained model
(Table 4-21). A LRT berween these models also failed
to reject the more reduced model (¥ = 1.808, 3 df, P
=00.613) indicating that the additional parameters for a
separate resighting probability for each age class were
not warranted for these data.

Based on the results from our radio telemerry,
which indicated greater differences in survival among
years for juveniles than adults, we generated one
additional model o st this hypothesis (i.e., that survival
was time dependent for juveniles, but not for adults).
This model (Model A, o) had a lower AIC than model
Agge (Table 4-22). A LRT between these models also
failed to reject the null hypothesis (H,) that the reduced
model (Model A, 4 ) fit the data equally well as the
more general model (Model A,) (x° = 0.290, 2 df, P
=(}.865). The goodness-of-fit for this mode! also failed
to reject the null hypothesis (Hg) that this model
adequately fits the dat.

Thus, these data support a model that survival
differs among years for juveniles, but not adults,
Parameter estimates for the most parsimonious model
(Model A, 4 ) are provided in Table 4-23,



Table 4-21. Model selection staristics for model A, in which the assumprion of equal resighting probabilities
between adults and juveniles iv relaxed or constrained. The model with the lowest AIC (bold) would be selected if
based only on this criteria.

Medel Resighting § ey
Meodel Description () ecual for nge 2in(ch) np AIC GOF
classes
A s @ p, Na 95.004 12 119.004 0.106
A @ p, Yes 96.5811 9 114 811 0.167

—

Table 4-22. Model selection staristics for variations of models in which survival
. is time dependeru for both adults and juveniles (Model A, ), and is constrained

to be constant for adults, but not fuveniles (Model A, o). The model with the

lowest AIC (bold) would be selected if based only on this eriteria.

Maodel
o Description -2in(z) np AIC GOF
A P, p, 9 811 9 114.811 0.167
Ape P P 97.101 7 1L101 0253 |

Table 4-23. Parameter estimates for the selected Cormack-Jolly-Seber (CI5) Model (Modeld,,, o). i which adults
and juveniles differ in survival, survival is constant among years for adults, and survival is variable among years
for juveniles, Resighting probabiliry in this model differs among years, but is the same for adults and juveniles
{Le., juveniles are considered adulis ar the beginning of their first resighting period after their fledging year).

Age Year & 35% C.L(#) P, 95% C.L{p)

Aduli 1992 0.840 0.637 - 1.000 0.142 0.073 - 0.210

Adull 1993 0,840 0637 - 1.000 0.255 0.150 - 0350

Adult 1994 0,840 0.637 - 1.000 0.217 0.095 - 0,336

Tuvenile 1992 0.451 0.281 - 0.620 0.142 0.073 -0.210

Tuvenile 1993 0.163 0.071 - 0.256 0.255 0.150 - 0.359

i Tuvenile 1994 0.620 0.177 - 1.000 0.217 0.095 - 0.336
: - : : |
EFFECTS OF SEX resighting probabilities, we generated a suite of multi-

Most banded birds in this sudy were banded as
juveniles, which cannot be sexed in the field. Thus, a
large segment of our sample was of unknown sex.

Consequently, we did not anempt any analysis from
banding data on survival differences atributable w sex,

REGIONAL EFFECTS

To test for regional effects of survival and
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state models (Brownie et al. 1993, Nichols et al. 1993)
analogous 10 the base models described above as models
A, B, and D by Pollock et al. (1990) except that they
include a raulti-state component that enables parameters
1o be estimated for multiple strata (Brownie et al. 1993,
Nichols et al. 1993)in this case stram= 5 of the &
regions of capture — no caprures occurred in the
peripheral region). Regional effects were tested based
only on the region of capwure since banding data do not
provide information regarding where a given bird has



been between resightings. These models are also the
default models geperated by program MSSURVIV
(Hines 1994) used for this analysis. As above, we
generated models with and without age dependency,
enabling us to test hypotheses that survival (@) and/or
resighting probabilities (p,) were affected by age, time,
and region, simultaneously.

For this set of models, the AIC was lowest for
Model B with no age effect; however, Model B,,, with
an age effect was sufficiently similar (a difference of
1.36— less than our criteria for exclusion) to be retained
as a reasonable alternative (Table 4-24). LRTs
reinforced the selection of Model B as being the most
appropriate with regard o time dependency. LRTs
between models B and A with and without age effects
both failed to reject (Table 4-25), indicating that separate
estimates of survival (@) for each year were not
warranted. Similarly, LRTs between models B and D
were highly significant, indicating that constraining
resighting probability (p,) to be constant among years
also was not justified.

Because AIC was similar for models B and B,
we used a LRT 1o specifically test the null hypothesis that
an age effect for Model B was not warranted (j.e., that
the fit of the l-age model was equal to the fit of 2-age
model). This test (Model B vs. Model B,) strongly
rejected the null hypothesis (x° =48.638, 25 df,
P=0.003) indicating that separate parameter estimates
for each age class were warranted (i.e., there was an age
effect). Thus, from this set of models we selected Model

B with 2 age classes (Model B,) as the most appropriate
model for our data.

Using Model B, as a base model, we generated
another set of models in which (1) survival was
constrained to be constant for all regions (Model B, ),
(2) resighting probability was constrained to be constant
for all regions (Model B, . ), and (3) both survival and
resighting probability were constrained to be constant for
all regions (Model B, o).

Based on AIC, these results indicated that Model
B, « was an improvement (i.e., had a lower AIC) over
the base model but the other two regional models were
worse than the base model (Table 4-26). Thus, our data
do not support regional differences in survival but do
support differences in resighting probability among
regions.

As above we also wished to test the hypothesis
that juvenile survival was time dependent but adult
survival was not. To test this hypothesis, we used model
B, o, a5 our base model and relaxed juvenile survival
10 be time specific. The resulting model (Model B, ,4,)
had a lower AIC than alternative models (Table 4-27)
indicating a time effect for juvenile, but not adult,
survival. A LRT between Model B,,, 4, (the reduced
model) and Model B, 4, (the more general model) also
strongly rejected (x° = 10,204, 2 df, P=0.006),
indicating that the additional parameters for year-specific
survival of juveniles were warranted.

Parameter esiimates using the model selected
from above (Model B,; 4,) are provided in Table 4-28.

Table 4-24. Model selection statistics for initial set of multi-state (regional) models with and without age and time
dependency. The model(s) in bold rext were selecied as being the most appropriaie {parsimoniows) for these data.
Maodel No. Age
Model Description Classes -2in(sF) np AlC

A & p, 1 420.679 8o 598.679

I A & p, 2 338.447 164 666,447

B & p 1 448,420 42 S32.420

B, & p, 2 399.781 67 533.781

D & p. 1 473.808 iz 337.808

D'!‘ @ p 2 429.037 57 543.037
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Table 4-25. Resulring stavistics from Likelihood Ratio Tests (LRT) berween mulsi-state {regional) models A", B,
and D " with and withowt separate estimates for each age class.

General Model Reduced Model X df P>y
A B 27.740 47 0.989
A B, 61.335 97 0.998
B D 25,389 10 0.005
B Dy 29,256 10 0.001

Table 4&-26. Model selection staristics for set of models which constrained survival and/or resighting probability to
be constant for all regions. The base model for comparison was Model B, . Model(s) in bold text were selected
as being the most appropriate (parsimonious) for these dara.

Model Parameters constrained
Muodel Description to be constant across (el 2
for time dependency regions, k np e
By & p, - 399.781 67 533.781
B, . &P p & 409.749 =0 527.74%
B & p, p 490,202 55 600,202
| R— & p $&p 455.231 47 549.231

! One parameter estimate iv used for all regions. For example Model B, , has one estimate of survival for eack age class
thar ix weed Yor all reglons, but a réparate estimare of resighting probability for sach age class and each region.

? Includes parameters for transition probabiliries (1 e., the probability of being in a differenr strata [region] between times
and I+ 1. These probabilities are benter estinated uting radio telemerry and consequently not reported [see methods])

Table 4-27. Model selection statistics for set of models which constrained survival fo be  constanr for adults,
variable for juveniles, The base model for comparison was Model B, . Modelfs) in bold texi were selecied as
being the most appropriate (parsimonious) for these data.

Model Parameters constrained

- TR TEET we v o
E.. & p, - 399,781 67 533,731
By o . & p, P 409.749 59 527.749
B s & p, & p 455.231 47 549231
B, s Py P D& p 389.717 61 511717

! One parameter estimate is used for all regions. For example Model B, 5 has one estimaie of survival for each age class
that is used for all regions, bul a separate estimale of resighting probability for each age class and each region.

! Includes parameters for transition probabilities T, the probability of being in a different strata [region] between times f and
i+ I, These probabilities are better extimated weing radio telemetry and consegquently not reported free methods]).
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Table 4-28. Parameter estimates for the selected multi-siate model (Model B, ,g,). in which adults and juveniles
differ in survival, survival is constant among years for adults, and survival is variable among years for juveniles.
Resighting probability in this model differs among years and regions, but is the same for adults and juveniles (Le.,
Juveniles are considered adults ar the beginning of their first resighring period after their fledging year).

Age Year Region & 05% C.L(dP) p. 95% C.L{p)
Adult 1992 EVER 0.996 0.715 - 1.000 0.126 0,000 - 0,377
Adult 1992 OKEE 0.5996 0.715 - 1.000 0.099 0000 - 0,213
Adubt 1992 KISS 0996 0.715 - 1.000 0.293 0.076 - 0.510
Adult 1992 uss 0,996 0.715 - 1.000 0. 766 0L000 = 1000
Adult 1992 LOXSL 0.996 0.715 - 1.000 < 0.001 0.000 - 0,321
Adult 1993 EVER 0,906 0.715 - 1.000 1.0G0 0,990 - 1000
Adult 1993 OKEE 0.9%6 0.715 - 1.000 0.115 0.000 - 0.250
Adult 19493 KIEs 0.9%6 0.715 - 1.000 0.416 0.156 - 0.678
Addule 1993 A 0.996 0.715 - 1.000 0.298 0.000 - 1.000
Audult 1943 LOXSL 0.996 0.715 - 1.000 0,005 0.000 - 0.018
Adule 19694 EVER 0.996 0.715 - 1000 0.5967 0.378 - 1.000D
Adult 1994 OKEE 0.996 0.715 - 1.000D 0.082 0.000 - 0. 199
Adult 1904 KISS 0,996 0.715 - 1.000 0.170 0.026 - 0.314
Adult 1994 sy 0,996 0. 715 - 1000 1,000 0,000 - 1,000
Adult 1994 LOXSL 0,555 0.715 = 100D = 0.001 0,000 = 0,237
Juvenile 1992 EVER 0. 709 0.228 - 1.000 0.126 0.000 - 0.377
Tuvenile 1992 OKEE 0.709 0.228 - 1.000 0.099 0.000 - 0.213
Tuvenile 1992 KISS 0.709 0,228 - 1.000 0.293 0,076 - 0.510
Juvenile 19402 usI 0. 709 0,228 - 1.000 0.766 0.000 - 1.000
Juvendle 19492 LOXSL 0. 709 0,228 - 1.000 < .001 0.000 - 0.321
Tuvenile 1993 EVER 0.302 0.036 - 0.568 1.000 0.999 - 1.000
Tuvenile 1993 OKEE 0.302 0.036 - 0.568 0.119 0,000 - 0.250
Tuvenile 1993 KISS 0,302 0.036 - 0.568 0.416 0.156 - 0.6TE
Juvenile 1993 1187 0,302 0,036 - 0,568 0.298 0,000 - 1,000
Juvenile 1993 LOXSL 0.302 0.036 - 0.568 0.005 0,000 - 0.018
Juvenile 1994 EVER 0.731 0.000 - 1.000 0.967 0.378 - 1.000
Juvenile 1994 OKEE 0.731 0.000 - 1.000 0.082 0.000 - 0.199
Juvenile 1994 KISS 0.731 0.000 - 1.000 0.170 0,026 - 0.314
Juvenile 1994 LRLA 0.731 0.000 - 1.000 1.000 0.000 - 1.000
Junvenile 1994 LOXSL 0.731 0,000 = 1000 <0001 0000 - 0,237

! Region abbreviations: Everglades (EVER), Okeechobee (OKEE), Kissimmee (KISS), Upper 81 Johns (UST), and
Loxahatchee Slough (LOXSL).
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CONCLUSIONS ABOUT THE EFFECTS OF
SURVIVAL FROM BANDING DATA

COur overall conclusion from both the CJS
models and the extension o mult-state models support
(1) an age effect on survival, (2) annual differences in
survival of juveniles, but not adults, and (3) regional
differences in resighting probability, but not survival.
Both the CJS models and the multi-state models ended up
with the same model with respect to age and time
dependency; although they arrived there in different
ways. The CJS model indicated Model A, (i.e., age
and time dependency for both survival and resighting
probabilities) of the initial set of models was most
parsimonious. However, when survival was constrained
1o be constant among years for adults (but not juveniles),
it improved the model. In contrast, the mult-staw
models initially resulted in the selection of Model B,
(i.e., survival was constant among years but resighting
probabilities differed among years). However, when
juvenile (but not adult) survival was relaxed o vary
among years, it likewise improved the model. Thus,
both the CIS and multi-state models ended up with
selection of models in which (1) adult and juvenile
survival differed, (2) adult survival was constant among
years, (3) juvenile survival differed among years, and (4)
resighting probability differed among years. The multi-
state models also supported the hypothesis that resighting
probabilities differed among regions but survival
probabilities did not.

A Synthesis of the Effects of
Survival

EFFECTS OF AGE

The results from radio telemetry and banding
data were generally consistent. Both sources of data
indicated that survival was dependent on age. Log-rank
tests between  survivorship functions of radio-
transmittered adults and juveniles were significant for 2
of 3 years. Model selection from a conditional logistic
model of survival of radio-transmitiered birds also
indicated an age effect on survival, as did LRTs of
banding from both (CJS) and multi-state models. In all
cases, where significant differences occurred adult
survival was higher than juvenile survival. The
exception to that pattern was the radio telemetry data for
1993 in which juvenile survival (0.87) was estimated to
be slightly {and not significantly, ¥'=0243, 1df, P =
0.622) higher than adult survival (0.86).
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EFFECTS OF SEX

As explained above, we did not attempt any
analysis from banding data to evaluate differences in
survival that were attributable to the sex of the bird. Our
Kaplan-Meier estimates and our logistic regression
anmalyses of radio-telemetry data generally did not support
differences in survival attributable to sex of the bird.
However; survivorship functions from Kaplan-Meier
estimates did indicale a difference between males and
females for one of three years (1994) at e = 0.10.

TEMPORAL EFFECTS

Survival estimates from both radio telemetry and
banding data generally indicated annual differences in
survival among juveniles but not adults. However,
survivorship functions of adults did differ between 1992
and 1993 at @ = 0.10. Although both sources of data
indicated differences among years for juvenile survival,
the parameter estimates from these two data sources
were not consistent in their relative ranking among
years. The Kaplan-Meier estimates for juveniles were
0.83, 0.87, and 0.44 for 1992, 1993, and 1994,
respectively. In contrast the CJS estimates were 0.43,
0.16, and 0.62 for 1992, 1993 and 1994, respectively.

Assumptions, Bias, and Sources of
Error for Survival Estimators

Although it is ofien not explicidy stated, virtually
all estimators require making assumptions. Esamators
are often robust to violation of some assumptions (i.e.,
violation of the assumption does not strongly affect its
performance) but not to others. Some of the readers of
this report may not be familiar with particular estimators
we have used or their corresponding assumptions. We
have attempted 10 summarize here what we believe are
the major factors that could produce spurious or
misleading results regarding our estimates of survival
and discuss what influence these factors may or may not
have on inlerpreting our results.

ASSUMPTIONS INHERENT IN THE STUDY
DESIGN FOR VALID INFERENCES FROM
SURVIVAL ANALYSES

Study Animals are Representative of
Population-- Random sampling within a population is
usually intended to assure that the scope of inference
from a study can validly be applied to the population of



interest. Our design was intended to systematically
accomplish that same goal. Our study area encompassed
the entire range of Soail Kites in Florida. We then
stratified our sample to0 be proportional to the annual
count and balanced our sample with respect 1o age and
sex. Thus, we believe that we have a representative
sample from the entire Florida population. We cannot
be sure that there was an equal probability of capturing
any given individual; however, we believe that
heterogeneity of catchability played only a minor role in
determining our final sample.

Study Conditions are Representative of the
Conditions of Interest— There is considerable variability
in the environmental conditions that may influence Snail
Kite populations. We recognized from the outset of this
project that our inference would be limited to the
conditions encountered during our study (Bennett and
Kiwchens 1992, 1993, 1994). Most notably, drought has
been reported as a major influence on kite populations
(Sykes 1983b, Takekawa and Beissinger 1989,
Beissinger 1995), and we did not encounter drought
conditions during this study. Consequendy, valid
inference from our study cannot be extended w0 drought
condidons. Although speculation has ofien been made
concerning survival during drought conditions (e.g.,
Soyder et al. 198%, Beissinger 1995), we know of no
valid estimation of survival during such conditions.

Survival Is Independent of Other Animals-- An
assumption shared by both radio telemetry and banding
studies is that the fate of one marked animal is not
influenced by the fate of another. This assumption is
likely to be violated when being in a group of animals
results in exposure to some common risk (e.g., predation
at a roost site). Although we were unable to explicitly
test for independence, violation of this assumption does
not cause bias in the estimates of survival. Rather, it
will artificially reduce the variance of the resulting
estimates (Burnham et al. 1987, Pollock et al. 1989).
We do not believe that any severe violation of this
assumption occurred. Only once during this sdy did we
find mortality of more than one individual at the same
time and place. Two banded siblings, one of which was
radio transmittered, were found dead at the same site in
Loxahatchee National Wildlife Refuge at what was
believed to be the feeding site of a Great-horned Owl.
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ASSUMPTIONS OF THE KAPLAN-MEIER
ESTIMATOR

Carrying @ Radio Transmitter Does Not Affect
Survival-- A critical assumption of smudies using radio
telemetry to estimate survival is that the radio transmitter
does not affect survival. There has been substantial
evidence in recent years tw suggest that, for some
species, radio transmitters may influence the behavior,
weight gain, reproduction, or survival of study animals
(e.g., Marks and Marks 1987, Hooge 1991, Paton et al.
1991, Foster et al. 1992).

We tested for the effect of carrying a radio
transmitter on survival using both CJS and multi-state
CJS models from our banding data. These data consisted
of animals both with and without radio transmitters, thus
allowing us w specifically test for radio effects. Because
our previous analyses using CIS models had indicated
Model A, (see above) as the most parsimonious, we
used it as a base model for testing radio effects. We
maintained the constraints of this model for constant
adult survival among years but variable juvenile survival;
however, we derived separate parameter estimates (for
survival, resighting probability, or both) for birds with
and without radio transmitters. The resulting models all
had a higher AIC than the previously selected model
(Table 4-29). This indicates that using separate
parameters for birds with and without radio transmitters
was not supported by our model selection procedures
(i.e., there is no radio effect). This conclusion was
further supported by LRTs between models with separate
estimates for birds with and without radio transmitters
and our base model in which parameters among these
groups were equal (Table 4-29). In additon o model
selection and LRTs, the actual parameter estimates from
these models were higher for birds with radio
transmitters than for birds without radio transmitters. Of
course, we do nol mean to imply that radio transmitters
somehow improved the chances for survival (our
procedures above suggest survival of birds with and
without radio transmitters does not differ); but rather,
that our parameter estimates also support the conclusion
that radio transmitiers did not lower the probability of
survival.

We also explored the effects of radio
transmitters on survival using a link function (Lebreton
et al. 1992) in our multi-state models. Rather than use
a separate parameter for survival of birds with and
without radios for each group of animals (e.g., age
class), a link function (f) links the parameters to an
external variable (e.g., radios) via a linear formula.



Tuble 4-29. Variations of base {most parsimonious) model (Model A, o)
and withow! radio transmitters were derived for survival (®), resighring probability (p), or both.

in which separate estimates for birds with

Parameter(s)’ -2Un(=) np AIC LRT* df P>y
none 97.101 7 111.101 - - -

& 92.697 i1 114.697 4,404 4 0.354

P £9.755 13 115.755 7.345 6 0.290

@ and p §7.478 14 115.478 9,623 7 0.211

! Parameter(s) for which separate estimates are derived for birds with and withou! radie Iransmitters.

? Compared to base model where parameter estimates are equal for birds with and withou! radio transmiters,

In this case we modeled survival of birds with and
without radios as:

ﬁﬂ - ﬁl:|'||I.h'.|-* .ﬁ mﬁl}

Pocorsio = Pradtio” J\Pendio)

and

Thus, the values of the link functions {9 and fip) are
the only two additional parameters estimated and a test
of a radio effect is whether or not the confidence
intervals of these link functions cover 1 (i.e., a value of
| shows no effect from the parameter).

As above, we used the most parsimonious model
from our previous analysis of multi-state CJ5 models
(Model B,, ) s a base model for testing radio effects.
For both survival and resighting probability the
confidence intervals of the link functions coversd 1
(Table 4-30). Tn both cases the estimated link-function
values were < 1, which would imply that our survival
estimate for birds with radio transmitters was higher than
for those without radios. We concluded this assessment
hysim]aﬁngandiueﬁum{ﬁ[ﬂrﬂmﬂmmmal data and
estimating the power to detect differences in survival
attributable to that effect. This analysis showed that we
had relatively low power to detect small differences
attributable to radio transmitters, but had reasonable
power to detect substantial radio effects (Fig. 4-14).
Although our tests for an effect of radios on survival
were not completely conclusive, all evidence that we had
indicated that radios had no negative effect on survival

Tahle 4-30. Parameter estimates, standard error
(SE), and 95 % confidence intervals (C.1) for link
functions f{8) of radio effects on survival and
resighting probability from the most parsimorious
multi-stare CIS model (Model B, ,,).

Parameter Estimate SE 95%% C.1
Ad 0977 0053 0873- 108
fp) 0,848 0240 0,377 -1.319
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Figure 4-14. Estimated power for detecting differences
() in survival of birds with and withour radio
rransmirters. Differences in survival were simulated
wsing Model B,, 5 as a base model from which
differences were imposed,




Censoring Is Random— Censoring is the
removal of radio-transmittered animals from a sample
when the radio transmitter sipnal can no longer be
detected. An important assumption of the Kaplan-Meier
estimator is that the censoring mechanism is random
(Pollock et al. 1989). This means that the probability of
a bird being censored is not related o its fate (i.e.,
censored and uncensored animals have the same survival
probability). In the case of simple radio failure (a
common reason for censoring) this assumption probably
is valid. In cases where a radio is destroyed in the
process of an animal dying (e.g., a radio is destroyed
during predation or scavenging), or a radio-transmittered
animal leaves the stidy area (e.g., through migration, or
having been hunted or poached) this assumption may not
be valid. When the probability of a censored animal
dying is higher than an uncensored animal the resulting
survival estimate will be biased high (i.e., survival will
be over estimated).

We believe that there are 3 likely reasons
animals were censored on this study: (1) simple radio
failure, (2) when Snail Kites die they likely end up in
water which reduces the life of the radio and/or
decreases its range (i.e., they were harder to detect), and
(3) some birds left the study area.

We defined simple radio failure as the failure of
a4 radio transmitter that resulted from manufacturer
defects, exhausted batteries, or electronic deterioration
resulting from normal exposure to environmental
elements. We did not include in this category, radios
that had been damaged as a result of traumatic
encounters (e.g., predaton or vehicle collisions) or
radios that had been exposed to conditions not normally
encountered by living birds (e.g., prolonged submersion
in water). Given the above definition, we had no reason
to suspect that the rate of simple radio failure should
differ between adults and juveniles. Consequently, the
expected rate of censoring of radio-transmittered adult
and juvenile Snail Kites due to simple radio failure also
should not have differed. An examination of the
distribution of “times to censoring” revealed a departure
from this expectation (+=3.77, df=179, P <(.001)(Fig.
4-15). Juveniles had a substantial surge in censored
animals that occurred within the first 60 days after radio
attachment that was not apparent for adults. This surge
also coincided with the period of high morality of
juveniles. Some of this censoring was likely the result of
post-fledging dispersal into peripheral areas where our
searches were less intensive. Banded juveniles have
been occasionally recovered (usually dying or dead)
outside of the usual range of adults. Our radio wlemetry
also revealed that juveniles will sometimes wander
throughout peripheral areas and later return to more

4]

E & g

i
=]
1

Percent of Sample Censored

T

120 180 240 300 360 420 480 54D 600 660 720 780
Day From Attachement

=]

[
!
[
0 60

Juveniles

&

8

&

=
i,

Percent of Sample Censorad

O 60 120 180 240 300 360 420 &80 540 600 660 T20 780
Day From Attachemant

Figure 4-15. The percentage of radio-transmitiered aduli
and juvenile Snail Kites that were censored in each 60-
dary time interval from the fime of anachmens.
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typical habitats (i.e., temporary emigration). However,
some of the censoring probably was undetecied
mortality. Birds that wander into atypical habitats are
likely 0 have encountered food shortages if apple snails
were not abundant. In addition, the risk of predation by
more terrestrial predators (e.g., Great-horned Owls) also
probably increased in these habitats compared to the
contiguous marshes usually inhabited. Search efficiency
for the radio signal would also decrease if either the
birds were in habitats not normally used by adults (i.e.,
we: spent less time in areas where birds were usually not
present), or if mortality resulted in the radio being on the
ground (as opposed to up on a perch or flying) or
submerged in water,

Because we suspected that we may have been
failing to detect some mortality, we increased our search
effort during SY 1994 by hiring an additional field
biologist whose primary responsibility was aerial
searches for missing birds. Additional evidence that
some of the cemsoring of juveniles was actually
undetected mortality resulted from this increased effort.
We examined the proportions of censored and dead birds
during the first few months afier attachment (i.e., < 1
September of each year) before radio batteries were



likely to have been exhausted; consequently, simple radio
failure from that cause was less likely. For adults, the
proportions of censored birds and birds confirmed dead
remained relatively constant for each year including 1994
when effort was increased (Fig. 4-16). In contrast, the
proportions for juveniles remained relatively constant for
SY 1992 and 1993, but showed a dramatic departure
from this pattern during SY 1994. 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 maiched the
proportion of censored adults, which it had not during
1992 or 1993. This suggests that we were finding dead
birds during 1994; whereas a substantial number of dead
birds may have gone undetected during 1992 and 1993,

N Cansored Birds
& [raad Birds

Percentage of Sample

Parcentage of Sample

Figure 4-16. The percerage of adult and juvenile Snail
Kites from each sampling cohort (L.e., the year that they
fledged or were captured) which were censored or which
died berween the time of capture and 1 September in each
year. Since all birds remaining in the sample will
ulsimarely be censored due to radio banery failure, we
used ] Seprember as a curoff point which enabled
comparability among years, withowt the confounding of
bartery failure.

Based on this evidence, we believe that we may
have overestimated survival of radio-transmittered
juveniles during SY 1992 and 1993. Although some
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undetected mortality of both adults and juveniles was
certainly possible, even during 1994, the risk of biased
estimatzs probability was less during 1994. Our
estimates of juvenile survival from an independent data
source (i.e., banding data using either CJS or muld-state
CI5 models) also were lower than the Kaplan-Meier
estimates for 1992 and 1993, but not during 1994, In
contrast estimates of adult survival from banding data did
not differ among years and the average estimates from
CJS and mult-state CJS models (@, = 0.92) were very
gsimilar to the average of the annual estimates derived
from the Kaplan-Meier estimator (@, = 0.90). Thus,
while we believe that survival of radio-transmittered
Jjuveniles was overestimated for 1992 and 1993, we have
no evidence to support a similar conclusion for adults,

Small Sample Effect on Staggered Entry
Design— Small sample sizes can produce misleading, but
unbiased, estimates of survival. The Kaplan-Meier
product-limit estimator is a simple exiension of a
binomial estimator (Kaplan and Meier 1958, White and
Garrott 1990). Omne of the characteristics of this
estimator is that the resulting product (i.e., the
cumulative estimate) is equivalent to a binomial estimate
over the interval of study (White and Garron 1990). For
example, if we start with a total of 10 animals and during
the course of the study 2 animals die at different times,
the final estimate derived from the Kaplan-Meier
estimate will (9/10=0.9) x (8/9= 0.88) = 0.80 (Fig.
4-17); exactly the same as B/10 from a binomial
estimator for the overall interval. However, when using
a staggered entry design the estimates for any given time
interval will be equivalent to a binomial estimate, but the
cumulative estimate (i.e., the product) will not
necessarily be the equivalent 1o a binomial estimate for
the overall interval (Fig. 4-17). For example, if only 2
animals are at risk over an interval, estimates of survival
can have only 3 possible outcomes: 1.0 (both lived), 0.5
(1 died and 1 lived), or 0.0 (both died). The expected
value (i.e., the mean of & from a very large number of
repeated experiments) of the estimate may stll reflect the
“true” estimate, but the individual ouicomes for intervals
with a low number of animals at risk may be an
inadaquate reflection of the expected value. For an
estimate to be biased, the expected valoe of the estimate,
not the outcome of any particular trial, must differ from
the true parameter value.

In this stwdy, we tried to circumvent this
problem by beginning our estimation at a ime when a
sufficient sample size was established (i.e., April 15 of
each year). There is always a balance that must be
established between having sufficient sample size w0
“trust” the results and not missing potentially “real”
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Figure 417, Hypothetical estimates of survival derived from Kaplan-Meier estimator where animals are entered into the |
sample all ar once ar the beginning of the study (A} and with staggered entry over the first 30 days of the study (B). In each
case the total sample size was 10 animals and in each case 2 of the 10 animals died; however, the cumularive survival
estimares were not equal. To illusirate how the estimares were derived we have also shown the number of animals added ro
the samiple (a, ) at time ¢, the number of animals that died (d, ), and the number of animals ar risk (v, )

effects that may exist early in the sample interval. This
was less of a problem for adults after the first year
because our sample from the previous year is retained;
and newly captured amimals merely supplement the
existing sample. However, juveniles from the previous
year could not be retained for our sample of juveniles
because they are no longer juveniles (they were added to
the adult sample after their first year). However, when
animals are partitioned into multiple groups for
comparison (e.g., region effects), the number of animals
at risk at any given time (even for adults) may have
been very low. Thus, we urge caution in interpreting
our Kaplan-Meier estimates without taking into account
the confidence intervals or number of animals at risk (r)
at a given time. We have provided the details from each
Kaplan-Meier analysis (including r; ) in appendices.

ASSUMPTIONS OF CORMACK-JOLLY-SEBER
MODELS

Capture and Release Occurs Over Brief Time
Interval—- When this assumption is met all animals in the
sudy should have been exposed to the risks of mortality
for the same time (Burnham et al. 1987).  This
assumption also enables a clear definition of the interval
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over which survival is measured. The life history of
Snail Kites makes this assumption difficult o meet.
Snail Kites have a relatively long breeding season and
are not particularly synchronous in their breeding
attempts. Consequently, the tme span over which
fledging, and therefore banding, occurs can be relatively
long. We have tried to minimize the violation of this
assumption by limiting our resighting period to the peak
four months of fledging (March-June). We do not
believe that violation of this assumption caused
substantial bias w0 our estimates. For adults, the highest
risk of mortality appears to be during the fall and winter.
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 again all juveniles within a given cohort
were exposed to that period of high risk. Violation of
this assumption does, however, present some ambiguity
about the period of time over which survival is
estimated. As described in our methods section, we have
defined our estimates of survival from banding data
roughly as survival from one breeding season to the next.

There is No Band Loss or Misreading of
Bands— The loss of bands in studies of marked birds can
produce a serious negative bias in survival estimates
(Pollock 1981, Nichols and Hines 1993). 'We believe



that the problem of band loss was negligible on our study
because almost all (859 of 913= 94.1%) birds were
marked with riveted aluminum bands that were virwally
assured of remaining on the bird. The other 5.9% were
made of PVC and anecdotal evidence suggests that band
loss from these bands also was extremely low. There
have been bands used on previous studies of Snail Kites
that were made from other materials (e.g., plastc and
Lynnply) more likely 0 have been lost (e.g., Bennetts et
al. 1988, Snyder etal. 198%); however, we had no birds
with bands of these types in our sample. Thus, we
believe the potential for band loss effects on our results
was minimal.

We probably had greater potential for
misreading bands than for loss of bands. The misreading
of bands does not necessarily result in bias (unless there
is some systematic patiern to the misreading) but may
have an effect on the variance (G.C. White, Pers.
Comm.). We tried to minimize this potential effect two
ways. First, the numbering sequence of bands was
controlled by the manufacturer (ACRAFT Sign and
Nameplate Co. LTD) to minimize duplication errors.
For example, numbers that can be read as a different
mumber if the band were accidentally put on upside down
(e.g., 65 and 95) were not used in a combination that
would allow accidental duplication of number
combinations. For example the number “19" could be
misread as “61" if the band were upside down. Thus,
only one of these two numbers would have been used.
Secondly, we did not record any band resighting until the
observer was virtually certain that the number had been
read correctly. Whenever possible, we also had a
second observer verify the number. This carefulness in
recording probably resulted in a lower overall resighting
probability because some bands that the observer wasn't
reasonably sure of went unrecorded; however, we were
reasonably assured that errors from misreading bands
were minimized.

Statistical Analyses are Based on Correct
Model— This assumption is the essence of all statistical
inference and its violation can seriously affect parameter
estimates (Burnham et al. 1987). In the strictest sense,
this assumption is always violated; however, our model
selection procedures and subsequent goodness-of-fit tests
help t0 ensure that violations are within acceptable limits;
however, when the reported model does not fit the data
then concern about bias of the estimator is warranted
(Lebreton et al. 1992).

Capture and Release Does Not Influence the
Subsequent Resighting of Animals— This is a common
and long-recognized problem for studies requiring

recapturing or resighting of animals (Pollock 1981,
White et al. 1982). We had some evidence of minor
violation of this assumption from our radio telemetry. A
few radio-transmittered birds (i.e., <5%) would depart
the immediate vicinity upon our approach after having
been captured. However, these birds usually just move
0 a new perch a short distance away. We were usually
able to still read the bands through a slow careful
approach. In addition, many birds were nesting and
would consequently return 1o the nest vicinity within a
few minutes. There were a few (= 1%) non-nesting
individuals, however, that upon our approach, would
leave the vicinity and we would be unable to read their
bands. There were also occasionally unmarked
individuals that would depart the vicinity upon our
approach, suggesting that some birds are inberently more
wary, regardless of previous capture history. Because
radio-transmittered birds often had a more traumatic
capture experience (i.e., many were captured with a net
gun) than birds that were merely banded as nestlings, we
believe that our observations of radio-transmittered birds
overestimates the extent of avoidance as a result of
having been banded. Consequently, although our ability
t relocate birds was probably influenced by birds having
been captured, our observations of radio-transmittered
birds suggests that this influence is not substantal.

Causes of Mortality

Although our sample size of dead birds was not
large, it was sufficient to provide an indication of the
relative frequencies of different causes of death.
Predation appears to have been the most frequent cause
of death for both adults and juveniles (Fig. 4-18). We
caution, however, that without finding each carcass while
it is still fresh and conducting a necropsy, it is impossible
10 distinguish predation form post-mortality scavenging.
However, we usually had ancillary information, in
addition 0 the carcass having evidence of having been
eaten (e.g., >1 carcass at the site or the location
inconsistent with a site normally used by Snail Kites),
when predation was assigned as the probable cause of
death (Table 4-31).

Emaciation was the second most frequent cause
of death for juveniles, but was not an observed cause of
death for adults during this study. Here we caution that
our data were collected during non-drought years.
During widespread droughts, when food may be scarce,
emaciation may be a more frequent cause of death for
both age classes. Emaciation may also have been
underestimated in our sample. For example, we
suggested that some juvenile deaths may have been



included as “censored” birds as a result of birds
dispersing to habitats atypical of adults and subsequently,
less adequately searched. These areas may also be more
likely to have less predictable food resources. Two of
the emaciated birds were found in marine environments
where apple snails are completely lacking.

Other causes of death included vehicle collisions,
disease, and one probable gunshot. Vehicle collisions
were observed for both age classes and one additional
death from this cause was observed for an unbanded or
radio-tagged adult (i.e., itis not incloded in this sample).
Deaths from vehicle collisions may be more likely when
nesting or foraging concentrations occur adjacent to
roadways. One adult female died of an infection of the
coelomic cavity. One juvenile may also have had an
intestinal disease, but severe autolysis precluded
conformation. The skeletal remains of one juvenile had
a probable punshot (shotgun) hole through its siernum,
but we were unable to confirm if this was the cause of
death.

| cossame (] Emacisbon [ vericts Cobsion [] Predations [l Unbrwwn E] Otwr |

Figure 4-18. The percentage of mortality of adult and
Jjuvenile Snail Kites in each of 6 mortality classes.
Farticularly for canses of death in which a Recropsy was mol
performed (e.g., predation), we can never delermine the
cause of death with certainty. However, we assigned
mortality 1o each class only when ancillary evidence
supporied our concluvion. In the absence of such evidence,
we assigned moriality o the unknown class,

Table 4-31. Ermnmmﬁﬂf_fﬂuﬂﬁtﬂbm:darmdmﬂ ﬁw ﬁﬂ:ﬁ.

Year Age Location of Mortality Probable Cause of Death
1992 uv WCA-IA Pradation'

1992 v St Johns Marsh Predation'

1992 v Holmes Beach, FL Emaciation®

1992 wv Florida Bay Emaciation”

1992 v Everglades Agricultural Arca Vehicle Collision®
1992 v WCA-2ZA Unknown®

1992 oV Agriculture Area (Collier Co.) Unknown*

1993 v West Palm Beach W.C.A. Predation'

1993 JUv Everglades National Park Predation'

1993 AD Lake Okeachobee Predation'

1993 AD Lake Okeechobee Predation'

1993 AD WCA-3A Infection of Coelomic Cavity”
1993 v Coquins W.C.D. Unknown®

1993 AD West Palm Beach W.C.A. Unknown™"

1994 oV WCA-JA Predation'

1994 v WCA-3A Predation'

1994 v WCA-3A Predation'

1994 v WCA-3A Predation'

1994 v Everglades Mational Park Predation’

1994 Juv Lake Kissimmee Predation’

ciond,
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Table 31, Continued
1994 v Loxshatchee N.W.R. Predation'
1994 v Loxahaichee N.W.R. Predation'
1994 AD Lake Kissimmes Predation’'
1994 AD Lake Okeechobee Predation'
1994 uv Everglades Agricultural Area Unknown (oot predation)®
1994 v WCA-JA Unknown (not predation)’
1994 v Big Cypress National Preserve Unknown (not predation)’
1994 AD WCA-2A Unknown (ot predation)”
1994 AD Lake Okeechobee Unknown (not predation)*
1994 v Lake Kissimmee Unknown'
1994 v Everglades National Park Unknown'
1994 v East Lake Tohopekaliga Unknown*
1994 v Lake Okeechobee Unknown'
1994 v C-111 Basin Unknown' .
1994 AD East Lake Tohopekaliga Unknown' f
1995 AD Lake Okeechobee Preddation'
1995 AD Oesceola Co. (private land) Predation’
1995 oy Lake Marion Predation’
1995 v East Lake Tohopekaliga Predation’
1995 v Lake Marian Emaciation™”
1995 AD Glades Co. (State Highway 78) Vehical Collision®
1995 AD St. Johns Marsh Unknown (not predation)™'"
1995 uv Lake Marian Unknown*
! Carcass showing clear signs of havirg been eaten (e.g., feathers plucked, bones broken) with addirional ancillary evidence
supporting having been taken by a predator (e.g., other carcasses found ar the site, feathers of predator [Creat-horned
Owl], and location or conditions ander which the carcasy was Jound fe. g, on limbs of rrees]). However, we can never be
certain that some of these were nol a resull of scavenging after dearh. ,
¥ Based on necropsies performed by the Navional Wildlife Health Research Center. '
¥ Bird found still alive alomg farm road with broken wing.
* Carcass too decomposed for evaluation,
* Based on necropsy performed by the University of Florida Laboratory of Wildlife Disease Research.
# Skeletal remains of bird banded by Jon Buniz (GFC) found at base of fence post. Small hole in sternum was consistenr with
shotgun peller.
T Bird war in excellent nufritional health and had 3 snails in esophages. No external signs of frawma.
¥ Carcass was completely intact (L e., no sign of predation or scavenging), but was too decomposed for further evaluation,
® Bird was severely emaciated; however, some evidence of intestinal disease which may have contribuled to death.
* Decomposition was foo severe to determine cause of death, but bird was emaciated.

. . s primarily from 3 sources of information: (1) the annual
Previous Estimates of Survival count, (2) a study by Sayder et al. (198%) with banded

3 birds, and (3) a smud Sm et al. (1989, 1989h)
There have been several previous reports of u;ing md:'m{u';;nsmi ¥ b!'; l:irdy:.ﬂ

estimated survival (e.g.,Snyder et al l?ﬂﬂa. Beissinger Snyder et al. (1989a) reported the results of
1995). To our knowledge these estimates emerged resighiing hirds handed from 1968-1978. They did pot

46



use standard capture-recapture methodology (i.e., CIS
models) presumably because of a lack of sufficient data
for most years. They point out that only a fraction of the
birds were checked for bands in any given year.
Consequently, they estimated a range for minimum
anmaal survival, taking into account all possible band
loss. Thus, actual survival estimates from these data
would range from their lower minimum estimate to 1.0.
All of the resightings they report were from 1979 when
their resighting effort was most intensive. Consequently,
their estimates of minimum annual survival also
confound adult and juvenile survival since all birds,
except those banded in 1978, were banded as nestlings
and resighted as adults. The estimate for birds banded in
1978 would not confound adult and juvenile survival,
since the estimates were only for minimum survival of
their first year (i.e., the estimate was for juveniles only).
For 4 of 10 years their lower estimate was 0 (i.e., actual
survival ranged from 0.0 w 1.0) and the average of their
lower estimates was 0.47 (i.e., survival ranged from
0.47 to 1.00). They suggested that adult survival
probably exceeds 0.9 under good conditions, but did not
present any estimation procedure to support this
suggestion. Beissinger (1995) later reported adult
survival during high-water years was 0.95 (+0.03 5D).
He reported that these estimates were projected from the
studies by Snyder et al. (198%9a, 1989b); however, he
reported no estimation procedure for either survival or
its standard deviation; nor could we find such procedures
in the sources cited, Beissinger later informed us (S.
Beissinger, pers. comm. ) that these were estimates in the
sense of approximations and were not derived using a
statistical estimator (e.g., maximum likelihood), and that
the standard deviations were intended as a way of dealing
with the uncertainty of the survivorship information in
his stochastic model,

Estimates of survival during droughts,
particularly the 1981 drought, have been frequently
reported based on changes between years in the anmual
count (e.g., Beissinger 1986, 1988, 1995, Takekawa and
Beissinger 1989). The count in 1980 (before the 1981
drought) was 652 birds (Sykes et al. 1995)(reported as
654 by Rodgers et al. [1988]). The count made in
December of 1981 (afier the drought) was 109 birds (an
83% decline in the count){Rodgers et al 1988, Sykes et
al 1995): although an alternative count for 1981 of = 250
{done independently by Beissinger [1982, 1984] in
March of 1982) is often substiwted for the state-
conducted count, implying a population decline of 60%
(e.g., Beissinger 1984, 1986, 1988, 1995, Takekawa and
Beissinger 1989). We suggest that using the anmual
count for estimating survival 1s not scientfically valid
because it is subject to multiple sources of error that are

47

inconsistent among years (discussed in detail in chapter
on Moniroring Snail Kire Populations in Florida).
Estimating survival from the annual survey during a
drought is particularly suspect because it is well known
that Snail Kites disperse in large numbers to peripheral
wetlands during droughts, where counts are not
conducted (Beissinger and Takekawa 1983, Takekawa
and Beissinger 1989) and this dispersal has not been
taken into account in these survival estimates. Snyder et
al. (1989a, 1989b) reported that at least 7 of 8 (one was
of unknown fate) radio transmittered birds survived from
May 1981 (just prior to the peak of the 1981 drought)
until their study period of 1982, Although their sample
size was small, this implies an estimate of survival
during droughts as 0.875 (rather than the 0.17 - 0.40
inferred from the annual count). If these data are
considered as following a hinomial distribution (and
assuming that the unknown bird was dead), then a 95%
confidence interval would be 0.65 - 1.00 and does not
even include the estimates inferred from the annual
count. Beissinger (1995) later suggests that these data
are more applicable as lag-year (the year following the
drought) estimates because radios were attached toward
the later part of the actual drought after these birds had
survived some of the dropping water levels and the risks
associated with dispersal 10 Lake Okeechobeg. We
disagree for several reasons, First, our data show that
the risks associated with dispersal are encountered on a
regular bhasis (i.e., approximately 25% of the population
disperses every month) whether there is a drought or not.
We do agree that the risks of predation may be greater
in peripheral habitats because of increased proximity o
upland habitats and their associated predators
{particularly Great-horned Owls); however, dispersal to
these habitats is not likely to be extensive until alternative
wetlands have dried (i.e., at the peak of the drought).
We also suggest that much of the mortality associated
with droughts will occur during the peak of the drought
and during the first winter afier a drought, when
depressed food levels are compounded by cold
temperatures, which decrease food availability even
further (Cary 1983, 1985). Both of these periods of high
risk were included in their sample of radio-transmittered
birds and therefore should better represent drought-year,
rather than lag-year, conditions. However, regardless of
how these data are interpreted, there still remains a nead
for credible estimates of drowght-related survival.



Chapter 5. REPRODUCTION

Because the focus of this report is on demog-
raphy, we have concentrated our attention in this chap-
ter on estimates of reproductive parameters, There are
numerous papers on other aspects of reproduction (e.g.,
behavioral ecology) which we have given less atten-
tion but encourage interested readers to seek out ie.g.,
reviewed by Beissinger 1988, Sykes et al. 1995)

Reproduction of Snail Kites has been well stud-
ied; although significant gaps remain in our knowl-
edge. There also exist several areas of disagreement
among researchers regarding interpretation of exist-
ing data and literature. Here, we present a combina-
tion of original data and a synthesis of the existing lit-
erature on reproduction. We have attempted to explic-
itly point out any areas where disagreement among
researchers exists, and to provide detailed explanations
for our interpretations.

From a demographic perspective, what is ulti-
mately 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
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of female young ) produced per female of cach age class
in the population. Unfortunately, for many species,
including Snail Kites, we cannot estimate this param-
eter directly. Rather. it is derived from the proportion
of hirds attempting to breed (o), the proportion of
breeding attempts that are successtul (5 ), and the num-
ber of breeding attempts per year (8). For successtul
nesting attempts, we also need to know the number of
young produced (¥,) and the sex ratio of the young
produced (R,) (Brown 1974, Caughley 1977 WFig. 5-
13. In this chapter we 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 reproduc-
tion can frequently be attributable to a lack of clear
definitions of what is being measured andfor 1o what 15
appropriate to be measured. We will address the later
type of misunderstanding in our discussions below;

however, 1o avoid the former type, we will begin our
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assessment of reproduction by providing operational
definitions for terms discussed below.

Breeding Attempi— There has been considerable
disagreement among researchers regarding what
constitutes a breeding attempt. For the purposes of this
report, we consider a breeding anempt 1o begin with the
laying of the first egg Steenhof (1987). Soyder et al.
(198%a) considered a breeding attempt to begin with nest
building, prior o the laying of the first egg. They
suggested that to ignore the period before egg laying in
analyses of reproductive success would be ill-advised
because of the high proportion (>0.33) of nests they
observed that failed prior to egg laying. We agree
entirely with Snyder et al. (1989a) that, for many
questions, the failure of nests prior to egg laying may
have important biological implications. These failures
may provide insight as to environmental conditions at the
time of ege laying and also may provide information
regarding behavioral aspects of mate choice. However,
we disagree that nests during the nest-building stage for
this species should be considered as a nesting attempt for
estimation of reproductive parameters. We 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, if two 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 of these
nests may produce young. Similarly, our observations
indicate that a single male may exhibit courtship
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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 10 a new female if a pair bond is not
established. We 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 atempts would have been
interpreted as a failed breeding attempt. In contrast, we
view this as part of the 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 (often at a new location) when temperatures
return to pre-front conditions (Beissinger 1988, Bennetts
etal. 1988). Thus, if two 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, we view these
postponements as couriship 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 if these 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),
we have seen mo accounting for how much of this
abandonment might be attributable to disturbance by the
investigators themselves, In contrast, abandonment of
eggs or young by Snail Kites is extremely rare (Bennetts
etal. 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, we define a breeding
attempt to begin with the laying of the first egg. Thus,
unless otherwise stated, references 10 nests in this report
implies the presence of eggs or young.

Successful Nest— For the purposes of this
report, 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, we defined fledging age as 80% of the average ape
of first flight (Steenhof and Kochert 1982). Snail Kiies
are capable of first flight at approximately 30 days of age
(Chandler and Anderson 1974, Beissinger 1988, Bennetts
et al. 1988); thus, we 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 rapiors between this time and fledging is
minimal (Milsap 1981, Steenhof 1987). In addition, we
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 our estimates
of juvenile survival from our mark-resighting program.

The Breeding Season

The initiation of nests (i.e., egg laying) has been
documented in all months of the year (Sykes1987c);
although, for any given year, Snyder et al. (1989a)
observed a4 maximum bresding season (interval over
which nests were initiated) of 31.7 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 5-1) (Fig. 5-2). Nest initiations begin
as early as November, but in most years widespread
initiations wsually do not begin until January or February.
Peak initiations usually occur in March, but are ofien
several weeks later, peaking in April, in the porthern
habitats (Toland 1994).

' Table 5-1. The number of nest initiations in each meonth studies 1966 through 1995,
‘ Sykes Soyder et al. Snyder et al. Bennetis etal. Toland This Proportion of
Month (1987¢)  (1989a)' {1989a)* (1988)° (1994  Study® Total® Total
oCT 5 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 0 81 14 3 T4 184 0.16
FEE 33 98 78 102 2 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
TUN 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

! Includes all years reported by Snyder et al. (198%a).

* Includes only years reported by Snyder et al, (T98%a) 1o have wide seasonal coverage (1970-1982).
* Unpublised data from nests reported by Bennetts ef al. (1988). Seasonal coverage was limited to

January through July.

* Unpublished data courtesy of B.R. Toland from nests reported by Toland (1994).

? Based on data from 1994 and 1995,

® Based only on data with wide seasonal coverage (Sykes 1987c, Snyder et al. 1985a [1970-1982 onlyf,

Toland 1994, and this study.
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Figure 5-2. The proportion of nest initiations for each month
of the year based on cumulative data reported by Sykes
(1987c), Sryder et al. (1989a){1970-1982 only), Toland
{1994), and this study.

The Breeding Population
AGE OF FIRST REPRODUCTION

Sykes (1979) reported that Snail Kiles 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. (198%) reported one female breeding at nine
months. Our data are consistent with Beissinger (1986)
and Snyder et al, (1989a), During this study, we
commonly observed yearling Snail Kites atempting to
breed.

FPROPORTION OF BIRDS ATTEMPTING TO BREED

Adults- 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 o suspect that it was not 1.0 and,
corsequently, 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 proporton of adult Snail Kites
atempting 0 breed during high-water years was 1.0, but
also provided no empirical evidence. Although our data
for this parameter are very limited, they are consistent
with these earlier estimates. During 1995, we closely
monitored 25 radio-transmittered adult Snail Kites for
breeding activity in order to assess the proportion
atempting 0 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, we located
each bird on the ground approximately bi-weskly w
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determine its 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.
Our estimate is based on a relatively small sample
{N=13) and on only one year; however, it does provide
an empirical basis that most, if not all, adultis may
attempt to bréed in some years,

Sykes (1979) reported that he observed no
nesting attempts during 1971 (a widespread severe
drought; see Managemenr and Conservation). 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% of the 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 these estimates. Based on anecdotal evidence,
we believe that the proportion of birds attempting o
breed during drought years may be highly variable
depending on the spatial extent of the drought (see
discussions on Warer Management and Snail Kites in
Management and Conservation). We agree that during
a severe widespread drought, most birds probably do not
attempt 0 breed. However, in cases of more localized
droughts, where portions of the 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 2 small proportion of
birds had attempted to breed. However, during this
year, record numbers of birds were nesting 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. Our 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 (ses
Movemenis). Thus, in years where drought is not
widespread, birds may merely shift the location of
nesting activities. Consequently, we suggest that this
parameter may be quite variable and needs o 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 (.8 adults
attemnpt o breed during lag years, although we could find
no empirical support for this estimate in any of the
sources cited. We suspect that, similarly to drought
years, this parameter may be highly variable depending
on the specific drought. Thus, we view this parameter
as also being unknown and subject to high variability.

Subadulfs— Snail Kites have been reported 1o
breed as young as 9 months old (Snyder et al. 198%);
thus, by a calendar-year definiion Snail Kiwes are
capable of breeding as juveniles (i.e., < 1 year old).
However, these cases are ones in which the birds
attempied to breed during the nesting season following
the nesting season of their hatch year. Thus, this
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.
(198%a) 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.
(198%a) only checked 50.8% of the 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, we estimated a similar percentage
of 17% of the subadult birds attempting to breed
(Bennetts and Kiichens 1992). Our estimate was basad
on only 2 breeding birds of 12 banded yearlings that we
observed during the 1992 breeding season.
Consequently, our estimate requires similar assumptions
that we suggested above for Snyder et al. (198%).

During 1995 (a high water year throughout the
kite's range), we also closely monitored 9 radio-
transmitiered juvenile Snail Kites for breeding activity
(as described above). Of these 9 birds 3 (33%) attempied
to bread. All of the estimates derived from the data of
Snyder et al. (198%a), as well as from our own data, are
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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.

Beissinger (1995) also reported that the
proportion of subadults attempting to breed during
drought years and lag years was 0.15. We could find no
empirical basis for this estimate in any of the sources
cited; but we 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. We have attempied to summarize below the major
issues of contention. We have also summarized the
literature on nest success and explicitly pointed out which
estimator was used and what categories of nests were
incloded 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.

AREAS OF DISAGREEMENT REGARDING
ESTIMATION OF NEST SUCCESS

Inclusion or Exclusion of Nests Found of
Different Stages- At what stage a given nest is found can
greatly influsnce 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 10 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
ohsoleta) 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 > | week have an inherently
lower risk of predation by rat snakes.

Some researchers (e.g., Beissinger 1986, Soyder
et al. 198%) also have included nesis prior to eggs
having been laid (i.e., during nest building) in deriving
estimates of success. We disagree with this practice for
the reasons previously discussed (see definition of
Breeding Artempt in earlier section of this chapter on
Semantics).

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 ferritories 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 (but they also included manipulated
nests for which some strong assumptions were made, see
discussion of Manipulated Nests below). Their third
suggestion was t0 use the Mayfield Estimator (see
discussion of Mayfield vs Conventional Estimators
below), which is intended 10 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, we urge caution
in making comparisons among previous studies. We 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
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estimator. Of these two approaches we prefer the latter
(discussed below in section on Mayfield vs Convensional
Estimators), although there remains disagreement among
researchers regarding this conclusion,

Manipulated Nests- Nests that occur in cattails
may have a tendency o 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
thiz 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.
198%9a). 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 pot 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 if
they 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 Soyder (1987), would have also biased success
upward because these manipulated nests were not a
random sample with regard w their probability of
success (i.e., that they would have failed). In contrast to
their suggestion, we have observed collapsed nests
containing older (> 10 4 old) nestlings that have been
successful. Although we agree with Snyder et al.
(1989a) that exclusion of these nests probably would
have biased success upward, we also believe that
including them all as failures probably would have biased
their estimate slightly downward. Our tendency is to
agree with the solution of Snyder et al. (198%a), but 1o
accept 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 suscepability of
nests 10 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 o allow



increased susceptibility 1o 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 we 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.), we 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. We do, however,
advocate that researchers must exercise extreme care o
avoid influencing the outcome of nests being monitored.

Mayfield 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 of the interval being estimated. This approach
provides an estimatz 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 supérior to the
conventional estimator under a wide variety of

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. We agree with Snyder
et al. (1989a) that the Mayfield estimator would be
inappropriate for estimation of success during the nest
building stage. However, we also believe that the nest-
building period is inappropriate t include in estimates of
nesting success for this species (see discussion of
Breeding Antempr in earlier section of this chapter on
Semantics). Consequently, we disagree with Snyder et

54

al. (1989a) that the Mayfield estimator is inappropriate
for estimating nesting success of Snail Kites. Rather, we
agree with Hensler and Nichols (1981), Miller and
Johnson (1978), Steenhof and Kochert (1982), and
Steenhof (1987), that this estimator is preferable o
conventional estimates of nesting success because of its
ability w produce unbiased estimaies of nesting success.

ESTIMATES OF NEST SUCCESS AND ITS
PROCESS VARIANCE

Given the wide disagreement among researchers
regarding nesting success, we 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. We
have also provided a summary of the 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 5-2).

We estimated the mean annual nest success fﬁgj

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 5-3). However, some years had
extremely low sample sizes, which may have precluded
a reliable estimate for that year. If we had excluded
estimates for those years with < 10 pests, we would have

estimated mean annual nest success {ﬁ, ) as (.28,

Estimate of Process Variance— It is 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 locations (spatial
variation). There is also likely © be beterogeneity
among individual (individual wvariation) 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



Table 5-2. Mean annaul nest mccess from major studiey conducted since 1968, A swccesghul nest is considered a nest in which af lsast one
voung fedged. Abo shown are the extimator uwred o estimale success, whether or not nesy placed in nest baskew were inclsded in the ectimale,

and whether or nol nesis found in sach of I sages were included in th canimare,
—_—ee e —————— e ———————

Stage Found

P jackutes _ Neut

Seccess Range Years  Location(s)” N Estimator — Baskels Building lIoc. [ Sestling Smurce
4% 17-85% 6876 123456 178 Coae® Yes" Mo Yes Yes Sykes (1979)
5% 17-85% 68-TR 1,234556 204 Cloams” Yes' My Yes Yea Sykes (198Th)
2% 041% TS} 234567 3 Conv’ No Yes Yes Mo  Beissinger (1986)
0% 13-35% HE-87 4 347 Mayfield Mo Ma Yeu Yes Beanetis e al, (1988)
1m% J0-46%  RG-ET 4 357 Conv" Ho Mo YVes Yes Benmens ot al. (1988)
% 2i-40%  B6-B7 4 ase Cony” Ho Yiew Yer Mo Bennetis 1 al. {1988)
5% 264 % Bs-47 4 el Comv" Mo Mo Yes Mo Beanotis ot al. (1988)"

R 0-30% AE-23 4,567 s . Cloany” Yes* Yes Ma Mo Savder et al. (1989)

0% 0100% 6833 4,567 256 Coav" Yes* Mo Yes No Sayder et al. (198%)
Fol D-100% fB-A3 #4.56,7 49 Com” Yer* Yei Yes Mo Soyder et al. (1985)
9% & 55% S0-93 B 167 Ciomv* Ho No Yo Ma Toland (1584
SE% S163% 9495 1234567 11 Com* o No Yes Mo This shudy

* Locasions are: WCA-1 (1), WCA-24 (2), WCA-2B (3), WC4-34 1), Lake Oksechober (1), Lake Kissimmer (5), Lake Tohopekaliga (7), and
Upper 5t Fohns Marsh /).

* Differs from 183 reported by source suthor because success war weknown for § of the 183 neas,

" Comvensional- Succesy estimated ar (# Swocesifal Nerts)Total § Nests)

! Nesty placed in nest baskets vwere reated ar all other neets,

* Succesy estimated using macimum Ekelihood extimator (MLE) described by (Mayfleld 1961, 1975, Rensler and Mehols J98]).

f Was mor reported by Beanens er al. (T988), bur data from their srudy were avalaible to derlve extimaie,

! Nou reported by source authors, bur estimated from annual success in Smyder et al. (198%a, Table 2). Annual success for 19781983 was
reparted seperately for lakes and WCA-34 by source authors, but combined heve for extimate of mean annual success. Al years were inclided
in exfimate repardiess of sample rize.

* Al nesey placed in nest baskets were considered b0 have failed.

among individuals (collectively called process variance). 1989, Toland 1994), nest height (Bennetts et al. 1988,
For modeling populations, sampling variation is a source  Toland 1994), distance w land (Sykes 1987c), and
of noise and should be removed from the overall interspecific coloniality (Soyder et al. 198%). We usad
variance estimate. Burnham et al. (1987) provided the  logistic regression o test for the influence of each of
theoretical framework and formulae for estimating  these effects, except imterspecific colonmiality, on a
process variance. We used this framework 10 estimate  sample of B854 nests using data from Bennetts et al.
process variance for nest success based on estimates  (198%), Toland (1994, unpubl. data), and this study. Our
reported from 1968-1995 using only nests found after the  preliminary univariate analysis, which had a liberal
first ege was laid, but before hatching. Based on the data rejection criterion of a=0.25 (see methods) for each
from table 5-3, we estimated =008 and 5=0.28. effect indicated that all of these effects warranted
retention for further analysis (Table 5-4). However, our
results indicated that the specific substrate, rather than
INFLUENCES OF NEST SUCCESS herbaceous versus woody, was warranted for further
consideration. Similarly, our results indicated that a
There are 3 multitude of factors that could  categorical threshold distance w land of less than or
potentially influence the outcome of Snail Kite nests.  greater than 200m (Sykes 1987c) was warranted for
Factors that have been reported wo significantly affect  further consideration, rather than the actual distance.
nest success include location (i.e., area)(Snyder et al. Although our preliminary univariate amalysis
1989a), water levels (Sykes 1987h, Bennetis et al. 1988,  supported the retention of these effects, a multivariate
Snyder et al. 1989, Toland 1994), date of initiation ~ analysis with each of the remined effects (but lacking
(Bennetts et al. 1988), nest substrate (Smyder et al.  imteraction terms) indicated that only year and date of
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Table 5-3. Annual nest success reported during studies from 1968 through 1995, Nest success was based
on nests found during the egg stage.
HNo. Mo. Nest Sampling
Year Nests Successful  Success (5) Var ( $)* Source
1968 1 1 1.00 LY LY Snyder et al. (1989a)
1969 - - - - -
1970 1 i 1.00 0. 0000 Soyder et al. (1989a)
1971 - - - -- --
1972 3 1 0.33 0.074] Snyder et al. (198%)
1973 18 4 0.22 0.0096 Soyder et al. (198%)
1974 13 0 0.00 0.0000 Soyder et al. (198%)
1975 15 0 0.00 0. 0000 Soyder et al. (1989a)
1976 18 0 0.00 00,0000 Snyder et al. (1989a)
1977 13 2 0.15 0.0100 Soyder et al. (1989a)
1978 50¢ 25 0.42 0.0041 Snyder et al. {1989)
1979 78" 42 0.54 0.0032 Soyder et al. (19859a)
1980 2 0 0.00 0.0000 Snyder et al. (1989a)
1981 5" 0 0.00 0.0000 Snyder et al. (198%)
1982 12 1 0.08 00064 Soyder et al. (198%)
1983 18" 5 0.28 0.0111 Snyder et al. (1989)
1984 - - - - -
1985 == e - e .
1986 107 28 0.26 0.0018 Bennetts et al. (1988)
1987 210 92 0.44 0.0012 Bennetts et al. (1988)
1988 - - .- - -
1989 - - - - -
1990 26 2 0.08 0.0027 Tolund (1994)
1991 3o g 0.21 O 02 Toland (1994)
1992 39 33 0.55 0.0042 Toland (1954
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
* Sampling variance was not reported by the source authors, but was extimated based on a binomial disrriburion.
* Annual success for 1978-1983 was reported seperately for lakes and WCA-3A by source authors, but combined here for
estimale of annual success,

initiation were warranted at more restrictive rejection
criteria of & =0.05 (Table 5-5).

Owr final model indicated an area, but not a year
effect, as was indicated by our preliminary analyses
(Table 5-6). 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, we do not
believe that we can reliably distinguish between these
effects. Differences in success among areas and years
are ot surprising given the many causes of nest failures
(Sykes 1987¢c, Bennetts et al. 1988, Snyder et al. 198%9a).

Our 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, Owerall nest success (all years combined) was

highest during January with a generally decreasing trend
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over time (Fig. 5-3). However, the overall trend is
somewhat misleading because it was heavily influenced
by one year (1987) of exceptionally high success in
January (Fig. 54). 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 we 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



Table 5-4. Summary statistics from individual univariate logistic regression models for the foctors effecting
LT FROCEET.
W

Source df [ P> o
Year 7 63.18 < 0.001
Area" 3 45,90 < (0.001
Nest Substrate (NSUB) 6 29.50 < 0.001
Herbaceous vs Woody Substrate | 0.01 0918
Date of Initiation (DOT)* 1 35.94 < 0.001
DOI * DOL 1 12.83 < 0.001
Water Depth at DOI 1 19.98 < (L001
MNest Height (HGT) 1 5.18 0.023
Distance to Nearest Land (LAND) 1 0.31 0.578
Distance > 200 m (D200)" 1 2.42 0.120

* Chi Square was based on Wald Statistic (5AS Inc. 1988).

¥ Areas were WCA-34, WCA2B, Upper 51, Johns Marsh. Because other areas had insufficent sample sizes 1o be
effectively included, they were grouped info an “other * category.

* Substrates were Willow, Pond Apple, Meleleuca, Wax Myrtle, Cypress, Cantail, and “other

! Estimated Julian date of first egg.

* A visual inspection indicated the possibility of a quadranic, rather than linear, relationship of DOL

! Sykes (198578) suggested that mests within 200m of land were more prone io failure.

Table 5-5. Summary statistics from preliminary main-effects multivariate logistic regression model for the

Jactors effecring nest success.

Source df " P>| ¥
Year 7 17.65 0.007
Area” 3 0.38 0.944
Nest Substrate (NSUB)* & 8.66 0.194
Date of Initiation (DOT)* 1 7.66 0.006
DOI * DOL* 1 3.14 0.076
Water Depth at DOI 1 0.39 0.532
Mest Height (HGT) 1 1.31 0.253
Distance > 200 m (D200)' 1 2.49 0.114

® Chi Square was based on likelihood-ratio test of models berween the fully saturated main-effects model with and
withou! sach main effect (Hosmer and Lemeshow 1988).

¥ dreas were WCA-3A, WCAZE, Upper 51, Johns Marsh. Becouse other areas had insufficent sample sizes to be
effectively included, they were grouped into an “other ™ category.

© Subgsirates were Willow, Pond Apple, Melelenca, Wax Myrile, Cypress, Canail, and “other .

¥ Estimated Julian date of first egg.

* A visual inspection indicated the possibility of a quadratic, rather than linear, relationship of DOL

¥ Sykes (19870) suggested that nests within 200m of land were more prone o failure.
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Table 5-6. Summary statistics from the final mast parsimonious (based on AIC and LRT5) logistic regression

maodel for the factors effecting nest swccess.
_===—===u_:.=!—ﬂﬂ=_

Source df xh P> [ fl

Year® 7 9.80 0.200

Ares® _ 3 10.78 0.013

Date of Intiation (THOT) I 5.34 0.021

Dol = por 1 2.66 0.103

YR * DOI ! 16.63 0.020

significant interaction with dare of initlation (M),

resiricied sample of areas (see Table 5-2).
slightly lower with the term included.

* Chi square was based on a LRT between models with and withowt the source term,
¥ Although the main ¢ffect of year was not significant at @=0.05, i was retained in the final model because of its

¢ Multivariate mode! indicared thar this term did not need 1o be reigined in subsequent models; however, the AIC was
Ionwer with this term included. Year and area effects also were confounded because some years included a

* A LRT of models with and without this term indicated that this term was not warranted; although the AIC was

T

Peecaniage Plast Success

Figure 5-3. The percentage of nests that were successfil
during each month. Data used in this analysis were from
Bennetts el al. (1988)(1986-1987), Toland (1994,

unpubl data)1990-1993), and this study {15994-1995),

portion of the kite's range. This probably also accounts
for the interaction effect of year with date of initiation.

Number of Young per Successful
Nest

In contrast to nest success, the number of young
per successful nest probably is one of the least variable
and has been the least controversial of the reproductive
parameters. The relative lack of variability for this
parameter is not surprising since it is not unusual for
raptors to produce normal numbers of young per
successful nest even when other aspects of reproduction
{e.g., proportion of population attempting to breed or
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nest success) are depressed (Brown 1974, Steenhof
1987). For this reason, the number of young per
successful nest is not partcularly informative in the
ahsence of these other reproductive parameters {Brown
1974).

Several studies have reported estimates for the
number of young per successful nest (Table 5-7) 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 5-8).

Number of Nesting Attempts Per

Year

Smail Kites are capable of raising more than one
brood per year and attempts at multiple brooding may be
fairly widespread (Snyder et al. 1989a). However, the
extent of multiple nesting atiempts has been poorly
documented. Smyder et al. (1989a) estimated the number
of attempts based on a verbal description of the following
calculation:

No. Nesting Attempts i
" = No. A
3 Hempts per pair

w2 |'---.|..==

where n, = the number of successful nesting attlempts
found on Lake Okeechobee and WCA-3A in 1978, 5 =
the estimate of nest success (estimated as the number
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Figure 5-4. The percentage of Resis that were successful
during each month of each year. Data used in this analysis
were from Bemnetis et al. (1988){1986-1987), Toland (1994,
unpubl data){19%1-1993), and this study (1994-1995).
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successful nests’ number nests observed) for nests found
at the nest building stage at Lake Okeechobee and WCA-
3A that were successful, and n, = the number of Snail
Kites counted during the 1977 anoual count on Lake
Okeechobee and WCA-3A. Using the values reported

by Soyder et al. (198%) produces the following estimate:
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029 207

—=7 == =27 an iF
152 7 empts per pa
)

We have several concerns about this estimate
derived by Snyder et al. (1989a). First, it is important
to recognize that this estimate is only applicable to the
mumber of nest building attempts (i.e., courtship attempis
by our definition; see discussion of Semansics above). It
is not an estimate for the number of nesting anempts, if
a nesting attempt is defined as having produced at least
one egg. If we apply their procedure using nests in
which at least one egg was laid and using an estimate of
success derived from nests found during incubation (25
successful nests of 59 found during incubation
=().42)(this is less biased than using nests found after
hatching; see above) then an analogous estimate for the
number of nesting attempts (in which at least one egg
wias laid) would have been:

_60

D42 142

—_— = — = 1.9 altempls i
152 76 ekl i
7

Regardless of how a nesting attempt is defined,
we believe that the approach used by Snyder et al.
{1989a) is inherently biased and produces an unreliable
estimate for this parameter. First, there are several
assumptions inherent in their calculations for which their
esimate is not robust to violadon. They correcty
pointed out that they assumed (1) the count from 1977
Was an accurate census, (2) there was a 1:1 sex ratio, (3)
all birds counted during 1977 were potential breeders in
1978, and (4) no birds died between the 1977 count and
the end of the 1978 breeding season.

As we discuss in considerable detail in a later
chapter (see discussion of the Annual Couwnt in Chapter
on Monitoring the Florida Snail Kite Population), the
annual count is mot a reliable census of the population, as
was assumed, and evidence suggests that it is not even a
reliable index to the population. Given that it is highly
improbable that all birds are counted during the annual
count (Rodgers et al. 1988), it is likely that the number



Anmial = Orverall

Table 5-7. The annual mean and overall fi.e., all years and locations combined) number young per successful
nest from major studies conducted since 1965, A successful nest was considered a nest in which at least one

.@L_——:——I_F:'—

Tohopekaliga (7), Upper 5. Johns Marsh (8),

! The annual average number of young per successful nest
? The total fall years) number of young per total number of successful nesis
! [ ocations are: WCA-1 (1), WCA-24 {2), WCA-2B (3), WCA-34 (4), Lake Oksechobee (3), Lake Kissimmee {5), Lake

* Not reporied and/or insufficlent information provided to estimate

No.Per  No. Per Total No.
Successful  Successful  Annual Years Successful
Nest' Nest® Range Inchuded Location(s)* Nests Source

2.0 1.9 1.4-2.5 1968-1976 1,2,3,4,5,6 B4 Sykes (1979)
2.0 2.0 14-25 1968-1978 1,2,3,4,5,6 103 Sykes (1987b)
20 . = = 1978-1983 4,5,6,7 106 Beissinger (1986)
1.5 1.6 1.4-1.7 1986-1987 4 149 Beaneits et al. (1988) f
2.0 -t o 1968-1983 4,5,6,7 - Snyder et al. (1989) Ia
1.9 2.0 1.5-2.1  1990-1993 8 57 Toland (1994)
1.8 1.8 1.6-1.9 1994-1995 12345678 144 This study

of pairs would have been underestimated, which would
have resulted in the number of atiempts per pair to have
been overestimated. We also have no means of
evaluating whether assuming a 1:1 sex ratio was
reasonable, but in the absence of such information we
agree with Snyder et al. (198%) that this was a
reasonable assumption.

We disagree that all birds counted during the
1977 annual count can be reasonably assumed to be
breeders in 1978. Our data, as well as the observations
by Snyder et al. (198%a) indicate that juveniles have a
lower probability of atempting to breed than do adults.
Thus, all birds included in the 1977 count that were
juveniles were not potential breeders. This would tend
w inflate the denominator (i.e., to reduce the number of
pairs in their calculation) and, consequently produce a
negative bias; however, there is no reliable way o
estimate the extent of the bias, since the proportion of
juveniles in the 1977 count was unknown.

We agree with Snyder et al. (198%) that they
had to assume that no birds died between the 1977 annual
count and the end of the 1978 breeding season; however,
the true assumption was substantially more extensive
than they reported. Because their calculation assumed
the same population at both time periods (i.e., during the
count and during the breeding seasom) they really
assumed that Lake Okeechobee and WCA-3A (the only
areas used in their calculation) were a closed population.
That is, that there were not only no deaths, but also that
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there were no births, no immigration, and no emigration.
If the time period between the 1977 annual count and the
end of the 1978 breeding season were very short, this
would be a reasonable assumption. However, the count
was conducted in December of 1977 (see the Annual
Count in Chapter on Monitoring the Florida Snail Kite
Popularion) and initation of the last reported nest of the
1978 breeding season was in August of 1978 (Snyder et
al. 1989a). Thus, the interval over which this
assumption applied was %-9 months. We are not
especially concerned about the assumption of no births
because this assumption can be met by excluding young-
of-the-year juveniles from their analysis. Although it is
unlikely that no deaths occurred over this period of nme,
we would also not expected a large bias from this effect
due 10 high adult survival. In contrast to births and
deaths, we find the assumption of no immigration or
emigration of substantial concern. Our data suggests that
the probability of an adult bird moving in any given
month is approximately 0.25 (see Movemens). Thus,
over an 8-9 month period it is extremely unlikely that
there was no immigration or emigration o or from these
areas. Furthermore, our data suggest that at the time the
annual count is conducted, there is a greater probability
that birds will be in habitats not typically used for
nesting. This could result in a substantal overestimate
of the number of attempts per pair.

Snyder et al. (198%) suggested that a bi-modal
seasonal distribution of nests that are spaced about 3-4



Table 5-8. The number of successful nests, young fledged, and number of young per successful nest
%ﬂ
Vear " MNo. Successful Na. No. Young per
Nests Young Fledged Successful Nest Source

1968 11 24 2.2 Sykes (1979, 1987b)
1969 13 1.6 Sykes (1979, 198Th)
1970 12 1.5 Sykes (1979, 198Tb)
1971 0 - Sykes (1979, 1987h)
1972 3 T 2.3 Sykes (1979, 1987Th)
1973 12 29 2.4 Sykes (1979, 198Th)
1974 f 1 1.8 Sykes (1979, 1987h)
1975 14 35 2.5 Sykes (1979, 1987b)
1976 22 30 1.4 Sykes (1979, 1987h)
1977 8 20 2.5 Sykes (1987h)
1978 11 20 1.8 Sykes (1987h)
1979 54 108* 2.0 Beissinger (1986)
lgm - . 3 = |
1981 0 0 -t Beissinger (1986)
1982 2 4 2.0 Beissimger (1986)
1983 10 207 2.0 Beissinger (1986)
]m - = 3 ¥
1985 - - - -
1986 45 65 1.4 Bennetts et al. (1988)
1987 104 172 1.7 Bennetts et al. (1988)
1988 - - - -
1989 - -~ - -
1994 3 1.5 Toland (1994)
1991 17 2.1 Toland (1994)
1992 33 68 2.1 Toland (1994)
1993 14 26 1.9 Toland (1994)
1994 30 80 L6 This study
1695 o4 181 1.9 This study

! No successfid nests from which ro estimare

* Not reported, bur inferred from number af successful nests and mumber young per successful nest

* No reported informarion

months apart during some years indicated widespread
multiple brooding. We agree that a bi-modal distribution
of nest initiations may be an indication of multiple
brooding during those years. However, a bi-modal
distribution may also be attributable in some years to the
starting and stopping of nest initiations due to early
season temperature changes; although these two
explanations are not mumally exclusive. We often
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ohserved nest initations during December or Jamuary
that coincided with periods of unseasonably warm
weather, particularly in the southern habitats. As colder
temperatures resumed nest initiatons that had not
reached the egg laying stage were likely to terminate.
[nitations would resume when warm temperatures
returned, often a2 month or two later. This would create
a peak of initiations early during the season (usually in



January) followed by a second larger peak one or two
months later (usually in February or March) after warm
temperatures became prevalent. However, birds that
successfully initiated early were also likely to re-nest
because completion or failure of their first nest occurred
well within the primary breeding season.

Snyder et al. (198%) correctly limited their
inference to 1978. Beissinger (1993) later extended this
inference to a pencral estimate for the number of
attempts per year; although he revised the estimate w0
from 2.7 w 2.2 suggesting that this would be
conservative. In order to generalize this estimate 1o all
years, Beissinger (1995) had to assume that 1978 was a
“representative” year. Based on the data presented by
Soyder et al. (198%), 1978 was far from representative.
Based on both number of nests found and on oumber of
nestlings banded, 1978 was an extremely high year for
reproduction (Fig. 5-5). Consequently, application of
this estimate w other years would very likely have
resulted in an inflated estimate.

v
{
!

@8 AT BE BB TO TH TETITA TS TE 7T TH 7O 80 B B2 B3
Yoar

Mumber of Nestiings Banded

I W6 BT BA B8 TG TY TE TH T TS Te TT TH TH 8O 81 62 83
| Yaar

Figure 5-5. The number of nests flop) and number of
nestiings banded (bottom) during each year reported by
Smyder et al. (198%a). Smyder & al. (1989a) estimated the
number of breeding antempts per pair during 1978 and
correctly limited their inference of this estimate io 1978,

| Bared om these data, we suggest that estimates from 1978 can |
not be reliably extended to other years.
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In contrast o the approach used by Snyder et al.
(198%a), we estimated the extent of multiple broods using
radio-transmittered birds. During 1995, we closely
monitored 23 radio-transmittered adult Snail Kites for
breeding activity in order to assess the number of
breeding attempts per year. Of these 23 adults, 14 were
females and 9 were males. During the 1995 nesting
season, we located each bird om the ground
approximately bi-weekdy (X = 14.1 days + 8.1 sd) and
determined its 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. We found an
average of 1.4 (+0.6 sd) nesting attempts per bird
(Table 5-9). The interval of our breeding status checks
could have resulted in a failure to detect an occasional
bird that initiated a nest that failed early during laying or
incubation. Consequently, this estimate may be slighty
low for 1995, However, most nest failure occurs during
the first week after hatching (Bennetts et al. 1988),
which would have required nesting activity for at least 4-
5 weeks. Consequently, the potential bias from having
missed nests over a l4-day period probably was
negligible. In addition, 1995 had favorable water
conditions throughout the Snail Kite's range in Florida.
Consequenty, we might also expect our 1995 estimate o
be higher than an annual average.

In summary, we agree with Smyder et al.
(198%a) that multiple brooding by Snail Kites in Florida
is common during some years. However, our data
suggest that the estimate of 2.7 attempts per year by
Snyder et al (1989a) and even the “more conservative®
estimate of 2.2 attempts per year used by Beissinger
(1995) were substantial overestimates. A combination of
differences in our estimation procedures, difference in
our respective definitions of a breeding attempt, and
annual variability of this parameter probably account for
these discrepancies.

Conditional Probability of Attempting to Breed-
An alernative way o look at the number of attempts per
year is using conditional probability for the proportion of
birds attempting to breed (). That is, a; would be the
probability that a bird attempted o breed, given that it
had not atiempted previously during that nesting season.
Of 23 birds we monitored for breeding activity during
1995, all 23 anempted to breed at least once. Thus, our
estimate of &, would be 1.0. Similarly, c; would be the
probability that a bird attempted to breed, given that it
had previously made 1 attempt during that breeding
season. Based on our data from 1995, we would



Table 5-9. Number of nesting astempts and number

of artempis that were successful for each of 23 aduls

Snail Kites during the 1995 breeding seasor.

Frwy Sex NhEnf H;;‘;m
152.698 F 1 1
152.584 F l
153.496 F 2 0
153.860 F 2 1
152.739 F 3 1
153.931 F 1 1
| 15209  F 2 1

153.969 F 2 2
152.494 F | 1
152.169 F 2 ]
153,979 F 2 1
152.777 F | |
152.499 F 1 0
152.369 F 1 1
152.869 M l 1
153.900 M | 1
152,128 M 1 1 1
153.390 M 1 l
153.290 M 1 1
152.848 M | 0
152.858 M 1 1
152.539 M 1 0
152.37% M 2 1

estimate o, 10 be 0.34 (8 of 23). The probability that a
bird attempted to breed, given that it had previously
made two attempits during that breeding season (&,) 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:

If'ar{&_} B a(l - @)

is intended for large samples (White and Garrott 1990).
Hollander and Wolfe (1973) provide alternative
procedures that could be used for smaller samples.
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Number of Successful Broods per Year- Snyder
et al. (1989a) suggested that in some years it was
possible for Snail Kites o successfully raise four broods.
This was based on the length of the breeding season for
certain years (e.g., 1978 and 1979) and the assumption
that it would take 10 weeks (70 d) 0 raise a brood if
mate desertion occurred and 16 weeks (112 d) if no mate
desertion occurred.  Although this is certainly
theoretically possible, we believe that the probability of
a Snail Kite successfully raising even three broods in a
given year is very close 1 zero. We base our conclusion
on szveral 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 1B-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 we closely monitored
for breeding activity during 1995 (a good year),
successfully raised two broods. We 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 (see The Breeding
Season above). The majority of nests (82% of the nests
reported by Snyder et al, [1989%]) were initiated during
a five month period from January through May. This is
sufficient ime 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 o energetic
costs of raising successive broods. Thus, we 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,



Chapter 6. MOVEMENTS

Natal Dispersal of Juveniles

Matal dispersal is usually defined as the per-
manent movement of an animal (usually a juvenile)
away from an animal’s natal site 1o a new site of actual
or potential breeding (e.g.. Howard 1960, Greenwood
1980, Greenwood and Harvey 1982). For the purposes
of this study, we defined natal dispersal as the initial
dispersal of a juvenile from its natal wetland with the
understanding that a given individual might, and prob-
ably will, return to 1ts natal wetland many times dur-
ing its lifetime.

The overall cumulative probability of juvenile
Snail Kites dispersing from their natal wetland dunng
their first year was (.81 based on an estimate derived
using a Kaplan-Meier estimator (Fig. 6-1). Only 8 of
65 (12%) radio-transmittered birds over a three-vear
period that survived their entire first vear and whose
locations were known remained in their natal wetland
for their entire first year.
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TEMPORAL PATTERNS OF NATAL DISPERSAL

Within-year patterns— Of the birds that
dispersed during their first year (n=>357), most (60%) did
s0 within the first 60 days afier fledging and all did so
within the first 240 days (Fig. 6-2).

Days Since Fleadging
Figure 6-2. The percentage of juvenile Snasl Kies that
initially dispersed from their natal werland in sach 30-doy

Differences among Years—Dispersal of juveniles
from their natal Hﬂmdmluwestdtmng 1992 and
relatively higher in both 1993 and 1994 (Fig. 6-3).
Differences were significant (at &0 =0.05) between 1992
and each of the other years, but not between 1993 and
1994 (Table 6-1)(Appendix 6-1).
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Figure 6-3. Kaplan Meier estimates for the cumulative
probability of dispersal in sach of the three years.

Confidence intervals for estimates are not shown fo minimize |
clustering, but are provided in detail in Appendix 6-]. |
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Table 6-1. Results of log-rank tests benwveen

dispersal functions of juvenile Snail Kites

dispersing from their natal wetlands during

each study year (SY)(April 15 - April 14). |
]

v df Prob i
5.6 1
4049 |

0.129 1

Comparison
1992 ws. 1993
1992 vs. 19494

0.022
0.044

1993 vs. 1994 0.720

DIFFERENCES IN NATAL DISPERSAL BETWEEN
NORTHERN AND SOUTHERN REGIONS

We did not have a sufficient sample to compare
differences in natal dispersal of juveniles among specific
wetlands and/or among specific regions. However,
because low waters levels occurred throughout the
southern portion of our study area just prior to our study,
we were interested in a spatial comparison of natal
dispersal. Consequently, we pooled our samples from
the southern regions (i.e., Everglades, Loxahatchee
Slough, and Lake Okeechobee), which were substantially
influenced by the previous drought, and the northern
regions (i.e., the Kissimmee Chain-of-Lakes, and Upper
St. Johns River Basin), which were relatively unaffected
by the previous drought. This analysis indicated that
natal dispersal from wetlands in the southern regions
(i.e., most affected by the previous droughi) was
substantially lower than from wetlands in the northern
regions during 1992, but not during 1993 or 1994 (Table
6-2)(Fig. 6-4)(Appendix 6-2).

Table 6-2. Resulis of lests comparing |
Juprmdﬁmﬂm@'ﬂvmkirﬂﬂm
dispersing from the northern regions
Kissimme Chain of Lakes and Upper St. Johns
Eiver Basin) and southerm regions (Le.,
Everglades, Lake Okeechobee, and
Loxahatchee Slough) during each snudy year

(SY)(April 15 - April 14).
-_——- e i  — —

Comparison r df Prob
1992 7.530 1 0.006
1993 0.635 1 0.426
1994 <0.001 1 0.994
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r Figure 6-4. Kaplan Meier estimates for the cumulative probability of dispersal from wetlands within northern and southern regions
i in each of the three study years. Confidence intervals for estimales are not shown lo minimize cluftering, bur are provided in detail

in Appendix 8-2.
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DIFFERENCES IN NATAL DISPERSAL BETWEEN
LAKE AND MARSH HABITATS

Our sample was also insufficient to compare
the differences in natal dispersal among each individual
habitat; but was sufficiently large to compare between
lakes and marshes. ‘We did not observe any differences
in dispersal out of lakes compared to marshes for any
juvenile cohort at @ = 0.05; however differences were
significant during 1993 at &« = 0.10 (Table 6-3).
Additionally, the pumber of animals in each sample
group (i.e., birds that were alive and whose locations
were known for each habitat type during each year) at
any given time was relatively low (< 15)(Appendix 6-3).
Thus, the power 10 detect even substantial differences in
dispersal also was relatively low (see Fig. 3-1 in Methods
section). There was, however, a consistent pattern for
the estimates of the cumulative probability of dispersal
out of marshes to be higher than from lakes for each
cohort (Fig. 6-5).

DISCUSSION OF NATAL DISPERSAL

High rates of natal dispersal are often found for
species that exhibit nomadic tendencies or that inhabit
fluctuating or unpredictable environments (Baker 1978,
Greenwood and Harvey 1982). Thus, the overall high
rates of dispersal we found are not surprising.
Two of the more commonly suggested reasons for high
rates of natal dispersal are 10 gain access to resources
(e.g., food or mates) in a saturated environment and
inbreeding avoidance. The latter will be addressed in a

Table 6-3. Resultr of log-rank tests comparing

dispersal fumctions of juvenile Snail Kires
dispersing from lake and marsh habitazs
during each study year {April 15 - April 14).
Comparison ¥ df Prob
1992 0.599 1 0.439
1993 3.071 1 0.080"
1994 0.717 1 0.397

! Using the aktenative tests described by Cax and
Oakes (1984){Appendix 3-3) thar are slightly less
conservative (i e., have greater power, bur higher
risk of Type I error) we estimated ¥'=3 801,
P=0.05] and y'=3.653, P=0.056 for
alternative tests | and 2, respectively.

later section (see Naral Philoparry and Site Fideliry).
Most species studied in which gaining access to resources
has been suggested as a reason for dispersal have been
territorial species (reviewed by Greenwood and Harvey
1982). In contrast, Snail Kites defend only a few meters
around their nest site and only rarely defend feeding
areas (Sykes et al. 1995). Thus, access 10 resources is
unlikely to be limited by social behavior (except mate
choice), and is more likely due 1o the overall availability
of food or mates.

Given the lack of social exclusion from
resources, it might be predicted that if high dispersal
were attributable to gaining increased access to
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Figure 6-5. Kaplan Meier estimates for the cumulative probability of dispersal from lake and marsh habitats in each of the three |
study years, Confidence intervals for estimates are not shown to minimize clulering, bur are provided in detail in Appendix 6-3. ]

resources, then dispersal should be high when local
resources are depressed. Our results were not consistent
with higher rates of dispersal during periods of low
resources availability. Unfortunately, we did not initiate
the collection of foraging data until 1993; however,
based on hundreds of hours of field observations of
birds, its was very apparent that food resources were
substantially lower in 1992 (the first year of our study
following the previous drought) compared to later years.
Our foraging observations (during 1993 and 1994) as
well as numerous previous reports (reviewed by Sykes et
al. 1995) indicated that the capture of smails often
requires < 3 minutes. In contrast, we ofien observed
birds during 1992 that would forage in excess of 30
minutes without capturing a snail. In a few instances
during our trapping period, we observed several foraging
birds for hours without observing a single snail having
been captured. Thus we would have predicted that
dispersal would have been highest during 1992,
Contrary to our prediction, dispersal was lowest during
1992. Furthermore, during 1992 dispersal was
substantially lower in the southern regions where food
was more depressed.

Movement Probabilities

In addition to the initial dispersal of juveniles
from their natal wetland we also examined general
movements of adult and juvenile Snail Kites. Here we
reat movement using a conditional logistic regression
model based on one month time intervals (see methods).
Thus, our model expresses the conditional probability
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that, given a bird was alive and its location known at
time ¢, that it would be in the same location (or
conversely at a different location) at time r + 1. We
then explored several potential effects on this probability.
We based our analysis of general movements on 5,299
locations of radio transmittered birds (3,618 locations of
adults and 1,681 of juveniles).

THE EFFECT OF AGE AND SEX ON MOVEMENT
PROBABILITIES

A conditional logistic model of movement
probability (i.e., the probability of a bird moving
between time ¢ and time ¢ + 1, given that it was alive and
its location known at 7+ 1) indicated effects of both age
(x'=5.38, df=1, P=0.020) and sex (X*=6.16, df=2,
P=0.046) when analyzed separately. However, our
model of sex was confounded with age because sex was
categorized as male, female, or unknown; where only
juveniles were unknown.  If these data were constrained
to only adults, we found no evidence that sex had an
influence on movement probability (x*=0.76, df=1,
P=0.384). Because the unconstrainéd model with age
(i.e., both age classes included) is a subset of the more
general model of sex (with 1 fewer parameter), an
alternative approach to test for the effects of sex is a
LRT. The LRT between the unconstrained univariate
models also indicated that sex does not add significantly
o the fit of these data over a model with only age (LRT
=().76, 1 &f, P=0.617). A comparison of AIC between
these two models adds additional support for this
conclusion (the model with age only had a lower
AIC)Table 6-4). Thus, we concluded that age, but not



Table 6-4. Summary statistics for condifional
logistic regression model for the factors affecting the
probability of movemens between times tand t + 1
far morhly time steps), given thar an animal was
alive at ime ¢ and ity location known. Shown are
the model descriprion, number of estimable
parameters (np), relative deviance (~-2in[3]), and
Abkaike 's Information Criterion (AIC). The model
shown in bold would be the one selected from this
group based on AIC.

Model np 2Un(zH) AIC
Age 2 2502.95 250695
Sex 3 2502.19  2508.19

sex, had an influence on movement probabilities. Our
estimates indicated that adults had a higher overall
probability of movement (excluding amy additional
factors) than juveniles (Fig. 6-6).

f

A
Age Class
Figure 6-6. Conditional probabilities that adult and juvenile

Snail Kites that were alive and their location known at time 1,
were in the same location for conversely at a different
locarion) at time ¢ + I, Also shown are the standard errors
} (reciangles) and #5% confidence intervals (vernical limes).

Probability of Movement
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TEMPORAL EFFECTS ON MOVEMENT
FROBABILITIES

We began testing for an overall time
effect using a univanate model based on separate
parameter estimates for each month of each year of our
study (i.e., 12 months for each of 3 years =36
parameters). This test showed a strong effect of ime
(x*=90.79, df=36, P <0.001)(Fig. 6-7). We then
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Figure 67, Conditional probabilities that adull and fuvenile
Snail Kives thar were alive and their location known ol time 1,
were in the same location for conversely at a different
location) al fime ¢ + I for each month during thiv study Folid
lines). Also shown are the 95% confidence intervals jdotted
limes).

tested whether this effect could be accounted for with a
more parsimomous model using separate months, but not
for each year (i.e., | parameter for each month [12]
rather than 36 for the previous model). This model also
showed a significant monthly effect (*=132.36, df=11,
P<0.001), but a LRT indicated that the more general
model (with 36 parameters) was warramted
(LRT=T3.81, 24 df, P< 0.001). We 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
shiding 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 6-5); however, 2 additional models (the
model with a separate parameter for each month and one
of the 4-season models) had similarly low AIC values
and could not be rejected based solely on AIC criteria.
Next, we compared a suite of models including



Table 6-5. Summary statistics for condirional logistic regression models for potential seasonal groupings affecting
the probability of movemens between times t and t + 1 far morchly time steps), given thar an animal was alive at
rime 1 and its locasion known. Shown are the model deseription, number of extimable parameters (np), relative
deviance (-2infd]), and Akaike 's Information Criteria (AIC). The model shovwn in bold would be the one selected
Sfrom these potensial models based on AIC,

_ e ———————— s e

Season Model np -2in() AlC

{JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC) 12 2474 44 2498 44
(JAN FEB MAR AFR) ( MAY JUN JUL AUG) ( SEP OCT NOV DEC) 3 2490.66 2496.66
(FEB MAR APR MAY ) { JUN JUL AUG SEP) (OCT NOV DEC JAN ) 3 2498.75 2504.75
(MAR APR MAY JUN ) (JUL AUG SEP OCT ) { NOV DEC JAN FEB) 3 2506, 24 2512.24
{APR H.ITJHEJLE} { AUG SEP OCT NOV) { DEC JAN FEB MAR) 3 2498.14 2504.14
{JAN FEB MAR) (APR MAY JUN) (JUL AUG SEF) (OCT NOV DEC) 4 2491.16 2499.16
(FEB MAR AFPR) (MAY JUN JUL) {AUG SEP OCT) (NOV DEC JAN) 4 2497.98 2505.98
{(MAR AFR MAY) (JUN JUL AUG) (SEF OCT NOV) {DEC JAN FEB) 4 2497.36 2505.36

combinations of the 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 6-
6). Asabove, two alternative models (individual month
model with 36 parameters and the model with season and

effects on the probability of movement between times
tand ¢ + I far monshly time steps), given thar an
animal was alive ar nime 1 and ity Locarion nown.
Shown are the model descriprion, number of
estimable parameters (np), relative deviance (-
2in[H]), and Akaike's Information Criteria (AIC).
The maodel shown in bold would be the one selected

from these porential models based on AIC criteria.
_————

Model np =Mn(d)  AIC
Time 36 24006 24726
Month 12 24744 2498.4
Season 3 24906 24966
Year 3 24774 24836
Month Year 14 24466 24746
Month Year Month*Year 36 24027 24747
Season Year 5§ 24609 24709

Season Year Semson*Year 0 24513 24693

year without an interaction term) had similarly low AIC
values and could not be rejected based solely on AIC.
Likelihood ratio tests also indicated that the model with
the lowest AIC was preferred (x° =50.72, df=27,
P=0.003 and ¥* =9.55, df=4, P=0.049 for each of the
aliernative models, respectively). Thus, our data support
that movement probabilities are influenced by season
(Fig. 6-8), year (Fig. 6-9), and an interaction between
season and year (Fig. 6-10).

SPATIAL EFFECTS ON THE PROBABILITY OF
MOVEMENT

Here we explored whether the location of a
given bird influenced whether or not the bird moved
between times r and 1 + 1. For this analysis, we were
not concerned with the destination of the bird (that will
be explored latter in the section on Sparial Patterns of
Movement); only its location at the time that a movement
did or did not occur. We began this analysis with the
general null hypothesis that the specific wetland where a
bird was located at time r did not influence the
probability of whether or not it moved o a different
location at time ¢ + 1. We rejected this null hypothesis
based on a conditional logistic regression model (x°
=107.38, 16 df, P <0.001)(Fig. 6-11). We then tested
the same hypothesis using the region, rather than the
specific wetland, w0 determine if this might provide a
more parsimonious model. This test also rejected the
null hypothesis (x* =53.82, 5 df, P <0.001); however,
a comparison of these two models indicated that our data
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Figure 6-9. Conditional ities that adult and juvenile
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were ir the same location (or conversely at a different
location) at time 1 + 1 during each study year. Also shown
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supported use of the more general model (i.e., specific
wetlands) based on both a LRT (x° =52.04, 11 df, P
<0.001), and on AIC (Table 6-7).

Table 6-7. Summary statistics for condifional
logistic regression models of the probability of
movement benween times fand 1 + 1. The model
with the lowest AIC (bold) would be selected if
based solely on this criterion.

—_ e ———————————————————————

Source -2n() np AIC
Specific Wetland 239412 17  2428.12
Region 244616 6  2458.16 |
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Pooling of Locations— We pext explored
whether we could improve our model by some limited
selective pooling based on a combination of biological
and statistical criteria. Our goal for this exploration was
to determine if we could obtain a more parsimonious
maodel by pooling areas in which the overall relative use
and seasonal patterns of use were similar enough 50 as
not to warrant separate parameter estimates.  We did not
atempt 10 pool some wetlands whose use patierns we felt
were biclogically different (e.g., wetlands that were used
primarily during non-breeding with wetlands used
primarily for breeding) even though we could have done
s0 strictly based on statistical criteria. Thus, although a
more parsimonious model for the effects of location on
movement probability was possible, we preferred to
maintain separate parameter estimates for some areas 0
better ensure the biological integrity of these models.

We began our exploration of potential pooling
with areas in the Southern Everglades. The first pooling
we considered was Everglades National Park (ENP) and
Northeast Shark River Slough (NESRS). Each of these
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these areas are administered by the Nationmal 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 our
study), receive low to moderate kite use, and are not
impounded at their outflow (each have levess at their
inflow). A statistical comparison indicated that separate
parameter estimates for each of these areas was oot
warranted based on LRTs and AIC (Table 6-8). Next,
we considered including WCA-IB with ENFP and
NESRS. WOCA-IB 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 of
these areas tended to be used most during early summer)
were quite similar 1o ENP and NESRS. A statistical
comparison indicated that separate parameter estimates
for each of these areas also was not warranted based on
LRTs and AIC (Table 6-8). We considered pooling Big
Cypress National Preserve (BICY) with ENF, 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, we did not include
BICY with these other areas, even though we probably
could have justified doing so on a statistical basis.

Next, we 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. Our
statistical comparison indicated that separate parameter
estimates for each of these areas was not warranted
based on LRTs and AIC (Table 6-8).

We next considered areas within the Kissimmes
Chain-of-Lakes. First we considered pooling Lakes
Tohopekaliga (TOHO) and East Lake Tohopekaliga
(ETOHO). Our statistical comparison indicated that
separate parameter estimates for each of these areas was
not warranied based on LRTs and AIC (Table 6-8).
Next we considered including Lake Kissimmes (KISS)
with TOHO and ETOHO. Lake Kissimmee received
moderately heavy use compared 1o the other lakes, but
all are in close proximity, the seasonal patterns of use
were similar, and there was considerable interchange
among these lakes. Our stanstical comparison indicated
that separale parameter estimates for each of these areas
again was not warranted based on LRTs and AIC (Table
6-8). 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



Tuble 6-8.  Swummary stasistics for conditional logistic regression models of the probability of movement between
times t and ¢ + 1 to evaluate the pooling of some paramerers. A failure to reject a LRT indicares thar the
additional parameters of the more general funconstrained) model may not be supported by these daa. The model
with the lowest AIC (bold) would be selected if based solely on AIC.

Maodel Na. Constraiots (Pooling) LRT () df P>y -2in) np AIC

1 Unconstrained - - - 2394.12 17 2428.12
2 NESRS = ENP 278 1 0.10 2396.90 16 2428.90
3 NESRS = ENP=WCA-3B 1,80 2 0.25 2396.93 15 2426.93
4 HOLEY = WCAI 0.07 1 0.79 2394.20 16 2426.20
5 HOLEY = WCAl=WCA2A 0.14 Z 0.93 2304.26 15  2424.26
6 TOHO= ETOHO 1.46 1 0.23 2395.59 16 2427.59
7 TOHO= ETOHO=KISS 1.48 2 0.48 2395.61 15 2425.61
8 PERIPHERAL = KIS5_CH 0.00 1 0.9 2394.12 16  2426.12
o Reduced Model (2,4,6,8) 4.31 4 0.36 2398.44 13 2424.44
10 Reduced Model (2,4.7.8) 5.39 & 0.49 2399.52 11 2421.52
11 Reduced Model (2,5,6,8) 4.38 5 0.50 239851 12 242251
12 Reduced Model (2,5,7,8) 4.40 6 0.62 2398.52 11  2420.52
13 Reduced Model (3,4,6,8) 4.34 5 0.50  2398.46 12 242246
14 Reduced Model (3,4,7,8) 4.36 [/ 0.63 239848 11 2420.48
15 Reduced Model (3,5,6,8) 4.41 & 0.62 2398.53 11 2420.53 |
16 Reduced Model (3,5,7,8)° 4.43 7 0.73 230858 10  2418.5% |
! Based on comparison with unconstrained model

? Includes all proposed consiraings (pocling)

KISS, TOHO, and ETOHO and the seasonal pattern of
use was quite differemt (i.e., they were used most
frequently during non-breeding periods). The seasonal
pattern of use of these smaller lakes more closely
resembied that of the peripheral habitats. Consequently,
we next considered pooling the smaller lakes of the
Kissimmee-Chain-of-Lakes with the peripheral habitats.
Our statistical comparison indicated that separate
parameter estimates for each of these areas were not
warranted based on LRTs and AIC (Table 6-8).
Finally, we compared various combinations of
pooling to the geperal unconstrained model and among
each other. This analysis indicted that the model
containing all of our proposed pooling was a substantial
improvement over the unconstrained model (i.e., with no
pooling). Additionally, the model with all of our
proposed pooling had the lowest AIC; although overall
differences among all of the models we compared were
relatively small. Consequently, we used the most
parsimonious model (Model 16) of this set of models in
further analyses of the influence of location on
movement probability. This model had 10 parameters

12

compared to the unconstrained model with 17
parameters; but was still a substantial improvement (x°
=47.61, 7 df, P <0.001) over the 6-parameter model
using regions, rather than location.

HYDROLOGIC EFFECTS ON THE PROBABILITY
OF MOVEMENT

We tested the influence of water levels on the
probability of movement for a subset of the data (1787 of
2004 months). We were unable to use the complete data
because applicable hydrologic data were not readily
available for all areas. Our subset, however, included
maost of the major wetlands used by kites. Probably the
most notable exception was 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
Comservation Area) were available only from 1991 to
present. Because our analysis used long-term averages
to assess relative water levels (sze below), we did not
believe that these data were sufficient for this



assessment. Long-term data were available for the
adjacent Blue Cypress Lake (which were used for
drought assessments; see Comservarion and
Managemenr), but these data did not sufficiently
represent the areas most used by kites during the years
of our study (R*=0.48 for monthly averages from gauge
5-251E [the most applicable gauge for recent kite use]
with Blue Cypress Lake), undoubtedly due to changes in
water management policies during these most recent
years, However, based on our results, exclusion of this
area would have been highly unlikely to have influenced
our conclusions.

Assessing the effects of water levels on a
biological response of Snail Kites (or any other species
that can move large distances in short periods of time)
can be extremely difficult because of the spatal and
temporal variation in both the water levels and the
animals. We were unable to use stage (i.e., elevation of
the water surface) directly as our measure of water level
because the ground elevation differences among areas
result in stages among areas being incomparable. At
first glance, it seems that local water depth is a suitable
aliernative to stage; however, we were very concerned
about two problems that result from using depth. First,
reliable ground elevation data (which are required
determine depth from stage) are sorely lacking for most
areas, Although many of the gauges have known ground
elevation, there was often considerable distance between
the gauges and the areas used by birds such that these
known elevations were not reliable indicators of
elevations in the areas of interest. Secondly, the lake
habitats in particular, often had steep elevation gradients
such that a substantial range of water depths may have
been used even by a single bird in any given day. The
range of depths usad by a given bird in a single foraging
bout on some lakes (e.g., Lake Kissimmee) often
exceeded the range of depths over hundreds of square
kilometers in marsh habitats. Consequently, our
assignment of elevations and subsequent depths would
have been quite arbitrary for many areas. To overcome
these problems we wanted a measure that was robust to
spatial variation (i.e., "standardized” such that it was
comparable among areas) but did not rely on our having
to assign an arbitrary elevation to a local site as would
have been required by using depth. We also wanted a
measure that would adequately reflect the temporal
variation of hydrologic conditions. For example, most
areas in Florida exhibit seasonal variation in waler
levels, Consequently, we wanted a measure that enabled
us to assess the influence of water levels independently
of seasonal variation. Based on these consideratons we
used the departure from monthly average stages for each
area as a measure of relative water levels, Specific
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gauges used for this analysis are provided in Appendix 6-
4. A monthly average over the 26-year period from
1969-1994 (i.e., an overall average of the annual
monthly averages) was calculated for each area. The
period of record was used for areas that did not have
reliable records for all 26 years. The difference (i.e.,
the residual) between a specific month of a given year
and the long term average for that month was used as
our measure of relative water levels. The 26-year period
of time was sufficiently long o encompass long-term
variability and also coincided with the period of time that
Snail Kites have been monitored on an anoual basis.
Because averages were calculated by month, rather than
annually, seasonal variation was taken into account.
Because this measure is using stage, rather than depth, it
also did not require assignment of a local ground
elevation. Consequently, we could apply the same
measure t0 birds within, as well as among, wetlands.
However, one general caveat that must be incloded is
that this is a measure of relative, rather than absolute,
water levels. If birds respond to absolute water
conditions (e.g., depth) then this measure may be
misleading, There has been considerable effort in recent
years w0 collect reliable data on elevation that can be used
to estimate depth. A re-analysis of these data may be
warranted in the future as these improvements become
more available; however some problems (e.g., sieep
elevation gradients) will persist even with improved
information on depth.

We began our amalysis with a univariate
approach to logistic regression (Hosmer and Limeshow
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°=8.27, 1 df, P=0.004). However, because
location (i.e., wetland) and water level are confounded
and our previous analyses indicated an effect of location,
we next tested a model that included the effects of both
location and water level. This test was consistent with
our earlier analysis indicating a location effect
(x*=55.88, 9 df, P<0.001); however when included in
2 model with location, the effect of water level on the
probability of movement was no longer apparent
(1*=0.01, 1 df, P=0.934).

Although these results indicated that relative
water Jevel was not a major influence on the probability
of movement, we must emphasize that the hydrologic
conditions under which our study was conducted were
generally high water conditons throughout the study
area. Consequently, low water conditions that might
have triggered movements generally did not occur during
this study and inferences regarding the effects of low-
water conditions on movement 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 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 of water levels we
observed applies only to generally high water conditions.

THE EFFECT OF FOOD RESOURCES ON
MOVEMENT

One of the most commonly cited reasons for
animals to move is the availability of food (e.g., Krebs
et al. 1974, Greenwood and Swingland 1984, Pyke
1984). Animals move if food resources are low or if
there is potential for better resources elsewhere (Pyke
1984). Nomadic species are particularly believed to
move in response to sporadic food conditions (Andersson
1980). The most commonly suggested reasons suggested
for Snail Kites to move are water levels and food (e.g.,
Beissinger 1988, Bennetts et al. 1994, Sykes et al. 1995)
and low water levels are generally implied to represent
low food availability.

During 1993 and 1994 we conducted 343 hours
of foraging observations (including 814 prey captres) to
assess the influence of food resources on movement. To
minimize confounding variation, all observations were
conducted on adult birds between 2 hours after sunrise
and 2 hours before sunset. In addition, we restricted our
observations w days that were not unseasonably cold
(i.e., during the passage of cold fromis), were not
raining, and winds did not exceed 10 mph. For
comparisons of food acquisition, we also used only
complete observations of foraging bouts. That is,
observations in which we observed an individual for the
entire length of time it took to capture a snail.

There was also potential confounding attributable
to foraging behavior. Course hunting (hunting by low
flight over the marsh) is the most commonly used
method of prey capwre in Florida (Beissinger 1983a,
Sykes 1987a) and accounted for 671 of 814 (82%) of the
captures we observed. Still (perch) hunting accounted
for the remaining 143 (18%) captures and the proportion
of use among these 2 behaviors was highly dependent on
habitat type (x°=249.78, 3 df, P<0.001). Perch
bunting was primarily observed in cypress prairie
habitats (Fig. 6-12). In contrast, we had a more reliable
sample of course hunting observations in each habitat
type, season, and year. Thus, our comparisons among
seasonal and annual food acquisition by kites was limited
to course hunting to reduce confounding between these
different behaviors.
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Figure 6-12. The perceniage of capiures by perch hunting
and aerial (course) hunting in each of 4 habitat rypes.

We compared food acquisition among seasons
and years using the foraging time per capture as the
dependent variable in an ANOVA model. Our results
showed a difference among years, seasons, and an
interaction between year and season (Table 6-9).
Capture times were lowest during summer, relatively
higher during spring, and still higher during autumn of
each year (Fig. 6-13). Capture times also tended to be
lower during 1994 compared to 1993 for each season.
These results suggest that higher movement probabilities
corresponded with seasons and years of higher food
availability (see Temporal Effects onm Movement
Probabilities above). This is the opposite result of what
would be expected if movements were attributable to low
food availability.

Table 6-9. Analysis of variance table from model of

foraging time per capture as the dependent variable.

Mean square (M5) and F values are based on type I
partial sums of squares (L., they are adjusted for all
other terms in the model and are not dependent on

the order g__:l' gg&‘ Ine. J'.'JES.I

Source df  MS 13 P
Year 1 I86.79 29.65 <0.001
Seagzon 2 37480 28.73 <0.001
Year x Season 2 166,65 12.78 <0.001
Error 175 13.04

In addition to comparisons among seasons and
years, we also observed 8 movements of 7 radio-
transmittered birds (one bird moved twice) for which we
had foraging observations prior to a subsequent
movement. This enabled obtining foraging observations
immediately after the movement for paired comparisons
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Figure 6-13. The mean (+ SE) foraging time lo capture
snails, Sample sizes (number of complete bouls observed)
are also shown.

of food acquisition before and after moving. To reduce
confounding, we restricted this analysis w0 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
0 be confounded with differences between locations. To
further reduce confounding, we matched the time of
observations before and afier moving. Thus, if the
foraging observations before moving were conducted
between 1100 and 1300 h, then observations after
moving were also conducted between 1100 and 1300 h.
We then tested the null hypothesis (Hg) that the
difference in mean foraging time per capture before and
after moving was zero. These data indicated mo
difference in food acquisition before and after moving
(r=0.60, P=0.57). Furthermore, in 4 of the 8
movements we observed, birds increased the time
required to capture snails (Fig. 6-14). In the remaining
4 cases, birds decreased the ime required to capture

o i
§¢ i +H+% .

Figure 6-14. The mean (1 SE) foraging lime lo capiure
snails by radio-rransmittered birds before (location 1) and
after (location 2) moving. Sample sizes number of complete
bouts observed) are also shown,
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snails. Although these data are limited, they do not
support the hypothesis that birds are moving to enhance
their foraging opportunities. However, the only case
(bird 153.564) where we observed a second movement
immediately following a previous movement, was when
the time required to capture snails was higher than at all
other locations. This suggests that there might be a
threshold of food acquisition, below which birds will
move if there are more favorable sites elsewhere.

MODEL SELECTION AND DISCUSSION OF
EFFECTS ON MOVEMENT PROBABILITIES

We began our model selection using the
procedure described by Hosmer and Limeshow
(1989)(see Methods). First we conducted a univariate
analysis of each potential term (i.e., age, season, study
year, and location). Based on the preliminary analyses
above, we used location, rather than region. We also
used the 10-parameter model for location rather the full
17-parameter model. Because all terms were significant
at the a level (0.25) suggested by Hosmer and Limeshow
(1989), we next used each term in a multivariate model
of only main terms (i.e., no interactions were included
at this point). In both the univariate and multivariate
analyses all terms were significant (Table 6-10) and
consequentdy retained for further model selection
procedures. Next we began exploring which, if any,
interaction terms should be included in the model. A
LRT between a fully saturated model (i.e., with all
interaction terms) and the multivariate model without any
interaction terms indicated that at least some interactions
were warranted (Table 6-11, test 23). A comparison of
the fully saturated model with a model excluding the 4-
way interaction term indicated that the 4-way interaction
was not warranted (Table 6-11, test 24). However,
comparisons among models with various combinations of
2 and 3-way interactions indicated that some 2-way
interaction terms (Table 6-11, tests 2,3,7,8,10,12, and
13) and some 3-way interaction terms (Table 6-11, tests
17,18,19,20,22) were warranted. Our tests did not
support retaining an age * location, age * season, or age
* year interaction terms (Table 6-11, tests 1, 4, and 3);
but did support retaining 2-way interaction terms for
season x location and year * location at @= 0.05 (Table
6-11, tests 2 and 3) and a season * year interaction at
e=0.10. All further tests using season x locatdon and
year * location interaction terms indicated that these
terms were warranted (Table 6-11, tests 7,8,10,12 and
13); however, retention of the season * year interaction
was not supporied when included with these other
interactions (Table 6-11, tests 9, 11, and 14). Thus, we
retained season*location and year*location interaction



Table 6-10. Maximum likelihood analysis of variance table for univariate models [1.e., each source term
represents a separate model) and multivariate models (i.e., each source term is consained within |

mtg&fﬂmlsmmﬂmgmpm@m@ of movement between times tand t + 1.

—Univanmie Multivanate
Source r ail df P <y I df P<y
Age 5.38 1 0.020 9.87 1 0.002
Seasom 17.85 2 <0.001 22.35 2 <0.001
Year 28.28 2 <0.001 25.48 2 < 0.001
Location 103.36 9 < 0.001 110.98 9 = 0.001

! Based on Wald ¥ statistic (SAS ine, 1988).

Table 6-11. Likelthood rario resis (LRTs) comparing conditional logistic regression models of the probability of
movermens between fimes tand ¢ + 1. The null hyporhesis (H ) from a LRT is that the reduced model (i.e., the model
with fewer parameters) fits the data equally well as the more general model (Le., with more parameters). Thus, a
refection af H, fovers the more general model and a failure to reject H, favors the more reduced model.

—— ————
No.  General Model® Reducad Model' "‘IR;T dof P>y
1 ASYL AL ASYL 1361 9 0.14
2 ASYL S*L ASYL 4522 18 <0.01
3 ASYL YL ASYL 3082 18 0.03
4 ASYL A*S ASYL .01 2 0.60
5 ASYL A% ASYL 299 2 0.22
[ ASYL S* ASYL .12 4 0.09
7 ASYL S YL ASYL s*L 3444 18 001
8 ASYL SL YL ASYL YL 4884 18 <0.01
9 ASYL S S§*Y ASYL S'L 464 4 0.33
10 ASYL St S5*Y ASYL S*Y 41.74 4 <001
11 ASYL S*L Y*L 5*Y ASYL SL YL 251 4 0.64
12 ASYL S*L Y*L S*Y ASYL Y 5 4512 18 <001
13 ASYL S*L Y*L 5*Y ASYL S*L §*Y 3231 18 0.2
14 ASYL + all 2-way Interactions ASYL S Y*L 22 17 018
15 ASYL S*L Y*L A*5*Y ASYL SL YL 516 4 0.27
16 ASYL S5*L Y*L A*S*L ASYL SL YL 21.06 18 027
17 ASYL S*L Y*L A*Y'L ASYL S'L Y*L 3276 18 0.02
18 ASYL S*L Y*L S*Y'L ASYL SO YL 5063 36 <0.01
19 ASYL S*L Y*L S*Y*L A*Y*L ASYL SL YL S*YeL 3350 18 0.01
20 ASYL S*'L YL S*Y*L A*Y*L ASYL SL Y*L ASY*L 60.77 36 <0.01
21 ASYL +all 2 & 3-way Internctions ASYL S*L Y*L S*Y*L A*Y*L 3957 39 o0&
22 ASYL +all 2 & 3-way Interactions ASYL + all 2-way Interactions 110.87 76 <0.01
23 Fully Saturated (all interactions) ASYL 247,78 16 <0.01
24 Fully Saturated (all interactions) ASYL +all 2 & 3-way Interactions 3502 36 052

‘Model terms are A=Age, $=Season, Y=Study Year, L=Location {with pooling from Table 6-8)
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terms, but not a season® year term. Using a base model
with these 2-way interaction terms we tested whether the
data supported the addition of any 3-way interaction
terms. Our results indicted that two of the 3-way
interaction  terms  (Age*Year*Location  and
Season*Year*Location) were supported by the data
(Table 6-11, tests 17,18, 19, and 20) and the remaining
two were not (Table 6-11, tests 15 and 16). Thus, based
on LRTs, our data support a model with all main effects,
two 2-way interaction terms (Season*Location and
Year*Location) and two 3-way interaction terms
(Age*Year*Location and Season*Year*Location).
The results from using AIC were not in
complete agreement with LRTs. The model with the
lowest AIC (Table 6-12, Model 7) was a model with all

main effects and only one 2-way interaction term
(Season*Location); however, the AIC of the model with
both of the 2-way interaction terms supporied by LETs
(Table 6-12, Model 12) was very close. AIC did not
support inclusion of the 3-way interaction terms.
Differences between models indicated by LRTs and AIC
are not uncommon and represent concepiual differences
between an approach of hypothesis testing (LRTs) and
optimization (AIC). Both approaches were consistent in
that they indicated that the effects of age, season, year,
and location were all supported by the data and that there
is an interaction between time and location. The
methods only differ in suggesting to what degree of
complexity the imteractions are supported by the data.

Our results indicated that  considerable

Table 6-12,  Summary statistics used for model selection of conditional logistic regression models of the

probability of movement between times t and 1 + 1. The model with the lowest AIC (bold) would be selected if

based solely on AIC criterion.

?qlfﬂ Model Description <2ni() np AlC

1 Age (A) 2502,95 2506.95

2 Season (5) 2490,66 2496.66

3 Year (Y) 2477.48 2483.48

4 Location (L) 2398.55 10 2418.55

5 ASYL 2339.23 15 2369.23

] ASYL AL 2325.62 24 2373.62

7 ASYL 5L 21294.01 33 2360.01

8 ASYL YL 2308.41 33 2374.41

9 ASYL A*S 2333.22 17 2372.22

10 ASYL A% 2336.24 17 2370.24

11 ASYL 5% 2331.11 19 2369.11

12 ASYL S*L Y*'L 2259.57 31 2361.57

13 ASYL S*L S*Y 228937 37 2363.37

14 ASYL S* YL 2302.20 37 2376.20

15 ASYL S*L Y*L §*Y 2257.06 55 2367.06

16 A S Y L with all 2-way Interactions 2237.34 68 2373.34 |
i 17 ASYL S*L Y'L A*S*Y 2254 4] 55 2364.41 i

18 ASYL 5L YL A*S'L 2238.06 69 2376.06 i

19 ASYL SL Y*L A*Y'L 2226.81 69 236481

20 ASYL SL Y*L S*Y*L 2199.63 87 2373.63

21 ASYL S*L YL 5*Y*L 2166.04 105 2376.04

22 A § Y L withall 2 & 3-way 2126.47 144 2414.47

23 Fully Saturated __2091.45 180 2451.45




movement occurs that is not directly related o water
levels. We cautioned, however, that this analysis was
conducted entirely during a period of relatively high
water. Based on anecdotal evidence we believe that Snail
Kites do move in response to low water levels. Thus, we
believe that there is a threshold response to water levels.
If water levels become low enough to negatively affect
food resources, then kites will likely move from that
area. However, during most years there is considerable
movement that appears to be independent of current
water levels. We suggest a hypothesis for this movement
pattern below.

Dispersal is also generally thought to be favored
when local resources (e.g., food) are low or betier
conditions exist elsewhere (Horn 1984). In contrast, our
results from both within-year and between year
comparisons suggest that higher probabilities of
movement occur when food resources are high. We also
found that natal dispersal of juveniles was lower in areas
where food resources were likely to have been
depressed. At first it may seem counter-intuitive to leave
an area if food resources are high; however, we suggest
a hypothesis that this may be a reasonable strategy given
the dynamic and unpredictable mature of a kite's
environment. A virtual certainty about any specific
wetland inhabited by Snail Kites is that it will go dry.
What is not certain is which wetlands will go dry in
which years. Thus, there is an advantage for kies 10
have experience regarding the availability of wetlands
throughout their range so that when a local drying event
does occur past experience reduces the need for "blind”
searching for suitable alernative habitats, Thus, in years
that food is not limiting, which for kites may be most
years, high food resources 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 limiting.

Spatial Patterns of Movement

Here we ask the question that given a bird at
location r at ime ¢ has moved, what is the probability
that it will be at location s at time + + 1. Thus, our
conditional setting is that a bird is alive, its Jocation at
times ! and r + 1 are known, and it has moved from its
location at time .

We approached this problem by first establishing
whether the locations at time ¢ and ¢ + 1 are independent
(i.e., our mull hypothesis [H,] is that the probability of
moving to a given location does not depend on the bird's
previous location). For our initial exploration we used a
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fully unconstrained data set with no pooling of locations).
This hypothesis (H) is strongly rejected (x*=1014.41,
df=256, P < 0.001). Thus, our data suggests that the
probability of movement to a given location does depend
on the bird’s previous location. The residuals from this
analysis provide some insight into how these movement
patterns departed from what would have been expected
if H, were troe (Fig. 6-15).

EFFECT OF DISTANCE

What becomes apparent from the above residuals
is a tendency t0 move to areas in relative proximity to a
bird's current location. For example, birds at WCA-3A
had the greatest positive departure from expected when
they moved to Everglades National Park and Big
Cypress National Preserve, both of which are
immediately adjacent to WCA-3A. The greatest negative
departures from expected were movements to the lakes
within the Kissimmes chain-of-lakes (at the opposite end
of the kites’ range in Florida. This pattern of higher
than expected values for locations in proximity and lower
than expected values for distal areas can be seen
throughout these data.

We further explored the relationship between
distance and the location of movements by ranking each
location (wetland) with respect to its relative distance
from each other location. Thus, the closest wetland to
any given wetland was given a rank of 1 and the furthest
wias given a rank 15, We excluded the peripheral
habitats and the Kissimmee Chain-of-Lakes from this
analysis because they were not contiguous and it would
have been virually impossible to perform an analysis for
every wetland. When more than one wetland was
immediately adjacent to another, we used the areas that
were most frequently used by kites within each wetland
to determine their relative ranking. We then tested for
the effect of distance using the null hypothesis (H,) that
the distance rank is equal for all movements (i.e., the
expectad values for a poodness-of-fit test among distance
classes were equal). We stongly rejected H,
(x*=320.83,13 df, P <0.001) and concluded that
distance does have an influence on the locations to which
a bird moves. Not surprisingly, the residuals from this
analysis indicated that birds exhibited a greater than
expected frequency of moving to a new location in
proximity to their previous location, and a lower than
expected frequency of moving to areas that were most
distant from their previous location (Fig. 6-16). This
does not imply that birds will not move long distances
(our data show that they do); but rather, that long
distance movements have a tendency 1o be made in short

increments.
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THE EFFECT OF AGE, SEX, AND TIME ON
MOVEMENTS BETWEEN SPECIFIC LOCATIONS

We tested for the effects of age, sex, and time
{i.e., season and year) on the location-gpecific movement

8O

probabilites using a LRT between a log-linear model of
specific location effects (using the reduced model from
Table 6-10) and models which include the effects of each
of these independent variables. We found no effect of
age (¥’=17.7, df=23, P=0.773), sex (x* =27.9,
df=47, P=0.988), season (y'=39.4, df=44,
P=0.684), or year (3¥°=11.72, df=48, P>0.999).
This does not imply that there were no effects from these
independent variables, but rather that if there were such
effects, our data were insufficient to detect them. Given
the large number of parameters (> 100) in these models
this latter result would not be surprising.

SEASONAL SHIFTS IN LATITUDE

[t has been previously suggested (e.g., Sykes
1983a, Sykes et al. 1995) that Snail Kites tend to move
south during colder winters. Although no data have
previously been presented in support of these
suggestions, our data are consistent with this conclusion.
There was a general tendency for Snail Kite occurrence
to shift north during the summer (May-August) and south
during Fall/Winter (September-December)(x*=27.68,
df=4, P<0.001)Fig. 6-17).

We used a LRT to test whether this relationship
was influenced by age, sex, or year by comparing a fully
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Figure 6-17. Adjusted residuals from a contingency table of
the frequency of movements o wetlands in northern, central,
and southern regions during each season.

saturated model to one without each of these effects.
These tests indicated that these seasonal shifts in latitude
were influenced by age (LRT=15.68, df=4, P
=0.004), sex (LRT =22 47, df=8, P=0.004), and year
(LRT=51.60, df=8, P <0.001).

Although we found evidence to suggest that there
were effects of age, sex, and year on these seasonal
shifts, the AIC was substantially lower for a reduced
model without these effects (9,837 compared to 12,651
for the closest model). Although this result appears
contradictory, it is not uncommon, and reflects the
difference between hypothesis testing where a specific
effect is being tested and model selection, which views
model selection as more of an optimization problem
(Spendelow et al. 1995). In other words, there may be
real influences of age, sex, and year, but our data are
insufficient to effectively incorporate separate parameter
estimates for each of these influences.

SHIFTS IN REGIONAL USE

Factors such as resource abundance and
disturbance that influence patterns of distribution at one
scale may be expressed quite differendy at a different
scale (Wiens 1989). Consequently, we looked at broad-
scale movement patterns over the duration of the study
in additon to patterns occuring within monthly time
steps. We accomplished this by examining how the
proportion of birds in different regions shifted throughout
the study.

Because our capture protocol used the proportion of
birds in different areas as a biasis for our sampling, we
believe that our initial conditions were a reasonable
representation of the distribution of birds at the start of

gl

this study. We then looked at the proportion of locations
each month in each region to examine how these
proportions changed over time. It was quite apparemt
from these data that shifts in regional use had occurred
over the duration of the study. We tested for a linear
trend over the 37 month period from April 1992 through
April 1995 using linear regression on the proportion
{after an arc-sin transformation) of locations in each
region. We tested the null hypothesis (Hy) that the
observed slope over this period was zero using a 1 test
(SAS Inc. 1988).

The proportion of birds using the Everglades
Region decreased over this imterval (1=6.27,
P<0.001)(Fig. 6-18). The proption of birds using the
Okeechobee and Upper St. Johns Regions decreased over
the interval (r= -5.77, P<0.001 for the Okeaechobee
Region and 1=-3.94, P <0.001 for the Upper St. Johns
Region). The proportion of birds did not exhibit a linear
trend for the Kissimmee Region (r=-0.028, P=0.916),
the Loxahatchee Slough Region (r=-1.415, P=0.166),
or the Peripberal Region (r=-1.088, P=0.284); although
the seasonal shifts in some regions (e.g., the Peripheral
Region) may have been better represented by a higher
order polynomial regression.

Effect of Hydrology— Our analysis of regional
shifts is strictly correlative and can not reliably be used
to infer cause and effect. However, it is quite possible
that, at least some of the shifis in regional use, were
attributable 10 hydrologic changes. For example, the
Everglades Region experienced a relatively severe
drought just prior to our study. It is quite likely that the
low proportion of birds in this region at the beginning of
our study was attributable 10 this drought. Our anecdotal
observations of foraging birds in this region during 1992
clearly indicated that food resources were diminshed.
We often observed birds foraging for long periods
(sometimes > 1-2 hours) without capturing a snail;
whereas, under good conditions, foraging birds capture
snails in just a few minutes (see Effect of Food Resources
on Movement).

The relatively high proportion of birds in the
Okeechobee and Upper S5t. Johns Regions at the
beginning of this study may well have been birds
displaced from the Everglades Region. The Okeechobee
Region also had experienced the drought preceding our
study; however, virtually all of the birds we observed in
this region at the beginning of our study were confined
to the outer marsh of Lake Okeechobee which had not
dried during the drought. Over the duration of our study
the proportion of birds decreased at Lake Okeechobee
and those birds present in this region shifted from the
outer marsh to more interior marshes, that had been dry
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during the preceding drought. The Upper St. Johns
Region had not experienced a drought just prior 1 our
study. The Northern Lakes Region also had not
experienced the recent drought and a higher proportion
of birds in this region might also have been expected.
However, the Northern Lakes Region had extremely
high numbers of birds in 1991 (J. Rodgers Jr, J. Buntz,
GFC, Pers. Comm.). Thus a high proportion of birds
probably had been using this region, but had already
dispersed by the start of our study.

SEASONAL SHIFTS IN HABITAT USE

During this study it became apparent that there
were substantial seasonal shifts in the use of different
habitats by Snail Kites. Consequently, we conducted a
“post hoc™ evaluation of these habitat shifis. Because
this study was not designed to cvaluate habitat
relationships and because there is high variability in
micro-habitat, our analysis was limited to five broad
habitat categories (descnibed in Srudy Area). We assigned
each location to one of these five habitat classes. We then
examined how the proportion of use of each habitat for
each month shified over the duration of the study.

Our results indicated that Snail Kites exhibit
strong seasonal patterns in their relative use of some
habitats (Fig. 6-19).  Relative wuse of Lake
Okeechobee fluctuated greatly, but was not as
predictable seasonally as other habitats. Use of Lake
Okeechobee was relatively high for the first year of our
study then dropped to very low use during the winter of
1993-1994, and increased again t0 moderate use
(discussed above in Shifts in Regional Use).

The use of other habitats exhibited more
scasonal fluctuation. Peak use of graminoid marshes and
northern lakes coincided with the periods of major
breeding activity; whereas, cypress prairies and
peripheral habitats were used more extensively owtside of
the primary breeding season. One potential explanation
for the use of graminoid marshes and lake habitats
during breeding is the relative predictability of
hydrologic conditions in these habitats compared to
cypress prairies or peripheral habitats. Cypress prairies
tend o have shorter hydroperiods than are typically used
by breeding birds. Given that a breeding attempt
requires 10-16 weeks per clutch (Snyder et al. 1989a),
the probability of an area drying out in cypress prairie
during a breeding attempt is greater in this habitat
compared i0 those typically used by nesting kites. Thus,
the probability of a nesting attempt failing probably is
also greater. Similarly, peripheral habitats were usually
more ephimeral wetlands or were used for agricultural
purposes and were subject to extreme fluctuations for
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1995,
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agricultural use. Thus, the probability of this habitat
remaining in suitable hydrologic condition for the extent
of a breeding attempt also was likely diminished.

Although hydrologic predictability may provide
an explanation for why graminoid marshes and lake
habitats were more likely used during breeding seasons,
it does not explain why cypress prairies and peripheral
hahitats were used during non-breeding periods. We can
offer some potential hypotheses, all of which remain to
be tesied. First, birds in cypress habitats tend to hunt
from perches, rather than by flight (see The Effect of
Food Resources on Movement). This could offer an
energetic advantage since perching requires less
energetic expendimre than flight. Secondly, using
alternative habitats to the primary breeding habitats could
allow snail populations to be repelinished prior to the
next breeding season. The summer months when birds
shift 10 cypress and peripheral habitats also coincides
with peak breeding activity of apple snails. Lastly,
exploring alternative habitats when food resources are
not limiting may better enable kites to locate food during
periods of localized drought. This latter hypothesis was
previously discussed in more detail in the section on
Model Selection and Discussion of Effects on Movement
Probabilities.

The detectability of Snail Kites is probably very
low in both cypress prairies and peripheral habitats
compared to graminoid marshes, the northern lakes, or
the Lake Okeechobee habitat types. Many of the
peripheral habitats were either on private land (e.g.,
agricultural areas) or on public land in which access was
limited (e.g., water control districts). Much of the
cypress habitat also had very limited access (e.g., some
management units of Big Cypress National Preserve do
not allow airboat access) and even large numbers of
birds in this habitat type were very easy to overlook
because of the dense vegetation. On several occasions
we had reports of a few birds in cypress habitats only to
discover with more intensive searching that the "few”
birds turned out to be a large number of birds (50-400).

This seasonal use of habitats with low
detectability can have important implications regarding
population monitoring of Snail Kites in Florida. For
example, the anoual count conducted each year (see
Monitoring of Snail Kire Populations in Floridg) in
Florida coincides with the period of relatively high use
(July-January) of the peripheral and cypress prairie
habitats. Consequently, the number of birds detected
during these surveys may be greatly influenced the
number of birds in these habitats. This can cause a
substantial undercounting of birds and may influence the
variability among counts depending on what proportion
of the population is in these habitats in any given year.



These are discussed in detail in the chapter on
Monitoring of Snail Kite Populations in Florida,

Beissinger et al. (1983) reported that Snail Kites
in Florida have long been known to “disappear” from
their uwsual haunts in summer and subsequently
“reappear” during mid-October. This observation led to
the speculation that Snail Kites in Florida may move o
Cuba (Beissinger et al. 1983). No birds that had been
banded in Florida were found during an expedition to
search for such birds in Cuba (Beissinger et al. 1983).
Although movement to Cuba is certainly possible, our
data suggest that a more simple explanation for the
disappearance of kites during summer may be the shifts
in habitat use. The time of disappearance of birds
reported by Beissinger et al. (1983) coincides with the
time that we observed increased use of peripheral and
cypress habitats (where they are less likely 10 be
observed). The reappearance in mid-October also
coincides with the time that birds begin shifting back to
the graminoid and lake habitats,

Natal Philopatry and Site Fidelity

Philopatry is usually defined as the tendency for
an animal t0 remain at (or very near) its natal site (e.g.,
Mayr 1963, Shields 1984). However, Snail Kites by
their nature do not typically remain amywhere, but may
have an affinity to return to their natal site.
Consequently, for our analyses, we have relaxed the
definition of philopatry o the tendency for a bird to
occur in its natal wetland even though birds may, and
probably do, regularly also occur elsewhere. We also
emphasize from the outset that our analyses of natal
philopatry and site fidelity were intended only as a “post
hoc” cursory exploration. Our stody was not designed 0
answer questions regarding these topics, and we urge
caution in interpretaion of our results beyond
preliminary exploration. However, because almost no
information exists on natal philopatry or fidelity for this
species (Sykes et.al. 1993), we believed that this
preliminary exploration was warranted.

NATAL FHILOPATRY

Our primary data for assessing natal philopatry
were the resightings of 414 banded Snail Kites, whose
natal wetlands were known. Of these sightings 157
(40%) were of birds that were sighted in their natal
wetland. The proportion of birds observed in their natal
wetland was not dependent on the breeding status (i.e.,
actively nesting or not nesting) (%°=0.45, 1 df, P=0.50)

basad on a subsample of 255 birds whose breeding status
was knmown (Fig. 6-20). The proportion of birds
observed in their natal wetland was, however, influenced
by the bird's sex (x*=6.02, 1 df, P=0.014)(Fig. 6-21),
natal wetland (x*=39.75, 7 df, P<0.001)(Fig. 6-22),
and the year (x°=10.12, 3 df, P=0.018)(Fig. 6-23).
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Figure 6-21. The percentage of male and female banded
Birds that were or were not resighled in their natal wetland.

Differences in natal philopatry between males
and females are not uncommon among bird species and
the avoidance of inbreeding is a frequently suggested
reason for these sexual differences (e.g., Bengtsson
1978, Greenwood et al. 1978); even though there are
few examples of the harmful effects of inbreeding in
birds (Greenwood and Harvey 1982). Differences
among sexes in natal philopatry usually are reported for
philopatric species and not generally known to occur in
nomadic species (Greenwood and Harvey 1982). Snail
Kitzs in Florida, however, probably have a more
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restricted range than most nomadic species and
consequently, similarly to philopatric species, may
have a greater probability of inbreeding. Thus, our
results are not necessarily incomsistent with the
inbreeding avoidance hypothesis; nor do we have any
data to support this potential explanation for the
differences in philopatry between male and female Snail
Kites.

The differences among years and specific
wetlands are even less clear. Our data were insufficient
to explore the details of interactions among these sources
of variation; however, interaction effects would be
likely, For example, if one part of the Snail Kites’ range
had an ongoing drought then it would be unlikely for
birds that had fledged from that part of their range to be
in their natal wetland until conditions improved.
Consequently, our results should be viewed in light of
current conditions and probably should pot be
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extrapolated beyond the environmental conditions we
encountzred. The extent of fidelity to a given birds natal
wetland is undoubtedly influenced by the current
condition of that natal wetland and other wetlands

throughout the state,

SITE FIDELITY

In the previous section we addressed the
tendency for Snail Kites to return to their natal wetland.
Using radio telemetry, we also examined whether
individual birds have a tendency to return to the same
wetlands from year to year, irrespective of their natal
area and breeding stats. To test fidelity, Whitz and
Garrott (1990) suggest using a chi-square test of
independence for situations in which locations of animals
can be assigned to discrete areas (e.g., our designations
of wetlands). For our initial exploration, we used this



procedure, without any pooling, for all individuals for
which we had sufficient data. Because we have already
shown that there are strong seasonal effects in locations
used by Snail Kites, we conducted analyses
independently for each season (using the season
designation previously supported by our data). We did
not include any individuals in this analysis for which we
had fewer than five radio locations in each season of
each year of comparison. Although five locations was an
arbitrary criterion, we believed that fewer locations
would likely have produced spurious results because we
would have likely had representation from only a small
portion of the season. Based on our sampling interval
(= 14 d), five locations were likely to have represented
locations from over half of the season of interest (the
expected number of locations during any one season, if
the radio were operational for the entire season, was =
8). Additionally, chi-square tests have been known to
perform poorly when the expected values of cells are less
than five (Cochran 1954). Our criterion was intended to
reduce these problems.

A departure from fidelity was common for Snail
Kites in each season. During the late-winter/spring
(January through April) season 5 of 7 (71%) of the
individuals, for which we had sufficient data to test
fidelity, showed a departure from fidelity at @=0.05
level of significance (Table 6-13). Similarly, 16 of 24
(67%) individuals showed a departure from fidelity
during the summer season (May through August){Table
6-14), and 4 of 8 (50%) showed a departure from fidelity
during the autumn/early-winter season (September
through December)(Table 6-15).

Because each test was an individual analysis
from an individual bird, we did not attempt any detailed
model selection for additional effects (e.g., sex or year).
We also did not believe that the data warranted any
extensive mem-analysis for these effects. On a purely
descriptive note, however, we found no obvious patterns
with respect to sex or year. There was a slight tendency
for a greater departure from fidelity during the non-
breeding s=asons (summer-early winter) early during the
study, but given the small sample sizes, we are not
convinced that this is anything more than random
variation.

We emphasized at the beginning of this section,
that this was a "post hoc" exploratory anmalysis. In
particular, there are two problems which need to be
identified. First, except for the summer season, in
which we had 24 individuals meeting our criteria, these
tests were conducted using a very small number of
individuals. These small sample sizes were likely a
result of the battery life of our radios. The expected
life: of our radios was 12 months and this may have been
an optimistic expectation from some of the
manufacturers. Thus, our analyses were only possible
for individuals whose radios exceeded their expected life
(or were replaced) and whose locations were generally
known, Because most radios were attached during
spring, the summer season was the first full season
following attachment and the most likely to have had
individuals for which we had > | year of data. This is
probably why our sample was so much higher for
summer. The specifications of the mortality switches of
our radios precluded some radio designs that would have

Table 6-13. Tmm.iu_ﬁumg’ mq‘mmmﬁrmmmrqug individual radio-
: - April) ar each location berween

Freq Sex Year 1 Year2 NI N 2* o dr’ P
152,104 M 93 94 5 5 6.67 1 0.010
152.630 M 03 94 7 & 4.55 2 0.103
152.362 F 93 95 17 7 24.00 4 <0.001
152.030 F 94 - 5 7 2.86 I 0.091
152.480 F 04 95 8 7 4.77 I 0.029
152.499 F 94 95 6 g 14.00 3 0.003
152.584 F 94 95 7 6 13.00 2 0.002

locations we observed for the mdividual equals df+ 1.

! Total number of locations for individual during this season for year 1.
¥ Total number of locations for individual during this season for year 2.
' Because dff = rows-1 * columns-1 and all individuals had locations in only 2 years frows) for this seasom, the total number of
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Table 6-14. Test results from ¥ tests of independence for the number of locarions of individual radio-

Jransmittered Snail Rites during the summer season (May _August) at each locarion betweenyears. ___
Freq Sex Year1  Year2 Year3 NI' N2 NP L df P
152,120 M a2 a3 = .1 8 - 4,20 2 0.122
152. 200 F a2 23 - B B - 8.50 3 0,037
152.230 F a2 o3 - T 5 - B.40 1 0,004
152.312 F a2 a3 - 5 T - 5.60 2 0.061
152.350 .F a2 93 04 15 ) 9 39.23 6 = 0,001
152.362 F a2 93 04 10 18 16 52.49 10 < 0,001
152.480 F a2 o3 04 7 ] Q 23. 76 4 < 0,001
152,490 M a2 a3 - 7 7 - 11.00 4 0,027
152.620 M ax 23 - 5 5 - 10.00 2 0,007
152,860 M 92 a3 - B 2 - 1.27 2 0.026
152, 880 M a2 93 - B B - 2.20 | 0.131
152,900 M a2 23 - & T - 13.00 1 < 0,001
153,100 F o2 a3 == ] 5 - 10.73 2 0.005
152,020 F a3 o - L] L] - 18.00 2 < (0,001
152,104 M @3 d - B 5 - 13.00 3 0005
152,254 F a3 o - 5 7 - 1.1 1 0.150
152.463 F a3 od - B 6 - 14.00 1 <0001
152,454 F a3 o - T 9 - 0.04 1 0,833
152.584 F o3 Q4 - T -] - 6.56 2 0.038
152.630 M @3 Qul - 9 T - 4.28 3 0.232
152.646 F 93 a4 - [ 9 - 1.51 2 0.405
153.125 F 93 o4 — g 2 = 13.00 2 0.002
153.564 5 | 93 04 - (4] L - 1.54 1 0.215
153. 710 M o3 o4 - 9 5 - 14 2 0.001

! Total number of bocations for individual during this season for year 1.
? Todal number of locations for individua! during this season for year 2.
! Total number of locations for individual during this season for year 3.

Table 6-15. xmmmf mq‘mhmmmfmqmwwm

Snail Kites the autumm/ea r SEAson - December) ar each location between
Freq Sex Year | Year 2 N1 N2 ¥ dft P
152,208 F L 93 B 3 13.00 2 0.002
153,100 F 92 o3 11 7 4.41 1 0.036
152.362 F a2 04 7 14.00 1 < 0,001
152.020 F a3 04 7 4.77 3 0. 189
152.480 F o3 o4 9 3 2.39 2 0,303
152.584 F o3 o4 8 T 1.22 1 0.268
152.630 M 93 24 10 & 6.58 3 0.087
152.646 F o3 94 6 T 6.74 i 0.009

' Total number of locations for individual during this season for year I,

* Total number of locations for individual during this season for year 2,

! Because df = rows-1 * colwmns-] and all individuals kad locations in only 2 years {rows) for this season, the tolal
nurmber of locations we observed for the individual equals df+ 1.

87



had greater batlery life (e.g., solar radios). Had the
focus of our study been on fidelity, rather than survival,
alternative radio designs would have likely have been
usad.

A second concern of our analysis is that even
with our criterion for five locations from each season,
most cells had expected values <35. Although some
statisticians believe that a general criteria for expected
values <5 may be oo restrictive (e.g., Lewontin and
Felsenstein 1965, Roscoe and Byars 1971), it is at least
reason for some concern. Consequently, we conducted
an additional set of analyses on these same data where
we pooled each comparison into a 2 x 2 table in which
we tested a more restricive hypothesis that the
proportions of locations observed at the most frequently
used area (based on marginal wotals) was the same among
years, For these amalyses we used Fisher's exact test,
which is more robust to small sample sizes because it
uses the exact probability distribution of the observed
frequencies, rather than a chi-square approximation
(Everitt 1992).

The results from these analyses were similar in
that there was a substantial departure from fidelity in all
seasons. Based on these analyses 6 of 7 (B6%) of the
individuals, for which we had sufficient data, showed a
departure from fidelity at ec=0.05 level of significance
for the late-winter/spring season (Table 6-16).
Similarly, 20 of 30 (67%) of the tests indicated a
departure from fidelity during summer (Table 6-1T);

Table 6-16. Test results from Fisher's exact texts for
the number of locations of individual radio-
transminered Snail Kites during the late-
wirker/spring season (January - April) in the location

of most frequenst wse (as determined by marginal
[eolumn| rotals) compared to all other locations
.
Freq Sex Year | Year2 N1' NP P
15214 M 93 94 3 5 0,004
152630 M 93 94 7 [ 0.007
152.362 F o3 9 17 7 <0.001
152030 F 9 95 3 7 0.208
152.480 F 94 o5 g T 0.008
152.499 F 94 95 6 E  <0.00
152.584 F 94 9 7 6 <0.001

! Total number of locations for individual during this
season for year 1.

! Total number of locations for individual during this
season for year 2.

! Based on two-tailed Fisher's exact rest,

Table 6-17. Test resulis from Fisher's exact tesis for
the number of locarions of individual radio-
transmittered Snail Kires during the summer season
(May - August) in the locarion of most frequent use
(as determined by marginal fcolumn| totals)

Mmaﬂmrmm

Freq Sex Year1 Year2 NI' N2 P

152,120 M 92 93 & B8 0.733
152200 F 92 93 B 8 0317
152230 F 92 93 7 5 0.004
152312 F 92 93 5 7 0.018
152.350* F 92 93 15 9 0.039
152350 F 93 o4 9 9 0.001
152350 F 92 94 15 9 0.074
152.362' F a2 o3 10 18 0018
152362 F 93 94 18 14 <0.001
152362 F 92 o4 10 14 <0.001
152.480° F 92 93 7 6 0.308
152480° F 93 94 g 6 <0.001
152.480° F 92 94 7 g <0.001
152490 M 92 93 7 7 0.018
152620 M 92 93 5 5 0.002
152860 M 92 93 g g 0007
152880 M 92 93 8 8 0.131
152000 M 92 93 6 7 <0.001
152,100 F 92 93 9 5 0.001
152020 F 93 94 g 9 <0.001
152.104 M 93 94 B 5  0.008
152254 F 93 94 5 7 0.190
152463 F 93 94 8 6 <0.001
152494 F 93 94 7 9 0.838
152584 F 93 94 7 8 0.010
152630 M 93 04 9 7 0515
152646 F 93 o4 & 9 0.264
153.125 F 93 04 5 8 <0.001
153.564 M 93 94 6 g 0215
153,770 M 93 o g 5 0.001

! Toral number of locanions for individual during this
season jor year [,

* Total number of locations for individual during this
season jor year Z.

' Based on two-tailed Fisher 's exact test.

* We had data for the same individual for > 2 years and
Flisher's exact test is intended for a 2x2 table.

Consequently, we conducted this test separately for
fach comparison,




however, three individuals had more than two years of
data and contributed o 9 nine of the 30 tests. It is
interesting to note that one of these individuals (152.430)
showed fidelity 1o wetlands during the summers of 1992
and 1993, but departed substantially during 1994 from
these first two years. During the autumn/early-winter
season 5 of 8 (63%) of the individuals showed a
departure from fidelity (Table 6-18). Thus, the
conclusion from these tests is similar 0 the tests of
independence in that they indicate that a lack of fidelity
o seasonal use of particular wetlands is common among
Snail Kites, but some individuals do show fidelity during
SOME YEars.

Table 5-18. Test results from Fisher's exact tesis for
the number of locations of individual radic-
transmirtered Snail Kites during the autumn/early-
winter season (September - December) in the location
of most frequent use fas derermined by marginal
[columm] totals) compared ro all other locations

A —

Freq Sex Year] Year2 N1' N2 P

152.200 F a2 8 0.002
153.100 a2 11 0.036
152.362 a2 7 <0.001
152.020 93 ) 0.185
152,480 93 0.649
152.584 0.268
152.630 10 0.039
152.646 ] 0.009
! Total mamber of locations for individual during this
seazon for year I.
* Toral number of locations for individual during this
season for year 2.
! Based on rwo-lailed Fisher 's exact test.

- £ 0 mm T
EEREREEERS

93
93
2

In addition to the above data, we had 72 cases of
radio-transmittered birds in which we knew the location
of consecutive nesting attempts. Of these, 34 (47%)
were at the same location as the previous attempt. This
contrasts with the 29% (71% departure from fidelity)
that was suggested by our tests of independence of
fidelity during the spring (breeding) season and 14%
(86% departure from fidelity) from our test of fidelity
for the most frequendy used area during this same
season. Thus, our data indicate that there may be a
greater fidelity to the actual breeding location than is
indicated from merely looking at seasons. However,
even these data indicated that most (53%) nesting
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attempts by Snail Kites were not at the same location
(i.e., wetland) as their previous atiempt.

We further explored the relationship of
breeding-site fidelity by examining the influence of
nesting success on the probability of the next attempt
occurring at the same or a different location. Of the 72
cases above, we knew the fate (success) of 39 of the first
attempts. The percentage of attempis at the same
location was higher for birds whose previous atiempis
were successful (67%) compared to those whose
previous attempts were unsuccessful (42%); however,
differences were not significant at an «=0.05 level of
significance (x*=2.15, 1 df, P=0.143; or Fisher's exact
test [two-tailed] P=0.174). Thus, although our data are
suggestive that nesting success influences the probability
of nesting at the same or a different location, data were
insufficient to provide convincing evidence of this effect.

Most species of birds studied tend to retain the
same nesting area from year to year and most reported
exceptions to this pattern are of species whose food
resources exhibit considerable spatial and temporal
variation (Andersson 1980). Andersson (1980) also
predicts that nomadism is favored when variation in food
resources are cyclic, rather than random. Given the
cyclic patterns of droughts in Florida (Beissinger 1986,
Duever et al. 1994) and the spatial variation of these
hydrologic patierns (Duever et al. 1994), Snail Kites
might be expected to exhibit nomadic tendencies, Our
results indicate that Snail Kites exhibit high rates of
movement and frequently use different wetdands from
one year to the next. These results do not imply that
some individuals do not show fidelity...they do. We
commonly observed individuals that would use the same
wetland, and even the same sites within these wetlands,
from one year o the next. However, our results indicate
that a departure from this pattern is also common, and
may even be more common.

Assumptions, Bias, and Sources
of Error

EFFECTS OF RADIO TRANSMITTERS ON
MOVEMENT OF SNAIL KITES

We found no difference in survival between birds
with and without radio transmitters. In contrast to
survival, banding data were insufficient to test movement
probabilities for samples of birds with and without radios.
Banding data do allow for the evaluation of movement
probabilities (Browme et al. 1993, Nichols et al. 1993),
but these probabilities would be annual transition



probabilities; a time scale that we believe would be highly
inappropriate given the high monthly rates of movement
we observed using radio telemetry. However, for the
probability of movement, we believed that any effect
would likely have been from the disturbance resulting
from actual capture, rather than any chronic effect from
carrving a radio transmitter and we were able to test for
this effect.

We tested for the effects of capmre and
handling on the conditional probability of moving
between time ¢ and ¢ + | (conditional on a given bird
being alive and its location known at both times), using
conditional logistic regression with monthly time steps
(see Methods). We limited this test to adults because we
attached the radios on juveniles right at the time of
fledging and therefore would expect a higher movement
probability regardiess of any radio effect. Additionally,
we did not have a sample of juveniles that had not been
captured in which to compare because birds captured as
juveniles the previous year were no longer juveniles,
Juveniles also were capture by merely collecting them at
the nest: whereas adults captured with a net gun would
have experienced a substantially more traumatic method
of capture. We also limited this analysis to the
movement probabilities only during the months of
March, April, May, and June. This limitation was
imposed because over 90% of the captures occurred
during those months and it would not be reasonable to
compare the effects of capture and handling on
movement rates during months where few or no
captures occurred, For each bird, we assigned a
value for each month as to whether or not the bird had
been captured during that month. Because previous
analyses had indicated both age and time effects on
movement probability, we included these effects in our
analysis. Effects of time, however, were limited to
monthly and yearly effects. Previous analysis indicated
that within-year effects were most parsimoniously
modeled using a seasonal, rather than monthly, effect.
Because this analysis was limited to four months we were
unable to test for a seasonal effect.

We began the anmalysis with a univariate
examination of each potential effect. Only an effiect of
month was indicated from this analysis (Table 6-19).
Because potential effects can sometimes be masked in
this initial univariate analysis we followed the
recommendations of Hosmer and Limeshow (1989) by
using a liberal rejection criteria (o 0.25) for
elimination of potential effects at this stage of the
analysis. Only year was eliminated from further analysis
based on this criterion. Next, we construcied and
compared models including month and capture effects
(including and not including an interaction term). Based

20

Table 6-19. Maximum likelihood Analysis of
Variance table for the univariate conditional
logistic regression analysis for the effects of
mowich, year, and capiure on the conditional

i probability of moving berween rime tand t + 1,
gtven that a bird was alive at time &,

Source DF 2 P

Maonth 3 20,07 <0.001
Year 2 1.58 0.453
Capture (y,n) 1 177 0.183

on both AIC and LRT, our analysis indicated an effect of
month but not capture on the probability of moving
between time r and 1 + 1 (Table 6-20). The univariate
model with only month effects had the lowest AIC. The
model including month and capture effect also had
relatively low AIC, although not as low as the model
without capture effects. However, a LRT confirmed that
inclusion of capwre effects was npot warranied
(LRT=0.017, 1 df, P=0.89).

Table 6-20. Summary statistics for conditional
logistic regression model for the factors affecring
the conditional probability of movemens bemween
times ¢ and 1 + 1 {ar monthly rime steps), given
that an animal war alive ar rime t. Shown are the
model description, number of estimable

i parameters (np), relative deviance (~-2inf]), and
Akiake s Infarmation Criteriion {AIC).

—
Model' np -2in(d) AIC

MON 4 ERET1 596.71

YR 3 610.46 6l6.46
Capr 2 610.22 614.22
MON CAPF 5 SBR.60 598.69
MON CAF MON*CAP 8§ 58793 603.93

" Terms are month (MON), year (YR),and capture i

fCAF)

¥ Dummry variable for capiure assigned a 1 if given ¢
bird was captured during thay month and 0
oitherwize.

¥ A Likelihood ratio fest (LRT} between this model
and the model with the lowest ATC (Manth), further
indicated inclusion of 8 caplure &ffect was ot
warranted (LRT=0.017, df=1, P =0.89).




We tested the power of our above assessment by
simulating a capture effect on the probability of
movement (see Methodys). The results from this analysis
indicated relatively low power for very minor differences
in capture effect (e.g., delta=0.95) and moderately high
power for a strong capture effect (e.g., delta=0.50)(Fig.
6-24). Consequently, although we might not have
detected some weak effect of capture and handling on the
probability of movement, we would have had a
reasonable probability of detecting any substantial effect.
Additionally, any effect of capture and handling on
movement probability, certainly was minor compared to
the background temporal variation., For example, the
differences in movement probability between March and
June (the months included in this analysis) would have
been equivalent o delta=0.29 (greater than any effect
we simulated).
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Figure 6-24. The estimated power o detect simulated ‘
i differences (Delta) in the probability of movement for birds
thai were and were not captured during a given month.
Differences in movemnend probability were simulated by
changing the base probability (frow the actual data) for birds
captured by a fived percentage of change [Delia). |
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CONDITIONAL INDEPENDENCE

For our analysis we have essentially treated
movement as a Markovian process such that each month
an individual has a probability of moving from a given
location regardless of whether or not that individual
moved in the previous month, Thus, we have made an
assumption of conditional independence between times
and r - 1 (McCullagh and Nelder 1989). We can only
speculate at this point as to the influence of violating this
assumption. We are currently exploring ways of lesting
both the validity of this assumption and for incorporating
our findings into our analysis.
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MONTHLY TIME STEPS

Many of our analyses were conducted using
monthly time steps. The logic and tradeoffs of this
approach were previously discussed (see Methods)., Two
conditions are readily apparent that may have affected
our results, First, a given individual may have moved
more than once during any given month. Thus, actual
movemenis may have been more frequent than indicated
by the time steps we used. This is not only a function of
our analytical time steps, but also our sampling intervals
(i.e., = 14 days). In addition, an individual also could
have moved 1o a new location and subsequently returned
to its previous location within a given month. Thus, we
would have recorded that animal as not having moved,
even though it had acmally made two (or more)
movements. Consequently, we believe that our
parameter estimates for the probability of movement are
slightly conservative. However, we do not believe that
there were a sufficient number of undetected movements
to have had a substantial influence on our overall results.
We likely would have missed some of the increments of
longer moves and some exploratory excursions, It would
have been very unlikely, however, for a few undetected
movements 10 have influenced our model selection or
conclusions, Consequently, we do not believe that the
increased sampling effort that would have been required
to detect more movements was warranied.



Chapter 7. MONITORING THE FLORIDA SNAIL
KITE POPULATION

Snail kites in the United 5States occur only
within southern and central Florida. Over half of the
wetlands within the kites’ range have been lost during
the past century and those that remain have been highly
fragmented and severely degraded (Weaver and Brown
1993). This loss and degradation have prompted plan-
ning for the most ambitious and largest scale ecosys-
lem restoration effort ever undertaken (e.g., The 1993
Interagency Agreement on South Florida Ecosystem
Restoration). Given the restricted range of the Snail
Kite within the United States and the magnitude of
past and present changes, and the potential for future
changes in this ecosystem, the Snail Kite has been,
and probably will be, a high priority for monitoring
as these changes occur. Consequently, one of the goals
of this project was to provide an assessment of the pro-
tocol for monitoring Snail Kites in Florida. Here we
examing methods that have been attempted or sug-
gested, explore their assumptions andfor sources of
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vartation, and discuss these techmques in the context
of assessing specific parameters or measures of the
Florida Snail Kite population.

The Annual Survey

Prior to 1969 the Snail Kite population was
monitored only through sporadic and haphazard sur-
veys (reviewed by Svkes 1984). Numbers of Snail Kites
in Florida since 1969 have been monitored via a quasi-
systematic annual survey (Svkes 1979, 1982, Rodgers
et al. 1988, Bennetts et al. 1994). Details of the meth-
odology have been previously reported (Sykes 1982,
Rodgers ot al. 1988); however, the survey consisted of
a combination of airboat transects and evening roost
counts. Since these surveys began there have been nu-
mercus biological imterpretations, often with little or
no regard for the inherent sources of variation in these
data that could influence the validity of subsequent



interpretations. Here we examine several sources of
variation inherent in the annual survey and discuss how
this variation could influence the wvalidity of
interpretations of these data.

SOURCES OF VARIATION

One obvious source of variation in the annual
survey is that the actual population size of the Snail Kite
in Florida has changed. The variability associated with
birth and death rates are a primary focus of this report
and is consequently addressed in other chapiers. Here
we focus on sources of variation in the annual survey
which might confound our interpretation of actual
demographic change. A common thread of these
confounding factors that will quickly emerge is that they
all relate to the ability of observers to detect birds that
are alive in the population.

Observer effects-- There are two primary
observer effects of concern. First, there are inheérent
differences among observers in their ability to detect
birds. For detecting Smail Kites during the anmial
survey, these differences can be a result of such things
as an observer's visual acuity or the ability 1o focus on
the count while driving an airboat (unless a second
observer is present). Secondly, differences may exist
among observers relating to their experience. These
differences can result from such things as familiarity
with the terrain or behavior of the birds. Observer
differences have long been known to have a major
influence on bird surveys (e.g., numerous papers in
Ralph and Scott 1981, Verner 1985, Sauer et al. 1994).
Unfortunately, we currently have no assessment of the
inherent observer differences.  This is usually
accomplished by comparisons of different observers
conducting the same survey. Beissinger (1982) re-
surveyed kites twice during early 1982 following the
1981 drought and found differences of 62% (177) in a
January count and 104% (222) in a March count
compared to the regular survey of 109 conducted by a
different observer (J. Rodgers Jr.) during late November
and early December. He amribuied much of these
differences to observer effects in ability to locate roosts
{he suggested a lack of experience) and amount of effort.
Unfortunately, the temporal differences among these
surveys (i.e., surveys were conducted = | and 3 months
after the regular survey for the January and March
surveys, respectively) confound the use of these data for
a reliable assessment of inherent observer effects (see
temporal variation below). Partitioning the annual
survey by observers gives a general indication of
differences among observers (Fig. 7-1); however, the
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Figure 7-1. Numbers of Snail Kites counted during the
arnual surveys conducted by P.W. Sykes et al., J.A. Rodgers
Jr. et al, and R.E. Bennetts et al.  Also shown are least
squares regression lines for each observer.

surveys conducted by Bennetts et al. were confounded by
having had radio transmitiers on 282 birds; which
undoubtedly improved their ability to locate pockets of
birds that might have otherwise been overlooked (Sykes
etal. 1995). Both the differences in surveys reported by
Beissinger (1982) and the possible differences in the
slopes of counts by different observers raise concerns
that inherent observer differences do exist and should be
accounted for in any analysis resulting from the annual
survey.

An indication of the effect of experience can be
seen by looking at first counts conducted by each of the
three observers who have conducted the annual survey.
The first surveys of both Rodgers et al. and Bennetts e
al. also were their lowest counts (Fig. 7-2). Similarly,
the first survey (1967) originally reported by Sykes
(1983a) also was his lowest; however, the 1967 and 1968
surveys he reported were not considered as having been
complete counts because he was still learning the
potential range of kites in Florida and several areas were
not included in these early attempts (P. Sykes, pers.
comm.). For this reason, most reports {(e.g., Sykes
1979, 1983b, Sykes et al. 1995) show 1969 as having
been the first year of the annual survey. Although, not
including the 1967 and 1968 surveys in his reporting is
an appropriate siep for maintaining consistency among
the surveys, it also illustrates our point that an observer’s
first survey often is a learning experience and this source
of variation should be taken into consideration (Sykes
accounted for it by not including these surveys).

Effort— It has been recognized for decades that
the amount of effort expended on surveys of birds (or
any organism) has a dramatic influence on the number of
individuals (or groups) counted (e.g., Chapman 1951,
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Figure 7-2. Numbers of Snail Kites counted during the
annial surveys conducted by P.W, Sykes et al., J.A. Rodgers
Jr. ¢t al, and R_E. Bennetts e al. Enlarged symbols
represent the first count conducted by each observer. The
surveys of 1967 and 1968 (open circles) were preliminary
counts conducted by P.W. Sykes and originally reported in |
Svkes (1983a). These surveys were not reporied in later |
papers (e.g., Sykes 1978, Sykes ef al. 1995} because they
were conducted af a time when the observer was just learning
the areas and all areas were not included, We show them
here because i illustrales our point that first surveys are
gften Tearning experiences "

Kenaga 1965, Brown 1973, Davis 1974, Raynor 1975).
Numerous attempts have been made to account for this
influence for other species by “normalizing” counts such
that they are reported as oumber counted per unit effort
(e.g., Kenaga 1965, Brown 1973, Davis 1974, Raynor
1975, Bock and Root 1981). Surprisingly, to our
knowledge, no attempt has previously been made to
account for effort in the annual Snail Kite survey, We
explored this effect on the annual Snail Kite survey by
examining the relationship between the number of birds
counted on each survey and the number of observer days
(i.e., each observer for each day they participated in the
survey was counted as one observer day) for that survey
(Sykes, Unpubl. data, Rodgers et al., unpubl. data,
Bennetts et al., Unpubl. dat). Not surprisingly, we
found a significant relationship between the total number
of observer days for a given and the oumber of
kites counted (R*=0.69, P<0.001, n=26 [1967 and
1968 were not included, see observer effects above] NFig.
7-3). Butcher and McCulloch (1990) concluded that
analysts should determine if an empirical relationship
exists between surveys and effort to determine if surveys
need o be adjusted for effort.

Sampling Error— Counts of birds are rarely, if
ever, made without error; and the amount of stochastic
variability introduced by sampling error can be quite
large (Barker and Sauer 1992, Lancia et al. 1994).
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Figure 7-3, Relationship between the number of Snail Kites
counted each year during the annual survey and the number
of ohserver days (Le., each observer counts as 1 observer

day for each day they participated in the count).

There are a multiude of potential sources of sampling
error for the annual survey of Snail Kites. Here, we
presant just a few examples to illustrate to magnitude of
the potential error. First, for many areas systematic
transects are infeasible and the survey relies heavily on
roost counts (Rodgers et al. 1988, Bennetts et al.
Unpubl. data). Additionally, roost counts often exceed
transect surveys because of the difficulty of counting
every bird via transect surveys (Rodgers et al. 1988).
This can present a substantial source of error if not all
roosts are located (Beissinger 1988). Unfortunately,
Snail Kites ofien form several roosts in a given area and
may be widely distributed in roosts comsisting of single
birds or small groups (Sykes 1985, Darby et al. 1996a).
In a recent smdy Darby et al. (1996a) found 9 roost sites
being wsed simultaneously (although it required several
days to locate them) in just one subregion of WCA-3A.
Similarly, they found 5 roost sites at Lake Kissimmee.
Because their results were based on following only a
sample of birds during a limited time, they probably did
not even find all of the roosts at these locations.
Additionally, 57% of the birds they followed roosted
either alone (20%) or in small groups of less than 10
(37%)(Darby et al. 1996a). Based on these results, and
the amount of effort expended on any given annual
survey, it is unlikely that even a majority of the roost
sites are found on any given survey.

An additional example of the magnitude of error
resulting from not locating all roosts was obtained using
radio telemetry. During the 1994 annual survey Bennetts
et al, unpubl. data) counted birds in WCA-2B using the
traditional procedures of the survey (Sykes 1982,
Rodgers et al. 1988). They found what they thought was
“the"communal roost and counted 51 birds for the area.
After the survey was completed for that area (i.e., the



same night that the roost was counted), they checked wo
verify that all of the radio-transmitiered birds known 0
have been in that area were in the roost that they had just
counted. They were not, and a second roost was
located, using radio telemetry, that had been overlooked.
The next evening an additional 91 birds were counted in
the second roost. Thus, 64% of the birds ulimately
counted would have been overlooked as a result of not
finding the second roost. This does not even include any
additional roosts that still may have been overiooked.
While it might be easy to just pass off this example by
suggesting that we were careless in finding all of the
roosts, the fact remains that it would require an
enormously impractical amount of effort w0 locate all
roosts in Florida, We have no doubt that there are many
other cases of overlooking roosts embedded within
reported surveys.

A second general source of sampling error
results from differential detectability of birds among
habitats or geographic regions. The latier we iested
explicitly with our banding data using multi-state mark-
resighting models (see section on regional effects in
Estimation of Survival from Banding Dara). Both our
model selection procedures and a likelihood ratio test
(LRT) between models with and without regional
differences in resighting probability (p) indicated
significant differences (x*=25.389, 10 df, P=0.005,
Table 4-25) in resighting probability among regions.
Although this test applies specifically 1o our ability to
detect marked individuals, we have no reason to suspect
that our ability © detect unmarked individuals would not
likewise differ among regions. This result is not
surprising given the considerable variability among
habitat types. Differences in detectability of birds among
habitat types also has been previously well documented
(e.g., Best 1981, Oelke 1981, Howe et al. 1995); but,
unfortunately, this source of error has been previously
ignored in the annupal survey of Snail Kites.

An additional example of this effect also comes
from the use of radio elemetry, During the 1992 annual
survey, 216 Snail Kites were counted on Lake
Okeechobee (Bennetts et al. 1992). During that year we
had been monitoring birds via radio telemetry
extensively on Lake Okeechobee and knew that birds
were predominately foraging in dense willows (a habitat
not generally known to be a major foraging habitat).
Consequently, when we conducted the survey on Lake
Okeechobee that year, we paid particular attention to this
habitat, Of course, we have no way to estimate what
proportion of these birds we would have detected without
this ancillary knowledge from the radio telemetry.
However, most of the birds counted on Lake
Okeechobee during 1992 were found in thick willow (a
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habitat pot normally searched during surveys, except for
evening roost counts)(Bennetts et al. 1992), and the
resulting count was the highest ever recorded for that
area during an annual survey.

An additonal source of sampling error results
from the distribution of birds relative to areas that are
included in the survey. There are a multitude of
wetlands in Florida that are used by kites that are too
small, isolated, ephemeral, used sporadically,
inaccessible (physically or because of ownership), or
even unknown, to be feasibly included in the survey.
Beissinger and Takekawa (1983) and Takekawa and
Beissinger (1989) refer w many of these wetlands as
“drought related habitats®. We often refer to them as
“peripheral™habitats becanse our data indicate that many
are used in years other than drought years. Regardless
of what they are called, they exist, and the proportion of
kites in these habitats in any given year is unkmown. This
problem is likely amplified during drought years when
massive dispersal of kites w0 these habitats has been
reported (Beissinger and Takekawa 1983, Takekawa and
Beissinger 1989). This problem was identified by
Rodgers et al. (1988) and later by Bennetis et al (1994)
and Sykes et al. (1995); however, no accounting for
dispersal into peripheral habitats during drought years
(or any year) has yet been made. Consequently,
comparisons of drought years with non-drought years
using the annual survey are particularly suspect.

Spatial Variation— The areas included in the
annual survey have not been consistent from year o
year. This probably is due to a combination of shifts in
the distribution of kites over time and an increased
awareness of locations used by kites. We examined the
magnitude of this effect for the Snail Kite data by
comparing the total surveys that include all areas with the
totals only from areas included in all years. The overall
wends appear not w be greatly influenced by the
inclusion or omission of some areas (Fig. 7-4); however
specific yearly totals may be greatly influenced (Fig. 7-
5). For example, in 1990 a substantial portion of the
total survey was from Lake Tohopekaliga, which was not
even included in the survey until 1981 (the 13th year of
the survey). During that year 233 of 422 birds (55%)
were counted in areas that have not been included in all
years. A similar concern has been previously expressed
for widespread bird surveys (e.g., the breeding bird
survey [BBS]) in which not all survey routes
have been conducted each year. Methods have been
proposed to address this concern (e.g., Geissler and
Noon 1981, Geissler and Sauer 1990), but 0 our
knowledge, no attempt has been made for the annual
Snail Kite survey to account for variation due to
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Figure 7-4, Linear relationships of number of Snail Kites
counted each year of the annual count when all areas are
included and wsing a resiricted data set using only areas that
have been included every vear of the count.
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| Figure 7-5. Number of Snail Kites counted each year of the |
annual count when all areas are included (open symbols) and |

using a restricted data set using only areas that have been !

included every year of the count {soiid symbols). Vertical |

lines illustrate the difference between these two data seis.

differences in areas surveyed from year to year.

Temporal Variation--The anmual surveys have
maintained a general temporal consistency in the time of
year that surveys have been conducted (i.e., primarily
November and December); however, variability within
those months does exist (Fig. 7-6). James A. Rodgers Ir.
(unpubl, data) paid particular attention © maintaining the
temporal consistency during the period (1981-1990) he
conducted the surveys. An exception to this consistency
is a supplementary survey conducted by an independent
observer in March 1982 that was intended to repeat the
November/December 1981 survey (Beissinger 1982,
1984, U.5. Fish & Wildlife Service 1986). Beissinger
(1982) counted 222 in his March survey compared to 109
counted during the regular survey. This March survey

Year
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Figure 7-6. Temporal variation in the annual count as
indicated by the range of dates within which the annual
count was conducted each year, Counts were not necessarily
conducted every day within each range. A supplementary
count (*) conducted by Beissinger (1982) in 1982 (intended
as an alternative fo the November/December 1981 count) was
reported af occurring in March, M&znﬂuﬂr&ugtqﬂ"dﬂ:ﬂ[
was il provided,

has been frequently substituted for the regular survey
(revised to = 250) in later reportings (e.g., Beissinger
1986, 1988, 1995, Takekawa and Beissinger 1989). Our
data from radio telemetry has indicated that there is a
substantial shift of habitat use by birds between
November (when the survey is normally conducted) and
March (when the latter supplementary survey was
conducted). This shift includes a shift from areas not
likely to have been included in the survey (i.e.,
agricultural areas and cypress regions within the Big
Cypress Basin Watershed) to areas more likely to have
been included in the survey (Fig. 7-T). Additionally, we
have observed a substantial shift from areas where it is
relatively difficult to survey birds because of dense
vegetation (e.g., cypress regions along the L-28 levee) to
areas of more open habitats. Beissinger (1982) also
reporied that more birds were found in the areas he was
surveying (i.e., WCA-JA, WCA-3B, Lake Kissimmee,
and Lake Tohopekaliga) in March compared to an
additional supplementary survey he conducted in January
and that this accounted for the higher number of birds
counted in March. This is consistent with the shifts in
distribution that we have observed with our radio
transmittered birds; however, Beissinger (1982),
suggested that the birds in WCA-3A were likely to have
been present when the regular survey was conducted,
and that their roost sites were simply overlooked.

The shifts in habitat use we have observed would
undoubtedly influence the resulting surveys. The time of
year that surveys have been conducted (i.e. November -
December) also is a time when considerable habitat shifis
by kites may occur. Based on our data using radio
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| Figure 7-7. Percentage of kte-use-days (5ee Sechion on
Habitar Use in chaprer on Movements} by radio-tagged Snail
Kites for each month from April, 1992 1o April 1995 in
peripheral habitats not likely to have been included in the
annual cound (e.g., agricultural areas, see description in
Study Area) and cypress habitats (see descriprion in Study
Area), some of which fe.g., Western WCA-34) are included

in the count, but are difficuli to count because of vegetation
density. Alse shown are the range of dates that the annual |
count has been conducted (large crosshaich) and the |
potential range of dates {Le., March, small crosshatch) thar a '
supplementary count by Beissinger (1982 was conducted.

telemetry, the time from 1 September through 31
October would be more consistent with respect to habitat
use (i.e., there are fewer shifts). The period between 1
March and 30 April also would be more consistent with
respect 1o habitat use and has a greater proportion of the
birds occurring in habitats normally included in the
survey. The disadvantage of this latter time period is
that birds are likely nesting and the potential for roost
counts would be very limited. Regardless of when the
surveys are conducted, we suggest that, if they are
continued, they be constrained to a narrow time window
t0 minimize the variation due to differential distribution
among habitat types or areas. We also suggest that
comparisons of surveys conducted at different times of
the year (i.e., between March and November/December)
would have little validity because of these habitat shifts.

Some Alternative Field Methods
to the Annual Survey

As we suggested earlier, the common thread
among the sources of variability in the anmual survey is
that there is no measure of what proportion of the
population is being counted on any given survey.
Consequently, unless that proportion is constant among
years (i.e., there is a correlation between the survey and
actual population size), and our data suggest that it is not

(see population indices below), then few valid inferences
can be derived except where enough years are included
10 “average out” the detectability differences, or
preferably, if the sources of variation are incorporated,
and accounted for, in the resulting amalyses. This
problem of measuring an unkmown fraction of the
population is inherent in count data of this type (Burnham
1981, Nichols 1992, Barker and Sauer 1995, Johnson
1995) and one which will inevitably continue to haunt
those who attempt 1o extract broad inferences from these
data. Consequently, in this section we have intentionally
omitied potential alternatives to the annual survey (e.g.,
point counts) that suffer from all of the weaknesses
described for the anmual survey above. We have focused
below on some general field methods which have the
potential to account for detectability. In this section we
also focus primarily on the feasibility for using each of
these techniques. Their applicability for monitoring
populations and/or to assess specific parameters is
addressed in the subsequent section on Recommendarions
for Monitoring Snail Kire Popularions in Florida. Radio
telemetry and banding (mark-resighting) have both been
used extensively in this smdy, and their inherent
properties have been directly evaluated for use with the
Florida Snail Kite population. Although not used
extensively on this study, distance sampling was
atempted during the fall of 1991, and we believe we are
also in a positon to evaluate its potential for this

population.
RADIO TELEMETRY

Radio telemetry has emerged in recent decades
as one of the most exiensively used methods for
properties of radio telemetry make this technique
particularly well suited for some questions. First,
although elemetry is discrete at the interval of obtaining
radio locations (e.g., hourly, daily, weekly, eic.), itisa
relatively continuous measure compared t0 most
alternative techniques, that derive inferences from
“snapshot” surveys (e.g., distance sampling or the annual
survey) or from an extended interval between sampling
periods (e.g., capture-recapture models [banding]).
Consequentdy, it enables information to be gathered
about such things as habitat use and the cause of death
(for studies of survival). Secondly, radio telemetry data
are usually at least three dimensional, with x and y
coordinates denoting location (space) and ¢ denoting time
(White and Garrott 1990). Thus, the movement of an
animal through time and space are monitored
simultaneously. This lends itself particularly well to
studies of movement patterns. Other variables (e.g.,



habitat or activity at the time of location) may also be
incorporated as explanatory variables of the time and
space vectors (White and Garrott 1990). Thirdly, radio
telemetry enables the monitoring of animals remotely.
Thus, the obhserver need not be present at the location of
the animal to monitor many aspects of is actvity.
Radios can usually be equipped with activity switches o
determine whether a bird is flying or perched, or
mortality sensors to determine if an animal is alive. This
is particularly useful for smdies in which the animal’s
resporse to the observer will confound the results
(although the presence of the radio itself may confound
the results, see discussion on Assumprions, Bias, and
Sources of Error for Survival Estimarors).

Like all techniques, radio telemetry has its
limitations and disadvantages, many of which we have
discussed in detail in the previous section on
Assumptions, Bias, and Sources of Error for Survival
Estimators and a detailed discussion will not be repeated
here. However, one assumption of particular concern is
that the radio transmitter itself does mot influence the
animal (White and Garrott 1990, Anderson et al. 1993).
Our data suggest that it does not influence survival (See
Assumprions, Bias, and Sowrces of Error for Survival
Estimarors); however, this assumption should be
carefully considered when deciding on a monitoring
echnique(s). An additional disadvantage is cost. Radio
telemetry is expensive and for many questions, there are
cheaper alternatives. Depending on the brand and
guantity ordered, radio transmitters are likely to cost
from $150 to $250 each (satellite transmitiers would be
considerably more expensive). The specific design and
specifications of the radios depend much on the purposes
for which they would be used and mamy sources of
information on this subject are available (e.g., Keaward
1987, White and Garrott 1990). Additionally, the most
efficient means of monitoring radio-transmittered birds
i5 via aircraft, which is also relatively expensive.

For some applicatons (e.g., Kaplan Meier
estimates of survival), it is assumed that the probability
of detecting an animal at each sampling period is 1
(Pollock et al. 1995); however, even when this
assumption is violated unbiased estimates of survival are
possible by censoring animals from the data, provided
that an alternative assumption (see the “Censoring is
Random” assumption in section on Assumptions, Bias,
and Sources of Error for Survival Estimators) is met.
Additionally, unlike the annual survey, the probability of
detecting a given individual is not a complete unknown
(although the fatz of an undetected animal may be
unknown) and an estimator has recently been developed
that provides estimates for the probability of detecting a
radio-tagged animal for any given sampling occasion
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(Pollock et al. 1995),

We will discuss specific applications of radio
telemetry below in section on Recommendations for
Monitoring Snail Kite Populations in Florida.

CAPTURE RECAPTURE (MARK-RESIGHTING)
DATA FROM BANDING

In earlier chapters we have discussed mark-
resighting methods in some detail. Based on our
preliminary assessments, we believe it to be a feasible
and practical means of monitoring survival. An
investigation of its applicability to estimating population
size is also currently underway (Dreitz et al., unpubl.
data). There has been a wealth of recent developments
on the general subject of deriving inference from marked
animals (extensive overviews have been provided by
White et al. 1982, Burnham et al. 1987, Pollock et al.
1990, and Lebreton et al. 1992; see also numerous papers
in Lebreton and North 1993 and the Journal of Applied
Statistics Volume 22, nos. 5 & 6 [special issues devoted
completely to this subject]).

DISTANCE SAMFLING

Distance sampling is another area in which there
has been considerable advancement in recent years.
Distance sampling represents a unification of its
precursors in transect sampling (Hayne 1949, Eberhardt
1968, Gates et al. 1968, Burnham and Anderson 1976,
Burpham et al. 1979) and variable circular plot sampling
(e.g., Ramsey and Scott 1979), and has been
summarized in considerable detail by Burnham et al.
(1979) and Buckland et al. (1993). It is generally used
to estimate density of animals within a specified area,
rather than population size over a broader area; although
inferences can be made regarding the latter. The
principal concept behind distance sampling is that the
density of objects (e.g., Snail Kites) can be estimated
using a detection function g{y) to represent the
probability of detecting an individual, given that it is at
some distance y from the transect line or point (Burnham
etal. 1980, Buckland et al. 1993). Distance is measured
as either continuous or categorical, and as perpendicular
distance from a transect or radial distance from a point.
The detection function is generally a decreasing function
with increasing distance from the transect or point (i.e.,
the farther animals are away the less likely they are to be
detected).

We illustrate the concepmal framework for
distance sampling using hypothetical data that represent
the number of animals occurring randomly in each of 10
distance categories (Fig. 7-8). Each distance category
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Figure 7-8. Hypoihetical data representing the number of
animals pccurring randomly in each of 10 distance calegories
fa). A horizontal line shows the espected value for each
category. In this case the expected value equals the mean of
all distance categories. The number of animals actually
detected {observed) in each category (b) would likely
decrease with increasing distance from the transect. A
detection function can be derived using a variety of curve
fitting techniques (dotted line). The difference berween the
observed and expected values © (crosshaiched area) is a
measure of the undetected proportion of animals that can be
ured to estimale the proportion of animals that were detected
and wlimately io “correci”the estimate of density for the area

sampled. Adapred from Buckland et al (1593).

represents a strip of width w away from a transect line
of length [ {nove: for a real transect there would likely be
a strip on each side of the transect line, such thar width
would actually be 2w), Thus, the area of the ith strip is
simply:

a=L xw,

and the density of animals (d;) for each strip is:

P
L ﬂ:'

where n, is the number of animals present on strip i. The
first case we consider for these data is one in which all
animals are detected. For this case, the expected number
of animals for each strip could be estimated as the mean
of the strips (Fig. 7-8a). In real life, however, the
probability of detecting animals farther away from the
transect line would likely decrease with increasing
distance. We could represent this decreasing detection
function based on the number of animals detected
(observed) in each distance category (Fig. 7-8b). The
departure between the observed and expected number of
animals can then be used to estimate the proportion of
animals that were not detected on a given survey (Fig. 7-
8c); of which the complement is the proportion of
animals that were detected. This then provides a basis
for “correcting” the survey to account for animals that
were not detected and to provide an estimate of density.
For purposes of illustration, we have present an
extremely simple example. The current state-of-the-art
for this type of sampling includes an extensive array of
statistical tools for determining how to select and
evaluate the detection functions and resulting density
estimates.

Assumptions of Distance Sampling— There are
several assumptions of distance sampling required to
ensure a valid estimate of density (Buckland et al. 1993).
The primary assumptions are:

1.} All animals on the transect line (i.e., distance = ()
are detected (i.e. the probability of detection = 1.0). In
practice, this assumption can be violated such that objects
near the line are almost certainly detected; however,
substantial violations of this assumption will lead to
biased estimates.

2.) Animals are detected at their initial location (i.e.,
animals are not moving before detection). Again, in
practice, if animal movements are random then no
serious bias exists; however, if animals tend 1 move
away from the transect line (as might be expected) then
the estimate would likely be biased.

3.) Distance measurements are recorded without error.
Violations of this assumption can often be rectified by
grouping data into distance classes.

4.) The distribution of animals is such that they may be
sampled by random transects or points . That is not W
say that the animals must be randomly distributed; rather
that they are distributed in areas such that they could be
sampled by a random distribution of lines and/or points.



Of course, all additional concerns about study designs
and field procedures apply.

Assumption one is the most critical for obtaining
reliable estimates for density (Buckland et al. 1993).
Based on our preliminary field trial during 1991, it is
also extremely likely 1o be violated when sampling Snail
Kites. The only logistically feasible method for
conducting transects in Snail Kite habitat is by airboat.
Our experience using fixed-wing airplanes indicated that
only a small proportion (< 10%) of the birds present are
observed without repeated passes over the same area.
Helicopters, although slightly betier, suffer similar
problems and are extremely expensive for large-scale
surveys. Although many kites remain perched upon the
approach of an airboat or aircraft, many do not. Given
the density of vegetation in some areas, it is extremely
likely that some birds will flush (and may or may not be
detected depending on the habitat) upon approach, This
response 10 airboats or aircraft results in severe violation
of both the first and second assumptions of distance
sampling. After conducting approximately 3 transects by
airboat during fall of 1991 and numerous flights by both
fixed-wing airplanes and helicopters for other aspects of
the study (e.g., radio telemetry), we concluded that the
violations of these assumptions were too severe W
warrant continuation. In addition to violating
assumptions, we also were unable to navigate straight-
line tansects by airboat through vegetation. In
principle, a transect line does not need to be straight so
long as it is random with respect to encountering
animals, Our preliminary efforts suggest that the routes
we followed were very much nonrandom with respect to
encountering animals. Following paths of navigable
water through vegetation has a strong influence on our
detection of animals. While it is certainly possible w
develop a sampling scheme in which areas are stratified
by vegetation type, it would consist of numerous very
short transects that would be logistically laborious and
many vegetation types would likely be poorly sampled or
overlooked completely. Consequently, we believe that
the conditions under which Snail Kites precludes using
distance sampling as a general approach for monitoring
Smail Kites in Florida. This approach may, however, be
useful for some situations (e.g., comparisons of density
over time) for some habitats (e.g., relatively open
habitats) in which the above assumptions can be
reasonably met.

Discussion and Recommendations

How the Florida Smail Kite population is best
monitored depends greatly on the goals of monitoring.
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Consequently, we have provided a brief discussion below
of several parameters or measures that might be of
interest in a monitoring program. We discuss how
various monitoring techniques might, or might not, be
applicable to these measures.

POPULATION SIZE

Population size (N) is one of the most frequently
assessed parameters in wildlife studies and is frequently
used for management decisions. For example, the
interim recovery goal (i.e., to be considered for re-
classification) for the Snail Kite is an annual population
average of 650 birds with annual population declines not
o exceed 10% of the average (U.S. Fish & Wildlife
Service 1986). A logical assumption of this goal is that
we know the population size and how much it varies
annually.

Contrary to numerous reports (e.g., Sykes et al.
1983b, 1979, Snyder et al. 1989, Beissinger 1995), the
annual survey of Snail Kites in Florida is not a census
(see also Rodgers et al. 1988). A census is a complete
count of a population (Lancia et al. 1994). Without an
enormous effort it is virtually impossible o survey
every marsh in central and southern Florida each year.
Nor is it even remotely likely that every bird is counted
in the thousands of square kilometers that are surveyed
each year during the annual survey. It is geperally
believed that counting of birds at communal roosts helps
w eliminate much of the problems associated with
detectability in large areas or in habitats non conducive
o visual detection during quasi-systematic transects
(citations). However, recent work by Darby et al.
{1996a) showed that kites in a given area may use
several communal (or even non-communal) roosts
simultaneously. Thus, unless all roosts are located
(again requiring an impractical amount of effort) entire
groups of birds using undetected roosts may be
overlooked. Thus, it is not reasonable (o expect that the
anmual survey represents a complete census of all birds
in the population. Problems with using the annual survey
as a census also have been recognized by all researchers
who have conducted the survey (e.g., Rodgers 1988,
Bennetts et al. 1994, Sykes et al. 1995).

An inherent problem with count data is that they
represent an unknown fraction of the population of
interest (Nichols 1992). Without having an estimate of
what proportion of the population is being detected, the
use of count data for estimating population size is
scientifically unsound and unreliable (Burnham 1981,
Nichols 1992, Barker and Saver 1995), In contrast to
the annual survey, an implicit component of both mark-
resighting and distance-based methodologies is the



estimation of detectability. For mark-resighting models,
the probability of detection (p,) is one of the parameters
being estimated directly. For distance-based models,
detectability is modeled as a function of distance from
the transect line or point. Based on preliminary
evaluations, we believe that mark-resighting methods are
the most promising for estimating population size of
Snail Kites in Florida. Although the violation of
assumptions is a  concern for any estimator, our
preliminary assessments indicated that the assumptions
more likely to be violated using distance-based methods
(e.g., the probability of detection on the line is 1.0) are
ones 0 which the estimator is quite sensiive. In
contrast, the assumptions more likely to be violated by
capture-recapture models (e.g., occasional misreading
of bands) are ones to which the estimator is more robust.

Based on our mark-resighting results for survival
estimation (i.e., CJS models), we believe that mark-
resighting is a feasible approach for estimating
population size. A pilot study to determine the feasibility
of wusing mark-resighting methods for estimating
population size is currently underway (Victoria Dreitz et
al., pers. comm.).

POFULATION INDICES

Given that the annual survey is not a complete
census, the question arises as fo its usefulness as an index
(i.e., is it correlated with population size?). Without
having some independent estimate of population size, it
cannot be known to what extent the anmual survey is
correlated with population size. However, a critical
assumption 10 using an index to assess year to year
changes is that the relationship between the index and
population size also remain constant over the interval
being assessed (Lancia et al. 1994). Resulis from our
banding data indicate that the probability of detecting
marked individuals is not constant among years or among
regions. Consequently, the critical assumption above is
unlikely to be met. Rodgers et al. (1988) also correctly
point out that we do not knmow the extent to which
changes in the annual survey are influenced by dispersal
of kites out of the surveyed wetlands. We do know that
kites t=nd 10 disperse to peripheral habitats (i.e., that are
not usually surveyed) during drought years (Beissinger
and Takekawa 1983, Takekawa and Beissinger 1989).
Thus, we would also expect a decrease in detectability w
occur in those years as a result of birds dispersing to
areas that are not included in the survey. Rodgers et al.
(1988) also suggested that the anmual survey is more
appropriately considered as an index among surveyed
wetlands than as a census. However, given the failure of
the survey to meet the critical assumpton of equal
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detectability, we believe that the annual survey is not
even a reliable index among wetlands.

POFULATION CHANGE AND VIABILITY

Trojectories or Trends — Most methods for
assessing trends in long-term count data use some form
of parametric or non-parametric regression analysis
(e.g., numerous papers in Saver and Droege (1990).
Linear regression has been used in several studies to
assess the trends of the Snail Kite populations in Florida
using the annual survey data (e.g., Sykes 1979, 1983b,
Bennetts et al. 1994), Regression-based approaches to
monitoring trends have received considerable review as
a wol for long term population trends for birds (e.g., the
Breeding Bird Survey [BBS] and Christmas bird count
[CBCY]). Criticisms of linear regression approaches have
focused on accounting for many of the sources of
variation we have identified for the annual survey of
Snail Kites (e.g., observer differences, effort, and spatial
variation){e.g., Butcher et al. 1990, Droege 1990).
Several analyses have been proposed to help account for
some of these sources of varaton (e.g., route
regression, Geissler and Noon 1981, Geissler 1984
Geissler and Saver 1990, and locally weighted
regression, Cleveland 1979, Taub 1990, James et al.
1990). Despite numerous suggestions that a reliable
evaluation of trends requires accounting for sources of
variation and the emergence of statistical wols ©
accomplish this, there have been no attempts of which
we are aware to apply these advances to the analysis of
trends for the Florida Snail Kite population. We
recognize that controversy remains regarding the specific
applications of many of these statistical tools; however,
we also recognize that a failure to account for variation
in the annual survey leads to spurious conclusions.

Link and Saver (1997) recently reported a new
approach for modeling population trajectories using
count data that looks quite promising. The goal of their
approach is to estimate trajectories (a smoothed and
scaled summary of population change) or trends (the
geomelric mean trajectory over some specified time
interval).  Their approach wses quasi-likelihood
procedures for estimating parameters and provides a
mechanism for incorporating external variability (e.g.,
observer effects) into the models. This approach enables
straightforward model selection uwsing AIC, and
hypothesis testing based on likelihood rato procedures
(see methods for discussion of AIC and Likelihood ration
tests).  Thus, trajectories can be estimated while
accounting for external sources of variability. We are
currently exploring use of this approach for Snail Kites
and our results should be forthcoming within the next



year.

Regardless of what approach is used, we suggest
that evaluations of population trends of Snail Kites must
begin to account for the sources of variation in the
annual survey. Assuming that the annual survey mirrors
population size is not scientifically reliable without
accounting for the variability of detection.

Viability— In recent years there has been an
exponential increase in the use of population viability
analyses (PVA)(Soule 1987a). Some concerns over the
use of PVA were recently summarized in a status review
of the Northern Spotted Owl (Srix occidenvalis
caurina){ Anderson et al. 1990) to evaluate whether or
not federal listing was warranted under the Endangered
Species Act. For example, PVA models often lack
empirical estimates for critical parameters and
assumptions are substimted for reliable estimates
{Anderson et al. 1990). Incorporating a different set of
assumptions will likely lead wo differemt biological
conclusions (Ewans et al. 1987, Anderson et al. 1990).
In some cases the assumption of an effect can even be
incorporaied into a model and concluded to be important
based on the assumed walues (i.e., circularity)
(Anderson et al. 1990). For example, Beissinger (1995)
recently reported a PVA for Snail Kites in which the
most sensitive parameétér in his model was drought-
related survival. Because no reliable estimates of this
parameter were available, Beissinger used values that
were based on differences in the annual survey for a
subset of the drought years that had occurred. This use
of the annual survey is highly questionable (see Sources
of Variation) and would likely inflate this parameter
estimaie because there is also a negative detectability bias
associated with droughts (see Sowrces of Variation).
Beissinger concludes that drought frequencies < 3.3
years will result in population declines; however, this
conclusion is highly dependent on the assumed estimate
of drought related mortality. Thus, an assumed value of
mortality rates associated with droughts leads to a
conclusion of the importance of droughts (i.e., a circular
argument). We agree with Beissinger that droughts are
an important influence on the Florida Smail Kite
population. However, until reliable estimates of
drought-related survival are available we have little
confidence in the reliability of specific predictions.

A second concern is that mathematical
representations of biological phenomena are often
restricted in their ability to reflect biological reality by
limitations of mathematical theory (Ewans et al. 1987).
The implications of this concern, however, depend
greatly on the expectations of the model. It is often not
the intent of the modeler to mirror biclogical reality so
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much as to evaluate the potential effects of particular
sources of variation in an “all else being equal” scenario
or in the context of evaluating the relative sensitivities of
the input parameters. In these types of situations,
hypotheses about populations can often be tested in an
environment that need not be an accurate portrayal of
biological reality.

A third concern of PVA is that there may be a
tendency 0 expect 100 much predictive power from these
types of models (Ehrlich 1989). PVA models are often
interpreted as if they are accurate prediciors of
population viability over relatively long time scales (e.g.
> 100 years). This, of course, assumes that either we
have reliable knowledge about the environmental changes
that will occur over the predicted time period (e.g. 100
or 1000 years), or that environmental conditions will not
change over that time period. These assumptions are
obviously absurd. This does not imply that PV A models
are not useful. They can be excellent wols to explore
such things as the relative magnitude of different sources
of variability on long term population trends. However,
the limitations of applicability of these models should be
carefully considered. Although we recognize that PVAs
can be useful wols, we agree with the conclusion of
Soule (1987b) that these "mathematical models serve as
useful vehicles for thought, but it would be foolish to
hitch a bandwagon to any particular one”,

The predictive capability of models will likely
improve as we are betier able to estimate critical
parameters and their relationship with environmental
conditions. However, in the interim, we suggest that
the most prudent approach for management decisions is
to rely on direct estimates of the parameters of interest.

Finite Rate of Population Change— Analyses of
trends, trajectories, and/or population viability all assess
population change over a number of years. It is also
possible w0 evaluate population change in shorier time
scales (i.e., a more “smapshot™ approach) using actual
estimates of demographic parameters. We currentdy
hawﬁemmbﬂlwmemummeﬁmtcnt:uf
population change (A, Lambda) directly using mark-
resighting methods for estimating survival in conjunction
with direct nest monitoring for estimating reproduction.
Matrix approaches to such assessments (e.g., Leslie
1945, 1948, Lefkovitch 1965) are currently available.

Beissinger (1995) incorporated a maitrix
approach to his PVA; however, be used unreliable values
for critical parameters 1o extend the scope of his analysis
beyond that for which we have reliable data. We suggest
that if a matrix approach is intended as a biologically
realistic estimate of A, that it be restricted o post hoc
estimates for years in which reliable data are available



for critical parameters. Substituting assumed or
unreliable values for critical parameters only leads to

predicting the very assumptions that were introduced into
the model by those values (Anderson et al. 1990).

ESTIMATES OF DEMOGRAFPHIC PARAMETERS

Survival— Differences in the annual survey from
one year to the next has been frequently used as an
estimate of survival, particularly during drought years
(e.g., Beissinger 1986, 1988, 1995, Takekawa and
Beissinger 1989). 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 1986, 1988; Takekawa and
Beissinger 1989). Unformunately, the surveys in 1980
and 1981 were conducted by different observers, and
the observer in 1980 was substantially more experienced.
The 1980 and 1981 counts involved different effort (36
and 26 observer days for 1980 and 1981, respectively).
Additionally, when reporting the annual survey results
for 1981, some authors (e.g., Beissinger 1986, 1988;
Snyder et al. 1989) also substituted a survey conducted
in March of 1982, by stll a different observer, in lieu of
the official survey conducted in December 1981
(U.S.F.W.5. 1986, Snyder et al. 1989). Use of the
survey for estimating survival is further confounded by
an inability to distinguish changes in recruitment from
survival (Rodgers et al. 1988). Changes in the number
of birds counted can result from either changes in the
detectability of birds or as a result of changes in
population size. Count data, without an estimate of the
proportion of birds in the population being counted, can
not distinguish among these effects (Burnham 1981,
Nichols 1992, Johnson 1995). For example, during
droughts, Smail Kites oficn disperse to numerous

peripheral habitats that are not included in the survey
(Beissinger and Takekawa 1983, Takekawa and
Beissinger 1989). Investigators can not distinguish a
failure w0 detect birds that have temporarily moved to
drought refugia from an actual population decline using
the annual survey. Based on these inherent problems,
we believe that using the annual survey for estimating
survival, particularly during droughts, has linle
scientific validity and we suggest that use of the annual
survey for this purpose be avoided.

Radio telemetry offers one alternative to the
annual survey for estimating survival. Radio elemetry
avoids most of the pitfalls of using the anmual survey
since known individual birds are monitored over time.
A critical assumption of radio telemetry for estimating
survival is that the radio itself does not influence
survival, The assumption has been shown 10 be violated
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for several species of birds (e.g., Marks and Marks
1987, Pation et al. 1991). We explicitly tested this
assumption using banding data from birds with and
without radio transmitters and found no evidence that this
assumption is violated for Snail Kites for our study. We
emphasize, however, that this does mot imply that
transmitters of a different design, weight, or method of
attachment might not have an effect. Our data are only
applicable for the conditions under which we tested.
Thus, we would encourage any future users of radio
telemetry for Smail Kites to exercise caution in
extrapolating our conclusions to different circumstances.

A second consideration for the use of radio
telemetry for estimating survival is cost. Radio
telemetry is quite expensive and cheaper alternatives
(e.g., mark-resighting) exist for estimating survival.
Thus, we suggest that radio telemetry is not the preferred
method for estimating survival; unless the goals of the
monitoring include other parameters that are more suited
o radio elemetry (e.g., movements).

Another alternative approach for estimating
survival is mark-resighting. In contrast to the annual
survey, mark-resighting methods have a long and solid
statistical foundation (e.g., Cormack 1964, Jolly 1965
Seber 1965, Brownie et al. 1978, Whits 1983, Pollock et
al. 1990, Lebreton et al. 1992; Nichols 1992; see also
numerous papers in Lebreton and North 1993 and the
Journal of Applied Statistics Volume 22, nos. 5 & 6
[special issues devoted completely to this subject])). In
contrast to radio telemetry, mark-resighimg is
considerably less expensive and bands are less likely w
influence the birds (radio-tagged birds have bands in
addition to the radio). We previously describe the
conceptual basis for a mark-resighting approach (see
Methods), however, the underlying structure to this
approach uses the Cormack-Jolly-Seber (CJS) model,
which allows for explicit estimation of survival and its
associated standard error, and enables testing of
hypotheses relating to differences atributable to age,
sex, and environmental conditions (Lebreton et al.
1992). The CJS model also explicitly estimates both
resighting probability and survival, parameiers which are
confounded in the annual survey.

The assumptions and sources of error for this
approach also have been previously discussed (see
Assumprions, Bias, and Sources of Error for Survival
Estimators); however, our preliminary assessment does
not indicate any substantial violation of these
assumptions, and the CJS models are relatively robust to
the minor violations that are likely to have occurred for
Snail Kites. Additonally, there are tests available to
explore the violation of most assumptions of these
models (e.g., Burnham et al. 1987, Lebreton et al.



1992). Thus, we suggest that mark-resighting methods
offer reliable estimation of survival, at a cost
considerably less than that required for radio telemetry.
However, mark-resighting models require a reasonable
level of resighting w0 obtain a reasonable level of
precision. Nichols et al (1980) suggested that a mark-
resighting approach to estimating survival would be
desirable; however, they suggested that suitable
resighting probabilities would be difficult to obtain. Our
data have shown that it is feasible to obtain resighting
probabilities sufficient for reasonable estimates of
survival; however, it requires a substantial and well
planned effort.

Reproduction— Several parameters are required
o effectively measure reproduction: (1) the proportion
of the population attempting o breed, (2) the proportion
of nesting attempts that are successful, (3) the number of
young produced per successful nest, and (4) the number
of nesting attempts per year (Brown 1974). Of these
parameters, numbers 2 and 3 have been well studied for
Snail Kites. Not surprisingly, they are also the easiest to
measure. Reliable estimates for oumbers 1 and 4 have
been lacking (see discussion in chapier on Reproduciion).

The proportion of birds attempting to breed can
be a difficult parameter to measure and previous
estimates have been heavily dependent on unrealistic
assumptions (see Proportion of Birds Amempting to Breed
in chapter on Reproducrion). We suggest two
approaches o estimating this parameter are radio
telemetry and/or mark-resighting. We used radio
telemetry 10 estimate this parameter during the 1995
breeding season. Although we were able to successfully
estimate this parameter, it was very labor intensive and
very expensive. We suggest that radio telemetry only be
the method of choice if other needs for elemetry warrant
its use. A potentially cheaper aliermative o0 radio
elemetry is multi-state models from mark-resighting data
{Brownie et al. 1993, Nichols et al. 1993). Using multi-
state models, the investigator would record the breeding
state (i.e., nesting or not nesting) for each individual
banded bird resighted. The resulting models would then
include a parameter for the probability that an individual
bird was breeding, given that it was alive in the
population. A potential problem with this approach is
that the breeding season for Snail Kites can be lengthy,
and a single sighting may not provide a realistic estimate
for this parameter. There are some potential solutions to
this problem that involve developing models that
incorporate multiple sightings of individuals within a
given year 0 account for the probability of detecting a
breeding attempt in a given year. A pilot investigation is
currently being conducted to evaluate the potential for
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this approach (Dreitz et al., pers. comm.).

The proportion of nests that are successful is
relatively easy to measure; however, there have been
disagreements among researchers regarding how to
measure this parameter. These disagreements have been
discussed in detail a previous section of this report (see
Nesting Success in chapter on Reproduction) and will not
be repeated here. However, we suggest that if the
primary focus of monitoring pesting success is its use as
a demographic parameter, then the Mayfield estimator
(Mayfield 1961, 1975, Miller and Johnson 1978,
Steenhof and Kochert 1982, Hensler and Nichols 1981,
Hensler 1985) probably provides a less biased estimate
than does apparent success (i.e., number of successful
nests divided by the total number of nests found). For
this analysis, we recommend that a nesting attempt be
defined by having a nest containing at least one egg
(Steenhof 1987). If, however, the emphasis of
monitoring is 1© evaluate the environmental or behavioral
(e.g., mate choice) conditions that result in a breeding
atiempt, then including the courtship phase (i.e., prior o
egg laying) might be warranted. However, we caution
that our data suggest that many attempts at courtship are
very short-lived (e.g., = 1 day) and atempting 10
interpret these data as a demographic process are likely
10 yield spurious or ambiguous results (see discussion of
Nesting Success in chapier on Reproduction). We also
caution that regardless of what analysis is used, there is
considerable spatial variability in pesting success and
sampling at a local scale does not provide reliable
inference for the statewide population. Lastly, we
caution that investigators should be fully aware of their
potential influence on estimates of nesting success and
take precautions 0 minimize their impact.

The number of young per successful nest is
relatively easy to measure and there has been oo
controversy, of which we are aware, regarding the
measurement of this parameter for Snail Kites. We do
however, repeat the cautions above that there is
considerable spatial variability and a sampling scheme
should take into consideration its geographic scope and
the influence of the investigator.

Reliable estimates of the number of bresding
atiempts per year also have been lacking and are difficult
o obtain, Smyder etal. (198%) made a crude attempt at
estimating this parameter; however, we believe that the
assumptions required for their estimate were grossly
violated and this estimate is not reliable (see discussion
on Number of Breeding Antempts Per Year in chapter on
Reproducrion).  Additionally, our data using radio
telemetry also suggest that their estimate was biased
high. We suggest that radio telemetry is the most
feasible method for estimating this parameter. Radio



telemetry, however, is extremely expensive and its use
for only this purpose may not be justified. It is possible
to estimate this parameter using mark-resighting
methods; however, this would require a more extensive
“within year” effort that may not be feasible or practical.
An exploration of this approach is currently being
conducted (Dreitz et al., pers. comm. ); however, based
on our efforts using mark-resighting, we are not overly
optimistic that sufficient data can be obtained for reliable
estimates. Consequently, we suggest that until reliable
data are available, demographic evaluations treat this
parameter as an unknown, and evaluate the resulting
models based on a range of reasonable values.

EXTERNAL INFLUENCES ON THE POPULATION

Hydrology has long been believed to be a major
influgnce on Snail Kite populations (Sykes 1983b, 1979,
Beissinger 1986, 1988, Rodgers et al. 1988, Snyder et
al. 1989, Bennents et al. 1994). Consequently it is not
surprising that a namber of attempts have been made o
relate the annual Snail Kite survey to hydrologic
conditions. There have been several approaches tw
assessing this relationship, from anecdotal accounts
relating observed decreases in birds seen with low water
levels (citations) to various ways of quantifying a
correlation between water levels and the annual survey
(e.g., Sykes 1983b, Benneus et al. 1994, Beissinger
1995). In some cases (e.g., Sykes 1983b, Beissinger
1995) the total statewide survey has been correlated to
the water levels at one or more “key" habitats, In
contrast, the analysis by Bennetts et al (1994) used the
surveys for specific wetlands and the corresponding
water levels for that same wetland. Regardless of the
approach, correlation approaches o time series data tend
to provide guestionable results due to0 a lack of
experimental design (Walters 1985) and confounding
variables (Draper and Smith 1981). In particular here,
all of these methods based on the annual survey still
cannot distinguish whether any relationship found (or not
found) is due to an actual numeric population response
(i.e., that the population size actually decreased or
increased in relation to water levels) or t0 a behavioral
response (e.g., movement out of the surveyed habitats)
of the birds. It is quite probable that it is a combination
of these responses (Rodgers et al. 1988) along with the
various errors  associated with measuring  these
TESPONSEs,
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CONCLUSIONS

Based on our data and on logic of valid scientific
inference, we suggest that the annual survey is not a
valid estimator of population size; nor should year w
year variation in the survey be used o estimate
demographic parameters (i.e., survival or recruitment).
We do, however, believe that the annual survey has
some value for examining long term population trends or
trajectories provided that the sources of variation
identified above be incorporated into any analysis. Link
and Sauer (1997) provide one potential statistical
framework for such an analysis. Their approach uses
quasi-likelihood estimation of trajectory parameters
combined with a maximum likelihood based (e.g., AIC,
see methods) approach 1o model selection. Additionally,
some sources of variation (¢.g., temporal variation and
effort) can be minimized by standardization of the
survey. For example, the survey should be conducted at
the same time each year and, if possible, using the same
observers. Finally, any interpretations from this survey
should be made cautiously with full awareness of its
limitations.

Inferences made from the annual survey
regarding the environmental influences on the Florida
Snail Kite population can certainly be made; however we
urge caution and careful consideration of the potental
pitfalls and sources of error. We also strongly agree
with the suggestion of Temple and Wiens (1989) that,
whenever possible, primary demographic parameters
(i.e., estimates of survival and fecundity) be used as the
dependent variable for analyses of factors influencing
populations. Our results show that these data are
obtainable for Snail Kites and their use for such analyses
encouraged.

An additional consideration for any monitoring
program is its geographic scope. Our data indicate that
the Florida population of Snail Kites is one population
that exhibits considerable mobility. Consequently, o
monitor kites at a few “key” areas will likely be
extremely misleading. Snail Kites in Florida can shift in
distribution frequently and it is also not unusual for
individuals o nest at different locations from year 1o
year. Thus, monitoring at only a local level would likely
yield spurious results with respect to demographic
processes. Monitoring at only a local level would likely
result in confounding of survival and movement
estimates (as currently exists with the annual survey),
and would likely lead to false conclusions about annual
productivity, Thus, we suggest that any monitoring
effort be targeted for the whole population and include
samples from at least the major habitats.



Chapter 8. MANAGEMENT AND CONSERVATION

Water Management and Snail
Kites

DROUGHT SEMANTICS

There has been considerable discussion in the
literature about the influence of drought on Snail Kite
populations (e.g., Svkes 1979, 1983a, Beissinger 1986,
1995, Snyder et al. 198%a). Given the potential impor-
tance for this influence, it is surprising that these aw-
thors have not defined a drought sufficiently to enable
an independent observer to designate a gIven yoar as a
“drought vear” based on objective critena. Droughi
can be measured in several ways and be based on ei
ther water levels or rainfall (Duever et al. 1994). Snyder
et al. (1989a) and Beissinger (1993) designated each
year over their period of study as a cither a drought
vear, lag vear (the first vear post drought), or high water
year (1.e., non drought) based on water levels. How

ever, the water levels that were used 1o assign a given

[ ()

vear as a drought vear were not defined by these au
thors, nor was there consistency between these authors
as o which years were drought vears. Of the years that
drought status was reported by both studies (1969-
[983), Snyder et al. (1989a) determined that 1971,
|94, 1981, and 1942 were drought years; whercas,
Beissinger (1995) determined that 1971, 1973, 1974,
and 19¥1 were |,;.|'|'-I,I'_._"|'|'I Years It seems a |-.|J_;||._'1I| siant
ing point that before any serious evaluation of the
influence of drought on Snail Kite populations can be
miade, that at least it be clear as o what constitutes
a drought. We believe that an absence of clear defini
tions has led to considerable misunderstanding among
esearchers and managers. For example, Beissinger
(1%95) suggested that Snaill Kite populabions would
decline if the interval between droughis was less than
3.3 vears. We have some serous concerns aboul
the parameter estimates he used to derive this conclu-
sion;, however, we do not necessarily disagree with
his conclusion; provided he is referring to wide-
spread multi-regional droughts (see Sparial Exteni



below). We 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 our study (and
over the past decade) has dried out (on average) more
frequently than every 3.3 years and all evidence (ie.,
our data andfor the anmual count) suggest that the overall
population has been stable or increasing. Thus, we
believe that this may, or may mnot, 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) 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-—- We consider the intemsity 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 statdon. Omne
approach 10 measuring intensity is to assess water levels
at a given location in relation to a reference elevation.
(e.g., ground elevation at that location). We 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)(Fig. 8-1). We 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, we have also
shown which years were determined to be drought years
by Snyder et al. (198%) 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 Soyder et al. (1989);
however, it is quite possible that they may have based
their on a different location or using different
criteria. Since WCA-3A and Lake Okeechobee were the
two primary areas in each of these studies, we conducted
a similar assessment of the stages of Lake Okeechobee
using a standard 10-gauge average (provided by the
U.S.Army Corps. of Engineers) to account for spatial
variation among gauges (Fig. 8-2). The designation of
drought years by Snyder et al. (1989) is a linde more
apparent based on data from Lake Okeechobee (all years
they assigned as drought years had stages less than 3.57
m). However, it is not clear why 1968 was considered as
a drought year, but not 1975 and 1976, which had very
similar minimum water levels. The designation of
drought years by Beissinger (1995) also becomes less
clear using data from Lake Okeechobee. For example,
Beissinger (1995) determined 1973 to be a drought year
but not 1975, 1976, and 1982, all of which had lower
stages at Lake Okeechobe¢. Our point is not to agree or
disagree with which years these authors determined 1o be
drought years; but rather, to point out that without
defining the criteria, the designation of drought years
becomes subjective.

Ese-
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Figure 81. The minimum annual water stage for pauge 3-28
in Water Conservation Area 34 (WCA-3A) for the period of
1968-1988. Shown for reference are the minimum and
muarimam ground elevahion in WOA-34, and grosnd elevation
af the 3-28 pauge. Points mark with an 5" were years
idensified by Smyder of al {1989} as drought years and those
| mark with a B were identified by Beissinger (19935) as
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Figure 8-2. The minimum annual water stage for a 10-pauge
average of Lake Okeechober for the period of 1965-1988.
Shown for reference are the minimum and maximum ground
elevation for the Bforal zome arf Lake Okeechobee (bazed on
Pesnell and Brown [1977]). Points marked with an "5 " were
years identified by Snyder ¢ al (198%a) as drowght years
and those mark with a "B " were identified by Brizsinger
{1995) as drought vears.
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If the intensity of a drought is used t0 measure
the behavioral or demographic response of the
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 it reaches 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, we
suggest that the criteria for such a desigmation be
defined.

An alternative approach, and one that we prefer,
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, we
determined the minimum annual water level for gauge 3-
28 for each year from 1969 through 1995. We then
calculated the mean and standard deviation for these
minimum anmual water levels. If we 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 water level, then we would have selected
exactly the same years as Beissinger (1993) for the
period that he used in his analysis (Fig. 8-3). Although,
as above, this approach would not necessarily have
indicated that wetlands other than WCA-3A were
experiencing a drought in those years. A separate
analysis would have to have been performed for each
area of imterest (see Sparial Exremt below). 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

............ i L L
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Figaure 8-3. The minunim annual water slage for gauge 3- |

28 in Water Conservation Area 3A (WCA-3A) for the period

of 1965-1994. Shown for reference are the average annual
i stage, + | standard deviation, and + 2 standard |
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and all areas determined 10 be drought years have an
equal relative intensity.

Spatial Extent— In virmally every year, the
water level in some portion of the 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 1o be drawn, particularly for
a species that uses the entire South Florida landscape.

It is certainly possible, although not always
feasible, to measure the spatial extent of drying patterns
within a given wetland. For many applications,
however, it would be sufficient to at least identify drying
patterns on a broader scale, We suggest that evaluations
of drought effects on Snail Kite populations at least
identify whether a particular drying event was a local
event (i.e., a drying event occurring at a particular
wetland or point in space), a regional event (i.e., a
drying event occurring within a given defined region), or
a multi-regional event (i.e., a drying event occurring
across more than one defined regions).

For a preliminary exploration of the spatal
relationships of droughts among wetlands within Snail
Kite habitat we 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 Kie
survey were conducted). The specific gauges used for
this analysis (and all subsequent analyses of hydrology)
are presented in Appendix 8-1. We defined the intensity
of a drought for a given area in a given year based on its
standard deviation (as above). We considered any year
in which the water levels were > 1 sd below the mean as
a drought year and any year in which the water levels
were >2 sd below the mean as an extreme drought.
The 1977 minimum annual stage for Lake Kissimmee
was not used to calculate the standard deviation because
it was an extreme outier (9.4 sd below the mean if 1977
value is not included) due to an intended drainage of the
Lake for management. Inclusion of this value would
have artificially inflated the variance and resulted in
some biologically important droughts to have been
overlooked (j.e., fewer years would have been scored as
drought years because of the 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 vears (2.g., 1971) were relatively
widespread droughts and encompassed many of the



Table 8-1. Droughs intensity scores (standard deviations from mean annual minimum) for most major wetlands used by
Snail Kitex in Florida. Scores > [ zd below mean are considred ar drought years (bordered cells) and scores > 2 sd
below mean are considred as exreme drought years {cells bordered with double line). Spatial extent of a drought can

be evchated by how masy arear i & given yoar have soores > 1 sd below the mean.

YEAR ENP' BICY® 3A° 24' LOX' WPB* OKEEF SIM' KISS® TOHO™ ETOHO"
1969 124 053 118 137 111 - 064 119 083 019 019
1970 0.8 098 129 102 04 - 024 046 041 020 021
1971 07 [223] - [1ss [ -6 231 .04
1972 011 010 012 050 04 - D11 009 065 067 037
1979 040 079 | 18 | 09 [224] - 032 025 o084 024 046
1974 | - 148 | 151 | 061 o00e - | a0 | 196 | 076 106 258
1975 013 |-172| 08 o019 o064 - 062 | -1.06 | 1.04 o049 -
1976 0.0 077 004 169 043 - 049 | 122 | 010 017 052
1977 0.9 06 007 117 036 - 019 008 | 942 ) 024 030
1978 059 005 130 19 024 - 111 L14 09 025 028
179 09 0.66 071 147 005 - 105 08  -0.67 =
1980 110 154 128 094 034 - 078 028 -1.00 025 -0.66
1981 031 076 | -1.15 | 084 06 [202]] ;188 | 241 | 098 o028 096

1982 0.62 0.53 .58 <0.38 0.712 0.94 -1.39 | 0.86 0.08 0.15 0.43
1983 1.38 1.41 0.61 -0.09 1.09 0.48 1.75 0.34 0.48 0.07 0.71
1984 0.84 1.26 0.48 <0.09 1.07 0.06 1.67 0.41 0.76  -0.10 -0.40
1985 £0.29 0.31 -1.34 I -1.43 0.58 1.15 .54 £0.16 1.07 0.26 0.53
1986 0.29 0.21 0.82 .24 1.12 0.85 -0.09 =1.26 0.21 0.28 0.17
1987 0.67 0.95 0.46 -0.62 0.75 .88 0.52 0.36 -2, - 0.11
1988 0.55 0.83  0.61 055 029 0.30 1.16 0.36 0.04  0.04 0.12

1989 | 200 | 030 | -167 [ 2 159 | <104 | 037 o002 028
1990 05 055 | -1.12 | 051 |06 145 | 106 019 215

1991 = =040 .51 .12 .98 0.89 <0.31 1.01 -0.51 1.17 0.14

1992 - .70 0.14 .79 0.12 .46 0.99 0.53 0.37 0.40 0.60

1993 - 1.54 1.19 0.16 0.94 0.67 0.55 0.52 0.32 0.48 0.23

1994 - 0.82 1.02 0.23 0.78 0.76 0.63 1.19 1.44 0.08 0.7

1995 - 2.81 1.39 0.64 1.40 1.47 1.63 1.76 1.77 0.43 z2.31
! Everglades National Park

* Big Cypress National Preserve

Y Water Conservation Area 34

* Water Conservation Area 24

* A.R.M. Loxahatchee National Wildlife Refuge

* City of West Palm Beach Water Catchement Area
" Lake Okeechobee

¥ Upper 51 Johns Marsh

' Lake Eissimmee

® Lake Tohopekaliga

" East Lake Tohopekaliga
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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 considering
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 evenis
occurred in consecutive years). The duration of a given
drying event may affect the survival of apple snails.
Darby etal. (1996b, 1996¢) found that average survival
of apple snails experiencing a drying event was 3.9
weeks (2.2 weeks sd) and 3.9 weeks (1 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 recovery
of apple snail populations, some less direct evidence
(e.g., post-drought return rates) suggests that apple snail
populations may take > | year to recover o pre-drought
population levels. Consequently, consecutive drought
years also may slow the recovery process.

We 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 < | sd below the mean (i.e., minimum
annual stage <11.17 ft MSL), Lake Okeechobee
experienced six droughts during this period (Table 8-2.).
Of these six droughts, there were two single-year events
and two consecutive-year events of two years each (i.e.,
four droughts). The duration of these droughts (i.e.,
number of days below 11.17 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 large spatial extent. In contrast, the 1989
drought was relatively low intensity (-1.07 sd) and was
of short duration at a intensity of 1 sd below the mean,
although 1989 was also a two-year-consecutive drought
(followed by the 1990 drought).

HYDROLOGIC REGIMES OF SNAIL KITE
HABITAT

Hydroperiod— a common measure of “wetness”
in Florida is hydroperiod, or the proportion of time that
a given area is inundated. Hydroperiod is usually
expressed over a 12 month period (Fennema et al. 1994)
as the number of days per year that an area is inundated

Table 8-2. The number of days that water stage
was > | sandard deviation below the average

minimum stage for a [(-pauge average from Lake
Okeechobee for each year from 19691994, This

corresponds to a stage of < 1117 fr MSL. The
ntensity for a given drought vear i shown ar the

number immﬂnrﬂ deviations below the mean.

Drought Intensity No. Days
No
No
Yes

Year

1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
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or as a percentage (Olmstead and Loope 1984).
Hydroperiod is somewhat misleading with respect to
Snail Kitz habitat because in most years the hydroperiod
is approaching 100% (i.e., kite habitat does not dry out
every year). Because Snail Kite habitat may be inundated
for several consecutive years followed by a drying event,
hydroperiod should be considered in longer time scales
than annually (e.g., multiple-year averages). Thus,
unless otherwise specified, our references to hydroperiod
in this report represent averages over multiple years,
rather than for a single given year,

There is no doubt that Snail Kites occur



primarily in areas with relatively long hydroperiods.
However, there has been considerable disagreement
about bow long of a hydroperiod is reguired. It has
previously been suggested that Snail Kites require areas
of contiovous inundation (which implies 100%
hydroperiod)(e.g., Howell 1932, Bent 1937, Stieglitz
1965, Stieglitz and Thompson 1967, Beissinger 1983,
1988). However, contiouous inundation has been well
documented to result in a loss of the woody vegetation
{Craighead 1971, U.S.Department of Interior 1972,
McPherson 1973, Worth 1983, Alexander and Crook
1984, Gunderson et al, 1988, Gunderson and Lofms
1993) used by ldtes for nesting, roosting, and foraging
perches (Sykes et al. 1995). Continuous flooding also
may kill sawgrass and other gramipoid species
(Gunderson 1994) that are an essential component of
Snail Kite foraging habitat (Bennetts et al. 1994). Based
on a 14 year ( 1969-1982) hydrologic assessment (U.S.
Army of Engineers 1992), Bennetts et al. (1988) found
Snail Kiwes in WCA-3A nesting in areas that had
hydroperiods, ranging from approximately 34% w 99%.
Our observadons since that report are generally
consistent and suggest that the distribution of
hydroperiods for nesting kites ranges from approximately
80-99% with a peak at about 90%. Foraging Snail Kites
during non-breeding periods, however, ofien use habitats
ranging as low as = 70% hydroperiod.

We believe that some perspectives about the
requirement of continuous inundation for Snail Kite
habitat have resulted from using inappropriate time
scales. First, when an area dries out, theré is no doubt
that Snail Kites either disperse from that area or they will
die. We also agree entirely that reproduction in that
area will be reduced during the dry year and possibly for
one or two years following the drying event depending
on the intensity of the drought. This does not, however,
preclude the possibility that the dispersing birds might
reproduce in other areas that might be more suitable at
that time, 'We also agres that if a drought is severe (i.e.,
high intensity, large spatial extent, and/or of long
duration) a demographic response is likely (ie.,
increased mortality and reduoctions in reproductdon).
These effects of a drying event have been cited (e g.,
Beissinger 1983b) as reasons that areas should be kept
permanently inundated. Unfortunately, this perspective
ignores the fact that periodic drying events are necessary
to maintain the plant communities that constitute Snail
Kite habitat. The response of Snail Kites (or any
species) during a “snapshot™ event such as drying does
not necessitate the need 10 manage an area so that the
event does not occur.  Periodic disturbance events such
as fire, hurricanes, and drought are integral components
of south Florida landscape pattecns (Davis et al. [994),
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Thus, the long-term maintenance of the habitat must be
taken into account when considering such events, We
certainly agree with previous authors that if drying
events occur oo frequently (i.e., anoually), the habitat
will be not support Snail Kites. However, a lack of
periodic drying may preclude the persistence of many of
the plant communities used by Snail Kites for foraging,
nesting, and roosting.

The response of kites 1o prolonged inundation is
likely w occur over a period of several years or even
decades. Thus, a response o long-term habitat changes
may not be as apparent as the dispersal of birds during a
given drought year. For example, since 1969, the
distribution of nesting Snail Kites in WCA-3A has shifted
toward areas of shorter hydroperiod (Fig. 8-4), despite
the fact that hydrologic conditions in WCA-3A have not
changed substantially during this period (Fig. 8-3).
Similar responses have also occurred at Lake
Okeechobee and marshes of the Upper 5t Johns River
(pers. obs.). In most longer-hydroperiod wetlands, our
data suggest that Snail Kites have habitats available to
them with longer hydroperiods than what they are using.
Thus, long-term patterns of use by kates do not appear o
suppun the previous suggestions of permanent

Figure 8-4. The reported nesting distribusion of nesting Snail
Kires (shaded) in Water Conservation Area JA (WCA3A) from
1965 to presend. I should be noved that birds nesnng in
southeastern WCAIA during thiv study were foraging
primarily in Everglades Navional Park and the "Pocket”
berween the L-474 and L-67C levees, both of which have
shorter kydroperiads than the nesting area.
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Figure 85. The average monthly water stage for gauge 3-28
in Warer Conservation Area 34 (WCA-34) for the period of
1968-1994. Shown for reference is the period of assessment
(1969-1982) by the U5, Army Corps. of Engineers (1992)
wred for previous assessments of Snail Kite use (Bennetis ef
al. 1988).

We also wish to emphasize that mosaic of
habitats used Snail Kites is partially achieved by spatial
heterogeneity within wetlands. Snail Kites will use
shorter hydroperiod areas (e.g. wet prairies) of longer
hydroperiod wedands (i.e., wetlands of primarily slough
or lacustrine communities)(see The Hydrologic Window
below). They will also use longer hydroperiod areas
(e.g., sloughs) of shorter hydroperiod wetlands (i.e., wet
prairies). Thus, it is not essential that all of the wetlands
considered as Snail Kite habitat be longer hydroperiod
wetlands; rather that have a relatively long hydroperiod
(e.g., > 85%) component.

Intervals Between Drying Evenis— Because
hydroperiod can be a misleading measure for assessing
Snail Kite habitat (see above), the interval between
drying events is sometimes used as an aliernative
measure (Bennetts et al. 1988, Beissinger 1995). This
interval has generally been expressed as the average
number of years between drying events (Bennetts et al.
1988, Beissinger 1995). Although this measure is
probably better suited for evaluating Snail Kite habitat,
caution is also needed for this measure to avoid mis-
interpretation, As with any discussion of drying events
or droughts the definition of what constitutes an “event”
needs to be clear (see Drought Semanrics). If we use our
definition of a drought above as < 1 sd below the
average minimum water stage, then during the period of
1969-1994 the average interval between droughts for
WCA3A was 3.6 years (nore: only periods when a
complete interval could be determined were used). Lake
Okeechobee had a similar interval of 3.8 years during

this period. Beissinger (1995) suggested that populations

112

are not viable unless the interval between droughts
exceeds 4.3 years. However, the drought interval over
the past 26 years in these two areas (the two areas most
frequently used by kites during this period) has been less
than 4.3 years and the population has been generally
increasing,

We also emphasize that this imterval does not
represent the interval of drying events at the actual sites
used by Snail Kites. Rather, it represents the interval
between droughts of a specified intensity (1 < sd below
the average minimum water stage) for the wetland as a
whole. The interval between drying events at actual siles
used by kites often is less. For example, most of the
Snail Kites we observed (>9%0%) in WCA-3A were in
areas of elevation >2.5 m. Drying events where the
annual minimum stage was <2.5 m occurred at an
average interval of 1.6 years from 1969-1994.
However, this value was heavily influenced by a period
of seven consecutive years that WCA3A dried to this
elevation from 1971-1977, If this single 7-year period is
excluded from this analysis, the average interval between
drying events at 2.5 m elevation was 2.1 years. A similar
assessment for Lake Okeechobee is more difficult
because Snail Kites were more dispersed. However, the
stage at | sd below the average minimum stage was 3.4
m (11.17 ft MSL). Very few, if any, kites were in
habitats = this elevation. Consequently, the average
interval between drying events of the actual habitat used
by kites on Lake Okeechobee would also have been
substantially less than the 3.8 year average derived from
using the 1 sd criteria. Bennetts et al. (1988) conducted
an assessment of dry-down intervals for the elevations of
habitats used by Snail Kites in the water conservation
areas and found intervals ranging from 1.6-5.3 years.
They also noted that the area with an interval of 5.3
years (WCA2A) had undergone a 9-year period of
inundation that coincided with a decline of use in that
area (although no causal relationship was established).
Thus, although we generally agree with Beissinger
(1995) that too short an interval between severe droughts
(i.e., high intensity, large spatial extent, and/or of long
duration) will result in population declines, we do not
believe that this conclusion can be extended to imply that
the frequency of drying events for a given local habitat
(i.e., at the elevation actually used by kites) must be
>4.3 years. We also have strong reservations about the
specific values of dry-down intervals suggested by
Beissinger (1995) to insure viable populations of Snail
Kites because we question the validity of the parameter
estimates used to derive these estimates (see Monitoring
Snail Kite Populations in Florida), and he did not
account for the spatial variability that exists in droughts
(see discussion of The Habitar Nerwork below).



We also point out that droughts probably do not
occur at random time intervals. It is common for
droughts to occur back to back in at least 2-consecutive
year groups. Thus, although the average imterval in
WCA3A might be 3.6 years it includes several imtervals
of 1 (i.e., back to back drought years) and some
intervals that are longer than the average.

Depth— There have been numerous reports of
water depths used by Snail Kites for nesting (reviewed
by Sykes et al. 1995). Based on data from this study,
Bennetts et al (1988), and Brian Toland (unpubl. data)
we found the average water depth at Snail Kite nests at
the time of initiation was 60.4 cm (2.0 fi) +26.5 cm (0.9
ft) sd (N=745)(Fig. B-6). This is similar w previous
reports, but requires some caveats. First this represents
depths at the nest site, which are often in stands of
sawgrass or willows, The wet prairie and slough habitats
typically used for foraging tend to be slightly deeper (=
10 cmyBennetts et al. 1988). These data also have been
collected during the nesting season. Water levels tend to
be higher during the non-breeding season; however,
during this period kites often move 1o different habitats,
many of which have lower water levels (see Seasonal
Shifis in Habirar Use in chapter on Movements). Thus,
these levels may be a reasonable representation, but the
variation may be greater than is indicated by these data.

South Florida wetland communities are
influenced by depth as well as hydroperiod (U.5.D.1.
1972) and the interaction between these factors is
probably more pronounced under the current sysiem
(Gunderson and Loftus 1993).  Hisworically, the
perimeter of wetland systems in Florida was a gradation
from marshes into other habitats from more ephemeral

Percantage of Nests
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Figure 8-6. The percentage of Snail Kite nests (W= 745) that

were inifiated in each 10 cm water depth class. Dara are

from Bennetts et al. {1988), B. Toland (unpubl data), and
this srudy.

113

marshes o uplands. As water volumes increased during
the rainy season there was considerably more potential
for water to expand laterally into the more ephemeral
marshes (Fig. 8-7). Under the more recent
compartmentalized system the perimeter of marshes is
often constrained by levees. Thus, as water volumes
increase, there is a relatively greater effect on depth
because of the inability for water to move laterally. In
addition, the impounding of water that was moving along
an elevational gradient (e.g., from Lake Okeechobes o
Florida Bay) also will result in increased depth behind
the levees (Fig. 8-8). High water conditions also
occurred historically; however, the current impounding
of water artificially prolongs these conditions more than
in the past (Gunderson and Loftus 1993). Thus, under
the current system, longer hydroperiods are probably
attained only in conjunction with greater depths than
probably occurred in the natural (i.e., pre leves) system.
Deep water as a result of these anthropogenic influences
has resulted in dramatic changes in the biotic
communities including a substantial loss of tree islands
(Zaffke 1983, Worth 1987, Gunderson and Loftus 1993)
and reductions in density of sawgrass (Hoffsiener and
Parsons 1979). These changes can be detrimental o
Snail Kite habitat.

Figure 8-7, A concepinal Blusiration of how the
compartmendalization of wetlands with levees increases depth
by decreasing the potential for lateral movement of water.

THE HYDROLOGIC WINDOW

We believe that there has been considerable
misunderstanding of the hydrologic conditions of Snail
Kite habitat. In part, this misunderstanding may reflect
disagreement among biologists as to what constitutes
suitable hydrologic conditions for Snail Kites. We have
discussed several points of disagreement in the preceding
sections. However, some misunderstianding may also
result because hydrologic conditions may influence Snail



Matural System

Figure 8-8. A conceprual illustration of how the impounding
af wetlands with levees increases depth by baildup of water
behind the levees,

Kite habitat at several spatial and temporal scales. For
example, Snail Kites may respond to the long-term
effects (e.g., the hydrologic regime) quite differently
than short-term effects (e.g., current water levels). Our
understanding of these differences that occur at differeat
scales may be lost by merely describing Snail Kite
habitat as being of relatively long hydroperiod.
Consequently, we suggest a conceptual framework to
express a more comprebensive viewpoint of the
hydrologic conditions of Snail Kite habitat.

Central 0 our concept is that there is a “window”
of hydrologic conditions in which Snail Kites usually
occur. This window represents the combined effects of
hydrology from all ime scales at a given location. For
simplicity, we will consider the effects of three time
scales (in actuality the time scales form a continuum) that
we will refer to as the (1) hydrologic regime, (2)
intermediate hydro-history, and (3) current water levels.
The hydrologic regime represents the water conditions
that have occurred in an area over a period for at least
several years. Although this regime could obviously be
broken down further, here we are using it to represent
changes that require a relatively long response time. It
includes changes o soils (which may occur over
centuries) as well as changes to the dominant vegetation
communities (which may occur from <1 to several
decades). The intermediate hydro-history refers to the
conditions that have occurred within the previous few
years. We are using it in this example to primarily
represent the time since a local disturbance event (e.g.,
local drying) that may have influenced apple snail
populations. Current water conditions are used in this
example to represent local conditions (e.g., water depth)
at a given point in time and space. These conditions may
influence availability of food despite local abundance.

MNext we wish w0 place our window within a
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given landscape. However, we first need to recognize
that the location of our window within a wetland is not
static, but is changing constantly as wetlands are
changing at each of our time scales. To illustrate this
concept we will first consider the window within a
relatively long-hydroperiod wetland (WCA-3A). The
effects of the hydrologic regime (long response-time
effects) can be seen by examining the distribution Snail
Kite nests in WCA-3A during the past several years (Fig.
8-9). We can see that 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™ currently is a relatively shorter hydroperiod
portion of a long-hydroperiod wetland (Fig. 8-10). We
can further see the effect of the intermediate hydro-
history and current conditions by looking at the annual
differences in nesting diswibution (Fig. 8-11). The
spatial distribution within WCA3A was similar for 1992,
1993, and 1994; however, 1992 had only 5 nests in
WCA3A during that year. Most birds were nesting in
the northern porion of their range in Florida. We
suggest that this reflects the intermediate hydro-history
of WCA3A, During 1989 and 1990 there were low
water conditions in this area and 1991 was also relative
low water; although not as low as the previous two
years. Based on our observations of the few birds that
nested in WCA3A during 1992, food was very limited.
Although we did not collect any data on foraging during

Figure 8-9. The distribution of Snail Kite nests js) in Water
Conservation Area 3A from 1992 through 1995, The shaded
area represents the hydrologic regime currently used by
nesting Snail Kites.
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Figure 8-10. A concepiual hydrologic window jor a long-
hydroperiod wetland showing thar in some cases fe.g.,
Warer Conservation Area 34) the areas currently ured by
Snail Kites are not the areas of the longest hydroperiod. This
window can shift over time depending on the currenr
kydrologic conditions, the intermediate hydro-history and the

longer-term hydrologic regime.
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Figure 8-11. The distribution of Snail Kile nests in Water
Conservation Area 3A during each year from 1992 through
1995,

P

1992, it was quite apparent from our observations that
nesting birds were having a difficult time capturing
snails. It was not unusual to observe birds spending >
30 minutes to capture snails compared w0 1 or 2 minutes
of foraging time in subsequent years (see Effects of Food
Resources on Movemer ). 'We suggest that the exiended
period of low water preceding 1992 was a disturbance
event that set snail populations back for at least one year
post-drought. Consequently, the intermediate hydro-
history was not very suitable for nesting in WCAJ3A
during 1992.

The effect of current water conditions can also
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be seen in these data. The rainy season of 1994-1995
(including tropical storm Gordon) resulted in record high
water levels for WCA3A. Most areas in WCA3A had
depths > 1 m and many areas had depths > 1.5 m.
The distribution of nesting kites during the 1995 nesting
season reflects this high water event. The distribution of
nesting kites (and our window of suitable hydrologic
conditions) shifted dramatically to the north to an area
(mostly within the Miccosukee Indian Reservation) of
higher elevation, and consequently lower water depths,
than had been observed during the previous 3 years. We
believe that this shift in distribution resulted from the
current conditions (i.e., water depth) being unsuitably
high at that time. During the 1996 nesting season, kites
shifted back to the south (Dreitz et al., unpubl. data),
although many were still foraging in adjacent Everglades
National Park and Big Cypress National Preserve where
water depths had not been 50 extreme.

A quite different scenario occurred in the
Stairstep Unit of Big Cypress Mational Preserve over this
same time period that further illustrates our 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, we had no indication of nesting activity prior
to 1995, This is not surprising because, except for the
very wetest portions, these prairies dried out for short
periods of time during most years. In contrast o
WCA3A, the areas used by kites (primarily in
Lostman's, Dixon, and East Sloughs were generally the
longer hydroperiod habitats within this wetland (Fig. 8-
12). During the nesting season of 1995, we observed 24
nests in this area. Thus, our window shifted from
suitable foraging habitat during the non-nesting (rainy)
season, 10 suitable nesting habitat during this high water
event (Fig. 8-13). During 1996 when more typical
spring dry downs occurred only 8 nests were found in
this region. Thus, the window was shifting back down.

Our main point from these example 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. We 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.
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Figure 8-12. The distribution of Snail Kite nests in Big
Cypress Mational Preserve during each year from 1992
through 1995 (no nests were observed from 1992-1954).

Figure 8-13. A conceptual hydrologic window for a short-
hydroperiod wetland showing that in some cases fe.g., Big
Cvpress National Presérve) the areas curréntly wred by Snail
Kites are the areas of longer hydroperiod, This window can
shift over time depending on the current hydrologic
conditions, the intermediate hydro-history and the longer-
term hydrologic regime.

Critical Habitat

CURRENT DESIGNATION

Critical habitat for the Snail Kite was determined
in 1977 (Federal Register 42 [155]:40685-40688)(50
CFR Ch. 1 [10-1-94 edition])(USFWS 1986). It includes
(1) 5t John's Reservoir, (2) Cloud Lake Reservoir, (3)
Strazzulla Reservoir, (4) western portions of Lake
Okezchobee, (5) A.R.M. Loxahatchee National Wildlife
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Refuge, (6) Water Conservation Area 2A, (7) Water
Conservation Area 2B, (8) Water Conservation Area 3A
south of Highway 84, and (9) a portion of Everglades
National Park (Fig. 8-14).
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Figure 8-14. The currently designated critical habitat
identified in the Snail Kite Recovery Plan (after 50 CFR Ch.1
[10-1-8¢ Edirion]).

THE HABITAT NETWORK

Sykes (1983a) 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 currenty
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, sescondary, 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 w their function (e.g.,
“breeding habitat”, *“wintering habitat”, or “drought
habitat”).

Our data are consistent with the views of these
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 we observed
radio-transmittered Snail Kites were in habitats outside
of the currently designated critical habitat. Additionally,
67% of the radio-transmittered adulis used habitats
outside of the critical habitat sometime during our
observations. That only 67% of the birds we observed
used areas outside of the critical habitat probably reflects
the short duration of our observations. The number of
areas used by kites was highly correlated with how long
we observed the birds, and the duration of our
observations for birds that had used areas outside of the
currently designated critical habitat (®=356 days,
n=106) was significantly shorter than for birds who had
not used areas outside of the critical habitat (==267
days, n=353){t=-3.94, P < 0.001). Thus, we believe that
most, if not all, birds that live an average adult life span
will use, and probably require, habitat outside of the
currently designated critical habitat. Consequently, we
strongly agree with the conclusions of Sykes (1983a) and
Takekawa and Beissinger (1989) that smaller wetands
peripheral to the currently designated critical habitat
need to be protected if Smail Kite populations are to
persist. However, our data suggest that the concept of
primary, secondary, and drought-related habitats needs
to be revised. We believe that the emphasis of research
during nesting and the inaccessibility of many areas has
greatly limited our understanding of habitats used by
kites. We would certainly agree with Sykes (1983a) and
Takekawa and Beissinger (1989) that some habitats (e.g.,
Lake Okeechobes) have been used more consistently
than others. We 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 flucmation depending on
local (and statewide) conditions and may at imes have
very few, if any, birds present. For example, during the
annual count of 1994 (a high water year several years
after the previous drought)(Bennetts et al. unpubl. dat),
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 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
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1986). In additon, 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 of whether or not it was a drought year.
Approximately 25% of all our 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 our
study. Our data indicate that agriculmural 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. We have even observed kites
breeding in these “drought-related” habitats.
Consequently, we 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” breeding habitats. For example, if drought
conditions exist in the northern portion of the 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 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 of the Snail Kite Recovery Plan
(U.S.F.W.5, 1986) is in need of revision even though it
is only 10 years old.

Based on our data on the movements of Snail
Kites from 1992-1995, we suggest that the use of habitats
can be better characterized as an extensive network (Fig.
B-153). 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 of the habitats may
be used by hundreds of kites at a time, while others may
be used by a single bird on rare occasions. Our 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. Ewven areas that are
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Figure 8-15. South Florida showing the inter-wetland movemenis of individual radio-tagged adult snail kites during 1992 and 1593,
These movements illustrate @ basic habitar 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 synthesls of the peripheral habitats has not been done. The
complete movements, and consequently the complete nerwork, would include all movements and habitats used by kites throughou

Habitat Network

used consistently for a number of years have dramatic
fluctuations in the number birds present at a given time.
The number of hirds 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, we suggest that the
patierns of use are berer described as a contiouum that
i highly variable in space and ame.

We further hypothesize that the high mobility of
Snail Kites enable them to extensively “sample” habitat
quality throughout this network.  Authors (e.g.,
Takekawa amd Beissinger 1989) have previously
suggested that drought induces high rates of dispersal in
search of food. All evidence of which we are aware
confirms that during droughts kites are more frequently
found in areas peripheral o designated critical habitats
(i.e., primary habitats described by Beissinger and
Takekawa). However, our data suggest that the
probability of moving from any given wetland to another
may actually increase when food is more abundant.
Movement probabilities showed an increasing trend each
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year since the 1989-1990 drought; movement
probabilities also were higher during the summer months
when food was more available. We hypothesize that
high food availability affords kites the opportunity to
broaden their “sample”. From an evolutiomary
perspective, the more familiar an individual is with the
potential habitats available, the better they might be able
tor find food in the event of a food shortage (e.g., from
a severe drought).

META HABITATS: A HYPOTHESIS ABOUT THE
RELATIONSHIP BETWEEN THE HABITAT
NETWORK AND META-FOPULATION
STRUCTURE

We believe that there is a direct functional
relationship between the extent of the habitat network
described above and the stability and persistence of Snail
Kite populations and their habitat. Here we descnibe a
hypothesis about this relationship which is an extension
of an existing hypothesis about population stability. We
emphasize that existing data (much of which is presented
in this report) strongly support that birds behave in the



manner that we describe below; bowever, the
relationship of this behavior to population dynamics
remains untested and will be a focus of some modeling
efforts currently underway.

Spreading of Risk— Our hypothesis is really an
extension of the concept of "Spreading of Risk" proposed
by Den Boer (1968, 1981). Here the concept includes
the integration of the spatial patterns and dynamics of
Snail Kites and their habitat. The concept of spreading
of risk, as proposed by Den Boer (1968), incorporaies
several key components:

1. Habitats generally consist of a mosaic structure in which
the population as a whole {.e., the meta population) consists
of smaller subpopulations (i.e., local populations).

2. Environments exhibit variability in local weather, food,
predators, ete. (Le., habitats are heterogeneous).

3. Environmental variability may lead to unequal survival
and/or reproduction.

4. Consequently, the risk of wide fluctuarion in animal
numbers is spread unequally over the local populations
within a meta population.

5. Thus, fluctuasion ai the mela-population scale i
dampened because population dynamics of local popularions
are not completely synchronous (Le., some local populations
may be increasing while others are decreasing).

The concept is perhaps more simply stated by the
analogy of not having all of your eggs in one basket and
that the baskets in which your eggs are in vary in quality
over time,

The Meta Habitat Hypothesis-- We propose
that the persistence and stability of the Florida Snail Kite
population is enhanced by a mechanism similar 0
concept of spreading of risk. A key distinction is that
Den Boer (1968) suggests that meta populations are
divided into smaller local populations that respond
numerically © variable environments (i.e., survival and
reproduction differ among local populations); although
he also sugpested that migration among subpopulations
would enhance stability. In contrast, our data suggest
that the Florida population of Snail Kites is a single
population, rather than a metapopulation comprised of
local subpopulations. However, this population occurs,
and moves freely, within a network of local habitats
(i.e., a meta habitat comprised of local subhabitats).
Thus, we suggest that the primary (but certainly not
exclusive) population response of Snail Kites w a
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variable environment is behavioral (i.e., moving),
rather than oumerical. The buffering effect from
spreading of risk results from the kiies® ability to move
to different habitats within the network as quality of local
habitats fluctuate., Thus, risk is distributed across the
landscape unequally among habitats through spatial
extent and heterogeneity of habitat quality. We suggest
that as droughts become increasingly widespread, the
responseé becomes increasingly numerical (Fig. 8-16).
Thus, we believe that our hypothesis represents an
extreme case of the migration effect suggested by Den
Boer (1968).

Spatial Extent of Drougit

Figure 8-15. Hypothesized relationship bewreen the spatial
extent of droughts and the type af response (behavioral or

numerical) by Snail Kites in Florida.
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We illustrate our hypothesis using 2 hypothetical
scenarios (Fig. 8-17) representing the extremes of a
continuum. In one scenario, we show the potential
response 10 a local drying event (see discussion above on
drought semantics). This can be result from local
climatic conditions or be the result of a management
action (e.g., Kissimmee Lake experienced a
anthropogenic local drying event during 1996 as a result
of a fishery restoration project). Under the scenario of
a local drying event, birds that were using this habitat
move (i.e., a behavioral responsg) in response to the
drying event o other parts of the network that have more
favorable conditions. Because most of the network is
available as an alternative, there is unlikely to be a
numerical response. That is, survival and reproduction
are unlikely to be significantly influenced, even though
the location of any nesting efforts may shift to alernative
habitats. In the second scenario, we show an extreme
widespread drought in which a large segment of the
habitat nerwork is unavailable. Under this scenario, the
larger and more frequently-used alternative habitats may
exhibit high concentrations of birds (e.g., the Kissimmes



Local Drying Event

Widespread Drought

Figure 8-17. A hypothetical example illustrating our kypothesized responses to droughts of differen: sparial extent. A “local drying
event” has relatively low spatial extent. Birds in the avea of the drying event would likely move and could re-locate 1o any of the
many habitats not experiencing drought conditions. During a “widespread drought® birds are displaced from all areas experiencing
drought conditions and have a more lmited muomber of suitable habitats available that are not experienceing drought conditions.

Chain of Lakes and Upper St. Johns River Basin during
1989-1990) and a greater proportion of the birds may
move 10 smaller habitats more peripheral to the “critical”
or “primary” habitats (i.e., the “drought related” habitats
described by Beissinger and Takekawa [1983] and
Takekawa and Beissinger [1989]). Thus the ability for
the network to buffer a numeric response is weakened
and survival and/or reproduction are more likely t0 be
influenced. Most years are somewhere in between these
extremes; however our data suggest that individual kites
are extremely likely to move if conditions are not
conducive to survival or reproduction.

Two critical assumptions of our hypothesis are
that there is wvariability among habitat condition
throughout the state and that animals move in response o
this variability. Although several factors (e.g., hydrology
and nutrients) undoubtedly have chronic effects on
habitat quality, drought is probably the primary
proximate effect. Spatial and temporal variability of
droughts in Florida has been previously recognized
(Duever etal. 1994) and we have already provided some
evidence of variability among regions (see discussion of
Sparial Extent of drought in this chapter). To further
explore whether habitats exhibit spatal variability, we
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used Pearson's product moment correlation (SAS Inc.
1988) to determine the correlation of minimum annual
stage for each of the 12 habitats used most frequently by
radio-transmittered birds during this study for which we
had sufficient water data. If habitats experience low
water conditions synchronously (i.e., during the same
years), then we would expect a high correlation among
minimum annual water levels. Not surprisingly, there is
generally a very high correlation among wetlands within
the same region, less correlation between wetlands in
pearby regions, and often no correlation between
wetlands in distant parts of the Kite's range (Table 8-3).
This result further supports our assumption of variability
in habitat.

The second major assumption is that animals
move in response to this variability. We have already
shown that animals move throughout the state in the form
of a network of habitats, but this in itself does not imply
that birds move in response to variability in habitat
conditions. Because no droughts occurred during our
study, we are unable 10 test this assumption directly.
However, the responses of Smail Kites to previous
drought years during the past two decades does support
this assumption. For example, our analysis indicated



Tabile 8-3. Pearson's Correlation Coefficients (r), probability > v/, and sample size (N){ie., mumber of years we had water data for
both areas) for the minum anmual stage in each major wetland (for which we had water data) from 1969-1904. Wetland deignations are
the same ax in Table 8] and water level gauges wsed are presented in Appendiz 64,
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that the proportion of birds using the Everglades Region
was relatively low following the drought in that region
that preceded our study (see Shifis in Regional Use in
chapter on Movemenys). Similar reports of such regional
shifts have occurred during previous droughts. For
example Takekawa and Beissinger (1989) reported that,
during a 1985 drought, bird sightings in drought related
habitats were increasing while numbers while water
levels were decreasing in WCA-3A. They also reported
a large concentration of birds in the Loxahatchee Slough
Region during this drought (West Palm Beach Water
Catchment Area). Our hydrologic analysis shows that
during the 1985 drought, most of the Water Conservation
Areas of the Everglades were effected; but the
Loxahatchee Slough had remained relatively wet during
that period. Similarly, during a more widespread
drought in 1981, (Beissinger and Takekawa 1983)
reported birds were heavily using “drought-related”
habitats including lakes Kissimmee and Tohopekaliga.
Qur analysis showed that, particelarly Lake
Tohopekaliga, was relatively wet compared w other
habitats during that drought.

Although our data on the monthly probability of
movement did not indicate an effect of water levels, the
levels during our study were relatively high. We did
however, observe two instances where relatively low
water levels were followed by subsequent dispersal of
birds from that area. During 1993, water levels at Lake
Okeechobee (Fig. 8-18) and the Upper St. Johns Marsh
(Fig. 8-19) were at their lowest levels during this study.
Although neither of these areas dried out to ground level,
in both of these cases birds dispersed from these areas
during the period of low water levels.

Our analyses of monthly movement probabilities
did not indicate an effect of water levels and reported
relationships between numbers of kites and water levels
appear inconsistent. In addition to our analysis, Benneus
et al. (1994) reported relatively poor correlations
between numbers of kites counted in WCAs 1 and 2A
during the annual survey and water levels for those
areas; however, a weak correlation was observed for
WCA-IA. In contrast, Sykes (1983b) reported stronger
correlations between kite numbers and water levels at
Lake Okeechobee and WCA3A (for a shorter subset of
the data reported by Bennetts et al. [1994]). Similarly
Bennetts et al. (1995) found a relatvely strong
correlation between the number of kites counted and
water levels in the Upper St. Johns marsh during their
study and a previous study by B. Toland (Unpubl. data).
The inconsistency of finding an effect of water levels
probably should not be surprising because most years
(including all during this study) are not drought years and
there is considerable movement of kites that does not
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Figure 8-158. Average monthly water levels (Stage, f# MSL) o
Lake Okeechobee (top) and the percentage of locations of
radip-transmittered Snail Kites that were in the Okeechobee
Region each month during this study (bottom).

appear to be directly associated with water levels. This
would tend to swamp out effects that might otherwise be
observed. Based on an accumulation of evidence both
quatitative and anecdotal, we believe that there is linle
doubt that Snail Kites move in response to low water
conditions (i.e., droughts); however, they also move
considerably even in the absence of droughts. Thus, we
believe that more attention should proabably be paid to
where they move, rather than if they move.

Our hypothesis provides not only a mechanism
for kites to survive periodic drought, but simultaneously
provides a mechanism for long-term maintenance of the
habitat (e.g., vegetation communities). Previous
recommendations for the management of Smail Kites
have emphasized the need for continuous flooding of
habitats (e.g., Howell 1932, Bent 1937, Steiglitz 1965,
Steiglitz and Thompson 1967, Beissinger 1983a, 1988).
A conflicting concern is that continuous flooding without
periodic drying results in a loss of tree islands and other
woody vegetation used by Snail Kites for nesting,
perching, and roosting (U.5.D.1. 1972, McPherson
1973, Worth 1983, Alexander and Crook 1984, Bennetts
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et al 1994), as well as foraging habitat (e.g., wet
prairiesPesnell and Brown 1979). Under our
hypothesis, Snail Kite populations can persist (i.2., are
buffered from catastrophic events) when periodic local
drying events occur by moving w0 other habitats within
the network that are not experiencing a local drying
event.

PROTECTION OF HABITAT

Sykes (1983a) suggested that the loss of habitat
has been the single most important factor responsible for
decline of Snail Kites in Florida and further suggested
that scattered areas of natural habitats throughout their
historic range be preserved to reduce the impacts of
drought conditions on populations. Takekawa and
Beissinger (1989) also suggested that designated critical
habitat lacked sufficient “drought-related” habitat
components and that as many as possible of these areas
must be preserved. We strongly agree with these
suggestions, except that we believe that the importance
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of these habitats is not imited to drought years. As we
have outline above, we believe that it is the extent of
available habitat throughout a vast network that enables
kites to persist. Consequently, we believe that the
protection of only the currently designated critical habitat
would be insufficient o maintain viable populations of
Snail Kites over the long term. We have hypothesized,
and anecdotal evidence strongly supports, that a key to
the long term survival of Snail Kites is to have an
extensive network of habitats, (including peripheral
habitats), that enable kites to have some areas available
(i.e., refugia) when the inevitable and periodic
fluctuations in the quality of other habitats occur.
Although we have some disagreement with previous
authors about the specifics of how these habitats are
used, the need to preserve an extensive network of
peripheral habitats has been consistently suggested by
biologists who have worked on this species (e.g.,
Stieglitz and Thompson 1967, Sykes 1983a, Beissinger
and Takekawa 1983, Takekawa and Beissinger 1989,
Bennetts et al. 1994).

Our concern about the spatial extent of the
habitat network is not focused merely on the amount of
wetland acreage available, although this is important,
Rather, in order for the habitat network to function as a
buffer for local events (e.g., drying events) that might
otherwise be catastrophic, it is necessary that the habitats
within the network have some asynchromy of thess
potentially devastating processes. If all habitats
experienced drying events at the same time, there would
be no potential to escape the demographic effects by
moving 0 an alternative habitat (i.e., there would be no
alternative habitats). The currently designated critical
habitat is all located within the Everglades and Lake
Okeechobee, We have shown (Table 8- 3) that drying
events in these areas are all very highly correlated. The
protection of addiional areas that might be less
correlated with the Everglades or Lake Okeechobee
(e.g., the Kissimmee Chain-of-Lakes, Upper St. Johns
River Basin, Loxahatchee Slough, and areas throughout
the southwestern portions of the state) are therefore
essential to the functioning network of habitats, The
protection of peripheral areas to designated critical
habitat as drought refugia was the major theme of a
recent paper by Takekawa and Beissinger (1989);
although we believe that the importance of these habitats
extends beyond drought refugia.

The effects of habitat fragmentation on bird
populations has received considerable focus in recent
years (reviewed by Wiens 1989). Although our data
show that Snail Kites are particularly mobile and have
the ability to effectively use a relatively fragn:enwd
environment, there are still concerns of increasing



fragmentation. For example, our data show that
movements tend to occur more frequently in short
increments. Consequently, small isolated habitats
probably are less likely to be used by Snmail Kites.
Consequently, the protection of habitats peripheral to
currently designated critical habitat should also be of
ample size (habitats sufficient to support more than a
handful of kites would probably require several thousand
acres), or at least include several clusters of suitable
smaller habitats in proximity, to reduce isolation effects.

It is also important to recognize that the quality
of a given habitat is dependent on more than just having
water at the time of a drought (e.g., apple smail
populations, vegetation, size). Consequently, flooding an
area when a drought occurs does not render it as suitable
habitat. Suitable habitat is a result of current and past
hydrology, vegetation, and apple snail populations. Snail
Kite habitat characteristics have been extensively studied
and were reviewed by Bennetts et al. (1994) and Sykes
et al. (1995).

We also wish to make clear that our hypothesis
about the habitat network does not imply that as
peripheral wetlands are drained or degraded that Snail
Kites will simply move elsewhere. Rather, it implies
that having a vast network of habitat available is needed
to ensure long-term survival of this species.

Habitat Quality, Nutrients, and Exotic Plant
Invasions— Undoubtedly, the quality of habitat for Snail
Kites is strongly influenced by both quantity and quality
of water. Quantity of water was discussed in defail
above. Although a lack of research has precluded strong
inferences, it has been previously suggesied that
increased nutrient loadings may have a detrimental effect
on apple snails (Davis 1994) and Snail Kites (Bennetts et
al. 1994). Davis (1994) suggested that conversion of
marshes to cattail may result in declines in apple snails.
Additionally, Darby et al. (1996¢) found low abundance
of apple snails associated with substrates containing high
flocculent debris. Such a substrate often occurs in
cattail. Plant species that respond to nuirients (e.g.,
sawgrass, cattail, or water hyacinth) also may increase
in biomass choking out the more open water used by
kites for foraging. The availability of apple snails to
kites requires sufficiently open water to enable visual
detection. (Stiegliz 1965, Stieglitz and Thompson 1967,
Sykes 1987c, Bennetts et al. 1988, 1994).
Consequently, we can easily predict the deterioration of
habitats for Snail Kites in which the open areas have
been choked out by invading plants. In contrast, the
relationships of apple smail populations t plant
community changes is virually unknown and research in
this area is sorely needed.
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Because Snail Kites commonly nest in Melaleuca
(Bennetts and Kitchens 1995), a potential question that
has been raised is whether or not the control of
Melalewca will be detrimental to Snail Kites. There has
been no conclusive testing of whether nest sites are
limiting for nesting kites; however, we believe that most
biologists who have worked with Snail Kites would agree
that food is probably a more important factor than nest
site availability on Snail Kite reproduction. We also
believe that the long term effects of Melaleuca on the
foraging habitat (i.e., overtaking of open area foraging
habitats) are more detrimental than the short-term
benefits from the use of Melaleuca as a nesting substrate.
Consequently, we believe that Melalenca control is
warranted, but may entail some short-term effects on
nesting distribution. It is our unsubstantiated belief that
the complete removal of Melalenca will result in a shift
in the distribution of some nesting activity (e.g., in
WCA-2B). Regardless of the long-term detrimental
impacts to the habitat, Melaleuca is a sturdy, well-
protected nest substrate which is highly selected by Smail
Kites (Bennetts et al. 1988) when it is present in light 1o
moderate volumes.

Anthropogenic Influences— We believe that the
“natural” system (i.e., prior 0 “water management”)
probably provided the best solution to maintaining Snail
Kites as part of the Central and South Florida
Ecosystem. However, the “namral” system no longer
exists and we are constrained 0 do the best we can given
the current and potential state of the system. In addition
to long-term water management (i.e., schedules), there
are often situations in which short-term drying events are
prescribed. In recent years such events have been
prescribed for reasons such as aquatic weed control,
fishery restoration, agriculural needs, and habitat
restoration.

Several factors should be considered when
evaluating the potential of 2 management-induced drying
event. In additional to the “drought” factors discussed
above (e.g., intensity, spatial extent, and temporal
extent), the hydrologic status of the full habitat network
should be considered. For example, if drought
conditions are occurring in other regions of kite habitat
then a management induced drying event should be
avoided or at least postponed. a situation in which this
type of conflict is likely w occur is for agricultural
needs. When there is a shortage of water for
agriculture, it is likely 10 be during a drought when there
is a general shortage of water in the system.

The timing of a management induced drying
event should also be considered. For example, if water
levels need to be reduced in an area used by nesting



kites, then it should initiated prior to the nesting season
so that birds are induced to seek aliernative nesting
locations, rather than having their nests destroyed as a
result of the drying event. Waiting until afier the nesting
season is also an alternative; however, obtaining desired
water levels may be problematic given that the end of the
nesting season usually coincides with the onset of the
rainy season.

South Florida Ecosystem
Restoration and Snail Kites

Early assessments of South Florida ecosystem
restoration suggested that serious conflicts existed
between alternatives that were being considered at that
time and the recovery of Snail Kites. We believe that the
current directions and goals of the restoration process are
not in conflict and will even improve the recovery of
Snail Kites in Florida. This conclusion, however, does
not come without caveats, Previous assessmenis
expressed concern primarily about increased frequency
of drying events in WCA-3A as a result of more water
being distributed east of the L-67 levee. It was further
suggested that a pool of water needed 10 be maintained in
southern WCA-3A in order to serve as drought refugia
in this region. We agree entirely with these early
assessments that areas of long hydroperiod (e.g.,
>90%) must be a part of this ecosystem if viable
populations Snail Kites are w persist. However, we

strongly disagree that the solution t maintaining long
hydroperiod areas are best achieved by maintaining an
impounded pool in southern WCA-3A. In fact, we
believe that maintaining these deep (e.g., > 1.3-1.5m)
impounded pools will result in npesting habitat
degradation due w0 a loss of woody vegetation
(Gunderson et al. 1988, Gunderson and Loftus 1993) and
degradation of foraging habitat due w a loss of wet
prairie communities (Gunderson 1994), In the historic
system increasing volumes of water undoubtedly resulied
in more lateral expansion than increased depth compared
o the current system (because of an absence of
constraining levees). Consequently, long hydroperiods
were maintained with less of the “bathtub” effect than
currently exists. We believe that goals such as restoring
more of the spatial extent and re-establishing the
hydrologic integrity (e.g., sheet flows)(Weaver et al.
1993, South Florida Ecosystem Working Group 1994)
will help maintain the long hydroperiod components of
these wetlands with less habitat degradation that exists
under the current system.

The senior author of this report (REB)
previously sugpested that a substantial lag time (e.g., 10
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years) might be required for Snail Kites to re-establish
themselves in areas where long hydroperiods were
restored (Bennetts et al, 1988). This suggestion was
based on the time it took for substantial numbers of Snail
Kites 1o be reporied in the WCAs after completion of the
impounding levees, which was confounded by a series of
particularly dry years. Data from this study (e.g., use of
the North East Shark River Slough and Big Cypress
Mational Preserve) have indicated that Snail Kites can
rapidly respond suitable habitats that are large enough or
in proximity to other well-used habitats. Consequently,
the spatial redistribution of hydrologic regimes (e.g.,
shifting of water into historic flow-ways) will probably
not have a major impact, provided that suitable long
hydroperiod areas are maintained as part of this
ecosysiem. The halting and reversing of exotic plant
an animal invasions have also been identified as part of
the South Florida Ecosystem recovery efforts (South
Florida Ecosystem Working Group 1994). The effects
of exotic plants on Snail Kite habitat have been
previously discussed (see Snail Habitar Quality,
MNuwrienes, and Exotic Plary Invasions). We believe that
achieving these recovery goals will be beneficial and
probably necessary for the long-term maintenance of
Snail Kite habitat.

The reduction of water and airborne nutrients
and contaminants also has been identified
as a goal of the recovery efforts. 'We have previously
discussed nutrients (see Snail Habitar Quality, Nutrienis,
and Exotic Plant Invasions), but contaminants present
another problem. Mercury is one of the most widely
known contaminant problems in Central and South
Florida. Some investigation has been conducted on
mercury levels in apple snails (Eisemann et al., in
press), and found relatively low levels (2 = 0.063, n
=62) compared to other species in the region (Eisemann
etal., in press). However, the bicaccumulation of these
low levels in Snail Kites has not been investigated.
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Appendix 3-1. primary notation, symbols, and abbreviations used throughous this report.

Symbeols for Parameters
Symbal Name Definition within the context of this report
& alpha Type I error rate (i.e., probability of falsely rejecting a null hypothesis (H_) that is true).
B beta Type II error rate (i.e., probability of failing to rejecting a null hypothesis (H,) that is false).
& theta Used as a “wildcard™ term for any parameter
& phi '{ﬁaprubnhﬂﬂyufmim;ﬁmﬁmnmr+],¢mdﬁumlupmlhauimlhh;nﬁwu
tome £.
P p The probability of resighting an animal, conditional upon that animal being alive and in the
study area,
W psi The probability of being in a different location between times r and ¢ + 1, conditional upon
the animal being alive at both times and its location known
Subscripts and Descriptive Symbols
.t Used to denote an individual animal, time, or location of a parameter. For example, @ might denote survival
at tme £.

g A hat above a symbo] denotes that the symbol represents an estimate of the parameter, rather than the true
parameter. For example, & denotes an estimate of survival.
A dot used as a subscript for a parameter denotes that the parameter is constant over the range of potential
effects of the model (e.g., time). This does not imply that there are no differences associated with that effect,
but rather, that separate parameter estimation for that effect is not supportable with our data.

Abbreviations

AlC Akaike's Information Criteria

CIS Cormack-Jolly-Seber

DEV Deviance

GOF Goodness-of-fit

LRT Likelihood ratio test

MLE Maximum Likelibood Estimator

MLS Mean Life Span

MSL Mean Sea Level

np The pumber of estimable parameters in a model.

5Y Study Year (15 April of 5Y to 14 Apnl of SY + 1)
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Appendix 3-1. Cont.

BICY

ETOHO
HOLEY
K155
LOX
OKEE
NESRS

TOHO
WCAL
WCAZA
WCAZB

WCA3B

OKEE
LOXSL

Us]

Abbreviations for Wetlands

Big Cypress National Preserve

Everglades National Park

East Lake Tohopekaliga

Holey Land Wildlife Management Area

Lake Kissimmee

A.R.M. Loxahatchee National Wildlife Refuge (WCA-1)

Lake Okeechobee

North East Shark River Slough (East Everglades)

St. Johns Marsh (Bhue Cypress Water Management Area and Blue Cypress Marsh Water Conservation Area)
Lake Tohopekaliga

Water Conservation Area | (A.R.M. Loxahatehee National Wildlife Refuge)

Water Conservation Area 2A

Water Conservation Area 2B

Water Conservation Area 3A

Water Conservation Area 3B

City of West Palm Beach Water Catchment Area (Lake Park Reservoir)(part of the Loxahatchee Slough)
Peripheral Wetlands (misc. wetlands peripheral to one listed above)

Abbreviations for Regions

Everglades and Big Cypress (inchades WCAs, ENP, BICY, LOX, HOLEY, and the C111 Basin)
Okeechobee (includes OKEE)

Loxahatches Slough (inchudes WPE and surrounding City of West Palm Beach properties, Corbitt Wildlife
Management Area, Pal-Mar Water Control District, and wetlands within Pratt-Whitney properties)

Upper 5t. Johns River Basin (includes SIM, 5t. Johns Reservoir, and scattered privately owned wetlands
within the basin)

Kissimmee Chain-of-Lakes (Includes KISS, TOHO, ETOHO, and other Lakes within the Kissimmes Chain.

Peripheral (Inchudes scattered remnants of natural wetlands outside of the primary drainage basins listed shove.
Also inchades scattered man-made or man-altered wetlands [e.g., canals, roadside ditches, agricultural retention
ponds, etc.).
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Appendix 3-2. rormula for the Kaplan Meier estimator of survival and its corresponding estimate of variance
(Kaplan and Meier 1958, Cox and Oakes 1984, Pollock et al. 1989, White and Garrott 1990). All estimates were derived
wusing a modified (for our specific dataversion of the SAS code provided by White and Garroit (1990).

The Kaplan-Meier estimator is an exteasion of a binomial estimator such that the probability of surviving from time
J=1r1oj is estimated as:

Ny
|
-

o

where r; 15 the pumber of animals at nsk of dying m the interval between j and j - I (i.e., the oumber alive at the start of the
mteval) and d, is the number of animals that died during the interval. Thus, the probabilty of surviving over all intervals is
estmated as:

Cox and Oakes (1984) provide an estimate for the variance of ﬁ'}n:

(#'a - 8)

rj

Var() =

and an approximate (1 - @) confidence interval is constructed as:

& + 2 fvar(d)

where z, = 1.96 for & = 0.05 (White and Garrott 1990).
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Appendix 3-3. Formula jor three versions of the log-rank test (Cax and Oakes 1984). All test statistics were derived
using a modified (for our specific data) version of the SAS code provided by White and Garroar (1990).

Let d,, and d, denote the number of deaths and r,; and r,; denote the number of animals at risk from samples 1 and 2
(i.e., comparison group), respectively at time j. The first variation is such that the expected value and variance of d,, are given
as:

druft, - d
var,(d,) = %
¥

(Pollock et al. 1989a). The log-rank test is then derived by combining the results from each contingency table as an
approximate chi-square test statistic with | degree of freedom such that:

_ L=l J=1
X =

k
var,(d,.

£=1

The second variation of the log-rank test is estimated as above except that the variance of d;; is estimated as:

Frd,

|
]

vmrafuff.l. =

This test is slightly more conservative (j.e., less likely to make a Type [ error, but has lower power)(Cox and Oakes 1984,
Pollock et al. 1989, White and Garrott 1990).
The third variation variation estimates the variance of d, as:
1 1
vary(d,) = +
$ 4 4%

= ’:, j=1 Fy

and is even more conservative (Cox and Oakes 1984, Pollock et al. 1989, White and Garrott 1990). The SAS program
deseribed by White and Garrott (1990) to compute the Kaplan-Meier estimates also computes each of these log-rank test
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Our estimate of movement probability was based on a binomial distribution such that the probability of being at a
different location between times ¢ and ¢ + 1 (§) is:

.
H

where m, 15 the number of ammals that were in a different location (1.e., wetland) between times £ and ¢ + 1, and n 1s the
number of animals alive and their location known at both times. The variance of § is estimated as:

var(p) = L9

and a 95% confidence interval is estimated as:

¥+ zyVar(y)

where 2, .. = 1.96 for @ = 0.05 (White and Garrott 1990).
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Appendix 4-1. survival estimases (), number of animals as risk of dying during interval j (r,), standard
error (SE) of the estimate, and 95% confidence intervals for survival estimates of adult and juvenile Snail Kites during
each study year (SYNApril 15 to April 14). Esrimates are shown only for the starting date, ending date, and dates
where a change in survival estimate of either age class occurred. The number of animals ar risk of dying (r,) changes
as a result of animals having been caprured, having been censored, and having died. We have not shown all changes
in r, because of the high frequency of such changes (i.e., 203 such changes for this appendix).

Appendix 4la. Estimates for SY 1992,
Adults Juveniles
Date & ' sE(dh 9% CIL & r SE(d 95%CL’

04/15/92 1.000 11 - - 1.000 4 - -
06/12/92 1.000 36 - - 0960 25 0039  0.883 - 1.000
07/07/92 1.000 42 - - 0916 22  0.057  0.805 - 1.000
07/20/92 1.000 41 - - 0871 20 0070 0.733- 1.000
07/25/92 1.000 40 - - 0825 19  0.080 0.668 - 0.981
04/11/93 0.962 26 0.038  0.888-1.000 0.825 12 0.080 0.668 - 0.981
04/14/93 0962 25 0.038  0.888-1.000 0825 12 0.080 0.668 - 0.981

! Infrequent changes in &muy result in poor representation of v, r, for this age class ranged from 1]1-43 (%= 27.8) during
this study year.
? Infrequeni changes in lﬁma_v result in poor representation of r. r, for this age class ranged from 4-25 (#=16.4) during

this study year.
¥ Estimates > [.00 have been truncated to 1.00.

Appendix 4-1b._Estimates for SY 1993. sisccne &
Adults Juveniles

Date & ' SE(#h 95%CIL' $ iy SsEdy HERCL
04/15/93 1.000 56 = - 1.000 14 ~ -
04/28/93 1000 59 - - 0.929 14  0.069  0.794 - 1.000
05/04/93 1.000 66 - - 0.867 15  0.088  0.695 - 1.000
08/07/93 0.98¢ 64  0.016 0.954-1.000 0.867 26  0.088  0.695 - 1.000
11/13/93 0963 47  0.026 0.913-1.000 0.867 20  0.088  0.695- 1.000
12/18/93 0934 33 0.038 0.860 - 1.000 0.867 12 0.088  0.695 - 1.000
01/05/94 0.903 30  0.048 0.809-0.997 0.867 11  0.088  0.695 - 1.000
02/10/94 0.858 20  0.063 0.734-0.982 0.867 9 0088 0.695-1.000
04/14/94 0858 16  0.063 0.734-0.982 0.867 8  0.088  0.695 - 1.000

! Infrequen: changes in li'm::l}' result in poor representation of r. r, for this age class ranged from 16-76 (#=53.0) during
this study year.
7 Infrequent changes in & may result in poor representation of r, r, for this age class ranged from 8-30 (#=18.9) during

this study year.
* Estimates > 1.00 have been truncated to 1.00.
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Date é ' SE(dH 95%CL' & i SE(dH 2 B%RCL
04/15/94 1000 54 ~ - 1.000 4 - -
05/15/94 1000 74 - - 0.941 17 0.057  0.829 - 1.000
05/18/94 1.000 74 - - 0.882 16  0.078  0.729-1.000
05/21/94 1000 74 - - 0.833 18 0.088  0.661 - 1.000
05/21/94 1.000 75 - - 0.789 19  0.094  0.606 - 0.973
06/08/94 1.000 76 - - 0.750 20  0.097  0.560-0.940
06/09/94 1.000 76 ~ - 07110 19  0.099  0.516-0.905
06/14/94 L.000 76 - - 0.687 30  0.099  0.493-0.881
06/17/94 0987 78  0.013 0.962 - 1.000 0.687 31  0.099  0.493-0.88]
06/21/94 0.987 75  0.013 0.962-1.000 0.643 31  0.097 0.452-0.833
06/29/94 0987 74  0.013 0.962-1.000 0.598 29  0.09  0.411-0.786
08/13/94 0987 72 0.013 0.962-1.000 0.548 23 0.094  0.364-0.732
09/15/94 0987 71 0.013 0.962-1.000 0523 22 0093 0.341-0.705
10/11/94 0972 66  0.019 0.934-1.000 0523 20  0.093 0.341-0.705
01/01/95 0.972 58  0.019 0.934-1.000 0496 19  0.092  0.316-0.676
01/21/95 0972 55  0.019 0.934-1.000 0.468 18  0.091  0.290 - 0.646
01/25/95 0.955 55  0.026 0.904-1.000 0439 16  0.09%  0.263-0.615
01/28/95 0.937 54  0.031 0.876-0.997 0439 15 009  0.263-0.615
01/28/95 0919 53  0.035 0.851-0.988 0439 15 009  0.263-0.615
02/15/95 0.883 51  0.042 0.801 - 0.965 0.439 15  0.09  0.263-0.615
04/14/95 0.883 48  0.042  0.801 - 0.965 0.439 15  0.090  0.263-0.615

! Infrequent changes in ﬁmaym:u.& in poor representation of . r, for this age class ranged from 45-78 (2= 66.6) during

this study year,

* Infrequent changes in lﬁmyrﬂuﬂ in poor representation of r, r, for this age class ranged from 4-31 (7=17.7) during

this study year

T Extimates > [.00 have been truncated to 1.00.
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Appendix 4-2. survival estimates (8), mumber of animals as risk of dying during interval j (r,), standard
error (SE) of the estimate, and 95% confidence intervals for survival estimates of adult male and female Snail Kites
during each study year (SY)(April 15 to April 14). Estimates are shown only for the starting date, ending date, and
dates where a change in survival estimate of either sex class occurred. The number of animals ar risk of dying (r,)
changes as a result of animals having been captured, having been censored, and having died. We have not shown all
changes in r, because of the high frequency of such changes (i.e., 137 such changes for this appendix).

Date b r SE(dhy 95%cCL & ¥ SE(H 9% CL
04/15/92 1.000 § - -~ L0006 -~ ~
04/11/93 1.000 14 - - 0917 12 0.080 0.760 - 1.000
04/14/93 1.000 14 ~ - 0917 11  0.080  0.760 - 1.000

! Infrequent changes in ilgm::.l result in poor representation of v, r, for this sex class ranged from 5-22 (%=13.0) during
this study year.
? Infrequent changes in #.m:.' result in poor representation of v, r, for this sex class ranged from 6-21 (%=13.7) during

this siudy year,
¥ Estimates > 1.00 have been truncated 1o ].00.

Appendix 4-2b. Estimates for SY 1953.

Female Male
Date @ r'  SEH B%CL é f SE(PH HRCL

04/15/93 1.000 29 - - 1000 27 - -
08/07/93 0.969 32 0.031  0.908-1.000 1.000 32 - -
11/13/93 0928 24  0.049  0.832-1.000 1.000 23 - -
12/18/93 0.866 15  0.075  0.719-1.000 1.000 18 - -
01/05/94 . 0.866 13 0.075  0.719-1.000 0.941 17  0.057  0.829-1.000
02/10/94 0.866 11 0075  0.719-1.000 0837 9  0.111  0.619-1.000
04/14/94 0.866 10  0.075  0.719-1.000 0.837 6  0.111  0.619-1.000

! Infrequent changes in 'ﬂ:m}r result in poor representation of r, r, for this sex class ranged from 10-40 (==26.9) during
this study year.
* Infrequens changes in f'mn}r result in poor representation of v, v, for this sex class ranged from 6-36 (7= 24.8) during

this study year.
! Estimates > 1.00 have been rruncated to 1.00.
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M‘ 4-2c. Estimates for 5Y 1994

Female Male
Date & r'  SE(d 95% C.1.' é r SE (P 95% C.I1.}

04/15/94 1.000 27 = - 1.000 19 - -
10/11/94 1.000 30 - - 0967 30 0.033  0.902-1.000
01/25/95 0962 26  0.038  0.888-1.000 0.967 26 0.033  0.902-1.000
01/28/95 0962 25  0.038  0.888-1.000 0929 26 0.048  0.835-1.000
01/29/95 0962 26  0.038  0.888-1.000 0.8%2 25 0.059  0.777-1.000
02/15/95 0962 25  0.038  0.888-1.000 0.815 23 0.075  0.668-0.962
04/14/95 0.962 25  0.038  0.888-1.000 0.815 21 0.075  0.668-0.962

! Infrequent changes in lf'muy resull in poor represeniation of r. r, for this sex class ranged from 25-38 (#=31.1) during

this study year.

? Infrequent changes in ﬁma}- result in poor representation of r, r, for this sex class ranged from 19-32 (#=27.7) during

this study year.

! Estimates > 1.00 have been truncated 1o 1.00.
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Appendix 4-3. surviel esimares ($, nmiver of animals of risk of dying during interval | (1), and standard error (SE) of the estivte for survival of adulr Snail
Kiker aapoured from sack region dring each riady vear (SYI(dpel 15 1o April [4). Repions are Evergleder (EVER), Lake Okerchober (OKEE), Kirnivvmer Choin-of-Liakes
(KTES), Upper St Johns River (U], and Losabarches Flouph [LOXSLY, Evtinates are showre only for o sarvieg dare, enaling dare, and deaser wivere o change in surdval
entimate ocourred.  The resber of animal af rick of dying ) changer ar & rennlt of animaly having been oapned, kaving been criored, and having died,, We have pot
shavim alll chawges in r, because of the high frequency off such changer, Confidrmer imterarln are sl sloem for claring of presrssanon (Le., b onder to fir ol eanmanes s a

simple inble); however, 5% corfidince intervals can be extimated as & + 1.96 SEP)

Appendi 4-3a, Estimates for S¥ 1992,

EVER OKEE EI55

us) LOXSL

Date d  f  sE(d d o su(h $ o sE(dh d ¢  sEid ¢ o' sEidh
Dar 52 | AOH 3 - 1M & - 1.0 1 - 1/ 1 - 1.0 o -
0] 1793 1.0 13 = 0,950 m ER 1.0KK 11 - 1,004 7 - 1000 & .
0 14055 1.0 14 - 0,%50 i 0L0E% 1000 12 = 1,000 7 i (L & -

! Infregueni chanpes is ﬂmmnmmmqrr , Jor thix repion rasged from I-14 [2=6.4) daring this study year.
? Infregquent chanper in ﬁm.nyruu in poor represeatatlon of £, for this replon ranged from &30 (2= 14.5) during thir sludy year.
? Infrequent changes in & may resull in pocr repressnsation of v, ¥, for this region ranged from 1-12 {7=6.7) daring this study year.
* Infreguent changes bs d:myr.uul in pocr represenigtion of . r, for thir region ranged from |7 (f=4 8] diriag mis snady year.

! Infrequint chaages in Jnu}-mukmpiqurﬂmqﬁ]. xy fiov s region ranged from 0-7 (#=1.8) during this stady year.
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EVER OEEE KISS IS8T LOMSL

Dt ¢ 1 seid ¢ o seidh ¢ o sE(d $ 1 s d ¢ sEdh
el I (MM} 14 - 1,008 % - 1.0KM) 11 - 1,00 T - 1,065 ] -
QRAOTSY (] 15 - 0,957 Z1 0,086 | MM} 15 - 1,000 T - 1,060 T -
11/13aE 0,923 13 0,074 0,552 14 {085 1AM 12 - 1.0} 4 - 1,000 5] -
12/ 18 0.923 0,074 0.952 9 0.086 (1101 1o - 1. e 2z - 0833 & 0,152
D105a4 0,523 0,074 0952 B L6 0BT B QL7 (ML . - 0,833 & 0.152
027 1094 0,973 0074 0.952 ;) D46 0,750 7 Q.153 1. R 1 - 0833 4 Q. 152
[IZ A E Tt 0,923 21 0,074 0,952 £ (LR L n75n B 0,153 1.{HH} 3 - LE3] 3 0,152

! Infreqaent changes in ‘aql resill in poor rapresentarion of r,
¥ Infrequant changes in 8 may renull in e Fapresenianion af r,

h
N

Jor this region ranged frem .70 (#=12 3) during dhis stwdy year.
Jur thid pegion ranged from 3.37 (2= ] 3 8) during this sy pear.
'hﬂwqu.idm;ﬂ in 'i.lur resull in poor represeniation -q.Frl.. n Jor thix regpion ranped From 518 (2= ] I, §) during ihis ifady wear,
¥ Infrequent changes in & may resull in poor represenrarion afr, r, for this region ranged from [-10 {T=d.8) during this ey pear.

* Infrequent changes in & may reaull in poor representation of r, £, for this region ranged from 3-7 (7= 3. 1) during tis sudy year.
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_Apperdis 4 Fe, Estimares for S} 1994,

EVER OKER K158 us) LOXSL
Diste & y  sE(d é ' SE(H & &' sEidh # g sE(d & i sEd

dri5ee 1.0 5 - 1060 5 - 10080 10 - 1000 3 - 1000 3 -
10115 1000 28 - 000 12 - 0547 19 0.8 LoD 3 Looe 1 -
01725195 1000 25 - 000 12 - 0880 14 0.8 Lo 2 = L0001 -
01728595 1000 15 0909 11 0.087 0ER0 14 0081 L0002 = LOoo 1 &
Q12aas 1,56 F=] - ), 5 11 0087 o812 13 0,050 1060 2 - 1.000 1 -
015095 1000 25 = 0808 9 0123 078 12 0al Lo 2 = Lo 1

414195 1000 25 - 0808 B 0123 074 12 0a Lo 2 - L0000

! Infrequent changes in & may resulr in posr represeniation of v,
! fnfrequent changes in ‘nu}mulhpmwuhqurr
! infrequess changes in & may resulr in poor represensation of r_
! Infrequeni changes in ‘m resulf im poar represeniaiion of r.
! Bfrequent changes in & may result in poor representation of 1,

ry Jor this region rosged from 25-34 (@28, 1) during thir sudy year,
ry Jor whls reglon ramged from 502 (7= 10.5) during this soady year.
r, for this region romged from [0-19 (7= [3_5) during this sudy year.
ry for thix repion rasped from 3-3 (4= 2 5] during thix study year,
Fy Jor this ragion ravpad from 0.3 (= L8} during thin snady year.
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Appendix 4-4. surviwmi essimases (), number of animals as risk of dying during inserval | (v, o standard error (SE) of the estimate for survival of juvenile Snail
Kites fledged from each region during each sudy pear (S¥iApril 15 s April 14). Regions are Everglades (EVER), Lake Okvechobee (OKEE), Kissimmee Chain-of-Lakes
{KISS), Upper St Jokess River (UE]), and Loxaharches Slough (LOXSL). Estimates are shown only for the starting date, ending date, and dates where @ change in survival
estimte ooourred.  The nmder of animle ot risk of dying () charges az @ resulf of animaly hoving been caprered, having been censored, and having died.. We kave nof
whovwre all ehuriges (n r, Because of the high frequency of such chamgrs, Confidence intervals ane st show for clanty of presensanion (Le,, in arder fo fit ail canimater na
sinple rahle) kowever, 95 % confidence itervals can be H‘I'Mﬂ-!’ﬁ_t !.fﬁ-TEPﬁ_J-

Appendic d-dn,  Extimares for 5§ [992.

EVER OKEE KIs5 usl LOXSL
Date & g se(dh & i sE(d & i sngd & £ sEqh '] 5 SE(d

(15093 1.0 1 - 1My 1 - 1,060 1 -s 1.0630 b - -t cd -
O 12492 0. 750 4 0217 1{HMD 9 - 100 0 - 1,000 ] - - - .
oTH0TNL 0.750 3 0217 1M ] - 08 6 0,152 1000 4 - -F = -
Vi ) 0,500 k| 0,250 1000 T = 0EY 6 005 L0004 - - - =
OTV25/92 0.500 | 0,250 1000 T - 0EX 5 0,152 0750 4 0217 = o A
IR ] 0.500 L 0.250 K s 053 3 0I5 0750 3 0217 = = =

‘iﬂqmmw;hﬂmuﬂhmwmgr, F, Jor shals reglon rawged from [-4 (9=1.7) during thix shudy year.
’Wwﬁﬁw:rﬂhmmm#ﬁ r, Jor dhis repion rasged from 2-10 (2= 7.0) during this sisdy year.
¥ pefrequint changes bn & may resslt in poor repreésestation of £ §, for this reglon ranged from 0.8 (9= 5. 8) daring thir sudy year,

* Infrequent chasges én J.ugl ressdt in poor represemiailon of e v, e ihis region ranged from 005 (#=1. 5} daring vl siushy year,
¥ There were insyfficient data b witimare surival b i region,
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Appendiv ddh, Fsrlmates for S 1993,

EVER OKEE KISS (EA ] LOXS1
Date § 1 sed & 5 s éd 1 s d 5 sd n__sE(H
] [ /000 ] = Lo 3 B 1.0 o = 108 0 = = -
0428093 0.900 10 00es 1000 3 b L0 0 = LoM D - 7 o
0 | 46 {3,500 7 0,095 R - 1000 0 = L. I e - .

! infrequent changer in o ey pasull i e FapresEATToN af Fp #, for this Feplon rasged from 702 (2= 10.4) during this stady year,
rWWH ".lu:l resuir ks poor represenfafion |:5|"l'lll r_hﬁrﬂﬁ'ruhm_.h-l 2-10 fe= 4, B) during Fily idaady péar,
P nfrequint changry in & mey result b poot Fepresenrarion af' e, x, jior this replon ranged from G-f (=3, 1) daring this sy year.,

* igfrequent changes in "-} rexulf in peor represfation of . r, for hic copios rasgad from (-3 (=1, 5) daring this sy yar,
1 Thoere were invugficient dots to estimate survival i this regplos.
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Appendix 4-4c. Erfimates for S 1954,

EVER QKEE EISS L5l LOXEL
Date $ 1 sE(dH é o s # ' sE(d $ 1 suid é 5 sEid
O 15704 1000 4 - Lo 0 - Loy 0 . ot o L ot ot A
O 155 0,523 e 0074 1000 2 = Loy 2 - =t wst ut ¥ - -
057 1B/54 0,846 12 1000 2 - Lo 2 - - - = = L .
05720754 084S 11 o 0500 1 0354 Looo 4 - - -4 = e - 2
052504 0,781 13 oz 10,500 I 0354 Looa 4 - -* -* - =4 - -
T aTiE 12 bl 0500 3 0.354 Lox 4 - =1 4 L A 4 L
OHRY 076 11 ol 0500 3 0.354 0780 4 0217 - - - 4
061454 0,871 16 0 0.500 3 0354 0.750 10 0217 - -1 -1 -t 2 -t
062394 0,671 g a0 0500 3 0354 0583 ¢ 0.198 - - A - - 4
062094 0.5 1] 0.1 0500 LI e 1) 0.581 L) 0198 =t =" = w! =! =t
Ll 0.550 1 0,114 0500 1 0354 {581 & 0198 =t u w -t =1 -1
0811304 0522 15 0014 0500 1 0S4 0583 & 0198 u? -t ut wt - .4
015004 0,483 i4  odi2 D504 % 0583 &  0%8 =t -t -t - -t -t
LT 0485 3 0.012 0500 1 0.354 0467 5 0. 190 - - -1 -t . -
oL21ms 0.485 3 o0z 0.500 I 0354 0350 4 074 wt wt t o -
L2595 0485 13 o0 0500 | 0354 0ITs 2 ISl ot o = .- o -
4714705 0.485 13 0012 0.500 | 0.3 01T 2 0151 -t =t =t wt -t —

" Infrequenr chasges be "q resull in poor representation of re ry for dhis replos ranged from 418 (8= 12 2] daritg thels irady yaar.

¥ fnfreguent changer in "M resull fn poor representation of r, F, o this reglon ranged fhom 0.0 (8= [_5) during this stady year.

! lafrequent changer in & may resull in poor represeanatlon of r, v, v dhls replon ranged from €10 (f=dld) during this stwdy year.
¥ There were inanfficient dets o ertimary sarvival s thiv ragion.
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Appendix 4-5. survival cxtimates (), romsber of animusls a risk of dying dring interval | i), and sandard error (5E) of the essimate for survival of adul Snail
Kler present in sach region dwring each sy year (S¥)April 15 to April 14). Regions are Everglades {(EVER), Lake Okeechobee (OKEE), Kissimmes Chain-af-Lakes (K153,
Upper 5t Johns River (UST), and peripheval habitats (PERI). Estimates are shown only for the starting date, ending date, and dater wheve a change in survival enfimate
occurred,  The numaber of andmals ar risk of dying (r,)) changed ar @ reml of arimaly havirng been caprured, having moved ro a different region, havng been cencored, and
furving dlied., W have nof show all charges b r, because of dhe bgh frequency of rach changes. Corgfidence imtervals are not sthown for clarity of presentation (e, in onder
0 fir all stimates in @ single sable); howsewer, 95% confldence intervals can be estimated ar & 3 196 SEqd).

EVER OEEE EI55 LIS FERI
Duts d o s d o sed ¢ 1 seh é 1 sed d o sa(h
441542 1. (M0 1] - 100 [ = 11000 o e 1000 | - 1000 1]
1M 1000 12 = 0.955 I 0,044 1000 T 106060 3 e 1004 |
4 14M3 1.0 13 ax 0,955 b ] 0, D4 1 1) & - 1.0 3 - 1.0y 1 —

" Infrequens changed in ‘-j renif ls poor represemiatbon of v, £y for dels region ranged from 013 (=8 4) diring dhis simfy year.
! Infrequent changes in & may revadt in poor represestation of v, v, for this region ranged from 0-22 (e | 1. 7) during this stady year.
! lafrequent changes in ‘uqruﬂhpﬂrwmq'rr r, for ihls region ranged from 1-8 (= 03] during this siady year,
'Wn‘lﬂ;ﬂh‘nmﬂhpﬂrm#q ry for this region resged from 1§ (0= 1.3) during thix sedy year,

* Infrequent changes in & may recslt in poor repravesation of r, 7, for this reglon ranged from 08 (%= 2.5) during this stady year.
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EVER OKEE Kiss sl FERI
Date # 1 sEd $ 5 se(d é 1 sed n  sE(d n_ sE(d
=133 1000 13 = 1.000 20 " 1.0 T s - -t - w
EAT3 10040 3 - 0,033 15 0.064 10000 [ as = =" = -
12183 1000 14 v 0.oT% i} LI 1.5 i = - - = .
LTS T 1000 15 s 0,955 ] 0,054 0,300 5 nim™ - -t aa® =t
LR 0.B5T T 0. 1% 0,575 o 0,084 0, B0 5 017 - = - -F
0l 10 0.B5T i 0. 1% 0,075 ] i, 54 (1, B 1 a1 - . -t -

U tnfreguent changes bn & may resull in poor representanion of £, e tals Peglon ranged Fom 430 §20=139) during this udy year,
? Infrequant changes in & may resull in poar representation of r, r _for this repios ranged from 0-36 § 7= 009 during dhis mudy pear.

* Infrequent changes in & way resull in poor representation afr, v, for this reglon ranged from 3-13 {#=7.3) during thix sady year,
¥ There were Insufficlenr dada to entbmare survlval be this Fegion.
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s &5, Esiimates for SY 1994

EVER OKEE El55 ST PERI

Dute d o sEd 1 sedh & ¢ seid d ¢ smd d o s
04115004 1 HH} 3 - 1.0 2 - 1.000 9 - 1.0np 1 - 11000 a =
1 185 1.HHp 23 - 0.923 13 0.074 1.00d¥ i - 1 MM 3 1,000 1 -
1171304 1L950 20 0.9 0.973 11 0,074 1.0 T -- 1 M 3 1,180 0 L
O2A0295 0.950 23 0.5 0.923% 11 0,074 0. 750 4 e U667 3 02Tk 1.0 1] -
O2A07MS 0950 26 0,045 0.923 11 0,074 0,750 4 02T 66T 3 0.272 0,500 2 0.354
OLERAS 0950 24 00459 0.659 7 0, 1 6 0,750 ] nZI7 LIE.. 7 F 0272 11,500 F 0,354
0471495 0950 | 0,09 .55 [ 0. 164 0.750 4 2T LBET 2 0372 0,500 | 1,354

! Infrequest changes in amrﬂ'ﬂhmm#@
¥ Infrequent chamges in & may resulr bn poor represemation of r,
¥ bifreguent changes in B may rerlt in pooe repreestation of r,
* Infrequent changes in & may reswulf dn poor represemailon of r,
! Infrequest changes in & may resulr in poor reprevestation of r,

ry Jor this region ranged from 1635 (=24, 7) durleg this stady year,
F, for this region ranged from 2-13 (2= 0.0 during this risdy year.
ry Jor teir reglon ranged from I-16 (728 1) durlng this sy year,
ry for this region ranged from -3 j2=2 1] during this study year.
ry Jar thir region ranged from 0-F (F= 2 7) durlng iy ssaly year.



sl

Appcndu: 0. survival enimares (#), number of animaly ar risk of dying during interval j i), oved wdandard ervor (SE) of the extimae for suraval of fuvenile
Snail Kiter preseral i each regioel during each study wear (SXWApnil 15 fo April 14). Regions are Everplades (EVER), Lake Okeechober (OKEE), Klusimmee Chatre-of-Lakes
(KISS), Upper Sr. Jobmr Biver (USS), and peripheral haiwatr (FERI). Esnmater are shown only for mmm_rmm,mmmgmmm
estimair soomrred.  The number of animals ar rirk of dving fr) chamgpad @r a renlf of arimaly having been capired, havisg moved 1o a differend region, baving bern conrored,
anad humving died.. We horee not showm all changes in r, beoawse of the high frequency of such chanpes. Confldence birervaly are not shown for clarily of presesiarion (e,

i owdler fo it all extimméer in @ ningle fohle ) kowever, 85% confidence imtenanle can be exfimarad ar &+ I.H.I.E{'lﬁ.

Aeperdix & g, Extimgrer for JY [P0F,
EVER OEEE KISE usJ FERI
Dt éd 4 sedh ¢ ¢ sadh & 1 se(dh # 1 se(dh # o sE(dh
DHr 1 59 1 M 1 - 1.000 z - 1.0 o - 111 L = 10060 0 -
OTaTee LI 2 - 1.0 T - 1.0 4 - 1 e 5 - 00000 1 -
T s 0750 4 0217 1,108 7 - 1,000 ] - 1 MK} 3 - 0.0 0 -
OnEse 0750 4 0217 1,108 7 - 1. EXEY 4 - 0667 3 .22 LKL 0 -
DA 1493 0,750 z 0317 166K f = 1,601 1 = 0,667 L 0372 KK} 0 i

! Dnfrequent changes in & may result in pove papreventation of v, ¢, fir this reglon ranged from 14 (= 1. 8) during this study year,
¥ pufrequent changes bn & may resub in pour represensation gfr, r, for this reglon renged from 3-8 (2= 6.8) during thir sudy pear.
¥ Infrrquent chasges iv Jnu:p resull in poor reprefentation gfr, r, for s replos rasged from 08 (722 7) daring thin snady year,
‘M.rqnll':h.quh ﬁmq mu&hmrtpﬂ'rul.ldhld’.l}. J}ﬁr.ﬁhruh:ﬂ:djmﬂ-ﬁ[r-lﬂhhﬂxﬂprﬂm
" nfrequent changes in B may resull in poor representation of £, 1, for this peplon ranged from 0. (9=00.6) during this study year.
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_Appendix 4-6b._Extimates for SY 1993,

EVER OKEE KIS% sl FERI
Date é 1 sEd é n smd ¢ 1 sE(d é 1 sE(H $ 5 sEd
01543 1000 T - 1.0 3 - 1.000 o = ! ! <" m .‘ <A
D283 DR b1 178 10060 F ] = 1.0 o = - w! - uat aat -
01494 0800 i 0179 1.0 L] - 110Kk | 0179 - =t wt =t =t =A

! Infrequenr chasges in ﬂnuy resulf i peor represeniation of . r, jfor this region resged from 411 (0=7.2) dariag tels study year.
? Infrequens chasger i & may resull in peve repreventation of v 5, for this region raxged from 0.9 (=3, 8) during teis stedy pear.
'hﬁ"rqunu'dwrh lﬁm mnﬂ'hmmﬂq i, for thix region rosged from 04 (7= )00 darieg dels sivedy year.
* Thira weatre insufficiens data so extlmate sureival in il region.
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OKEE KI5s £} FERI
Date ¢ 1 s 1 SE(dH d o sE(d d 5 sed d n  suh

Dar 1554 .00 4 - = = Lo 0 — - = . A ] A
087244 0,573 13 0.074 =F = o0 4 - w? ot . o, . o
0572654 0.5% il . 10 = =7 .03 4 - < . ! o - A
D164 053 14 D004 et - 0900 10 0.0 . . B 2 2 3
0621104 0.787 16 0110 F 0900 9 0098 3 o ot . oF !
(o6 300 0.787 [ a.110 ! - 00 W 0.145 — - o - A o
D707 0,688 ] 0110 w - LM 4 0.145 =1 = = <! . -
77 12054 0626 i 012l ! - 00 4 048 = = w? ot ot .
R 0ETE 13 ol - -t s 5 0148 -t = wt o 3
ORFTNS 0536 14 019 wt =t 0700 4 0148 = = ! wt -t =
i Tia ]y 0,455 13 01T ! - 0o 4 01435 2 = ! wt ! =F
01/0185 0,455 2 6,117 ! -t 051 4 0187 . 23 t . . -
172585 0,495 11 o117 =t -" a1 0,208 =" = ot -’ - F
020295 0,495 11 0117 ot - | = . . ot - . -
04714095 0,495 0 a7 -t -t 0000 0 = . o <t . -t .

" Infrequent changes in o may ressl in poor pepresentation of . v, for thls reglon renged from  d-18 (= 10.8) durleg tls study year.

! Infrequent chasges in "Ml‘lﬂ in poor rapreseniation af v, 7, for this repion ranged from 0-10 (7= 3.3} daring this sy ypear,

! There were insyficlent daia fo eitimaie survival in ohis Fegion.



Appendix 4-7. survival estimates (), number of animals ar risk of dying during inserval j (r,), standard
error (SE) of the estimate, and 95% confidence intervals for survival estimates of adult Snail Kites in marsh and lake
habitats during each study year (SY)(April 15 to April 14). Estimates are shown only for the starting date, ending
date, and dates where a change in survival estimate of either age class occurred. The number of animals ar risk of
dying (r,) changed as a result of animals having been captured, having moved to a different habitat type (e.g., lake 1o
marsh), having been censored, and having died, We have not shown all changes in r; because of the high frequency
of such changes.

Appendix 4-7a. Estimates for §Y 1992,

Marsh Habitat Lake Habitat
Date & '  sEdh #ECIL & ' SE(d 9% CIL’
04/15/92 1000 1 o = 1000 8 e e
04/11/93 1000 19 - - 0.967 30  0.033  0.902-1.000
04/14/93  1.000 20 g = 0967 28  0.033  0.902-1.000

! Infrequent changes in & may result in poor representation of r. r, for this habitat ranged from 1-22 (#=11.8) during
this study year.
* Infrequent changes in & may result in poor representation of r, v, for this habitat ranged from 8-30 (%=15.0) during

thiz study year.
3 Estimates > 1.00 have been truncated to ].00.

Appendix £7b. Estimates for SY 1993,

Marsh Habitat Lake Habitat
Date & ! SE(#H 95%ClL $ ' SE(H 9BECL

04/15/93 1000 20 - e 1.000 27 . -
08/07/93 1000 37 2 i 0952 21  0.046  0.861-1.000
12/18/93 0947 19 0051  0.847-1.000 0952 5  0.046  0.861-1.000
01/05/94 0947 22 0051  0.847-1.000 0762 S5  0.174  0.420-1.000
01/19/9  0.874 13 0084  0.709-1.000 0.762 4 0174  0.420-1.000
04/14/94 0874 22 0084  0.709-1.000 0762 11  0.174  0.420-1.000

! Infrequent changes in & may result in poor representation af r, 1, for this habital ranged from 7-37 (%=20.0) during
this study year.
? Infrequent changes in @ may result in poor representation of rp r, for this habitat ranged from 3-39 (#=17.5) during

this study year.
! Estimates > 1.00 have been truncated 1o 1.00.
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Appendix £7c. Estimates for SY 1994,

Marsh Habitat Lake Habitat
Date & 1 SE(H HFCIL é ' SE(dh e cl’

04/15/94 1.000 25 - - 1.000 11 - -

10/19/94 1.000 33 - -- 0.950 20 0.049 0.854-1.000
11/13/94 0963 27  0.036 0.891-1.000 0.950 17  0.049  0.854-1.000
02/02/95 0932 31 0.047  0.841-1.000 0.887 15 0.076 0.737-1.000
02/07/95 0.901 30 0544  0.794-1.000 0.887 12 0076  0.737-1.000
02/23/95 0.901 27  0.544  0.794-1.000 0.709 10 0127  0.459-0.960
04/14/95 0.901 25 0.544  0.794-1.000 0.709 10 0.127 0.459-0.960

! Infrequent changes in !f*m::f result in poor representation of v, r; for this habitat ranged from 20-43 (2=30.6) during

this study year.

? Infrequens changes in éma:.r result in poor representation of v, r; for this habitat ranged from 5-25 (==17.0) during

this study year.

! Estimates > 1.00 have been truncated to 1.00.
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Appendix 4-8. survival estimates (), number of animals at risk of dying during interval j (r,), standard
error (SE) of the estimate, and 95 % confidence intervals for survival estimazes of juvenile Snail Kites in marsh and
lake habitats during each study year (SY)(April 15 1o April 14). Estimates are shown only for the starting date, ending
date, and dates where a change in survival estimate of either age class occurred. The number of animals ar risk of
dying (r,) changed as a result of animals having been captured, having moved to a different habitat type (e.g., lake to
marsh), having been censored, and having died. We have not shown all changes in r, because of the high frequency
of such changes.

Appendix 4-8a. Estimates for SY 1992.
Marsh Habitat Lake Habitat

Date & ' SE(H 95%CL' ] 7 SE(H 95%CL’
04/15/92 1.000 2 - - 1.000 2 - -
07/07/92 0.889 9 0.105  0.683-1.000 1.000 11 - -
07/20/92 0778 8 0.139  0.506-1.000 1.000 11 - -
07/25/92 0.648 6 0.165  0.324-0.972 1.000 11 - -
04/14/93 0.648 5 0.165  0.324-0.972 1.000 7 - -

! Infrequens changes in ﬁmqruuﬁhpmrnprutmﬂhn@"rr r, for this habitat ranged from 2-11 (#=35.7) during
this study year.
? Infrequent changes in ﬁmn}* resull in poor representation of r. r, for this habital ranged from 2-14 (7=9.5) during

this study year.
! Estimates > 1.00 have been truncated to 1.00.

Appendix 4-8b. Estimates for SY 1993,

Marsh Habitat Lake Habitat

Date & '  SE(H 95%Cl' & i SE(H 9%CL
04/15/93 1.000 8 - - 1.000 3 - -
04/28/93 0.857 7  0.132  0.598-1.000 1.000 2 - —-
05/04/93 0714 6 0171  0.380-1.000 1.000 4 - -
04/14/94 0.714 5 0171  0.380-1.000 1.000 0 - -

! Infrequent changes in ® may result in poor representation afr. r, for this habilal ranged from 5-16 (%=35.7) during
this study year.
? Infrequent changes in ® may result in poor representation af r. r; for this habitat ranged from 0-13 (#=4.9) during

this study year.
! Estimates > 1.00 have been truncated 1o 1.00.
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Appendix 4-8c. Estimates for §Y 1994,

Marsh Habitat Lake Habitat
Date b r'  SE(d 9% CL & 7  SE(H 9% CL

04/15/94 1.000 4 - - 1.000 0 - -

05/24/94 0.929 14 0.689 0.794-1.000 1.000 6 - —

05/26/94 0.851 12 0.097 0.660-1.000 1.000 & - -

05/31/94 0.851 10 0.097 0.660-1.000 0.833 [\ 0.152 0.535-1.000
06/07/94 0.766 10 0.119 0.533-0.999 0.833 1] 0.152 0.535-1.000
06/16/94 0.766 15 0.119 0.5330.999 0.769 13 0.153 0.469-1.000
06/21/94 0.721 17 0.120 0.485-0,957 0.765 12 0.153 0.469-1.000
063094 0.721 16 0.120 0.485-0.957 0.641 12 0.152 0.343-0.939
07/07/94 0.631 16 0.121 0.394-0. 868 0.641 7 0.152 0.343-0.939
07/12/94 0.574 11 0.123 0.333-0.814 0.641 T 0.152 0.343-0.939
08/03/94 0.529 13 0.121 0.292-0.767 0.641 6 0.152 0.343-0.939
08/23/9% 0.492 14 0.118 0.260-0.723 0.641 5 0.152 0.343-0.939
09/22/94 0.456 14 0.115 0.231-0.682 0.641 5 0.152 0.343-0.939
09/23/94 0.456 12 0.115 0.231-0.682 0.513 3 0.167 0.185-0.841
01/25/95 0.456 14 0.115 0.231-0.682 0.342 3 0.179 0.000-0.692
02/02/95 0.456 14 0.115 0.231-0.682 0.171 2 0.150 0.000-0.466
04/14/95 0.456 13 0.115 0.231-0.682 0.171 1 0.150 0.000-0.466

! Infrequent changes in & may result in poor represeniation af r, r, for this habitat ranged from 4-17 (#=11.8) during

this siudy year,

* Infrequent changes in & may resuls in poor representarion of r, v, for this habitat ranged from 0-13 (7=4.9) during

this study year.

? Estimates > 1.00 have been truncated 1o 1.00.
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Appendix 6-1. Evimases of cumdative natal dispersal (), musber of asimals ar isk® of dispersal {ic., sample site of juversiles in their nasel werksnd) during
iﬁnﬂ;ﬁﬂ,wmﬁﬂfﬁm.dﬂlmm#m# F.brl.lg-u:ﬂ snudy year (KK April 15 10 April [4). Ertimates were derived
using a Kaplan-Meier entimator. Extimales are shown only for he siarfing dae. ending dote, o dotes where a change i eatimrter oorwrred.  The number of animels o
risk i) changed ar a result of animals hnimg been caphired, having dispersed, having been censored, and having died, Wi have nor shown all changes in v, becase of the

high frequency of such chariges.
——— e —— Fe—g
1992 Tk ] 1954
Date g n__ SE(Hh 9SRCL § 5 seih SSwCL ¥ 4 seah esscl

0415 00,000 3 - - 0,000 13 = . 10,000 4 = .
04418 10,000 3 - = 0,067 15 0064 0L000.0,193 {3,000 4 - s
04266 0,000 5 as - 0,138 13 008 0U000-0.317 10,000 5 = =
o428 i1, 0 g = = 0,354 12 0128 0L EO-0.604 {0, 0 5 - -
0513 1,000 L - - 0,354 1z 0128 0L L0604 10,063 16 0081 0.000-0.181
o1 {0,000 12 E e 0,35 17 D26 0460638 i1, 03 it 0061 000040181
0523 0,000 17 - . 0,422 20 [N = O R T 0,063 17 001 OLO000U1E]
G536 0,000 17 B - 0,422 2 L1230 1814863 Q.18 13 0078 0,000,264
as3 1,000 17 - - 0,422 0 0123 OLIBI-0.663 0.167 I7 0088 0,00000339
D& 0,000 17 - - 0,422 0 0123 0.IB1-0.663 0.271 16 0003 008500473
(] 0,048 ]| 0.046  0UDD0-0. 139 0.454 1] 0120 021506590 0.271 14 000 0050473
G 0.095 i 0064 000000321 0.454 7 20 021500680 0.271 14 0003 0.069-0.473
0& 10 0.095 it 0064  OU00040.221 0,454 7 LI OL219-006090 0318 16 006 @, 1080525
o0&l 0.095 e 0.064  0L000-0.221 0.479 2 U7 02480709 0316 16 0006 0,080,525
o612 0.093 n 0.064  0.00040.221 0504 21 0Lld  0280.0.728 0.318 2 0106 0.108-0.525
06/ 14 0.095 0.064  0U000-0.221 0,504 il oLll4 0.280-0.728 0,343 6 0105 013600549
(LA 0.186 P 0084 00220350 0.504 20 o014 02800724 0,343 L] 0108 Q, 13640,54%
] 0.186 18 0084 0U0Z2-0.350 0518 F1 | ol §3I00.746 0.343 L] 005 01360549
i 0.186 17 0.084  0.022-0.350 0S5z 19 0108 0.3410.764 0.343 L3 0105 0.136-0.549
070 0234 17 0091 DU0S4-0.413 0552 ] ou0E 634000764 0,343 n 005 01360548
a7 0.382 16 0097 0.090-0.473 0.552 18 0008 0.341.0.764 0.371 i 0105 0.166-0.576
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Appendix 6-1. Cont.

— T — e ——
19972 1993 1554
e v 5 SE(#y WECL W K SE(f  WsCL o N SE(fy  9SECL'
07 0,252 16 0097 L0SO0-0.473 0.552 11 0008 0.341-0.764 0,428 n 0003 0.22740.630
o4 0. xE2 16 0097 0,080-0.4T3 0552 (] 0008 03400, T 0,514 Fiil 0008 03210, 107
e 0.282 16 0097 0.090.0.473 0.552 15 I0E  0.3401-0.764 0,547 15 0097 0.356-0.T37
077 0282 16 0097 0.080-0.473 0,552 (13 0008 0,340,764 0,611 14 0093 0.428-0,794
0730 0.282 13 0087 0.090.0.4T3 0612 14 0,002 04130811 0611 14 0083 0.428-0.794
0B/DG 0.282 13 0L08T 0000473 , oz 11 0.0 05087 11 14 003 042840, T4
(T 0.282 i3 0097 0.00040.473 0, 70k 11 0090 0.5250.879 D644 12 008 0465-0.EED
013 0.337 13 0004 0.15240,543 0, Tk 10 0090 05250579 0644 L 0081 046500822
0823 0337 13 0004 01320542 0,7k i 0 05250570 0676 L 0,088 050000840
i 0,392 iz 0008 DLI7B-0.607 0. 788 o (OR2  (uBDA-0.92R 0.G676 1] 0,088 0, 5030, B4%
RV 0.392 11 008 0.17B-0.507 0,501 7 0076 065140951 0.676 ] 0088 05030849
] 0447 i1 0,013 022700668 0801 '] 0076 0LE510.951 0.70% ] 0085 0.541-0.876
e Trn] i, 508 10 0014 BITH0.726 0,80 3 0076 0.651-0.951 0,709 9 0085 05410876
Ly T 0,503 L] 0114 0L2T9-0.726 B0 3 L0 06510051 0,741 9 082 1.58140,501
1051 0.503 4q 0014 DL2T90.726 0867 3 00T 07221000 0,741 9 0052 05R1-0.501
100 0,503 o 0114 BLITROTE 0.934 2 0060 0.EIS-1.000 0.741 9 0.0B2  0.58140.501
10504 0,503 o 0ild 0270726 0934 1 0,060 0.816-1,000 0.773 E 0.7a QU621 40,525
10726 0.558 o fiid 0,330,781 0834 I 0060 0.E1S-1.000 0.773 7 0P8 DLGRI-0.538
11710 0. 558 o fild 03340781 0.934 I 0.060  0.E16-1.000 0,806 7 AT 06630540
1111 0.558 o o114 0334-0.7E1 0.934 i 0060  0.516-1,000 0, &30 L 0068 0, 705-0.971
04714 0.558 & bll4  0.3340.781 0.934 a 0060 08161000 0538 5 68 0700971

| Barimares < .00 have beew truncafed o 000 gnd’ esrimates > §.00 bave beew iruncared io [0



Appendix 6-2. Esimaes of anlasive natal dispersal (§), number of animals at *isk” of dispersal (ie.,
sample size of juveniles in their natal wetland) during inserval j (), standard error (SE) of the estimate, and 95%
confidence intervals for estimates of ﬁ’ﬁmmﬂhmﬂﬂdrmﬂﬁamngimdurﬁgm&&smdyymﬁﬂﬂpﬂﬁm
April 14). Estimates were derived using a Kaplan-Meier estimator. Estimates are shown only for the starting date,
ending date, and dates where a change in estimates occurred. The number of animals at risk (r,) changed as a result
of animals having been captured, having dispersed, having been censored, and having died. We have not shown all
changes in r, because of the high frequency of such changes.

A ix 6-2a. Estimates for SY 1992,
Northern Regions Southern Regions

Date & T SE (i) 95% C.L' W 5 SE( 95% C.1.'
04/15/92 0.000 1 = o 0.000 3 = =
04/19/92 0.111 9 0.105  0.000-0.316 0.000 13 k2 -
04/21/92 022 8 0.139  0.000-0.494 0.000 13 = x
06/26/92 0222 9 0.139  0.000-0,49%4 0.167 12 0.108  0.000-0.378
07/04/92 0319 8 0.152  0.022:0.617 0.167 10  0.108  0.000-0.378
07/07/92 0417 7 0.158  0.106-0.726 0.167 10  0.108  0.000-0.378
08/13/92 0533 5 0.164  0.212-0.855 0167 9 0108  0.000-0.378
09/05/92 0.650 4 0.150  0.338-0.962 0.167 9 0108  0.000-0.378
09/14/92 0.767 3 0.143  0.487-1,000 0167 9 0108  0.000-0.378
09/26/92 0.883 2 0.109  0.669-1.000 0167 9  0.108  0.000-0.378
10/26/92 0.883 1 0.100  0.669-1.000 025 9 0129  0.005-0.513
01/10/93 0.883 0 0.109  0.669-1.000 025 6  0.129  0.005-0.513
04/14/93 0883 0 0.109  0.669-1.000 0259 6 0129  0.005-0.513

! Ectimates < 0.00 have been rruncated to 0.00 and estimates > 1.00 have been truncated to 1.00.
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M‘ 6-2b. Estimates for 5Y 1993

Date v v SE@ 9%CIL v SE(H 95% C.1.'
04/15/93 0.000 © - - 0.000 13 - -
04/18/93 0.000 © - =~ 0.067 15  0.064  0.0000.193
04/26/93 0.000 0O - - 0.1383 13  0.091  0.0000.317
04/28/93 0.000 © - - 0.354 12 0.128  0.103-0.604
05/19/93 © 0000 5 - - 0.408 12  0.128  0.157-0.658
05/23/93 0.000 8 - - 0457 12 0.126  0.209-0.705
06/03/93 0.143 7 0.132  0.000-0.402 0457 11 0126  0.20940.705
06/11/93 0.143 6 0.132  0.000-0.402 0491 16 0123  0.250-0.732
06/13/93 0.143 6 0.132  0.000-0.402 0.525 15 0.119  0.291-0.759
06/28/93 0.143 8 0.132  0.000-0.402 0561 13  0.116  0.334-0,788
07/01/93 0.143 7 0.132  0.000-0.402 0598 12 0.112  0.379-0.817
07/29/93 0.250 B 0.153  0.000-0.550 0.598 7 0.112  0.379-0.817
07/30/93 0.357 7 0.165  0.034-0.680 0.598 7 0.112  0.379-0.817
08/04/93 0.464 6 0.168  0.134-0.794 0.655 7 0.109  0.440-0.870
08/06/93 0.571 5 0.165  0.247-0.895 0655 6 0.109  0.440-0.870
09/05/93 0.786 4 0.135  0.520-1.000 0.655 5 0.100  0.440-0.870
09/08/93 0.786 2 0.135  0.520-1.000 0.724 5 0.107  0.514-0.934
10/01/93 1.000 1 - -~ 0.724 2 0.107  0.514-0.934
10/03/93 1.000 0 - - 0.862 2 0.111 0.644-1.000
04/14/94 1.0000 0 - - 0.862 2 0.111  0.644-1.000

! Estimates <0.00 have been truncated 1o 0.00 and estimates > 1.00 have been truncated fo 1.00
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Agendix 6-2c. Estimates ;or SY 1994,

Northemn Regions Southern Regions
Date v T SE@) 95%ClL' v 5 SE () 95% C.1L!

04/15/94 0000 O - - 0.000 4 - —

05/13/94 0.000 2 - _ - 0.071 14 0.069 0.000 0.206
05/26/94 0.000 5 - - 0.143 13 0.0%4 0.000 0.326
05/31/94 0.000 5 - - 0.214 12 0.110 0.000 0:429
06/02/94 0.000 5 - - 0.357 11 0.128 0.106-0.608
06/09/94 0.200 5 0.179 0.000-0.551 0.357 11 0.128 0.106-0.608
06/14/94 0.200 10 0.179 0.000-0.551 0.397 16 0.126 0.149-0.645
07/05/94 0.500 7 0.177 0.153-0.846 0.397 15 0.126 0.149-0.645
07/14/94 0.500 5 0.177 0.153-0.846 0.518 15 0.119 0.285-0.750
07/19/94 0.600 5 0.167 0.272-0.928 0.518 10 0.119 0.285-0.750
07/27/94 0.600 4 0.167 0.272-0.928 0.614 10 0.113 0.393-0.835
08/12/94 . 0.600 4 0.167 0.272-0.928 0.663 8 0.109 0.449.0.875
08/23/94 0.700 4 0.152 0.401-0.999 0.663 7 0.109 0.449-0.875
09/14/94 0.700 3 0.152 0.401-0.999 0.711 7 0.103 0.508-0.913
09/29/94 0.700 3 0.152 0.401-0.999 0.759 6 0.097 0.569-0.948
10/04/94 0.800 3 0.130 0.544-1.000 0.759 5 0.097 0.569-0.948
11/10/94 0.800 2 0.130 0.544-1.000 0.807 5 0.088 0.633-0.981
11/11/94 0.800 2 0.130 0.544-1.000 0.855 4 0.078 0.701-1.000
01/22/95 0.800 1 0.130 0.544-1.000 0.855 3 0.078 0.70'1-1 .000
04/14/95 0.800 1 0.130 0.544-1.000 0.855 3 0.078 0.701-1.000

! Ecsimates < 0.00 have been truncated 1o 0.00 and estimates > 1.00 have been truncated 10 1.00
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Appendix 6-3. Estimates of comulative nasal dispersal (), number of animals at *isk" of dispersal (i.e.,
sample size of juveniles in their natal wetland) during interval j (r,), standard error (SE) of the estimate, and 95%
confidence iraervals for estimates of Ii; from marsh and lake habitats during each study year (SY)(April 15 1o April
14). Estimates were derived using a Kaplan-Meier estimator. Estimates are shown only for the starting date, ending
date, and dates where a change in estimates occurred. The number of animals at risk (r) changed as a result of
animals having been capiured, having dispersed, having been censored, and having died. We have not shown all
changes in r, because of the high frequency of such changes.

Appendix 6-3a. Estimates for SY 1992.

Marsh Habitat Lake Habitat
Date " T SE(h 95%C.lL' v r, SE@ 95%C.L'

04/15/92 0.000 2 - - 0.000 2 - -
06/03/92 0077 13 0.074  0.000-0.222 0.000 9 - -
06/04/92 0.154 12 0.100  0.000-0.350 0.000 9 - -
06/26/92 0.154 12 0.100  0.000-0.350 0222 9 0139  0.000-0.494
07/04/92 0224 12 0.114  0.001-0.448 0222 6  0.139  0.000-0.494
07/07/92 0224 11 0.114  0.0010.448 0352 6  0.165  0.027-0.676
08/13/92 0302 10  0.126  0.054-0.549 0352 4  0.165  0.027-0.676
09/05/92 0379 9 0.134  0.117-0.642 0352 4  0.165  0.027-0.676
09/14/92 0379 8 0.134  0.117-0.642 0.514 4  0.187  0.146-0.881
09/26/92 0379 8 0.134  0.117-0.642 0676 3  0.182  0.319-1.000
10/26/92 0457 8 0.138  0.186-0.727 0676 2  0.182  0.319-1.000
04/14/93 0457 5 0.138 _ 0.186-0.727 0676 1  0.182  0.319-1.000

! Ectimates <0.00 have been truncated 1o 0.00 and estimates > 1.00 have been truncated 1o 1.00.
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Appendix 6-3b. Estimates for 5Y 1993,

Marsh Habitat Lake Habitat
Date ¥ ; SE(hy 9SHCIL ¥ K SE () 95% C.L'

04/15/93 © 0,000 3 -- - 0,000 10 - -

04/18/93 0.000 3 - - 0.083 12 0.080 0.000-0.240
04/26/93 0.333 3 0.272 0.000-0.867 0.083 10 0.080 0.000-0.240
04/28/93 0.333 2 0.272 0.000-0.867 0.358 10 0.144 0.075-0.641
05/19/93 0.333 6 0.272 0.000-0.867 0.417 11 0.142 0.137-0.696
05/23/93 0.333 ) 0.272 0.000-0.867 0.462 13 0.138 0.190-0.733
06/03/93 0.444 6 0.248 0.000-0.931 0.462 12 0.138 0.190-0.733
06/11/93 0.444 10 0.248 0.000-0.931 0.506 12 0.134 0.244-0.769
06/12/93 0.444 10 0.248 0.000-0.931 0.551 11 0.129 0.298-0.804
06/28/93 0.444 11 0.248 0.000-0.931 0.596 10 0.124 0.353-0.838
07/01/93 0.444 10 0.248 0.000-0.931 0.641 9 0.118 0.410-0.872
07/29/93 0.514 B 0.227 0.069-0.959 0.641 7 0.118 0.410-0.872
07/30/93 0.514 7 0.227 0.069-0.959 0.692 T 0.112 0.473-0.911
08/04/93 0.583 ) 0.205 0.181-0.985 0.744 6 0.104 0.539-0.948
0B8/06/93 0.583 6 0.205 0.181-0.985 0.795 5 0.095 0.608-0.981]
09/05/93 0.583 5 0.205 0.181-0.985 0.897 4 0.070 0.760-1.000
09/08/93 0.667 5 0.180 0.313-1.000 0.897 2 0.070 0.760-1.000
10/01/93 0.667 2 0.180 0.313-1.000 1.000 1 - -

10/03/93 0.833 2 0.148 0.542-1.000 1.000 1] - -

04/14/94 0.833 1 0.148 0.542-1.000 1.0:00 1] -- .

! Estimates <0.00 have been truncated to (.00 and estimates > .00 have been truncated o 1,00
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Appendix 6-3c. Estimates for SY 1994,

Marsh Habitat Lake Habitat
Date ¥ , SE@H 9S%cCl ¢ r, SE(fH 9HECIL

04/15/94 0.000 0 - - 0.000 4 - -

05/13/94 0.000 4 - - 0.083 12 0.080  0.000-0.240
05/26/94 0.000 5 - - 0.154 13 0.100  0.000-0.350
05/31/94 0.000 5 - - 0224 12 0.114  0.001-0.448
06/02/94 0.000 5 - ~ 0365 11  0.130  0.111-0.620
06/09/94 0.143 7 0.132  0.000-0.402 0365 9 0.130  0.111-0.620
06/14/94 0.143 12 0.132  0.000-0.402 0.411 14  0.128  0.159-0.662
07/07/94 0.143 10  0.132  0.000-0.402 0.45%6 13 0.126  0.209-0.703
07/09/94 0314 10 0151  0.017-0.611 0456 12 0.126  0.209-0.703
07/14/94 0314 8  0.151  0.017-0.611 0.592 12 0.116  0.363-0.820
07/19/94 0.429 6  0.164  0.1070.750 0592 9 0.116  0.363-0.820
07/27/94 0.429 5  0.164  0.107-0.750 0.683 9 0.107  0.473-0.892
08/12/94 0429 5 0164  0.107-0.750 0.728 7 0.101  0.530-0.925
08/23/94 0.543 5  0.166 0.217-0.869 0.726 6 0.101  0.530-0.925
09/14/94 0543 4 0166 0.217-0.869 0.773 6 0.094  0.590-0.957
09/29/94 0.543 4  0.166 02170.869 0.819 5 0.085  0.651-0.986
10/04/94 0.657 4 0159  0.345.0.969 0.819 4 0.085  0.651-0.986
11/10/94 0771 3 0.141  0.494-1.000 0819 4 0.085  0.651-0.986
11/11/94 0771 2 0.141  0.494-1.000 0.864 4 0.075  0.717-1.000
04/14/95 0771 1 0.141  0.494-1.000 0.864 3 0.075 _ 0.717-1.000

! Estimates < 0.00 have been truncated to 0,00 and estimates > 1.00 have been truncated fo 1.00

168



Appendix 6-4. Waser gauges used for hydrologic analyses of individual wetlands in this report. Also shown is

Mﬂ@mﬂ:mmgﬁeﬂﬂ

Wetland
Wetland Abbr. Gange(s) Agency
Big Cypress National Preserve BICY NP-34 Big Cypress National
Preserve
Everglades NMational Park ENP NP-33 Everglades National Park
East Lake Tohopekaliga ETOHO 559 H South Flonida Water
Management District
Lake Kissimmee KISS Lake Kissimmee U.S. Geological Survey,
Water Resources Division
Lake Okeechobee OKEE Okeechobee 10-station average  U.S. Army Corps of
Engineers
St. Johns Marsh SIM 5-251E (within study-period St. Johns River Water
effects) Management District
Blue Cypress Lake [Jong-term
hydrologic regimes)
Lake Tohopekaliga TOHO Lake Tohopekaliga U.8. Geological Survey,
Water Resources Division
Loxahatchee National Wildlife Refuge LOX CAl1-7 U.5. Army Corps. Of
Engineers
Water Conservation Area 2A WCAZA CA2-17 U.5. Army Corps. Of
Engineers
Water Conservation Area 2B WCA2ZB 2B-Y South Florida Water
. Management District
Water Conservation Area 3A WCA3A  CA3-28 U.S. Army Corps. Of
Engineers
West Palm Beach Water Catchment Area  WFB 3-Gange Average (CNTL3, City of West Palm Beach

CNTLA4, STAT)
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