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3.3  Discussion 
 
Potential Population Size.  Potential population size is often estimated by dividing 

the area of xeric oak habitat by 10 ha.  Dividing the area of xeric habitat by 10 ha 
resulted in a potential population size of 354 territories, which was similar to other 
estimates (e.g., Swain et al. 1995).   Dividing our estimate of palmetto-oak by 10 ha 
suggested there was enough habitat for another 482 territories, which more than 
doubled the potential population size.  Independent mapping studies by the Brevard 
County Natural Resources Department (2002) produced similar increases in estimated 
habitat.   Therefore, the estimated amount of potential habitat has increased over time 
even though the actual amount of potential habitat has decreased because of rapid 
urbanization (Toland 2001).  This occurred because our knowledge of species-specific 
habitat relationships has increased and because the application of land cover maps that 
are not specifically designed to map habitat of specialized species can result in many 
potential errors (Breininger et al. 1991a, 1995; Breininger and Oddy 2001).  Landcover 
maps usually cannot distinguish secondary and tertiary territories from mesic flatwoods 
that is devoid of scrub oaks and is unsuitable.  Our habitat mapping and independent 
mapping by Brevard County Natural Resources explicitly considered habitat features 
within the flatwoods matrix that were important to scrub species.   

 The relative distribution of potential territories among xeric oak and palmetto-oak 
changed when applying the potential territory model, which more realistically allocated 
territories along xeric oak scrub ridges.  Within PRUs, the potential territory model 
suggested 535, 209, and 89 territories respectively for primary, secondary, and tertiary 
territories.  Thus, the number of territories in xeric oak (primary) increased and the 
number allocated to palmetto-oak (secondary and tertiary) decreased.  This occurred 
because we limited the total number of territories to the maximum amount possible 
based on the sum of total oak and palmetto-oak and because we preferentially allocated 
territories from primary to secondary to tertiary until the total number of potential 
territories equaled the total based on a sum of all xeric oak and palmetto-oak.  The 
increased proportion of primary territories occurred because xeric oak scrub ridges were 
narrow relative to grid cells so that grid cells were not entirely comprised of xeric oak 
scrub allowing a greater allocation of primary territories than would be expected if 
primary territories would have needed to be entirely comprised of xeric oak scrub.  Real 
primary territories overlapping scrub oak ridges along Florida’s Atlantic Coast also are 
only partially comprised of xeric scrub oak patches and include many smaller poorly-
drained ridges, palmetto-lyonia, marshes and other cover types (Breininger et al. 1991a, 
1995, 1998).    

When landscape features permitted, we subjectively extended our PRU boundaries 
a few hundred meters beyond xeric oak scrub and palmetto-oak to buffer the ridges to 
enhance dispersal (see Stith 1999), reduce edge effects (see Mumme et al. 2000, 
Bowman and Woolfenden 2001), enhance prescribed fire (see Breininger et al. 2002), 
and because actual Florida scrub-jay territory boundaries extend for hundreds of meters 
past the focal habitat patches (Breininger et al. 1995, 1998).   Consequently, the PRUs 
might be able to support more tertiary territories than we estimated.  A large number of 
tertiary territories could only be supported if there was a continuously large excess of 
potential breeders because tertiary territories are sinks (see section 5.0 and Breininger 
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and Oddy [2001]).  This excess could only be sustained if habitat conditions were 
optimal and source territories exceeded sink territories (Breininger and Carter 2003).   
The proportion of a population that can be sustained in these areas will depend on the 
amount of sink habitat, the rate of population decline in sinks, and regional processes of 
productivity in sources and immigration into sinks (Dias 1996).  This is further 
complicated by the cooperative breeding system and under what conditions jays choose 
to disperse into marginal habitat.  Florida Scrub-Jays have propensities to avoid 
dispersing into some types of marginal habitat (Woolfenden and Fitzpatrick 1984, 
Fitzpatrick and Woolfenden 1986). The proportions of sinks that can be sustained by 
sources is best estimated using population models, because stage-based vital rates, 
environmental and demographic stochasticity, density dependence, dispersal 
propensities, catastrophes, and changing habitat conditions, make calculations too 
complicated using human intuition and simple math (Burgman et al. 1993, Akçakaya et 
al. 1999, Breininger et al. 2002).  We kept our estimates of potential territories simple 
and conservative within PRUs in this report by using the maximum area of oak and 
palmetto-oak to provide a limit on the number of territories that could be supported 
within PRUs. 

The proportion of primary, secondary, and tertiary territories that actually occur 
within landscapes can be estimated by the sample sizes for juvenile production in our 
study sites given that we attempted to quantify juvenile production in all territories within 
landscapes without preferentially studying jays in primary, secondary, or tertiary 
territories.  These percentages were 63%, 31%, and 5% respectively for primary, 
secondary, or tertiary territories (Section 5, Table 9).  The estimated percentages for the 
potential territory model were 64%, 25%, and 11% respectively for primary, secondary, 
or tertiary territories.  These relative percentages were similar, although the proportion 
of territories occupied might have been greater if most habitat had not been of marginal 
habitat quality.   

Regardless of these uncertainties, palmetto-oak allows the population to be much 
larger and better able to withstand environmental stochasticity (Pulliam 1988, Howe et 
al. 1991).  This occurs because there is back-migration from suboptimal into optimal 
habitats (Breininger and Carter 2003, Breininger and Oddy unpublished manuscript).  
Palmetto-oak territories can also buffer oak scrub from human edge effects and they 
provide for greater connectivity.   

 
Potential Conservation Areas.   The population in 1992 was probably >400 pairs, 

which was the criteria for designating a core population (Stith et al. 1996).  Therefore, 
the population could be designated a core population, making it one of the four largest 
populations within the species range.  The potential habitat is sufficiently contiguous so 
that the three metapopulations could be considered as one based on Stith et al.’s 
(1996) criteria if habitat was restored and recolonized by Florida Scrub-Jays in areas 
that currently separate the metapopulations.  Historical mapping indicates that the 
habitat was once contiguous (Duncan et al. unpublished data).   

 In Section 5.0 we document population exchange between the Central Brevard 
and South Brevard-Indian River-St Lucie metapopulations.  Therefore, these could be 
considered the same metapopulation, which has a potential size that can exceed 400 
pairs, although it might take time to reach such a recovery goal once enough habitat 
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was acquired and restored.  Given rampant human population expansion form Palm 
Bay to Cocoa, it is also likely that the Viera territory cluster might become its own 
separate metapopulation that would be vulnerable to extinction.  The small territory 
cluster at Wickam Park might supplement the Viera population because Wickam Park is 
a Brevard County park, although it lacks a specific conservation plan.   

Historical aerial photographs indicate that most potential territories were open 
savannas and therefore should have been suitable Florida scrub-jay habitat (Breininger 
personal observation, Duncan and others unpublished data).  Only about 1/2 of the 
potential habitat is protected if one assumed a recovery goal was to recover scrub-jay 
populations to the maximum extent possible without including suburban jays that seem 
to have poor long-term persistence probabilities (Stith et al. 1996, Breininger 1999, 
Bowman unpublished, Stith 1999).  Almost half the potential territories within PRUs 
have not even been proposed by a conservation land acquisition organization for 
protection.  Some of these include landscapes of scrub and flatwoods that are 
contiguous for >5.0 kilometers (e.g., north of Buck lake, south of Fellsmere Road.     

Except for Central Brevard, these metapopulations have some of the greatest 
potential within the range of the Florida scrub-jay (Stith 1999).  Much additional habitat 
protection is needed to reduce extinction risk (Root 1998, Breininger et al. 1999a, Stith 
1999).  Separated and greatly reduced metapopulations might be vulnerable to 
inbreeding and the reduction of genetic information necessary for adaptation and 
resistance to new threats.  A new threat, for example, includes the introduced West Nile 
Virus.  

Additional mitigation and habitat acquisition efforts need to focus on making 
subpopulations larger and enhancing the connectivity between metapopulations.  These 
also should focus on reducing edge/area ratios, which do not influence Florida scrub-jay 
population viability (see Mumme et al. 1991, Bowman and Woolfenden 2001) but are 
also critical to consider for other species (Breininger et al. in press).  Several potentially 
large PRUs need to be incorporated into land acquisition plans.  Developing a plan for 
conservation is complicated by economics and the willingness of sellers (of land).  
Recovery planning must be opportunistic by setting targets for overall population size 
and arrangement that are flexible enough to be implemented on a regional scale where 
there is political resistance to growth management and land use planning specific to 
maintaining viable populations.  The relevance of each PRU is described in Section 6.    
 
Habitat Quality of Potential Territories.  
 
 Habitat quality of most potential territories was poor because tree densities had 
become too great or because shrubs had become too tall.  These changes were 
becoming common by the 1960s as natural and prescribed fire (by ranchers) 
frequencies were reduced because of urbanization and fire suppression (Duncan et al. 
1999, in press).   Habitat quality was already poor by 1992 and probably had been poor 
for decades (Swain et al. 1995, Boyle 1996).  Populations presumably have been 
declining for decades based on habitat quality and habitat-specific demographic data 
collected elsewhere (Woolfenden and Fitzpatrick 1991, Root 1998, Breininger et al. 
1999a).  Many conservation areas showed progress in restoring habitat, but most still 
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were suboptimal in 2002, because restoration is often a slow process (Schmalzer and 
Boyle 1998, Breininger and Carter 2003).   
 Habitat quality was generally worst in North Brevard because of a longer history of 
fire exclusion.  Much scrub was still ranchland in Central and South Brevard during the 
1970s and ranchers frequently used prescribed fire.  Extensive fuels loads were 
reduced by 1998 wildfire in North Brevard, but these occurred in a region (Buck Lake 
and North) where Florida scrub-jay populations had declined to only a few pairs.   
Primary territories had a greater tendency to be tall with too many trees compared to 
secondary and tertiary territories because they do not burn as readily as palmetto-
dominated habitats (Breininger et al. 2002).   Primary territories should have had 
greatest propensities to be optimal, instead of short, if fire regimes were frequent 
(Breininger and Oddy unpublished manuscript).   
 Potential territories along roads tended to have the poor habitat quality not only 
because small habitat fragments have a lower propensity to burn (Duncan and 
Schmalzer unpublished) but also because edges themselves burn poorly (Breininger et 
al. 2002).   
 
 Population Size  
 
 Population declines were much greater than the rates of habitat loss, as expected 
because of poor habitat quality.  The differences between actual population size and 
potential population size was probably greatest in North Brevard because habitat quality 
was the poorest and this probably occurred for the longest period because so many 
potential territories were tall and forested.  Unless scrub has remained unburned for 
long periods, it takes an average of 20 years to become suboptimal and much longer to 
become forested (Schmalzer et al. 1994).   
 We do not know why population declines did not appear in Central Brevard 
between 1992 and 2002.  One possibility was that 1992 populations were 
underestimated and another possibility is that habitat quality actually improved between 
1992 and 1999.  Habitat quality was generally poor in 1992 (Swain et al. 1995, Boyle 
1998) but wildfires and habitat management at the Viera mitigation site caused 
improvements.  Site-specific descriptions of population size changes are provided 
elsewhere (Brevard County Natural Resources Department 2002).   
 
4.0 Demography and Dispersal of Florida Scrub-Jays on the Mainland of Central 
Florida’s Atlantic Coast. 

 
The focus was to classify actual territories based on their habitat characteristics and 

quantify their demography.  The quantification of habitat-specific demography is critical 
for understanding how habitat arrangements influence population dynamics and for 
developing population management strategies (Pulliam et al. 1992).  We focus on the 
territory scale because these are the most basic landscape unit for quantifying habitat-
specific population processes (Breininger and Carter 2003).  We compare habitat 
potential of primary, secondary, and tertiary territories described in Chapter 3 to 
evaluate the potential contributions of palmetto-oak to Florida scrub-jay populations.   
We evaluate whether the edges of conservation reserves are likely to be population 
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sinks, which would suggest extirpation of all populations, except in the largest reserves.  
We test rapid habitat assessment procedures that might explain the population decline 
and be used to determine prescribed fire management needs.  We do not use our more 
detailed habitat suitability index model (Duncan et al. 1995, Breininger et al. 1998) 
because it is cumbersome for managers to implement, especially given the 
uncertainties (Burgman et al. 2001).  We also quantify dispersal patterns and 
exchanges among territory clusters that we observed.   

 
4.1 Methods 

 
Study Sites.  On the mainland, colorbanding began during 1997 in South Brevard 

because most Florida Scrub-Jays and protected areas occurred there.  We expanded 
study sites as areas were acquired for conservation allowing us to obtain access for the 
following investigations.  A Florida Fire Science Team was formed to address questions 
that remained following the large 1998 wildfires.  This team funded our initial expansion 
into North Brevard (Breininger et al. 2001).  In 2000, we expanded into Central Brevard 
because of rapid habitat destruction and concerns by the U.S. Fish and Wildlife Service 
and recovery team biologists.  The study ended prematurely after July 2002 because of 
funding.  Figure 17 and Table 7 summarize the locations of territory mapping, 
demography, and dispersal studies involving color-banded Florida Scrub-Jays.  We did 
not perform demography studies at Hollywood and Pirates territory clusters, although 
territory boundaries were provided.  To quantify population size and dispersal into study 
tracts, we banded Florida Scrub-Jays at many sites where we did not perform territory 
mapping or demography studies (e.g., Port St John, East Micco, and Wabasso).  
Previous sections described that surveys for dispersed jays were conducted throughout 
85% of the metapopulation. 
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Table 7.   Number of Florida scrub-jay territories investigated on the mainland of 
Brevard County and Indian River County.   
Territory Cluster 199

7 
1998 1999 2000 2001 2002 

Buck Lake 0 0 3 2 2 2 
Seminole Ranch  0 0 0 11 8 7 
Tico-Grissom 0 0 0 16 20 17 
Viera 0 0 0 1 18 14 
Wickam 0 0 0 10 17 17 
Malabar-Jordan-Valkaria 35 25 28 33 33 43 
Stewart 0 0 0 0 4 4 
Palm Bay 26   17  13 18 20 19 
West Micco 13 11 9 9 10 11 
Sebastian 3 3 3 16 14 14 
Fellsmere 5 5 6 4 31 32 
Totals 82 61 62 120 177 180 

 

 
Capture, colorbanding, and census.  For each new study area, we repeatedly 
surveyed the site 2-7 days each week to quantify the number of Florida scrub-jay 
territories and individuals occupying the site.  During this time, we exposed Scrub-Jays 
to raw peanut bits to prepare them for capture.  Once jays became familiar with 
peanuts, we baited Potter traps but kept the trap doors wired open.  Once many jays 
entered traps, we began the capture process.  In addition to Potter traps, we used drop 
traps to capture jays unwilling to enter Potter traps.  Mist nets were also used to capture 
jays unwilling to enter either trap.   Captured jays were banded with a unique 
combination of one silver and 2-3 colorbands.  Once captured, covert feathers were 
examined to distinguish individuals less than one-year-old from older jays.  We 
attempted to capture every jay providing we had access to its territory.  Unbanded jays 
remained at most sites because they were difficult to capture or because we could not 
obtain permanent access.  Conservation often involved partial acquisition of potential 
habitat within landscapes and this influenced our access.  Access improved during the 
study as more land was acquired.    
 Throughout the study we color-banded juveniles and immigrants.  We had 
difficulties capturing many individuals on several sites so that some demographic 
analyses (e.g., survival) involved samples of the population at those sites and not 
complete demographic analyses of every territory.  Most Florida Scrub-Jays were color-
banded at a site before we began quantifying survival at the site.  Breeders were 
identified based on dominance behaviors, intensity of territory defense, and nesting 
activities (Woolfenden and Fitzpatrick 1984, 1991, 1996: Breininger et al. 1996a; 
Breininger 1999).  Our efforts were to focus on banding as many jays in as many 
territories as possible, rather than conducting the intensive systematic nest searches 
sometimes performed.   Juveniles were tallied among all territories in July.  We 
sometimes quantified juvenile production before most individuals were color-banded 
because juveniles in July were conspicuous and nearly always could be found with their 
families.   
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Territory mapping.  Territory mapping was conducted from April through May.  

Normally, boundaries were delineated to within a few meters by initiating disputes 
between families (Woolfenden and Fitzpatrick 1984, Breininger et al. 1995).   All 
published studies have involved areas where all scrub was rigorously contested and 
occupied by jays (Woolfenden and Fitzpatrick 1984, Breininger et al. 1995, 1998).  In 
this study, territory disputes did not occur in some large expanses of mesic flatwoods, 
extensively burned areas, forests, agricultural areas, or urban areas that were adjacent 
to areas occupied by Florida Scrub-Jays.  Areas of unoccupied suitable habitat often 
occurred adjacent to occupied territories.  In these cases, we mapped boundaries 
based on areas where jays appeared unwilling to enter.  Territory boundaries for every 
year were digitized as ARC/INFO polygon files.  The primary purpose of these 
boundaries was to characterize habitat quality at the territory scale.  We did not focus 
our analyses on territory size because Florida Scrub-Jays used much larger areas than 
they need because population sizes were far below carrying capacity in most areas. 

 
Territory quality.  Oak cover and proximity to human edges represented habitat 

potential; height arrangements represented current habitat suitability and were 
influenced by fire history.  Oak cover in territories was classified as primary if the 
territory intersected >0.4 ha of oak scrub on well-drained soils (Breininger and Oddy 
2001).  We used U.S. Department of Agriculture soils maps (Huckle et al. 1974, 
Wettstein et al. 1984) to define well-drained soils.  Territories were designated 
secondary if they did not intersect well-drained oak scrub but intersected scrub oak 
polygons having > 50% scrub oak cover but >0.4 ha.  Territories were designated 
tertiary if they lacked any oak scrub polygons > 0.4 ha in size that had  > 50% oak 
cover.  We classified territories into three categories based on their context to human-
dominated landscapes.  “Core” territories were not adjacent to human housing or hard 
surface roads.  “Edge” territories were within potential reserves and bordered human 
landscapes, but were not adjacent to hard surface roads.  “Suburban territories” 
occurred within suburban areas or were adjacent to hard surface roads.  Height was 
classified using criteria in Table 3 derived from long-term studies at KSC (Breininger 
and Carter 2003).   
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Figure 17.  Locations of Florida scrub-jay territories that were mapped in 2001 or 
2002.  Florida Scrub-Jays were also colorbanded in many other locations. 
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Analyses.  Individual study years were from 1 April to 31 March.  The demographic 
study funded by the U. S. Fish and Wildlife Service ended in July 2002 because of 
funding cuts.  We did not separate the 1997 epidemic year from other years because 
we no longer assumed epidemics were rare annual events (see Woolfenden and 
Fitzpatrick 1984).  West Nile Virus is a new potential disease that could be common and 
widespread, as confirmed in sentinel chickens with Brevard County and Indian River 
County during the summer of 2002.  Related studies in 2002 suggest that survival of 
Brevard and Indian River county Scrub-Jays was greatly reduced by this new disease. 

Continuities of pair-bonds between successive breeding seasons were compiled for 
all years for pairs where both breeders were colorbanded.  Four categories were used 
to describe changes in pair-bonds between breeding seasons: one breeder paired with 
another Florida Scrub-Jay after the death of its spouse in the same territory; one 
breeder became a nonbreeder after the death of its spouse; mortality of both breeders; 
and divorce (Breininger et al. 1996a, Breininger 1999).   

We calculated the mean distance between natal and breeding destination territories 
for males and females (see Woolfenden and Fitzpatrick 1984).  We also developed a 
dispersal curve that was based on the number of territories that occurred between the 
natal territory and the territory where jays first bred.  This was produced was by 
establishing a straight line between natal and breeding destination territories and then 
counting the actual territories that intersected the line.  We compiled all data on Florida 
Scrub-Jays having a known history since hatching to quantify the frequency that one-
year-old jays delayed breeding.     

We defined juveniles as young Florida Scrub-Jays present in July when most of 
them approached nutritional independence (Woolfenden and Fitzpatrick 1984).  For 
each year, the number of juveniles and yearlings produced per breeding pair was 
calculated in every territory.   

Annual survival for helpers and breeders was calculated as the number of jays that 
survived during a study year divided by the number alive at the beginning of the study 
year (Woolfenden and Fitzpatrick 1984, 1996; Breininger et al. 1995, 1996a, 1998a).  
We calculated birds as having survived if they were seen anytime after the annual 
survival period ending date.  Survival analyses were performed only on colorbanded 
individuals.  Bowman (unpublished report) compared these approaches with mark-
recapture models and determined that breeder survival analyses produced identical 
results but that the above approaches produced slight, but insignificantly lower, 
nonbreeder survival rates.  We didn’t perform mark recapture analyses because our 
mean monthly detection probabilities exceeded 0.9 and so that our apparent survival 
estimates approached true survival estimates, excluding permanent and undetected 
emigration.  To investigate potential errors we tallied all birds that were known to be 
alive but that were not observed for an entire year.  We also tallied all jays known to 
have emigrated but that would not have been known to survive had we not been 
surveying most of the population on a regular basis.  Extensive peripheral surveys 
allowed us to observe most successful offsite dispersals because we surveyed >85% of 
the population.   We will investigate these small errors more extensively using multi-
state models (Williams et al. 2001) and other approaches (e.g., Koenig et al. 2000) as 
we prepare results for journal publication.   
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We calculated demographic performance for every year in every territory within our 
study area by subtracting the number of breeders that died from the number of yearlings 
that were produced (Breininger et al. 1995, 1998).  Demographic performance was 
calculated only for pairs where both breeders were colorbanded.  We assumed that our 
samples approximated independent observations because there was more than normal 
annual breeder turnover, because individual territories often varied among treatment 
categories (e.g., breeder experience, presence/absence of helpers), because there was 
much annual variation in spatial distributions of habitat suitability, and because there 
was annual variation in environmental factors (e.g., rainfall) and population density.   
Furthermore, study site expansions allowed us to increasingly sample a larger portion of 
the actual population so that new pairs were continuously being added into the sample 
and we studied a large proportion of the population. 

 We used one-sample Kolmogorov-Smirnoff tests to determine whether data 
differed from a normal distribution.   If they differed significantly (p < 0.05), we used 
nonparametric Mann Whitney U exact tests for two treatment tests and Kruskal-Wallis 
exact tests for multiple treatment tests (SPSS 1999).  We also used ANOVAs (SPSS 
1999) to test whether means varied among treatments (habitat types, presence of 
helpers).  When assumptions regarding normality and the homogeneity of variance 
were violated, we still focused our presentation on the parametric ANOVAs, providing 
the conclusions regarding the results of statistical significance were the same (p < 0.05) 
with the nonparametric tests.  We used parametric analyses of variances because they 
tend to be robust to deviations from normality and homogeneity of variances and we 
wanted to perform pair-wise comparisons.  Providing the means were significantly 
different, pair-wise comparisons were performed using Tukey’s tests when variances 
were homogeneous.  We used the Games-Howell tests when variances were not equal 
(SPSS 1999).   Differences in breeder survival among treatments categories were 
tested using likelihood ratio exact tests.  

More complex analyses will be performed on a set of alternative general linear 
models to test for interactions among variables as the data is prepared for scientific 
journal publication.  We chose to avoid such analyses in this report in order to avoid the 
negative consequences of data dredging and because preliminary analyses revealed 
that limited sample sizes for optimal territories greatly limited the management utility of 
multivariate analyses.  Sample sizes for optimal territories were only beginning to 
become sufficient for investigating multivariate relationships prior to termination of the 
study.  A slow accumulation of optimal territories across a range of other habitat factors 
occurred because there were few optimal territories in public ownership when the 
studies began.  The number of optimal territories increased slowly because there was a 
lag between the time habitat became optimal after land acquisition because of 
vegetation response to fire and the logistical difficulties associated with restoration 
(Breininger and Carter 2003).   
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4.2  Results 
 
We color-banded 800 Florida Scrub-Jays and studied demography of 180 Florida 

scrub-jay territories during 2002, which represented approximately 64% of the combined 
North Brevard, Central Brevard, and South Brevard-Indian River-St. Lucie 
metapopulations.   We present 2 examples to demonstrate the dynamics of habitat 
occupancy and territory shifts.  The first example shows that the amount of habitat 
occupied can change greatly across years and that Florida Scrub-Jays were not 
restricted to xeric oak scrub (Figure 18).  In this example, all palmetto-oak territories 
were almost always occupied but xeric oak territories were often not occupied because 
they did not burn enough or they burned too extensively.  The second example shows 
an example of variation between years (Figure 19).  None of the examples were 
unusual for the data set. 

 
Basic Demography.   Of pair bonds where both breeders were color-banded, 61% 

stayed together between successive years, 23% involved the death of one breeder and 
the survivor finding a replacement breeder, 11% involved the death of both breeders, 
4% involved the death of one breeder with the survivor becoming a non-breeder, and 
1% resulted in divorce.  The respective probabilities that individual breeders bred, 
helped, or floated during the next year were 0.97, 0.02, and 0.01 for breeders that 
survived the year (n= 754).  

Mean family size during the study was 2.77 adults (n = 682).  The respective 
probabilities that helpers bred, helped, or floated during the next year were 0.36, 0.62, 
and 0.02 for helpers that survived to the following year (n= 254).  Sixty-five percent of 
female one-year-olds (n= 101) helped during the first nesting season after hatching.  
Seventy-nine percent of male one-year-olds (n=136) helped during the first nesting 
season after hatching.  Sex-specific differences in the frequency of helping by one-year-
olds were significant (log likelihood ratio value = .023; P = 5.185).   

A total of 312 color-banded jays permanently disappeared.  There were 7 Florida 
Scrub-Jays that disappeared for >1 year and were later re-sighted.  These included 3 
breeders, 3 juveniles, and 1 helper.  Only 2 of these did not move to another territory 
cluster.  Only 6 breeders were observed to move from the cluster where they were 
observed to have first bred.  Only 3 one-year olds moved to a territory cluster that was 
different than their natal cluster.  Thirteen helpers moved to another territory cluster.   

There was much annual variation in demography (Table 8).  Female breeder 
survival was 0.75 (n = 285) and male breeder survival was 0.76 (n = 331); these 
differences were not significant (log likelihood ratio value = .151; P = 0.768).  Female 
helper survival was 0.76 (n = 106) and male helper survival was 0.73 (103) these 
differences were not significant (log likelihood ratio value = .361; P = 0.548).   

Juvenile production was 0.94 (n = 190) for experienced breeders and 0.52 (n = 56) 
for novice breeders; these differences were significant (F = 4.527; P = 0.034).  Yearling 
production was 0.58 (n = 111) for experienced breeders and 0.40 (n = 40) for novice 
breeders; the P value for these differences was 0.305 (F = 1.061).  Survival of 
experienced breeders was 0.81 (n = 303), and survival of novice breeders was 0.73 (n = 
86); the P value for these differences was 0.134 (log likelihood ratio value = 2.248).  
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Demographic performance was 0.23 (n = 108) for experienced breeders and -0.26 (n = 
38) for novice breeders; these differences were significant (F = 4.659; p = 0.033).   

 Juvenile production was 0.94 (n = 335) for breeders with helpers and 0.66 (n = 
347) for pairs without helpers; these differences were significant (F = 8. 593; P = 0.004).  
Yearling production was 0.56 (n = 240) for breeders with helpers and 0.42 (n = 255) for 
pairs without helpers; the P value for these differences was 0.094 (F = 2.807).  Survival 
was 0.80 for breeders with helpers and 0.72 for breeders without helpers; these 
differences were significant (F = 6.020; P = 0.014).   Demographic performance was 
0.214 (n = 135) for pair with helpers and -0.13 (n = 127) for pairs without helpers; these 
differences were significant (F = 5.342; P = 0.022). 

 
Demography and Habitat Arrangements.  A large number of territories occurred 

in palmetto-oak even and most territories not located along xeric oak scrub (primary 
ridges) occurred in secondary territories (Table 9).  Secondary territories did not have 
lower demographic success than primary territories; tertiary territories were population 
sinks. 
 
Table 8.  Annual variation in demography and comparison with other published studies 
Location Year Juveniles 

/pair 
Yearlings

/pair 
Demographic 
performance 

Breeder 
Survival 

Helper 
Survival 

Brevard Mainland 1997 0.83 0.39 -0.82 0.51 0.77 
Brevard Mainland 1998 0.65 0.36 -0.09 0.73 0.78 
Brevard Mainland 1999 1.75 0.80 0.35 0.72 0.75 
Brevard Mainland 2000 0.74 0.32 -0.05 0.77 0.68 
Brevard Mainland 2001 0.82 0.59 0.20 0.83 0.77 
Brevard Mainland 2002 0.52 N/a N/a N/a N/A 

Mean of Annual Means 0.89 0.49 -0.08 0.71 0.75 
South Brevard 
Beaches a 

1993-
1997 

0.41 0.22 Not reported 0.73 0.48 

Happy Creek 
at KSC b 

1989-
1993 

0.47 0.32 Not reported 0.80 0.73 

Tel 4 at KSC b 1988-
1993 

0.96 0.62 Not reported 0.76 0.72 

Optimal Scrub at 
Archbold c 

1969-
1986 

1.23 0.68 Not reported 0.81 0.74 

Tall Scrub at 
Archbold d 

1969-
1986 

0.80 0.36 Not reported 0.72 Not 
reported

a Breininger (1999). 
b Breininger et al. 1996a 
c Woolfenden and Fitzpatrick 1984 
d Woolfenden and Fitzpatrick 1991 
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Figure 18.  Comparison of Occupied Territories at Valkaria. 
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Caption 9.  Juvenile Florida Scrub-Jays showing brown head and silver tips on 
coverts.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9. Demography among territories having different scrub oak cover. 

Type of scrub (mean + standard error;  
sample sizes in parentheses) 

 Statistics  

Primary a Secondary b Tertiary c  ANOVA 
(F) 

P 

Juvenile 
Production 
(pairs) 

0.85 + 0.06 
(432) 

0.75 + 0.08 
(213) 

0.43 + 0.12 
(37) 

 2.235 0.108

Yearling 
Production 
(pairs) 

0.51 + 0.06 
(309) 

0.47 + 0.81 
(161) 

0.32 + 0.12 
(25) 

 0.562 0.571

Demographic 
Performance 
(pairs)  

-0.02 + 0.09 e, f 
(162) 

0.26 + 0.12 e 

(86) 
-0.50 + 0.27 f

  
(14) 

 3.070 0.048

Breeder 
Survival 
 

0.73 +  0.02 
(381) 

0.84 + 0.03 
(207) 

0.59 + 0.09 
(27) 

 12.635 d 0.002

a = xeric oak scrub.  
b = palmetto-oak with patches of oak scrub >0.4 ha and no xeric oak scrub. 
c = palmetto-oak with no patches of oak scrub >0.4 ha and no xeric oak scrub. 
d = Log likelihood test value; ANOVA not performed on breeder survival. 
e,f = Post Hoc analyses suggested these were not significantly different p >0.05. 
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Proximity of territories to human landscapes was not a good predictor of demographic 
success when other habitat factors were not considered (Table 10).  The arrangement 
of shrub height within territories was the most important predictor of demographic 
success (Table 11).  Sample sizes were low for short territories during all years.  
Sample sizes were also low for optimal territories, except during 2001 and 2002.  Only 
optimal scrub produced an excess of potential breeders.  Although sample sizes were 
too low to draw conclusions, reserve edges did not appear to be population sinks if 
habitat conditions approached optimal (Table 12).  We just began accumulating 
samples to investigate the influence of human landscape context in territories with 
optimal height arrangements when funding expired. 
 
 
Table 10. Demography among territories having different attributes of human landcover. 

Type of scrub (mean + standard error;  
sample sizes in parentheses) 

Statistics  

Core a Reserve Edges b Suburbs c ANOVA (F) P 
Juvenile 
Production 

0.88 + 0.08 
(277) 

0.90 + 0.13 
(108) 

0.69 + 0. 60 
(297) 

2.195 0.112

Yearling 
Production 

0.58 + 0.07 
(187) 

0.59 + 0.10 
(80) 

0.38 + 0.06 
(228) 

2.984 0.052

Demographic 
Performance  

-0.06 + 0.13 
(104) 

0.27 + 0.18  
(51) 

-0.08 + 0.10  
(107) 

1.553 0.214

Breeder 
Survival 

0.74 + 0.03 
(232) 

0.79 + 0.04  
(112) 

0.76 + 0.03 
(271) 

1.439 d 0.487

a = not adjacent to human-dominated landscapes. 
b = in potential reserves but adjacent to human-dominated landscapes but not hard 
surface roads. 
c = surrounded by human landcover types or bordering hard surface roads. 
d = log likelihood test value; ANOVA not performed on breeder survival. 
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Table 11.  Demography among territories having different fire history (shrub height 
arrangements). 

Type of scrub (mean + standard error;  
sample sizes in parentheses) 

Statistics  

All Short a Optimal  b Tall Mix c All Tall 
d
 ANOVA 

(F) 
P 

Juvenile 
Production 

0.70 + 0.40
 
 

(10)
 f,g

 
1.35 + 0.14

 
 

(121) 
f
 

0.70 + 0.06
 
 

(367)
 f,g

 
0.64+ 0.08

 
 

(184)
 g

 
10.173 0.000

Yearling 
Production 

0.22 + 0.22
 
 

(9)
 f
 

1.17 + 0.18
 
 

(64) 
0.46 + 0.05

 
 

(274)
 f
 

0. 26 + 0.05
 
 

(148)
 f
 

 16.296 0.000

Demographic 
Performance  

-0.38 + 0.26 
(8)

 f
 

0.82
 
+ 0.22

 
 

(38) 
0.03 + 0.11 

(144)
 f
 

-0.30
 
+ 0.113

  

(72)
 f
 

8.172 0.000

Breeder 
Survival 

0.69 + 0.12 
(16) 

0.88 + 0.03 
(88) 

0.76 + 0.02 
(334) 

0.71 + 0.03 
(177) 

9.949 
e

 0.019

a = entire territory was < 120 cm tall except for scattered trees and shrubs. 
b = entire territory < 170 cm tall except for scattered trees and shrubs and at least 0.13 
ha oak at 120-170 cm tall among short scrub . 
c = territory included at least 0.4 ha of tall shrubs (170 cm) among shorter shrubs.  
d = entire territory was > 170 cm tall except for some shrubs. 
e = log likelihood test value; ANOVA not performed on breeder survival. 
f,g = Post Hoc analyses reveal that these are not significantly different p <0.05. 
 
 
Caption 10.  Example of another secondary ridge. 
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Table 12.  Demography among primary and secondary territories having optimal height 
but different attributes of human landcover. 
. 

Type of scrub (mean + standard error;  
sample sizes in parentheses) 

Statistics  

Core a Reserve Edges b Suburbs c ANOVA (F) P 
Juvenile 
Production 

1.40 + 0.15 
(81) 

1.54 + 0.53 
(13) 

1.11 + 0.34 
(27) 

0.458 0.634

Yearling 
Production 

1.25 + 0.18 
(40) 

1.25 + 0.41 
(8) 

0.94 + 0.52 
(16) 

0.279 0.757

Demographic 
Performance  

0.83 + 0.27 
(24) 

1.43 + 0.43  
(7) 

0.14 + 0.51  
(7) 

1.696 0.198

Breeder 
Survival 

0. 86 + 0.05 
(57) 

1.00 + 0.00 
(12) 

0.84 + 0.08 
(19) 

3. 499 d 0.174

a = not adjacent to human-dominated landscapes. 
b = in potential reserves but adjacent to human-dominated landscapes but not hard 
surface roads. 
c = surrounded by human landcover types or bordering hard surface roads. 
d = log likelihood test value; ANOVA not performed on breeder survival. 
 

Caption 11.  Florida scrub-jay nest are often concealed in myrtle oaks (Quercus 
myrtifolia) with an outer structure of twigs and an inner lining of fibers pulled off cabbage 
palms (Serenoa repens). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dispersal.  Mean natal dispersal distances were 1.0 km (n = 56) for males and 2.8 

km for females (n = 65); these differences were significant (p = 0.010).  The longest 
distance dispersals were 31 km for females and 13 km for males.  Ninety-five percent of 
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all male and 92% of all female natal dispersal traversed only 7 territories (Figure 9). 
Florida Scrub-Jays from the same territory cluster filled 91% of breeding vacancies that 
were filled by color-banded birds.  We observed movements between most 
subpopulations in South Brevard (Table 13).  Three exchanges between Central and 
South Brevard metapopulations were observed but no exchanges were observed 
between the North Brevard metapopulation Central or South Brevard metapopulations.  
Scrub-Jays that immigrated into the study tracts from unknown locations.  Twelve of 
these immigrants from unknown locations became residents at Valkaria and half of all 
the immigrants were one-year-olds.  We were unable to colorband many Florida Scrub-
Jays inhabiting several study sites so that 5-20 unbanded immigrants filled vacancies.  
Only one Florida scrub-jay, colorbanded in our study sites, was found in a habitat 
fragment outside of our study sites during our peripheral surveys.  The remaining 
exchanges occurred within our study sites. 

 
Figure 20.  Mean Dispersal Distance Between the Natal Territory and the Territory 
Where a Florida Scrub-Jay First Became a Breeder.   
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Table 13.  Exchanges of Florida Scrub-Jays Among Territory Clusters. 
 

 
Destination Cluster 

Cluster of 
Origin 

Viera Wickam Stewart Melbourne 
Airport 

Malabar-
Jordan-
Valkaria 

Palm 
Bay 

West 
Micco 

Sebastian Fellsmere 

Viera          
Wickam          
Stewart          

Melbourne 
Airport  1        

Malabar-
Jordan-
Valkaria  3     1 1 1 

Palm Bay     1    1 
West 
Micco     3   1 3 

Sebastian      1   2 
Fellsmere       3 1  

Notes: Entries are the number of individuals 
 
 
Caption 12.  Optimal primary ridge (xeric oak scrub). 
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4.3 Discussion 
 
Basic Demography.   By 2001, demographic studies sampled 64% of the 

combined metapopulations of North Brevard, Central Brevard, and South Brevard-
Indian River-St. Lucie.  Sample sizes for survival and demographic performance were 
smaller because of difficulties in capturing all birds.  We estimate that approximately 
85% of territories were surveyed for dispersed individuals during 2001-2002.   Surveys 
by us, U. S. Fish and Wildlife Service personnel, Brevard County and Indian River 
County government employees, consultants, and interested citizens suggested that few 
jays from our demographic study tracts successfully became breeders outside our study 
tract without our detection.   

We estimated a 34% decline in the number of breeding pairs between 1992 and 
2002 in Section 3.0.  Population models based on demographic data collected from 
elsewhere and applied to habitat quality associated with the population studied here 
predicted a population decline of 40% per decade (Breininger et al. 1996b, Root 1998, 
Breininger 1999).  All demographic variables were below levels associated with optimal 
habitat needed to sustain the populations (Woolfenden and Fitzpatrick 1984, 1991; 
Breininger et al. 1999a).  Based on habitat quality and the extent of overgrown scrub in 
1992 (Swain et al. 1995, Boyle 1996), it was reasonable to assume that the population 
declined by 30-50% a decade for at least 1-2 decades before 1992 without even 
considering the effects of habitat loss.   Similar declines were associated with the 
federal properties (Breininger et al. 1996b).   

Results of pair bond fidelity were similar to other published studies (Woolfenden and 
Fitzpatrick 1984, Breininger et al. 1996a.  The frequency of both breeders dying during 
the same year was higher in this study because of the low survival associated with the 
presumed epidemic that occurred in 1997 (Breininger et al. 1999b).  Rates of breeding 
by one-year-olds were much greater than associated with stable populations where 
breeding vacancies are scarce (i.e., Woolfenden and Fitzpatrick 1984).  Higher rates of 
delayed breeding have been reported before in declining populations and delayed 
breeding appears directly related to breeding opportunities (e.g., Breininger et al. 
1996a, Breininger 1999).   

Mean family size was lower than typical for optimal habitat (Woolfenden and 
Fitzpatrick 1984).  Increased breeding opportunities for nonbreeders occurred because 
mortality exceeded reproductive success and because the amount of suitable habitat 
increased from habitat restoration and wildfires in many areas.  Habitat restoration can 
increase breeding opportunities as was evident by many one-year-olds that bred at 
restored sites at Valkaria and Sebastian Buffer Reserve.   

There was much suitable but vacant habitat and a surplus of potential breeders 
(helpers) indicating that nonbreeders did not distribute themselves in proportion to the 
breeding opportunities that existed.  Although much vacant habitat was marginal, there 
were many vacant optimal territories at Valkaria, Micco, Babcock, and north Sebastian 
Buffer Reserve.  Helpers might choose to not disperse into suboptimal habitats but this 
does not explain vacant optimal territories.  There are many possible explanations about 
why territories that recently became optimal were unoccupied for periods of time.   
These optimal territories were rarely adjacent to territories with helpers and were rarely 
near territories with helpers.  Low dispersal propensities by males and conspecific 
attraction were two explanations.  Conspecific attraction might be important because 
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jays from many territories provide greater vigilance against predators.   Florida Scrub-
Jays have a sentinel system keenly adapted to detecting accipiters (McGowan and 
Woolfenden 1989), which are always common along the Atlantic coast (Breininger et al. 
1996a, authors personnel observations).  Another explanation for unoccupied territories 
was that many helpers were closely related within fragments, and Florida Scrub-Jays 
have tendencies to avoid incest (Woolfenden and Fitzpatrick 1984).   We plan to use an 
information-theoretic approach to test alternative models as the data is prepared for 
journal publication.   Practical applications of these results are that attempts should be 
made to prevent extinction within PRUs that already have jays and prioritize restoration 
near territories that have helpers. 

There is little data so far on Florida Scrub-Jay population responses to restoration 
across a broad range of conditions.  Population modeling also suggested that providing 
opportunities for enhancing the survival of existing Florida scrub-jays and providing 
breeding opportunities for helpers were important because population expansion 
attributed to reproductive success exceeding mortality could be a slow process 
(Breininger et al. 1999a).   This occurs partially because experienced breeders and 
breeders with helpers have greater demographic success than novice breeders and 
breeders without helpers  (also see Woolfenden and Fitzpatrick 1984, 1996).  Recently 
colonized areas tended to be inhabited by inexperienced jays.  Delays in the saturation 
of restored areas might occur because it takes years for experienced breeders and 
nonbreeders to accumulate (Breininger et al. 1999aa).   

 
Demography and Habitat Arrangements.   The results were consistent with long-

term studies on KSC where primary and secondary territories functioned as population 
sources when habitat was optimal; tertiary territories were population sinks (Breininger 
and Oddy 2001).  Here, population sources refer to areas that produce an excess of 
potential breeders and emigration that exceeds immigration.   These should not be 
confused with habitat fragments that have mortality that exceeds reproductive success 
but supply immigrants to other areas, such as larger habitat fragments (Breininger 1999, 
Bowman unpublished).  Suburban areas provide an example of the latter where 
dispersal has been one-way: from suburbs into natural landscapes (Thaxton and 
Hingtgen 1996; Bowman unpublished).  This latter process can only be sustained as 
long as suburbs have immigrants to supply.  Here, population sinks refer to areas with 
mortality that exceeds reproductive success that can only be sustained by immigration, 
which exceeds emigration.  

In this study, most primary territories had too much tall scrub.  Oak scrub does not 
burn as readily as palmetto-dominated scrub (Breininger et al. 2002).  Secondary 
territories often have greater habitat quality than oak-dominated areas because they 
burned more readily.  This study showed that not only does palmetto-oak provide for an 
overall larger population but palmetto-oak in optimal condition serves as a population 
source.  Although much xeric oak scrub was unoccupied because it was overgrown, 
xeric oak can contribute most to recovery once restored because territory quality 
generally increases as oak cover increases if other habitat conditions are not 
suboptimal (e.g., Breininger et al. 1995, Grubb et al. 1998, Breininger and Oddy 
unpublished manuscript).  Although this study was too short with too few optimal 
territories to compare dispersal propensities among source and destination territories, 
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we did observe many movements from optimal to suboptimal territories.  We 
demonstrated such source-sink dynamics within landscapes elsewhere (Breininger and 
Oddy 2001, Breininger and Carter 2003).   

Results suggested that territories enclosed within suburbs and along roads had 
mortality that exceeded reproductive success, which was consistent with other studies 
(Breininger 1999, Mumme et al. 1990, Bowman unpublished).  However, negative 
demographic performance might have occurred because there were too many tall 
shrubs and trees.  Our new findings suggested that edge territories (territories in 
reserves along edges of human cultural landcover types but not roads) that were 
optimal (primary or secondary with an optimal arrangement of scrub height) were not 
population sinks and even functioned as population sources.  We expect there could be 
a broad range of variation among reserve edges because of the complexity of possible 
edge effects (Mumme et al. 2000, Bowman and Woolfenden 2001, Schoech and 
Bowman 2001, Reynolds et al. 2003, Fleishcer et al. 2003, Reynolds et al. in press, 
Thorington and Bowman in press).  Although managers often prefer to leave buffers 
along edges, we emphasize the importance in managing habitat to be optimal beginning 
at the border of potential reserves because of the relatively low number of core 
territories in most large reserves.   

We agree with Bowman (2001; personal communication) that our poor 
understanding of edge-effects is one of the most important data gaps for conservation 
planning.  Bowman (unpublished) showed that even areas with low human population 
densities were population sinks that could only persist with immigration.  Given that jays 
tend not to immigrate into many of these areas from reserves (Thaxton and Hingtgen 
1996, Bowman unpublished), much of the entire range of the Florida scrub-jay could 
collapse (Bowman 2001).  If this is widespread and cannot be changed, we are 
purchasing conservation lands in many of the wrong areas because most areas lack 
enough core territories to sustain losses along the edges of reserves.  If true, we should 
only be performing Florida scrub-jay conservation in the largest of the remaining 
potential scrub reserves that have an abundance of core territories.   

One reason why areas with low human housing densities were population sinks in 
Bowman’s study was that habitat quality was poor because much habitat was tall and 
unburned, and it was not possible to partition variance in habitat quality effects from 
additive effects associated with the human landscape (Bowman unpublished).  Our 
study had potential to partition the variances associated with different factors because 
many territories occurred within suburbs, because a large number of territories occur in 
potential reserves adjacent to different types of human edges, and because many 
territories occurred distant from edges.  To date, only limited conclusions can be made 
because many reserves only approached optimal at the end of the study.  We 
emphasize caution in drawing conclusions that are broadly applicable.  

The arrangement of height within territories was clearly the most influential factor 
influencing demographic success.  The results were consistent in suggesting that 
territories with only short or only tall scrub were population sinks (Woolfenden and 
Fitzpatrick 1984, 1991; Breininger and Oddy 2001, Breininger and Carter 2003).  The 
results for tall mixed scrub depended on landscape context.   Primary and secondary 
territories with tall mixed scrub had reproductive success that matched the mortality 
rate.  This differed from studies on KSC that indicate that tall mixed scrub is a 
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population sink (Breininger et al. 1998a, Breininger and Carter 2003) but is similar to 
studies on Cape Canaveral Air Station (Stevens and Young 2002).  We suspect that 
other habitat factors, such as openings and the abundance of xeric soils might explain 
these differences because of compensatory effects (Burgman et al. 2001).  
Nevertheless, recovery depends on population expansion, which requires a large 
number of territories that produce an excess of breeders.  Therefore, management 
should not be judged as successful when there is an abundance of tall mixed scrub. 

Almost all territories occurred in suboptimal habitat, which explained the population 
decline.  However, Florida Scrub-Jays that resided in optimal habitat were successful 
and a large number of territories in optimal habitat could sustain a large number of 
territories in suboptimal habitat making potential populations large enough to withstand 
catastrophic events such as epidemics (Root 1998, Breininger et al. 1999aa, Stith 1999, 
Breininger and Oddy 2001, Breininger and Carter 2003).  Habitat arrangement clearly 
influenced population dynamics, but our abilities to partition variance among many 
variables were limited by a low sample size of optimal territories.  Sample sizes of 
optimal territories began increasing in 2001 and 2002 within many territory clusters.  
Partitioning variance among many potential factors (oak cover, height, tree densities, 
edge effects, experience, presence of helpers, annual variation) is an important 
investigation but we believe such an investigation should focus on territories that 
approach optimal and not where many habitat variable are marginal.   

All evidence indicates that recruitment only exceeds mortality in recently burned 
areas with enough optimal height oak scrub and low tree densities (Woolfenden and 
Fitzpatrick 1984, 1991; Breininger and Oddy 2001; Breininger and Carter 2003).  Long-
term persistence depends on population recovery to increase population size within 
conservation areas.  Population growth requires recruitment to significantly exceed 
mortality and therefore requires optimal height arrangements.   

 
Dispersal  Mean dispersal distances were greater than those in unfragmented 

landscapes (Woolfenden and Fitzpatrick 1984; Breininger and Carter 2003), as 
expected (Thaxton and Hingtgen 1996, Breininger 1999, Fitzpatrick et al. 1999).  In just 
two years of study in Central Brevard we observed exchanges with South Brevard.  
Based on the dispersal distances observed and the presence of potential habitat, we 
eventually would have expected rare exchanges between Central Brevard and North 
Brevard. 

Dispersal in Florida Scrub-Jays might best be explained by two opposite strategies: 
“delay and foray” and “depart and float” (Stith 1999).  The delay and foray strategy 
explains most dispersals where nonbreeders make short forays to investigate vacancies 
within an assessment sphere.  The depart and float dispersal strategy is most common 
among birds, but not among Florida Scrub-Jays.  The depart and float strategy entails 
greater risks, especially if unsuitable habitat must be crossed (Stith 1999).  We 
observed 16 Florida Scrub-Jays that we described as floaters.  Most of these occurred 
in Palm Bay and seemed to remain in Palm Bay after the 1997 epidemic.  We also 
observed a few floaters for a few years in very tall habitat surrounding Valkaria airport.  
Here, we describe floaters as birds that were never seen associated with a particular 
territory but known to be alive because they were occasionally sighted in different 
locations.  These individuals were rarely observed to have left the territory cluster.   
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Many of the birds that left a cluster to become breeders in another cluster were not 
observed to be floaters but disappeared for several months and were re-sighted in 
another cluster.  Many of these left clusters that had vacant territories suggesting that 
some exchange among territory clusters is likely. 

We observed only two emigrants from the relatively large Palm Bay population, 
which resided in poor quality suburbs that we thought would be a source of immigrants 
into reserves.  We observed two movements from reserves into urban fragments.  Each 
of these came from reserve scrub patches that had few contiguous territories.  
Unbanded jays that immigrated into our study tracts were usually very tame upon arrival 
and easily captured leading us to believe they were not any of the unbanded residents 
we were frequently attempting to capture.  We believed that many of the immigrating 
jays came from suburbs because they were very tame.  Jays in residing in large scrub 
tracts areas were usually unfamiliar with peanuts and cautious at first.   

There are many ideas about factors that influence dispersal rates dispersal among 
populations (e.g., density-dependence [Akçakaya 2002], metapopulation theories 
[Harrison and Taylor 1987, Hanski 1999] and ideas that it is adaptive for small 
populations to have greater exchange of individuals than large populations [McPeek and 
Holt 1992, Doncaster et al. 1997, Diffendorfer 1999].  We have not yet tested these 
alternatives because of many possible alternative models and the lack of a large sample 
size of exchanges.   

We emphasized demographic responses to fragmentation because the genetic 
consequences are usually less immediate threats (Holsinger and Vitt 1997).  There is a 
large gap in understanding differences between the movement of individuals and genes 
(Antonovics et al. 1997; Sork et al. 1998).  Across long time periods, each 
metapopulation on the mainland of Florida’s Atlantic Coast might be too small if their 
populations continue to decline and extirpation occurs within the intervening fragments.  
Theoretical models suggest that a small amount of population exchange can 
substantially reduce these threats (Efford 1996).  Our results suggested a small amount 
of exchange occurs.  Even a small amount of exchange influenced the colonization of 
territories following restoration.  Based on the exchange observed and the slow pace of 
acquiring and restoring reserves to optimal habitat quality, we do not recommend 
translocation.  The exception, however, occurs north of Buck Lake where there is an 
abundance of potential territories and very few Florida Scrub-Jays available for 
recolonization.  Translocation there might be an important option after habitat is 
acquired and restored.    

 
 
5.0  South Beaches Metapopulation Study Update 
 

The purpose of this section is to update relevant material and not summarize what 
is examined in detail elsewhere (Breininger 1999) and used to support recovery team 
population modeling (Stith 1999).  Current population size includes only 2 breeding pairs 
(Figure 11) suggesting that extinction is inevitable.  A pertinent finding of our South 
Beaches study was that we observed frequent dispersals among population clusters 
and subpopulations and at least one dozen exchanges where Florida Scrub-Jays must 
have crossed > 4.2 km of contiguous urban areas.  An interesting observation was that 
Florida Scrub-Jays in the Coconut Point EELs reserve had been extirpated but was 
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recolonized shortly after it was burned.  The male that recolonized the site was from 
another subpopulation indicating that recolonization by males can occur.  Extirpation 
probably again occurred because the habitat quality was poor, a busy road intersected 
the reserve, and the overall population size was very small. 
 
 
6.0 Management Recommendations 

 
Habitat management   Fires will rarely produce a landscape with only optimal 

territories but recovering populations requires maximizing the proportion of optimal 
territories.   Habitat management and restoration must address habitat suitability at the 
territory scale because territories are the functional demographic units within 
landscapes (Breininger and Carter 20003).  Most populations declined because there 
were too many marginal territories that included tall scrub.  Because tall patches are 
difficult to eliminate by mosaic fires without first cutting them, cutting must be applied to 
specific patches of tall scrub throughout most of the landscape or an extensive fire must 
be applied that burns nearly all scrub.  Florida Scrub-Jay population declines can occur 
after extensive fires but these can be followed by population growth (Breininger and 
Oddy 2001).  Extensive fires occurring once every 20 years might be useful because 
they burn nearly all areas, including those resistant to fire (Breininger et al. 2002).  
Results here suggested that short territories might have greater negative demographic 
success than tall mix territories and tall mix territories might have recruitment that 
matches mortality.  The demographic success in tall max territories appears to be site 
specific.  If so, extensive burns in areas where the population is near carrying capacity 
might be disadvantageous if tall mix territories are not sinks and have much greater 
demographic success than short territories.  Extensive burns might be essential in areas 
where tall mix territories are sinks (Breininger and Carter 2003).   Population sizes are 
usually well below carrying capacity so that initial aggressive approaches are 
recommended to expedite restoration to a landscape of optimal territories as quickly as 
possible.  Florida Scrub-Jays can defend relatively large areas so that extensive burns 
may have little negative impact in areas with few territories relative to habitat potential 
but the long-term benefit of extensive fires might be substantial as the population 
recovers. 
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Figure 21.  Location of Florida Scrub-Jay Territory Clusters, North (N) and South (S) 
Subpopulations on the Barrier Island of South Brevard County (Breininger 1999).  The 
Numbers in Parentheses Refer to the Number of Breeding Pairs from 1992 to 2002. 
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 Once restored, frequent mosaic fires are the best mechanism to maintain openings and 
still keep a few acres of oak scrub at 120-170 cm within each territory (Breininger and 
Oddy 2001, Breininger et al. 2002).  Open sandy areas are microhabitats important to 
Florida Scrub-Jays (Woolfenden and Fitzpatrick 1984, Breininger et al. 1995) and many 
specialized plants (Menges and Hawkes 1998).  Most open sandy areas do not persist 
in scrubby flatwoods for more than a few years after fire (Schmalzer and Hinkle 1992a, 
Hawkes and Menges 1996).  Frequent fires that originate in mesic flatwoods or marshes 
and burn into oak scrub represent one mechanism to retain open sandy areas.  
Conventional wisdom holds that natural fires frequently occur within Florida landscapes 
but that fires often burn out upon entering scrub oaks where flammability is lower 
(Webber 1935, Myers 1990, Breininger et al. 2002).  

Many landscapes have become forests or otherwise have too many tall trees so 
that timbering also is an option.  Reserve edges should also be optimally managed.  

Restoring and managing scrub for Scrub-Jays will benefit other species of 
conservation concern and is not single species management (Means and Campbell 
1981, Speake et al. 1978, Auffenberg and Franz 1982, Layne 1990, Breininger and 
Smith 1992, Menges and Kohfeldt 1995, Hawkes and Menges 1996, Menges and 
Hawkes 1998).   

 
Reserve Design  Conservation reserve designs should include secondary and 

tertiary ridges and adjacent mesic flatwoods as potential habitat, because they 
contribute to population stability by making overall populations larger (Pulliam 1988, 
Howe et al. 1991).  Secondary and tertiary ridges are often not specified as part of the 
scrub ecosystem (Schmalzer et al. 1999) and are often excluded from Florida Scrub-Jay 
conservation reserve designs (Root 1998).  Mean demographic rates provided herein 
can approximate the proportion of sink territories that can be supported by source 
territories, although these approximations are probably best done using population 
models that consider additional complexities, such as stage-specific vital rates, 
environmental stochasticity, and catastrophes (Burgman et al. 1993).   

It is not necessary to explicitly map scrub oak ridges to apply these results.  One 
can grid landscapes into potential territories using geographical information systems 
and categorize the habitat potential of individual grid cells to determine the potential 
arrangements of sources and sinks in conservation reserve designs.   

Below we provide a general comment on the relative importance of every PRU.  
Although many sites by themselves might not be designated high priorities, recovery 
requires conservation of most of the units to achieve population viability.  Priorities 
(Figure 22) assumed that it was most important to maximize the number of contiguous 
territories and connectivity among reserves while keeping the proportion of fragmented 
territories to a minimum.  The draft recovery plan provides further guidance. 

 
PRU 1.  Much was forested prior to the 1998 wildfires, which burned large areas.  

Although most of the unit is mesic, there is potential for 10 core territories. Surveys 
might have underestimated population size because of its and limited access although 
we doubt that many families occur because it was forested before 1998.  Habitat 
potential and possibly Florida Scrub-Jay population size have been underestimated in 
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South Volusia County.  The possibility of connecting the North Brevard metapopulation 
to the Merritt Island-S.E. Volusia metapopulation should be explored. 

PRU 2.  Much of this scrub borders a highway and it can only support a couple 
pairs.  Much of the site is oak scrub but its small size and lack of core territories does 
not make it a priority for conservation.   

PRU 3.  Much was forested before the 1998 wildfires, which burned large areas.  
The unit has a potential population size of 30 territories, including a large number of 
core territories.  Surveys might have underestimated population size because of limited 
access.  We doubt that many families occur there because it was forested before 1998.  
Acquisition of this site should be of high priority to maintain it as a large natural 
landscape.  It occurs within a region of high conservation potential determined by 
Florida Greenways studies (Tom Hoctor, University of Florida, personal 
communication).  This might be a good site, combined with Buck Lake, for a 
translocation experiment. 

PRU 4.   This site is east of PRU 3 and is mostly mesic but could provide habitat for 
several core territories.  Population size in 1992 might also have been underestimated. 
We recommend that the conservation potential of this site be closely evaluated, 
because it is not in an existing conservation proposal.  We recommend the site for 
Florida Scrub-Jay conservation as a moderate priority.  It will be important to acquire 
most or all of the site to maximize its potential value given that it is separated from 
PRU3 by a highway and bounded to the east by suburbs.  . 

PRUs 5, 6.  This area has potential to support a few territories in a fragmented 
landscape. 

PRU 7.  This area has potential to support only 1-2 territories in a landscape 
fragmented by agriculture. 

PRU 8.  This area has potential to support several territories in a fragmented 
landscape but it has potential connective value. 

PRU 9.  This area includes the Buck Lake Conservation Area that burned in 1998 
and has been subject to many restoration efforts since then.  Some habitat remains 
available for purchase within this area.  We consider this additional purchase to have 
high priority because of the importance of sustaining core populations and because the 
population sizes in northern Brevard are precariously close to extinction.  This would be 
a good site for translocation because population size has dropped to 2 territories and 
there are few potential colonists nearby. 

PRU8.  This includes scrub in the southern end of Buck Lake Conservation Area 
and is badly overgrown but could be an important link to Seminole Ranch Conservation 
Area.  Some additional habitat could be purchased but it would be almost surrounded 
by human development.  Restoration of scrub in conservation ownership should be a 
top priority. 
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Figure 22.  Possible Reserve Design.  
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PRUs 11, 12, 13.  These units have territories within a fragmented landscape. 
PRU 14.    Most of this unit is part of Seminole Ranch Conservation Area badly 

needs habitat management. 
PRU 15. This unit could support 17 territories.   Most of this unit is part of Seminole 

Ranch Conservation Area but it badly needs habitat management, which should be a 
top priority.  The Florida Fish and Wildlife Conservation Commission is the lead agency 
responsible for habitat management.  Purchasing the remaining areas should be a top 
priority because many would be core territories and they would maximize potential 
population size, which is needed to sustain population viability.   

PRUs 16, 17.  These habitat fragments, surrounded by suburbs, can only support a 
few territories. 

PRU 18.  The area South of South Lake and mostly west of Fox Lake is within a 
proposed CARL boundary and could support about 20 territories in a predominately 
natural landscape connected to the Seminole Ranch Conservation area.  Therefore, this 
should be a top priority for conservation. 

PRU 19.  This small habitat fragment can support 5 territories. 
PRU 20.   This area includes the Titusville Well-Field and a site purchased by EELs.  

There are some areas that still should be acquired.  Most of the site has not been 
managed.  Restoration should be a top priority given that it could support about 14 
territories but only 2 remain occupied by Florida Scrub-Jays. 

PRU 21.  Some of this area is within proposed and existing EELs sanctuaries, 
including the Enchanted Forest.  It has potential to support 17 territories and has 
connective value, although suburbs or forest would border most territories.  We suggest 
it is of moderately high priority even though most of it is unoccupied. 

PRU 22.  This fragment is surrounded by suburbs and highways and has potential 
to support contiguous 14 territories but only two occupy the site.   

PRU 23.  This area is surrounded by suburbs but could support one territory.   
PRU 24.   The area surrounding Tico Airport has potential to support 55 territories.  

Acquiring large portions of this area should be a top priority because of the large 
potential population size and its connective value. 

PRUs  25, 26, 27, 28, 30.  These habitat fragments are bordered by roads but have 
potential habitat to support several territories.   

PRU 29.  This area along Grissom Road provides habitat for about 30 territories, 
although road mortality along roads is a concern.  A portion of this area has been 
bought for conservation under the Grissom Road Mega-Parcel.   

PRU 31.  This area along Grissom Road and north of Cocoa is the southern 
terminus of the North Brevard population making it a top priority to maintain 
opportunities for exchange with the larger southern metapopulations.  It has potential to 
almost 20 territories but has not been proposed for conservation.   

PRU 32.  This area surrounding Mud Lake has potential to support 6 territories but 
these potential territories are unoccupied because the area has become forest.  This 
site has local conservation interest because it is one of the few natural areas remaining 
in the City of Cocoa.  It could have value to connect metapopulations.   
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PRUs 33, 34, 35.  These small fragments could support several territories but none 
are known to be occupied, although these could be restored and might have value in 
linking metapopulations.   

PRU 36.   This is the single most critical polygon in Central Brevard because it is 
inhabited by one the largest populations and it has some of the best habitat quality.  
Almost half is part of the EELs Cruickshank Sanctuary and the Viera Mitigation Site.  
Significant portions are at great risk to development.  Given this is the critical core for 
Central Brevard, the opportunity to link metapopulations probably depends upon the 
viability of this unit and therefore we recommend it be given a top priority for 
conservation.   

PRUs 37- 46, 48.  The habitat fragments near Wickam Road once could support 20 
territories but habitat is rapidly being lost to development.    

PRU 49.  This habitat fragment could support 8 territories and much or all of the 
habitat is part of Wickham Park.  Developing a conservation plan for Wickam Park 
should be a top priority because of its importance in connecting metapopulations. 

PRUs 49, 50, 51.  These habitat fragments could support a few territories. 
PRUs  52, 53, 54, 55, 56, 57.  The potential population size around Melbourne 

Airport exceeds 20 territories making conservation of at least some of the PRUs a top 
high priority for linking metapopulations. 

PRUs 58, 59, 60.  These habitat fragments can support few territories. 
PRUs 61, 62, 63.  Each of these can support many territories and they are the 

deciding links determining whether the small and vulnerable Central Brevard is a 
separate metapopulation from the South Brevard-Indian River-St Lucie metapopulation 
based on criteria described by Stith et al. 1996.  No conservation proposals address 
conservation in these areas but their fate needs immediate evaluation, depending on 
recovery plan criteria. 

PRU 64.  This includes the Turkey Creek and Malabar Scrub Sanctuaries.  Most of 
the unit has been acquired; extensive habitat restoration should be a top priority. 

PRU 65.   This includes the Jordan scrub sanctuary and Waterside Downs 
mitigation area.  There are about 16 additional potential unprotected territories that are 
a top priority because they would provide a critical link between the Malabar Scrub 
Sanctuary and Valkaria.  The Malabar-Grant-Valkaria has the greatest potential to be 
the largest, contiguous remaining subpopulation along the Atlantic Coastal Ridge, which 
once stretched along nearly all of Florida’s east coast.   

PRU 66.   This PRU near Brevard County Community College has potential to 
support a Florida scrub-jay territory. 

PRU 67.  This area established for scrub-jay conservation at Liberty Park could 
support one territory. 

PRU 69.  This habitat fragment east of the Palm Bay suburbs has enough habitat to 
support 6 territories.  The site is proposed for conservation and might be an important 
connector.  Some of it is an EELs sanctuary that badly needs management and has a 
private landowner interested in conservation. 

PRU 68.  Much habitat is public ownership although considerable amounts remain 
to be acquired.  Conservation plans that restore more habitat at Valkaria Airport and the 
Habitat Golf Course are needed.  Core territory  integrity is uncertain because of a 
potential Florida Inland Navigation District (FIND) Spoil Site.  This site has the 
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necessary permits to destroy the potential core of the Valkaria Scrub Reserve.  FIND 
has expressed willingness to shift the site.  Several of the problems in moving the site 
have been associated with nearby wetlands, which are disturbed and have no regional 
significance in contrast to the importance of maintaining this last remnant of an Atlantic 
Coastal Ridge Scrub Ecosystem.   

PRUs 71, 72, 74-77.  These habitat fragments could support a few territories. 
PRU 70.  The proposed Babcock Sanctuary can support 8 territories. Much of the 

site is proposed for conservation and has been used for mitigation.  Much of the site 
used for mitigation is approaching optimal conditions.    

PRU 73.   This area can support almost 22 core territories.  Much habitat south of 
Grant Road has been used for mitigation and has been restored.  A large tract of 
contiguous scrub occurs just north of the Micco Scrub Sanctuary should be a top priority 
for conservation.   

PRU 78.  This might support a few territories with restoration and might facilitate 
exchange between Atlantic Coastal Ridge and Ten Mile Ridge populations once 
restored.  Most has been acquired by EELs.   

PRU 79.  This area can >35 territories and comprises the Micco Scrub Sanctuary 
and North Sebastian Buffer Reserve.  Restoration has been completed on Sebastian 
Buffer but additional mechanical cutting and burning is still needed on the Micco Scrub 
Sanctuary.    

PRU  80.  The area south of Micco could support 10 territories and has moderately 
important value in connecting subpopulations.   

PRUs 81, 82.  These areas on north Sebastian Buffer Reserve could several 
territories. Restoration would need to include the intervening pine flatwoods.  
Restoration should have long-term value by connecting subpopulations although there 
is no immediate need. 

PRU 83, 84.  These areas on north Sebastian Buffer Reserve can support almost 
20 territories but the landscape share habitat with one of the last Red-Cockaded 
Woodpecker colonies within the region and it is precariously close to extinction.   
Although habitat requirements overlap optimal pine densities differ between species.  
We recommend actions that only benefit both species rather than maximizing carrying 
capacity for Florida Scrub-Jays only.  Reduction of hardwood trees near the North Fork 
of the Sebastian River could benefit both species. 

PRU 85.   The Coracii portion of Sebastian Buffer, heavily degraded by agriculture, 
can support >35 territories and much restoration has begun.  Most territories remain 
marginal because the recently burned scrub is interspersed by forest and tall scrub.  
The Sebastian Area-Wide Florida Scrub-Jay Habitat Conservation Plan (Sebastian 
HCP) reserves occur within dispersal distance of Coracii.  A wide open landscape 
should be restored along much of the northern and eastern border to enhance 
exchange with the northern part of the buffer and the Sebastian Highlands. 

PRU 86.   Detailed state-of-the-art management plans were developed as part of 
the Sebastian HCP (Smith Environmental Services 1999).  This area also includes 
some mitigation land and areas that have not been proposed for conservation.  This 
areas could connect PRUs 85 and 86.  The entire area could support >10 territories and 
maximizing population size should be a top priority.   
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PRU 87.  The Carson Platt portion of the Sebastian Buffer Reserve is the largest 
contiguous stretch of habitat approaching optimal habitat quality found anywhere along 
Florida’s Atlantic coast. There is enough habitat for approximately 40 territories.  Many 
patches of tall scrub need fire and the area would benefit most by targeting these 
patches and burning the rest with mosaic fire.  The mesic flatwoods east and west of 
the scrub ridge need hot fire.  There is much hardwood invasion of swales and mesic 
flatwoods along the northern edge that could be reduced to enhance connectivity.   

PRU 88.  A local park and some additional overgrown scrub along the South Fork 
could be restored to enhance connectivity between Sebastian Airport and Sebastian 
Buffer Reserve. 

PRU 89, 90, 91, 93-96.  These PRUs include the Sebastian Highlands HCP.  
Several additional properties (Water Management District, Wabasso Golf Course) that 
could be acquired or managed to enhance the HCP.   Populations in these areas 
precariously close to extinction. 

PRU 92, PRU 97-101.  A top priority should be given to acquire and restore all of 
these units as a contiguous scrub and flatwoods landscape separated by Interstate 95.  
The oak and palmetto-oak is not contiguous so that the landscape was subdivided into 
units for prioritizing each of them.  The number of territories that could be supported is 
approximately 50.  The only areas in conservation include the Sand Lakes Restoration 
Area, which can support 5 territories.  The SJRWMD has been restoring this landscape 
(Sean Rowe personnel communication).  No other conservation lands proposals include 
these areas so that developing acquisitions should be a top priority.  The most important 
units are PRU 92 and 98-100. 
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