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Survival of juvenile Florida Scrub-Jays is habitat specific, positively correlated with month
and negatively correlated with male breeder death
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ABSTRACT

Juvenile survival in birds is difficult to estimate but this vital rate can be an important
consideration for management decisions. We estimated juvenile survival of cooperatively
breeding Florida Scrub-Jays in a landscape degraded by fire suppression and fragmentation using
data from marked (n=325), and unmarked juveniles (n=1306) with an integrated hierarchical
Bayesian model. To assess the combined analysis we also analyzed these datasets separately with
a Cormack-Jolly-Seber model (marked) and unmarked young model (unmarked). Our data
consisted of monthly censuses of territorial family groups from Florida Scrub-Jay (Scrub-Jay)
populations in East Central Florida collected over a 22 year period. Juvenile survival was
estimated from July when young Scrub-Jays begin developing independence to March when they
become first year individuals and grouped according to the habitat quality class of their natal
territory that were based on shrub height (with intermediate shrub heights being optimal and
short and tall shrub heights being suboptimal) and the presence of sandy openings (the preferred
open having many sandy openings; closed not having enough). Parameter estimates in the
combined analysis were intermediate to the separate analyses. Notable differences among in the
separate analyses were that suboptimal habitat survival was lower in the unmarked analysis, the
unmarked analysis showed a linear effect of time not seen in the marked analysis and there was
an effect of male breeder death in the marked but not unmarked analysis. The combined data
analysis provided more inference than did either data set analyzed separately including: juveniles
in optimal-closed territories unexpectedly had higher survival than those in optimal-open,
survival increased through time and male breeder death had a negative effect on survival. This
study suggests that optimal-closed habitat may play an important role in juvenile Scrub-jay
survival perhaps by providing better cover from predators and warrants further investigation for

management implications.
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LAY SUMMARY

Habitat management is an important tool for species conservation in degraded habitat
especially when habitat quality is transitional (i.e., varies with disturbance and
succession) and where high-quality habitat is an exporter of individuals to low quality
habitat (i.e., source sink dynamics).

Considering how management actions affect all life-stages is important. Survival of
juvenile birds can be difficult to estimate because of dispersal or migration but may be
needed for proper species management. Non-migratory species offer a unique
opportunity to include juvenile survival estimates into management plans.

We estimated survival based on resighting marked and unmarked juvenile Florida Scrub-
Jays (Aphelocoma coerulescens) using an integrated hierarchical Bayesian model. By
also analyzing each data set separately we show the strength of using a combined model
to make inference.

We investigated survival in three habitat classes related to shrub height and the amount of
open sandy patches that vary according to fire and subsequent shrub regrowth. Juvenile
survival was highest in territories with medium height shrubs and few sandy openings.
This result is unexpected and may have management implications.

Survival increased across the post fledgling period possibly indicating that juvenile
Scrub-Jays learn predator avoidance. Survival was negatively affected by male breeder
death demonstrating the importance of family stability and possibly the number of

siblings because larger groups of naive juveniles attract predators.
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INTRODUCTION

For species of conservation concern, understanding the relationship between habitat quality and
population vital rates should be a priority (Marzluff et al. 2000). This is especially true for
species that occupy transitional habitat that varies in quality temporally with succession and
disturbance (Eaton et al. 2021) and where source sink dynamics apply (Pulliam 1988). Habitat-
population relationships may vary among life-stages (Young et al. 2019), and juvenile survival
can be an important driver of population growth in species exhibiting source sink dynamics
(Donovan and Thompson III 2001). Cox (2014) found that most studies of post-fledgling
survival found a direct relationship with habitat. A complete understanding of population vital
rates and the factors that influence these rates is necessary to determine where in the life cycle
population limitation occurs. This allows management decisions to focus on the life stage with
the most impact on demographic performance (Anders and Marshall 2005, Drummond et al.

2019).

Philopatric, permanent resident species offer a special opportunity to estimate survival
throughout the annual cycle (including juveniles) allowing investigation of the local factors that
influence survival and possibly inform management to maximize first-year survival (Doherty Jr.
and Grubb Jr 2002, Cox et al. 2014) or help managers assess habitat quality (Knutson et al. 2006,
Arlt et al. 2008). The Florida Scrub-Jay (Adphelocoma coerulescens) is a good candidate species
for the study of juvenile survival because Scrub-Jays maintain year round territories and are a
cooperative breeding species where the young typically stay with the family unit beyond the
natal year (i.e., the first year of life, Woolfenden and Fitzpatrick 1984), offering a rare

opportunity to study this stage of life in an avian species. Sensitivity analyses have shown that
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Scrub-Jay population trajectories are moderately sensitive to juvenile survival rates when

compared to other demographic rates (Breininger 1999, Lacy and Breininger 2021).

Scrub-Jays occupy a mid-successional community of shrubs, sometimes with a sparse
pine (Pinus species) overstory. Optimal habitat forms a low and open landscape with sandy gaps
dispersed among the shrubs (oak scrub;Woolfenden and Fitzpatrick 1996, Schmalzer et al.
1999). The natural fire regime creates optimal habitat conditions with a mosaic of shrub heights
between 1.2 -1.7 meters, and abundant sandy openings (Woolfenden and Fitzpatrick 1984, 1991,
Breininger and Carter 2003, Breininger et al. 2014) favored by Scrub-jays (Fitzpatrick et al.
2016). Thus, territory quality is primarily determined by fire disturbance that alters shrub heights
and the abundance of sandy openings. Fire kills above ground biomass, but shrubs resprout from
underground rhizomes, succession resumes, and shrubs grow back to optimal height and then

beyond (Schmalzer 2003, Fitzpatrick et al. 2016).

In our study population, fire suppression beginning in the 1950’s (Larson 1952) altered
the natural fire regime and degraded most Scrub-Jay territories via succession to suboptimal tall
shrub heights and few openings (Breininger 1999, Duncan et al. 1999); Fire suppression
continued until 1981 when land managers began to use prescribed fire to decrease hazardous fuel
accumulations and later as a tool for scrub habitat management (Duncan et al. 1999). This fire
suppression period and the ensuing fuel management and habitat restoration efforts created the
current mosaic of habitat quality leading to source-sink dynamics within territory clusters
(Breininger and Carter 2003). Recently burned territories with short regenerating shrubs and long
unburned territories with overgrown tall shrubs have suboptimal vegetation height and are
usually demographic sinks. Territories with intermediate height shrubs have optimal vegetation

height and more often sources. Restoring long-lasting sandy openings (a key characteristic of
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high quality habitat) has proven difficult as openings that result from prescribed fire generally
disappear as shrubs transition through the optimal height stage (Schmalzer and Hinkle 1992).
Consequently, at the territory scale two classes of habitat quality occur within optimal height
scrub due to fire mosaics within the territory (i.e., the extent of sandy openings). These classes
differ in demographic performance (yearlings produced per pair-year). Territories with at least
10 percent of shrubs at optimal height amongst shorter shrubs and no more than an acre of taller
shrubs together with 10-50% ground cover as sandy openings (optimal-open) outperform optimal
height territories without openings (optimal-closed, Breininger et al. 2014, Lacy and Breininger
2021, Breininger et al. 2023). Thus, three classes of habitat quality occurred in the study
populations: optimal-open (source) outperforms optimal-closed (intermediate) which
outperforms suboptimal (sink). Optimal-closed territories do not contribute a net gain to
population growth but act as a buffer for surplus breeding pairs (i.e., when no optimal-open

habitat is available) and thus help support a larger population.

We sought to assess the degree to which juvenile survival estimates corresponded with
the previously defined habitat quality classes because of the evidence of source sink dynamics in
our population (Breininger and Carter 2003) and the moderate sensitivity of population growth to
juvenile production. We expected optimal-open territories to have the highest juvenile survival
rates similar to Fitzpatrick et al.’s (2016) “early postfire period” habitat followed by optimal-
closed and suboptimal. We sought to determine how survival was affected by sociobiological
factors that may be important to juvenile survival because juveniles are reliant on their family
group for vigilance (Woolfenden and Fitzpatrick 1984, Hailman et al. 1994, Woolfenden and
Fitzpatrick 1996) and older sibling (helpers) increase yearling production not only through

contributions to provisioning of dependent young, but also territorial defense and predator
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vigilance (Woolfenden and Fitzpatrick 1984, Mumme 1992, Woolfenden and Fitzpatrick 1996).
Also, our study population is located on Florida’s Atlantic coast and is a major route and
wintering grounds for migrating hawks (Accipiter spp.) and falconids (Falco spp.) that are
known predators of adult and juvenile Scrub-Jays. This influx of predators during young Scrub-
Jays’ transition to first year individuals may play an important role in survival rates. This
seasonal feature of the predator regime encountered by our study population (Breininger et al.
1996) may be important because varying extrinsic factors among populations, such as predation,

can alter intrinsic population vital rates such as survival and recruitment (Newton 1998).

Thus, for each juvenile we quantified the number of helpers (helper count), juvenile
siblings (sibling count) in the family and the number of juveniles in the territory cluster (cohort
count). We predicted helper count would positively affect juvenile survival in our study
population by augmenting family vigilance. We predicted that sibling count would negatively
affect juvenile survival because larger numbers of naive individuals would potentially attract
more predators (Cresswell and Quinn 2011). Similarly, yet on a larger scale, we thought that
cohort count might have a similar negative effect because jay territories are typically contiguous
in the landscape forming neighborhoods of Scrub-Jay families (Woolfenden and Fitzpatrick
1984). We also quantified male and female breeder death (male death and female death) and
predicted that male death and female death would negatively affect juvenile survival and further
that male death would be more significant because this often leads to greater disruption of the
family unit and territory integrity. Finally, we sought to confirm temporal effects on survival
during the juvenile period. Siberian jays (Perisoreus infaustus) show an increase in survival

after exposure to predator mobbing by family members (Griesser and Suzuki 2017). In a



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

consistent fashion and also in agreement with Woolfenden and Fitzpatrick (1984) we expected

juvenile Scrub-Jay survival would increase as foraging efficiency and vigilance improved.

Our primary objectives were to: 1) estimate survival of juvenile Scrub-Jays for each of
the three territory quality classes described above, 2) determine the relative strength of
sociobiological covariates potentially important to juvenile survival as well as temporal effects
and 3) develop an integrated hierarchical Bayesian model to combine marked and unmarked data
within a single analysis. We used a combined model because we had two datasets, a result of
varying level of effort in study sites over a large geographic area and changing objectives during
a long-term study and we thought each dataset could potentially provide valuable inference. To
assess the combined model, we also separately modeled the marked data with a Cormack-Jolly-
Seber model and the unmarked data with a dependent young survival model and compared the

estimates of survival and detection as well as covariate signals of the three models,

METHODS

Data Description

Habitat quality within territories was classified annually by overlaying territory maps on digital
ortho-rectified aerial photography. Visual classification specified textures that corresponded to
vegetation height (see Breininger and Carter 2003); we binned territories into the defined habitat
classifications. Sociobiological covariates for each territory were quantified from annual
demographic data. Helper count was taken in March (at beginning of breeding season), sibling

count and cohort count were taken in July (at beginning of capture history). Male death and
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female death that occurred between March and the following July and was coded as binary

(1=death during year).

Two types of survival data were utilized. In the first type (hereafter the marked dataset)
all nestlings were banded eleven days after hatching using a numbered metal leg band and a
unique combination of color bands allowing identification of individuals. The marked dataset
was collected from 1988 to 2009 as part of a long-term demographic monitoring effort of the
Scrub-Jay population occurring on Merritt Island National Wildlife Refuge/John F. Kennedy
Space Center (MINWR/KSC). During this period the populations under study were intensively
monitored and we attempted to locate all nesting attempts before the penultimate egg was laid
and thus clutch size and age of nestlings were known (see Carter et al. 2011). Nests were visited
weekly to determine status and count eggs or nestlings until failure or fledging. Thereafter we
conducted a monthly census within each territory to record observations of banded birds. In the
second data type (hereafter the unmarked dataset) young were not banded in the nest but a
monthly census like that for the marked data set was conducted within each territory to observe
the total number of unmarked young alive with the family group. The unmarked dataset was
collected from 1988 to 2014 as part of a larger and less intensive monitoring effort (i.e., no nest
monitoring) of the Scrub-Jay metapopulation in East Central Florida (see, Breininger et al. 1995)

and on MINWR/KSC (Figure 1).

Monthly capture histories were recorded beginning in July and continued through the
following March just prior to the next breeding season. This 9 month period encapsulates the
phase when young Scrub-Jays are learning survival skills, obtaining adult plumage,
overwintering, and approaching their first year as helpers, or much less commonly, as novice

breeders. Detection probabilities for adult Scrub-Jays are high (Breininger et al. 2009), and the
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cooperative breeding nature of Scrub-Jay families facilitated resighting both marked and

unmarked young Scrub-Jays.

The marked dataset consisted of 325 individuals in 190 families; the unmarked dataset
consisted of 1306 individuals in 648 families. Most territories were suboptimal in both datasets.
(54% marked, 53% unmarked). Mean helper count was < 1 for both datasets. Helper count
ranged from 0-9 per family; fifty-three percent (n=447) did not have helpers and most families
with helpers (56%) had only 1 (n=220); 109 families had 2 helpers, 39 had 3 helpers, and 17
families had 4 helpers. Six families had more than 4 helpers. Sibling count was 1 in 35%
(n=293), 2 in 31% (n=257), 3 in 16% (n=132) and 4 in 6% (n=47) of families. Eleven families
(1%) had 5 or more juveniles and 98 (12%) had none. Mean cohort count was 14.0 (unmarked)
and 15.0 (marked) and ranged from 0 to 54. The male breeder died in 124 families (unmarked)
and 37 (unmarked). and the female breeder died in 126 families. Most male death (»=94) and

female death (n=78) occurred in suboptimal territories. Thirty-three families lost both breeders.

Analysis

(Williams et al. 2001) We used 2 types of capture histories to estimate survival at the family
group level (juveniles in a given territory and year): monthly detection data for marked
individuals, and monthly counts of unmarked individuals. We analyzed our marked and
unmarked data combined and separately. In the combined method we used an integrated
hierarchical Bayesian model with the sub-model for the survival parameter shared by the marked
and unmarked data sets, and separate detection sub-models for each type of data (Figure 2).
Bayesian models with shared parameters allow data collected at different scales or with different

methods to be combined (Fletcher Jr. et al. 2019, Miller et al. 2019, Schaub and Kéry 2021page
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62-65). We also conducted separate analyses for each data set using the CJS model for the
marked data, and the dependent young model for the unmarked data. We compared the estimates
of survival from the combined model and from each of the individual models to better
understand the combined model and the strength of the information about the effects on survival

contained in each data set.

In the combined model we used a Bayesian state-space implementation of the CJS mark-
recapture model to model the likelihood of the marked data (Kéry and Schaub 2012). The
process model consisted of a latent state variable (Zit) that recorded if individual i was alive
during time interval (month) t, conditioned on the first capture of the individual. The process
model then determined if the individual survived based on parameter ¢ ¢« which was a shared
parameter in the integrated model (see below); the index specifies the group in month t. The
observation model used the observed monthly capture history data to model detection probability

p &t, conditioned on the individual being alive (Zit=1).
YielZie = Bernoulli(Z;, - pg,t)
ZitZit—1 = Bernoulli(Z;;_4 - ¢g,t)
Zi—;; =1, Zicy;, =0
Where fiis the time interval when the individual was first detected. The basic assumptions of the
CJS model are that marks are not lost and are perfectly identified when observed, observations

are effectively instantaneous, and there is no unmodeled heterogeneity in survival or detection

(Kéry and Schaub 2012).
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To model the likelihood of the unmarked data we used a Bayesian implementation of the
Lukacs et al. (2004) dependent young survival model, modified to allow the initial brood size to
be estimated as a partially observed variable. Although we did not use informative priors for
brood size, our model could accommodate this if a suitable independent source of data were
available. In the original Lukacs et al. (2004) dependent young survival model it is assumed that
initial brood size is perfectly observed. We modified this to allow the initial brood size to be
greater than was ever observed, to allow for cases when the entire initial brood was never
observed. The process model consisted of a latent state variable (Qgc) that recorded the number
of individuals alive in each territory g during each time interval t, conditioned on the initial
brood size which was imperfectly observed. The process model then determines how many of
the individuals survive based on parameter ¢gt which was a shared parameter in the integrated
model (i.e., g1, see below). The observation model used the observed number of young (Wgy) to
model how many individuals were observed in territory g during time interval t with detection

probability p conditioned on the latent number alive (Qiy).
Wg,t|Qg’t = Binomial(Qg’t,pg,t)
Qg,t1Qgt-1~Binomial(Qg:, dg,¢)
Qg,1~Categorical(Brood Probabilities)

Brood Probabilities~Dirichlet(Observed Brood Probabilities)

In the combined model, the likelihoods for the two data sets shared parameters for survival ()
which was modeled with group by time level covariate effects. For survival we modeled the
effects of habitat (3 levels), a quadratic time effect (month of sampling), and the five

sociobiological covariates. We modeled the effects of only habitat (3 levels) on each of the
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separate detection parameters (for marked and unmarked data) because we believed a priori that
detection should differ among habitats, and since detection was a nuisance parameter we chose
not to use information in the data to model other effects. The covariates were included in linear

predictors using a logit transformation as (Eq.1):

logit(d)g,t) = Bintercept + Bt*time + ﬁtz *timez + ﬁoptimal open*I(Optimal'Open) +

ﬁoptimal closed*I(Optimal'Closed) + lgmale death*l(rnale deathg)

Eq. 1
+ Bremaie dearn *1(female deathg) + B *helper countg (Fa- 1)

+ Bsibling count *Sibling countg + Beohort count™ cohort countg + Territoryg

logit(pg,t) = :Bintercept + :Bmedium open*I(Optimal'Open) + .Bmedium closed*I(Optimal'

closed) + Territoryg

where g = group (specific to territory and year), t = linear time interval starting with 0 (July was
in the intercept), t* = squared time interval, I() is an indicator for levels of a categorical variable,
and Territory was a territory within year level random effect with the standard deviations
modeled independently for survival and each detection parameter for the marked and unmarked

data. These random effects were included to minimize the effect of overdispersion.

Bayesian models were fit using Markov Chain Monte Carlo (MCMC) methods using
program JAGS 4.3.0 (Plummer 2017) implemented in R (R Core Team 2020) with the package
jagsUI (Kellner 2019) and visualized using R packages coda (Plummer et al. 2006), ggmcmc

(Fernandez-i-Marin 2016), and bayesplot (Gabry and Mahr 2021). For all model parameters,
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283  except for the standard deviations of the random effects, we used normal priors with mean =0
284  and variance = 100, which were uninformative on the logit scale which is contained mostly

285  between +/- 6. For the priors for standard deviations of the random effects we used weakly

286  informative distributions by taking the right half of a normal distributions with mean 0 and

287  variance = 2. This produced a distribution similar in shape to the Half-Cauchy distribution

288  recommended by (Gelman 2006), but with a much shorter tail. To check the influence of the
289  weakly informative priors, we re-ran the model with broader priors on all random effects SD
290  parameters. The estimates for all parameters were unchanged (within the MCMC error)

291  indicating that the choice of prior was not influencing the results. For each analysis, we ran 3
292  chains, initialized with different random stating values, discarding at least the first 10,000

293  iterations as burn-in, then running additional samples until the Gelman-Rubin convergence

294  diagnostic (R-hat) was less than 1.01, and the number of effective samples was estimated to be
295  greater than 4000, for all parameters except for the random effects standard deviations which
296  tend to converge much more slowly (the smallest number of effective samples among all

297  standard deviation parameters after convergence was 1687) . We did not thin the MCMC

298  posteriors (Link and Eaton 2012). We assessed goodness-of-fit with a posterior predictive test
299  using a version of the Bayesian p-value that compared the fit of the observed cumulative

300 empirical survival curve to the equivalent fit of data simulated under the model with estimated
301  parameters (Schmidt et al. 2010). We used plots of the fit statistics to choose among alternative
302 random effects designed to correct for overdispersion in each data set due to sharing of territory
303 and study site, and year which has been observed to be important in previous studies. We scaled
304 all continuous and count covariates by subtracting the mean and dividing by 2 standard

305 deviations (Gelman 2008); this puts the regression coefficients for numerical and categorical
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covariates on similar scales allowing comparison of effect sizes. See the data availability section
in acknowledgements for data and details of implementing the integrated Bayesian hierarchical

model in JAGS via R.

RESULTS

As expected, the parameter estimates from the model applied to the combined dataset
(hereafter combined analysis) were intermediate between those of the models applied to the
marked data set (marked analysis) or the unmarked dataset (unmarked analysis) (Figure 3). The
closer resemblance of the combined and unmarked analysis was probably due to the larger size
of the unmarked data. Significant results of the combined analysis include a positive linear
effect of time on survival, a strong positive effect in optimal-closed habitat and to a lesser extent
in optimal-open and a negative effect of male breeder death (Table 1, Figure 4). Sibling count
had a weak (overlapped zero) negative effect on survival, while none of the other covariates

influenced survival (Table 1, Figure 4).

A key difference between the marked and unmarked analyses was that survival in
suboptimal habitat was estimated to be lower in the unmarked analysis (Figure 3). Survival
estimates for optimal-open and optimal-closed agreed more closely among the marked and
unmarked analyses but optimal-closed habitat had higher predicted survival than suboptimal
habitat for both marked and unmarked analyses while only optimal-open habitat survival was
higher than suboptimal habitat survival in the unmarked analysis (Figure 3). The effect of time
on survival differed somewhat between the marked and unmarked analyses. The unmarked
analysis suggested a linear increase in survival over the capture history that was not apparent in
the marked analysis (Figure 3, Figure 5). The effect of habitat on detection differed between the

marked and unmarked analyses for optimal-open and optimal closed habitat. For the marked
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analysis (Table 2) detection was high in all habitat groups (optimal-open p=0.97 (0.94, 0.98),
optimal-closed p=0.96 (0.93, 0.98) and suboptimal p=0.98 (0.96, 0.99). For the unmarked
analysis (Table3) detection was lower in all habitat groups (optimal-open p=0.97 (0.95, 0.98),

optimal-closed p=0.87 (0.81, 0.92) and suboptimal p=0.93 (0.91, 0.95).

DISCUSSION

Our estimates of juvenile Florida Scrub-jay survival rates mostly agreed across the three
(marked, unmarked, combined) analyses for optimal-open and optimal-closed habitat. However,
the survival estimate for suboptimal habitat was much lower for the unmarked analysis. One
possible explanation for the difference could be that juveniles in suboptimal territories in the
unmarked dataset had high levels of unobserved temporary emigration (birds not present during
a census).(Lukacs et al. 2004) The unmarked dataset contained many territories in fragmented
habitat in which juveniles might make lengthier daily movements during extra-territorial forays
and this movement could negatively bias apparent survival. The unmarked dataset, while large,
had the limitation of not being able to detect individuals outside of their territory. Alternatively,
the difference in survival might be real and thus warrants further investigation. Despite this
difference, covariate signals largely agreed among the models suggesting inference regarding

their effects was robust.

Habitat had the strongest effect (in all analyses) suggesting habitat structure is a key
determinant of juvenile survival. Unexpectedly, optimal-closed territories had the highest
survival possibly because optimal-closed provided greater cover from aerial predators; this result
may have management implications. Age (time) had a positive effect in the unmarked and
combined analyses which fit with our hypothesis that survival would increase with time as

foraging efficiency and predator avoidance improves; the absence of a time effect in the marked
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data set was possibly because of the small sample size. Male death had a negative effect in all the
models and significantly so in the marked and combined models fitting our hypothesis of the
importance of family stability for young Scrub-Jays. The other hypothesized sociobiological
effects were not significant in any of the models possibly because these relationships are more
complex than our analysis accounted for. Helper count had no effect and was possibly
confounded with territory size. Sibling count and cohort count were consistently negative for all
models but the estimates overlapped zero. Female death had a positive effect overlapping zero in

the combined model and in our assessment was spurious.

Like survival, detection intercepts were also different between the marked and unmarked
datasets with marked detection higher than unmarked. We think this again reflects the weakness
of the unmarked dataset in not being able to detect individuals outside of the natal territory.
Combining two data sets (marked and unmarked) took advantage of the strengths in each. The
marked dataset offered the opportunity to use better information at the level of individuals, while
the unmarked dataset offered much larger sample sizes and study area extent. Combining these
data sets allowed for more precise and less biased parameter estimates than could be obtained
from either separately and provided inference not afforded individually (i.e., time and male

breeder death).

The effect of habitat is not completely consistent with Breininger et al. (2014) who found
that yearling production was highest in optimal-open territories, in part because juvenile
production is highest in optimal-open (Breininger et al. 2023). The unexpected results of
optimal-closed territories having the highest survival provide motivation for further investigation
to better understand possible alternate management strategies for this declining species. Studies

of other species have shown the importance of understanding juvenile survival in the context of
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375  habitat (e.g., Streby et al. 2016, Young et al. 2019). Predation can be especially high in

376  suboptimal conditions (Woolfenden and Fitzpatrick 1984, Fitzpatrick et al. 2016) and varies

377  among populations; Accipiter and falconid species are numerous along the coastal sites studied
378  here (Breininger et al. 1996, Breininger et al. 2009). Since most of the study population occurred
379  in suboptimal conditions, we focused our a priori hypotheses mainly on mechanisms that may
380  operate because of predation pressure and possibly generate habitat specific survival rates in

381  juvenile Scrub-Jays. It is possible that dense vegetation structure in optimal-closed territories

382  offered more aerial predator escape cover for juveniles.

383 It is also possible that undetected emigration (that can bias survival estimate low) may
384  help explain our results because Scrub-Jays sometimes disperse at a young age and join an

385 unrelated group (staging disperser); the reasons vary with sex but staging Scrub-Jays disperse
386  farther than “direct dispersers” (that immediately become breeders) and are usually from high
387  quality habitat (Suh et al. 2022). This early and farther dispersal could have biased apparent
388  survival estimates in optimal-open territories (high quality and with typically more helpers).
389  Second, Scrub-Jays disperse further (total distance) in fragmented habitat (Breininger 1999,
390  Fitzpatrick et al. 1999, Coulon et al. 2010). We did not include a measure of habitat

391 fragmentation in our analysis, but it is possible this dispersal trait also could have contributed to
392  biased survival estimates (because most remaining Scrub-Jay habitat is fragmented to some

393  extent). When fragmented dispersal is combined with the staging behavior survival estimates in

394  optimal-open territories could have considerable bias.

395 To the contrary, typical dispersal distances are short with individuals almost always
396  staying within their natal population cluster (Breininger et al. 2006). It may be that undetected

397  emigration was not a problem but rather that our results agree with (Woolfenden and Fitzpatrick
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1984, Tringali and Bowman 2012, Sherer 2019) and are possibly a result of transitory extra-
territorial forays in by young Scrub-Jays. This exploratory behavior may be informative to young
jays but comes at the cost of elevated predation risk in unfamiliar surroundings and away from
their kin and sentinel system (McGowan and Woolfenden 1989, Hailman et al. 1994) . Sherer
(2019) found that individual juveniles prospecting in the spring preferentially used habitat
similar to their natal territory during these forays, except for individuals from overgrown
(suboptimal) territories. If this is the case in our study population, young Scrub-Jays from
optimal-open territories could experience more interactions with dominant individuals during

forays with increased risk of injury and perhaps lower survival.

The effect of age on survival, the trend of increasing survival over time in the unmarked
and combined models, agrees with Woolfenden and Fitzpatrick’s (1984) findings. The trend fits
with the hypothesis that young Scrub-Jays are still developing foraging and predator avoidance
skills. Jones at al. (2013) found that Scrub-jays recognized threats after the first contact with a
new intruder. Similarly, Griesser and Suzuki (2017) found that young Siberian Jays only needed
to witness mobbing by breeders and non-breeders once to identify predators and the recognition
was permanent. Scrub-Jays have a structured sentinel system with participation from all adult
family members; all family members immediately seek cover in response to robust alarm calls
(Woolfenden and Fitzpatrick 1996). Griffin (2004) proposed social learning of predators was
quick and durable in species with reliable alarm calls. We suggest that young Scrub-Jays fit this

hypothesis.

Fitzpatrick and Bowman (2016) that found incremental increases in yearling production
with up to 4 helpers inferring a positive effect on juvenile survival. These additional family

members might provide more vigilance for young Scrub-Jays still learning predator avoidance.
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However, helper numbers can interact with territory size because helpers can act as food
competitors in small territories when young Scrub-Jays become independent (Mumme et al.
2015). While most of our study families had less than 4 helpers, we did not include territory size
in our analysis because some territories overlapped private lands and territory size was not
measurable. Because our analysis did not account for this complexity our results may be
confounded. Mumme et al. (2015) studied Scrub-Jays in high quality homogenous habitat; our
habitat quality varied and possibly contributed to a diminished helper effect. It is also possible
that with 53% of our families having no helpers that sample sizes were not sufficient to detect a

helper effect.

The effect directions of sibling count and cohort count were consistent with our
hypotheses that naive young Scrub-Jays may attract predators at a territory and larger territory
cluster scale. This agrees with Griesser and Suzuki (2017) that found that juveniles in larger
groups of the cooperatively breeding Siberian Jay (Perisoreus infaustus) had lower first winter
survival than individuals in smaller groups. One possible explanation for this was that larger
groups might be more easily detected by Goshawks (Accipiter gentilis) at the expense of
inexperienced juveniles (Griesser and Suzuki 2017). An alternative explanation was that social
interference from dominate breeders and non-breeders restricted subordinate juveniles to forage
in areas with more predatory exposure (Nystrand 2006). We suggest Scrub-Jays encounter

similar mechanisms related to aerial predation.

The negative effect of male breeder death agreed with our hypothesis that familial
disruption would have negative consequences to juvenile family members. Breeding Florida
Scrub-Jays form a tight monogamous bond and stay together until death of one of the pair;

divorce is rare among Scrub-Jays (Woolfenden and Fitzpatrick 1984, 1996). Breeder death
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causes social disruption of the family unit and may prompt offspring (especially those of the
same sex as the replacement breeder) to disperse (Goldstein et al. 1998) as a result of aggression
from the replacement breeder (Fitzpatrick et al. 2016). We excluded sex from our analysis
because we did not have a reliable method to determine sex of individuals during the capture
period; sex is determined using observations of a vocalization given only by females, and some
females do not give this call until later in life. Regardless of sex, we hypothesized that all
juveniles would be especially sensitive to this disruption because of their low rank in the
dominance hierarchy and reduced nepotism. The positive leaning effect of female breeder death

is surprising with no realistic ecological explanation and could be spurious.

Conclusion

Our analysis of juvenile Scrub-Jays indicates a composite nature of the mechanisms that
affect survival during this life stage. Combining datasets proved helpful in improving precision,
reducing bias, and providing inference not possible from individual data sets. Habitat had the
strongest effect on survival. Our estimates for habitat specific survival in optimal height
territories were contrary to past work and may indicate a complex interplay of habitat structure,
dominance hierarchies and dispersal behavior. Time presumably provides experience with
predator avoidance and increased foraging efficiency and thus a positive effect on survival.
Suggesting management actions based on our results alone would not be prudent but, when
combined with past work, this study possibly reveals a benefit of optimal-closed habitat (i.e.,
high juvenile survival rates). It is important to note that currently only 20% of territories are
optimal-open, far below the 70% recovery goal (Lacy and Breininger 2021). Creating more
optimal-open territories is the priority but optimal-closed territories do not come with a cost to

population viability and allow for a larger population (Lacy and Breininger 2021); our results
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467  bolster this notion but more work is needed to determine if large patches of optimal-closed are
468  important for juvenile survival. Our prediction of male breeder death was also supported

469  confirming the value of family cohesion in this cooperative breeder.
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630  Table 1. MCMC parameter estimates (posterior mean, standard error (SD) and 95% credible
631  intervals) of the combined model show Florida Scrub-Jay juvenile survival increased with time
632  and was positively affected by optimal territories (highest in optimal-closed) and is negatively

633  affected by male death.

Mean SD 2.50% 97.50%
P(brood=1) 0.33 0.02 0.29 0.37
P(brood=2) 0.32 0.02 0.28 0.36
P(brood=3) 0.23 0.02 0.19 0.27
P(brood=4) 0.09 0.01 0.06 0.12
P(brood=5) 0.02 0.01 0.01 0.03
P(brood=6) 0.01 0.00 0.00 0.02
P(brood=7) 0.00 0.00 0.00 0.01
P(brood=8) 0.01 0.00 0.00 0.02
Phi intercept 2.56 0.29 2.02 3.15
Time 0.25 0.11 0.03 0.45
Time-squared -0.02 0.02 -0.05 0.02
Optimal-closed (Phi) 0.98 0.28 0.44 1.55
Optimal-open (Phi) 0.58 0.25 0.10 1.08
p intercept unmarked 2.66 0.18 2.32 3.03
Optimal-closed (p) unmarked -0.75 0.28 -1.30 -0.19
Optimal-open (p) unmarked 0.81 0.30 0.23 1.40
p intercept marked 3.95 0.37 3.28 4.73

Optimal-closed (p) marked -0.69 0.43 -1.55 0.16
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Optimal-open (p) marked
Female death

Male death

Helper count

Sibling count

Cohort count

Bayesian p-value marked data
Bayesian p-value unmarked data
sigma territory unmarked
detection

sigma territory marked detection

sigma territory survival

-0.54

0.13

-0.51

-0.01

-0.34

-0.12

0.70

0.73

2.28

2.08

2.00

0.35

0.28

0.25

0.20

0.20

0.19

0.46

0.44

0.13

0.27

0.18

-1.23

-0.42

-1.00

-0.40

-0.74

-0.50

0.00

0.00

2.05

1.60

1.68

0.14

0.69

-0.02

0.40

0.06

0.26

1.00

1.00

2.55

2.66

2.37
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637  Table 2. MCMC parameter estimates (posterior mean, standard error (SD) and 95% credible
638 intervals) of the CJS model show Florida Scrub-Jay juvenile survival was highest in optimal-

639  closed territories and is negatively affected by male death.

Mean SD 2.50% 97.50%

Phi intercept 4.17 1.09 2.51 6.70
Time -0.30 0.30 -0.97 0.22
Time-squared 0.07 0.04 -0.01 0.16
Optimal-closed (Phi) 1.03 0.60 0.03 2.38
Optimal-open (Phi) 0.07 0.42 -0.77 0.92
p intercept 3.73 0.34 3.13 4.45
Optimal-closed (p) -0.75 0.45 -1.66 0.13
Optimal-open (p) -0.33 0.47 -1.26 0.59
Female death -0.01 0.41 -0.79 0.86
Male death -0.90 0.49 -1.99 -0.05
Helpercount 0.23 0.41 -0.49 1.15
Sibling count -0.48 0.41 -1.37 0.25
Cohort count -0.49 0.37 -1.29 0.19
Bayesian p-value data 0.40 0.49 0.00 1.00
sigma territory detection 2.07 0.27 1.58 2.66
sigma territory survival 1.54 0.78 0.12 3.15

640

641

642
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643  Table 3. MCMC parameter estimates (posterior mean, standard error (SD) and 95% credible
644  intervals) of the unmarked (dependent young) model show Florida Scrub-Jay juvenile survival
645  increased with time and was highest in optimal-closed territories.

Mean SD 2.50% 97.50%
P(brood=1) 0.32 0.02 0.29 0.36
P(brood=2) 0.32 0.02 0.28 0.36
P(brood=3) 0.23 0.02 0.19 0.27
P(brood=4) 0.09 0.01 0.06 0.12
P(brood=5) 0.02 0.01 0.01 0.03
P(brood=6) 0.01 0.00 0.00 0.02
P(brood=7) 0.00 0.00 0.00 0.01
P(brood=8) 0.01 0.00 0.00 0.02
Phi intercept 2.25 0.32 1.64 2.91
Time 0.36 0.12 0.12 0.59
Time-squared -0.03 0.02 -0.07 0.01
Optimal-closed (Phi) 1.04 0.34 0.40 1.73
Optimal-open (Phi) 0.77 0.30 0.19 1.38
p intercept 2.68 0.18 2.34 3.03
Optimal-closed (p) -0.75 0.28 -1.30 -0.20
Optimal-open (p) 0.80 0.30 0.22 1.38
Female death -0.01 0.35 -0.70 0.69
Male death -0.36 0.30 -0.95 0.23
Helper count -0.10 0.24 -0.57 0.37
Sibling count -0.36 0.25 -0.86 0.11
Cohort count -0.10 0.24 -0.57 0.37
Bayesian p-value 0.75 0.43 0.00 1.00
sigma territory detection 2.28 0.13 2.04 2.54
sigma territory survival 2.14 0.21 1.77 2.58
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648  Figure 1. East-Central Florida study sites including MINWR/KSC and mainland FL

649  (28.919° N-27.648°N, 80.078"W-81.162°W).
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651  Figure 2. The integrated Bayesian hierarchical model of marked and unmarked juvenile Florida
652  scrub-jay monthly survival and detection used observations of individually marked young (Yi,)
653  and counts of unmarked young (Wg,). Models for both data sets shared survival (®g,) but had
654  separate detection (Pgt) parameters. Survival and detection parameters were modeled with

655  covariates (Bmp =male death, Brp = female death, Buc = helper count, Bsc = sibling count, fcc =
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656  cohort count). There were also random effects of territory within year on survival and each

657  detection parameter.
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661 Figure 3. Parameter estimates of the combined model were intermediate between those of the

662 individual dataset models. Key differences indicated higher survival within the marked data set, and
663 differences in the time and habitat effects on survival. The larger unmarked data set had a larger

664  influence on the combined model estimates. The points indicate the mean of the posterior distributions
665 of parameter estimates and the bars give the 95 % credible intervals.

666
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668  Figure 5. Survival vs time of the combined model more closely resembled the unmarked model
669  and increased with time possibly suggesting young Scrub-Jays learning predator avoidance. The
670 marked model did not show a trend. These estimates were calculated from the posterior beta
671  estimates with all covariates other than month and habitat set at their mean values. We did not
672  include the uncertainty due to the year random effect.

673

674



675
676

677

678

679

680

38

Time-squared 1 d

Optimal-closed A

Optimal-open -

Female death

Male death 1

Helper count

Sibling count

Cohort count - e Co

1 0 1
Parameter estimate

Figure 4. For the combined analysis optimal habitat had the largest positive effect, survival was
highest in optimal-closed territories. Male death the largest negative effect on Scrub-Jay survival.

Sibling count had a weak negative effect. The circles are the mean of posterior distribution of

parameter estimates; thick bars are 90% and thin bars are 95% ClI.
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SUPPLEMENTAL MATERIAL

Combined Model Script

# Project.......... KSC/MINWR Florida-scrub Jay unmarked young survival

# Abstract........: Run hybrid RE model to convergence and get results models
# Author..........: Eric D. Stolen

# Created.........: February 13 2023

# Modified........:

# Data source.....:

# status..........:

#### Load required packages

require(tidyverse)

library(jagsUI)

library(ggmcmc)

library(coda)

library(bayesplot)
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load("./RData//paper/FSJ _combined.RData")

# Hybrid RE

sink("./jags/combined seperate detection paper.jags")

cat("

model {

## priors

b0.phi ~ dnorm( 0, 0.01)

beta.time.phi ~ dnorm( 0, 0.01)

beta.time.sqr.phi~ dnorm( 0, 0.01)

beta.weak ~ dnorm( 0, 0.01)

beta.strong ~ dnorm( 0, 0.01)

beta. BBFD ~ dnorm( 0, 0.01)

beta.BBMD ~ dnorm( 0, 0.01)

beta. THCNT ~ dnorm( 0, 0.01)
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717 beta. FJCNT ~ dnorm( 0, 0.01)

718 beta.JJ ~ dnorm( 0, 0.01)

719 brood.probs| 1:8]~ddirch(brood.probs.data)

720 b0.p.unmarked ~ dnorm( 0, 0.01)

721 beta.weak.p.unmarked ~ dnorm( 0, 0.01)

722 beta.strong.p.unmarked ~ dnorm( 0, 0.01)

723 b0.p.marked ~ dnorm( 0, 0.01)

724 beta.weak.p.marked ~ dnorm( 0, 0.01)

725 beta.strong.p.marked ~ dnorm( 0, 0.01)

726

727 # territory RE unmarked

728 for(i in 1:n.terr.year.unmarked){
729 terr.unmarked.re[i] ~ dnorm(0, tau.terr.unmarked)
730}

731 sigma.terr.unmarked ~ dnorm(0, 0.5)I(0,) # hyperprior for RE sd

732 tau.terr.unmarked <- pow(sigma.terr.unmarked, -2)

733

734 # territory RE marked
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735 for(i in l:n.terr.year.marked){

736 terr.marked.re[i] ~ dnorm(0, tau.terr.marked)

737}

738 sigma.terr.marked ~ dnorm(0, 0.5)I(0,) # hyperprior for RE sd

739 tau.terr.marked <- pow(sigma.terr.marked, -2)

740

741 # territory RE all

742 for(i in l:n.terr.year){

743 terr.all.re[i] ~ dnorm(0, tau.terr.all)

744 }

745 sigma.terr.all ~ dnorm(0, 0.5)I(0,) # hyperprior for RE sd

746 tau.terr.all <- pow(sigma.terr.all, -2)
747
748 # linear model for combined survival

749 for(iin 1:nind.combined ){

750 for(tin 1:(nocc-1) ){

751 logit(phi[i,t]) <- b0.phi + beta.time.phi*t + beta.time.sqr.phi*(t-1)*(t-1) +

752 beta.strong*equals(Habitat[i],2) + beta.weak*equals(Habitat[i],3) +
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beta. BBFD*BBFDJ[i] + beta. BBMD*BBMDYi] + beta. THCNT*THCNTI[i] +

beta. FICNT*FICNTI[i] + beta.JJ*JJ[i] +

terr.all.re[Terr.year.num[i]]

# linear model for detection of unmarked

for(iin 1:n.terr.unmarked ){

for(t in 1:nocc){

logit(p.unmarked[i,t]) <- bO.p.unmarked + beta.weak.p.unmarked*equals(Habitat[1],3) +

beta.strong.p.unmarked*equals(Habitat[i],2) +

terr.unmarked.re[ Terr.year.unmarked.num[i]]

# linear model for detection of marked

for(11in 1:nind.marked ){

for( tin 1:nocc){

logit(p.marked[i,t]) <- bO.p.marked + beta.weak.p.marked*equals(Habitat[i+nind.marked],3)
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beta.strong.p.marked*equals(Habitat[i+nind.marked],2) +

terr.marked.re[Terr.year.marked.num([i]]

# likelihood for unmarked data

for(iin 1:n.terr.unmarked ){

w[i,1] ~ dcat(brood.probs[])

w.new[i,1] ~ dcat(brood.probs[])

cum.phi.um|[i,1] <- 1

for(t in 2:nocc ){

# state

wi,t] ~ dbin( mul[i,t], w[i,t-1)

w.new[i,t] ~ dbin(mul[i,t], w[it-1])

mul[i,t] <- phi[i, t-1]

cum.phi.um|[i,t]<-phi[i,t-1]*(cum.phi.um[i,t-1])
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for( t in funmarked[i]:nocc ){

# observation

y.unmarked[i,t] ~ dbin( mu2[it], w[i,t])

mu2[i,t] <- p.unmarked[i,t]

# Posterior Predictive Check (Bayesian p-value) unmarked based on Schmidt et al. 2010

for (i in 1: n.terr.unmarked){

for(t in 2:nocc){

w.new?2[i,t] <- w.new[i,t]*pow(1-cum.phi.um[i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um[i,t]))

+ (w.new([i,t-1]-w.new([i,t])*pow(0-cum.phi.um[i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um[i,t]))

w.2[1,t] <- w[i,t]*pow(1-cum.phi.um[i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.uml[i,t])) + (w[i,t-

1]-w[i,t])*pow(0-cum.phi.um(i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.umi,t]))

w.new2.FT[i,t] <- w.new[1,t]*pow(1-pow(cum.phi.um(i,t],0.5),2) + (w.new][i,t-1]-

w.new/[1,t])*pow(0-pow(cum.phi.um[i,t],0.5),2)

w.2.FT[1,t] <- w[i,t]*pow(1-pow(cum.phi.um[i,t],0.5),2) + (W[i,t-1]-w[i,t])*pow(0-

pow(cum.phi.um|[i,t],0.5),2)
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w.new3[i]<-sum(w.new2[i,2:nocc])

w.3[i]<-sum(w.2[i,2:nocc])

w.new3.FT[i]<-sum(w.new2.FT[i,2:nocc])

w.3.FT[i]<-sum(w.2.FT[i,2:nocc])

w.new4<-sum(w.new3[1: n.terr.unmarked])

w.4<-sum(w.3[1: n.terr.unmarked])

P.unmarked<-step(w.new4-w.4)

w.new4.FT<-sum(w.new3.FT[1: n.terr.unmarked])

w.4.FT<-sum(w.3.FT[1: n.terr.unmarked])

P.unmarked.FT<-step(w.new4.FT-w.4.FT)

# Data Likelihood marked

for (i in 1:nind.marked){

# Observation process

cum.phi.m[i,f.marked[i]] <- 1
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for (t in (f.marked[i]+1):nocc){ # latent state at first capture given as data

# State process

Z.marked[1,t] ~ dbern(mul.marked[i,t])

Z.marked.new[i,t] ~ dbern(mul.marked[i,t])

# # Observation process

mul.marked[i,t] <- phi[n.terr.unmarked+i,t-1] * Z.marked[1,t-1]

cum.phi.m[i,t]<-phi[n.terr.unmarked+i,t-1]*(cum.phi.m[i,t-1])

# Observation process

y.marked[i,t] ~ dbern(mu2.marked[i,t])

mu2.marked[i,t] <- p.marked[i,t] * Z.marked[i,t]

} #t

V#i

# Posterior Predictive Check (Bayesian p-value) marked based on Schmidt et al. 2010

for (i in 1: nind.marked){

for(t in (f.marked[i]+1):nocc){

z.new2.m[1,t]<-pow(Z.marked.new[i,t]-cum.phi.m[1,t],2)/(cum.phi.m[1,t]*(1-

cum.phi.m[i,t]))

z.2. m[1i,t][<-pow(Z.marked[1,t]-cum.phi.m[i,t],2)/(cum.phi.m[1,t]*(1-cum.phi.m[i,t]))
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846 z.new2.m.FT[i,t]<-pow(pow(Z.marked.new][i,t],0.5)-pow(cum.phi.m([i,t],0.5),2)
847 z.2. m.FT[it]<-pow(pow(Z.marked[1,t],0.5)-pow(cum.phi.m[i,t],0.5),2)

848 }

849 z.new3.m[i]<-sum(z.new2.m[i,(f.marked[i]+1):nocc])

850 z.3.m[i]<-sum(z.2.m[i,(f.marked[i]+1):nocc])

851 z.new3.m.FT[i]<-sum(z.new2.m.FT[i,(f.marked[i]+1):nocc])

852 z.3.m.FT[i]<-sum(z.2.m.FT[i,(f. marked[i]+1):nocc])

853 }

854 z.new4.m<-sum(z.new3.m[1: nind.marked])

855 z.4.m<-sum(z.3.m[ l: nind.marked])

856 P.marked<-step(z.new4.m-z.4.m)

857 z.new4.m.FT<-sum(z.new3.m.FT[1: nind.marked])

858 z.4.m.FT<-sum(z.3.m.FT[1: nind.marked])

859 P.marked.FT<-step(z.new4.m.FT-z.4.m.FT)

860

861

862 ".fill = TRUE)

863  sink()
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867

868  ch.init <- function(ch,f){

869 z <-ch

870  z[]<-NA

871 occ <- dim(ch)[2]

872 for(11in 1:dim(ch)[1] ){

873 # browser()

874 for(pos in 1:0cc){

875 if(pos == occ & is.na(ch[i,pos])){
876 z[1,pos] <- z[1, pos-1]

877 telse{

878 if(all(is.na(ch[i,pos:occ]))){

879 z[1,pos:occ] <- z[i, pos-1]

880 telse{

881 z[1,pos] <- max(ch[i,pos:occ],na.rm =T )
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return(z)

known.state.cjs <- function(ch){

state <- ch

state[] <- NA

for (i in 1:dim(ch)[1]){

nl <- min(which(ch[i,]==1), na.rm = T)

n2 <- max(which(ch[i,]==1), na.rm = T)

state[i,n]:n2] <- 1

# state[1,n1] <- NA

return(state)
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cs.inits <- function() {

list(

w = ch.init(combined.data$y.unmarked,combined.data$f.unmarked),

Z = known.state.cjs(combined.data$y.marked),

b0.phi = runif(1, -3, 3),

b0.p = runif(1, -3, 3)

# run model

cs.parms <- c("brood.probs","b0.phi", "beta.time.phi", "beta.time.sqr.phi", "beta.weak",

"beta.strong",

"b0.p.unmarked", "beta.weak.p.unmarked", "beta.strong.p.unmarked",

"b0.p.marked", "beta.weak.p.marked", "beta.strong.p.marked",
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"beta.BBFD", "beta. BBMD", "beta. THCNT","beta. FICNT", "beta.JJ",

"P.marked", "P.unmarked", "P.marked . FT", "P.unmarked . FT",

"sigma.terr.unmarked", "sigma.terr.marked", "sigma.terr.all")

# load("./RData/hybrid_burnIn.RData")

nc=3

nt=1

n.iter=400

n.burnin=150

Hybrid.TerrSite.gof <- jags(data=c(combined.data), inits=cs.inits, parameters.to.save=cs.parms,

model.file = "./jags/combined seperate detection paper.jags",

n.chains = nc, n.thin = nt, n.iter = n.iter, n.burnin = n.burnin, parallel = TRUE)

print(Hybrid. TerrSite.gof, digits = 3)

Hybrid.TerrSite.gof.update <- update(Hybrid.TerrSite.gof, n.iter = 2000, parameters.to.save =

cs.parms)

print(Hybrid. TerrSite.gof.update, digits = 3)
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Hybrid.TerrSite.gof.update.1 <- update(Hybrid.TerrSite.gof.update, n.iter = 4000,

parameters.to.save = cs.parms)

print(Hybrid. TerrSite.gof.update. 1, digits = 3)

Hybrid.TerrSite.gof.update.2 <- update(Hybrid.TerrSite.gof.update.1, n.iter = 10000,

parameters.to.save = cs.parms)

print(Hybrid. TerrSite.gof.update.2, digits = 3)

Hybrid.TerrSite.gof.update.3 <- update(Hybrid.TerrSite.gof.update.2, n.iter = 10000,

parameters.to.save = cs.parms)

print(Hybrid. TerrSite.gof.update.3, digits = 3)

Hybrid.TerrSite.gof.update.4 <- update(Hybrid.TerrSite.gof.update.3, n.iter = 20000,

parameters.to.save = cs.parms)

print(Hybrid. TerrSite.gof.update.4, digits = 3)

out.jags.mcmc <- Hybrid. TerrSite.gof.update.4$samples
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957  outjags.mcmc <- as.mcmc.list(out.jags.mcmc)

958  out.jags.mcmc.thin <- window(out.jags.mecmc, thin=1)

959 S <- ggs(out.jags.mcmc.thin)

960  ggmcme(S, file="./output/revisions 2/Hybrid BI plotl.pdf", plot=c("density", "traceplot",

961  "running"))

962  ggmcmc(S, file="./output/revisions 2/Hybrid BI plot2.pdf", plot=c("compare partial",

nn nn

963  "autocorrelation", "crosscorrelation", "Rhat", "geweke", "caterpillar"))

964

965

966  Hybrid.TerrSite.gof.update.5 <- update(Hybrid.TerrSite.gof.update.4, n.iter = 250000)

967  print(Hybrid.TerrSite.gof.update.5, digits = 3)

968  # write.csv(Hybrid. TerrSite.gof.update.2$summary,

969 "./output/revisions/final combined posterior estimates.csv")

970 save.image("./RData/hybrid Final.RData")

971

972  Hybrid.TerrSite.gof.update.6 <- update(Hybrid.TerrSite.gof.update.5, n.iter = 250000)

973  print(Hybrid.TerrSite.gof.update.6, digits = 3)

974

975  save.image("./RData/hybrid Final.RData")
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posterior.tbl_eds <- function(Input, type="jagsUI"){

# Input can be jagsUI model fit or mcmec.list object

# library(runjags)

# out.jags.mcmc <- combine.mcmc(list(out.2.update.3$samples, out.2.update.4$samples))

require(coda)

if(type=="jagsUI"){

out.jags.mcmc <- Input$samples

telse{

out.jags.mcmc <- Input

# out.jags.mcmc <- jagsUI fit$samples

summary.tbl <- summary(out.jags.mcmc)

size.tbl <- effectiveSize(out.jags.mcmc)

GelRub <- gelman.diag(out.jags.mcmc,autoburnin=F, transform = T)

out.tbl <- cbind(summary.tbl$statistics[,1:2],summary.tbl$quantiles[,c(1,3,5)],

Rhat=round(GelRub$psrf],1],2), n.eff=round(size.tbl))
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print(out.tbl)

return(out.tbl)

# write.csv(out.tbl, "./output/revision final/HC uninform Posterior summary.csv")

library(runjags)

out.hybrid.memc <- combine.mcmc(list(Hybrid. TerrSite.gof.update.5$samples,

Hybrid.TerrSite.gof.update.6$sample))

# Hybrid. TerrSite.gof.update.4$sample))

Hybrid.TerrSite.gof.tbl <- posterior.tbl_eds(out.hybrid.mcme, type="list")

write.csv(Hybrid. TerrSite.gof.tbl, "./output/revisions

2/final _combined posterior estimates.csv'")

out.hybrid.memec.ls <- as.mcmec.list(out.hybrid.mecmc)

out.hybrid.memec.ls.thin <- window(out.hybrid.mcmc.ls, thin=100)

S <- ggs(out.hybrid.mcmec.ls.thin)
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ggmemc(S, file="./output/revisions 2/Hybrid final plotl.pdf", plot=c("density", "traceplot",

"running"))

ggmemc(S, file="./output/revisions 2/Hybrid final plot2.pdf", plot=c("compare partial",

nn nn

"autocorrelation", "crosscorrelation", "Rhat", "geweke", "caterpillar"))

# Plot BPV

nn n

temp.params <- c("w.new4", "w.4", "znew4.m", "z.4.m",

"w.newd. FT", "w.4.FT", "znew4.m.FT", "z4.m.FT")

# Hybrid.TerrSite.gof.3 <- update(Hybrid.TerrSite.gof.update.1, n.iter = 300, parameters.to.save

= temp.params)

Hybrid.TerrSite.gof.7 <- update(Hybrid.TerrSite.gof.update.6, n.iter = 10000, parameters.to.save

= temp.params)

Hybrid.TerrSite.gof.df <- with(Hybrid. TerrSite.gof.7$sims.list,
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data.frame(New = c(w.new4,z.new4.m),

Data = ¢(w.4, z.4.m),

Submodel = factor(rep(c("unmarked", "marked"),

each=length(w.new4))),

RE="YearSiteTerr",

New.FT = c(w.new4.FT,z.new4.m.FT),

Data.FT = c(w.4.FT, z4.m.FT))

(p.gof <- ggplot(Hybrid.TerrSite.gof.df, aes(y=New, x=Data)) + geom_point() +

facet_wrap(~Submodel, scales = "free") + geom_abline(col="red") )

(p.gof. FT <- ggplot(Hybrid.TerrSite.gof.df, aes(y=New.FT, x=Data.FT)) + geom_point() +

facet wrap(~Submodel, scales = "free") + geom_abline(col="red") +

xlab("Fit statistic for observed data") + ylab("Fit statistic for new data"))

(p.gof.FT.thin.fixed <-
geplot(Hybrid. TerrSite.gof.df[sample(1:nrow(Hybrid. TerrSite.gof.df),1000),], aes(y=New.FT,

x=Data.FT)) + geom_point() +

facet wrap(~Submodel, scales = "fixed") + geom_abline(col="red") +

xlab("Fit statistic for observed data") + ylab("Fit statistic for new data"))
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(p.gof.FT.thin.free <-
ggplot(Hybrid. TerrSite.gof.df[sample(1:nrow(Hybrid.TerrSite.gof.df),1000),], aes(y=New.FT,

x=Data.FT)) + geom_point() +

facet wrap(~Submodel, scales = "free") + geom_abline(col="red") +

xlab("Fit statistic for observed data") + ylab("Fit statistic for new data"))

pdf("./output/revisions 2/RE GOF plot Hybrid.pdf")

p.gof

p.gof.FT

dev.off()

ppi=600

tiff(file="./output/revisions 2/RE GOF plot Hybrid fixed.tiff",

width = 6*ppi, height = 6*ppi, res = ppi)

p.gof.FT.thin.fixed

dev.off()

ppi=600
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tiff(file="./output/revisions 2/RE GOF plot Hybrid free.tiff",

width = 6*ppi, height = 6*ppi, res = ppi)
p.gof.FT.thin.free
dev.off()
# plot effects
graph.labs <- ¢("Time", "Time-squared", "Optimal-closed", "Optimal-open",

"Female death", "Male death", "Helper count", "Sibling count", "Cohort count")

attributes(out.hybrid.memc[[1]])$dimnames[[2]][c(10:13,20:24)] <- graph.labs
attributes(out.hybrid.memc[[2]])$dimnames[[2]][c(10:13,20:24)] <- graph.labs
attributes(out.hybrid.memc[[3]])$dimnames[[2]][c(10:13,20:24)] <- graph.labs
color scheme set(scheme="gray")
(plot.post.bar <- memc _intervals(out.hybrid.mcme, point_est = "mean", prob = 0.9,
prob_outer=0.95,
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pars = graph.labs, outer _size = 0.5, inner_size = 1,

point_size = 2) + theme classic() + xlab("Parameter estimate") +

# theme(panel.grid.major = element_blank(), panel.grid.minor = element blank()) +

geom_vline(xintercept=0) + theme(axis.text = element_text(size = 11)))

ppi=600

tiff(file="./output/revisions 2/combined posterior CI for survival highres.tiff",

width = 6*ppi, height = 6*ppi, res = ppi)

plot.post.bar

dev.off()

parameters.2 <- c("terr.unmarked.re", "terr.marked.re", "terr.all.re")

combinedYearRE.gof.4.plotRE <- update(Hybrid. TerrSite.gof.update.3,parameters.to.save =

parameters.2, n.iter = 500)

S.all <- ggs(combinedYearRE.gof.4.plotRE$samples,family = "terr.all.re")

(plot.all <- ggs _caterpillar(S.all, line = 0, sort=T))

S.unmarked <- ggs(combinedY earRE.gof.4.plotRE$samples,family = "terr.unmarked.re")

(plot.unmarked <- ggs caterpillar(S.unmarked, line = 0, sort=T))

S.marked <- ggs(combinedY earRE.gof.4.plotRES$samples,family = "terr.marked.re")
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(plot.marked <- ggs caterpillar(S.marked, line = 0, sort=T))

pdf(file="./output/revisions 2/caterpillar plots of RE.pdf")

plot.all

plot.unmarked

plot.marked

dev.off()
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Marked Model Script

# Project.......... KSC/MINWR Florida-scrub Jay marked young survival

sink("./jags/FSJ survival Marked data only paper.jags")

cat("

model {

## priors on logit scale probabilities

b0.phi ~ dnorm( 0, 0.001)

b0.p ~ dnorm( 0, 0.001)

beta.time.phi ~ dnorm( 0, 0.001)

beta.time.sqr.phi~ dnorm( 0, 0.001)

beta.weak ~ dnorm( 0, 0.001)

beta.strong ~ dnorm( 0, 0.001)

beta.weak.p ~ dnorm( 0, 0.001)

beta.strong.p ~ dnorm( 0, 0.001)

beta. BBFD ~ dnorm( 0, 0.001)

beta.BBMD ~ dnorm( 0, 0.001)

beta. THCNT ~ dnorm( 0, 0.001)
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beta. FJCNT ~ dnorm( 0, 0.001)

beta.JJ ~ dnorm( 0, 0.001)

## territory RE detection

for(i in l:n.terr.year){

re.terr.det[i] ~ dnorm(0, tau.terr.det)

sigma.terr.det ~ dnorm(0, 0.5)I(0,) # hyperprior for RE sd

tau.terr.det <- pow(sigma.terr.det, -2)

## territory RE survival

for(i in 1:n.terr.year){

re.terr.phi[i] ~ dnorm(0, tau.terr.phi)

sigma.terr.phi ~ dnorm(0, 0.5)1(0,) # hyperprior for RE sd

tau.terr.phi <- pow(sigma.terr.phi, -2)

# set up linear models unmarked & unmarked
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for(1in 1:nind.marked ){

for(tin 1:(nocc-1) ){

logit(phi[i,t]) <- bO.phi + beta.time.phi*t + beta.time.sqr.phi*(t-1)*(t-1) +

beta.strong*equals(Habitat[i],2) + beta.weak*equals(Habitat[i],3) +

beta. BBFD*BBFDJ[i] + beta. BBMD*BBMDYi] + beta. THCNT*THCNTJ[i] +

beta. FJCNT*FJCNTIi] + beta.JJ*JJ[i] + re.terr.phi[ Terr.year.num[i]]

for(tin 1:nocc){

logit(p[i,t]) <- b0.p + beta.weak.p*equals(Habitat[i],3) + beta.strong.p*equals(Habitat[i],2)

+ re.terr.det[ Terr.year.num|[i]]

# Data Likelihood marked

for (i in 1:nind.marked){

cum.phi.m[i,f.marked[i]] <- 1

for (t in (f.marked[i]+1):nocc){ # latent state at first capture given as data

# State process

Z.marked[i,t] ~ dbern(mul.marked[i,t])
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Z.marked.new[i,t] ~ dbern(mul.marked[i,t])

mul.marked[i,t] <- phi[it-1] * Z.marked[i,t-1]

cum.phi.m[1,t]<-phi[i,t-1]*(cum.phi.m[i,t-1])

# Observation process

y.marked[i,t] ~ dbern(mu2.marked[i,t])

mu2.marked[i,t] <- p[i,t] * Z.marked[i,t]

V#

L #

# Posterior Predictive Check (Bayesian p-value) marked based on Schmidt et al. 2010

for (i in 1: nind.marked){

for(t in (f.marked[i]+1):nocc){

z.new2.m[1,t]<-pow(Z.marked.new[i,t]-cum.phi.m[i,t],2)/(cum.phi.m[1,t]*(1-

cum.phi.m[i,t]))

z.2. m[1,t][<-pow(Z.marked[1,t]-cum.phi.m[i,t],2)/(cum.phi.m[i,t]*(1-cum.phi.m[i,t]))

z.new2.m.FT[i,t]<-pow(pow(Z.marked.new][i,t],0.5)-pow(cum.phi.m[i,t],0.5),2)

z.2.m.FT[1,t]<-pow(pow(Z.marked[1,t],0.5)-pow(cum.phi.m[1,t],0.5),2)

z.new3.m[i]<-sum(z.new2.m[i,(f.marked[i]+1):nocc])



1187

1188

1189

1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

67

z.3.m[i]<-sum(z.2.m[i,(f.marked[i]+1):nocc])

z.new3.m.FT[i]<-sum(z.new2.m.FT[i,(f.marked[i]+1):nocc])

z.3.m.FT[i]<-sum(z.2.m.FT[i,(f.marked[i]+1):nocc])

z.new4.m<-sum(z.new3.m[1: nind.marked])

z.4.m<-sum(z.3.m[ l: nind.marked])

P.marked<-step(z.new4.m-z.4.m)

z.new4.m.FT<-sum(z.new3.m.FT[1: nind.marked])

z.4.m.FT<-sum(z.3.m.FT[1: nind.marked])

P.marked.FT <-step(z.new4.m.FT - z.4.m.FT)

" fill = TRUE)

sink()
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# load data

# Load required packages

require(tidyverse)

library(jagsUI)

library(ggmcemc)

library(coda)

library(bayesplot)

load(file="./RData//paper/FSJ_marked only.RData")

ch.init <- function(ch,f){

z<-ch

7[] <-NA

occ <- dim(ch)[2]

for(1in 1:dim(ch)[1] ){

# browser()
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for(pos in 1:0cc){

if(pos == occ & is.na(ch[i,pos])){

z[1,pos] <- z[1, pos-1]

telse{

if(all(is.na(ch[i,pos:occ]))){

z[1,pos:occ] <- z[1, pos-1]

telse{

z[1,pos] <- max(ch[i,pos:occ],na.rm =T )

return(z)

known.state.cjs <- function(ch){

state <- ch

state[] <- NA
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for (i in 1:dim(ch)[1]){

nl <- min(which(ch[i,]==1), na.rm = T)

n2 <- max(which(ch[i,]==1), na.rm = T)

state[i,n1:n2] <- 1

# state[i,nl] <- NA

return(state)

cs.inits <- function(){

list(

Z = known.state.cjs(combined.data.marked$y.marked),

b0.phi = runif(1, -3, 3),

b0.p = runif(1, -3, 3)
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cs.parms <- c("brood.probs","b0.phi", "beta.time.phi", "beta.time.sqr.phi", "beta.weak",

"beta.strong",

"b0.p", "beta.weak.p", "beta.strong.p", "beta.BBFD",

"beta.BBMD", "beta. THCNT","beta. FICNT", "beta.JJ", "sigma.terr.det",

"sigma.terr.phi",

"sigma.terr.det", "sigma.terr.phi", "P.marked.FT", "P.marked")

nc=3

nt=1

n.iter=400

n.burnin=150

Marked.out <- jags(data=combined.data.marked, inits=cs.inits, parameters.to.save=cs.parms,

model.file = "./jags/FSJ survival Marked data only paper.jags",

n.chains = nc, n.thin = nt, n.iter = n.iter, n.burnin = n.burnin, parallel = TRUE)

print(Marked.out, digits = 3)
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Marked.out.update <- update(Marked.out, n.iter = 30000)

print(Marked.out.update, digits = 3)

out.jags.mcmc <- Marked.out.update$samples

out.jags.mcmc <- as.mcmec.list(out.jags.mcmc)

out.jags.mcmc.thin <- window(out.jags.mcmc, thin=10)

S <- ggs(out.jags.mcmc.thin)

ggmemc(S, file="./output/revisions/Marked BI plotl.pdf", plot=c("density", "traceplot",

"running"))

ggmemc(S, file="./output/revisions/Marked BI plot2.pdf", plot=c("compare partial",

nn nn

"autocorrelation", "crosscorrelation”, "Rhat", "geweke", "caterpillar"))

Marked.out.update.2 <- update(Marked.out.update, n.iter = 200000)

print(Marked.out.update.2, digits = 3)

save.image(file="./RData/Marked only.RData")

Marked.out.update.3 <- update(Marked.out.update.2, n.iter = 200000)

print(Marked.out.update.3, digits = 3)

save.image(file="./RData/Marked only.RData")
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Marked.out.update.4 <- update(Marked.out.update.3, n.iter = 500000)

print(Marked.out.update.4, digits = 3)

save.image(file="./RData/Marked only.RData")

posterior.tbl_eds <- function(Input, type="jagsUI"){

# Input can be jagsUI model fit or memc.list object

# library(runjags)

# out.jags.mcmc <- combine.mcmc(list(out.2.update.3$samples, out.2.update.4$samples))

require(coda)

if(type=="jagsUI"){

out.jags.mcmc <- Input$samples

telse{

out.jags.mcmc <- Input

# out.jags.mcmc <- jagsUI fit$samples
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summary.tbl <- summary(out.jags.mcmc)

size.tbl <- effectiveSize(out.jags.mcmc)

GelRub <- gelman.diag(out.jags.mcmc,autoburnin=F, transform = T)

out.tbl <- cbind(summary.tbl$statistics[,1:2],summary.tbl$quantiles[,c(1,3,5)],

Rhat=round(GelRub$psrf],1],2), n.eff=round(size.tbl))

print(out.tbl)

return(out.tbl)

# write.csv(out.tbl, "./output/revision fina/HC uninform Posterior summary.csv")

# unmarked.only.update.tbl <- posterior.tbl eds(unmarked.out.update)

library(runjags)

out.unmarked.memc <- combine.mcmc(list(Marked.out.update.2$samples,

Marked.out.update.3$sample,

Marked.out.update.4$samples))

marked.only.update.tbl <- posterior.tbl eds(out.unmarked.mcmc, type="list")
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out.jags.mcmc <- as.mcmec.list(out.unmarked.memc)

out.jags.mcmc.thin <- window(out.jags.mcmc, thin=100)

S <- ggs(out.jags.mcmc.thin)

nn

ggmemc(S, file="./output/revisions/Marked final plotl.pdf", plot=c("density", "traceplot",

"running"))

ggmemc(S, file="./output/revisions/Marked final plot2.pdf", plot=c("compare partial",

nn nn

"autocorrelation", "crosscorrelation", "Rhat", "geweke", "caterpillar"))

write.csv(marked.only.update.tbl, file="./output/revisions 2/marked only posterior.csv")

save.image(file="./RData/Marked only.RData")
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Unmarked Model Script
# Project.......... KSC/MINWR Florida-scrub Jay unmarked young survival
# jags model

sink("./jags/FSJ survival unmarked data only paper.jags")

cat("

model {

## priors on logit scale probabilities

b0.phi ~ dnorm( 0, 0.001)

b0.p ~ dnorm( 0, 0.001)

beta.time.phi ~ dnorm( 0, 0.001)

beta.time.sqr.phi~ dnorm( 0, 0.001)

beta.weak ~ dnorm( 0, 0.001)

beta.strong ~ dnorm( 0, 0.001)

beta.weak.p ~ dnorm( 0, 0.001)

beta.strong.p ~ dnorm( 0, 0.001)

beta.BBFD ~ dnorm( 0, 0.001)
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beta. BBMD ~ dnorm( 0, 0.001)

beta. THCNT ~ dnorm( 0, 0.001)

beta. FICNT ~ dnorm( 0, 0.001)

beta.JJ ~ dnorm( 0, 0.001)

brood.probs| 1:8]~ddirch(brood.probs.data)

## territory RE detection

for(i in l:n.terr.year){

re.terr.det[i] ~ dnorm(0, tau.terr.det)

sigma.terr.det ~ dnorm(0, 0.5)I(0,) # hyperprior for RE sd

tau.terr.det <- pow(sigma.terr.det, -2)

## territory RE survival

for(i in 1:n.terr.year){

re.terr.phi[i] ~ dnorm(0, tau.terr.phi)

sigma.terr.phi ~ dnorm(0, 0.5)1(0,) # hyperprior for RE sd
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1381 tau.terr.phi <- pow(sigma.terr.phi, -2)

1382

1383 # set up linear models unmarked & unmarked

1384 for(1in 1:n.terr.unmarked ){

1385 for(tin 1:(nocc-1) ){

1386 logit(phi[i,t]) <- b0.phi + beta.time.phi*t + beta.time.sqr.phi*(t-1)*(t-1) +

1387 beta.strong*equals(Habitat[1],2) + beta.weak*equals(Habitat[i],3) +

1388 beta.BBFD*BBFDJi] + beta. BBMD*BBMD]Ji] + beta. THCNT*THCNTTi] +
1389 beta. FJCNT*FJCNTIi] + beta.JJ*JJ[i] + re.terr.phi[ Terr.year.num[i]]

1390 }

1391 for(tin 1:nocc){

1392 logit(p[i,t]) <- b0.p + beta.weak.p*equals(Habitat[i],3) + beta.strong.p*equals(Habitat[i],2) +
1393 re.terr.det[ Terr.year.num[i]]

1394 }

1395 }

1396

1397 # likelihood unmarked

1398 for(iin 1:n.terr.unmarked ){
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w][i,1] ~ dcat(brood.probs[])

w.new[i, 1] ~ dcat(brood.probs[])

cum.phi.um|[i,1] <- 1

for(t in 2:nocc ){

# state

w[i,t] ~ dbin( mul[i,t], w[i,t-1])

w.new/[i,t] ~ dbin(mul[i,t], w[it-1])

mul[i,t] <- phi[i, t-1]

cum.phi.um|[i,t]<-phi[i,t-1]*(cum.phi.um[i,t-1])

for( t in f.unmarked[i]:nocc ){

# observation

y.unmarked|[i,t] ~ dbin( mu2[i,t], w[it])

mu2[i,t] <- p[it]

# Posterior Predictive Check (Bayesian p-value) unmarked based on Schmidt et al. 2010
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for (i in 1: n.terr.unmarked){

for(t in 2:nocc){

# w.new?2[1,t] <- w.new[i,t]*pow(1-cum.phi.um[i,t],2)/(cum.phi.um[i,t]*(1-
cum.phi.um|[i,t])) + (w.new([i,1]-w.new[1,t])*pow(0-cum.phi.um[it],2)/(cum.phi.um[i,t]*(1-

cum.phi.um[i,t]))

# w.2[1,t] <- w[i,t]*pow(1-cum.phi.um(i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um[i,t])) +

(w[i,1]-w[i,t])*pow(0-cum.phi.um|[i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um[i,t]))

w.new?2[i,t] <- w.new[i,t]*pow(1-cum.phi.um[i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um[it]))

+ (w.new([i,t-1]-w.new([i,t])*pow(0-cum.phi.um[i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um[i,t]))

w.2[1,t] <- w[i,t]*pow(1-cum.phi.um[i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um([i,t])) + (w[i,t-

1]-w[i,t])*pow(0-cum.phi.um(i,t],2)/(cum.phi.um[i,t]*(1-cum.phi.um|i,t]))

w.new2.FT[1,t] <- w.new[i,t]*pow(1-pow(cum.phi.um[i,t],0.5),2) + (w.new[i,t-1]-

w.new[1t])*pow(0-pow(cum.phi.um[i,t],0.5),2)

w.2.FT[1,t] <- w[i,t]*pow(1-pow(cum.phi.um[i,t],0.5),2) + (W[i,t-1]-w[i,t])*pow(0-

pow(cum.phi.um[i,t],0.5),2)

w.new3[i]<-sum(w.new2[i,2:nocc])

w.3[i]<-sum(w.2[i,2:nocc])

w.new3.FT[i]<-sum(w.new2.FT[i,2:nocc])

w.3.FT[i]<-sum(w.2.FT[1,2:nocc])
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1453

1454
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w.new4<-sum(w.new3[1: n.terr.unmarked])

w.4<-sum(w.3[1: n.terr.unmarked])

P.unmarked<-step(w.new4-w.4)

w.new4 FT<-sum(w.new3.FT[1: n.terr.unmarked])

w.4.FT<-sum(w.3.FT[1: n.terr.unmarked])

P.unmarked.FT<-step(w.new4.FT-w.4.FT)

" fill = TRUE)

sink()

# load data

# Load required packages

require(tidyverse)
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1455  library(jagsUI)

1456  library(ggmcmc)

1457  library(coda)

1458  library(bayesplot)

1459

1460  load(file="./RData//paper/FSJ unmarked only.RData")

1461

1462  ch.init <- function(ch,f){

1463 z<-ch

1464  z[] <-NA

1465 occ <- dim(ch)[2]

1466 for(1iin 1:dim(ch)[1] ){

1467 # browser()

1468 for(pos in 1:0cc){

1469 if(pos == occ & is.na(ch[i,pos])){
1470 z[1,pos] <- z[1, pos-1]

1471 telse{

1472 if(all(is.na(ch[i,pos:occ]))){
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z[i,pos:occ] <- z[i, pos-1]

telse{

z[1,pos] <- max(ch[i,pos:occ],na.rm =T)

return(z)

known.state.cjs <- function(ch){

state <- ch

state[] <- NA

for (i in 1:dim(ch)[1]){

nl <- min(which(ch[i,]==1), na.rm = T)

n2 <- max(which(ch[i,]==1), na.rm = T)

state[i,n]:n2] <- 1

# state[1,n1] <- NA
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return(state)

cs.inits <- function(){

list(

w = ch.init(combined.data.unmarked$y.unmarked,combined.data.unmarked$f.unmarked),

# 7 = known.state.cjs(combined.data$y.marked),

b0.phi = runif(1, -3, 3),

b0.p = runif(1, -3, 3)

cs.parms <- ¢("brood.probs","b0.phi", "beta.time.phi", "beta.time.sqr.phi", "beta.weak",

"beta.strong",

"b0.p", "beta.weak.p", "beta.strong.p", "beta. BBFD",

"beta.BBMD", "beta. THCNT","beta. FICNT", "beta.JJ", "sigma.terr.det",

"sigma.terr.phi",
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1526
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1528
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"P.unmarked.FT", "P.unmarked")

nc=3

nt=1

n.iter=400

n.burnin=100

unmarked.out <- jags(data=combined.data.unmarked, inits=cs.inits,

parameters.to.save=cs.parms,

model.file = "./jags/FSJ survival unmarked data only paper.jags",

n.chains = nc, n.thin = nt, n.iter = n.iter, n.burnin = n.burnin, parallel = TRUE)

print(unmarked.out, digits = 3)

unmarked.out.update <- update(unmarked.out, n.iter = 30000)

print(unmarked.out.update, digits = 3)

out.jags.mcmc <- unmarked.out.update$samples

out.jags.mcmc <- as.mcmc.list(out.jags.mecmc)

out.jags.mcmc.thin <- window(out.jags.mcmc, thin=10)

S <- ggs(out.jags.mcme.thin)
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nn

1529  ggmemc(S, file="./output/revisions/Unmarked BI plot1.pdf", plot=c("density", "traceplot",

1530  "running"))

1531  ggmemc(S, file="./output/revisions/Unmarked BI plot2.pdf", plot=c("compare partial",

nn nn

1532 "autocorrelation", "crosscorrelation", "Rhat", "geweke", "caterpillar"))

1533

1534  unmarked.out.update.2 <- update(unmarked.out.update, n.iter = 100000)

1535  print(unmarked.out.update.2, digits = 3)

1536

1537  unmarked.out.update.3 <- update(unmarked.out.update, n.iter = 500000)

1538  print(unmarked.out.update.3, digits = 3)

1539

1540  unmarked.out.update.4 <- update(unmarked.out.update.3, n.iter = 500000)

1541  print(unmarked.out.update.4, digits = 3)

1542  save.image("./RData/unmarked model.RData")

1543

1544

1545  posterior.tbl eds <- function(Input, type="jagsUI"){

1546 # Input can be jagsUI model fit or mcmec.list object

1547 # library(runjags)
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# out.jags.mcmc <- combine.mcmc(list(out.2.update.3$samples, out.2.update.4$samples))

require(coda)

if(type=="jagsUI"){

out.jags.mcmc <- Input$samples

telse{

out.jags.mcmc <- Input

# out.jags.mcmc <- jagsUI fit$samples

summary.tbl <- summary(out.jags.mcmc)

size.tbl <- effectiveSize(out.jags.mcmc)

GelRub <- gelman.diag(out.jags.mcmc,autoburnin=F, transform = T)

out.tbl <- cbind(summary.tbl$statistics[,1:2],summary.tbl$quantiles[,c(1,3,5)],

Rhat=round(GelRub$psrf],1],2), n.eff=round(size.tbl))

print(out.tbl)

return(out.tbl)

# write.csv(out.tbl, "./output/revision fina/HC uninform Posterior summary.csv")
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# unmarked.only.update.tbl <- posterior.tbl eds(unmarked.out.update)

library(runjags)

out.unmarked.memc <- combine.mcmc(list(unmarked.out.update.4$samples,

unmarked.out.update.3$sample,

unmarked.out.update.2$samples))

unmarked.only.update.tbl <- posterior.tbl eds(out.unmarked.mcmc, type="list")

out.jags.mcmc <- as.mcmec.list(out.unmarked.memc)

out.jags.mcmc.thin <- window(out.jags.mcmc, thin=100)

S <- ggs(out.jags.mcme.thin)

ggmemc(S, file="./output/revisions/Unmarked final plotl.pdf", plot=c("density", "traceplot",

"running"))

ggmemc(S, file="./output/revisions/Unmarked final plot2.pdf", plot=c("compare partial",

nn nn

"autocorrelation", "crosscorrelation", "Rhat", "geweke", "caterpillar"))

save.image("./RData/unmarked model.RData")
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1585  write.csv(unmarked.only.update.tbl, file="./output/revisions 2/unmarked only posterior.csv")

1586  Data
1587  $y.unmarked

1588 July August September October November December January February
1589 1 3 0 NA 3 2 3 3 1

1590 2 2 1 NA 2 2 2 2 2
1591 3 1 1 NA 0 NA 1 1 1
1592 4 4 4 NA 4 NA 4 2 4
1593 5 2 2 NA 2 NA 2 2 2
1594 6 1 1 NA 1 NA 1 1 1
1595 7 3 2 2 3 3 2 3 3
1596 8 2 NA 1 2 NA 0 2 2
1597 9 1 O 1 NA 1 1 1 1
1598 10 1 1 0 O 0 0 0 0
1599 11 0 1 NA 1 1 NA 1 1
1600 12 0 NA NA 0 0 1 NA

0
1601 14 1 O 0 1 0 1 1 1
1602 15 0 0
1603 16 1 NA NA 1 1 NA 0 1
1604 17 3 0
1605 20 0 O
1606 21 1 O I NA 1 1 1 1
1607 22 1 0
1608 23 2 O
1609 24 1 1 NA NA NA NA 1 1
1610 25 NA NA 1 1 0 2 2 2
1611 26 1 NA 0 0 0 0 O 0
1612 27 1 NA 1 1 0 0 O 0
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1629

1630

1631

1632

1633
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1635

1636

1637

1638

1639

1640
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28
30
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44
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1644

1645

1646

1647
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1653

1654

1655

1656

1657

1658

1659

1660

1661

1662

1663

1664

1665

1666

1667

1668
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67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

1 1

2 0

0 2

0 O

1 NA

1 1

2 3

1 1

0 2

1 NA
NA O

0 1

2 0

2 2

3 2

1 0

1 NA

0 2

3 3

3 NA

2 2

1 1

0 O

3 0

3 1
NA NA

2 2

0 0 NA 0 0 0

0 NA NA 0 NA 0
0 1 NA 1 1 1
2 2 NA 3 3 2

1 0 0 1 1 0
0 2 NA 2 0 3
0 3 NA NA 2 2
NA NA NA 1 0 0
NA NA NA 2 2 NA
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1670

1671

1672

1673

1674

1675

1676

1677

1678

1679

1680

1681

1682

1683

1684

1685

1686

1687

1688

1689

1690

1691

1692

1693

1694

1695

1696

92

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

0

2

w NN

—

S NN O

NA

NA

NA

[\ el \S B )

NA O 0 0 0
NA 1 NA NA NA
NA NA NA NA 0 NA
NA O 1 1 1 0
NA O 0 1 1 0
NA 1 1 NA O 0
NA 1 0 NA 1 NA
1 1 NA 1 NA NA
NA 2 NA 2 2 0
0 0 NA 1 1 0
1 1 1 1 1
NA 1 0 0 1 0
1 1 NA 1 NA 1
NA NA 0 NA NA NA
1 2 2 1 1
2 2 NA 2 2 2
NA 3 2 2 3 2
1 1 NA 1 0
0 0 NA 0 1 0
2 0 NA NA 2 0
1 1 2 NA 2 2
0 1 1 1 1
2 0 1 0 2
0 1 1 NA 1
0 O 0 NA O
3 3 3 NA 2 2
3 3 3 2 2 2
0 O 0 0 O 0



1697 123 3 3 1 0 NA 2 2 2
1698 124 2 1 1 1 NA 2 NA NA
1699 125 NA 1 I NA NA I NA

1700 March
1701 1 2
1702 2 2
1703 3 1
1704 4 0
1705 5 0
1706 6 1
1707 7 NA
1708 8 NA
1709 9 1
1710 10 O
1711 11 1
1712 12 1
1713 14 1
1714 15 2
1715 16 1
1716 17 0
1717 20 1
1718 21 O
1719 22 0
1720 23 0
1721 24 0
1722 25 0
1723 26 0
1724 27 0
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1726
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1728

1729

1730

1731

1732

1733

1734

1735
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1742

1743

1744

1745

1746

1747

1748
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28
30
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37
44
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47
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49
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58
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65
66
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w W
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1754

1755

1756

1757

1758
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1762
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1766

1767

1768

1769

1770

1771

1772

1773
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1775

1776
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95

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

NA
NA
NA
NA
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1781

1782

1783

1784

1785

1786

1787

1788

1789

1790

1791

1792

1793

1794

1795

1796

1797

1798

1799

1800

1801

1802

1803

1804

1805

1806

1807

1808

96

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

NA
NA
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1809

1810

1811

1812

1813

1814

1815

1816

1817

1818

1819

1820

1821

1822

1823

1824

1825

1826

1827

1828

1829

1830

1831

1832

1833

1834

1835

1836
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123 0
124 0
125 NA

[ reached getOption("max.print") -- omitted 537 rows |

$f.unmarked

1 23456738 9101112 14 1516 17 20 21
111111111111 11T1T1T1:71

22 23 24 25 26 27 28 30 33 34 37 44 45 46 47 48 49 50
11131111121 121T1T1T1:1

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
1111111111 1211T1T1T1:1

69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
111111112111 11T1T1T171

87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104
111116111 12111T1T1T17:2

105106 107 108 109 110 111 112113 114115116117 118 119 120 121 122
111111111111 11T1T1T1:1

123 124 125126 127 128 129 130 131 133 136 137 138 139 140 141 142 143
11211111111 112221]1

144 145 146 147 148 149 152 153 154 155 156 157 158 159 160 161 162 163
111111111111 11T1T1T1F1

164 165 166 167 168 169 170 171 172 173 174 175 176 177 180 181 183 185
111111111111 11T1T1T1:71

186 187 188 189 191 193 194 195208 210213 214215216217 219 221 223
111111111111 11T1T1T1:1

227 228 229 237 239 246 248 251 256 262 266 269 270 271 273 274 275 276
111111111111 11T1T1T1F1



1837

1838

1839

1840

1841

1842

1843

1844

1845

1846

1847

1848

1849

1850

1851

1852

1853

1854

1855

1856

1857

1858

1859

1860

1861

1862

1863

1864

98

277 285 286 292 293 294 297 298 299 304 319 326 343 354 357 361 367 373
111111111 1111111T1]1

377 379 380 384 385 386 387 390 391 392 393 394 397 398 401 402 403 406
11111111 11111111T1]1

408 409410411 413414415416417 418 420 421 422 424 425 426 427 428
I11111111111111T1T1]1

429 431 432 433 434 435 437 438 439 440 441 442 443 444 445 446 447 448
I11111111111111T1T1]1

449 450 451 452 453 454 456 457 458 459 460 461 462 464 465 466 467 468
111111111 1111111T1]1

469 470 471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486
11111111 11111111T1]1

487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 505
I11111111111111T1T1]1

507 508 509 510 511 512 513 514 515 516 517 518 519 520 521 522 523 524
I11111111111111T1T1]1

525526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542
111111111 1111111T1]1

543 544 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560
11111111 11111111T1]1

561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 577 578
I11111111111111T1T1]1

579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596
I11111111111111T1T1]1

597 598 599 600 601 602 603 604 605 606 607 608 609 610 611 612 613 614
111111111 1111111T1]1

615616617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632
11111111 11111111T1]1



1865

1866

1867

1868

1869

1870

1871

1872

1873

1874

1875

1876

1877

1878

1879

1880

1881

1882

1883

1884

1885

1886

1887

1888

1889

1890

1891

1892

99

633 634 635 636 637 638 639 640 641 642 643 644 645 646 647 648 649 650
111111111 1111111T1]1

651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668
11111111 11111111T1]1

669 670 671 672 673 674 675 676 677 678 679 680 681 682 683 684 685 686
I11111111111111T1T1]1

687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704
I11111111111111T1T1]1

705 706 707 708 709 710 711 712 713 714 715716 717 718 719 720 721 722
111111111 1111111T1]1

723 724 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 740
11111111 11111111T1]1

741 742 743 744 745 746 747 748 749 750 751 752 753 754 755 756 757 758
I11111111111111T1T1]1

759 760 761 762 763 764 765 766 767 768 769 770 771 772 773 774 775 776
I11111111111111T1T1]1

777 778 779 780 781 782 783 784 785 786 787 788 789 790 791 792 793 794
111111111 1111111T1]1

795 796 797 798 799 800 801 802 803 804 805 806 807 808 809 810 811 812
11111111 11111111T1]1

813 814 815 816 817 818 819 820 821 822 823 824 825 826 827 828 829 830
I111111111111333T1]1

$n.terr.unmarked

[1] 648

$brood.max

1234567 89101112 14 15 16 17 20 21
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1894

1895

1896

1897

1898

1899

1900

1901

1902

1903

1904

1905

1906

1907

1908

1909

1910

1911

1912

1913

1914

1915

1916

1917

1918

1919

1920

100

3214213211111213T1]1

22 23 24 25 26 27 28 30 33 34 37 44 45 46 47 48 49 50
121211222111213313

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68
3342141353223323132

69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

21 11312121224112233

87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103 104

21 133122111213212]1

105106 107 108 109 110 111 112113 114 115116 117 118 119 120 121 122
11112231 12212213332

123 124 125 126 127 128 129 130 131 133 136 137 138 139 140 141 142 143
3212223211212211T132

144 145 146 147 148 149 152 153 154 155 156 157 158 159 160 161 162 163
211122221233 111232

164 165 166 167 168 169 170 171 172 173 174 175 176 177 180 181 183 185
124222221211212322

186 187 188 189 191 193 194 195 208 210 213 214 215216 217 219 221 223
213131112112111221

227228 229 237 239 246 248 251 256 262 266 269 270 271 273 274 275 276
2312111222112111T1F1

277 285 286 292 293 294 297 298 299 304 319 326 343 354 357 361 367 373
131211121123222722]1

377379 380 384 385 386 387 390 391 392 393 394 397 398 401 402 403 406
2232113223111212171

408 409 410411413414415416417 418 420 421 422 424 425 426 427 428
223332111 121222123

429 431 432 433 434 435 437 438 439 440 441 442 443 444 445 446 447 448



1921

1922

1923

1924

1925

1926

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

1948

101

2121113222132 431233

449 450 451 452 453 454 456 457 458 459 460 461 462 464 465 466 467 468
2118154421 113¢622723

469 470 471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486
5423121211232471233

487 488 489 490 491 492 493 494 495 496 497 498 499 500 501 502 503 505
341144113121233122

507 508 509 510 511 512513 514 515516 517 518 519 520 521 522 523 524
21 131122113222311:2

525526 527 528 529 530 531 532 533 534 535 536 537 538 539 540 541 542
3533212131334312332

543 544 545 546 547 548 549 550 551 552 553 554 555 556 557 558 559 560
241324321213121313

561 562 563 564 565 566 567 568 569 570 571 572 573 574 575 576 577 578
112312212221211222

579 580 581 582 583 584 585 586 587 588 589 590 591 592 593 594 595 596
12311131 123112112]1

597 598 599 600 601 602 603 604 605 606 607 608 609 610 611 612 613 614
1223132111112323353

615616617 618 619 620 621 622 623 624 625 626 627 628 629 630 631 632
13441412332 4543222

633 634 635 636 637 638 639 640 641 642 643 644 645 646 647 648 649 650
3322223221111227221

651 652 653 654 655 656 657 658 659 660 661 662 663 664 665 666 667 668
1212333323113112822

669 670 671 672 673 674 675 676 677 678 679 680 681 682 683 684 685 686
1121224234143 2121]1

687 688 689 690 691 692 693 694 695 696 697 698 699 700 701 702 703 704



1949

1950

1951

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

102

123212332362134332

705 706 707 708 709 710 711 712 713 714 715 716 717 718 719 720 721 722
222313321331331121

723 724 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 740
112122211421 121114

741 742 743 744 745 746 T47 748 749 750 751 752 753 754 755 756 757 758
11131121 11322111T14

759 760 761 762 763 764 765 766 767 768 769 770 771 772 773 774 775 776
4 2153343341443 724372

777778 779 780 781 782 783 784 785 786 787 788 789 790 791 792 793 794
344442313322 133212

795 796 797 798 799 800 801 802 803 804 805 806 807 808 809 810 811 8§12
13121232234232333]1

813 814 815 816 817 818 819 820 821 822 823 824 825 826 827 828 829 830
31 12212122312211T1?2

$brood.probs.data
111111111

$y.marked
L11021 L3141 [5] L6l 71 L8] [.9]
] 11 1 1 1 1 111
2] 1 1 1 1 1 1 1 11
BJ 1 1 101 1 111
4] 1 1 1 0 1 1 1 1 1

50 1 1 0 1 1 1

oS O
—_
—_

6] 1 1 1 1 1 0
7] 1 1 1 1 1 1 1 1 1



1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

103



2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032
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)
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—

whn D

o)}
S O 0 9 N Bk W

u

—_— e e

—
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—
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oS O

oS o o O

oS o o O



2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

2049

2050

2051

2052

2053

2054

2055

2056

2057

2058

2059

2060

I BN |
I\,_JLI

~J
S L 0 N N Bk~ L

»

[ R n—

~J
I\‘_l

)

3

“

—_— e e

~J

»

)
I\‘_l

S O O

oS O O

(=N - =]

oS O O



2060 [92] 0 1 0 1 1 1 1 1 1
2062 [93,] 01 0 1 1 1 1 1 0
2063 [94] 1 NA 1 1 1 1 1 0 1

2066 [95] I NA 0 1 0 1 1 0 1
2065 [96] I 1 1 1 1 1 1 1 1
2066 [97] 1 1 1 1 1 1 1 1 0
2067 [98] I 1 1 1 1 1 1 1 1

2068 [99,] 1 0 0 O O O O O O
2069 [100,) 1 O 1 1 1 1 O 1 1
2070 [10.,] 1 0 1 0 1 1 1 1 1
2071 [102,) 1 1 1 1 1 1 1 1 1
2072 103, 1 1 1 1 1 1 1 1 1
2073 [104] 1 1 0 O O O O O O
2074 [105] 1 1 1 1 1 1 1 1 1
2075 [106,] 1 O

2076  [107,] 0 O
2077 [108] 1 1 1 1 1 1 1 1 1

2078 [109] 1 1 1 1 1 1 1 1 1

2079 [110,) 1 1 1 1 1 1 1 1 1

2080 [I111,] 1 NA 0 0 0 0 O O O

2081 [ reached getOption("max.print") -- omitted 214 rows |

2082

2083  $f.marked

2084 [(fjrr1r1r1r1rrrrrrrrrrrrrrrr1111111111111
2085 [35]ttr11trtrtrtritrrtrrtrrrrrtrrrrtrrliirrrrlnn
2086 [69]1111111121161111111133322111111111
2087 [103]1111411111115111ttrtr13rtrrr111111111
2088 [137]1t11t111t1trtrt111rtst1rrtrrt1r1rrtrrtr111r1111



2089

2090

2091

2092

2093

2094

2095

2096

2097

2098

2099

2100

2101

2102

2103

2104

2105

2106

2107

2108

2109

2110

2111

2112

2113

2114

2115

2116

107

(171j1rirrrrr1r1rr1r1r1r111r1111111111111111111
[205]111r11r1r1r11r111r211r1111111111111111
(239]1111111111111112151111111111111211
[273]11111122121111111171111111211111111
[307]1111111122111174414

$f.marked.m1
[fj11rr1ri11r1r1r11111r1111111111111111111
[35]111111i1r1r1r1r1r11r1r1r11r11r111r11111
[e9]1111111111151111111122211111111111
[to3jrri11311111114111111121111111111111
[137]1111111111111411111111111111111111
[171]j1111r1r1r1r1r1r1rr1rrr1r111111111111111

[205j11r11r1r1r1r1r1r111r111111111111111111°1

]
]
]
[239]1111111111111111141111111111111111
(273j111r111r111r111111111111111111111111°1

307]1111111111111163313

$nind.marked

[1]325

$Z.marked
L1102 L3141 L5161 71 L8] [.9]
n] 11 1 1 1 11 11
2] 1 1 1 1 1 1 111
3] 1 1 1 1 1 1 1 11
4] 1 1 1 1 1 1 1 1 1
50 1 1 1 1 1 1 1 1 1



21177 [6] 1 1 1 1 1 NA NA NA NA
2118 [7] 1 1 1 1 1 1 1 1 1
2119 [8] 1 1 1 1 1 1 1 1 1
21200 [9] I 1 1 1 1 1 1 1 1

2121 [10,] 1 1 1 1 1 NA NA NA NA
2122 11, 1 1 1 1 1 1 1 1 1
2123 127 1 1 1 1 1 1 1 1 1

2124 [13] 1 1 1 1 1 1 1 1 1
2125

2126

2

3

4

5
2127 16, 1 1 1 1 1 1 1 1 1
2128 7
2129 8 I NA NA NA NA NA NA NA NA
2130 9
2131 0

2132 21, 11 1 1 1 1 1 1 1

2133 [22] 1 1 1 1 NA NA NA NA NA
2134 [23,] 1 1 NA NA NA NA NA NA NA
2135 [24] 1 1 1 1 1 1 1 1 1

2136 [25] 1 1 1 1 1 1 1 1 1

2137 [26] 1 1 1 1 1 1 1 1 1

2138 [27,] 1 1 1 1 1 1 1 1 1

2139 [28] 1 1 NA NA NA NA NA NA NA
2140 [29] 1 1 1 1 NA NA NA NA NA
2141 [30,] I 1 1 1 1 1 1 1 1

2142 31, 1 1 1 1 1 1 1 1 1

2143 [32] 1 1 1 1 1 1 1 1 1

2144 [33,] 1 1 1 1 1 1 1 1 1



2145 [34] 1 1 1 1 1 1 1 1 1
2146 [35] 1 1 1 NA NA NA NA NA NA
2147 [36] 1 1 1 1 1 1 1 1 1

2148 [37] 1 1 NA NA NA NA NA NA NA
2149 [38] 1 NA NA NA NA NA NA NA NA
2150 [39,] 1 NA NA NA NA NA NA NA NA
2151 [40,] 1 1 NA NA NA NA NA NA NA

2152 [41,] 1 1 NA NA NA NA NA NA NA

2153 [42] 1 1 1 1 1 1 1 1 1
2154 [43,] 1 1 1 1 1 1 1 1 1

2155 [44] 1 1 1 1 1 1 1 1 1

2156 [45] 1 1 1 1 1 1 1 1 1

2157 [46] 1 1 NA NA NA NA NA NA NA
2158 [47] 1 1 1 1 1 1 1 1 NA

2159 [48] I 1 1 1 1 1 1 1 1

2160 [49,] 1 NA NA NA NA NA NA NA NA
2161 [50,] 1 1 1 1 1 1 1 1 1

2162 [51,] 1 NA NA NA NA NA NA NA NA
2163 [52] 1 1 1 1 1 1 1 1 1

2164 [53,] 1 1 1 1 1 1 1 1 1

2165 [54] 1 1 1 1 1 1 1 1 1

2166 [55] 1 1 1 1 1 1 1 1 1

2167 [56] 1 1 1 1 1 1 1 1 1

2168 [57,] 1 1 1 1 1 1 1 1 1

2169 [58] I 1 1 1 1 1 1 1 1

21700 [59,] I 1 1 1 1 1 1 1 1

2171 [60,] 1 1 1 1 1 1 1 1 1

2172 [61,) 1 1 1 1 1 1 1 1 1



2173 62, 1 1 1 1 1 1 1 1 1
2174 63, 1 1 1 1 1 1 1 1 1
2175 4, 1 1 1 1 1 1 1 1 1

2176 [65] 1 1 1 1 1 1 1 1 1
2177 [66] 1 1 1 1 1 1 1 1 1

2178 [67,] 1 1 1 1 1 1 1 1 1

2179 [68] 1 1 1 1 1 1 1 1 NA

2180 [69] 1 1 1 1 1 1 1 1 1

2181 [70,] 1 1 1 1 1 1 1 1 1

2182 [71,] 1 1 1 1 1 1 1 1 1

2183 [72] 1 1 1 1 1 1 1 1 1

2184 [73,] 1 NA NA NA NA NA NA NA NA
2185 [74] 1 NA NA NA NA NA NA NA NA
2186 [75] 1 1 1 1 1 1 1 1 1

2187 [76] 1 1 1 1 1 1 NA NA NA

2188 [77,] NA 1 NA NA NA NA NA NA NA
2189 [78] 1 1 1 1 1 1 1 1 1

2190 [79] 1 1 1 1 1 1 NA NA NA

2191 [80,] NA NA NA NA NA 1 NA NA NA
2192 [81,] 1 NA NA NA NA NA NA NA NA
2193 [82] I 1 1 1 1 1 1 1 1

2194 [83,] 1 1 1 1 NA NA NA NA NA
2195 [84] 1 1 NA NA NA NA NA NA NA
2196 [85] 1 1 NA NA NA NA NA NA NA
2197 [86] 1 1 NA NA NA NA NA NA NA
2198 [87,] I 1 1 1 1 1 1 1 1

2199 [88] I 1 1 1 1 1 1 1 1

2200 [89,) NA NA 1 1 1 1 1 1 1



111

2200 [90] NA NA 1 1 1 1 1 1 1
2202 [91) NA NA I I 1 1 1 1 1

2203 [92] NA 1 1 1 1 1 1 1 1
2206 [93,] NA 1 1 1 1 1 1 1 NA
2205 [94] 1 1 1 1 1 1 1 1 1
2206 [95] 1 1 1 1 1 1 1 1 1
2207 [96] 1 1 1 1 1 1 1 1 1

2208 [97] 1 1 1 1 1 1 1 1 NA

2200 [98] 1 1 1 1 1 1 1 1 1

2210 [99,] 1 NA NA NA NA NA NA NA NA
2211 [100,] 1 1 1 1 1 1 1 1 1

2212 [101,] 1 1 1 1 1 1 1 1 1

2213 [102] 1 1 1 1 1 1 1 1 1

2214 [103] 1 1 1 1 1 1 1 1 1

2215 [104] 1 1 NA NA NA NA NA NA NA
2216 [105] 1 1 1 1 1 1 1 1 1

2217 [106] 1 1 1 1 1 1 1 1 1

2218 [107] NA NA NA 1 1 1 NA NA NA
2219 [108] 1 1 1 1 1 1 1 1 1

2220 [109] 1 1 1 1 1 1 1 1 1

2221 [110,] 1 1 1 1 1 1 1 1 1

2222 [111,] 1 NA NA NA NA NA NA NA NA

2223 [ reached getOption("max.print") -- omitted 214 rows |

2224

2225  $nocc
2226  [1]9
2227

2228  $nind.combined



2229

2230

2231

2232

2233

2234

2235

2236

2237

2238

2239

2240

2241

2242

2243

2244

2245

2246

2247

2248

2249

2250

2251

2252

2253

2254

2255

2256

112

[1]973

$BBMD
[1]0010010011100000100001000000101010
[35]0000010000000010010000000000100010
[69]0110000001010000000000000000000011
[103]0010001101001110000001010010011000
[137]0010001001000100000000011000110100
[171]0100100111101000010100000111000000
[205]0000010100000000000100011011101101
[239]0000000010000110000000000100000010
[273]10010000000001000001000000001000001
[307]0111000110010000000001001000000000
[341]10100000000011000000000000001100000
[375]0000000100010001000100010000010000
[409]0001100000000000000000010011000000
[44310000001001000100000000010010000011
[47710000000011100000000100000000000000
[511]11000000000000000001010100000000000
[545]1000100010000000000010100000000000
[57910000010001000000100000000000000000
[613]10000000000000000000000000000000000
[647]1100000000000000000000000111000000
[68110000000111100000011000000000000000
[715]0000011100110000000011000000000010
[74910000000000100000000000000000000000
[783]10000011110000000111100000000000000
[81770000000000000000100000000000111100



2257

2258

2259

2260

2261

2262

2263

2264

2265

2266

2267

2268

2269

2270

2271

2272

2273

2274

2275

2276

2277

2278

2279

2280

2281

2282

2283

2284

113

[851]0001110000000000111010110001100000
[885]0000010010100000011101000000000000
[919]0000000100001000110001100000000000
[953]000000000000000000011

$BBFD
[1]0010000000000000100100000000001000
[35]0001000100000000000000000001000000
[69]0011000001110010011001000000000000
[103]1000000100000000110000000000001000
[137]1100000000000000101110010100000000
[171]10001000000000000010000010000000100
[205]0000001000000000000010111001000111
[239]0101000000000000000010000000010000
[273]10000100010010100100100000000000000
[307]0011000001010000011001000000010000
[34110000010011000000000000000000000000
[375]10000000000000000000000101000000001
[40910000000000000000000000000000000000
[443]0000111000000000000000000000000000
[47710000000000001000010000000000110000
[51110001000000000000000010000100000000
[545]0100000000001000000000000000000000
[57911000000001000000000100000000000000
[613]0000000000100000000000000000000010
[64710000000011100000000000000000000000
[68110001111001101000000001000110000100
[715]10000010000000000011100111000001110



2285

2286

2287

2288

2289

2290

2291

2292

2293

2294

2295

2296

2297

2298

2299

2300

2301

2302

2303

2304

2305

2306

2307

2308

2309

2310

2311

2312

114

[74910000000000000000000000000000000000
[783]10000000000001111110000000000010000
[817]0000011000110000101011000000000011
[85110000000000111000100000000000000011
[885]1001100010111110000001100001111000
[919]0001110000000100000011100000010001
[953]1100001110000000000000

$THCNT

[1] 1.44424053 -0.37484819 -0.37484819 -0.37484819 -0.37484819

[6] -0.37484819 -0.37484819 -0.37484819 0.07992399 -0.37484819
[11]-0.37484819 -0.37484819 0.53469617 -0.37484819 -0.37484819
[16] -0.37484819 0.53469617 -0.37484819 -0.37484819 0.07992399
[21]-0.37484819 -0.37484819 0.07992399 -0.37484819 0.07992399
[26] -0.37484819 -0.37484819 -0.37484819 -0.37484819 0.53469617
[31]-0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[36] 0.07992399 -0.37484819 0.98946835 0.98946835 -0.37484819
[41]-0.37484819 0.07992399 0.07992399 -0.37484819 0.53469617
[46] -0.37484819 -0.37484819 -0.37484819 -0.37484819 1.44424053
[51] 0.98946835 -0.37484819 0.07992399 -0.37484819 0.07992399
[56] -0.37484819 0.07992399 0.53469617 -0.37484819 -0.37484819
[61]-0.37484819 0.53469617 0.07992399 -0.37484819 0.07992399
[66] -0.37484819 -0.37484819 0.53469617 0.53469617 0.07992399
[71] 0.53469617 0.53469617 -0.37484819 -0.37484819 0.07992399
[76] -0.37484819 -0.37484819 0.07992399 -0.37484819 0.53469617
[81] 0.07992399 -0.37484819 0.53469617 0.07992399 0.53469617
[86] -0.37484819 0.07992399 -0.37484819 -0.37484819 0.07992399
[

91]-0.37484819 -0.37484819 0.07992399 -0.37484819 -0.37484819



2313

2314

2315

2316

2317

2318

2319

2320

2321

2322

2323

2324

2325

2326

2327

2328

2329

2330

2331

2332

2333

2334

2335

2336

2337

2338

2339

2340

115

[96] -0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[101] -0.37484819 -0.37484819 0.07992399 0.98946835 -0.37484819
[106] -0.37484819 0.98946835 -0.37484819 -0.37484819 0.98946835
[111]-0.37484819 -0.37484819 0.53469617 -0.37484819 -0.37484819
[116] 0.07992399 -0.37484819 0.07992399 0.07992399 -0.37484819
[121

[126

0.07992399 0.53469617 -0.37484819 -0.37484819 -0.37484819
0.07992399 0.53469617 0.07992399 0.98946835 -0.37484819
[131]-0.37484819 -0.37484819 0.53469617 -0.37484819 0.07992399

]
]
]
]

[136] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[141] 0.53469617 -0.37484819 0.07992399 0.53469617 -0.37484819
[146] -0.37484819 -0.37484819 -0.37484819 0.07992399 -0.37484819
[151]-0.37484819 -0.37484819 -0.37484819 0.07992399 0.53469617
[156] 0.07992399 0.07992399 0.07992399 -0.37484819 0.07992399

[161] -0.37484819 0.07992399 -0.37484819 0.07992399 -0.37484819
[166] 0.07992399 0.07992399 -0.37484819 0.07992399 0.07992399

[171] 0.07992399 -0.37484819 -0.37484819 -0.37484819 0.53469617
[176] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[181] 0.07992399 -0.37484819 0.53469617 0.98946835 -0.37484819
[186] -0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[191] 0.98946835 -0.37484819 -0.37484819 -0.37484819 0.07992399
[196] -0.37484819 -0.37484819 0.07992399 -0.37484819 -0.37484819
[201] -0.37484819 0.07992399 -0.37484819 0.07992399 -0.37484819
[206] 0.07992399 -0.37484819 0.53469617 0.07992399 1.44424053

[211] 0.53469617 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[216] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[221] 0.07992399 0.53469617 0.07992399 -0.37484819 0.07992399
[226] -0.37484819 -0.37484819 -0.37484819 0.07992399 -0.37484819
]

[231] 0.07992399 0.07992399 -0.37484819 0.07992399 -0.37484819



2341

2342

2343

2344

2345

2346

2347

2348

2349

2350

2351

2352

2353

2354

2355

2356

2357

2358

2359

2360

2361

2362

2363

2364

2365

2366

2367

2368

116

[236] 0.07992399 -0.37484819 0.07992399 -0.37484819 -0.37484819
[241] -0.37484819 0.07992399 -0.37484819 0.07992399 -0.37484819
[246] -0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[251] -0.37484819 -0.37484819 -0.37484819 0.53469617 -0.37484819

] 0.07992399 0.07992399 -0.37484819 0.07992399 -0.37484819
[261] 0.07992399 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[266] -0.37484819 0.98946835 0.07992399 -0.37484819 -0.37484819
[271] -0.37484819 0.07992399 -0.37484819 0.07992399 -0.37484819

[256

[276] -0.37484819 -0.37484819 0.53469617 0.07992399 0.53469617
[281]-0.37484819 0.53469617 -0.37484819 0.07992399 -0.37484819
[286] -0.37484819 -0.37484819 -0.37484819 0.53469617 0.07992399
[291] 0.98946835 -0.37484819 -0.37484819 0.07992399 -0.37484819
[296] -0.37484819 0.07992399 -0.37484819 0.07992399 -0.37484819
[301] -0.37484819 -0.37484819 0.07992399 -0.37484819 0.53469617
[306] 0.53469617 0.07992399 -0.37484819 0.07992399 0.07992399
[311]-0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[316] -0.37484819 0.98946835 1.44424053 0.07992399 0.53469617
] 0.07992399 -0.37484819 0.07992399 -0.37484819 -0.37484819
[326] 0.07992399 0.07992399 0.07992399 0.07992399 0.53469617
[331

]

[336] 0.98946835 0.53469617 0.07992399 0.07992399 0.53469617
]
]

[321

1.44424053 -0.37484819 -0.37484819 -0.37484819 0.53469617

[341] -0.37484819 0.07992399 -0.37484819 0.98946835 -0.37484819
[346] -0.37484819 -0.37484819 0.53469617 0.53469617 -0.37484819
[351] -0.37484819 0.07992399 0.07992399 -0.37484819 0.07992399
0.07992399 1.44424053 0.07992399 0.07992399 0.53469617
0.07992399 0.07992399 -0.37484819 0.07992399 0.07992399
0.07992399 0.53469617 0.98946835 0.07992399 -0.37484819
0.07992399 -0.37484819 0.07992399 0.07992399 0.53469617

[356
[361
[366

]
]
]
[371]



2369

2370

2371

2372

2373

2374

2375

2376

2377

2378

2379

2380

2381

2382

2383

2384

2385

2386

2387

2388

2389

2390

2391

2392

2393

2394

2395

2396

117

[376] 0.53469617 0.07992399 -0.37484819 -0.37484819 1.44424053
[381]-0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[386] 0.53469617 0.98946835 0.53469617 0.53469617 -0.37484819
[391] 1.89901271 -0.37484819 -0.37484819 0.07992399 -0.37484819
[396] -0.37484819 0.07992399 0.07992399 -0.37484819 0.07992399
[401] 0.07992399 -0.37484819 0.98946835 0.53469617 0.98946835
[406] -0.37484819 0.07992399 0.98946835 -0.37484819 -0.37484819
[411] -0.37484819 0.53469617 0.53469617 -0.37484819 -0.37484819

[416] 0.53469617 -0.37484819 0.53469617 0.07992399 0.53469617

]
[421]-0.37484819 0.98946835 -0.37484819 0.53469617 -0.37484819
[426] -0.37484819 0.07992399 -0.37484819 -0.37484819 0.07992399
[431]-0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[436] -0.37484819 -0.37484819 1.89901271 -0.37484819 -0.37484819
[441] -0.37484819 -0.37484819 -0.37484819 0.98946835 0.07992399
[446] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[451] -0.37484819 0.07992399 0.07992399 -0.37484819 -0.37484819
[456] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
] 0.07992399 0.53469617 0.53469617 0.07992399 -0.37484819

[466] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819

[461

[471] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[476
[481

]
] 0.07992399 -0.37484819 -0.37484819 -0.37484819 0.53469617
] 0.07992399 -0.37484819 -0.37484819 -0.37484819 0.07992399
[486] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[491] 0.98946835 -0.37484819 0.53469617 -0.37484819 -0.37484819
[496] 0.07992399 0.53469617 -0.37484819 0.07992399 -0.37484819
[501]-0.37484819 -0.37484819 -0.37484819 1.44424053 -0.37484819
[506] -0.37484819 0.98946835 -0.37484819 -0.37484819 -0.37484819
[511]-0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399



2397

2398

2399

2400

2401

2402

2403

2404

2405

2406

2407

2408

2409

2410

2411

2412

2413

2414

2415

2416

2417

2418

2419

2420

2421

2422

2423

2424
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[516] -0.37484819 -0.37484819 -0.37484819 0.07992399 0.07992399
[521]-0.37484819 0.07992399 0.07992399 -0.37484819 0.07992399
[526] 0.07992399 0.07992399 0.07992399 -0.37484819 -0.37484819
[531] 0.07992399 -0.37484819 0.98946835 -0.37484819 -0.37484819
[536] 0.07992399 0.07992399 0.07992399 0.07992399 -0.37484819
[541] -0.37484819 -0.37484819 -0.37484819 0.98946835 1.44424053
[546] -0.37484819 0.53469617 -0.37484819 -0.37484819 0.07992399
[551]-0.37484819 -0.37484819 -0.37484819 0.07992399 0.07992399
[556] 0.07992399 -0.37484819 -0.37484819 0.53469617 0.07992399
[561

[566] -0.37484819 -0.37484819 0.53469617 0.53469617 -0.37484819

]
1 0.07992399 0.53469617 -0.37484819 -0.37484819 -0.37484819
[571]-0.37484819 0.07992399 -0.37484819 -0.37484819 0.07992399
[576] 0.07992399 0.53469617 -0.37484819 0.07992399 -0.37484819
[581]-0.37484819 0.07992399 -0.37484819 -0.37484819 0.53469617
[586]

[591] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819

0.53469617 0.53469617 0.53469617 -0.37484819 -0.37484819

[596] -0.37484819 0.98946835 1.44424053 -0.37484819 1.44424053
[601] -0.37484819 -0.37484819 0.07992399 -0.37484819 3.71810144
[606] -0.37484819 0.07992399 -0.37484819 -0.37484819 -0.37484819
[611]-0.37484819 -0.37484819 -0.37484819 0.53469617 0.07992399
[616] 0.53469617 1.89901271 0.53469617 -0.37484819 0.07992399
[621] -0.37484819 -0.37484819 0.07992399 -0.37484819 0.53469617
[626] -0.37484819 0.07992399 0.07992399 0.07992399 0.07992399
[631] -0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[636
[641
[646

[651] -0.37484819 -0.37484819 0.53469617 0.07992399 0.53469617

0.07992399 0.53469617 0.53469617 0.98946835 -0.37484819
1.44424053 -0.37484819 0.53469617 -0.37484819 1.44424053

]
]
] 0.07992399 0.53469617 -0.37484819 0.07992399 0.07992399
]



2425

2426

2427

2428

2429

2430

2431

2432

2433

2434

2435

2436

2437

2438

2439

2440

2441

2442

2443

2444

2445

2446

2447

2448

2449

2450

2451

2452
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[656] 0.53469617 0.53469617 1.44424053 1.44424053 1.44424053
[661] 0.98946835 0.98946835 0.98946835 -0.37484819 -0.37484819
[666] 0.07992399 0.53469617 0.53469617 -0.37484819 -0.37484819
[671] -0.37484819 0.07992399 0.07992399 0.07992399 0.07992399
[676] 0.07992399 0.07992399 0.07992399 0.07992399 0.07992399
[681] 0.53469617 0.53469617 0.98946835 0.07992399 0.07992399
[686] 0.07992399 0.07992399 -0.37484819 -0.37484819 -0.37484819
[691] -0.37484819 -0.37484819 0.53469617 0.07992399 -0.37484819

]
]
]
]

[696] -0.37484819 -0.37484819 0.07992399 0.07992399 -0.37484819
[701] -0.37484819 0.53469617 -0.37484819 0.53469617 0.53469617
[706] 0.98946835 0.98946835 -0.37484819 -0.37484819 -0.37484819
] 0.07992399 -0.37484819 0.53469617 0.53469617 0.98946835
] 0.98946835 0.53469617 0.53469617 0.07992399 -0.37484819
[721] -0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
] 0.07992399 0.98946835 0.98946835 0.98946835 -0.37484819
[731] -0.37484819 0.53469617 0.53469617 0.53469617 0.53469617

[711
[716

[726

[736] 0.53469617 -0.37484819 -0.37484819 -0.37484819 -0.37484819

]
[741] -0.37484819 0.53469617 0.53469617 0.53469617 0.07992399
[746] 0.07992399 -0.37484819 0.07992399 0.07992399 0.53469617
[751] 0.53469617 -0.37484819 -0.37484819 0.98946835 0.98946835
[756] 0.53469617 0.53469617 0.53469617 -0.37484819 -0.37484819
[761] -0.37484819 0.07992399 -0.37484819 0.53469617 0.98946835
[766] -0.37484819 -0.37484819 0.07992399 0.07992399 0.07992399
[771] -0.37484819 -0.37484819 -0.37484819 -0.37484819 0.07992399
[776] -0.37484819 -0.37484819 0.07992399 0.07992399 0.07992399
[781]-0.37484819 -0.37484819 -0.37484819 1.44424053 1.44424053
[786]
[791]

0.98946835 1.89901271 0.98946835 0.98946835 -0.37484819
0.53469617 -0.37484819 -0.37484819 -0.37484819 -0.37484819



2453

2454

2455

2456

2457

2458

2459

2460

2461

2462

2463

2464

2465

2466

2467

2468

2469

2470

2471

2472

2473

2474

2475

2476

2477

2478

2479

2480
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[796] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[801] 0.07992399 0.07992399 -0.37484819 -0.37484819 -0.37484819
[806] -0.37484819 -0.37484819 0.07992399 0.07992399 0.53469617
[811]
[816] -0.37484819 -0.37484819 -0.37484819 0.07992399 0.07992399
[821]

[826] -0.37484819 -0.37484819 0.07992399 0.07992399 0.07992399

0.53469617 0.53469617 2.35378490 2.35378490 -0.37484819
0.07992399 -0.37484819 -0.37484819 -0.37484819 -0.37484819

[831] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[836] -0.37484819 0.53469617 0.53469617 0.07992399 0.07992399
[841] 0.07992399 0.07992399 -0.37484819 -0.37484819 0.07992399
[846] 0.07992399 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[851
[856
[861

[866] -0.37484819 0.07992399 -0.37484819 -0.37484819 0.07992399

] 0.07992399 0.07992399 0.07992399 0.53469617 0.07992399
] 0.07992399 0.53469617 0.53469617 0.53469617 0.53469617
] 1.44424053 1.44424053 1.44424053 0.07992399 -0.37484819
]

[871]-0.37484819 1.44424053 -0.37484819 -0.37484819 0.53469617
[876] 0.53469617 0.07992399 -0.37484819 -0.37484819 0.07992399
[881

[886] 0.07992399 0.07992399 0.07992399 0.07992399 -0.37484819

]
] 0.07992399 0.07992399 0.07992399 0.07992399 0.07992399
[891]-0.37484819 0.53469617 0.07992399 -0.37484819 0.07992399
[896] -0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[901] -0.37484819 0.07992399 0.07992399 0.07992399 -0.37484819
[906] -0.37484819 -0.37484819 0.07992399 0.98946835 0.98946835
[911] 0.98946835 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[916] -0.37484819 -0.37484819 0.53469617 0.53469617 0.53469617
[921]-0.37484819 -0.37484819 -0.37484819 -0.37484819 -0.37484819
[926] -0.37484819 -0.37484819 -0.37484819 0.07992399 0.07992399
[931]-0.37484819 0.07992399 0.07992399 0.07992399 0.98946835



2481

2482

2483

2484

2485

2486

2487

2488

2489

2490

2491

2492

2493

2494

2495

2496

2497

2498

2499

2500

2501

2502

2503

2504

2505

2506

2507

2508
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[936] 0.98946835 0.07992399 0.07992399 -0.37484819 0.53469617
[941] 0.53469617 -0.37484819 0.07992399 -0.37484819 -0.37484819
[946] -0.37484819 -0.37484819 0.07992399 0.53469617 0.53469617
[951] 0.53469617 -0.37484819 -0.37484819 0.07992399 0.07992399
[956] -0.37484819 -0.37484819 0.07992399 0.07992399 0.07992399
[961] -0.37484819 -0.37484819 0.07992399 0.07992399 0.53469617
[966] 0.07992399 0.07992399 -0.37484819 0.53469617 0.07992399

[971] 0.07992399 0.53469617 0.53469617

$FJICNT

[1] 0.51226093 0.07580744 -0.36064605 0.94871443 0.07580744

[6] -0.36064605 0.51226093 0.07580744 -0.36064605 -0.36064605
[11]-0.79709954 -0.79709954 -0.36064605 -0.79709954 -0.36064605
[16] 0.51226093 -0.79709954 -0.36064605 -0.36064605 0.07580744
[21] -0.36064605 -0.79709954 -0.36064605 -0.36064605 0.07580744
[26] 0.07580744 -0.36064605 -0.79709954 -0.36064605 -0.36064605
[31]-0.79709954 -0.36064605 0.51226093 0.51226093 -0.36064605
[36] 0.51226093 -0.79709954 0.51226093 0.94871443 0.07580744
[41]-0.36064605 0.94871443 -0.36064605 0.51226093 1.38516792
[46] 0.51226093 0.07580744 -0.79709954 0.51226093 0.51226093
[51] 0.07580744 0.51226093 -0.36064605 0.07580744 -0.79709954
[56] -0.79709954 -0.36064605 -0.79709954 0.51226093 -0.36064605
[61] -0.79709954 -0.36064605 -0.79709954 -0.79709954 0.07580744
[66] 0.07580744 0.51226093 -0.36064605 -0.36064605 -0.79709954
[71] 0.51226093 0.51226093 0.07580744 -0.36064605 -0.79709954
[76] 0.51226093 0.51226093 -0.79709954 0.07580744 -0.36064605
[81] -0.36064605 -0.79709954 -0.79709954 0.07580744 -0.36064605
[

86] 0.51226093 0.07580744 -0.36064605 -0.36064605 -0.79709954



2509

2510

2511

2512

2513

2514

2515

2516

2517

2518

2519

2520

2521

2522

2523

2524

2525

2526

2527

2528

2529

2530

2531

2532

2533

2534

2535

2536
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[91] -0.36064605 -0.79709954 -0.36064605 -0.36064605 0.07580744
[96] 0.07580744 0.51226093 -0.36064605 -0.79709954 -0.79709954
[101] 0.07580744 -0.79709954 0.07580744 -0.79709954 -0.36064605
[106

] 0.07580744 -0.36064605 -0.79709954 0.51226093 0.07580744
[111]-0.79709954 0.07580744 0.07580744 0.07580744 -0.36064605
[116] -0.79709954 -0.36064605 -0.36064605 0.07580744 -0.79709954
[121]-0.36064605 0.07580744 -0.79709954 -0.79709954 -0.36064605
[126] 0.07580744 -0.36064605 -0.79709954 -0.79709954 -0.36064605
[131
[136
[141]-0.36064605 0.07580744 0.51226093 -0.79709954 -0.36064605

[146

] 0.07580744 0.07580744 0.07580744 0.07580744 -0.36064605
] 0.07580744 0.51226093 0.51226093 -0.36064605 -0.79709954

0.07580744 0.94871443 -0.36064605 -0.36064605 0.07580744

]
[151] 0.07580744 0.07580744 -0.36064605 -0.79709954 -0.36064605
[156] -0.79709954 0.07580744 -0.36064605 0.07580744 0.51226093
[161]-0.79709954 0.07580744 0.07580744 -0.36064605 0.51226093
[166] -0.36064605 0.51226093 -0.36064605 -0.36064605 -0.36064605

[171] 0.07580744 -0.36064605 -0.36064605 0.07580744 -0.36064605

]
[176] -0.36064605 -0.36064605 0.07580744 0.07580744 -0.36064605
[181] 0.07580744 0.51226093 -0.36064605 0.07580744 -0.79709954
[186] -0.36064605 -0.36064605 0.07580744 -0.36064605 -0.79709954
[191] -0.36064605 -0.36064605 0.07580744 -0.36064605 -0.36064605
[196] -0.79709954 -0.36064605 -0.36064605 -0.36064605 0.07580744
[201] -0.36064605 0.07580744 -0.36064605 -0.36064605 -0.36064605
[206] 0.07580744 -0.36064605 -0.36064605 0.07580744 -0.79709954
[211] 0.07580744 0.07580744 -0.79709954 0.07580744 0.07580744
[216] -0.36064605 0.07580744 0.07580744 0.51226093 0.07580744
[221] -0.36064605 -0.36064605 0.51226093 0.07580744 0.07580744
]

[226] 0.51226093 -0.36064605 -0.79709954 -0.36064605 -0.36064605



2537

2538

2539

2540

2541

2542

2543

2544

2545

2546

2547

2548

2549

2550

2551

2552

2553

2554

2555

2556

2557

2558

2559

2560

2561

2562

2563

2564
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[231] -0.36064605 -0.79709954 -0.36064605 -0.36064605 0.07580744
[236] 0.07580744 0.51226093 0.51226093 0.51226093 0.07580744
[241] -0.36064605 -0.36064605 -0.36064605 0.07580744 0.07580744
[246] -0.36064605 0.07580744 0.07580744 0.07580744 0.07580744
[251] 0.07580744 0.51226093 0.07580744 -0.36064605 0.07580744
[256] -0.36064605 -0.36064605 -0.36064605 0.51226093 0.07580744
[261] 0.07580744 0.07580744 -0.36064605 0.51226093 0.07580744
[266] 0.94871443 0.51226093 -0.36064605 0.07580744 0.94871443
0.07580744 -0.36064605 -0.36064605 2.69452840 0.07580744
1.38516792 0.94871443 0.94871443 0.07580744 -0.36064605
[281] -0.36064605 -0.79709954 0.51226093 0.07580744 0.07580744
[286] -0.36064605 0.51226093 0.51226093 1.38516792 0.94871443

]
] 0.07580744 0.51226093 -0.36064605 0.07580744 -0.36064605
]
]

[271]
[276]

[291
[296] -0.79709954 -0.36064605 -0.36064605 0.07580744 0.94871443
[301] 0.07580744 0.94871443 1.82162141 -0.36064605 0.51226093
[306] 0.51226093 0.51226093 0.94871443 -0.79709954 -0.36064605
[311]
[316] -0.36064605 0.07580744 -0.79709954 0.07580744 0.51226093
[321] 0.07580744 -0.79709954 0.07580744 0.07580744 0.07580744
[326] -0.36064605 -0.36064605 0.51226093 -0.36064605 -0.36064605
[331] -0.36064605 -0.79709954 -0.36064605 -0.36064605 -0.36064605
[336]

[341]-0.36064605 0.07580744 0.07580744 1.82162141 0.51226093
[346] 0.51226093 0.07580744 -0.36064605 0.07580744 -0.36064605
[351] -0.36064605 -0.36064605 0.51226093 0.51226093 0.94871443
[356] 0.51226093 -0.36064605 0.07580744 -0.79709954 0.07580744
[361] 0.07580744 0.94871443 -0.36064605 0.51226093 0.07580744
[366] 0.94871443 0.51226093 0.07580744 0.07580744 0.07580744

0.51226093 0.94871443 -0.36064605 -0.36064605 0.51226093

0.07580744 0.07580744 0.07580744 0.07580744 -0.36064605

]
]
]
]



2565

2566

2567

2568

2569

2570

2571

2572

2573

2574

2575

2576

2577

2578

2579

2580

2581

2582

2583

2584

2585

2586

2587

2588

2589

2590

2591

2592
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[371] -0.36064605 0.51226093 -0.36064605 0.07580744 -0.36064605
[376] 0.51226093 -0.36064605 0.51226093 -0.36064605 -0.36064605
[381] 0.07580744 0.51226093 -0.36064605 0.07580744 0.07580744
[386] -0.36064605 0.07580744 0.07580744 0.07580744 -0.79709954
[391] 0.07580744 -0.36064605 -0.36064605 0.07580744 0.07580744
[396

[401] -0.36064605 -0.36064605 0.51226093 -0.36064605 -0.36064605

]
]
] 0.07580744 -0.36064605 0.07580744 0.51226093 -0.36064605
]

[406] 0.07580744 0.51226093 -0.79709954 -0.36064605 0.07580744
[411] -0.36064605 -0.36064605 0.07580744 -0.36064605 -0.36064605
[416] 0.07580744 0.07580744 0.51226093 -0.36064605 0.51226093
[421] 0.07580744 -0.79709954 -0.36064605 -0.36064605 -0.36064605
[426] -0.36064605 0.07580744 0.07580744 0.07580744 0.51226093
[431] 0.94871443 -0.36064605 -0.79709954 0.51226093 0.94871443
[436
[441

[446] 1.38516792 0.51226093 0.07580744 0.07580744 0.07580744

]
]
] 0.94871443 -0.36064605 0.94871443 -0.36064605 0.07580744
]

0.51226093 0.94871443 0.07580744 0.94871443 1.38516792

[451] 0.51226093 0.51226093 0.07580744 0.07580744 0.07580744

]
[456] 0.07580744 0.94871443 0.07580744 0.07580744 -0.79709954
[461] -0.36064605 -0.79709954 -0.36064605 0.07580744 0.07580744
[466

[471]-0.36064605 0.07580744 0.51226093 0.51226093 0.51226093

] 0.07580744 0.07580744 -0.36064605 -0.36064605 0.07580744
]
]
]

[476] 0.07580744 0.07580744 0.51226093 -0.36064605 -0.36064605
[481
[486] 0.07580744 -0.36064605 -0.36064605 0.07580744 -0.36064605
[491]
[496]

]

]

0.51226093 -0.36064605 -0.36064605 2.69452840 0.07580744

0.07580744 0.07580744 0.94871443 0.07580744 0.51226093
0.51226093 -0.36064605 0.94871443 0.51226093 0.07580744
[501] -0.36064605 -0.36064605 -0.36064605 -0.79709954 -0.36064605

[506] 0.07580744 0.51226093 0.07580744 -0.36064605 0.07580744



2593

2594

2595

2596

2597

2598

2599

2600

2601

2602

2603

2604

2605

2606

2607
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2609

2610

2611

2612

2613

2614

2615

2616

2617

2618

2619

2620

125

[511]-0.79709954 0.51226093 -0.36064605 0.51226093 1.82162141
[516] 0.07580744 -0.36064605 0.51226093 0.94871443 0.94871443
[521] -0.79709954 -0.36064605 0.07580744 0.07580744 0.07580744
0.51226093 -0.36064605 0.51226093 -0.36064605 -0.36064605

[531]-0.79709954 0.51226093 0.07580744 -0.36064605 0.07580744

[526]
]
]
]

[536] 0.51226093 -0.79709954 -0.36064605 -0.79709954 0.07580744
[541] -0.36064605 -0.36064605 0.07580744 -0.79709954 -0.79709954
[546] -0.79709954 -0.36064605 -0.79709954 -0.79709954 0.94871443
[551] -0.79709954 -0.36064605 -0.36064605 0.07580744 -0.36064605
[556] -0.36064605 -0.79709954 0.94871443 -0.79709954 -0.36064605
[561] -0.36064605 -0.79709954 -0.36064605 -0.79709954 0.94871443
[566] -0.36064605 -0.36064605 -0.36064605 0.51226093 -0.36064605
[571] 0.07580744 -0.36064605 0.07580744 -0.36064605 -0.36064605
[576] 0.94871443 0.94871443 -0.79709954 -0.79709954 1.38516792
[581] 0.51226093 0.51226093 0.94871443 0.51226093 0.51226093

[586] 0.94871443 -0.36064605 0.94871443 0.94871443 0.51226093

]
]
]
]

[591] 0.07580744 0.94871443 0.51226093 0.07580744 0.51226093
[596] 0.94871443 0.94871443 0.51226093 0.94871443 0.07580744
[601] 0.51226093 -0.79709954 0.94871443 0.51226093 0.07580744
[606] 0.07580744 -0.36064605 0.51226093 -0.36064605 0.07580744

]
[611]-0.36064605 0.07580744 -0.79709954 0.07580744 -0.36064605
]
]

]
]

[616] -0.79709954 -0.79709954 0.07580744 0.51226093 0.07580744
[621] 0.07580744 -0.79709954 0.94871443 0.07580744 0.51226093
[626] 0.07580744 0.51226093 0.51226093 0.51226093 -0.36064605
[631] 0.51226093 -0.36064605 -0.79709954 0.07580744 -0.79709954
[636] -0.36064605 0.07580744 -0.79709954 0.07580744 -0.36064605
[641]

[646] -0.79709954 -0.36064605 0.07580744 0.07580744 0.07580744

0.07580744 -0.36064605 -0.79709954 -0.79709954 -0.79709954



2621

2622

2623

2624

2625

2626

2627

2628

2629

2630

2631

2632

2633

2634

2635

2636

2637

2638

2639

2640

2641

2642

2643

2644

2645

2646

2647

2648

126

[651] 0.07580744 0.07580744 -0.36064605 -0.36064605 0.51226093
[656] 0.51226093 0.51226093 0.51226093 0.51226093 0.51226093
[661] 0.51226093 0.51226093 0.51226093 0.07580744 0.07580744
[666] -0.36064605 0.07580744 0.07580744 0.51226093 0.51226093
[671
[676
[681
[686] 0.94871443 0.94871443 0.07580744 0.07580744 0.07580744
[691
[696
[701] 0.07580744 -0.36064605 -0.36064605 0.07580744 0.07580744

]
] 0.51226093 0.51226093 0.51226093 0.51226093 0.51226093
] 0.51226093 0.51226093 0.07580744 0.07580744 -0.36064605
] 0.07580744 0.07580744 -0.36064605 0.94871443 0.94871443

] 0.07580744 0.07580744 -0.36064605 -0.36064605 0.51226093
] 0.51226093 0.51226093 0.07580744 0.07580744 0.07580744
[706] -0.36064605 -0.36064605 0.51226093 0.51226093 0.51226093
[711] -0.36064605 -0.36064605 0.07580744 0.07580744 0.07580744
[716] 0.07580744 0.07580744 0.07580744 -0.36064605 -0.36064605
[721] 0.07580744 0.07580744 0.07580744 0.07580744 -0.36064605
[726] -0.36064605 0.07580744 0.07580744 0.07580744 0.07580744
[731] 0.07580744 0.51226093 0.51226093 0.51226093 0.07580744
[736

[741] -0.79709954 0.51226093 0.51226093 -0.36064605 0.07580744

]
1 0.07580744 -0.79709954 -0.79709954 -0.79709954 -0.79709954
[746] 0.07580744 -0.36064605 -0.36064605 -0.36064605 0.07580744
[751
[756
[761

[766] -0.36064605 -0.36064605 -0.36064605 0.07580744 0.07580744

]
] 0.07580744 0.07580744 0.07580744 -0.36064605 -0.36064605
] 0.51226093 0.51226093 0.51226093 -0.36064605 0.07580744
] 0.07580744 -0.36064605 -0.79709954 -0.36064605 -0.36064605

[771]-0.79709954 0.51226093 0.51226093 0.51226093 -0.36064605
[776
[781

0.07580744 0.07580744 0.51226093 0.51226093 0.51226093

]
]
] 0.94871443 0.94871443 0.94871443 0.51226093 0.51226093
]

[786] -0.36064605 -0.36064605 0.07580744 0.07580744 0.51226093



2649

2650

2651

2652

2653

2654

2655

2656

2657

2658

2659

2660

2661

2662

2663

2664

2665

2666

2667

2668

2669

2670

2671

2672

2673

2674

2675

2676

127

[791] -0.36064605 -0.36064605 0.07580744 0.07580744 0.51226093
[796] 0.51226093 0.51226093 0.51226093 -0.36064605 -0.36064605
[801] 0.07580744 0.07580744 0.07580744 0.07580744 0.07580744
[806] 0.07580744 -0.36064605 0.51226093 0.51226093 0.51226093
[811] 0.51226093 -0.36064605 0.07580744 0.07580744 0.07580744
[816] 0.07580744 0.07580744 0.07580744 0.51226093 0.51226093
[821] 0.51226093 0.07580744 0.07580744 0.07580744 0.07580744
[826] -0.36064605 0.07580744 0.07580744 0.07580744 0.07580744

[831] 0.07580744 0.07580744 -0.36064605 -0.36064605 -0.36064605

]
[836] -0.36064605 0.07580744 0.07580744 0.94871443 0.94871443
[841] 0.94871443 0.94871443 0.07580744 0.07580744 0.07580744
[846
[851
[856
[861

[866] 0.07580744 -0.36064605 -0.36064605 -0.36064605 -0.36064605

] 0.07580744 0.07580744 0.07580744 0.07580744 0.07580744
] 0.51226093 0.51226093 0.51226093 -0.36064605 0.07580744
] 0.07580744 0.07580744 0.07580744 0.07580744 0.07580744
] 0.51226093 0.51226093 0.51226093 -0.36064605 0.07580744

[871] -0.36064605 -0.36064605 0.51226093 0.51226093 0.07580744
[876] 0.07580744 -0.36064605 -0.36064605 -0.36064605 -0.36064605
[881] 0.07580744 0.07580744 0.51226093 0.51226093 0.51226093
[886

] 0.07580744 0.07580744 0.07580744 0.07580744 -0.36064605
[891] -0.36064605 -0.36064605 0.07580744 -0.36064605 -0.36064605
[896] -0.36064605 0.07580744 0.07580744 -0.36064605 0.07580744
[901]

[906] -0.36064605 -0.36064605 -0.36064605 0.51226093 0.51226093
[911

[916

0.07580744 -0.36064605 -0.36064605 -0.36064605 -0.36064605

] 0.51226093 0.94871443 0.94871443 0.94871443 0.94871443

] 0.07580744 0.07580744 -0.36064605 -0.36064605 -0.36064605
[921] -0.36064605 0.51226093 0.51226093 0.51226093 -0.36064605

]

[926] 0.07580744 -0.79709954 -0.79709954 -0.36064605 -0.36064605



2677

2678

2679

2680

2681

2682

2683

2684

2685

2686

2687

2688

2689

2690

2691

2692

2693

2694

2695

2696

2697

2698

2699

2700

2701

2702

2703

2704

128

[931] -0.36064605 -0.36064605 0.07580744 0.07580744 0.07580744
[936] 0.07580744 0.94871443 0.94871443 -0.36064605 0.07580744
[941] 0.07580744 -0.36064605 -0.36064605 0.07580744 0.07580744
[946] -0.79709954 0.07580744 -0.36064605 -0.36064605 0.07580744
[951] 0.07580744 0.51226093 0.51226093 0.07580744 0.07580744
[956] 0.07580744 0.07580744 0.51226093 0.51226093 0.51226093
[961] 0.07580744 0.07580744 -0.79709954 -0.79709954 -0.36064605
[966] -0.36064605 -0.36064605 -0.36064605 -0.79709954 -0.79709954

[971] -0.79709954 0.07580744 0.07580744

$1J

[1]-0.05777905 -0.05777905 -0.05777905 -0.05777905 -0.05777905

[6] -0.05777905 -0.37565719 -0.37565719 -0.55730184 -0.55730184
[11]-0.55730184 -0.55730184 -0.33024603 -0.33024603 -0.33024603
[16] -0.33024603 -0.42106835 -0.42106835 -0.42106835 -0.42106835
[21]-0.42106835 -0.23942370 -0.23942370 -0.23942370 -0.23942370
[26] -0.23942370 -0.23942370 -0.23942370 0.07845443 0.07845443
[31] 0.07845443 0.07845443 0.07845443 0.07845443 -0.14860138
[36] -0.14860138 -0.14860138 -0.14860138 -0.14860138 0.80503303
[41] 0.80503303 0.80503303 0.80503303 0.80503303 0.80503303
[46] 0.80503303 0.80503303 0.80503303 0.80503303 0.80503303
[51] 0.80503303 0.80503303 -0.60271300 -0.51189068 -0.51189068
[56] -0.51189068 -0.51189068 -0.37565719 -0.37565719 -0.37565719
[61]-0.37565719 -0.37565719 -0.33024603 -0.33024603 -0.33024603
66] -0.33024603 -0.33024603 -0.42106835 -0.42106835 -0.42106835
71]-0.42106835 -0.51189068 -0.23942370 -0.23942370 -0.23942370
76]-0.23942370 -0.23942370 -0.46647951 -0.46647951 -0.46647951

[
[
[
[81] -0.46647951 -0.46647951 -0.46647951 -0.28483487 -0.28483487



2705

2706

2707

2708

2709

2710

2711

2712

2713

2714

2715

2716

2717

2718

2719

2720

2721

2722

2723

2724

2725

2726

2727

2728

2729

2730

2731

2732

129

[86] -0.28483487 -0.28483487 -0.51189068 -0.51189068 -0.51189068
[91] -0.60271300 -0.60271300 -0.55730184 -0.55730184 -0.28483487
[96] -0.28483487 -0.28483487 -0.28483487 -0.28483487 -0.28483487
[101] -0.55730184 -0.55730184 -0.55730184 -0.51189068 -0.51189068
[106] -0.51189068 -0.37565719 -0.37565719 -0.37565719 -0.37565719
[111] -0.37565719 -0.33024603 -0.33024603 -0.33024603 -0.33024603
[116] -0.28483487 -0.28483487 -0.28483487 -0.28483487 -0.28483487

[121] -0.28483487 -0.55730184 -0.55730184 -0.55730184 -0.23942370

[126] -0.23942370 -0.23942370 -0.23942370 -0.23942370 -0.23942370

[131]-0.23942370 -0.23942370 -0.46647951 -0.55730184 -0.51189068

[136] -0.51189068 -0.05777905 -0.05777905 -0.05777905 -0.05777905

[141] -0.05777905 -0.05777905 -0.05777905 -0.05777905 0.12386560

[146] 0.12386560 0.12386560 0.12386560 0.12386560 0.12386560

[151] 0.12386560 0.12386560 -0.46647951 -0.46647951 -0.46647951

[156] -0.46647951 -0.46647951 -0.10319022 -0.10319022 -0.10319022

[161] -0.10319022 -0.46647951 -0.33024603 -0.33024603 -0.33024603

[166] -0.33024603 -0.33024603 -0.51189068 -0.51189068 -0.51189068

[171] 0.30551025 0.30551025 0.30551025 0.30551025 0.30551025

[176] 0.30551025 0.30551025 0.30551025 0.03304327 0.03304327

[181] 0.03304327 0.03304327 0.03304327 -0.05777905 -0.05777905
[186] -0.33024603 -0.37565719 0.21468792 0.21468792 -0.55730184
[191] -0.55730184 -0.23942370 -0.23942370 -0.23942370 -0.23942370
[196] -0.64812416 -0.60271300 -0.55730184 -0.55730184 -0.01236789

[201] -0.01236789 -0.01236789 -0.01236789 -0.05777905 -0.05777905

[206] -0.05777905 -0.05777905 -0.14860138 -0.05777905 0.03304327

[211] 0.80503303 0.16927676 0.16927676 -0.19401254 0.12386560

[216

[221

]
]
] 0.12386560 0.39633257 0.12386560 0.39633257 0.39633257
]

0.16927676 0.16927676 0.16927676 0.16927676 -0.51189068



2733

2734

2735

2736

2737

2738

2739

2740

2741

2742

2743

2744

2745

2746

2747

2748

2749

2750

2751

2752

2753

2754

2755

2756

2757

2758

2759

2760

130

[226] 0.44174373 0.16927676 0.44174373 0.16927676 -0.42106835
[231]-0.51189068 -0.51189068 0.16927676 -0.60271300 0.26009908
[236] 0.16927676 0.26009908 0.16927676 -0.42106835 -0.55730184
[241]-0.42106835 0.16927676 0.44174373 0.44174373 0.16927676
[246] 0.44174373 0.26009908 0.44174373 0.44174373 0.44174373

[251] 0.44174373 -0.33024603 -0.51189068 -0.46647951 -0.33024603

]
]
]
[256] -0.33024603 -0.51189068 -0.60271300 -0.46647951 -0.55730184
[261] -0.37565719 -0.37565719 -0.33024603 1.44078930 -0.19401254

[266] 1.44078930 1.44078930 1.44078930 0.07845443 -0.42106835

]
[271] -0.42106835 -0.05777905 -0.05777905 1.44078930 -0.42106835
[276] 1.44078930 -0.23942370 0.07845443 1.44078930 1.44078930
[281] -0.42106835 -0.19401254 -0.19401254 1.44078930 1.44078930
[286] -0.05777905 0.07845443 -0.05777905 0.07845443 -0.23942370
[291]-0.19401254 1.44078930 -0.42106835 -0.19401254 -0.23942370
[296] -0.19401254 -0.19401254 1.44078930 -0.55730184 -0.05777905
[301] 0.07845443 1.44078930 1.44078930 1.44078930 -0.10319022
[306

[311

] 0.35092141 -0.28483487 -0.37565719 -0.51189068 -0.37565719
] 0.35092141 0.35092141 -0.55730184 -0.60271300 -0.28483487
[316] -0.46647951 -0.37565719 -0.64812416 0.35092141 -0.37565719
[321

[326

] 035092141 -0.60271300 0.35092141 -0.37565719 -0.10319022
] 035092141 0.35092141 -0.28483487 -0.46647951 -0.42106835
[331] -0.46647951 -0.37565719 -0.55730184 -0.10319022 -0.60271300
[336] -0.42106835 -0.10319022 -0.28483487 -0.55730184 -0.46647951
[341] 1.80407860 1.80407860 1.80407860 1.80407860 0.26009908
[346] -0.51189068 -0.33024603 -0.46647951 1.80407860 0.26009908
[351] 1.80407860 1.80407860 0.26009908 1.80407860 1.80407860
[356] -0.33024603 0.26009908 1.80407860 1.80407860 0.26009908
[361]

0.26009908 1.80407860 -0.55730184 -0.51189068 1.80407860



2761

2762

2763

2764

2765

2766

2767

2768

2769

2770

2771

2772

2773

2774

2775

2776

2777

2778

2779

2780

2781

2782

2783

2784

2785

2786

2787

2788

131

[366] 1.80407860 0.26009908 1.80407860 -0.33024603 1.80407860
[371]-0.60271300 0.26009908 -0.46647951 -0.51189068 -0.60271300
[376] 1.80407860 -0.33024603 -0.51189068 -0.51189068 1.80407860
[381]
[386] -0.55730184 1.80407860 1.80407860 1.80407860 -0.33024603
[391]

[396] -0.33024603 -0.33024603 -0.33024603 -0.14860138 -0.19401254

1.80407860 1.80407860 1.80407860 -0.33024603 -0.33024603
0.26009908 -0.46647951 -0.46647951 -0.14860138 -0.19401254

[401] -0.14860138 -0.42106835 -0.19401254 -0.33024603 -0.14860138
[406] -0.19401254 -0.42106835 -0.64812416 -0.55730184 -0.14860138
[411] -0.33024603 -0.42106835 -0.14860138 -0.19401254 -0.46647951
[416] -0.42106835 -0.51189068 -0.42106835 -0.55730184 -0.46647951
[421] -0.46647951 -0.64812416 -0.46647951 -0.46647951 -0.51189068
[426] 0.57797722 -0.37565719 0.53256606 0.53256606 0.53256606
[431] -0.46647951 -0.33024603 0.57797722 0.53256606 0.57797722
[436] 0.53256606 -0.33024603 -0.46647951 -0.33024603 0.57797722
[441] 0.57797722 0.57797722 0.53256606 -0.37565719 0.53256606
[446] -0.42106835 -0.42106835 0.57797722 0.57797722 0.57797722
[451] 0.53256606 0.57797722 -0.42106835 0.53256606 0.57797722
[456] 0.57797722 -0.33024603 -0.51189068 -0.55730184 -0.55730184
[461] -0.51189068 -0.64812416 -0.55730184 -0.19401254 -0.19401254
[466] 0.21468792 -0.19401254 -0.19401254 -0.55730184 0.21468792
[471]-0.55730184 0.21468792 -0.42106835 -0.19401254 0.21468792
[476] 0.21468792 -0.42106835 0.21468792 -0.51189068 0.44174373
[481] 0.44174373 0.03304327 -0.51189068 -0.19401254 -0.19401254
[486]
[491] -0.37565719 -0.51189068 0.44174373 0.03304327 0.44174373
[496]

[501] -0.51189068 -0.60271300 0.03304327 0.03304327 0.03304327

0.03304327 0.03304327 -0.51189068 -0.37565719 0.44174373

0.03304327 0.03304327 0.44174373 0.44174373 -0.55730184



2789

2790

2791

2792

2793

2794

2795

2796

2797

2798

2799

2800

2801

2802

2803

2804

2805

2806

2807

2808

2809

2810

2811

2812

2813

2814

2815

2816

132

[506] -0.42106835 0.03304327 -0.55730184 -0.51189068 -0.23942370
[511]-0.19401254 -0.51189068 -0.60271300 -0.19401254 -0.14860138
[516] -0.46647951 -0.51189068 -0.23942370 -0.23942370 -0.05777905
[521]-0.51189068 -0.19401254 -0.14860138 -0.05777905 -0.46647951
[526] -0.14860138 -0.05777905 -0.05777905 -0.51189068 -0.60271300
[531] -0.19401254 -0.19401254 -0.19401254 -0.05777905 -0.05777905
[536] -0.05777905 -0.05777905 -0.05777905 -0.05777905 -0.05777905
[541] -0.05777905 -0.05777905 -0.05777905 -0.23942370 -0.23942370
[546] -0.23942370 -0.23942370 -0.23942370 -0.23942370 -0.23942370
[551]-0.23942370 -0.23942370 -0.23942370 -0.23942370 -0.55730184
[556] -0.55730184 -0.64812416 0.03304327 0.03304327 0.03304327
[561] 0.03304327 0.03304327 0.03304327 0.03304327 0.03304327
[566] -0.05777905 -0.05777905 -0.05777905 -0.05777905 -0.05777905
[571] -0.05777905 -0.05777905 -0.05777905 -0.05777905 -0.23942370
[576] -0.23942370 -0.23942370 0.16927676 0.16927676 0.16927676
[581] 0.16927676 0.16927676 0.16927676 0.16927676 -0.33024603
[586] -0.33024603 -0.60271300 -0.28483487 -0.28483487 0.12386560
[591] 0.12386560 0.12386560 0.12386560 0.12386560 0.12386560
[596] -0.28483487 -0.28483487 0.12386560 0.12386560 0.12386560
[601] 0.12386560 0.12386560 0.12386560 -0.33024603 -0.33024603
[606] -0.33024603 -0.28483487 -0.28483487 -0.28483487 -0.28483487
[611] -0.28483487 -0.55730184 -0.55730184 -0.51189068 -0.51189068
[616] -0.51189068 -0.64812416 -0.42106835 -0.42106835 0.75962187
[621] 0.75962187 0.75962187 0.75962187 0.75962187 0.75962187
[626] 0.75962187 0.75962187 0.75962187 0.75962187 0.75962187
[631] 0.75962187 0.75962187 0.75962187 0.75962187 0.75962187
[636] -0.14860138 -0.14860138 -0.14860138 -0.14860138 -0.14860138
]

[641]-0.14860138 -0.14860138 -0.64812416 -0.64812416 -0.64812416



2817

2818

2819

2820

2821

2822

2823

2824

2825

2826

2827

2828

2829

2830

2831

2832

2833

2834

2835

2836

2837

2838

2839

2840

2841

2842

2843

2844

133

[646] -0.64812416 -0.51189068 -0.51189068 -0.19401254 -0.19401254
[651] 0.39633257 0.39633257 -0.19401254 -0.14860138 0.03304327
[656] 0.03304327 0.03304327 0.16927676 0.16927676 0.16927676
[661] -0.19401254 -0.19401254 -0.19401254 0.39633257 0.39633257
[666
[671
[676
[681]-0.55730184 -0.55730184 0.44174373 0.16927676 0.16927676
[686
[691
[696] -0.10319022 -0.10319022 0.39633257 0.39633257 -0.19401254

]
] 0.44174373 0.39633257 0.39633257 0.39633257 0.39633257
] 0.39633257 -0.19401254 -0.19401254 -0.19401254 0.16927676
] 0.16927676 0.16927676 -0.19401254 -0.19401254 0.39633257

] 0.16927676 0.16927676 0.39633257 0.39633257 0.39633257
] 039633257 0.03304327 0.16927676 0.39633257 -0.10319022
[701] -0.19401254 -0.37565719 -0.60271300 -0.01236789 -0.01236789
[706] -0.05777905 0.16927676 0.39633257 0.39633257 0.39633257
[711] 0.39633257 0.21468792 -0.05777905 -0.05777905 0.21468792
[716]

[721] 0.21468792 0.21468792 0.21468792 0.21468792 -0.05777905

0.21468792 -0.23942370 -0.23942370 0.21468792 0.30551025

[726] -0.05777905 0.21468792 0.21468792 0.21468792 -0.33024603
[731] -0.33024603 -0.05777905 -0.05777905 -0.05777905 0.21468792
[736] 0.21468792 0.07845443 0.07845443 0.07845443 -0.42106835
[741] -0.42106835 -0.23942370 -0.23942370 0.07845443 -0.19401254
[746] -0.19401254 0.12386560 -0.23942370 0.07845443 0.80503303
[751] 0.80503303 0.26009908 0.26009908 0.07845443 0.07845443
[756] -0.28483487 -0.28483487 -0.28483487 -0.23942370 -0.05777905
[761]-0.05777905 0.07845443 -0.42106835 -0.37565719 -0.28483487
[766

[771]-0.23942370 0.39633257 0.39633257 0.39633257 -0.01236789

] 0.12386560 -0.05777905 0.12386560 -0.37565719 -0.37565719
]
]
]

[776] -0.14860138 -0.14860138 -0.37565719 -0.37565719 -0.37565719
[781]-0.01236789 -0.01236789 -0.01236789 -0.05777905 -0.05777905



2845

2846

2847

2848

2849

2850

2851

2852

2853

2854

2855

2856

2857

2858

2859

2860

2861

2862

2863

2864

2865

2866

2867

2868

2869

2870

2871

2872

134

[786] -0.14860138 0.03304327 0.16927676 0.16927676 0.39633257
[791]-0.19401254 0.30551025 0.30551025 0.30551025 0.21468792
[796] 0.21468792 0.21468792 0.21468792 0.21468792 0.03304327
[801] 0.03304327 0.03304327 -0.33024603 -0.33024603 -0.55730184
[806] -0.55730184 -0.19401254 -0.05777905 -0.05777905 0.80503303
[811]
[816] -0.23942370 -0.28483487 -0.28483487 0.80503303 0.80503303
[821] 0.80503303 0.26009908 0.26009908 0.07845443 0.07845443

0.80503303 -0.46647951 -0.23942370 -0.23942370 -0.23942370

[826] -0.23942370 0.80503303 0.80503303 0.80503303 0.80503303
[831]

[836] 0.80503303 0.26009908 0.26009908 0.12386560 0.12386560
[841

0.26009908 0.26009908 -0.05777905 -0.19401254 -0.05777905

] 0.12386560 0.12386560 0.80503303 0.80503303 -0.05777905
[846] -0.05777905 -0.05777905 -0.05777905 0.12386560 0.12386560
[851] 0.80503303 0.80503303 0.80503303 -0.28483487 -0.05777905
[856] -0.05777905 0.80503303 0.80503303 -0.46647951 -0.46647951
[861] 0.12386560 0.12386560 0.12386560 0.26009908 0.80503303
[866] 0.80503303 0.80503303 -0.23942370 -0.23942370 0.07845443
[871] -0.28483487 -0.37565719 0.26009908 0.26009908 -0.37565719
[876] -0.37565719 -0.46647951 0.80503303 0.26009908 -0.19401254
[881] 0.80503303 0.80503303 -0.19401254 -0.19401254 -0.19401254
[886] 0.80503303 0.80503303 -0.33024603 -0.33024603 -0.01236789
[891]-0.14860138 0.03304327 0.16927676 -0.14860138 -0.05777905
[896] -0.10319022 0.39633257 0.39633257 0.44174373 -0.10319022
[901]-0.10319022 0.39633257 0.39633257 0.39633257 0.39633257
[906]
[911]-0.19401254 0.44174373 0.44174373 0.44174373 0.44174373
[916]

[921]-0.10319022 -0.10319022 -0.10319022 -0.10319022 -0.37565719

0.39633257 -0.37565719 -0.60271300 -0.19401254 -0.19401254

0.44174373 0.44174373 -0.28483487 -0.28483487 -0.46647951



2873

2874

2875

2876

2877

2878

2879

2880

2881

2882

2883

2884

2885

2886

2887

2888

2889

2890

2891

2892

2893

2894

2895

2896

2897

2898

2899

2900

135

[926] -0.28483487 -0.28483487 -0.28483487 -0.46647951 -0.46647951
[931] 0.39633257 0.03304327 -0.05777905 -0.05777905 -0.14860138
[936] -0.14860138 0.03304327 0.03304327 -0.05777905 -0.19401254
[941]-0.19401254 -0.14860138 0.03304327 0.39633257 0.39633257
[946] 0.39633257 0.03304327 -0.19401254 -0.37565719 -0.46647951
[951] -0.46647951 0.30551025 0.30551025 -0.05777905 -0.05777905
[956] -0.23942370 -0.23942370 -0.05777905 -0.05777905 -0.05777905
[961] 0.03304327 0.03304327 0.03304327 0.03304327 -0.33024603
[966] 0.03304327 -0.33024603 -0.55730184 -0.55730184 -0.55730184

[971]-0.55730184 -0.33024603 -0.33024603

$Habitat

[171111333111332313131313333313313133
[35]3113331311113113313313331211313333
[69]3331331131113131313111131112111111
[103]1331311111111231211222333313111213
[137]12211121322222221133113313211111111
[17112212312331131131132111111111213112
[205]2212111111311131111t1trrrrr111111111
[239]1 1113311113111 11111311211121111211
[273]13111111321111111112111112111113121
[30712213111111111311122111111311112111
[341]2122111121121121113232123223111211
[37511212133321112331312222223311321211
[409]12332211223122112211322212312131232
[443]12121232222312312332113211211112222
[47711212221211113121221322211212112112
[S1171111211112123112221212211333111311



2901

2902

2903

2904

2905

2906

2907

2908

2909

2910

2911

2912

2913

2914

2915

2916

2917

2918

2919

2920

2921

2922

2923

2924

2925

2926

2927

2928

136

[545]3311111331111133111133331113111313
[579]13313332222122222213112311121133111
[613]3333322223231322231211222222222221
[647]12122222222222222222222222222222222
[681]12222222222222222222222222222222222
[715]2222222222222222222222333333333333
[749]3333333333333333333333333333333333
[783]3333333333333333333333111111111111
g17j1i1r1i1r1r11r1r11r111111111111111111111°1
(gs1j11r11r1r1r11r11r111r111111r111r1111111
(g8s5j111r111r111r111r111111111111111111111°1
oloj1r1r11r1r1r111r111r111111111111111111°1

9s3]j111111111111111111111

$Year

[1114141414141415151616161617 1717171818 1818 18 19
[23]119192020202021212121212122222222222323232323
[45]23232323232323231415151515161616161617 171717
[67]17 18 18 18 18 192020 20202021 21212121212222222223
[89]123231414151516161616161617 19 1920202021 212121
[111]21222222221414141414141414141414141414 1414 14
[133]15151515161616161616161616161616161616 1616 16
[155]16 1616171717 171717171717 18181818 1919191919 19
[177]119191919191919202020212121212122222222222323
[199]23 222233334556667 888888
[221]101010101010101010101010101010101010 101010 10
[243] 10101010 101010101011 11 11 1T 11 1T 11 1L 11 11111112
[265] 121212121212 121212121212121212121212121212 12



2929

2930

2931

2932

2933

2934

2935

2936

2937

2938

2939

2940

2941

2942

2943

2944

2945

2946

2947

2948

2949

2950

2951

2952

2953

2954

2955

2956

137

[287]1212 1212121212 1212121212 121212121212 13 13 13 13
[309] 1313131313 1313131313 1313131313 1313131313 13 13
[331713 13131313 1313131313 14141414 1414 14 14 14 14 14 14
[353] 1414 1414 14 1414 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14
[375]14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 15 15 15
[397] 1515151515 1515151515 1515151515 15151516 16 16 16
[419]16 1616 16 16 16 16 17 1717 1717 1717 171717 1717 1717 17
[441117 171717171717 1717171717 1717171717 18 18 18 18 18
[463] 18 1919191919 19 19 19 19 19 19 19 19 19 19 20 20 20 20 20 20
[485] 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
[507]20212121212121212121212121212121212121212121
[529]21 21 21 21 21 21 24 24 24 24 24 24 24 24 24 25 25 25 25 25 25 25
[551]25 25 25 25 26 26 27 24 24 24 24 24 24 24 24 25 25 25 25 25 25 25
[573] 25 25 26 26 26 27 27 27 27 27 27 27 25 25 25 26 26 26 26 26 26 26
[595] 26 26 26 27 27 27 27 27 27 27 27 27 24 24 24 24 24 25 25 26 26 26
[617] 27 23 23 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 24 25 25 25
[639] 25 25 252526 2626262727 4 4191920 4 555 6 6 6
[661]

[683]110 6 6 6 6 8 81919 5 6 8171717191920202122 2
[705] 2 3 61919 19192120202121222221 192121212120 20

]
[727]21212118182020202121212121 1818191921 4 4 820
]
]

777881019191919192020206 6 6 77 89 9

[749]21 6 610102121 222195521181 285811
[771119191919 2 4 4212121 2223345668719
[793]191921212121211919192020 3345566 72020
[815]1919 226 6 61010212119 6 6 6 6101012 4 56
[837]1010 8 8 8 8 6 6121255886 6625566
[859] 778 8810 6 6 6202021 2 11010117 610 4
]

(8811 6 6 444661717 245643178 810171719



2957

2958

2959

2960

2961

2962

2963

2964

2965

2966

2967

2968

2969

2970

2971

2972

2973

2974

2975

2976

2977

2978

2979

2980

2981

2982

2983

2984

138

[903]1919 81911 1820202010101010101014 141513 13 13 13
[925]1114 1414151519533 4455377 45191919
[947] 52021 17 17 19 1920 20 22 2220 20 20 19 19 19 19 20 19 20 21
[969] 21 21 21 20 20

$nyear

[1]27

$Site

[119999999999999999999999

231 999999999999999996996999

[45]1 9 9999999101010101010101010 1010101010
[67]101010101010101010101010101010101010101010 10
[89]101019191919191919191919191919191919191919 19
[111] 19191919 192020202020202121212222222222222222
[133]20212222202020202020202021212121212121212222
[155]22222220202020212222222221222222212121212121
[177]21212222222222212122202121222221212121222021
[199] 21 20202020 2020202020 920 9202020 9 920 92020
[221]24242424 12024202411 1 124 3924 92411121124
[243]1202024 20 92020202024 3112424 3 9111320202424
[265]2024242411 31 9924 12413112424 320202424 9
[287]11 911132024 12013202024 2 911242424202421 3
[309] 19222424 11723 112213242224 824 32024242325 5
[331]1122 120 8 52021 9256 6 6 624 2 525 624 6 6
[353]24 6 62324 6 62424 6 8 3 6 624 623 611242516
[375]12 6 51316 6 6 6 6 523 8 6 6 6 5242525 624 3
[397] 33 624 61124 3 624111213 6 311 62424 313 3



2985

2986

2987

2988

2989

2990

2991

2992

2993

2994

2995

2996

2997

2998

2999

3000

3001

3002

3003

3004

3005

3006

3007

3008

3009

3010

3011

3012

139

[419] 5 6241124 613 611242424 15 624 624 53 5 6
[441]1 6 62411241213 6 6 624 61324 6 6 524 3 624 12
[463] 62424 6242411 611 6 324 6 6 3 6142424 611 4
[485
[507
[529

146611 724 71424 624 6 62424121113 6 6 6 2
16125364116 7155332456 72415 72424
15136 6 62410101010101010101010 101010101010
[551]110101010101010999999999999999

[573] 99999999999 920202120202121212121
[595]212222212121212121222222191919191919191919 19
[617]1918 18181818 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18
[639] 18 18 18 18 18 18 18 18 18 18 9 920 20 20 20 20 20 20 20 20 20
[661] 20 202020 2020 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
[683]20202020202020202020202020202020202020202020
[705] 20 202020202020212121212121212121212121212121
[727]121212121212121212121999999999999

[7491 9999999999999999999999

[771] 92020 20202020202020202020202020202020202021

]
[793]12121212121212122222222229999999999
[815]9999999999999999999999

(83719 999999999999999999999

8591 9999999999999999999999

[881] 99999999 920202020202020202020202020
[903] 20202020 202020 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
[925] 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
[947]20202021212121212121212121212222222222222222

[969] 22 22 22 22 22

]
]
]
]

$nsite



3013

3014

3015

3016

3017

3018

3019

3020

3021

3022

3023

3024

3025

3026

3027

3028

3029

3030

3031

3032

3033

3034

3035

3036

3037

3038

3039

3040

140

[1]25

$Terr

[1] 142 137 118 132 85101 105 76 78 79 85133 113 85138 139 138

[18] 105 86 133 91 101 105 76 142 95130119 113 138 105 73 118 104
[35] 78 85101 118 104 128 109 119 90 120 101 122 105 86 133 118 104
[52] 99 165 162 167 146 155162 151 149 163 153 162 151 149 164 167 149
[69] 145 155164 151 149 157 155166 161 162 150 149 157 154 161 160 150
[86] 155 157 152 148 158 229 212 215 219 227 215 214 218 223 219 220 228
[103] 220220 218 223 220 214 213 223 219 214 213 222 224 231 242 253 263
[120] 269 274 281 299 289 317 316 325 318 330 312 323 321 274 297 327 318
[137] 231 235 240 247 249 257 260 263 283 287 289 294 299 300 302 307 313
[154] 318 325327 331 231 247 257 263 302 314 325 328 329 299 322 327 331
[171] 281 284 293 295 299 301 282 308 313 319 327 329 331 295 301 331 245
[188] 280 290 322 329 285 290 299 301 311 271 289 302 248 261 266 267 230
[205] 246 256 261 230 75 261 101 267 277 250 84 102 260 116 264 277 336
[222] 338 339 344 2244 349246351174 3 4359 15104 362 106 365
[239] 176 181 177 369 263 264 372 269 129 272 274 276 277 338 10 174 354
[256] 357 14 107 177 184 263 269 373 336 231 337338339170 11 1 83
[273] 85343 2348 182 174 353 357 14 251253363364 110176 115 177
[290] 184 263 370 5269 185274276373 8141179374 375376231 339
[307] 281 11 211310343347 2192332172315 182353316358 71359
[324]
[341] 32 33 34 35338 6 22377 37343 38 39347 41 42 332 348
[358

]
[375] 181 57 27184191 58 59 60 61 28335 72 64 65 66 30375
]
]

15255362 364 334 378 27 177325 5274 72 29276 307 142 380

45 46 356 357 47 71 14 49 50362 52333 53 176 367 378 190

[392] 379381 32342 9 11 12 40347 43 172357 14 50362 176 181
[409] 184 59 17178 65376341 9183 14 26 50362 176 368 63 185



3041

3042

3043

3044

3045

3046

3047

3048

3049

3050

3051

3052

3053

3054

3055

3056

3057

3058

3059

3060

3061

3062

3063

3064

3065

3066

3067

3068

141

[426] 35 169 340 341 342 1 23 37352 45355 24 14 26 50 52 55
[443] 366 176 367 181 184 58 60 61371 63 185373 64 65 31342 16
[460] 56366 181 61341342 38 345346 171 44 175 48 16360 50 54
[477
[494

17 64 186 341 342 36170 18 19 37 38 171 67 350 68 187 360
50361 51 54366367 181177 184 59 61 62 7 64180 21 11

[511] 37 20173 44 68 188 25 13 16360 26 50 69 361 189 70 366

]
]
]
[528] 367 27 184 62 63 64 374 160 150 155 157 166 144 152 143 168 160
[545] 150 155 166 152 148 147 159 156 143 168 152 147 163 126 119 89 85
[562] 101 122 86 104 127 114 119 120 85 81 118 140 111 120 104 140 126
[579] 119 87 74 118 131 100 236 241 281 232 276 305 288 303 291 279 306
[596] 327 326 304 301 281 308 298 296 327 326 309 226 216 217 213 225 217
[613] 221 216 217 221 216 205 207 210 204 205 193 194 198 195 209 208 203
[630] 207 202 206 201 197 200 210 204 208 203 206 200 199 210 195 203 201
[647] 206 196 98 98 235 235 243 246 248 248 248 248 248 248 248 248 248
[664] 248 248 248 249 249 252 252 252 252 252 252 253 253 253 253 253 253
[681] 253 253 253 256 256 256 256 256 256 258 258 259 259 259 259 259 259
[698] 259 259 259 259 259 260 262 262 262 265 275 275 275 278 281 282 282
[715] 282 282 282 282 283 286 289 289 292 292 299 299 299 299 299 300 300
[732] 302 302 302 302302 77 77 77 78 78 78 78 78 82 82 92 96

[749] 96 98 98 103 103 109 109 112 112 112 117 118 118 119 120 124 124
[766] 133 134 135 136 136 142 233 233 233 237 237 237 243 243 243 264 264
[783] 264 264 264 264 264 264 264 268 270 289 304 304 306 306 306 306 308
[800] 315323 323324324 73 73 78 78 78 78 78 78 78 78 80 80

[817] 81 81 82 82 82 83 83 85 85 88 92 93 94 94 94 94 94

[834

[851] 108 108 108 110 110110 110110 110110110110 110 110 111 111 118

1 97 97 97 97 97101 101 101 101 103 103 103 103 104 104 107 107
]
]
]

[868] 120 120 120 121 123 123 123 125 125 133 135 135 136 136 136 141 141
[885] 141 141 141 142 142 234 234 234 234 238 239 240 242 242 242 243 243



3069

3070

3071

3072

3073

3074

3075

3076

3077

3078

3079

3080

3081

3082

3083

3084

3085

3086

3087

3088

3089

3090

3091

3092

3093

3094

3095

3096

142

[902] 243 243 243 246 247 248 249 249 249 249 250 250 250 250 251 251 251
[919] 251 251 253 254 254 254 259 259 260 260 260 260 260 265 266 266 266
[936] 266 266 266 267 267 267 268 268 271 271 273 277 278 278 283 283 283
[953] 283 283 283 300 300 304 304 304 311 311 320 320 320 322 322 324 326
[970] 327 327 329 329

$nterr

[1] 381

$Terr.year.num

[1] 121 104 54 91 806 5 23782 785795807 92 48 808 105 108 106
[18] 24 813 93822 6 25783 124829 89 62 49 107 26 778 55 17
[351790 810 7 56 18 86 33 64821 72 8 76 27814 94 57 19

[52] 838 183 175 187 129 154 176 145 134 179 152 177 146 135 181 188 136
[69] 128 155 182 147 137 161 156 184 173 178 141 138 162 153 174 170 142
[86] 157 163 148 132 165 320 284 291 301 318 292 288 299 312 302 305 319
[103] 306 307 300 313 308 289 285 314 303 290 286 311 315 326 347 385 424
[120] 450 462 480 516 499 562 561 581 563 600 554 576 571 463 514 587 564
[137] 327 335 343 359 369 395 412 425 489 497 500 510 517 525 532 545 555
[154] 565 582 588 601 328 360 396 426 533 557 583 594 595 518 572 589 602
[171] 481494 509 511 519 528 485 546 556 566 590 596 603 512 529 604 354
[188] 478 505 575 598 495 506 522 530 553 456 503 536 364 416 436 440 322
[205] 356 392 417 323 781 418 10442 471 375804 12415 52433472610
[222] 613 617 634 255 353 642 355 646 201 523 711 658 139 16 666 28 674
[239] 205220 211 684 421 427 691 447 87 457 459 465 469 614 3 202 650
[256] 653 109 29 212 229 422 448 692 611 324 612 615 618 194 34 1 803
[273] 805 631 256 640 226 203 648 654 110 377 383 671 672 39 206 51 213
[290] 230 423 689 724 449 236 460 466 693 796 117 217 695 697 699 325 619



3097

3098

3099

3100

3101

3102

3103

3104

3105

3106

3107

3108

3109

3110

3111

3112

3113

3114

3115

3116

3117

3118

3119

3120

3121

3122

3123

3124

143

[307] 479 35283 551 632 637 257 246 605 198 558 227 649 560 657 774 659
[324] 140 391 667 673 608 702 451 214 580 725 461 776 504 467 544 120 708
[341] 567 599 620 643 616 747 304 701 685 633 705 710 638 713 714 606 641
[358] 718 720 652 655 721 775 111 723 726 668 734 607 736 207 679 703 244
[375] 221 741 452 231 245 742 744 748 750 477 609 777 759 764 767 524 698
[392] 704 709 568 626 819 36 68 712 639 715 199 656 112 727 669 208 222
[409] 232 745 192 216 765 700 622 820 228 113 407 728 670 209 683 756 237
[426] 644 191 621 623 627 2 321 686 647 719 651 342 114 408 729 735 739
[443] 675 210 680 223 233 743 749 751 690 757 238 694 760 766 550 628 167
[460] 740 676 224 752 624 629 706 635 636 196 716 204 722 168 661 730 737
[477] 193 761 239 625 630 660 195 218 243 687 707 197 768 645 769 240 662
[494] 731 664 733 738 677 681 225 215 234 746 753 754 772 762 219 279 37
[511] 688 258 200 717 770 241 373 88 169 663 409 732 771 665 242 773 678
[528] 682 453 235 755 758 763 696 171 143 158 164 185 127 149 125 189 172
[545] 144 159 186 150 133 130 166 160 126 190 151 131 180 83 65 818 811
[562] 9 77815 20 85 50 66 73 812799 58 115 45 74 21 116 84

[579] 67 816 780 59 90 4 337 345 483 329 468 541 498 537 507 476 543

]
[596] 592 585 540 531 484 548 515 513 593 586 549 317 293 296 287 316 297
[613] 309 294 298 310 295 269 274 280 267 270 247 248 253 249 278 276 264
[630] 275 263 271 261 252 259 281 268 277 265 272 260 254 282 250 266 262
[647] 273 251 836 836 336 336 351 357 365 365 365 366 366 366 367 367 367
[664] 368 368 362 371 371 380 380 380 381 381 381 386 386 386 387 387 388
[681] 389 389 382 393 393 393 393 394 394 397 397 404 405 406 400 400 400
[698] 401 401 402 402 403 414 419 419 420 435 464 464 464 473 482 486 486
[715] 487 487 488 488 493 496 502 502 508 508 520 520 521 521 521 526 526
[732] 534 534 534 535 535 784 784 784 786 786 787 787 789 800 800 824 830
[749] 831 837 837 13 13 32 32 47 47 47 53 60 60 63 69 80 81

]

[766] 96 97 100 101 101 123 330 330 330 338 339 339 352 352 352 428 428



3125

3126

3127

3128

3129

3130

3131

3132

3133

3134

3135

3136

3137

3138

3139

3140

3141

3142

3143

3144

3145

3146

3147

3148

3149

3150

3151

3152

144

[783] 428 429 429 430 431 432 432 446 454 501 538 538 542 542 542 542 547
[800] 559 577 577 578 578 779 779 791 792 792 793 793 794 788 788 797 797
[817] 798 798 801 801 801 802 802 809 809 817 823 825 828 828 826 826 827
[834] 833 834 835832832 11 11 11 11 15 15 14 14 22 22 30 30

[851] 31 31 31 40 41 41 42 42 43 43 44 44 44 38 46 46 61

[868] 70 70 71 75 78 79 79 82 82 95 99 98 102103 103 118 118

[885] 118 119 119 122 122 331 332 333 334 340 341 344 348 348 346 349 349
[902] 350 350 350 358 361 363 370 372 372 372 374 374 374 374 376 376 378
[919] 378 379 384 390 390 390 398 399 410410411 411 413 434 437 437 438
[936] 438 439 439 441 443 443 444 445 455 455 458 470 474 475 490 490 491
[953] 491 492 492 527 527 539 539 539 552 552 569 569 570 573 574 579 584

[970] 591 591 597 597

$n.terr.year

[1] 838

$Terr.year.unmarked.num

[1] 81 66 37 62632 5 18622624 626 633 63 32634 67 70 68

[18] 19638 64 646 6 20623 82647 60 43 33 69 21619 38 13

[35] 625635 7 39 14 57 25 44645 49 8 52 22639 65 40 15

[52] 648 141 133 145 87 112 134 103 92 137 110 135104 93 139 146 94
[69] 86 113 140 105 95119 114 142 131 136 99 96 120 111 132 128 100
[86] 115 121 106 90 123 278 242 249 259 276 250 246 257 270 260 263 277
[103] 264 265 258 271 266 247 243 272 261 248 244 269 273 284 293 306 322
[120] 333 342 355379 365 413 412 425 414 441 406 423 420 343 377 430 415
[137] 285288 291 298 301 309 314 323 360 363 366 373 380 386 391 399 407
[154]416 426 431 442 286 299 310 324 392 409 427 436 437 381 421 432 443
[171]356 361 372 374 382 387 359 400 408 417 433 438 444 375 388 445 295



3153

3154

3155

3156

3157

3158

3159

3160

3161

3162

3163

3164

3165

3166

3167

3168

3169

3170

3171

3172

3173

3174

3175

3176

3177

3178

3179

3180

145

[188] 353 369 422 439 362 370 383 389 405 337 367 393 300 316 327 328 280
[205] 297 308 317 281 621 318 10329 349 303 630 11 315 36 326 350 451
[222] 454 458 475 213 294 483 296 487 159 384 552499 97 12 507 23 515
[239] 163 178 169 525 319 325 532 330 58 338 339 344 348 455 3160 491
[256] 494 71 24 170 187 320 331 533 452 282 453 456 459 152 26 1629
[273] 631472 214 481 184 161 489 495 72304 305512 513 30164 35171
[290] 188 321 530 565 332 194 340 345 534 627 79 175 536 538 540 283 460
[307] 354 27 241404 473 478 215 204 446 156 410 185 490 411 498 615 500
[324]
[341] 418 440 461 484 457 588 262 542 526 474 546 551 479 554 555 447 482
[358] 559 561 493 496 562 616 73 564 567 509 575 448 577 165 520 544 202

[375] 179 582 335 189 203 583 585 589 591 352 450 618 600 605 608 385 539

98 307 508 514 449 543 334 172 424 566 341 617 368 346 398 80 549

]
[392] 545 550 419 467 643 28 48 553 480 556 157 497 74 568 510 166 180
[409] 190 586 150 174 606 541 463 644 186 75 311 569 511 167 524 597 195
[426] 485 149 462 464 468 2279 527 488 560 492 290 76 312 570 576 580
[443] 516 168 521 181 191 584 590 592 531 598 196 535 601 607 403 469 125
[460] 581 517 182 593 465 470 547 476 477 154 557 162 563 126 502 571 578
[477] 151 602 197 466 471 501 153 176 201 528 548 155 609 486 610 198 503
[494] 572 505 574 579 518 522 183 173 192 587 594 595 613 603 177 237 29
[511]529 216 158 558 611 199 302 59 127 504 313 573 612 506 200 614 519
[528] 523 336 193 596 599 604 537 129 101 116 122 143 85 107 83 147 130
[545] 102 117 144 108 91 88 124 118 84 148 109 89 138 54 45 642 636
[562] 9 53640 16 56 34 46 50 637628 41 77 31 51 17 78 55
[579] 47 641 620 42 61 4289 292 357 287 347 396 364 394 371 351 397
[596] 434 428 395 390 358 401 378 376 435 429 402 275 251 254 245 274 255
[613] 267 252 256 268 253 227 232 238 225 228 205 206 211 207 236 234 222
[630] 233 221 229 219 210 217 239 226 235 223 230 218 212 240 208 224 220
[647] 231 209



3181

3182

3183

3184

3185

3186

3187

3188

3189

3190

3191

3192

3193

3194

3195

3196

3197

3198

3199

3200

3201

3202

3203

3204

3205

3206

3207

3208

146

$n.terr.year.unmarked

[1] 648

$Terr.year.marked.num

[1] 189 189 48 48 58 60 65 65 65 66 66 66 67 67 67 68 68
[18] 63 70 70 76 76 76 77 77 77 80 80 80 81 81 82 83 83
[35] 78 85 85 85 85 86 86 87 87 94 95 96 90 90 90 91 91
[52] 92 92 93100 101 101 102 109 121 121 121 123 126 127 127 128 128
[69] 129 129 133 134 136 136 137 137 138 138 139 139 139 140 140 142 142
[86] 142 143 143 161 161 161 162 162 163 163 165 172 172 178 183 184 190
[103]190 2 2 8 8 16 16 16 17 18 18 20 21 27 28 31 32

[120] 35 36 36 42 43 43 43 49 50 50 59 59 59103 103103 104

[137] 104 105 106 107 107 117 118 135 144 144 146 146 146 146 147 149 154
[154] 154 155 155 160 160 166 167 167 168 168 169 164 164 170 170 171 171
[171]1173 173 173 174 174 175175176 177 179 182 182 180 180 181 186 187
[188] 188185185 1 1 1 1 4 4 3 3 55 6 6 7 7

[205] 7 10 11 11 12 12 13 13 14 14 14 9 15 15 19 22 22
[222] 23 24 25 26 26 29 29 30 34 33 37 38 38 39 39 39 40
[239] 40 41 41 44 45 46 47 51 52 53 55 55 54 56 56 57 57
[256] 57 61 62 64 69 71 71 71 72 72 72 72 73 73 74 74 75

[273] 79 84 84 84 88 89 97 97 98 98 99108 110110 111 111 112

]
]
]
[290] 112113 114 114 115116 119 119 120 122 124 125 130 130 131 131 132
[307] 132 141 141 145 145 145 148 148 150 150 151 152 153 156 157 158 158

[324] 159 159

$n.terr.year.marked

[1] 190



147

3209



148

3210

3211

3212



