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Abstract
	The Louisiana black bear (Ursus americanus luteolus) is one of 16 sub-species of the American black bear (Ursus americanus) and the only sub-species to be listed under the Endangered Species Act.  The US Fish and Wildlife Service listed the bear in 1992 citing habitat loss as the primary reason for population decline and human-related mortality as a secondary reason.  The Louisiana black bear’s historic range included Louisiana, Texas, Arkansas and Mississippi; it is now consists of only three sub-populations, in the Tensas River Basin, Upper Atchafalaya River Basin, and the Lower Atchafalaya River Basin.  Under the Louisiana Black Bear Recovery Plan, one of the criteria for delisting is that two of the three sub-populations must be viable.  In order to determine viability, reliable estimates of vital population parameters, such as abundance, growth rate and survival, must be obtained.   I plan on collecting hair samples from barbed–wire during summers 2010, 2011 and 2012 to conduct a DNA mark-recapture study in the Upper Atchafalaya River Basin population.  Individual bears can be identified and “captured” through genetic analysis of the hair samples, and population parameters can be estimated from these identifications and individual capture histories.  There have been two previous studies in the Upper Atchafalaya River Basin to estimate abundance by using non-invasive DNA mark-recapture.  The most recent one (Lowe 2011) estimated the population to be 56 bears (95% CI: 49-68).  Lowe’s study had low male capture probabilities, most likely caused by large male bears stepping over the barbed-wire used for sampling.  My study will be a continuation of Lowe’s study using a two-wire system to see if this will increase male capture probabilities.  During the summer 2011, the Army Corp of Engineers opened the Morganza Spillway to divert water from the Mississippi River.  The spillway makes up >50% of my study area and was flooded for ~2 months.  
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[bookmark: _Toc361839446]Chapter 1: Introduction
[bookmark: _Toc361839447]Background and Justification
The American black bear (Ursus americanus) was once distributed throughout North America, from the northern parts of Canada and Alaska south to Mexico (Lowery 1974).  Its range has been greatly reduced by anthropogenic actions, mostly due to deforestation and the conversion of wooded land to agriculture.  There are 16 sub-species of the American black bear that exist throughout the continent in fragmented populations.  The Louisiana black bear (Ursus americanus luteolus) is one of the 16 sub-species of the American black bear (Hall 1981) and the only sub-species to be federally listed as threatened.  The Louisiana black bear’s historic range included the bottomland hardwood forests of Louisiana and parts of Texas, Mississippi, and Arkansas (Hall 1981; Fig. 1).  
The colonization of the Mississippi Alluvial Valley by Europeans has resulted in agricultural development of the fertile soils and timber harvesting of the forests.  From the 1950s to 1970s, high prices for soybeans increased the demand for more agricultural land which led to the clearing of bottomland hardwood forests; Federal legislation (Swampland Acts of 1849, 1850 and 1860, Flood Control Act of 1944, Federal Watershed Protection and Flood Prevention Act of 1953; Hemlich et al. 1998) also provided financial incentives to clear bottomland hardwood forests and drain swamps (King et al. 2006).  Bottomland hardwood forests have been reduced by >80% within the historic range of the Louisiana black bear (Neal 1990).  The remaining bottomland hardwood forests are fragmented and surrounded by agricultural land (King et al. 2006).  Conversion and fragmentation of bottomland hardwood forest habitat has led to population declines and has resulted in bears being restricted to three subpopulations located in the Tensas and Atchafalaya river basins.  The Tensas River Basin (TRB) population, in the northern part of the state, has the largest number of bears (Hooker 2011).  The Upper Atchafalaya River Basin (UARB) population, in the south central part of the state, has the fewest number of bears. The Lower Atchafalaya River Basin (LARB) is located along the coast and is the most isolated population (Fig. 2).   
Because of black bear population declines, the Louisiana Department of Wildlife and Fisheries (LDWF) initiated a restocking program in 1964 to help bolster bear numbers in the state.  Bears were trapped in Minnesota and released into two of the subpopulations; 130 individuals were released in UARB and 31 were released in TRB (Taylor 1971).  Thirty of 161 released bears were known to have died shortly after release; many others scattered and were never seen again (Taylor 1971).  Although the restocking effort was not considered successful (Taylor 1971), genetic analyses suggest that at least some animals persisted in the UARB (Miller et al. 1998; Warrillow et al. 2001; Csiki et al. 2003).  In addition to restocking efforts, the bear hunting season in Louisiana was closed in 1987 (Anderson 1997).  
	In 1992, the US Fish and Wildlife Services (USFWS) listed the Louisiana black bear as Threatened under the Endangered Species Act (Neal 1992).  Habitat loss was cited as the primary reason for population decline and human-related mortality was listed as a secondary cause.  In 1994 the USFWS published the Louisiana Black Bear Recovery Plan (USFWS 1995), which listed 3 recovery criteria that must be met for delisting:
1. Two of the 3 sub-populations must be viable, 
2. The 2 viable sub-populations must have habitat corridors that protect gene flow, and 
3. Habitat corridors must be protected to ensure use and gene flow.
Since the listing of the Louisiana black bear, many studies have been conducted on the different sub-populations to address different aspects of the recovery criteria.  Most of these studies have been focused on movement and denning ecology (Anderson 1997; Beausoleil 1999; Wagner et al. 2001; Boersen et al. 2003; Benson and Chamberlain 2006; Benson and Chamberlain 2007; Hooker 2010) or have taken place in the TRB.  The goal of those studies was to study movement among the sub-populations and to address the viability in the TRB.  In addition to these studies, LDWF wanted to establish a new population located between the TRB and UARB to hopefully connect the populations.  From ???? to ????, # females with cubs were moved from the TRB to the Red River Wildlife Complex or the “Repat” area.  In 2013, a female cub moved to the Repat area had her first litter indicating that a male bear may have moved into the area and bred with her (J. Laufenberg, p. communication).  
The USFWS defines a viable population as one that will have 95% chance of persisting for 100 years.  To determine if a population is viable a Population Viability Analysis (PVA) must be performed.  PVA requires accurate estimates of the population’s vital rates, such as abundance (N), survival rates (φ), growth rates (λ), and fecundity (f; Ginzburg et al. 1982; Gilpin and Soule 1986).  PVAs, also, require adequate data sets to estimate inter-annual variability in population parameters and growth rates.  
Only two studies (Triant et al. 2004; Lowe 2011) have attempted to estimate the population size (N) of the UARB sub-population.  When populations have a small N there are many negative effects, such as genetic drift, genetic bottlenecking or higher rate of extinction.  In order to assess the viability of the UARB sub-population there must first be accurate estimates of N.  Triant et al. (2003) used DNA mark-recapture during summer 1999 and estimated 52 ± 12 bears in the UARB population.  Lowe (2011) conducted DNA mark-recapture from 2007 to 2009 and estimated during that time to be 56 (SE = 4.5, 95% CI = 49-68).  The field studies initiated by Lowe (2011) were proposed for continuation through 2011 so that better estimates of environmental variance could be made.  Consequently, I continued collecting data on the UARB bear population beginning in 2010 so that a PVA could eventually be performed.
The Mississippi River is well known for its historic flood regime that created fertile croplands.  However, these floods have been known to cause extensive urban and agricultural damage, the most notable being the flood of 1927.  Following that, the U.S. Flood Control Act was passed in Congress and the U.S. Army Corps of Engineers (ACOE) developed a plan to contain the Mississippi River within its banks and divert water from the river when necessary.  The Morganza Spillway, which lies within the UARB (Fig. 3), was completed in 1953 and was designed to divert water from the Mississippi River through the Atchafalaya Basin to the Gulf of Mexico during periods of high flood waters.  In 1973, the spillway was opened for the first time.  The spillway was not opened again until May 2011 to prevent flood waters from over-topping levees in Baton Rouge and New Orleans after record snow fall and spring rains in the upper portion of the Mississippi Valley.  The flood gates of the Morganza Spillway were closed July 7, 2011 and the water subsided by the end of July 2011.  This flooding event also threatened the UARB bear population and consequently, its recovery.  Information on wildlife responses to extreme flooding events has been largely anecdotal; there is little quantitative data to document the population-level responses of large mammals to flooding.  The flooding of the spillway in 1973 caused extensive wildlife movement and mortality (J. Broussard, p. communication).  Because Lowe (2011) collected data up to 2009 and I began the next summer collecting data in 2010, there was a unique opportunity to evaluate the effects of the flooding on this threatened bear population.  Therefore, we continued data collection into 2012 estimated parameters before, during, and after the flood event to assess the flood damages on the UARB bear population. 
Finally, both Triant et al. (2004) and Lowe (2011) used a single-wire system that may have missed a portion of male bears, causing low male capture probabilities and, consequently, biased estimates of N low.  Lowe (2011) reported low capture probabilities for males (0.12) on the UARB study area which could lead to biased abundance estimates.  Remote cameras recorded large bears (presumably males) stepping over or on the wire to enter hair sampling sites without leaving hair samples.  Such capture heterogeneity if not detected, could lead to population estimates that are biased low (Otis et al. 1973).  Consequently, we were interested in evaluating the use of a second, higher wire to capture bears that Lowe (2011) may not have sampled.  
Mark-recapture studies traditionally involve live-trapping and physical marking or tagging of animals.  Advances in genetic analysis have allowed us to “capture” and “mark” animals using their DNA through non-invasive sampling.  The use of DNA as the marker has many benefits including no loss of marks, greater capture and recapture rates, less invasive, and less bias (Woods et al. 1999).  Because of these benefits, Lowe (2011) chose to use DNA based mark-recapture by collecting hair samples and I continued this method in my study to supplement those data. 
[bookmark: _Toc361839448]Objectives and Hypotheses:
	My study objectives were to:
1. Continue collecting bear hair for DNA mark-recapture analysis from 2010 to 2012 following general methods used by Lowe (2011) to refine and supplement the long-term data set to estimate N, λ.
2. Use parameter estimates to evaluate bear movement from the flooded-area to non-flooded areas before, during, and after the flooding event.  I tested four hypotheses to assess population-level responses to the flooding event: 
i. Bears left the spillway during the flood and returned,
ii. Bears left the spillway during the flood and did not return, 
iii. Bears did not survive the flooding event, or
iv. Bears stayed in the spillway during the flood and survived.
3. Implement a two-wire system from 2010 to 2012 and compared capture rates with the 1-wire system used by Lowe (2011).  My hypothesis was the 2-wire system will decrease the number of bears able to step over the wire without leaving hair. 


[bookmark: _Toc361839449]Chapter 2: Study Area
My study area is part of the UARB and completely within the political boundaries of Pointe Coupee Parish.  The area consisted of 270km2 forested land in Pointe Coupee Parish and was bordered to the north by Louisiana Highway 1, east by the Mississippi River, south by US Highway190, and west by the Atchafalaya River (Fig. 4).  The study area was located on land privately owned by either timber companies or small land owners.  The study area was divided into 3 main fragments.  About half the study area, 150 km2, was within the levees of the Morganza spillway and was comprised of relatively contiguous forest (hereafter, Spillway).  Northwest of the spillway, there were several small wooded areas (about 23 km2 total) interspersed with agricultural fields, some of which had been recently enrolled in the Conservation Reserve Program or the Wetland Reserve Program (hereafter, Batchelor).  East of the Morganza Spillway levee was a 97-km2 forested tract owned by different timber companies and small private landowners (hereafter, Fordouche).
The UARB forests were bottomland hardwoods, much of which was inundated during winter, regulated by a series of levees and dams.  Water features in the UARB include bayous, canals, rivers, and lakes.  Tree species were baldcypress (Taxodium distichum), water tupelo (Nyssa aquatica), oaks (Quercus spp.), hickory (Carya spp.), sweetgum (Liquidambar styraciflua), and red maple (Acer rubrum).  The climate was humid subtropical with an average temperature of 19.7°C and average rainfall of 143.5 cm (National Climate Data Center 2013).
The bottomland hardwood forests of the UARB were for timber reduction.  The largest timber company in the area was Roy O. Martin, which conducted both uneven and even-aged stand management (Roy O. Martin Forest Management Plan 2013; http://www.royomartin.com/sites/default/files/2013_forest_management_plan.pdf).  Agriculture and cattle production were also prominent land uses in the UARB.  Major crops in the area were soybeans (Glycine max), corn (Zea mays), milo (Sorghum bicolor), and sugarcane (Saccharum officinaru).  Levees of the Morganza Spillway were used for cattle grazing.  The most common recreational activity in the UARB was hunting through leases from timber companies and private land owners.   Prominent game species included: white-tailed deer (Odocoileus virginianus), wild turkey (Melaeagris gallopavo), rabbit (Sylvilagus spp.), wild hog (Sus scrofa), raccoon (Procyon lotor), squirrel (Sciurus spp.), American alligator (Alligator mississippiensis), and several different duck species.  Other recreational activities included the use of ATV trails and fishing, mostly for crayfish (Procambarus clarkii), catfish (Ictalurus  spp.), and gar (Atractosteus spp.).


[bookmark: _Toc361839450]Chapter 3: Materials and Methods
[bookmark: _Toc361839451]Site placement and construction:
Lowe (2011) collected hair samples from 2007 to 2009.  To optimize encounter rates, Otis et al. (1978) recommend ≥4 sampling sites per individual bear home range.  Lowe (2011) used a home range size of 15.7 km2, an estimate of female spring-summer home ranges in the UARB (Wagner 1995).  Lowe (2011) chose this home range size because it was the smallest female home range size and therefore, would give every individual at least 4 traps per home range.  Using this home range size, Lowe (2011) created and used a 1.6 x 1.6 km grid for site placement, resulting in a total of 115 sites (Fig. 5).  For consistency, I used the same site locations as Lowe (2011). 
Lowe (2011) used a 1-wire system placed at 40–50 cm but, large, presumably male, bears may have been able to step on or over that wire.  Consequently, I switched to a 2-wire system to determine if the sample of bears was less biased than with the 1-wire system.  I wrapped 2 strands of 4-point 15.5-gauge barbed wire around 3–4 corner trees; the bottom wire was set at 35–40 cm and the top wire at 65–70 cm (Fig. 6).  The barbed wires were kept tight throughout the sampling period; lose wire was tightened using twine.  Bait, consisting of 1–2 doughnuts or other bakery products, was hung in the center of the site.  I also hung a tampon soaked in artificial candy flavoring (Mother Murphy’s Laboratories, Greensboro, North Carolina) as scent lure.  Caution tape and flagging were used to mark the corner trees and barbed wire as a safety precaution. 
[bookmark: _Toc361839452]Sample Collection:
I checked sites weekly for 8 weeks during June and July 2010–2012.  I collected hair samples if there were >5 guard hairs or >20 underfur hairs (Paetkau 2003; Tredick et al. 2007).  Hair samples were collected with tweezers and placed in coin envelopes.  I labeled each envelope with date, site location, sample number, and indicate if the sample came from the top or bottom wire.  After each sample was collected, I burned the tweezers with a lighter to sterilize them for the next sample.  After each sampling occasion, I burned the barbed wire with a propane torch to ensure all hair was removed to reduce the chance of cross-contamination.  After each visit, I re-baited and re-scented the sites.  I sent samples to Wildlife Genetics International (WGI, Nelson, British Columbia, Canada) for analysis.  Because of the large amount of samples collected each summer, WGI attempted to analyze a subset of samples by selecting samples from selected sites per week.  
[bookmark: _Toc361839453]Genetic analysis:
WGI conducted the microsatellite analysis for my study.  Because microsatellites are relatively easy to isolate, they have become commonly used in analysis for indentifying individuals, estimating relatedness among individuals, and assess genetic variation (Paetkau and Strobeck 1994).  Microsatellites are indentified by amplifying individual loci using polymerase chain reaction (PCA) to produce strings of DNA unique to each individual (Paetkau and Strobeck 1994; McKelvey and Schwartz 2004).  Individuals are indentified by joining multiple highly variable microsatellites together (Paetkau and Strobeck 1994; McKelvey and Schwartz 2004).    Upon initiating this project, Lowe (2011) analyzed a group of 30 samples from the UARB populations at 22 loci (A06, CPH9, CXX110, CXX20, G10B, G10H, G10U, G10X, MSUT2, MU50, MU51, PO7, G1A, G1D, G10J, G10C, G10L, G10M, G10P, MU23, MU26, and MU59).  Lowe (2011) then used the 7 most variable markers (G10C, G10L, G10M, G10P, MU23, MU26, and MU59) for the rest of the analysis, plus an additional marker to identify sex.  I used these same 8 markers for the continuation of the study.  
Error checking was an important part of the genetic analysis.  Within marker selection 2 errors can occur: 1) the markers are too variable causing too many individuals to be identified and 2) markers are not variable enough causing too few individuals to be identified (Woods et al. 1999).  These errors are minimized by selecting markers that are both highly variable and have a low probability of identity; this can also be checked by reanalyzing closely related individuals to insure they are not the same individual (Woods et al. 1999).  Paetkau (2003) developed strict lab protocols followed by WGI that minimize such errors.  
Because WGI only genotyped some loci and not all, there was a chance of two individuals having the same genotypes at those particular locus.  Bears frequently have over-lapping home ranges with siblings and parents; consequently, this increased the risk of two closely related individuals being sampled and considered one (Woods et al. 1999).  To test for this I calculated the probability of identity for random individuals (Pran), for parent–offspring pairs (Ppar-offs), and for siblings (Psib) having the same genotype at those alleles.   Psib is the most conservative of all these tests and was of particular interest since many siblings may have over-lapping home ranges.  Woods et al. (1999) recommended Psib > 0.25.  
Many genetic analyses are based on the assumption that the population of interest is in Hardy-Weinberg equilibrium (HWE).  HWE is reached when large populations randomly mate and have no mutation, migration, or selection (CITATION).  It can provide indications of inbreeding and estimates of allele frequencies (CITATION).  I calculated HWE with GenALEx 6.5 (Peakall and Smouse 2006) in Excel to test the assumption that the UARB was in HWE.  
Heterozygosity (i.e., the amount of genetic variation) of the population can directly indicate population health and if the population is at risk of genetic bottlenecking or inbreeding (CITATION).  Because the UARB population was a small, somewhat isolated population, it was important to also calculate the mean observed heterozygosity (Ho) versus the mean expected heterozygosity (HE).  If the population was genetically healthy and diverse, Ho will not be lower than HE.  I did this with GenALEx 6.5 (Peakall and Smouse 2006) in Excel.  
[bookmark: _Toc361839454]Data Analyses: 
	I used mark-recapture (MRC) methods to estimate abundance (N), growth rate (λ), survival (φ), fecundity (f), and density (D).  In MRC analysis, there are two basic types of populations: closed and open.  A closed population is one that is both geographically “closed”, i.e., there are no immigrations or emigrations, and demographically “closed”, i.e., there are no births or deaths.  The most basic model for closed population abundance estimation is the Lincoln-Peterson model:
,
where M is the number of marked individuals, p is the capture probability, and N is the number of individuals in the population.  Assumptions associated with the Lincoln-Peterson method are (1) all individuals have the same probability of being captured, (2) there are no additions via births or immigration and no subtractions via deaths or emigration, (3) all individuals are indentified correctly, and (4) marks on the individual are not lost.  Whereas the assumption of strict closure is not realistic in wild populations, a population can be considered “closed” if a large area is sampled during a short period, when the study species is not giving birth or migrating (Otis et al. 1978).  Conversely, open populations can be geographically “open”, i.e., allows for immigrations or emigrations, or demographically “open”, i.e., allows for births or deaths.  Assumptions associated with this method are (1) all individuals have the same probability of being captured, (2) all individuals are indentified correctly and (3) marks are not lost.  The Jolly-Seber model (Jolly 1965; Seber 1965) is the simplest method for estimating N in open populations. 
Violating these assumptions can bias population parameter estimates, particularly N (Otis et al. 1978).  Capture biases are classified as behavioral (when being trapped changes the subsequent capture probability of the individual), temporal (changes in capture probability vary across the duration of the study due to things like temperature or precipitation), or heterogeneity (individuals have inherently different probabilities of being captured).  Models have been developed to estimate and correct for these biases.  Capture heterogeneity is the most common bias and most difficult to correct (Boulanger et al. 2002; Link 2003).
The robust design (Pollock 1982) is a mixture of both open and closed models to estimate population parameters.  Sampling consists of a series of sessions whereby the population is considered closed (i.e., secondary sampling sessions or weeks from June to July) and open (i.e., primary sessions or years).  The two different sampling occasions allows for more realistic assumptions associated with natural populations.  The robust design can be used to estimate N, φ, λ (Pollock 1982), and temporary emigration and immigration (γ’ and γ”, respectively; Kendall et al. 1997).  The primary sampling occasions are used to estimate φ, λ, and γ, whereas the secondary sampling occasions are used to estimate N.  I used the robust design with hair sampling weeks (June and July) as the secondary sampling occasions and each of the years (2007–2012) as the primary sampling occasions. 
Multi-state models are used to measure transition rates (Ψ).  Transition rates can be defined as animals moving from one age class to another, animals moving through reproductive stages (e.g., from having cubs, to having yearlings, to having no young), or animals physically moving from one area to another, like migrating waterfowl (Arnason 1972,1973; Schwarz et al.1993).  Multi-state models estimate Ψ the same way the Robust Design estimates γ.  With the improvement in computer and computation speed, researchers have been able to combine the Robust Design and Multi-state models to create one model, Robust Design Multi-State (RDMS).   The original Multi-state model only estimates φ, p, and Ψ.  In this model Ψ to replaces γ and is calculated between primary occasions.  In addition, the RDMS model has a number of different versions.  It can allow for state uncertainty, open secondary occasions, or closed secondary occasions.  
I used the Closed Robust Design Multi-Strata (CRDMS) to answer 2 of my 3 objectives.  Objective 1 focused on the overall parameter estimates for the PVA and on building on the results found by Lowe (2011).  Objective 2 focused on the flooding effects on the different parameters.  
[bookmark: _Toc361839455]Objective 1: Population parameter estimates.
 The PVA necessary for delisting requires accurate population parameter estimates.  I used data collected from 2010 to 2012 and data collected by Lowe (2011) from 2007 to 2009.  I used a closed robust design multi-state Huggins full-heterogeneity model in Program MARK (White and Burnham 1999) to calculate parameters needed for the PVA.  The “closed robust design” referred to the primary periods (between years) as open and the secondary years (8 weeks of collection each summer) as closed.  “Multi-state” referred to the 3 different strata I had in my study area, Fordoche, Batchelor, and Spillway.  “Huggins full heterogeneity” allowed the use of individual covariates (e.g., capture frequency; Huggins 1989, 1991) and two heterogeneity mixture models (Pledger 2000).  Heterogeneity mixture models allowed individuals to be split into two groups based on similar capture probabilities (e.g., easy- vs. hard-to-catch individuals; Pledger 2000).  This analytical framework allowed us to directly estimate p and recapture (c) probabilities, heterogeneity mixtures (π), φ, and Ψ.  N was a derived parameter and λ was calculated based on the change in N from year to year. 
… Survival is an important parameter when estimating viability of an endangered species.  Because the model does not differentiate between bears that die and bears that move off the study area permanently or bears that were there but never caught again, the survival parameter is referred as “apparent survival” (φ).  
	I modeled each of the parameters based on bear biology and previously found results from Lowe (2011).  Typically males and females have different probabilities of surviving and φ can change over time.  Therefore, I modeled φ with a sex effect and a time effect.  Lowe (2011) found there was heterogeneity in the population.  I modeled π as constant, by sex, and over time.  I modeled p as constant, with a heterogeneity effect, a sex effect, and over time.  Because of the bait and scent lure at the site, I expected there to be a behavioral effect in c, i.e., bears would have a positive response to being captured.  This effect was shown in Lowe’s (2011) study.  
Parameters estimated by models in Program MARK are based on Maximum Likelihood Estimators (MLE).  I created these models based on a priori selection.  I used Akaike’s Information Criterion (AIC, Burnham and Anderson 2002) to choose among the different models.  AIC values were calculated using both the likelihood function (i.e. how well the model fits the data) and the number of parameters in the model (i.e. how simple the model is).  AIC weights were calculated from AIC values to show how much support was given to an individual model compared to the other models.  I chose models with the lowest AIC value and the highest AIC weight as my top models.  In the case of multiple top models, i.e., models with similar AIC weights, I used all models to model averaging and obtain parameter estimates.  With model averaging, models with higher weight have more influence in the calculation.   I used Beta (β), or the slope of the effect being modeled on the parameter, to assess significance.  If the confidence interval for β included 0 then there was no slope and the effect was considered not significant; if the confidence interval did not include 0, then the effect had a slope and was considered significant.  
To calculate an over-all parameter estimate, when appropriate, I calculated the mean of the estimate and used the Delta method for independent variables to calculate respective variances.  This method was used for π, φ, and N.  Overall p, or, was calculated by multiplying each mixture (π) by its respective p ().  For the variance I used the Delta method for non-independent variances: 
	
Growth rates, λ, were calculated using .  The variances for λ were calculated using: 

 (INSERT EQUATION)
[bookmark: _Toc361839456]Objective 2: Modeling affects of flooding on UARB.
I used a multi-state mark-recapture model to evaluate flooding effects by using estimates and changes of Ψ before, during, and after the opening of the Morganza spillway.  My study area consisted of three different areas, Fordoche, Batchelor, and the Spillway (Fig. 7), that were somewhat isolated by levees and highways, but bears are known to move between them.  I considered these three areas as three separate “states” between which bears could move freely.  Transitions can be defined as the rate at which animals move from one age class to another, move through reproductive stages (e.g., from having cubs, to having yearlings, to having no young), or animals physical movements from one area to another, like migrating waterfowl (Arnason 1972,1973; Schwarz et al.1993).  I estimated Ψ to infer movement in response to the flooding event.  I defined and estimated Ψ as the rates at which bears move between the three different “states” of my study area. I modeled φ as constant (.), differing by state, differing by sex, across time, and with a flood effect.  
I used the same Closed Robust Design Multi-Strata (CRDMS) Full Heterogeneity model to calculate flooding effects as I did in objective 1 to get parameter estimates.  The CRDMS model estimates Ψ, φ, π, p, c, and N for each of the different states.  The CRDMS model has the same assumptions as the Closed Robust Design with addition of one: that each “state” is closed to movement during the secondary sampling period, i.e., movement between states during my 8 weeks of hair collection was prohibited.  
In addition to the effects modeled in Objective 1, I created models based on 4 a prior hypotheses based on possible bear response to the flooding event and changes in parameters for each response.  Using the change in the estimates, Ψ, p, and φ, before, during, and after the flooding event, I tested my hypotheses of bear movement.
	Hypothesis 1: If bears left the spillway during the flood and returned, Ψ would have increased from the flooded area (Spillway) to the non-flooded areas (Batchelor or Fordoche) from year 4 to 5 and increased from the non-flooded to flooded areas from year 5 to 6.  Because of bears moving into non-flooded areas, φ would have increased of the non-flooded areas during the flooding.  An increase in the number of bears in the non-flooded areas during year 5 would have decreased p.  
Hypothesis 2: If bears left the spillway during the flood and did not return, there would have been an increase in Ψ from the flooded area (Spillway) to the non-flooded areas (Batchelor or Fordoche) from year 4 to 5.  Because bears did not return to the spillway after the flooding event, Ψ remained constant from the non-flooded areas to flooded areas.  Survival estimates in the flooded area would have decreased due to the bears moving out of the flooded areas for year 6.  An increase in the number of bears in the non-flooded areas during year 5 would have decreased p.  
Hypothesis 3: Bears stayed in the spillway and did not survive the flooding event.  Transition rates are constant across all years and states.  Survival estimates in the non-flooded areas are constant across all years, but decreased in the flooded areas.  Parameters, Ψ, φ, and p in non-flooded areas showed no significant change across years.  
Hypothesis 4: Bears stayed in the spillway during the flood and survived.  Parameters, Ψ, φ, and p, showed no significant change among flood and non-flooded area and across years.
	I evaluated the model fit based on AIC values and weights.  
[bookmark: _Toc361839457]Objective 3: Comparison of 1-wire and 2-wire sampling systems.  
In previous studies in Louisiana, trail cameras revealed large bears stepping over the 1-wire system creating a possible bias in our estimates.  In addition, p for male bears has been low (Hooker 2010; Lowe 2011) which has been known to result in poor precision and possibly bias in N (citation).  I used the Robust Design full-heterogeneity model in Program Mark to compare estimates of p and π with the 1-wire system (2007–2009) versus the 2-wire system (2010–2012).  I did this by creating models by grouping years associated with each respective sampling system and called this effect “wire”.  Then, compared those models with null models (i.e., models without the wire effect) based on AIC values and weights (CITATION).  
	My hypothesis was if the one-wire system was missing a portion of male bears, then individual p for males would decrease.  The decrease would be caused by more bears being caught than in previous years.  However, overall p for males was expected to increase.  Overall p, or, was calculated by multiplying each mixture (π) by its respective p ().  Females p and were not expect to change.  


[bookmark: _Toc361839458]Chapter 4: Results
[bookmark: _Toc361839459]Genetic analyses:
	From 2007-2012, 12,088 hair samples were collected.  Of those, 2,046 were sub-selected to be genotyped; and 1,422 were successfully genotyped to individual and 109 unique individuals (62F:47M) were identified.  From 2007-2011, WGI sub-selected 1 sample from 25 randomly selected sites.  For 2010, 161 samples were successfully genotyped and assigned to an individual.  Those 161 samples produced 42 unique individuals (22F:20M).  For 2011, 155 samples were assigned to 27 (16F:11M) unique individuals.  
In 2012, I increased the sub-sample size from 25 to 38 per week.  This was done to increase the amount of data and hopefully causing an increase in p.  For 2012, 252 samples were assigned to 61 individuals (39F:22M).  WGI analyzed additional samples from each previous year with the goal of 501samples total being genotyped (2007 n=90, 2008 n=99, 2009 n=103, 2010 n=105, 2011 n=104).  Consequently, there were 409 additional samples genotyped and identified to 79 (48F:31M) individuals, 72 were recaptures (44F:28M), 2 (2F) were individuals originally identified in 2012 that were caught in a previous year, and 5 were first time captures (2F:3M).   The mean number of captures per individual was 13, with 1 bear (F) being caught 133 times and 20 bears being caught only once (11F:9M).  
Psib for each locus ranged from 0.39-0.47 (TABLE).  Pran for all 7 loci was 1.3 x 10-6, i.e., 1 in 769,231 chance of having two random individuals with the same genotype in the UARB population.  Psib for all 7 loci was 3.1 x 10-3, i.e., 1 in 322 chance of having two siblings with the same genotype in the UARB population.   
I found no loci that were not in HWE (TABLE), i.e., the observed and expected allele frequencies did not differ from one another.  The 7 loci used had mean Ho ranging from 0.670 – 0.798, an overall mean Ho = 0.727 (SE = 0.018), and a mean of 4.28 alleles per locus (TABLE). 
[bookmark: _Toc361839460]Data analyses:
[bookmark: _Toc361839461]Objective 1: Population parameter estimates
There were 16 models with ΔAIC values of < 5.  Five of those models had relatively equal weights and ΔAIC of < 1.  Because there was no distinct top model, I used the AIC weights to model average each parameter estimate.  
Sex was a significant effect for φ (β ≠ 0).  It appears in all but one of the 16 models.  Males had lower φ than females, 0.766 (SE = 0.018) and 0.900 (SE = 0.009), respectively.  The flood effect appeared in 6 of the 16 models but in none of the top 5 models.  Both male and female φ increased slightly from before, during, and after the flood (TABLE).  However, β for the flood effect was not significant.  
Heterogeneity was in the population and found to be constant across state, time, and sex (π = 0.747, SE = 0.012).  Because heterogeneity was found in the population, the model split individuals into 2 different groups based on similar p. Capture probabilities differed by state, sex, and π in all of the top 16 models (β ≠ 0).  For females, the first mixture group was 0.747 had a p = 0.192 (SE = 0.009) and 0.252 had a p = 0.640 (SE = 0.015).  For males, 0.747 had a p = 0.104 (SE = 0.006) and 0.252 had a p = 0.467 (SE = 0.017).  I found a positive behavioral response in c, which appeared in all top 16 models.   
An abundance estimate was derived for each state and sex, totaling six different estimates.  The total N,  was 60 (SE = 0.38).  Females  were >  for males, 24M:36F. Also, N for females was > N for males in each state.  The spillway had the highest N (N = 41, 17M:24F, SE = 1.06), followed by Fordoche (N = 11, 5M:6F, SE = 0.34), and then Batchelor (N = 8, 2M:6F, SE = 0.30).  Each state had a positive  (, SE = , , SE = , and , SE = ).  However, λ for males in Fordoche was highly variable, ranging from 0.05 to 3.00.  In addition, all λ, but the females in the Spillway, had a 95% confidence interval that’s lower bound dropped below 1.  
Objective 2: Modeling affects of flooding on UARB.
[bookmark: _GoBack]Due to the flood event, I was only able to sample 52 out of the 115 sites during the flood in 2011, but my sub-sampling intensity was the same as non-flood years.  This artificially increased capture probabilities in the non-flooded states for that year.  To avoid this, I chose a proportion of captures from 2011 to be used in the analysis.  I calculated the proportion of samples selected in each state for each previous year, then averaged across years (excluding year 5).  The average was approximately 40% of the samples, which was proportional to the number of sites in and out the spillway.  I used 40% to calculate the number of samples per week to be used in the analysis, 13.  I used a random number generator to create random number sets of 13 numbers (1-38) for each week then selected those samples to be used in the capture history.  Then, I edited the capture histories by deleting records that were not selected.  
The flood effect in φ was only in 6 of the 16 top models and when the effect appeared it was found to not be significant (β = 0).   I found Ψ differed by state (β ≠ 0), but did not differ by sex (β = 0).  Before the flood, I found were > and each were constant across pre-flood years (2007-2010).   All 16 top models showed  increased from 0.01 to 0.08 during the flood year.  During the flood, was set equal to 0, under the assumption that bears wouldn’t move into a flooded area.  The top five models showed equal support for both a constant across years and an increase in after the flood.   Model averaged estimates for post-flood show a slight increase from 0.08, pre-flood, to 0.11.  I found post-flood  decreased slightly from 0.08 to 0.04.  However, the effect was not significant (β = 0). 
All 16 top models had p differing by state; Fordoche having the highest p, followed by Batchelor, and then the Spillway.  Eleven of the 16 models had a flood effect for year 5 in p; of those 2 had a flood effect for both years 5 and 6.  Model averaged estimates revealed both Fordoche and Batchelor states saw a decrease in  during the flood year, from 0.301 to 0.251and from 0.259 to 0.213, respectively, and an increase to similar  from before the flood, from 0.251 to 0.309 and 0.213 to 0.267, respectively.  Because I did not sample the Spillway in year 5, I set p for the flood year to 0.  The Spillway showed a slight increase in  post-flooding, from 0.204 to 0.210.  However, β for the flood effect, for both flooded and non-flooded states, in years 5 & 6 crossed 0 and therefore the effect was not significant.  
[bookmark: _Toc361839462]Objective 3: Comparison of 1-wire and 2-wire sampling systems. 	
Five models carried all of the AIC weight (0.99) and had ΔAIC values <5.  Three of those models had a wire effect for males in p; and one of those had a wire effect in π.  The top model had no wire effect; however, the second model did have a wire effect and had almost equal weight.  The wire effect was not significant (β ≠ 0) in any of the top models, however the deviance decreased for models with the wire effect in them.  
	Because there were multiple models with support, I model averaged using the AIC weights to get parameter estimates.  Male  increased from 0.206 to 0.224 from the one-wire system to the two-wire system; Female  decreased slightly from 0.346 to 0.344.   


[bookmark: _Toc361839463]Chapter 4: Discussion
[bookmark: _Toc361839464]Genetic Analyses:
	The addition of the second wire raised concerns that one of the wires might be analyzed more than the other or if there would be a difference in genotyping error or success rates.  We randomized the sample order to ensure that the top and bottom wire had equal chances of being selected at each site.  We found there was no difference in error or success rates (D. Paetkau, personal communication).  
	The original sub-sample size of 25 only constituted ~5% of the samples we collected.  With the additional samples, we were able to identify 7 new individuals.  While the addition of 13 new samples per week only increased our sub-sample to ~7%, these additional samples increased the average number of captures per bear from 9 to 13.  Also, for every 3 additional samples there was 1 new capture in time, i.e. 1 individual was found in a session it had not previously been caught (D. Paetkau, personal communication).   
	The estimates of Pran and Psib I calculated for years 2007-2012 were exactly the same as Lowe (2011) had calculated for 2007-2009.  The Psib for individual loci either stayed the same or decreased compared to Lowe (2011).  The mean Ho decreased to 0.727 compared to Lowe (2011) 0.750.  However, even with this slight decrease, the UARB population was still the most genetically diverse population in the state (Tensas Ho = 0.66 and LARB Ho = ???; Hooker 2010; J. Troxler, unpublished data).  This high genetic diversity was most likely due to the reintroduction of black bears from Minnesota in 1964 (Csiki et al. 2003).    
[bookmark: _Toc361839465]Data Analyses:
[bookmark: _Toc361839466]Objective 1: Population parameter estimates.
My overall goal was to collect data to supplement Lowe’s (2011) parameter estimates and increase the precision.  
I found φ differed for males and females in UARB population.  Male φ was much lower than female, 0.776 and 0.900, respectively.  This result contradicts what Lowe (2011) found in her analysis of the UARB population.  Lowe (2011) found males and females φ did not differ and were higher (φ = 0.91, SE = 0.06).  Studies on the 2 other populations in Louisiana have, also, shown males and females had equal φ (Hooker 2010; Troxler, unpublished data).   Females in the UARB have φ that are similar to other studies in Louisiana (φ = 0.91 SE = 0.08, Hooker 2010; φ = 0.86, SE = ??, Troxler, unpublished data).  
	Capture heterogeneity has been a common problem in DNA mark-recapture studies.  In Louisiana black bears, Hooker (2010), Lowe (2011), and Troxler (unpublished data) have all found capture heterogeneity in their respective populations.  
	While λ for each state and sex show the population growing, the confidence intervals for all but one of the λ cross 1.  Male over-all λ had large standard errors; this was consistent with Lowe (2011) findings for male λ.  
	Annual estimates of N were found for each state and sex.   The Spillway has the largest number of bears; this was expected because it is the largest of the 3 states.  The Batchelor area had the fewest; this was also expected because it is the smallest of the 3 states and the most fragmented.  Lowe (2011) found high variability in male estimates from year to year. 
	
[bookmark: _Toc361839467]Objective 2: Modeling affects of flooding on UARB.  
	The results did not give support to any one particular hypothesis of bear movement during the flood.  Instead gave support to multiple possibilities of bear response.  There was support for bear movement out of the Spillway during the flood, Ψ increased from 0.01 to 0.08.  This indicates that 8% of the bears moved to a non-flood area.  Bears moving to non-flooded areas can create dangerous situations for people and bears.  There is an increased chance of bear-vehicle collisions and human-bear interactions.  While 8% is a small number, it would still have an impact on the population if those 8% permanently left the population or were killed on the roads.  There was only one documented mortality during the flood.  This occurred on the train tressel that goes through the spillway.  After the bear-train collision, the rail system decreased the speed of the trains.  Additional support for the hypothesis that bears left the spillway during the flood comes from the estimates of p in the non-flooded area.  I hypothesized that if there was an influx of bears into the non-flood areas that p would decrease.  Both Fordoche and Batchelor had a decrease in p.  Then in the post-flood year, p returned to pre-flood levels.  The models showed support for φ staying constant through the study.  This supports my 4th hypothesis that bears stayed in the spillway and survived the flood. The results were inconclusive as to what the bears did post-flooding, whether they remained in the non-flooded habitat or moved back into the spillway.  There was equal support for both possibilities.  However, this means that 92% of the bears may have stayed in the spillway.  This was supported by 1 collared female who stayed in a tree for duration of the flood.  Additional support for bears leaving the spillway to non flooded areas was non-flooded areas had an increase in λ during the flood year and an increase in N.  
	As previously mentioned, males and females were found to have different φ; males being lower than females.  Low male φ survival can affect the population growth; however, female φ and reproduction have been found to be driving forces for population success (Eberhardt 1990).  The UARB female φ was 0.90 and constant throughout the years; this is a good indication that not many females were lost during the flood event.  Due to model constraints, I was unable to get φ for the post-flood year by itself.  Therefore I would caution before making any final conclusions about how the flood affected φ.  The project has been continued as part of the monitoring criteria.  Adding an additional year of post-flood data to the analysis can give the managers a more accurate look at post-flood φ.  
	While the literature is limited on flood effects on bear populations, Stickel (1948) conducted a study on wood mice (Permyscus leucopus) response to a flood in the Patuxent Research Refuge.  He found no significant effect on the mice population.  In addition, he found that mice home range size did not differ from pre-flood to post-flood size.  Indicating the mice did not travel far from their home range during the flood.  I find this interesting and think there should be further study on bear home range in the Spillway to determine if it increased post-flood due to displacement.   
[bookmark: _Toc361839468]Objective 3: Comparison of 1-wire and 2-wire sampling systems. 
	Although the wire effect appeared in many of my top models, this was not a strict control-treatment experiment.  The one-wire was applied for the first three years and the two-wire was applied for the last three years.  Therefore, changes in the population to take place, e.g., population increase, could have led to changes in p.   As a result, I cannot be sure if these effects were due to the addition of the second wire or an arbitrary change in the population that occurred over the six years of our study.
Overall, my hypothesis was not supported.  The model-averaged estimates showed an increase in individual p for males, contrasting what I hypothesized.  Overall  for males increased and p and  for females stayed constant from one-wire to two-wires, as hypothesized.  While my hypothesis was not supported, overall p for both males and females was well over Boulanger et al.’s (year) 0.2 threshold for unbiased estimates of N.  	 
	Even with the many caveats to my analysis, I still believe the two-wire system was more efficient at identifying individuals and less biased towards the size of the animals.  The increase in number of males identified, the even sex ratio, the trail camera evidence of large bears being caught by the wire, and the increase in overall capture probabilities all support the two-wire system.  In addition, the two-wire system does not drastically increase cost or time spent at each trap; therefore, I would recommend it be employed whenever feasible. 


[bookmark: _Toc361839469]Chapter 6: Conclusions and Management Implications
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[bookmark: _Toc359326316]Figure 1. Louisiana black bear (Ursus americanus luteolus) historic home range



[bookmark: _Toc359326317]Figure 2. Current breeding sub-populations of the Louisiana black bear (Ursus americanus luteolus)


[image: http://t2.gstatic.com/images?q=tbn:ANd9GcS8YLbiRF1e30X0Dd0pJhTrOKIfACYFSAdRK5EYjncmPTZn3kmV_FARalsA]
[bookmark: _Toc359326318]Figure 3. Morganza spillway outlined within the Upper Atchafalaya River Basin
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[bookmark: _Toc359326319]Figure 4. The Upper Atchafalaya River Basin study area borders: North by Louisiana Highway 1, East by the Mississippi River, South by US 190, and West by the Atchafalaya River
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[bookmark: _Toc359326320]Figure 5. Sampling sites within the Upper Atchafalaya River Basin based on 1.6 x 1.6 km2


[image: CDY_0003.JPG]
[bookmark: _Toc359326321]Figure 6. Two-wire hair collection system with the top wire set at 65-70cm and bottom wire set at 35-40 cm
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[bookmark: _Toc359326322]Figure 7. Batchelor, Spillway, and Fordoche are the three different areas I will use as “states” in the mutli-state mark-recapture model.
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