Methodology
Our research on Sumatran tigers (Panthera tigris sumatrae), Bengal tigers (Panthera tigris tigris), and African lions (Panthera leo) is being conducted in three phases. The first phase (summer 2010) established baseline corticosteroid levels in lions and tigers maintained under a comprehensive enrichment protocol at the Smithsonian National Zoological Park in Washington, D.C. The second phase (spring 2011) consists of a survey sent to zoos nationwide regarding current enrichment practices for lions and tigers. The final phase (summer 2011), an experimental investigation of the effectiveness of selected enrichment programs, will be conducted at a partner institution to be determined in the near future. The fecal corticosteroid data collected from Phase 1 will be used to determine the enrichment types and schedule to be used in Phase 3. The experimental phase will utilize a within-subject design in which each felid subject serves as its own control by providing its own baseline (Graziano and Raulin 2007).  Ultimately, the combined zoo and survey data will allow us to develop recommendations for feasible and effective felid enrichment. 

Phase 1 – Smithsonian National Zoological Park

Fecal Sample Collection

From June to August 2010, zoo animal care staff collected fecal samples two to four times per week from three African lions and two Sumatran tigers. Samples were bagged, labeled with the animal’s name and date of collection, and stored frozen until analyzed. We also obtained a daily log of the enrichment strategies used in each exhibit for the same time period. 


Analysis

During the spring of 2011, the fecal corticosteroid analyses will be conducted at the Department of Reproductive Sciences at the Smithsonian Biology Conservation Institute in Front Royal, Virginia, using established protocols. Fecal samples will be analyzed by extracting the corticosteroid from the sample, then using previously validated enzyme immunoassays to determine corticosteroid concentrations (Palme 2005). We will analyze fecal corticosteroid levels for each animal and compare the results with the enrichment logs to identify the effect of specific enrichment strategies on corticosteroid levels. This will also provide baseline data for mean corticosteroid levels and reactivity under comprehensive enrichment protocols, for comparison to data from Phase 3.
Phase 2 – National Enrichment Survey


During the fall of 2010 and the spring of 2011, we developed a survey regarding common enrichment practices in zoos nationwide. The survey asked specifically about lion and tiger enrichment, such as what specific objects or scents are used, approximate monthly budget allotted for enrichment, and perceived limitations to having as much enrichment as zoo staff felt ideal. The results from this survey will be used to determine the scope of and variability in enrichment practices in the United States. 

Phase 3 – Experimental Enrichment Application
Establishing Baselines


Before beginning experimental manipulation, we will conduct pilot testing to establish baseline fecal corticosteroid levels for the felids that are housed at our partner institution. We must determine the degree to which hormone levels fluctuate naturally before attempting to determine if our experimental manipulations produce changes. To establish this baseline, the zoo staff will collect daily fecal samples for one week. During this time period, the enrichment schedule that the partner institution currently uses will be continued. This will allow us to characterize the normal fluctuations and rhythms of each subject animal’s corticosteroid levels. If animals are not housed individually, an inert marker (e.g. legumes) can be added to each animal’s food. These markers pass unaltered into the feces and allow for fecal samples to be individually identified. 
Application of Enrichment 

 Once baseline samples have been collected, we can begin the experimental conditions. After the baseline week, we will decrease the extent of enrichment in the husbandry schedule for one week. This will allow us to measure the impact of the baseline enrichment schedule on these animals. The experimental enrichment schedule, determined in part from the fecal corticosteroid levels and enrichment logs from the National Zoo, will be implemented during the following week. The schedule will include a variety of sensory, manipulative, and feeding enrichment presented in varying order. The specific forms of enrichment will be implemented in consultation with our partner institution’s staff. Following a predetermined schedule, the keepers will introduce a specific form of enrichment into the enclosure and allow it to remain in place for the entire day. Following one week of the experimental enrichment schedule, enrichment will be decreased again for one week. Finally, the animals will be returned to their original enrichment schedule.  This process will then be repeated if time allows. Daily fecal samples will be collected, bagged, and labeled with date and name of the animal. 



Analysis

During the fall of 2011, the fecal samples will be processed by the Department of Reproductive Sciences in the same manner as in Phase 1. Fecal corticosteroid levels will be compared to the baseline levels and enrichment schedule to find any apparent trends or correlations between specific enrichments and corticosteroid levels or reactivity. 

Recommending Enrichment

After the data is collected and analyzed from the partner institution, our findings will be coupled with the results from the survey. The survey will allow us to see if the enrichment schedule we create is feasible for other zoos to implement. By completing this study, we hope to find an enrichment schedule that is effective for felids in a variety of settings. 
                                                       Budget


· Samples





(4 samples* 5 animals* $7 a sample* 9 weeks)

$1260

· 2 - 21” Boomer Balls 





 ($135 per ball)                                                                  $270

· 1000 Baggies for samples
                 






 $10

       
Total: 


$1540
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Current Enrichment Schedule





Week 2:


Decreased Levels of Enrichment 








Week 3:


Experimental Enrichment Schedule 





Week 4:


Decreased Levels of Enrichment 








Week 5:


Original Enrichment Schedule











