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Abstract 

Reintroduction biology is the study and practice of establishing populations of organisms using 

tools like conservation translocation. An understanding of how to effectively conduct 

translocations, particularly with snakes, is lacking and there is a need for technique 

improvement. Systematic literature review, occupancy modeling, artificial hibernation, 

retrospective analysis of zoo data, and population viability modeling were used to evaluate the 

effectiveness of in situ and ex situ techniques to inform future translocations with temperate zone 

snakes. Field work occurred at the Ojibway Prairie Complex and Greater Park Ecosystem in 

southern Canada with the Eastern Massasauga (Sistrurus catenatus), a rattlesnake in decline 

across its global range and in need of research into the effectiveness of population management 

tools. When working with a low detectability species, results showed that evaluating long-term 

success of translocations at achieving population establishment requires intensive survey efforts 

to estimate patch occupancy across a study landscape. In the short-term, the invasive and sample-

size-limiting technique of radiotelemetry is required for evaluating success of release tactics. A 

systematic literature review on snake translocations provided evidence for the utility of a suite of 

translocation tactics for reducing postrelease effects. However, an assessment of ex situ 

reproductive output coupled with demographic modelling, showed that certain beneficial tactics 

(e.g., release of captive-reared snakes) can be problematic to implement and sustain, perhaps due 

to breeding techniques that fail to replicate natural conditions, and with potential impacts to 

release site fidelity of translocated snakes. Empirical and theoretical guidance were provided for 

Massasauga recovery by informing eight steps for a successful snake translocation, beginning 

with the establishment of translocation goals and ending with effectiveness monitoring. 

Regardless, recovery efforts are hindered by the limitations of existing ex situ breeding 
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techniques, coupled with intensive supplementation efforts required to overcome postrelease 

effects in situ and to establish a viable wild population over time. Research into alternative ex 

situ breeding techniques for viperids (e.g., polygamous matings) and effectiveness of beneficial 

translocation tactics for snakes in general are required. Reintroduction can be a daunting and 

resource intensive pursuit, echoing the need to stabilize declining populations before they 

become small. 

Keywords 

Artificial hibernaculum, brumation, conservation breeding, decision-analytic framework, 

displacement, head starting, occupancy modelling, Ojibway Prairie, overwintering, pit viper, 

population augmentation, program presence, PVA, reintroduction, relocation, repatriation, 

reptile, resilience zone, Sistrurus catenatus catenatus, snake rescue, supplementation, survey 

protocol, transplantation, urban herpetology, Viperidae, zoo, zoological park. 
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General Introduction 

Reintroduction biology is the study and practice of establishing populations of organisms via the 

intentional movement of individuals (i.e., conservation translocations: Armstrong and Seddon 

2008; IUCN/SSC 2013). To overcome the negative effects of demographic and environmental 

stochasticity on population establishment, one must carefully consider the number of individuals 

translocated, their rates of survival and dispersal propensity, and the timeframe of releases 

(Seddon and Armstrong 2016). An understanding of how to effectively conduct translocations, 

particularly with snakes, is lacking, and there is a clear need for improvement of techniques 

(Kingsbury and Attum 2009; Germano et al. 2014). The successful establishment of populations 

of snakes in temperate zones will require that overwinter survival is improved, dispersal from 

release sites is reduced, and large numbers of animals are produced for sustained releases 

(Kingsbury and Attum 2009). Furthermore, quantification of success will require robust 

monitoring (IUCN/SSC 2013). In my dissertation, I evaluate the effectiveness of various in situ 

and ex situ techniques with the overall goal of improving the success of conservation 

translocations as a population recovery tool for temperate zone snakes.  

My study species is the globally at risk Eastern Massasauga (Sistrurus catenatus; hereafter 

Massasauga), a rattlesnake which has declined across its North American range (NatureServe 

2022 (Plate 1). The Canada and Ontario recovery documents for this species urged research into 

the effectiveness of captive breeding, head-starting and translocations to increase its abundance 

and distribution (PCA 2015; OMNRF 2016; OMECP 2018). Field research occurred at the 

Ojibway Prairie Complex and Greater Park Ecosystem in Southwestern Ontario, which is home 

to a very small, ecologically, genetically and geographically distinct Massasauga population 

(COSEWIC 2012; Hecnar 2016). I had five main goals: synthesize recent advances in the field of 
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snake translocations using literature review (Ch. 1), compare effectiveness among postrelease 

monitoring strategies using occupancy modelling (Ch. 2), apply and evaluate a release site 

selection method using groundwater and frost depth monitoring, and intentional hibernation (Ch. 

3), identify factors associated with successful reproduction ex situ using a retrospective study 

(Ch. 4), and evaluate competing release strategies using demographic modeling (Ch. 5).  

In Chapter 1 I conducted a systematic review of snake translocations worldwide to identify 

potential tactics for reducing postrelease effects (i.e., short-term increases in mortality or 

dispersal above normal associated with the translocation process: Armstrong et al., 2017). I 

searched the academic and gray literature for relevant studies that were published between 1970 

and 2019, and included those that presented results for movement behavior, site fidelity, 

survival, or population establishment. Using 130 translocation cases I quantified the association 

between 15 translocation tactics and short-term translocation outcomes by calculating odds ratios 

and used forest plots to display results. Outcomes of snake translocation were associated with 8 

specific translocation tactics. 

In Chapter 2 I estimated occupancy and detection probability of Massasaugas at Ojibway Prairie 

in preparation for future conservation translocations. During a 6-year period (2013 to 2018), over 

1740 repeated standardized surveys were conducted at 40 survey plots using two methods (visual 

encounter and artificial cover object), in three seasons (springïfall), and with different types of 

search effort (single vs. team surveys). I then analyzed detection histories using occupancy 

modeling, while accounting for the effect of a trap response (i.e., individual snakes repeatedly 

found by surveyors in the same locations: Bradke et al. 2018), and compared detection 

probabilities of different survey methods. Detection probabilities were highest for team visual 

encounter surveys in spring and summer. 
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In Chapter 3 I identified potential reintroduction sites for Massasaugas at Ojibway Prairie based 

on the presence of a Life Zone (i.e., the underground space above the groundwater table and 

below the frost line during hibernation: Yagi et al., 2020), by monitoring groundwater and frost 

levels at four 1-ha study grids from 2015 to 2019. I then validated the suitability of four 

reintroduction sites over three winters by hibernating 113 individuals of a surrogate species 

(Eastern Gartersnake, Thamnophis sirtalis) in constructed hibernacula. I also determined if two 

separate measures of Life Zone were associated with survival of individual gartersnakes to the 

end of hibernation. For juvenile snakes survival in hibernacula was negatively associated with 

both measures of Life Zone.  

In Chapter 4 I conducted a retrospective study on the reproductive output of Massasaugas at 

conservation breeding centres, based on data collected from 94 birth events that occurred from 

2000 to 2020 at 13 North American zoos and partner facilities. Six outcomes related to 

reproductive output and offspring survival were compared between zoo-bred and wild-bred 

females who gave birth in human care. I also tested for factors associated with improved 

reproductive output in zoo-bred females. Odds ratios were used to test for correlations between 

10 potential explanatory variables and four response variables in zoo-bred litters, and results 

were displayed using forest plots. Reproductive output from zoo-bred females was inferior to 

that of wild-bred females. 

Finally, in Chapter 5 I used population viability modeling to investigate competing Massasauga 

reintroduction scenarios at Ojibway Prairie, and used a structured decision-making framework to 

guide modeling choices. I assembled relevant demographic variables from the primary and gray 

literature on in situ and ex situ Massasauga populations, and conducted demographic modeling in 

a step-wise fashion. I explicitly defined reintroduction success, modeled long term viability of 
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Massasauga at Ojibway Prairie, compared outcomes of competing annual release targets, and 

determined the impact of harvest on an ex situ source population. Model results were ranked 

based on long-term population viability.   Improvements in reproductive output ex situ will be 

required to support a sustained harvest. 

My dissertation will contribute to the field of reintroduction biology by evaluating and 

improving the conservation translocation techniques required to effectively establish populations 

of temperate zone snakes from ex situ sources, while contributing to the recovery of an 

endangered population of rattlesnakes in southern Ontario. 

 

Plate 1. The author holding a tubed Eastern Massasauga (Sistrurus catenatus) from the Ojibway 

Prairie subpopulation in May 2018 (Photo credit: WPC).  
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Chapter 1  

1 A systematic review of snake translocations to identify potential 

tactics for reducing postrelease effects 

This chapter has been published in the journal Conservation Biology. The full citation is:  

Choquette, J. D., Litzgus, J. D., Gui, J. X. Y., & Pitcher, T. E. (2022). A systematic review of 

snake translocations to identify potential tactics for reducing postrelease effects. Conservation 

Biology, 37(1): e14016. https://doi.org/10.1111/cobi.14016 

ENGLISH ABSTRACT / RÉSUMÉ EN ANGLAIS: Advancements in the field of reintroduction 

biology are needed, but understanding of how to effectively conduct translocations, particularly 

with snakes, is lacking. We conducted a systematic review of snake translocation studies to 

identify potential tactics for reducing postrelease effects. We included studies on intentional, 

human-mediated, wildïwild, or captiveïwild translocations to any location, regardless of motive 

or number of snakes translocated. Only studies that presented results for at least 1 of 4 outcomes 

(movement behavior, site fidelity, survival, or population establishment) were included. We 

systematically searched 4 databases for published studies and used 5 methods to search the gray 

literature. Our search and screening criteria yielded 121 data sources, representing 130 

translocation cases. We quantified the association between 15 translocation tactics and short-

term translocation outcomes by calculating odds ratios and used forest plots to display results. 

Snake translocations involved 47 species (from mainly 2 families), and most were motivated by 

research, were monitored for at least 6 months, occurred in North America, and took place from 

the 1990s onward. The odds of a positive snake translocation outcome were highest with release 

of captive reared or juvenile snakes, release of social groups together, delayed release, provision 
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of environmental enrichment or social housing before release, or minimization of distance 

translocated. The odds of a positive outcome were lowest when snakes were released early in 

their active season. Our results do not demonstrate causation, but outcomes of snake 

translocation were associated with 8 tactics (4 of which were strongly correlated). In addition to 

targeted comparative studies, we recommend practitioners consider the possible influence of 

these tactics when planning snake translocations. 

FRENCH ABSTRACT / RÉSUMÉ EN FRANÇAIS: Des progrès dans le domaine de la biologie 

de la réintroduction sont nécessaires, mais il manque des connaissances sur la manière de mener 

efficacement les translocations, en particulier avec les serpents. Nous avons procédé à un 

examen systématique des études de translocation de serpents afin d'identifier les tactiques 

potentielles pour réduire les effets post-lâcher. Nous avons inclus des études sur les 

translocations intentionnelles, à médiation humaine, sauvages ou captifs-sauvages vers n'importe 

quel endroit, quel que soit le motif ou le nombre de serpents déplacés. Seules les études 

présentant des résultats pour au moins un des quatre résultats (comportement de déplacement, 

fidélité au site, survie ou établissement de la population) ont été incluses. Nous avons recherché 

systématiquement les études publiées dans 4 bases de données et utilisé 5 méthodes de recherche 

dans la littérature grise. Nos critères de recherche et de sélection ont permis d'obtenir 121 sources 

de données, représentant 130 cas de translocation. Nous avons quantifié l'association entre 15 

tactiques de translocation et les résultats à court terme de la translocation en calculant des odds 

ratio et en utilisant des forest plots pour présenter les résultats. Les translocations de serpents ont 

concerné 47 espèces (principalement 2 familles), et la plupart ont été motivées par la recherche, 

ont été suivies pendant au moins 6 mois, ont eu lieu en Amérique du Nord, et se sont déroulées à 

partir des années 1990. Les chances d'un résultat positif dôune translocation de serpents étaient 
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les plus élevées avec la libération de serpents élevés en captivité ou de serpents juvéniles, la 

libération de groupes sociaux ensemble, la relâche retardée, lôapport d'un enrichissement 

environnemental ou d'une cohabitation entre plusieurs serpents avant la libération, ou la 

minimisation de la distance de la translocation. La probabilité d'un résultat positif était la plus 

faible lorsque les serpents étaient relâchés au début de leur saison active. Nos résultats ne 

démontrent pas de lien de cause à effet, mais les résultats des transferts de serpents ont été 

associés à 8 tactiques (dont 4 étaient fortement corrélées). En plus d'études comparatives ciblées, 

nous recommandons aux praticiens de prendre en compte l'influence possible de ces tactiques 

lorsqu'ils planifient des translocations de serpents. 
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