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Foreword

Killing wild animals is big business. While much wildlife trade is legal, a massive black market exists. The species and products involved run the gamut from tarantulas to tigers. The rarer the animal, the more people want it. As a result, wildlife trafficking targets those species already under threat and least able to withstand the losses.

Laws to protect wildlife can be found in international treaties, like the Convention on International Trade in Endangered Species (CITES), and in national legislation, such as the Lacey Act and Endangered Species Act in the United States. Yet, to be effective, those laws require enforcement.

Enforcement involves not only catching poachers and traffickers but also prosecuting and convicting them. For that, one must link a suspect to his or her crime. The problem is, when an animal is hunted down and killed, there aren't any eyewitness accounts. The victims’ relatives and neighbors can't talk. And once the victim leaves the poachers hands, it's sliced and diced and processed until it's eventually transformed into a host of consumable products – from trinkets and high fashion accessories to traditional medicines. Its identity is lost. That makes the prospects for prosecution slimmer and slimmer.

Wildlife forensics changes that. By identifying the victim and allowing the evidence to speak, it connects suspects to their illegal actions.

Wildlife forensics, like human forensics, uses science to answer a legal question. For wildlife forensic scientists, however, most of the time that legal question is to identify the victim. For wildlife crimes, figuring out what the victim is is essential to establish that a crime even took place. That's because some species are protected and others are not. For instance, a wool shawl made from cashmere goats is legal but one from Tibetan antelopes is not. Traffickers know the differences in the laws so that, when caught, they often claim that the item they smuggled is legal because it's from an unprotected species. Unless an investigator proves otherwise, the suspect goes free. That's where wildlife forensics comes in: proving the crime.

Identification of a species from a part or product is extremely complicated. For example, take an item like a feathered headdress. Normally, ornithologists have a lot to go on when they identify a bird: its size, shape, plumage pattern, geographical location, habitat, vocalizations, flight pattern, diet and other behavior. But when a forensic ornithologist receives that item in his or her lab, (s)he has just a fragment of that information to go on – often just an isolated feather.

Most birds have about 5,000 feathers. Within the same species, those feathers will vary depending on their location on the bird and whether they are from males or females, or juveniles or adults. To complicate matters, feathers from one part of the bird – like the wing or tail – might exhibit diagnostic characteristics, meaning something unique to that species, while feathers from another part of that same bird – like the chest – might not. The same thing happens with claws or teeth. A single species can display significant variation, and there may or may not be distinguishing traits for each variation.

Now, imagine you don't even know what the part is. Imagine the evidence is a tooth or tusk that's been carved, so that you no longer have the size or shape to go on. Or a rhino horn or bear gall bladder that's been ground up into a medicine. For each species, wildlife forensic scientists must find some sort of identifying characteristic. Not only that, but they have to do it for each part of each species, and they need to account for the many different ways a part might be processed or manufactured.

The complexities don't stop there. Wildlife forensic scientists have to be ready to answer new types of legal questions as they occur. Sometimes that will still mean answering the “what is it?” question but for species that are newly protected. Other times, it will mean focusing on a different question, like “where did it come from?” When trade is permitted for distinct populations of otherwise protected species, as has happened with the recent one-off sales of elephant ivory from southern African stockpiles, the ability to tell where a sample came from is critical. The “where did it come from?” question of geographic origin is also a critical question to determine whether an exotic pet was captive-bred, which typically is legal, or wild-caught, which is not. For each part of each species, and for the legal question involved, the characteristic might be different, and the method for finding them may also vary.

In my view, Wildlife Forensics: Methods and Applications will go a long way toward helping share information and advancing the field of wildlife forensic science. Every step – whether it's a new case that results in uncovering an identifying characteristic for a species’ part or a budding scientist exploring these issues – pushes the science forward. The end result will be more and more heroes able to link suspects to their crimes – and ultimately a slowdown in the extent of wildlife trafficking.

Rhinos can't call 911. Instead, law enforcement agents, and the wildlife forensic science that support them, give them a voice – one that grows stronger every day. This book will help in that vital mission.

Laurel A. Neme, Ph.D.

Author, ANIMAL INVESTIGATORS: How the World's First

Wildlife Forensics Lab is Solving Crimes and Saving Endangered Species

May 2011
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1

Wildlife Ownership

How the state became responsible for management

Eric G. Roscoe and Michael McMaster

Introduction

Forensic techniques that identify wildlife, and assist in linking wildlife crimes to the responsible party are invaluable to the legal community. This book has been devoted to assisting law enforcement in the identification of individuals responsible for wildlife crimes. The identification techniques provided by forensic science are even more important in the courtroom. Oftentimes law enforcement has a good idea as to who committed a crime, and simple investigative techniques will reveal the most likely suspect. However, once that suspect is identified, focus turns to providing enough admissible proof in court so that a conviction can be obtained. DNA identification has permitted attorneys to quantify facts that in the past where left up to impressions. Proof that meat found in a suspect's freezer matches with 98% certainty a carcass found in the woods removes the factual issue from the table. The judge or jury only needs to consider whether the law, as applied to the fact that the freezer meat matched the carcass, requires that the suspect be found guilty or not. There may be due process problems inherent in jurors’ willingness to accept DNA evidence as infallible without being able to properly weigh the effects of mishandled evidence or improper gathering techniques, however, that is beyond the scope this book (DeWitt, 1996).

The question of the law is separate from the factual question in the case. In criminal proceedings the prosecutor decides which law is to be applied, meaning which law has been violated. The prosecutor and, if there is a jury, the judge will explain the law that the suspect is accused of breaking, and what facts the state will prove in order to find the suspect guilty.

The purpose of this section is to address the question of law. State authorities draft most laws regulating the taking of wildlife in the US. The federal government tends to regulate broader issues that concern the transportation of wildlife across state lines as well as internationally. State and federal governmental authority to regulate the taking of wildlife is derived from a legal history stretching nearly 2,700 years. The first half of this section follows the development of wildlife regulation from the property rights of ancient Rome through the royal prerogatives of King Charles’ England to the unlimited resources of Colonial America. The second half focuses on present-day state, federal, and international regulations affecting the taking, transportation, and management of wildlife.

Ancient Rome and the Concept of Res Nullius

Ownership is a pivotal concept in understanding the Roman citizen's relationship with wildlife. Some of the earliest legal writings, dating back to the time of the Sumerians in ancient Mesopotamia, recognize the ability of humans to own or possess animals (Wise, 1996). The concept of wildlife as property allows separation between what is mine and what is yours. This is my dog, not your dog. In the legal realm, ownership is incredibly important when determining schemes of compensation. Laws based upon the economics of owning property allow compensation for damaged or stolen property (ibid.). You have killed my dog so you must give me your dog or financially compensate me. Ownership of the dog as if it were property allows the law to create a resolution to situations in which one suffers a loss. If I could not own the dog, then I would suffer a loss for which there is no compensation if the dog is killed or stolen by another.

The Romans divided property into three main categories: res publicae, res communes, and res nullius (Blumm and Lucus, 2005). Res publicae refers to things owned by the state such as roads, ports, rivers, and public buildings. Res communes includes things that belong to the community like air, running water, and the sea. Res nullius are things owned by no one such as unoccupied lands, property of the enemy captured in battle, and wildlife. Things labeled as res nullius only belonged to no one as long as no one had taken possession of the item through Occupatio (Wise, 1996). An individual could own wildlife only after physically capturing the animal (Blumm and Lucus, 2005). If the animal escaped the cage, then it became res nullius again, if the animal fell dead on neighboring property, the property owner maintained the right to prevent a hunter from trespassing to retrieve the game (Wise, 1996).

Roman law saw wildlife in the open as owned by no one until it was captured. English law took a different perspective. Wildlife was property under English common law, but instead of being owned by no one, it was owned by the king.

Common Law England: The King's Ownership

The English took the Roman understanding of ownership one step further, and eliminated the need for capture. In Rome, one was prevented from trespassing on someone else's property to hunt wildlife. English law concluded that if a restriction could be made on the land one owned, then it would make sense that the ability to restrict access to the wildlife on that land would imply a similar ownership in the wildlife (Blackstone, 1979).

During the time of the early Britons, England was replete with game, which they hunted for sustenance. The arrival of the Saxons brought domestication of wildlife, and the cultivation of lands. As the Saxons planted fields and staked off their own respective plots of land, they pushed wildlife off into the forested areas. The forests had never been distributed to private owners, and therefore they belonged to the Crown (ibid.). As wildlife now resided in these large forests, the king took ownership of them and reserved the right to hunt them. However, anyone owning their own land still had the right to pursue game within the confines of their privately owned property (ibid.).

With the Norman Conquest came a new view of the king and his powers. There is still debate over whether the Normans actually introduced feudalism to England. What is certain is that the Normans helped to establish a new system of property rights within England, but whether it could properly be called the traditional feudal pyramid power structure is a question best left to historians (Thomas, 2008). The right to pursue and take wildlife was vested with the king, and only those granted authority by the king. The king possessed a right known as the chase and he held the title of “lord paramount of the fee” (Blackstone, 1979). These two concepts combined to give the king the power to pursue game no matter where it might be, and these principles removed the right of anyone else, regardless of their status as landowners, to hunt wildlife. Once all the rights to pursue game and own them as property became vested in the king, the only way individuals could acquire a right to property in wildlife was through particular privileges granted directly by the king himself (ibid.).

There were four specific grants that permitted an individual to hunt game. These were: the chase, the park, the free warren, and the free fishery. The king reserved the forests for himself, and granted authority to others through chases and parks. A chase or park was a designation given to property that different individuals owned. If someone owned a chase or park, the king had granted that person the authority to hunt any game found on that land (ibid.). The park was more limited than the chase because the right to hunt extended only over one's own property, whereas the chase allowed a person to hunt on other people's property (Blumm and Lucus, 2005). Some of the more powerful lords turned their own property into parks, and hunted the grounds for leisure and sport. The lords maintained full authority to hunt their own parks as long as the land did not fall within forests that the king owned, in which case separate permission would have to be granted by the king (Green, 1997). The grant of warren was another type of property, the owner of which was allowed only to hunt “inferior species” including waterfowl and small upland game. The grant of free fishery permitted a person to take and kill fish from public streams and rivers (Blackstone, 1979). Individuals possessing a grant were the only people in England permitted to acquire a property right in wildlife.

Unlike in Rome, the right to capture wildlife was not affected by whether one owned the property upon which he or she was hunting, but rather by what type of grant the individual possessed. Determining who owned a particular animal after it was pursued and subsequently killed could result in very odd decisions, at least by today's standards. If individual A has a chase, chase in the sense that he owns property on which he is permitted to hunt and may also hunt on property owned by others, and individual B owns an adjoining chase, the wildlife on each chase belong to the chase's respective owner. If a deer walks from chase A to chase B and is killed by the owner of chase B, then owner B possesses a property right in that deer. Likewise, if A finds a deer on B's chase and kills it, the deer belongs to B due to his ownership of the chase on which it was killed. If, however, owner A is hunting on his own property and his pursuit of a deer leads him to kill it in chase B, then A would possess a property right in that deer. The effort A places in pursuing the game vests a property right in A's subsequent success even though he did not kill the game on his own property (ibid.).

If the hypothetical scenario is changed just slightly, a less familiar result can be obtained. Assume that instead of A, a property owner with the grant of chase from the king, we have C, a property owner with no particular grant. C is trespassing on A's property and begins pursuit of a deer. The deer is subsequently killed on B's chase. The result is A still possesses ownership in the deer. Since C had no right to begin pursuit of the deer, his efforts in the chase do not serve to divest A of his original right of ownership in the deer (ibid.).

The system of grants developed as a result of the natural evolution of property rights in England, and along with the grants came specific justifications for their existence and maintenance. Four reasons stood out more than most. The first reason was to encourage the improvement of land by ensuring that a landowner had exclusive ownership over everything in and on his land. The second helped to preserve certain species by preventing over-harvest. The third reason ensured that farmers and craftsmen would not take up hunting as a hobby, thus keeping them hard at work harvesting and building. The final and most important reason for grants was that they protected against insurrection from the peasant classes (Blackstone, 1979).

While hunting restrictions were in place to help preserve certain populations of wildlife, that goal was ultimately tangential to the main interest of maintaining class distinctions (Blumm and Lucus, 2005). It would be much more difficult for the peasants to revolt and overthrow the ruling class if it was illegal for them to own firearms. If peasants did not have the right to hunt, then there was no reason to legalize firearm ownership for their class. In addition, the lack of target practice ensured the ruling class that even if the revolting peasants did manage to get their hands on firearms, they would not possess the skills necessary to utilize them effectively. William Blackstone in his commentaries discusses how the conquering feudal lords benefitted by arming their militaries while at the same time ensuring that the native conquered citizens did not have the arms necessary to fight back (Blackstone, 1979, p. 413).

As any elementary school class learns, the restrictions on English people, particularly those relating to religious freedom, led to the Pilgrims landing at Plymouth Rock (Ward, 2006). What lay before them was a vast untouched wilderness. The fact that the land was unclaimed, there were vast quantities of wildlife, and the societal class structure had no place in the New World, meant the new settlers had no need for restrictions on hunting or fishing.

The New World: Hunting for the Market

Settlers in America, instead of transferring the English notion of grants, adopted a more Roman approach, utilizing the rule of capture to determine ownership in wildlife. Three major influences brought about the abandonment of the English system. The first being the reasons for settlement in America. Citizens of England fled because of oppressive English policies, one of which was the restriction of hunting only to those with sufficient wealth or status. The second and more pressing reason was the need for food and clothing. Hunting was not just a sport to be pursued in one's leisure time, but rather a means of survival. The third influence on early settlers was the genuine expanse of America. There was so much unsettled wilderness that any regulation of those areas would hinder economic growth. This need to develop the New World, commonly referred to as Manifest Destiny, led to a further development in the rule of capture known as the “free take imperative” (Blumm and Lucus, 2005).

The concept of free take stems from a mindset that is very different than that of modern-day Americans. In most modern American cities the majority of people commute in to work from the suburbs. People actually seek out areas of the country where they can escape the city and find their own little piece of wilderness (Barta, 1999). The early settlers saw the wilderness as an unclean, dangerous area, and settlers implemented policies designed to tame the wilderness and expand civilization. A good example of this drive toward expansion can be seen from the top of the Governor's Mansion in Colonial Williamsburg. During the 1700s if one were to climb into the cupola that sat atop the mansion, one could look 6 miles to the south and see the James River and if one looked 7 miles to the north, one could see the York River. What one would not see is a single tree. Every tree between both riverbanks had been cut down because people did not want to live in or near the wilderness. How these policies were applied to hunting is best exemplified by the case of Pierson v. Post, this case is known by law school students as the first case they ever read in Property.

Pierson v. Post involved two hunters: one hunter, Post, pursued a fox with hounds along a piece of unowned wasteland. The other hunter, Pierson, knew of the pursuit by Post. Waiting until the opportunity presented itself, Pierson shot the fox and carried it off, effectively preventing Post from capturing the animal (Pierson v. Post [1805] 3 Cai. R. 175, 180). The issue in the case was, who had the legal right of ownership in the fox? The Supreme Court of New York looked to ancient texts of medieval law as well as the writings of an old German jurist (Pierson v. Post [1805] 3 Cai. R. 175, 177). The justices could not turn to British case law to resolve the issue since most cases involving ownership in wildlife had been resolved either according to statute or according to the rights of the landowner. The court was addressing the question of pursuit without the usual guideposts provided by landownership. They had to determine whether pursuit alone was sufficient to create an ownership right in the animal being pursued (Pierson v. Post [1805] 3 Cai. R. 175, 178).

Regardless of the sympathy felt for Post, the individual who expended the effort in pursuing the fox, the court held that only through the killing or physical restraint of the animal could one take ownership. The animal must be deprived of its natural liberty through a mortal wounding, netting or ensnaring in order for an individual to rightly claim possession (Pierson v. Post [1805] 3 Cai. R. 175, 179). The dissenting justice on the Pierson Court was concerned with the chilling effect created by such a rule, and argued that the pursuer should take a right in the fox since the advancement of society would be fulfilled by the “destruction of a beast so pernicious and incorrigible” as the fox (Pierson v. Post [1805] 3 Cai. R. 175, 182). The viewpoint of all the justices was that the elimination of the fox was beneficial for economic expansion, they just disagreed as to which conclusion would result in the least amount of future ownership disputes in wildlife. Pierson v. Post set a precedent that the individuals killing the animal took possession, thus alleviating problems associated with wildlife pursued for short periods of time and then subsequently killed by another individual.

The development of a legal standard that recognized the individual mortally wounding, snaring, or netting an animal as the person with a right to possession helped to move hunting of wild animals into a marketplace pursuit. In the modern day, companies develop new innovative products because of the protection provided by patents. If a company develops a new invention and obtains a patent for it, they can enjoy exclusive distribution and use of that invention for a set period of time (Bravin, 2008). The right to possession in a mortally wounded animal or netted bird created a similar certainty to that of modern-day patent law. If a whale was killed by company X and later discovered by company Z, company X had a right of possession in that whale even though the mortal wound did not result in the whale being immediately landed (Ghen v. Rich [1881] 8 F. 159, 160). Unlike in The Old Man and the Sea (Hemingway, 1952), “I am a tired old man. But I have killed this fish,” or perhaps more like in Moby Dick (Melville, 1949), whales often ripped the harpoon lines free of the ship and custom dictated that the first harpoon to stick and hold created a right of ownership in that whale (Ghen v. Rich [1881] 8 F. 159, 161).

With the certainty created by the law of property combined with incredible technological developments in firearms, whaling vessels, and rail systems, America was able to expand at a blistering pace, and the market in wild game expanded along with it. Unfortunately, wildlife were not able to keep pace with technology. The ability to kill wildlife faster than they could reproduce decimated populations. Passenger pigeons numbered in the tens of millions in the early 1800s, but due to over-harvest for market, the last passenger pigeon died in captivity on September 1, 1914 (Wilcove, 2008). By 1880, the population of buffalo in America had been reduced from tens of millions to less than a few herds (ibid.). The concept of hunting for market needed to give way to what we now call conservation.

Conservation of Wildlife Through Sport Hunting

While hunting regulations imposed by the aristocracy in England worked in an indirect way to maintain populations of wildlife, the US developed its own form of aristocracy in the captains of industry which eventually led to the conservation programs everyone knows today. Theodore Roosevelt was the biggest proponent of helping to preserve American wildlife for future generations. Much like the aristocracy of England, the wealthier individuals in America did not hunt for market or sustenance, but for sport. By the late 1880s, it had become clear that something needed to be done about the decimation of wildlife. One could not walk a few feet across the western plains without seeing buffalo bones, but could walk for hundreds of miles without seeing a single live buffalo (ibid.). Theodore Roosevelt helped to establish the first lobbying firm for conservation of big game species known as the Boone and Crockett Club (Brinkley, 2009). “If his father could found the American Museum of Natural History from a parlor in Manhattan, Theodore saw no reason why this group, meeting in the cramped uptown quarters … couldn't save buffalo and elk in the American West” (ibid.). A new legal doctrine had to take the place of free take, it was and still is known as “fair chase.”

The notion of fair chase was not welcomed with open arms, after all there were huge industries devoted to hunting wildlife to sell at market, but one unfortunate event along with some favorable court rulings led to the ultimate success of sport hunting and sustainability-based conservation methods. The assassination of incumbent US President William McKinley thrust Theodore Roosevelt into the US presidency along with his policies and views about conservation. Theodore Roosevelt championed the idea of scientific management of resources; policies based on rational decisions made by trained experts could help to prevent scarcity of wildlife (Rothman, 2000). To implement these policies required a battle between what had been the traditional view of local control, and what was needed to help ensure conservation efforts were successful, which was centralized control. Not only would there be a question of the power of the federal government over the state, but also there would be disputes over the state's power to regulate the individual (ibid.). Free take represented zero regulation and destroyed wildlife populations. In order to restore those populations, fair chase, by its design, required regulation.

The legal concept behind fair chase is known as the public trust doctrine. Long before Theodore Roosevelt came into the public eye, in 1821 a New Jersey Supreme Court case helped lay the foundation of the public trust doctrine (Blumm and Lucus, 2005). Arnold v. Mundy examined the English concept of land vesting in the sovereign and turned it on its head. In England, the sovereign was the king, but in the US, the sovereign is the people. The people through an elected democratic republic run the country. Therefore, the court held that the use of navigable waterways was common to all the people. The use could only be curtailed by the sovereign to ensure the “order and protection” of the resource (Arnold v. Mundy [1821] 6 NJL 1, 12). The court established a notion of public trust, which permitted the states to regulate waterways for the order and protection of those waterways. Wildlife would slowly change from being res nullius, owned by no one until capture, into something more like res communes or res publicae, owned by everyone and subject to regulation by the state for the benefit of everyone.

Management: The Property Right of States

Who creates and enforces the law is oftentimes just as important as the underlying legal theories. In the United States, the power of the government is divided between the federal government and the various state governments. The United States Constitution directs the balance of power between these two sovereign bodies. The Constitution limits the power of the federal government to only those functions that are enumerated in the Constitution. State governments, however, are not similarly limited. Each state government possesses what are called “police powers.” These powers are the general powers necessary to protect the safety and welfare of the citizens. Both state-level governments and the federal government participate in the creation and execution of wildlife law. But the balance of power has not always been clear.

The landmark Supreme Court case Geer v. Connecticut set the stage for the battle between state and federal governments over the regulation of wildlife, which lasted nearly one hundred years. The Court in Geer considered a Connecticut statute that prevented the transportation of game taken within Connecticut from being transported outside the state's borders. The issue was whether the Connecticut statute violated the Commerce Clause of the US Constitution. In resolving this issue, the Court relied on the public trust doctrine in stating that several states hold wildlife in trust for their citizens. By doing so, the Court recognized that the state is the owner of natural resources, such as wildlife, and can create laws and regulations which protect and secure its benefits for the citizens and future citizens.

The Geer case is historically important for two reasons. First, the decision's lasting impact on wildlife law was the recognition of the state ownership doctrine. But the decision is also important because the Court's rationale in Geer was used to suggest that the state's ownership of wildlife was to the exclusion of the federal government (Blumm and Lucus, 2005). If true, the federal government would not be able to regulate wildlife because wildlife would be under the exclusive authority of the states (Wood, 2000).

State ownership of wildlife was successively questioned in the years that followed Geer. Before Geer was overruled in 1979, the Supreme Court slowly weakened the exclusive powers of the state over wildlife. For example, the Supreme Court held the Constitution's Equal Protection Clause prevented state ownership from being used in a discriminatory manner. In Takahashi v. Fish and Game Commissioner, the Supreme Court held that the state of California could not withhold a commercial fishing license from a resident alien, while at the same time granting it to individuals with US citizenship. Simultaneously, the Supreme Court slowly acknowledged the expanding powers of the federal government. In Missouri v. Holland, the Court held that the Migratory Bird Treaty Act of 1918, an international treaty, superseded conflicting state laws pursuant to the Supremacy Clause. Thus, the attack on Geer came from both directions: the exclusive power of the state was limited and the power of the federal government was expanded.

In 1979, the Supreme Court overruled Geer in Hughes v. Oklahoma. The Hughes court applied an expanded theory of the Commerce Clause to invalidate an Oklahoma law, which prohibited the exportation of minnows from the state. The Commerce Clause is a clause in the US Constitution that empowers the federal government to regulate interstate commerce. Originally, the Supreme Court narrowly interpreted the Commerce Clause. But over time, the Supreme Court expanded its view, especially in response to the New Deal legislation during the Great Depression. In 1977, the Supreme Court held that the Commerce Clause applies to the regulation of wildlife (Blumm and Lucus, 2005). Two years later, in Hughes, the Supreme Court held that that federal power to regulate wildlife allowed for the Supreme Court to overrule Geer. But more important than what the Hughes case did, is what it did not do.

Under Hughes, the Supreme Court undermined the notion that the state ownership of wildlife made the regulation of the wildlife the exclusive domain of the state. Instead, the states would be subject to the supreme powers of the federal government and federal wildlife law would be analyzed under the federal government's power to regulate interstate commerce. However, the Hughes court left intact the public trust doctrine. This allowed the states to remain stewards of the land, free to regulate wildlife, but subject to the oversight of the federal government (ibid.).

Although Hughes expressly overruled Geer, the limits of the Hughes decision are important in understanding the proper scope of state wildlife regulation. First, the Hughes case subjects state regulation to constitutional limitations, such as the limits of the Equal Protection Clause as seen in Takahashi. Similarly, state law must comply with federal law. For example, a state statute cannot undermine the intent of the federal statute, or prohibit what a federal statute expressly permits (ibid.). Nevertheless, the Hughes case did not completely remove state stewardship of wildlife. The majority of states in the United States have statutory provisions that expressly endorse the state ownership doctrine and some have even included it in their state constitutions (ibid.). Further, each of the fifty separate legal regimes must work in conjunction with federal laws related to the regulation of the wildlife.

Federal Law and the Regulatory State

Even before the Supreme Court attempted to resolve the conflict between the federal government's constitutional powers and the state's ownership of wildlife, the federal government had undertaken efforts to regulate wildlife. The first federal statute that attempted to regulate wildlife was the Lacey Act of 1900. The Lacey Act made it illegal to transport game between two states taken in violation of state law. Although the statute benefited the nascent conservation movement, the Lacey Act was intended as a pest control measure (Kaile, 1993). By preventing interstate transportation of wildlife, the legislature sought to protect local crops and ecosystems from the potential dangers associated with the introduction of foreign species. Despite later amendments to the Lacey Act, the statute had limited impact on the actual regulation of wildlife. The importance of the Lacey Act is that it was the first step taken by the federal government to regulate the ownership rights of individuals in wildlife.

The next milestone in the expansion of federal regulation of wildlife was the passage of the Endangered Species Conservation Act in 1966. Unlike the Lacey Act, which focused on state law, the Endangered Species Act of 1966 involved the federal enforcement of exclusively federal law. As such, this act was the first comprehensive federal legislation specifically designed to protect wildlife (ibid.).

The 1966 Act was intended to reduce the risk of extinction by addressing some of the causes, specifically habitat destruction. The Act enabled the Secretary of the Interior to acquire lands as means to stop or prevent the extinction of a particular species. The Act, however, was quickly criticized as being largely ineffective. Critically, the Act's criteria were limited to the deleterious effect on habitation and did not address other reasons for extinction (ibid.).

As a result of these shortcomings, the Endangered Species Preservation Act of 1969 was passed. Importantly, the 1969 Act enhanced the provisions of both the 1966 Act and the Lacey Act. The 1969 Act required that the Secretary of the Interior develop a list of endangered species. Once on the list, the importation of the animal and its byproducts were prohibited. The 1969 Act also expanded conservation involvement, adding provisions that allow private individuals to petition for the protection of a certain species as well as calling for international participation by the United States in the protection of endangered species (ibid.).

Dissatisfaction with both the 1966 and 1969 Acts, and a growing conservation movement led to the passage of the Endangered Species Act of 1973. This Act served to replace the 1966 and 1969 Acts, and put into place the most expansive environmental protections of the time. The Act established the familiar structure of a two-part list. The Secretary of the Interior established an “Endangered” and a “Threatened” list based on separate criteria. These two lists permitted the proactive protection of species before they were on the brink of the extinction. Further, the Act expanded its scope to include plants and invertebrates (ibid.).

Arguably, the Endangered Species Act's most important provision was to require all federal agencies to use their authority to assist in the conservation of the threatened or endangered species. Moreover, the Act prevents federal agencies from acting if that action would threaten a listed species. These provisions of the Act represent the expansion of the regulatory state and its application to wildlife management. No longer is the management of wildlife left only to the states. Instead, it has become a combined effort of both the federal and state governments.

The basic structure of the Endangered Species Act has remained the same despite later amendments, including substantive amendments in 1978, 1982, 1988, and 2004. And since its passage, the federal government has continued to be an active participant in wildlife management through additional statutes and agency actions that are beyond the scope of this book. Once a theory developed about the state having some ownership interest in wildlife, the ability to protect and manage wildlife for the benefit of future generations became possible (Archer et al., 1994).

Globalization: Working toward Worldwide Conservation Practices

As the human population expands and the exploitation of natural resources increases, the boundaries between nation-states become less important. This is especially true for wildlife because, by definition, wildlife does not abide by national boundaries. As a result, there has developed a growing body of international law relevant to wildlife.

While the expansion of international wildlife law in the past few decades dwarfs that of the previous two centuries, the first example of an international treaty intended to protect wildlife is the Treaty Concerning the Regulation of Salmon Fishing in the Rhine River Basin, signed in 1886 by Germany, Luxembourg, the Netherlands and Switzerland (Freyfogle and Goble, 2002). However, it has only been since the 1960s that there has been a concerted and sustained global effort to protect and manage wildlife.

International wildlife law is based largely on treaty law; the other source of public international law is what is known as “customary law.” Moreover, the treaty-making process oftentimes codifies then-existing customary law. For example, during the 1973 Conference of the Law of the Sea, the generally accepted norm that coastal countries have the jurisdiction and sovereign right to protect and manage their surrounding marine environment was incorporated into the United Nations Convention on the Law of the Sea. Customary law, however, is not directed by a supreme sovereign. Instead, it originates from universally recognized practice (Lyster, 1985).

Treaties, on the other hand, are similar to contracts between individuals but are between nation-states. They can be between two nations (bilateral) or between several (multilateral). There is no standard or formalized method for the formation of a treaty because the global community is not governed by a single government. Instead, various organizations serve as the fountainhead for treaties. Important to the development of wildlife treaties has been the Organization of American States (OAS), the United Nations Educational, Scientific and Cultural Organization(UNESCO) and the International Union for Conservation of Nature (ibid.). Once a treaty is drafted, it becomes open for signatures. But a treaty is not binding as soon as a country signs it. Instead, a treaty must be ratified. The signature merely represents that that nation will make a good faith effort to ratify the treaty with its domestic government or make it known that it no longer intends to be a party to the treaty. Ratification varies by country; the United States requires the President's approval, with the advice and consent of the Senate. Only after this process will a treaty be binding between the signatory countries.

Wildlife treaties fall into three main categories. First, some treaties are limited to a specific species or related species. Second, other treaties focus on wildlife of a limited geographical area. Finally, some treaties attempt to address the regulation wildlife on a much broader scope without limitation of species or location (ibid.).

Treaties of the first type usually involve an economically valuable species that populate areas outside of the single national jurisdiction. An example of such a treaty is the 1931 International Convention for the Regulation of Whaling. The intended subjects of the treaty were without a doubt economically valuable, but were particularly vulnerable because they primarily lived beyond the reach of any one national legal system. Likewise, treaties of this kind are also relevant to migratory animals, especially birds, because the protections afforded to the species may vary between each country the animal travels through.

The second category of treaties is likewise limited in scope. In this case, the treaties are limited to a specific geographic region. An example of this type of treaty is the Convention on the Conservation of Antarctic Marine Living Resources. This treaty is an outgrowth of the Antarctic Treaty, where the signing parties agreed to several limits to the use of Antarctica. But the Antarctic Treaty did not contain provision related to the exploration or management of the wildlife located there. Instead, the Convention on the Conservation of Antarctic Marine Living Resources was intended to augment the Antarctic Treaty and preserve the living marine resources.

Finally, and perhaps most importantly, the final type of treaty are the treaties that are not limited to a specific species or geographical region. These treaties, however, are not unlimited in their scope. For example, the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) is limited to international trade. But its scope is so broad that it warrants distinction from the two previous categories. Other examples include the Convention concerning the Protection of the World Cultural and Natural Heritage and the Convention on the Conservation of Migratory Species of Wild Animals. Each of these treaties is important in their own right, and collectively they represent an increasing global effort in wildlife management (Lyster, 1985). In effect, they represent the adoption of a global principle of conservation that parallels the public trust doctrine. Instead of a single state having a duty to protect wildlife for its own citizens, each nation has a similar duty for the benefit of every person.

Conclusion

We have tried to provide an understanding of the legal history supporting state and federal regulations. There are four important points in this chapter. First, animals are, and always have been, recognized as personal property capable of being owned by one or more people. Second, the free take doctrine led to the establishment of a market in wild game meat. Unfortunately, wildlife populations could not sustain the needs of a commercial market, and it became imperative to restrict the taking of wild game. Third, recognizing that the state owned the wildlife for the citizens created an obligation on the government to manage and conserve populations. And, fourth, as our scientific knowledge about wildlife populations has expanded and evolved, the need for international regulations, such as cohesive management plans for migratory birds, has arisen to ensure the continued success of wildlife conservation.
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Introduction

We have come a long way in Wildlife Forensic Science since Dr. C. Robin and Dr. A. Salmon in 1887 determined that the red-colored stain on the smock of murder suspect was not duck blood as purported by the suspect. Now Wildlife Forensic laboratories have all the same state-of-the-art equipment one would expect to see in a human crime laboratory; and in some instances, much more sophisticated equipment. And the scientists, in almost all instances, are dedicated not only to solving the crime involving the animal in question but also to the preservation of the resource.

Animal smuggling and poaching have grown to an estimated annual US$12 billion criminal industry (Interpol estimate but this does not include the illegal timber trade), and are exceeded only by the drugs and arms trades (Eccleston, 2007). This industry's illicit profits are a major source of funding for terrorist and militia groups, including Al-Qaida, and the snaring and slaughtering of animals are driving dozens of species to the brink of extinction. Many criminal gangs have links to warlords and militias, and an increasing body of evidence suggests animal smuggling is being used to bankroll civil wars. In 2008, the trades in bushmeat and ivory were found to be directly supporting rogue military gangs, and providing economic support for several persistent pockets of rebel activity (Fison, 2011). “Estimates are that more than a million tons of bushmeat are harvested from Central Africa each year, an amount equivalent of almost four million head of cattle” (Mongabay Environmental News, 2008) and that the bushmeat trade “is the most significant threat to Africa's wildlife” (Hance, 2008).

While non-human/wildlife forensics is not a totally new field, it is relatively novel compared to human forensics. The US Fish and Wildlife National Forensics Laboratory opened its doors for business in the summer of 1989 as the first crime laboratory dedicated strictly to law enforcement for thousands of animal species in the world. They were charged with the enforcement of the Endangered Species Act and the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) Treaty. One hundred and seventy five nations have now signed the CITES Treaty (It should be noted that the number of Parties that have signed the CITES agreement may fluctuate due to geopolitical situations in participating nations) (CITES, 2011). The number of countries and states involved in the illegal trade of animals and poaching increases every year and crimes involving non-human evidence encompass every corner of the world and the entire biodiversity of the planet. This, along with the increase in the number of states who now have felony and high level misdemeanor poaching violations in their state regulations; and the rise in fines assessed for poaching violations at the state and federal level, has increased awareness of this scientific field. These factors, as well as several others have made the demand for wildlife forensic services more of an issue and priority. Fines in excess of US$100,000 are no longer uncommon in the illegal trade and traffic of wildlife (Oswell, 2007; U.S. Department of Justice, 2009, 2011a, 2011b); and the harvesting and poaching of trophy animals can easily result in fines of over US$10,000 to US$30,000 as well as a jail sentence.

There are over one hundred laboratories world-wide now in operation that work with wildlife law enforcement officers to fight crimes against wildlife. However, the number of officers and Law Enforcement officials that utilize this relatively small number of laboratories highlights the fact that the request for wildlife forensic analysis is becoming more prevalent. A short list of the stakeholder groups utilizing this unique discipline include: Natural Resource Officers, such as Wildlife Officers or the USFWS (200 Special Agent Officers), State wildlife agencies (thousands of officers); Marine Officers; Environmental Officers, including the EPA; Forestry Officers; US Customs; the over 150 foreign countries who have signed the UN's CITES Treaty; non-governmental organizations (NGOs), such as the Rocky Mountain Elk Federation, the Mule Deer Foundation, the National Turkey Foundation, and the Wild Sheep Foundation; those who enforce animal cruelty laws; criminal investigations officers (federal, state, local); and USFWS Conservation Genetics Community of Practice.

Wildlife forensics or non-human forensics (these two terms will be used interchangeably throughout this chapter) is a unique science with nothing else closely comparing to the depth, breadth, and variety of species and analyses types. In what other discipline can you be doing law enforcement (LE) on Black Coral in one laboratory, bighorn sheep in another and Asian catfish in a third? While there are numerous differences between human forensics and wildlife forensics, the major difference is, in most instances, when a wildlife forensic laboratory is involved, the animal is the victim of the crime and the goal is to link the crime scene to the suspect poacher or animal trafficker. In a human crime lab, the human is the victim as well as the perpetrator of the crime.

Another major difference from our counterparts in the human arena is that while a human crime laboratory is working with only one species, which allows for standardization of techniques, non-human/wildlife forensic personnel are often required to develop new procedures and protocols to determine the differences between very closely related species. This may be critical to making the case as some closely related species are protected while others are not. Rarely is the whole carcass of the animal in question presented to the forensic laboratory. Usually only smaller parts are confiscated and these parts often do not contain the defining characteristics of the species.

In short, many wildlife laboratories spend their days determining if the wildlife trade and harvest of thousands of different species comply with all the federal, state, and CITES requirements. While human forensics deal with only a single species (Homo sapiens), wildlife forensic scientists must be prepared to identify, genotype and determine statistical probabilities from evidence from any species in the world that is illegally killed, smuggled, poached or sold on an illicit market. Food safety and the proper labelling of seafood is large component of marine wildlife forensic work. This is also critical to protecting the livelihood of commercial fishermen. For example, consumer fraud is present when international catfish is sold in the USA as grouper which can also depress the market value of grouper, making it difficult for the legitimate fisherman to make a living.

There is no end to the list of evidentiary items that might be submitted to a non-human forensic laboratory or the type of answer the law enforcement officer is looking for to make his/her case. The law enforcement (LE) officer may need the laboratory to determine if different evidentiary items came from the same animal; or the laboratory may be asked to determine if items such as shark fins, coral or whale teeth originate from an animal/organism that is protected by state, Federal or International laws. LE officers may also need to know how many animals are represented by the packaged meat in the suspect's freezers. Common evidentiary items that have been involved in wildlife cases include caviar; fresh, frozen, cooked or smoked meats; loose hair and fur; clothing of every shape and variety; camping items (tents, sleeping bags, etc.); fur coats; reptile leather products, such as purses, belts, and shoes; loose feathers and down; carved ivory objects; sea turtle oil (suntan lotion); shell jewelry; powdered rhinoceros horn; bear gall bladders; trophy antlers and horns; gut piles and legs; shark fins; coral; or stomach contents.

While these types of cases make up the majority of the cases submitted to wildlife/non-human forensic laboratories, there are other non-human forensic laboratories who also work with an animal victim or an animal perpetrator as well as a more traditional victim, a human. These laboratories often work with domestic animals on cases of animal cruelty or theft, as well as instances where the animal was involved in an attack on another animal or a person. In some criminal cases of robbery, burglary and homicide, there is a need for non-human forensic science to solve the case. In these instances, the alleged assailant can be identified using their pet or the pet of their victim. The animal's DNA can be transferred from the victim's pet to the suspect or the crime scene, or from the suspect's animal to the victim. Numerous people have been convicted of various crimes, including murder, with the help of non-human forensic scientists. There are also laboratories that work with human victims who have been attacked by bears, mountain lions and other predatory animals. In these instances, it is very important to make sure the offending animal has been removed from population to insure the safety of the public. A genetic match from biological material retrieved from the crime scene or the victim to the suspect animal is critical to the public's and wildlife officer's peace of mind. Also, the public does not want indiscriminate killing of animals not involved in the attacks so it is important to identify the correct animal as quickly as possible.

Numerous DNA techniques are available in forensic laboratories but DNA is just the part of the work performed by non-human forensic experts. Phylogeny, chemistry, anthropology, entomology, morphology, serology and toxicology are also performed in different wildlife/non-human laboratories around the country. Wildlife laboratories can also be involved in the more “traditional forensic sciences,” such as criminalistics, ballistics, fingerprint analysis, and digital/computer forensics. Pathologists in wildlife, like their human counterparts, examine carcasses and wounds for cause of death, in order to determine if a crime has been committed. Morphologists can often identify a species of animal based on characteristics and observations of the feathers, tusks or skeletal structure. Chemists in wildlife will do traditional testing to identify poisons and pesticides but they also use very high tech instruments to determine species identification; whether it is an evidentiary piece of suspect ivory or some internationally protected Black Coral. Whereas human forensic laboratories primarily use DNA to make comparisons between individuals and to match evidence from the crime scene to the suspect, forensic analysis of wildlife uses DNA in more varied ways: DNA sequencing is utilized to identify species – is this item from an elk, or mule deer or a protected/endangered species or its non-protected, closely related cousin?; population assignment – where did this animal originate from in Africa?; paternity – is this harvested mountain lion the mother of the orphaned cub?; and genotyping – do the samples from this gut pile originate from the trophy elk hanging on the wall?.

While there are many different wildlife/non-human forensic laboratories in the world, it is also true that no two laboratories do work on exactly the same species or have the same types of analyses available. These very large differences within the discipline as well as the difference between wildlife and traditional human forensic have fueled the need for some venue that would allow for increased communication between scientists. Thus the formation of a Society for Wildlife Forensic Science; which gives scientists in this field that are scattered across the world a common forum for discussion of the discipline and issues; was born. And with ever-increasing federal mandates in the United States, the Society will be a much needed resource to assist with unforeseen issues that are sure to arise in the future.

Formation of the Society

The Society for Wildlife Forensic Science (SWFS) (Figure 2.1) was officially formed in September 2009 with the mission to develop wildlife forensic science into a comprehensive, integrated and mature discipline. However, it is thriving because of a deep devotion to this science and the resource it protects. The Society's inception came about because of a need to bring some great minds together to collectively work on the issues, challenges and ideas that are unique to our discipline. While the Society was the brainchild of a few individuals, it took a great effort and hundreds of hours on the part of the new board and officers to get the concept of a Society off the ground and into a workable team. We knew if we could succeed in improving communication and techniques between scientists in different corners of the world, we could improve the science, thus accomplishing a greater good for the resource. It was understood from the beginning that an international group was needed to accomplish our mission. Only an international team could comprehend and address all the challenges that faced the assembly of committed scientists in the Society. For that reason, membership is open to all those who will impact the non-human/wildlife forensic community worldwide.

The vision of SWFS is as follows: (1) to become the pre-eminent professional organization in the world representing wildlife forensic scientists; (2) to promote the exchange of scientific and technical information; (3) to encourage research in wildlife forensics; and (4) to promote professional competence, uniform qualification, certification and ethical behavior among non-human/wildlife forensic scientists. The Society, still in its formative years at the printing of this book, plans on having a certification scheme as well as guidelines and protocols that will be the gold standard for all the laboratories having an affiliation with the Society. These programs will be set up within the Scientific Working Group for Wildlife Forensics (SWGWILD) and forwarded to SWFS as a recommendation to be adopted by the officers and directors after a consensus process has been put into place. There will also be a Wildlife Forensic journal which will be available in an electronic format within the next couple of years.

The structure of SWFS was set up in such a manner that the directors and officers, while answering to the membership, generally determine the direction and goals of the Society. The structure of the Society is as shown in Figure 2.2.


Figure 2.2 The structure of the SWFS.
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Every director and officer has a responsibility to the Society and its membership which is well defined in the by-laws. The responsibilities of the board are as follows:


	Director of Professional Development: The Professional Development Director oversees all matters regarding the professional development of the members, including training, education, career development, case management, statistics and professional ethics. This will include the development of a “Guidelines” document which will be developed under the auspices of the SWGWILD group and forwarded to the Society in the form of a recommendation.

	Director of Communications: The Communications Director creates communication strategies to present a consistent message and professional depiction of the Society, and is responsible for the Society's bi-annual communication with the membership. The Communications Director is also responsible for the creation and maintenance of the Society web page as well as the abstract booklet and setting up presentations at all triennial meetings.

	Director of Membership and Outreach: The Outreach Director develops participant retention and recruitment strategies, sustains contact with and service to the current participants, and coordinates outreach campaigns and surveys of the membership and related communities, with the goal of generating greater interest in the Society's activities. This position is also responsible for obtaining endorsement from institutions, e.g. National Fish and Wildlife Forensic Laboratory, and attracting corporate membership and underwriting, e.g. Instrument vendors.

	Director of Policy and Partnership: The Policy and Partnership Director represents the perspective of the wildlife forensic science community in policy matters under consideration by professional organizations and government agencies. Additionally, the Policy Director is the liaison with the membership, with the goal of attracting support and involvement in the Society and its activities as well as other forensic communities. The Policy Director interacts with and secures support from sponsors, develops initiatives beneficial to the Society and its members, and plans and coordinates the triennial conference of the Society, with the help of the sponsoring laboratory/organization. This position was also responsible for the creation of the Code of Ethics; signing of the said document is a requirement of membership. The Code of Ethics is given in Box 2.1.

	Director of the Proficiency Program: The Proficiency Program Director oversees the Wildlife Proficiency Testing program. The work of the Proficiency Program Director will be guided by the Wildlife Proficiency Testing Program Charter. The Proficiency Program is discussed below.

	Director of Certification: The Certification Director will oversee the implementation of a certification scheme which will be developed by the SWGWILD team and presented to the SWFS Board of Directors and Officers as a recommendation for implementation.

	The President: The President will supervise, direct, and control the affairs of the Society. The President also performs all duties commonly associated with the office of president and other duties prescribed by the board of directors.

	The Vice President: The Vice President will perform the duties of the president if the president is incapacitated. The Vice President also will perform all duties commonly associated with the office of Vice President and other duties prescribed by the board of directors or an authorized officer. The Vice President will be responsible for strategic planning of the Society and will automatically become the president at the subsequent tri-annual meeting.

	The Treasurer: The Treasurer will have general charge of and be responsible for all funds and securities of the Society; receive and give receipts for monies due and payable to the Society from any source and deposit the monies in the name of the Society in banks, trust companies, or other depositories selected by the board of directors; prepare an annual budget; prepare a report of the Society's finances for each triennial meeting and special meeting; make available all books, records, and accounts of the Society for inspection by the Society's directors, officers, and the members during normal business hours; and perform all duties commonly incident associated with the office of treasurer and other duties prescribed by the board of directors or an authorized officer.

	The Secretary: The Secretary will oversee the Society's awards program; prepare minutes of the directors’ meetings and authenticate records of the Society; ensure that all notices by the Society, the Articles of Incorporation or these Bylaws are given; keep and maintain the records of the Society; and perform all duties commonly associated with the office of Secretary and other duties prescribed by the board of directors or an authorized officer.



The Code of Ethics

The Code of Ethics must be signed by potential members prior to them being admitted as a member of the Society. It was determined by the board and the officers to be a very important document which exemplified the core values that every forensic scientist should strive to attain. It was determined that those not willing to sign the document, would not be admitted to the Society. These ideals and values are critical for credibility issues as well as court testimony. The Code of Ethics is set out as shown in Box 2.1.


Box 2.1: The Code of Ethics

To promote the highest standards of professional and personal conduct among its members and affiliates, the following Code of Ethics and Conduct is endorsed by all members and affiliates of the Society for Wildlife Forensic Science:

Professionalism

Ethical and professionally responsible wildlife forensic scientists:


1. Are independent, impartial, and objective, approaching all examinations with due diligence and an open mind.

2. Conduct complete and unbiased examinations. Conclusions are based on the evidence and reference material relevant to the evidence, not extraneous information, political pressure, or other outside influences.

3. Render conclusions only within their area of expertise, and about matters which they have given formal consideration.

4. Honestly communicate with all parties (the investigator, prosecutor, defense, and other expert witnesses) about all information relating to their analysis, when communications are permitted by law and agency practice.

5. Report to the appropriate legal or administrative authorities any unethical, illegal, or scientifically questionable conduct of other forensic scientists or laboratory employees.

6. Report conflicts between their ethical/professional responsibilities and ap-plicable agency policy, law, regulation, or other legal authority, and attempt to resolve them.

7. Do not accept or participate in any case on a contingency fee basis or in which they have any other personal or financial conflict of interest or an appearance of such a conflict.



Competency and proficiency

Ethical and professionally responsible wildlife forensic scientists:


1. Base their opinions and conclusions on scientifically validated and generally accepted methods and tests.

2. Are committed to career-long learning in their forensic disciplines and stay abreast of new equipment and techniques while guarding against the misuse of methods that have not been validated.

3. Are properly trained and competent through testing prior to undertaking the examination of evidence.

4. If applicable, complete regularly scheduled:


a. proficiency tests within their forensic discipline(s);

b. comprehensive technical reviews of fellow examiners’ work;

c. verifications of conclusions.



5. Give utmost care to the treatment of all samples or items of potential evidentiary value to avoid tampering, adulteration, loss or unnecessary consumption.

6. Use appropriate controls and standards when conducting examinations and analyses. The Society for Wildlife Forensic Science will develop and maintain a list of best practices in the various disciplines of wildlife forensic science on the Society website (http://www.wildlifeforensicscience.org). The best practices document will be reviewed and, if necessary, updated prior to each tri-annual meeting of the Society.



Clear communications

Ethical and professionally responsible wildlife forensic scientists:


1. Accurately represent their education, training, experience and area of expertise.

2. Present accurate data in reports, testimony, publications and oral presentations.

3. Make and retain full, contemporaneous, clear and accurate records of all examinations and tests conducted, and conclusions drawn, in sufficient detail to allow meaningful review and assessment of the conclusions by an independent person competent in the field.

4. Do not alter reports or other records, or withhold information from a report for strategic or tactical litigation advantage.

5. Support sound scientific techniques and practices, and never pressure another examiner or technician to arrive at conclusions or results that are not supported by data.

6. Accept their moral obligation to assure that the court understands the evidence as it exists, and to present that evidence in an impartial manner.

7. Provide complete and informative testimony, for example, by qualifying their responses if needed when counsel attempts to elicit a simple yes or no answer.



Obligations of members to the Society for Wildlife Forensic Science


1. Every member and associate of the Society shall refrain from exercising professional conduct adverse to the best interests and objectives of the Society.

2. No member or associate of the Society shall materially misrepresent his or her education, training, experience, area of expertise, or membership status within the Society.

3. No member or affiliate of the Society shall issue public statements that appear to represent the position of the Society without specific authority first obtained from the Board of Directors.



Provisions for disciplinary action

Any member of the Society who has violated any of the above provisions of the Code of Ethics and Conduct may be subject to disciplinary measures by action of the Board of Directors. Such disciplinary action may include censure, suspension or expulsion from the Society, as detailed in the Policy Manual of the Society for Wildlife Forensic Science (http://www.wildlifeforensicscience.org/).

By accepting membership in the Society for Wildlife Forensic Science, I pledge to abide by the Society's Code of Ethics and Conduct.

Signed: [image: ] Date: [image: ]



Membership of the Society

The Society has different levels of participation so that anybody involved with wildlife forensics can find a niche. The voting members of SWFS, however, must be directly involved in the science. A person can join the Society through sponsorship by a voting member and upon approval of the Board of Directors. Other methods of joining the Society are located on the web page. The different levels of membership are as follows:


	Voting member: The Society may admit voting members who must be individuals actively or formerly employed in non-human/wildlife law enforcement in an analytical, intelligence or investigative capacity related to wildlife forensic science.

	Regular member: These individuals will be those who are not eligible to be a voting member but who are qualified by other professional attainments related to forensic analysis or in the government, academic or private sector in instruction, education, research or advocacy for study and/or protection of wildlife and who demonstrate support for wildlife forensic science.

	Special Participant: SWFS also has Special Participants under the following classifications: (a) Honorary Participants must be individuals who have an outstanding record of public or private service in the field of forensic wildlife science analysis (the board of directors will review Honorary Participants for their continued participation in the Society every two years); (b) Student Participant: Student Participants must be individuals who are enrolled as full-time students at an accredited college or university, as defined by such college or university.

	Organization Participant: The Society also has a membership class for Organization Participants under the following classifications: (a) Corporate Participant: Corporate Participants must be corporations or other business entities which demonstrate and continue to demonstrate support of the Society's purpose and functions; (b) Supporting Agency Participant: Supporting Agency Participants must be government agencies or entities which have demonstrated and continue to demonstrate support of the Society's purpose and functions; and (c) Academic Institution Participant: Academic Institution Participants must be accredited (or will hold an equivalent status if located outside the United States), academic institutions with a scientific analytical curricula that supports the Corporation's purpose and functions, as well as, wildlife forensic science.



Member Labs

There has been a large international response to the formation and development of SWFS. At the time of this publication, over 52 laboratories have members involved in the Society; this includes 11 countries (Australia, Brazil, Canada, Hong Kong, India, New Zealand, the United Kingdom, South Africa, Sweden, Norway, and Thailand) and 20 states in the United States of America (California, Colorado, Idaho, Illinois, Massachusetts, Maine, Mississippi, Montana, North Carolina, New York, Oklahoma, Oregon, Pennsylvania, South Carolina, South Dakota, Tennessee, Texas, Virginia, Washington and Wyoming). Table 2.1 lists the 59 laboratories that are part of the Society as of the Summer of 2011.

Table 2.1 Member laboratories in the Society for Wildlife Forensic Science.




	

1. Wildlife Genetics Laboratory, Murdoch University, School of Biological Sciences & Biotechnology, Perth, Australia

2. University of Queensland, School of Biological Science, Queensland, Australia

3. Australian Museum, DNA Laboratory, Sydney, Australia

4. Laboratorio de Biologia Evolutiva e Conservação de Vertebrados SOS Fauna Cidade Universitaria, Butanta, São Paulo, Brazil

5. Alberta Fish and Wildlife Forensic Unit, Edmonton, AB, Canada

6. Lethbridge Community College, Lethbridge Alberta, Alberta, Canada

7. Environment Canada, Pacific & Yukon Laboratory for Environmental Testing, North Vancouver, BC, Canada

8. Pacific Biological Station, Dept. of Fisheries and Oceans, Canada, Nanaimo, BC, Canada

9. Simon Fraser University, Burnaby, BC, Canada

10. Research and Productivity Council (RPC), Fredericton, NB, Canada

11. Trent University Wildlife Forensic DNA Laboratory, Peterborough, ON, Canada

12. Environment Canada, Wildlife Enforcement Directorate, Gatineau, Quebec, Canada

13. Cowan Vertebrate Museum, The Beaty Biodiversity Museum, University of British Columbia, Vancouver, BC, Canada

14. WWF Canada, Vancouver, BC, Canada

15. Hong Kong CITES Office, Agriculture, Fisheries and Conservation Department, Kowloon, Hong Kong Special Administrative Region, Hong Kong, China

16. St. Xavier's College, Mumbai, India

17. EcoGene Lancare Research, Auckland, New Zealand

18. TRACE Wildlife Forensics Network, c/o The Royal Zoological Society of Scotland, South Queensferry, Midlothian, Scotland, United Kingdom

19. University of Pretoria, Equine Research Center, Veterinary Genetics Laboratory, Pretoria, South Africa

20. National Veterinary Institute, Uppsala, Sweden

21. CITES Enforcement Task Force, Geneva, Switzerland

22. Forest Genetics and Biotechnology Group, Forest and Plant Conservation Research Office Dept of National Parks, Wildlife and Plant Conservation, Bangkok, Thailand

23. Fish and Wildlife Service, Conservation Genetics Laboratory, Anchorage, AK, USA

24. California Department of Fish and Game Forensics Laboratory, Rancho Cordova, CA, USA

25. California State University, Fresno, Clovis, CA, USA

26. Canorus Ltd., San Jose, CA, USA

27. Center for Accelerator Mass Spectrometry (CAMS), LLNL, Livermore, CA, USA

28. University of California, Berkley, Napa, CA, USA

29. Veterinary Genetics Forensic Laboratory, University of California, Davis, Davis, CA, USA

30. University of Colorado, Boulder, CO, USA

31. Idaho Fish and Game, Wildlife Forensics Program, Caldwell, ID, USA

32. Microtrace, LLC, Elgin, IL, USA

33. University of Maine, Molecular Forensic Laboratory, Orono, ME, USA

34. NOAA National Seafood Inspection Laboratory, Pascagoula, MS, USA

35. US Department of Justice, Environmental Crimes Section – ENRD, Missoula, MT, USA

36. USDA Forest Service Rocky Mtn, Missoula, MT, USA

37. DNA Solutions, Inc. Analytical Research Laboratory, Oklahoma, OK, USA

38. University of Central Oklahoma, Edmond, OK, USA

39. Fish and Wildlife Service, National Forensic Lab, Ashland, OR, USA

40. Southern Oregon University, Ashland, OR, USA

41. East Stroudsburg University, Northeast Wildlife DNA Laboratory, East Stroudsburg, PA, USA

42. NOAA, Marine Forensic Laboratory, Charleston, SC, USA

43. Black Hills State University, CCBR/West Core, Spearfish, SD, USA

44. Tennessee Wildlife Resource Agency, Big Sandy, TN, USA

45. Texas Parks and Wildlife A.E. Wood Fish Hatchery, San Marcos, TX, USA

46. Smithsonian Institution, Feather Identification Lab, Fairfax, VA, USA

47. Stoney Forensic, Inc., Chantilly, VA, USA

48. NOAA/NMFS/NWFSC, Seattle, WA, USA

49. University of Washington, Biology, Seattle, WA, USA

50. University of Washington, Department of Biostatistics, Seattle, WA, USA

51. Washington State Department Fish and Game, Olympia, WA, USA

52. Wyoming Game and Fish Wildlife Forensic Laboratory, Laramie, WY, USA

53. University of Montana, Division of Biological Services, Missoula, MT, USA

54. NCSU-CVM Clinical Pathology Lab, Raleigh, NC, USA

55. New York State Department of Environmental Conservation, Wildlife Pathology Unit, Delmar, NY, USA

56. University of Central Lancashire, School of Forensic Investigative Sciences, England, UK

57. School of Biological Sciences, Flinders University, Adelaide, South Australia

58. Anglia Ruskin University, Department of Forensic Science, Cambridge England, UK

59. Wildlife DNA Forensics, Diagnostic and Molecular Biology Section, Science and Advice for Scottish Agriculture, Edinburgh, UK









Proficiency Program

The current Proficiency Program, which has been in place since 2004 (and was administrated by the US Fish and Wildlife National Forensic Laboratory), was moved under the auspices of the Society for Wildlife Forensic Science in February of 2010. It is open to all non-human/wildlife forensic analysts who offer analytical services to law enforcement agencies and agree to the terms of the program. The participating analyst has to be a member of the Society to participate in the program. Currently the program offers a mammal's genetics test whereby participants analyze samples to identify species, gender, and individual identification; prepared from four different taxa, including North American black bear, North American elk, white-tailed deer and mule deer. As is found in the human crime labs, three proficiency samples are submitted to participating analysts and after a pre-determined amount of time, the results are returned to the Duty laboratory.

The Duty Laboratory then send out an anomalous consensus report to all the participating laboratories. The Consensus Report is a summary report for test subscribers and contain the compiled results reported from all participants; a description of the test design, test objective, and details of the origin of the test samples, results of pre-distribution testing or a statement that the results of pre-distribution testing confirmed the expected results; and a brief summary and/or analysis of all results plus any additional comments by subscribers. As is the standard with other American Society of Crime Lab Directors (ASCLD) laboratories, the proficiency is administrated to the participating laboratories once a year in the early Spring.

The Proficiency Test Program is under the direction of the Wildlife Forensic Proficiency Board. Analysts who miss a completion deadline will not be given an extension and the Consensus Report will indicate “Not Completed” for that analyst in that testing cycle. Analysts who miss two consecutive deadlines are excluded from further participation until they take corrective actions. Also, if an analyst fails consensus on any particular sample, as per the Proficiency Charter, they must write a letter to the board informing them of the cause of the error and the steps they will take to prevent the error in the future.

All corrective actions are reviewed and approved by the Board by simple majority before the analyst can be reinstated as a Member in the Proficiency Program. Labs or analysts that fail to respond to the Board within the 30-day period will be excluded from further participation until they take corrective actions or follow the dispute resolution process. The supervisor is notified that the analyst has been excluded from further participation. Corrective actions are reviewed and approved by the Board by simple majority before the analyst can be reinstated as a Member in the Proficiency Program.

The mission statement of the Proficiency Program is “to provide a reliable method by which participating Wildlife Forensic Laboratories can verify their technical procedures are valid and the quality of their examiners’ work is being maintained.” For these reasons, the Proficiency Program is invaluable to the members who use the service. The ability to articulate the fact that they participate in a Proficiency Program has bolstered analysts’ credibility and had a very positive outcome in the judicial system. The American Society of Crime Lab Directors/ Laboratory Accreditation Board recognizes the Proficiency Program as a source for wildlife testing materials for laboratories accredited under ASCLD/LAB. As of this publication, the proficiency board is seeking formal recognition by the ASCLD/LAB as an approved provider for wildlife proficiency tests. Being an ASCLD approved proficiency provider would further increase the creditability of the program.

As mentioned earlier, currently the Proficiency Program has a mammal's genetic component that is utilized by SWFS members, but is working to add a fish component in the coming year. Morphological tests are also planned and may include both a bird and herpetology test. A survey is being developed to solicit information from SWFS members to determine the type of testing that would best suit their needs. These additional programs will also be a consensus-based test.

Scientific Working Group for Wildlife Forensic Sciences (SWGWILD)

The National Academy of Sciences (NAS) recently published a report critiquing forensic science entitled Strengthening Forensic Science in the United States: A Path Forward (Committee on Identifying the Needs of the Forensic Science Community, 2009). The NAS press release in February of 2009 was entitled: “Badly fragmented forensic science system needs overhaul: Evidence to support reliability of many techniques is lacking”. The report says:


A congressionally mandated report from the National Research Council (NRC) finds serious deficiencies in the nation's forensic science system and calls for major reforms and new research. Rigorous and mandatory certification programs for forensic scientists are currently lacking, as are strong standards and protocols for analyzing and reporting on evidence. And there is a dearth of peer-reviewed, published studies establishing the scientific bases and reliability of many forensic methods. Moreover, many forensic science labs are underfunded, understaffed, and have no effective oversight.

(Frueh, 2009)

The report continues:

But with the exception of nuclear DNA analysis, no forensic method has been rigorously shown able to consistently, and with a high degree of certainty, demonstrate a connection between evidence and a specific individual or source. Non-DNA forensic disciplines have important roles, but many need substantial research to validate basic premises and techniques, assess limitations, and discern the sources and magnitude of error.Even methods that are too imprecise to identify a specific individual can provide valuable information and help narrow the range of possible suspects or sources. In terms of a scientific basis, the disciplines based on biological or chemical analysis, such as toxicology and fiber analysis, generally hold an edge over fields based on subjective interpretation by experts, such as fingerprint and toolmark analysis. Nuclear DNA analysis enjoys a pre-eminent position not only because the chances of a false positive are minuscule, but also because the likelihood of such errors is quantifiable.

The report notes:

Studies have been conducted on the amount of genetic variation among individuals, so an examiner can state in numerical terms the chances that a declared match is wrong. In contrast, for many other forensic disciplines – such as fingerprint and toolmark analysis – no studies have been conducted of large populations to determine how many sources might share the same or similar features. For every forensic science method, results should indicate the level of uncertainty in the measurements made, and studies should be conducted that enable these values to be estimated … What's more: there has been little rigorous research to investigate how accurately and reliably many forensic science disciplines can do what they purport to be able to do.

(Committee on Identifying the Needs of the Forensic Science Community, 2009)

“Strong leadership is needed to adopt and promote an aggressive, long-term agenda to strengthen forensic science,” the report says. To achieve this end, the report

strongly urges Congress to establish a new, independent National Institute of Forensic Science to lead research efforts, establish and enforce standards for forensic science professionals and laboratories, and oversee education standards. Much research is needed not only to evaluate the reliability and accuracy of current forensic methods but also to innovate and develop them further.

As committee's co-chair Constantine Gatsonis, Professor of Biostatistics and Director of the Center for Statistical Sciences at Brown University said: “An organized and well-supported research enterprise is a key requirement for carrying this out” (Frueh, 2009).

This report was the impetus behind the formation of the Scientific Working Group for Wildlife Forensics (SWGWILD) in December, 2010. While much of the concern with forensic methods centered on human forensic laboratories, the non-human laboratories will be included in the sweeping legislative changes that are sure to occur in the next decade. The reform movement started in 2011 with the introduction of Senate Bill 132, the Criminal Justice and Forensic Science Reform Act of 2011, sponsored by Senator Patrick Leahy (D-VT). The bill, which aims to ensure consistency and scientific validity in forensic testing, would require the nation's forensic scientists and labs – whether they work with human or animal evidence – to be certified in their disciplines and conduct their work in accredited laboratories. While SWGWILD is very young, other various scientific and technical working groups (SWGs and TWGs) consisting of representatives from the fields of forensic, industrial, commercial, academic, and in some cases international communities, have been in practice for more than 20 years. These groups, like SWGWILD, were put together to support the efforts in the advancement of forensic standards, techniques, guidelines and to generally improve communications throughout their respective disciplines. In several instances, the FBI Laboratory and several other federal agencies provide financial and logistical support of these efforts. SWGWILD will produce a White Paper and attempt to receive the same type of funding for SWGWILD for members to travel to meetings and the costs associated with the pending Certification Program.

The NAS report and the Leahy Bill have two common themes that the SWGWILD group is addressing with two separate subcommittees: (1) a certification scheme committee; and (2) Standards and Guidelines Committee. An additional requirement that will come from the report will be accreditation of all forensic laboratories that receive any type of Federal funding. The need for standardization will be addressed through a “Guidelines” document that presents different levels of recommendations; “Standards” and “Guidelines”. Standards are mandatory minimum practice necessary to ensure that accurate, precise, and unbiased finds are obtained and conveyed. Guidelines are (non-mandatory) best-case scenario suggestions that optimize the science and are practices that all non-human forensic laboratories and analysts should strive to achieve. At present, there are only three accredited non-human/wildlife labs in the country and there is not a program for certification in non-human/wildlife forensics. A future goal of the SWFS Board of Directors and Officers is to work with one or several accrediting bodies to ascertain standards that will be applicable to non-human forensics applications. The report also indicates that forensic laboratories need additional resources in regard to training, education, benchmarking and sustainable funding sources at all levels. At some point down the road, the SWGWILD committee and SWFS will begin to work on additional training and education opportunities other than just the triennial meeting.

Another area that warrants attention in the future is research. The NAS report indicates that lack of research is a major problem in forensics. There are certainly many areas in wildlife forensic that could be strengthened with additional research. At some time in the future, after a dedicated source of funding is achieved, SWFS will determine research priorities and put into place a research program to further the science.

While the NAS report presents the opportunity to evaluate and determine the status of forensic laboratories worldwide, it is critical that non-human laboratories have a say in the process that will be forthcoming. As was mentioned earlier, the differences between the two laboratory types are such that blanket legislation will be extremely difficult for smaller wildlife laboratories to achieve and will effectively close the doors of many laboratories. Awareness of the differences in issues between non-human and human forensic laboratories at the federal level is one of the main missions of the SWGWILD group, in addition to writing Guidelines and producing a Certification scheme. The invitation of a representative from SWGWILD to participate in a meeting of all SWG chairs is indicative that the SWGWILD group has started to make some inroads in the recognition of “Non-human/Wildlife Forensics” as a separate entity. Also, there has been communication between personnel at the National Institute of Justice and the National Institute of Standards and Technology with SWGWILD personnel. One of the most exciting opportunities proposed to the group came from an ISO accreditation organization. They have asked the SWGWILD membership to assist with setting up “wildlife field specific” ISO accreditation requirements. This is a very positive step for wildlife forensics and will greatly increase the likelihood that wildlife forensic laboratories will be able to be accredited.

Certification and accreditation will be necessary in the future, whether or not the currently proposed legislation passes. The SWGWILD group will produce documents that set up standards and certification, which will bolster the quality and credibility of scientific evidence that analysts associated with the Society for Wildlife Forensic Science present in criminal and civil trials.

Conclusion

The logo has special meaning for the Society and all aspects of the logo were adopted with the mission and the membership in mind. The double helix design was carefully chosen to show the advanced technological abilities of non-human wildlife forensic practitioners; the scale is a universal symbol of truth and fairness that dates back to ancient Egypt, the scale also reminds us of the quintessential moral and ethical obligations that we operate under as forensic scientists; and the Ovis species was chosen as wild sheep are among the most successful and universally recognized mammals on the planet, with a wide geographical distribution which extends from Europe to Siberia and Alaska to South America. This animal symbolizes the International nature of the Society for Wildlife Forensic Science. A wildlife forensic scientists, who understands all these concepts, was the designer of the logo and he captured the essence of the Society exceptionally well with his design.

Before the Society of Wildlife Forensic Science was formed, non-human forensic practitioners had few venues to exchange information and ideas. SWFS makes it possible for this small but motived international group of scientists to meet more often and learn and grow from one another. And with all the unprecedented challenges in forensics at this time, there has never been a better time to be an organized force to advance the discipline of non-human forensics. Membership is open to all who have an interest and/or impact on the field. As a group, we have more leverage and impact than we do as individual scientists.

To join the Society of Wildlife Forensic Science, go to the web site (www.wildlifeforensicscience.org) and click on the “Membership” tab. If an interested applicant is acquainted with a Voting member, the voting member can sponsor the new applicant; the applicant can also be sponsored by the head (director or manager) of a forensic laboratory or a professor from an accredited post-secondary institution. The membership fee can be paid at the triennial meeting or to the treasurer directly. This fee is set by the SWFS board and will be determined based on the needs of the Society.

Wildlife forensics personnel use modern highly technological procedures and protocols to assist law enforcement with the fight against those who would damage the wildlife resource through illegal trade, poaching, and the importation/exportation of thousands of different species of animals to other countries other than their native homelands. Wildlife forensic scientists are an important tool for law enforcement agencies who are struggling with this ever increasing drain on our natural resources. And the Society for Wildlife Forensic Science is there to support the scientists who do this critical work. “Individual commitment to a group effort – that is what makes a team work, a company work, a society work, a civilization work” (Vince Lombardi, football coach).

The goal of protecting and conserving wildlife is shared by all in the Society and it is an extraordinarily worthwhile pursuit! Come join our team!
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1. DNA nucleotide sequencing
Sequencing identifies each nucleotide (base)
within a specific target region of DNA (the
genetic marker). Species identification
usually involves sequencing around 500
bases of DNA to provide a species-specific
sequence. Sequencing provides data for
developing genetic markers such as SNPs
microsatellites and InDels, which describe
specific areas of sequence variation.

2. SNP typing

a) Four DNA sequences of 16 bases in
length; the three references sequences
differ, the unknown sequence matches
Ref.2.

Ret1 TATTCAT TAGGAC
Retz TATTCTTATRTACGAC
Rets TACTCTT TAGGAC
Unknown T A TTCTTATATACGAC
TSt

Single base differences are known as
single nucleotide polymorphisms (SNPs).
Individual variants (e.g. C or T) are
referred to s “alleles”.

SNP typing, or genotyping, allows specific variable sites in a DNA sequence to be
investigated. Focussing on a SNP site allows faster, cheaper tests to be developed that do
not require such long fragments of high quality DNA, however less information is gained in
comparison to DNA sequencing. There are multiple methods for typing SNP markers; three
‘examples used in DNA forensics are provided below:

i) PCR-RFLP
PCR-RFLP relies on the ability of enzymes
to cut DNA at specific recognition sites.
Where these sites coincide with a SNP
marker, some sequences will be cut to
produce two DNA fragments (1), others
will not (52), leading to differences in the
number and length of DNA fragments
between samples. These differences can be
resolved under electrophoresis,

ii) Allele specific PCR
Primers used in PCR for amplifying genetic
markers can be designed for conserved
regions of DNA (universal primers) or
regions where DNA varies between species
or_populations (allele specific primers).
Allele specific primers are designed so that
PCR only works when DNA from the target
sequence is present in a sample.

iii) Allele specific probes
An alternative to using specific primers, is to
use universal primers in combination with a
specific probe. Different probes are designed
toattach to different DNA sequence variants
(S1 & S2) allowing the base present ata SNP
site to be detected.

b) Enzyme recognition site only present in
S1, therefore only S1 DNA is cut
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) Complementary primer only binds to
target DNA sequence (S1), enabling
amplification.

« =

Prinr s, o poceece. o prmr iang, Pt

Targo ONA e asected Mo ssection

d) PCR amplification with universal
primers (UP). Allele-specific probes
detect target SNPs
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Wildife forensic applications

Population
genetic/  Gender
Method Species ID individual D ID Reference

ted o Kim and Shelef, 1986;
Skarpeid ef ol 1998;
Wallman and Adams,
2001; Kento ef al., 2003
Antigen/Antibody yes — limited o no ‘Whiteheod and Brech,
reactions 1974; Whitehead efal.,
1974; Macedo Silva
efal., 2000
DNADNA yes—limited  no unlikely  Sibley and Ahlqui
hybridization Sibley and Ablquist,
1990; Chikuni ef al.,
1990, Ebbehoj and
Thomsen, 1991

Allozymes yes—limited

1984;

PCR-based methods
RAPDs.

possible  Lee and Chang, 1994;
Lessells and Mateman,
1998; Calvo ef al.,
2001; Hsu et al., 2009
possible  possible ~ Grifiths and Orr, 1999;
Congiu et al, 2001;
Congiu et al., 2002;
Wouertz ef al., 2006
yes—limited  possible  Pfeiffr et al., 2004; Rojas
efal., 2009; ESayed
efal., 2010; Singh and
Neelam, 2011
Microsatellfes  yes yes possible  Shorrock, 1998; Frantz
etal., 2006; Dawnay
etal., 2009; Marin et al.,
2009; Leite ef al., 2008
DNA sequencing - yes yes—some  yes—  Parson ef ., 2000; Hsieh
miDNA or nuclear etal., 2003; Dawnay

AFLPS

RFIPs [PCRbased)

DNA efal, 2007; lee efal.,
2008; Lee ef al.,, 2009;
Lowenstein, ef al,, 2009;
Johnson, 2010; Tobe
etal, 2010
Single Nucleotide  yes yes - limited Vermaand Singh, 2003;
Polymorphisms or Clarke ef dl., 2006; Berry
Size and Sarre, 2007; Lee
Polymorphism efal, 2010

Microarray yes possible Teletchea et al., 2008
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(Zink, 2004).
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Relationship ko ks ko
identical twins 1 [ )
Fullsbs 1 3 1
Parent-child 0 1 0
Double first cousins S 3 %
Half sbs* 0 3 1
First cousins 0 3 2
Unrelated 0 0 1

* Also grandparent—grandchild and avencular (e.g. uncleniece).
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DR AB 04921 0.0003
GYPA BB 02125 0.0227
HBGG  BC 0.0044 0.9626
D7S8 AR 0.4961 0.0002
Ge BC 02185 0.0138
Profile Product Sum
0.000,050 0.9996
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UN ON  ON WK sM s OV W8 ™8 5 123
CNTK, 165%
Post
noich
UN 1sf  UN  Faied 12Short CNTTUB Bordly SbiMB SubiMB 1<2-3
Narrow. ShortK K ov
UN UN  UN  SM  CNTTUB Short  Borly SbiMB JUX 25 123
K/TUB OV 5%
UN UN N SM SM WKK OV WKIMB WKiMB 715% 1-2-3
UN N N K 125pines 12 OVK STMB STMB 17:29% 1<2-3
-« Spines -K
UN N lot> 125hofCNT  CNTTUB JUX  JX X none 12223
Dorsal TUBs  Spine
UN UN  UN  Faed SMWK 17Vel, OV JX M8 1015% 1-2-3
Spines  Med. 12
Spre Spioes
UN UN N SM SM O ShoriK OV WKIMB WKIMB 38 85 1-2-3
7% 98
UN UN N SMSM sM OV M8 M8 1624% 1-2-3
UN UN N SM Pited, Pitd OV M3 MB 1218% 1-2-3
CNT' CNTDe.
Dopressed prossed
UN UN N SMSM SM OV M8 M8 1620% 1-2-3
UN UN N SM lsiSM SIK OV IMB M8 155 55 123
rost WK 265% 12.5%
Med K
UN UN  lot- SM O SM O SM SibiMB X X 132 98 1-23
Dorsal 163% 11.4%
UN TRow lot> SM  SM M OV WKIMB WKIMB 713.5% 1223
W-U Dorsal
UN TRow lot> SM  14hSM WKSTK OV M8 M8 7015% 1223
W-L Dorsal
UN TRow lot> SM  IsiSM SIK OV IMB M8 157 79.  1-223-4
W-L Dorsal 23 WK 288% 127%
K
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W-L Dorsal Rest K 465%
UN TRow lot- SM IstSM, STK OV M8 17:28% 1222 34
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Species Common Nome App. _ Rows Vet Lot Domal _
“Apysures avis Oivabrown 2125 Med  GDA  GDA-
ROM
Chitlia (~Hydrophis) belcheri Faintbanded 34+ Not Studied
Chitlia -Hydrophis inomata  Plain 3548 SmHEC LN LN
(-inomtus)
Chitlia (-Hydrophis) omata Ornate Reef 3950+ Sm2XW  HEX HEX
(-ormatus] Body
Disteira (~Hydrophis) major Oliveheaded 3743;  Narow  LAN AN
Distira (~Asroti) stokesi Stoke's 4663 ParedE LAN:R  LAN:R
Lapemis hordwicki Hordwicke's 2345, Nawow HEX  HEX
spinebelied Hex Muffin
Loieselosma [-Hyerophis Annuloted 35431 Nawow. GDA  HEX
‘oyanccindta (~cyanccinctus Hex
leioselosma (~Hydrophis) elegans  Elegant or barbellied 37495 Narow DM DIM
Hex
Pseudolaticauda (-laticauds)  Chinese 2123 Med  GDA  GDA
semifascicta
Subfamily Loicaudinas Sea Kraits
laticouda colobrina yollowlipped 2258 W A uN
Iatcouda kticaudata bluelipped 198 w GpA  GDa
Family Homalopsidae Water Snokes
Corbarus rhynchops Dogfaced w2325 w LN N
Enbyclrs bocours Bocourrs 729 W @A N
Enbyclris chinansis Chinese 1923w @A N
Enbyclrs anbyckis Rainbow Not Sudied
Homalopsis buccata Pufifaced Ba7r W LN aNE
Family Viperidas
Subfamily Croblinas Pt Vipars
Callselasma (~Aghisiodon)  Malayan Not Sudied
rhodostoma
Cralus durissus Coscobel Ratfesnake 1l 2729t W uN e
Rhinccarophis (-Bohrops) Uniy 2358 W uN e
‘abernatus
Subfamily Viperinas Vipers
Doboia (-Vipera) russli Russel’s W o7an w uN e
Data sources: 1Fuchs and Fuchs, 2003; +Cogger, 1992.
*Listed s Endangered under US ESA

Ant.-Anterior, CNTCentral, DIMDiamond, E-Elongated, ENEnlarged, G.Gutiform, HEX- Hexagonal,
IMBimbricate, JUkJuxtaposed, KKeel, Long, LAN.Lancsolate, Lot Lateral, O-Oval, OB Obliquely, OV-Overlap,
Post Posterior, PRD-Protrude toward scute, QDA Quadrangular, R.Round, ROB Rhombus, ROMRhomboidal,
SM-Smooth, ST-Shongly, TRP-Trapezium, TUBTubercle, UN-Uniform, Vent-Veniral, Vert Vertebral, W-Wide,

WK Weakly.
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N M Ver
STK,
Rest
WK
UN 12 UN  SM 120d  Sighy OV IMB  IMB  1720% 742% 1-2-3-4
N MoK
UN  W- Ve M SM  SMbut OV MB  Verl.OV 73 152:3-4
Spino-E row Vert 9.2%
& askew HEX, Ridged
Wl
UN W- Ve SM SM SM OV M8 Ver.OV 69, 15223-4
Spine-E row 88%
& dlight HEX,
askow Wl
UN Isibase W> SM  SM  SM OV OB OB % W
PRD  Spine 1525354
£ [
UN Istbase W- SM SM  SM OV OB OB 26 75 WI»
PRD  Spine 68%  108% 2-3-4,
E [y
UN UN  UN  Semi  Short  Short AnWK. AntWK- 67. 123
Divided CNT  CNT M8, M8, 128%
Spinous. Spinous- PostlUX _PostlUX
K K
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or Series
of TUBs
UN UN  UN WK SM SM OV MB M 125 12223
CNTK 19.5%
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"Pryas [~Zaccys) dhumnades BigEye Snake. a6 W BN N
Pyas karros IndoChinese Rot s oW 12d N
Snake RIAN
Pyas mucosus Orenfol Ratnake 1| 16174 W LG AnG
Post. Post.DIM
DA
Rbadinophis (~Elaphe) prasina  Green Trinket Snke
(~prasinus]
Subfamily Dipsadince
Hydrodynass (-Cyclagras) fosoWaler Cobra Il 1820 W OUN  uN
gigs
Subfamily Nafricinoe ‘Water Snakes
Astiom schistosum Olive keslback wart Not Studied
snoke
‘Rhabdophis (-Natrix] subminiatus ~ Rednecked Kealback Not Sudied
(~subminiato)
Sinonatrix annularis Ringed 79 W RROB AN
Xenochrophis (-Natrx) piscator ~ Asiatic weooaze W RROM N
Family Elapidoe
Subfamily Elapinae Cobras, Coral
Snokes
‘Bungarus candidus Blue Krait Not Studied
Bungarus fasciatus Banded Krait 158 w LANTRP LN,
Vert HEX
‘Bungarus mutiinciss Manybanded Krait 15 w LN, N
1208 Vel HEX
W-L
Naja spp. Chinese Cobra 2028 W 3 GhoE
Ophiophagus hannch King Cobra noze W 3 GhoE
Subfamily Hydrophiinae Sea Snakes
‘Acalyptophis peronii Spinyheaded 2131+ Nawow ROM-  GDA
DA
Apysurus duboisi Rec shallows 19 Med,  ROM QDA
Post  GDA
Notch
Apysurus eydoui Spinetailed 7 Med  LAN2R  LAN2R
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H,: The two profiles match because § and C are the same animal.
H ,: The two profiles match because S and C are related (to a specified degree).
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H,: The two profiles match because 5 and C are the same animal.
H - The match is coincidental: $ and C are not the same animal.
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H,: Animal § is from population A.
H ;: Animal S is from population B.
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