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In a nutshell 
This chapter examines U.S. law primarily as it relates to undergraduate and graduate biological research. 
The way in which law is developed and implemented in the U.S. is outlined. This chapter examines the 
law as it relates to health and safety, access, wild species, domesticated animal species, and humans.  
 
Research and the law are entwined in numerous ways and conducting research on biological 
systems requires some familiarity with legal issues. In many cases, multiple laws need to be 
considered. For example, consider a situation where a student wishes to examine the 
ichthyofauna of a river by engaging in both seining and angling. State fishing laws would 
obviously need to be consulted to determine what fish could be legally caught by angling. In 
addition, state departments of fish and wildlife might have regulations that require the 
researcher to obtain a scientific collecting permit before collecting fish. Issues of access would 
also need to be addressed. In general, public access to navigable waters is permitted by both 
federal and state laws, but the researcher should verify this, as well as how the water body 
might be accessed. If it requires crossing private land, then trespass laws might make it 
necessary to obtain permission from the landowner before accessing the river. If it is on public 
land, then there may be an agency that regulates its use, and so it will be necessary to obtain a 
special use permit before beginning research. Finally, vertebrates are covered under the Animal 
Welfare Act of 1966 and so it will be necessary to obtain approval from an Institutional Animal 
Care and Use Committee (IACUC) before starting the study. 
 Undergraduate and graduate students may not be familiar with all legal aspects of 
biological research and so universities and colleges will typically provide guidance on how to 
comply with these laws. For instance, universities will often have information readily available 
on how to comply with health and safety regulations. Professors, supervisors, and technical 
staff can also provide information on complying with laws and regulations as well as how to go 
about obtaining the relevant permits.  

Ultimately, however, the responsibility for complying with laws and guidelines rests with 
the individual doing the study. This chapter introduces the legal areas that are most relevant to 
students engaging in biological research but it is by no means a comprehensive description of 
all relevant legislation. Students seeking additional information about the laws mentioned in 
this section are encouraged to visit the Online Resource Centre which contains links to relevant 
websites. 
 

4.1 About the law 
Key points Laws in the USA are drawn from constitutional law, international law, statutory law, common 
law and administrative regulations. Canon law and custom play limited roles in U.S. laws, while the U.S. 



lacks a history of institutional writers being used as sources of law. 
 
Unlike the UK, the body of law in the U.S. is derived from five sources including constitutional 
law, statutory law, treaties, administrative regulations, and common law. Similar to the 
definition given by Holmes et al. Research Methods for the Biosciences 3rd edition (2016) ’law’ in 
the U.S. can refer to any legislation or regulation derived from an Act of Congress, a treaty 
ratified by the Senate, administrative regulations, or case law from the judicial branch that is 
potentially binding on the individual and where sanctions may be incurred if the individual fails 
to comply with the law. 
 
4.1.1 International law 
 
According to the Constitution, international agreements can be entered into via either treaties 
or executive agreements. In the U.S., as in most countries, treaties are not legally binding until 
they are ratified. In the U.S., treaties must be ratified by a two-thirds majority of the Senate. 
The U.S. can also engage in executive agreements which may be authorized by Congress but the 
advice and consent of the Senate is not required for these agreements. Unlike treaties, 
executive agreements are binding only as long as the President is in office. 

An example of an international treaty is the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) which was ratified in 1973 and entered into 
force in 1975. Working under the auspices of the United National Environment Program (UNEP) 
each of the 182 countries that participate in CITES designates a Management Authority that is 
responsible for issuing permits to ensure that listed species are traded legally. In addition, each 
country also designates a Scientific Authority that determines whether trade in a plant or 
animal species may be detrimental to its long-term survival. CITES lists approximately 35,000 
species and these species are grouped into three Appendices that confer different levels of 
protection. Appendix I comprises species threatened with extinction and includes 931 species 
of which 136 are found in the U.S. Appendix II includes species that may become threatened 
with extinction if trade controls are not implemented. Currently, there are 34,419 species listed 
in Appendix II, of which 1432 are found in the U.S. Finally, Appendix III includes species for 
which a CITES Party (i.e. a country that ratified CITES) has asked other Parties to help control 
international trade. There are 147 species listed in Appendix III, of which 28 are present in the 
United States. 
 International law may also apply in the U.S. through customary international practice. 
The Supreme Court has found that, in some cases, customary international law is part of U.S. 
law (e.g., Paquete Habana 175 U.S. 700). However, most U.S. courts rely on customary 
international practice for persuasive value rather than treating foreign jurisprudence as binding. 
A robust discussion over the role of customary international practice in U.S. law is ongoing. 
 
 



4.1.2 National law 
 
National law in the U.S. is based on constitutional law, statutory law, common law, and 
administrative regulations. Constitutional law supersedes all other forms of law. Federal 
statutes supersede state law. Treaties are generally recognized as having the force of a statute 
and so likewise supersede state law.  
 
 
i. Constitutional law 
 
The United States Constitution specifies the framework of the U.S. government. It outlines the 
three branches of the federal government (executive, legislative, and judicial), describes the 
rights and responsibilities of state governments, and specifies the relationship of states to the 
federal government. Since the Constitution was ratified, it has been modified 27 times, 
generally to expand individual liberty and justice as well as civil rights liberties.  
 Federal law is frequently derived from the Constitution which enables Congress to pass 
statutes for certain limited purposes. Constitutional law typically covers relationships between 
state and federal government, interstate commerce, the rights of individuals, and other aspects 
of governmental authority. The Supreme Court has the ability to declare laws 
‘unconstitutional’” and invalid. Supreme Court decisions are binding on all levels of 
government, from legislative and executive branches through states. The Supremacy Clause of 
the Constitution established that the Constitution, federal laws and treaties are the supreme 
law of the land and supersede state law.  
 Individual states also have Constitutions. These constitutions are typically broadly 
similar to the U.S. Constitution and outline the structure of the state government as well as 
including a bill of rights. States can grant citizens more extensive rights than those guaranteed 
by the United States Constitution as long as they do not infringe on federal constitutional rights.  
 
 
ii. Statutory law 
 
Bills that are passed by Congress are typically signed into law by the President, although 
Congress can also make a bill into a law with a two-thirds override of a Presidential veto. These 
laws are called “statutes” and are incorporated into the United States Code.  
 
 
iii. Administrative regulations 
 
Statutes passed by Congress will often grant rule-making authority to federal agencies and 
these administrative regulations are regarded as law as long as they are based on a reasonable 



interpretation of statutory law. Administrative regulations are typically more detailed than 
statutes. Proposed regulations are published in the Federal Register and a public comment 
period then follows. The regulations may be revised in response to public comment and are 
then published in the Federal Register and incorporated into the Code of Federal Regulations.  
 
 
iv. Common law (case law) 
 
Common law is also known as case law and is the body of law that was created by judges and 
courts. In the United States, the body of common law is English law that has been widely 
adopted and modified by the federal government and individual states. State courts are able to 
formulate legal precedents and create laws. However, in the U.S., federal common law is linked 
to a specific constitutional provision or to a particular federal statute or regulation. Laws of 
trespass, capture of wildlife, and hunting easements are all typically based on common law, 
although they may be modified by state and federal statutes and regulations.  
 
 
v. State law 
 
As mentioned above, each state has its own Constitution, as well as its own state government 
and state courts. States can also pass statutes. In addition, local legislative bodies such as city 
councils, county boards, park districts, public health districts, highway districts and similar 
entities can also pass ordinances.  
 
 
vi. Institutional writers 
 
Unlike Scotland, there is no tradition in the U.S. of courts turning to writers of legal textbooks 
as formal sources of law.  
 
 
vii. Canon law 
 
While canon law is still very important to the Roman Catholic Church, it does not play a role in 
U.S. law.  
 
 
viii. Custom 
 
Custom was formerly an important part of some laws (e.g., property laws) but its importance as 
a separate source of law in the U.S. has declined since the late 19th century. 



 
 
ix. Quasi-legislation 
 
Institutions and organizations will often have a ‘code of conduct’ or a ‘code of ethics’. For 
example, the Wildlife Society has a code of ethics that outline the duties and responsibilities of 
membership. The Fish and Wildlife Service has a code of conduct that outlines responsible and 
ethical behavior for Service special agents, refuge officers, Service law enforcement officers, 
and wildlife inspectors. Some of these codes are legally binding while others are not.  
 
 
x. Enforcement 
 
The responsibility for enforcement of laws is typically the police, but can vary depending upon 
the legislation. For example, enforcement in National Parks is performed by park rangers, while 
game wardens are responsible for enforcing game laws. Criminal offenses are categorized as 
infractions, misdemeanors, or felonies. Infractions typically do not result in jail time and are 
usually punished by fines. Misdemeanors are punishable by up to a year in jail, while felonies 
may carry longer sentences.   

There are both state and federal courts and whether an offense is tried in a state court 
or a federal court depends upon the type of case. In general, most cases are tried in state 
courts. The only cases that are heard in federal courts are the cases where the United States is 
a party, where the accused has broken federal laws or violated the U.S. Constitution, cases 
involving intellectual property, cases involving maritime law, and cases involving citizens from 
different states if the amount under consideration exceeds $75,000. Only the federal 
government, usually through the U.S. attorney’s office, can initiate a federal criminal case.  

The highest court in the United States is the Supreme Court. Below the Supreme Court 
are three courts, including the United States Court of Appeals (made up of 11 numbered circuit 
courts with specific geographic jurisdictions plus the D.C. Circuit Court), the United States Court 
of Appeals for the Federal Circuit (which covers certain nationwide administrative law cases, 
intellectual property cases, and financial damages against the United States Government), and 
the United States Court of Appeals for the Armed Forces. Below the Court of Appeals are the 
United States District Courts which handle federal trials.  
 States also have a court hierarchy. The highest court in the state is the state supreme 
court which typically focuses solely on hearing appeals. Below the state supreme is typically a 
state appeals court, and below the state appeals court there may be municipal courts, county 
courts, and state courts. There are also often courts of limited jurisdiction, such as small claims 
court, juvenile court, and family court.  
 
 



4.2 Ethics 
Key points Basic ethical behaviors such as obeying laws and avoiding lying, stealing, and cheating should 
be practiced by all scientists. 
Ethical practices in the United States and the UK are very similar. In general, lying, stealing, 
cheating, and breaking laws are all unethical. The most commonly encountered ethical issues 
affecting biological researchers include: 

1. Fabricating data. Gathering data for a project can be a long, grueling process and there 
may be the temptation to simply make up the data. Goodstein (1996) argues that this 
most frequently happens when people feel pressure (either financial or for their career) 
to come up with results; when people felt they knew what the answer should be if the 
data were gathered correctly; or if they were working in a scientific field that does not 
expect results to be perfectly reproducible. The process of science relies upon a degree 
of scientific trust and fabricating data betrays that trust. 

2. Deliberately omitting data in order to mislead. Omitting data for sound, biological 
reasons is reasonable. Omitting data because it does not fit a hypothesis is dishonest 
and violates scientific trust. If you decide to omit data, you should thoroughly describe 
which data were omitted and your reason(s) for omitting the data. 

3. Stealing ideas. This is covered in greater detail in section 4.3 below, but stealing ideas 
(whether through plagiarism, or by using other people’s data or images without 
permission) is unethical. 

 
When working with animals, there is also an ethical imperative to ensure that animals are 
treated as well as possible. In the U.S., professional societies devoted to each vertebrate taxa 
publish guidelines on animal welfare that should be followed and researchers working with 
vertebrates must follow the Animal Welfare Act of 1966 (7 U.S.C. 2131 et seq.). 
 
 

4.3 Intellectual property rights 
Key points Intellectual property rights include copyrights, patents, trademarks and other rights for 
original creative work. The most directly relevant for biological research includes copyright and patents. 
As a scientist, you are responsible for avoiding copyright infringement by ensuring that all work taken 
from another source is properly referenced.  
 
Intellectual property rights are the rights afforded the author for creative and original designs 
of the intellect. Examples may include copyrights, design patents, utility patents, and 
trademarks. In biological research, copyrights and patents are particularly relevant.  
 Copyright is the exclusive legal right to print, publish, perform, film, or record literary, 
artistic, or musical material, and to authorize others to do the same. The legal basis for 
copyright in the U.S. is the Copyright Clause of the U.S. Constitution (Article I, §8, clause 8.) 
which says that Congress shall have power, ‘To promote the Progress of Science and useful 



Arts, by securing for limited Times to Authors and Inventors the exclusive Right to their 
respective Writings and Discoveries’. In the U.S. copyright extends only to material objects and 
includes literary works, movies, music, pictures, plays, software, and other artistic or literary 
works. Copyright works are usually (but not always) marked with the copyright symbol ‘©’. In 
general, as a researcher, you should assume that any published work is copyrighted unless it is 
explicitly stated otherwise.  
 The Creative Commons is a non-profit organization that works to expand the amount of 
material available for others to use. This group issues Creative Commons licenses for free to 
people who wish to share material. These licenses allow the creators to easily and effectively 
indicate which rights are retained and which rights are reserved. For example, research outputs 
published on Figshare (https://figshare.com/) are published under a CC0 public domain 
dedication which waives all copyright rights to original work. The Brooklyn Museum publishes 
many images on Flickr and these images are licensed under the CC Attribution-NonCommercial 
license, which allows others to use and tweak their images as long as they are properly 
attributed and the use is non-commercial. 
 Plagiarism is an example of a copyright infringement and is defined as the practice of 
taking someone else’s work or ideas and passing them off as your own. There are several 
different forms of plagiarism. One example is verbatim plagiarism, where someone else’s words 
are copied and repeated word-for-word without proper attribution. Another example of 
plagiarism is mosaic plagiarism, where parts of a sentence from one or multiple sources are 
incorporated into a work without proper attribution.  
 To avoid plagiarism, it is fairly common to paraphrase and, in science, to cite the source 
of the ideas that you are paraphrasing. Changing only a couple words in a sentence is an 
inadequate form of paraphrasing and may constitute plagiarism. Likewise, information that is 
not cited properly, whether it is paraphrased or a direct quote, may potentially be plagiarism.  
 Another form of intellectual property rights are patents, which give certain rights to 
someone who creates a novel, useful, and non-obvious machine, object, or form of matter. U.S. 
patent law is based on the same Copyright Clause of the Constitution mentioned above and is 
referenced in Title 35 of the United States Code. Patents are filed with the United States Patent 
and Trademark Office and the process of obtaining a patent is both slow (it can take several 
years) and expensive (with costs typically exceeding $10,000 USD). The U.S. recognizes 
biological patents which allow the holder to prevent others from making, selling, using or 
importing their biological discovery for a period of 20 years. Researchers need to be aware that 
certain products and processes are patented and so using these patented products or processes 
may be expensive.  
 
 

4.4 Health and safety 
Key points As a researcher, you are responsible for your own health and safety as well as others that 
you may impact. The Occupational Health and Safety Act gives the Occupational Safety and Health 
Administration authorization to issue health and safety regulations for the workplace. When conducting 

https://figshare.com/


research, you are responsible for following OSHA guidelines. In situations that are not explicitly covered 
by OSHA, you will need to assess any risks that might occur. You will want to identify and rate the 
significance of each hazard, consider how your activities may affect your exposure to that hazard, and 
evaluate the probability of harm. You should strive to minimize risk and make sure to engage in planning 
for emergencies.  
 
Health and safety considerations are extremely important when conducting research. In some 
cases, guidelines on health and safety may already exist, particularly in laboratory settings. 
However, guidelines may not exist in all cases, and so you may need to conduct your own risk 
assessment to evaluate health and safety considerations. The seven steps of risk assessment 
are the same in the United States and in the UK and include: 

1. Hazard identification and rating. Which hazards might you encounter while you carry 
out your research and how might these hazards affect your or others health and safety? 

2. Activity. How would you encounter these hazards and what is the potential scale of 
exposure? 

3. Probability of harm. What is the probability of harm from these hazards? 
4. Minimize the risk. What precautions can you take to minimize the probability of harm? 
5. Risk evaluation. Is the level of risk acceptable?  
6. Emergencies. What are your plans for emergencies? 
7. Action. Follow your precautions and ensure that you have an emergency plan. 

In the United States, the Occupational Safety and Health Administration (OSHA) was 
created after passage of the Occupational Safety and Health Act of 1970. The mission of OSHA 
is, ‘To assure safe and healthful working conditions for working men and women; by 
authorizing enforcement of the standards developed under the Act; by assisting and 
encouraging the States in their efforts to assure safe and healthful working conditions; by 
providing for research, information, education, and training in the field of occupational safety 
and health.’ For researchers working in a laboratory setting, OSHA has published the Laboratory 
Safety Guidelines. These guidelines outline specific hazards including chemical hazards, 
biological hazards, physical hazards, and safety hazards that may be encountered in a 
laboratory setting.  
 OSHA does not have specific guidelines for biologists not working in laboratory settings 
although many of the issues covered in the Laboratory Safety Guidelines are also applicable in 
the field. The American Fisheries Society has published the Fisheries Safety Handbook that 
includes sections on driving, boating safety, electrofishing safety, underwater and diving safety, 
first aid, fish handling safety, chemical and hazardous waste safety, and laboratory safety.  
 
 
4.4.1 Hazard identification and rating 
 



Nearly every research project, or any job for that matter, has the potential for incidents and 
accidents to occur. Prevention and minimization of potential hazards typically relies upon 
training, risk awareness, and enforcing safety regulations. OSHA guidelines suggest that 
researchers should use a hierarchy of controls when dealing with workplace hazards. This 
hierarchy includes: 

• Engineering controls 
• Administrative controls 
• Work practices 
• Personal protective equipment (PPE) 

Engineering controls are permanent fixtures in the workplace that reduce workplace 
hazards such as fume hoods and biological safety cabinets. Administrative controls are plans 
that minimize exposure to potential hazards such as a standard operating protocol for 
biological specimen handling. Work practices are procedures that are used to reduce the 
exposure to hazards such as practicing aseptic techniques in a microbiology lab. Personal 
protective equipment (PPE) is designed to keep people safe while in the workplace such as 
safety goggles, disposable gloves, or a laboratory coat.  
 Formal risk assessment in the U.S. is typically limited to biomedical and microbiological 
laboratories. Nonetheless, it is also good practice for the researcher to engage in hazard 
identification and rating and to formulate a risk assessment. Your institution may have an 
existing worksheet, or you may find one online, such as the CDC’s Biological Risk Assessment 
Worksheet. Categories to consider may include environmental, chemical, and biological 
hazards.  
 
 
i. The environment 
 
OSHA mandates that known hazards in the laboratory need to contain visible warnings. For 
example, a red sign is used to indicate ‘Danger’, a yellow sign is used to denote ‘Caution’ and a 
fluorescent orange sign is used to indicate a ‘Biohazard’. The National Fire Protection 
Association has also published guidelines for indicating the relative hazard of substances in a 
building. These are typically displayed on the outside of a building with a ‘fire diamond’ sign. 
The top of the diamond is red and contains a number ranging from 0-4. This portion of the 
diamond indicates flammability hazards on a scale from 0 (will not burn) through 4 (will burn at 
room temperature). The right-hand side of the diamond is yellow and indicates the reactivity 
hazard. The scale range from 0 (chemically inert) to 4 (can detonate at room temperature). The 
left-hand side of the diamond is blue and represents the health hazards present. The scale 
again ranges from 0 (non-toxic substances) through 4 (can cause serious injury). The bottom 
portion of the diamond is white and is usually left blank, although it can contain symbols for 
special hazards, such as chemicals that react violently with water.  



OSHA provides guidance on physical hazards such as ergonomic hazards, ionizing 
radiation hazards, non-ionizing radiation hazards, and noise hazards. Repetitive motion injuries 
such as carpal tunnel syndrome, tendinitis, and bursitis tend to develop over time when blood 
flow is restricted and when muscles or joints are strained. Although OSHA does not have a 
specific regulation about ergonomic hazards, they have created a fact sheet called Laboratory 
Safety – Ergonomics for the Prevention of Musculoskeletal Disorders in Laboratories.  
 OSHA also created the Ionizing Radiation standard, 29 CFR 1910, 1096. (CFR is an 
acronym for the ‘Code for Federal Regulations’, the codification of rules published in the 
Federal Register by federal departments and agencies.) The goal of this standard is to limit the 
ingestion of radionuclides into the human body and limits the external exposure of radiation to 
reasonable limits. OSHA also provides guidance on non-ionizing radiation such as infrared 
radiation, ultraviolet radiation and laser hazards. Finally, the Occupational Noise Exposure 
standard, 29 CFR 1910.95 requires employers to develop a protocol that includes the use of 
PPEs when workers are exposed to an average of 85 dBA or greater during an eight-hour work 
shift. 
 In addition, working on a project may require the use of potentially hazardous 
mechanical devices. Autoclaves, centrifuges, compressed gases, and cryogens are all frequently 
used in laboratory settings and training is necessary to use this equipment properly.  
 Fieldwork is not covered under OSHA guidelines and so the investigator will need to 
apply a certain amount of common sense coupled with discussions with other field researchers 
to determine the range of possible hazards that might be encountered when working in an 
outdoor environment. Temperatures may be excessively hot or cold, and so the investigator will 
need to dress appropriately. Dehydration and rough terrain may be an issue. When working in 
an isolated area, response times for emergencies could potentially be very long. There may be 
the potential for bites and stings from venomous animals as well as allergic reactions and so a 
first aid kit is essential. 
 
 
ii. Chemicals 
 
OSHA issued the Occupational Exposure to Hazardous Chemicals in Laboratories standard (29 
CFR 1910.1450) in 1990 to ensure that people are informed of potential chemical hazards and 
that they will not be exposed to chemical exposures above allowed levels. OSHA maintains a list 
of permissible exposure limits (PELs) for chemicals and other agents such as noise. PELs are 
most frequently given as time-weighted averages, although there are also instances where PELs 
are used for short-term exposure limits. Time-weighted averages are typically done for an 
eight-hour period so it is possible for short-term exposure to exceed the limit stated in the PEL 
as long as the exposure averaged over the eight-hour term is remains below the PEL.  
 The Occupational Exposure to Hazardous Chemicals in Laboratories standard (often 
simply called the “Laboratory Standard”) requires that Material Safety Data Sheets (MSDS), 
which provide details about each chemical and how to properly handle it as well as health 



hazard data, are provided for each hazardous chemical in the lab. In addition, this standard 
requires that hazardous chemicals be clearly marked. The Laboratory Standard also requires 
labs to create chemical hygiene plans that outline standard operating procedures, provide 
criteria for exposure control measures, describe specific measures to ensure that fume hoods 
and other protective equipment function properly, deliver information and training about 
hazardous chemicals in the workplace, specify when requirements for prior approval of 
procedures are necessary, outline provisions for medical consultation when exposure to a 
hazardous chemical occurs, designate a chemical hygiene officer, and afford protections for 
dealing with particularly hazardous materials. 
 Other OSHA standards related to chemicals include the Hazard Communication 
Standard (29 CFR 1910.1200) that requires employers to provide information about hazardous 
materials and how workers should protect themselves against these materials. There are also 
specific chemical hazard standards to provide rules for protecting employees from air 
contaminants, formaldehyde, and latex. The disposal of both chemical and biological 
substances in the U.S. is regulated by the Environmental Protection Agency.  
 
 
iii. Biological agents 
 
OSHA regulations also give guidance on the proper handling and storage of biological agents. 
Lists of specific agents and toxins are maintained by both HHS/CDC (Human Health Services / 
Centers for Disease Control) and the USDA/APHIS (United States Department of Agriculture / 
Animal and Plant Health Inspection Service). OSHA maintains Safety and Health Topics pages for 
agents ranging from anthrax through viral hemorrhagic fevers. Interestingly, although the U.S. 
has developed its own MSDS (Material Safety Data Sheets) for chemical agents, they have not 
done so for infectious biological agents, and so rely instead upon MSDS from Canada. 
 OSHA employs the OSHA Blood borne Pathogens (BBP) standard (29 CFR 1910.1030) for 
researchers who may come in contact with blood. The BBP standard requires employers to 
have a written Exposure Control plan, train workers who might be exposed, and comply with 
standard precautions when dealing with blood and other potentially infectious materials. In 
general, using your mouth to pipette or suction blood or other fluids is prohibited. Eating, 
drinking, applying cosmetics, and other activities that might potentially lead to blood or other 
fluids being ingested or inoculated is likewise prohibited. Storing food or drink in refrigerators, 
on bench tops, or in other areas where blood or other fluids may have been present is also 
proscribed. People working with blood typically employ some personal protective equipment, 
although the type of PPE employed depends upon the situation. Blood, fluids, or cages with 
infected animals must also be marked with a biohazard symbol. In addition, people who work 
with blood may wish to be vaccinated for hepatitis B.  
 When working with potentially infectious microbes, the Center for Disease Control 
(CDC) has specified four biosafety levels ranging from BSL-1 (least dangerous) to BSL-4 (most 
dangerous). Studies involving research on organisms that are unlikely to cause death and pose 



minimal danger to people working in the laboratory are studied in a BSL-1 facility. In a BSL-1 
lab, standard microbiological practices are followed, work can be performed on a bench top, 
PPE are worn as needed, a sink for hand washing is available, and there are doors to separate 
the lab from the rest of the building. BSL-2 labs are used when conducting research on 
organisms that are potentially pathogenic. In a BSL-2 lab, access is restricted while work is being 
carried out, PPE are worn at all times, procedures are performed in a biological safety cabinet, 
an autoclave is used for decontamination, the doors are self-closing, and a sink and an eyewash 
station are present. Most student research will be carried out in a BSL-1 or BSL-2 lab. BSL-3 labs 
are typically used for microbes that might potentially be inhaled and so respirators are 
required.  There are regulations about air circulation and the number of doors required to enter 
the lab, and people who work in the labs are under medical surveillance. BSL-4 labs are 
reserved for research on microbes that are easily inhaled and are frequently deadly. These labs 
require people to wear body suits (or a class III biological safety cabinet), to change clothes 
before entering and to shower before exiting. There are regulations about air flow and the 
laboratory must be isolated.  
 Working with animals in the lab can also result in injury or illness due to bites, allergies, 
or zoonotic diseases (i.e. disease that can be transferred from animals to humans). Many of the 
rules mentioned above (e.g., avoid eating and drinking, wear appropriate PPE, etc.) also apply 
when working with animals. In addition, extra personnel may be required to safely restrain 
large animals. People working with laboratory animals should also wear tear-resistant PPEs to 
avoid exposure to animal bites. Biological safety cabinets are also frequently used when dealing 
with infectious agents such as aerosols.  
 Working with biological agents in the field can also be potentially hazardous. Plants may 
have mechanical or chemical methods of protection that may cause injury. For example, cacti 
spines and honey locust thorns may cause puncture wounds, while poison ivy and poison oak 
may cause an allergic reaction. Working with wild animals in nature can also result in harm 
from bites, scratches, allergies, parasites, or potential zoonotic disease and the relevant taxa-
specific guidelines for safe handling practices (see section 4.5.3 below) should be followed.  
 
 
iv. Rating the hazard 
 
After the hazards have been identified, the next step in the risk assessment is rating the hazard. 
Assessments might range from:  

• major hazard (e.g., one that could potentially result in loss of life or limb);  
• serious hazard (e.g., one that could result in short-term disability); 
• slight hazard (e.g., one that results in an injury or illness that would not result in short-

term disability).  
 



4.4.2 Activity 
 
After rating the hazards for the risk assessment, the next step is to consider how your research 
activities may expose you to a potential hazard. You will want to consider not only the potential 
exposure to the hazards, but also the duration of your exposure to each hazard.  
 
 
i. Hazards arising from the activity 
 
Many hazards arising from an activity may be generic, common issues. For example, driving a 
car could potentially result in a car crash. Moving heavy pieces of equipment could result in 
strained muscles, while repetitive movements could result in tendonitis or bursitis.  
 In contrast, other hazards will be specific to the research activity being carried out. For 
example, bats in the U.S. may carry rabies and so mist netting bats may potentially expose a 
researcher to rabies. Bees and wasps have a venomous sting, and so studying pollination 
biology may potentially result in a researcher being stung. In the lab, ethidium bromide 
solutions are frequently used as part of the PCR (polymerase chain reaction) process. This toxic 
chemical is a mutagen and so researchers could potentially be exposed to it via a spill or a 
splash.  
 
 
ii. Scale of exposure 
 
After considering the hazards that might arise from the activity, it is worthwhile to consider the 
scale of exposure. Will certain harm result from the hazard? Or is injury and/or illness unlikely? 
You may wish to use the following nominal scale of exposure: 

• High (i.e. injury and/or illness is unavoidable); 
• Medium (i.e. harm will frequently occur); 
• Low (i.e. harm will seldom occur). 

 
iii. Storage and disposal 
 
Potential hazards may also occur when storing or disposing of chemicals as well as biological 
agents. In the U.S., OSHA regulations describe practices for proper storage and disposal of 
chemicals and biological agents, and these guidelines are often described in chemical hygiene 
plans and laboratory standard operating procedures. Proper disposal of scalpels, broken 
glassware and other sharp objects is also covered by OSHA regulations in the lab. For people 
engaging in fieldwork, it is still worthwhile to consult OSHA regulations if you need to store or 
dispose of potentially hazardous materials (e.g., rotenone) while in the field.  



 
 
4.4.3 Probability of harm 
 
Now that the types of hazards have been identified, the potential effects of the hazard have 
been described, and the scale of exposure has been ascertained, the next step in the risk 
assessment is to determine the probability of harm. 
 
 
i. Probability of harm 
 
Evaluation of the probability of harm is frequently subjective and qualitative. In general, it will 
depend upon both the rating of the hazard as well as the scale of exposure. In the UK, the 
website COSSH Essentials was created to provide guidance on the 2002 Control of Substances 
Hazardous to Health (COSSH) regulations and provides a series of industry-specific ‘direct 
advice sheets’ as well as less specific ‘generic control guidance sheets’. These sheets may be 
useful for researchers in the U.S., along with OSHA publications such as the Laboratory Safety 
Guidelines. COSSH Essentials also provides control banding on chemicals (i.e. a color-coded 
hierarchy of exposure control practices) although control banding is not widely practiced in the 
U.S. 
 
ii. Variation among individuals 
 
There is considerable variation among individuals and this variation may influence the 
probability of harm from a given hazard. For example, some people have allergies to latex or 
bee stings while other people may have a suppressed immune system. Some people may be 
pregnant or may possibly become pregnant, and may thus expose a developing fetus to 
potential harm. Even variation in height and handedness could conceivably affect the 
probability of harm in certain situations. Consequently, as you develop your risk analysis, you 
should consider how individual variation may affect the probability of harm.  
 
iii. Permissible Exposure Limits (PELs) 
 
As mentioned above, OSHA published the Occupational Exposure to Hazardous Chemicals in 
Laboratories standard (29 CFR 1910.1450) in 1990, which includes guidelines on Permissible 
Exposure Limits (PELs). PELs are typically chemical agents but may also be physical agents such 
as noise. OSHA maintains an annotated table of PELs on their website.  
 
 
4.4.4 Minimizing the risk 



 
As part of the risk assessment, it is necessary to decide which actions should be taken in order 
to minimize the risk of potential harm. It is impossible for a single chapter to exhaustively cover 
all the ways that risk can be minimized, but in general researchers should focus on both 
prevention and reduction in order to minimize risk.  
 
 
i. Prevention 
 
Researchers should engage in a frank discussion of potential risks and safety issues with both 
their supervisors and other field researchers in order to identify ways to prevent potential 
hazards. Ideally, exposure to all hazards is preventable. In practice, however, this is seldom 
achievable. Nonetheless, it is worthwhile to consider how to prevent exposure to hazards, 
perhaps by changing the location of the study, modifying the activities involved in the research, 
or switching to a safer alternative.  
 
 
ii. Reduction 
 
In cases where it is impossible to prevent exposure to a hazard, the potential exposure should 
be minimized as much as possible. In the lab, safety is largely a matter of following common 
sense rules. Each lab will have their own rules and procedures, but the following are some 
guidelines for minimizing the risk while in a laboratory setting: 

• Consult a physician about possible issues, particularly if pregnant or nursing. 
• Wear PPE (personal protective equipment) at all times. 
• Dress appropriately in the lab. Chemical spills may damage clothing, while wearing 

open-toed footwear invites the risk of laceration from broken glass or chemical spills. 
• Do not bring food or drink into the lab. 
• Follow instructions for the use of hazardous chemicals and/or equipment. 
• Use the fume hood. 
• Dispose of chemicals into the proper receptacles. Do not pour chemicals down the drain 

or throw them in the trash. 
• Broken glassware should be disposed of in the “sharps” containers, rather than in the 

trash. 
• Do not work alone.  
• Avoid engaging in risky behaviors such as pushing, pulling, unauthorized experiments, 

etc. 
• Make sure that personal items are stored away from bench tops and that the walkways 

between tables remain clear. 



• When finished with a session put away reagents and other supplies and wipe down the 
bench top. 

• Be familiar with the location of the eyewash station, safety shower, fire extinguishers, 
and first aid kit. 

• Notify the supervisor of spills, fires, and injuries. 

When working with animals in the lab, the following guidelines outlined in OSHA’s Laboratory 
Safety Guidance are frequently followed: 

• Avoid using sharps when possible. 
• Use extra precautions when working with large animals. 
• Keeps your hands away from your mouth, nose, and eyes. 
• Wear appropriate tear-resistant PPEs. 
• Perform procedures carefully to minimize the risk of splashing blood or other fluids.  
• Procedures that might generate hazardous aerosols should be contained in ventilated 

enclosures such as biological safety cabinets.  
• Keep the doors to the animal room closed. 
• Properly dispose of animal bedding and waste. 
• Clean work surfaces immediately after procedures are completed.  
• Perform first aid on bites or other injuries at the work site. 
• Possibly contaminated skin or wounds should be washed thoroughly with soap and 

water for 15 minutes.  

Likewise, when engaging in fieldwork, common-sense rules include: 

• Be aware of your surroundings and pay attention to potential hazards. 
• Wear appropriate clothing. If you need to clear vegetation, be sure to wear work gloves 

and eye protection.  
• Make sure to stay hydrated.  
• Avoid sunburn. 
• Pay attention to the weather.  
• Have an up-to-date tetanus shot. 
• Carry a first aid kit with you. If you will be working in a remote area, consider taking a 

wilderness first aid training course.  
• Carry any medication you might need (e.g., an EpiPen for an allergic reaction) while out 

in the field.  
• Bring a map of the area with you. 
• Keep a vehicle emergency kit in your vehicle. 
• Make sure that you have emergency phone numbers on you in the field. You may wish 

to designate contacts on your phone as “ICE” (short for “In Case of Emergency”) in case 
a first responder needs to contact your next of kin.  



• Ideally, you should have someone else in the field with you in case a situation arises that 
you can’t handle alone. However, if you need to work alone, make sure that you tell 
someone where you are going and when you will return.  

If you will be working with others in the field, you will need to make sure that everyone is 
familiar with what is planned. In general, you should provide others in your team with an 
itinerary about where you will be going and what you will be doing. You should ensure that all 
members of the team have each other’s phone numbers, as well as the phone number of an 
emergency contact. You will need to make sure everyone knows the activities that are being 
planned, as well as going over any potential hazards. You may also want to provide contact 
information for local contacts. 
 
 
iii. Re-evaluate the probability of harm 
 
Once you have determined how you will minimize the risk, it is worthwhile to reevaluate 
potential hazards, the possible effects on human health (major, serious or slight), and the 
possible scale of exposure (high, medium, or low). This will result in two measures of the 
probability of harm; the first (from section 4.4.3) is the probability of harm when no control 
measures are taken. The second (from section 4.4.4) is the probability of harm when control 
measures are implemented. 
 
 
4.4.5 Risk evaluation 
 
Now that you have two measures of the probability of harm, it is necessary to determine 
whether the risks associated with the research are acceptable. Typically, students should 
consult with professors to determine whether the level of risk is acceptable given the proposed 
control measures. Projects where the level of risk is unacceptably high may need to be modified 
to reduce the risk.  
 
 
4.4.6 Emergencies 
 
Accidents and emergencies will happen, and so it is necessary to plan for what will need to 
happen in these situations. Typically, accidents and emergencies arise due to either the failure 
of control measures or due to external emergencies such as fire.  
 
 
i. Failure of control measures 
 



The control measures that you created to minimize risk should be effective. However, 
occasionally, control measures will fail and a plan will need to be in place to deal with these 
situations. For example, it is possible that a hazardous chemical may spill while in the lab. 
Consequently, it is necessary to have a plan in place for how a hazardous spill will be cleaned 
up. When working with animals in the lab, it is possible that the animal may escape from the 
cage and so a plan for how the animal will be safely recaptured is necessary. While planning 
your research, you should look back through each of your control measures and determine 
what will need to happen should a control measure fail.  
 
 
ii. External emergencies 
 
Accidents and emergencies can also occur due to external emergencies. For example, a car 
crash may occur while travelling to a study site, or a fire may break out in the laboratory. In 
these cases, it is necessary to have a plan in place for what you should do. For example, in the 
case of a fire, it will be necessary to evacuate the lab, but it will also be prudent to make sure 
that Bunsen burners are extinguished and gas lines turned off before you leave.  
 
 
iii. Information 
 
Plans for emergencies are only useful if they are actually followed during an emergency. 
Consequently, it is worthwhile make sure that the plan is easily accessible. If you are working in 
the field, you may wish to keep the plan in your field notebook. If you are working in a lab, you 
may wish to keep it either in your lab notebook, or safely stored in an easily accessible location 
in the lab.  
 
 
4.4.7 Action 
 
Once you have created your risk assessment, decided which control measures are necessary, 
and implemented the necessary control measures, you can begin your study. As you conduct 
research, you should: 

• Continuously verify that your control measures are in place and are effective. 
• Make sure that your emergency plans are with you while conducting research and let 

others know where the plans are in case they need to access them. 
• In the event that you become unwell, seek medical assistance immediately and bring 

your risk assessment details with you. 

 



 

4.5 Access and sampling 
Key points Access to public lands does not necessarily grant the right to conduct research on these 
lands. Most public lands will require a permit to conduct research. In addition, many animal and plant 
species are protected by law, so additional permits will be required before sampling can begin. There 
are also laws covering the import and export of organisms. 
 
There are numerous laws covering access and sampling and this section covers some of the key 
areas often encountered by researchers.  
 
 
4.5.1 Access 
 
Trespass is the act of knowingly entering another person’s property without permission. Avoid 
trespassing! There are both criminal and civil trespass laws. Criminal trespass laws are typically 
enforced by police, park rangers, or similar authorities while civil trespass typically involves a 
landowner obtaining a court ruling to collect damages from a trespasser.  
 
 
i. Access to Private Lands 
 
Private lands may include homes, yards, farm fields, golf courses, etc. In general, any areas not 
explicitly designated as public lands should be considered by researchers to be private lands 
and permission should be sought prior to accessing these lands. 
 
 
ii. Access to Public Lands 
 
Public lands are parks, wildlife refuges and similar areas. Typically, public lands are overseen by 
a public authority. Many of the agencies that manage federal public lands are described in 
section 4.5.4. Access to these public lands does not typically mean that researchers are free to 
conduct research in these sites. Instead, permission will need to be sought from the 
appropriate authority. Federal and state public lands will typically require that researchers 
obtain a special use permit in order to conduct research activities at this location. For 
properties managed by the county or a municipality, authorities will typically request a 
description of the proposed research activity and will provide a letter authorizing the bearer to 
conduct research in a given area.  
 In general, public access to areas held in the common trust in the U.S. (such as navigable 
waters) is permitted (42 U.S.C. Section 1311). This means that most rivers, lakes, oceans, and 
estuarine beaches are publicly accessible. However, if access to the navigable water requires 



passing through either private or restricted public land, permission will still need to be sought 
from the appropriate authorities prior to engaging in research. 
 
 
4.5.2 Theft 
 
Similar to the U.K., taking items from the environment is regarded as a form of theft. However, 
unlike the U.K. there is no federal law about theft and so each state has individual laws about 
larceny. For example, California Penal Code Section 384a prohibits individuals from removing 
plants from property they do not own without written permission.  
 
 
4.5.3 Plants, animals, and other organisms 
 
In addition to obtaining state collecting permits and special use permits for public lands, there 
may be other federal permits that are required prior to beginning work on wild organisms in 
the U.S. For example, the Endangered Species Act of 1973 (ESA: 16 U.S.C. § 1531 et seq.) 
provides special protections for organisms threatened with extinction in the U.S. The ESA 
prohibits the taking, possession, sale or transport of animal species listed as threatened or 
endangered. A list of endangered vertebrates, invertebrates, non-flowering plants, and 
flowering plants is maintained by the U.S. Fish and Wildlife Service. Working with these 
endangered species requires a permit from either the U.S. Fish and Wildlife Service or the 
National Oceanic and Atmospheric Administration – Fisheries Division. In addition, 18 states 
have also passed laws protecting endangered species.  
 Taxa-specific laws for vertebrates, invertebrates, and plants are outlined below. Animal 
welfare for each taxon is covered only briefly, as more detail is given about the guidelines on 
animal welfare promulgated by the Office of Laboratory Animal Welfare (OLAW) in section 4.6. 
 
 
i. Wild birds 
 
All native birds are protected by the Migratory Bird Treaty Act of 1917 (MBTA; 16 U.S.C. §703-
712). The MBTA implements four treaties (with Canada, Mexico, Russia, and Japan) that provide 
for the protection of migratory birds under 50 CFR 10.12. This list includes >1000 species of 
migratory birds. The MBTA protects all native birds as well as parts of the birds such as 
feathers, nests, or eggs. Consequently, it is necessary to obtain federal bird-banding permits for 
handling wild birds or federal salvage permits for handling dead birds. In addition, eagles are 
also protected by the Bald and Golden Eagle Protection Act of 1940 (16 U.S.C. 668-668c). 
Finally, the U.S. prohibits the importation of the vast majority of wild birds listed by CITES under 



the Wild Bird Conservation Act and restricts the number of birds that can be imported to two 
birds per person per year.  
 Fair et al. (2010) published the ‘Guidelines to the Use of Wild Birds in Research’ which 
provides an overview of conducting research on wild birds in the United States. The National 
Science Foundation (NSF) recognizes this document as the official reference document for 
Animal Welfare Act compliance in studies involving wild birds.  
 
 
ii. Mammals 
 
Working with wild mammals in the U.S. typically requires a state-specific scientific collecting 
permit. In addition, all marine mammals are protected under the Marine Mammal Protection 
Act of 1972 (16 U.S.C. 1361-1407, amended 1994) which prohibits ‘take’ in U.S. waters with 
certain exceptions. This includes whales, dolphins, porpoises, seals, sea lions, manatees, polar 
bears, and sea otters. The American Society of Mammalogists published the ‘Guidelines of the 
American Society of Mammalogists for the Use of Wild Mammals in Research’ that outlines 
how to conduct research on wild mammals in the U.S. under OLAW.  
 
  
iii. Reptiles and Amphibians. 
 
Collecting reptiles and amphibians in the U.S. also requires a state-specific collecting permit. 
The American Society of Ichthyologists and Herpetologists published the ‘Guidelines for the Use 
of Live Amphibians and Reptiles in Field and Laboratory Research’ that outlines how to conduct 
research on herpetofauna in the U.S. under OLAW.  
 
 
iv. Fish 
 
Collecting fish in the U.S. requires a state-specific collecting permit, and may also require the 
purchase of a state-specific fishing permit as well. Marine waters up to 200 miles (320 km) 
offshore are claimed by the U.S. under the Magnuson-Stevens Fishery Conservation & 
Management Act (18 U.S.C. 1801 et seq.) and so permits are also required for collecting fish in 
offshore waters. The American Society of Ichthyologists and Herpetologists published the 
“Guidelines for the Use of Fishes in Research” that outlines how to conduct research on 
ichthyofauna in the U.S. under OLAW.  
 
 
v. Plants 
 



Endangered plants may be protected by the federal Endangered Species Act, although minimal 
protection is given to endangered plants on private lands. At the state level, 15 states include 
plants in the state endangered species acts, while 17 states include plants in separate 
legislation, and 18 states do not have legislation protecting endangered plants. Otherwise, legal 
protection of plants is quite limited.  
 
 
vi. Invertebrates 
 
The only federal legal protection offered to most invertebrates is for species listed under the 
Endangered Species Act. However, states may have specific laws about invertebrates, 
particularly shellfish and crayfish. Scientific collecting permits are typically required for 
collecting invertebrates. 
 
 
4.5.4 Protection in special areas 
 
In the U.S., species are also protected by being in certain designated areas such as public lands 
and nature reserves. Federal public lands are managed by the Bureau of Land Management, the 
Bureau of Reclamation, the United States National Park Service, the Fish and Wildlife Service, 
and the United States Forest Service. The National Oceanic and Atmospheric Administration 
and the United States Department of Defense also manage some public lands. The amount of 
federal public lands varies tremendously by state with states such as Connecticut having only 
0.22% of the state area protected as federal public lands, while Nevada has 80.89% of the land 
denoted as federal public land. In general, the bulk of federal public lands are in the western 
half of the U.S.  
 States can also manage public land. Examples include state parks, state wildlife 
management areas, and state forests. The amount of land protected as state public land ranges 
from 0.18% of Nevada to 36.71% for New York.  
 
 
i. Bureau of Land Management 
 
The Bureau of Land Management (BLM) manages approximately 264 million acres (107 million 
ha), primarily in 12 western states, including Alaska, Arizona, California, Colorado, Idaho, 
Montana, Nevada, New Mexico, Oregon, Utah, Washington, and Wyoming. President Harry 
Truman created the BLM in 1946 when he combined the General Land Office and the Grazing 
Service. The mission of the Bureau is, ‘to sustain the health, diversity, and productivity of the 
public lands for the use and enjoyment of present and future generations’. The BLM also 
oversees the National Landscape Conservation System, created in 2000. This system includes 



National Monuments, National Conservation Areas, Wilderness Areas, National Wild and Scenic 
Rivers, and the National Trails System. Title II of the Omnibus Public Land Management Act of 
2009 (Public Law 111-11) makes this oversight permanent and directs the BLM to ensure that 
these places are protected for future generations. Anyone interested in conducting research on 
BLM lands will need to submit an application through the BLM Research Permit and Reporting 
System. 
 
 
ii. Bureau of Reclamation 
 
The United States Bureau of Reclamation (USBR) was created in 1902 under the Reclamation 
Act (Pub. L. 57–161) and was initially named the United States Reclamation Service. The USBR is 
responsible for overseeing water resource management in the western U.S. and its mission is 
‘to manage, develop, and protect water and related resources in an environmentally and 
economically sound manner in the interest of the American public’. The USBR operates 
approximately 180 projects in the western U.S. and oversees 7.1 million acres (2.9 million ha) of 
land and easements. Current science and technology program priorities include mitigating the 
impact of invasive mussels on water and power operations, climate change and variability, 
using advanced water treatment to stretch water supplies, and expanding the generation of 
renewable energy. 
 
 
iii. United States National Park Service 
 
The United States National Park Service (NPS) was created by Congress in 1916 through the 
National Park Service Organic Act (16 U.S.C. §1). The NPS oversees 410 units, of which 59 are 
designated national parks, 80 are national monuments, 19 are national preserves, 50 are 
national historical parks, 78 are national historic sites, and the remaining units are primarily 
national recreation areas, national battlefields, and national memorials. The mission statement 
of the NPS is, ‘The National Park Service preserves unimpaired the natural and cultural 
resources and values of the National Park System for the enjoyment, education, and inspiration 
of this and future generations. The Park Service cooperates with partners to extend the benefits 
of natural and cultural resource conservation and outdoor recreation throughout this country 
and the world’. Research on NPS land requires a special use permit which can be obtained by 
applying through the online National Park Service Research Permit and Reporting System.  
 
 
iv. Fish and Wildlife Service 
 
The U.S. Fish and Wildlife Service (FWS) was created in 1940 by combining the Bureaus of 
Fisheries and Biological Survey after the passage of the Fish and Wildlife Coordination Act of 



1934 (16 U.S.C. 661-667e). The mission of the FWS is, ‘working with others to conserve, protect, 
and enhance fish, wildlife, plants and their habitats for the continuing benefit of the American 
people’. The FWS oversees 150 million acres (61 million ha), including 560 National Wildlife 
Refuges and thousands of small wetlands or other special management areas. The number of 
refuges in each state ranges from one in Connecticut, Kentucky, and Vermont to 29 in Florida 
and 31 in North Dakota. Research on National Wildlife Refuges requires a Special Use Permit.  

The FWS is also responsible for overseeing the Federal Duck Stamp program. Waterfowl 
hunters are required to purchase an annual Duck Stamp and the funds from this purchase are 
used to acquire and preserve wetlands. The Fish and Wildlife Service also oversees the Division 
of Migratory Bird Management, National Fish Hatchery Program, the Endangered Species 
program, the United States Fish and Wildlife Service Office of Law Enforcement, the Clark R. 
Bavin National Fish and Wildlife Forensic Laboratory, and spearheads the Landscape 
Conservation Cooperatives.  
 
 
v. United States Forest Service 
 
The Federal Service Organic Act (16 U.S.C. §§ 473-478, 479-482 and 551, June 4, 1897, as 
amended 1905, 1911, 1925, 1962, 1964, 1968, and 1976) determined how federal forest lands 
should be created, protected, and managed. The United States Forest Service (FS) was created 
in 1905 when the Transfer Act of 1905 relocated the management of forest reserves from the 
General Land Office to the Bureau of Forestry which was then renamed the Forest Service. 
Although the Fish and Wildlife Service, the Bureau of Land Management, the National Park 
Service and the Bureau of Reclamation are based in the Department of the Interior, the Forest 
Service is part of the Department of Agriculture. The mission of the FS is ‘To sustain the health, 
diversity, and productivity of the Nation's forests and grasslands to meet the needs of present 
and future generations’. The FS oversees 154 national forests and 20 national grasslands, 
covering an area of 193 million acres (78 million ha). Over 80% of the lands managed by the F.S. 
are in the western U.S. The Multiple Use – Sustained Act of 1960 (16 U.S.C. §§ 528-531) 
mandated that the Forest Service manage its holdings for multiple purposes including 
recreation, range, timber, watershed, fish, and wildlife. Research by the Forest Service is 
governed by the Forest and Rangeland Renewable Resources Planning Act of 1974 (16 U.S.C. 
§§1671 et seq.) as well as by the National Forest Management Act (16 U.S.C. §1604). Research 
on Forest Service lands likewise requires a Special Use Permit.  
 
 
vi. National Oceanic and Atmospheric Administration (NOAA) 
 
The National Oceanic and Atmospheric Administration (NOAA) was created in 1970. The 
mission of NOAA is ‘to provide science-based solutions through collaborative partnerships to 
address evolving economic, environmental, and social pressures on our oceans and coasts’. 



NOAA engages in monitoring and observing Earth systems, conducts research to understand 
and describe Earth systems, evaluates and forecasts change in Earth systems through time, 
involves and informs the public and partner organizations about important information 
regarding Earth systems, and manages resources. The 1972 Marine Protection, Research, and 
Sanctuaries Act (16 USC § 1431 et seq. and 33 USC §1401 et seq.) authorized the creation of 
Marine Sanctuaries. There are currently 13 National Marine Sanctuaries and one National 
Monument that are overseen by the Office of National Marine Sanctuaries in NOAA. These 
sanctuaries cover an area of over 150,000 miles2 (388,500 km2) in the U.S. oceans and Great 
Lakes.  

In 1972, Congress passed the Coastal Zone Management Act (16 U.S.C. §§ 1451–1464) 
encouraging states to create and implement coastal zone management plans. NOAA is involved 
in public land management in an indirect fashion through the Coastal Zone Management 
program where they work with states and territories to address coastal issues such as climate 
change, ocean planning and energy development. As part of the Coastal Zone Management Act, 
the National Estuarine Research Reserve System was created, a joint program between NOAA 
and states that oversees 28 protected areas covering approximately 1.3 million acres (0.5 
million ha). Each site is managed by a state agency or university with funding and guidance 
provided by NOAA. 

NOAA also oversees the Coastal and Estuarine Land Conservation Program which 
provides matching funds to state and local governments to acquire coastal or estuarine lands or 
to create conservation easements. Finally, the NOAA Coral Reef Conservation Program works in 
conjunction with coral reef managers and others to help protect, conserve, and restore coral 
reefs.  
 
vii. Department of Defense (DOD) 
 The National Security Act of 1947 (0 U.S.C. Ch. 15 § 401) created the Department of 
Defense when the Department of War and the Department of the Navy were combined. The 
Department of Defense (DOD) oversees 4,800 defense sites worldwide totaling 14.4 million 
acres (5.8 million ha) and uses a total of approximately 28 million acres (11.3 million ha). The 
DODs Natural Resources program has the dual mandate of maintaining DOD access to lands for 
realistic missions while sustaining the long-term ecological integrity of these lands. The Natural 
Resources program works to maintain imperiled species on DOD holdings, as well as engaging in 
partnerships with the Wildlife Society, Bat Conservation International, The Nature Conservancy, 
and other groups.  
  
4.5.5 Movement, import, export, and control 
 
When importing or exporting exotic animals or plants, permits from the U.S. Department of 
Agriculture (USDA) are required. Blood and other biological products may also require a permit 
from the Center for Disease Control (CDC). 



At the national level, the Lacey Act of 1900 (18 U.S.C. §§42-43; 16 U.S.C. §§3371-3378) 
protects plants and wildlife by prohibiting interstate commerce if the organisms were illegally 
taken, moved, or sold. The Virus-Serum-Toxin Act of 1913 (21 U.S.C. §151 et seq.) was designed 
to regulate the transportation and delivery of potentially harmful veterinary biological 
products, particularly biological products not prepared in compliance with USDA regulations at 
a USDA-approved institution. The United States Department of Agriculture’s Animal Plant 
Health Inspection Services (APHIS) is typically responsible for overseeing activities under this 
law. The Seed Act of 1939 (7 U.S.C. §§1551 et seq.) regulates commerce and trafficking in seeds 
including ‘noxious weed seeds’. The Nonindigenous Aquatic Nuisance Prevention and Control 
Act of 1990 (NANPCA; 16 U.S.C. §§4701, et seq.) oversees efforts to reduce the spread of 
aquatic invasive species through the programs such as the Great Lakes ballast water 
management program. The National Invasive Species Act of 1996 (NISA, 16 U.S.C. §§4701 et 
seq.) amended the Aquatic Nuisance Prevention and Control Act to create national regulations 
on the transport of aquatic invasive species through ballast. The Alien Species Prevention and 
Enforcement Act of 1992 (ASPEA, 39 U.S.C. §3015) clarified that it was illegal to ship prohibited 
species through the U.S. mail system. Transportation of foreign wild birds into the U.S. is 
regulated under the Wild Bird Conservation Act of 1992 (16 U.S.C. §§4901, et seq.). The Plant 
Protection Act of 2000 (PPA; 7 U.S.C. §§7701 et seq.) authorizes APHIS to restrict the 
movement and transport of plants, biological control organisms, and plant pests. The Animal 
Health Protection Act of 2002 (AHPA, 7 U.S.C. §§8301-8302) authorizes APHIS to restrict the 
movement of animals to prevent the spread of livestock or poultry disease. 

At the state level, some states may restrict the movements of certain plants and animals 
between states, typically due to concerns about possible disease transmission or the possibility 
of inadvertently releasing an invasive species. 
 
 
4.5.6 Permits and licenses 
 
In addition, each state will typically require a license or permit for collecting wild (usually 
vertebrate) animals and sometimes for protected plants. These are usually referred to as 
scientific collecting permits and can be obtained from state fish and game departments. Both 
state and federal permits are typically required before beginning research. 
 
 

4.6 Animal welfare 
Key points Vertebrate animals are afforded protections under the Animal Welfare Act of 1966. Research 
on these animals typically requires Institutional Animal Care and Use Committee (IACUC) approval in 
addition to the permits and licenses described above.  
 
Researchers working with vertebrates must be in compliance with the Animal Welfare Act of 
1966 (7 U.S.C. §2131 et seq.). This is the only federal law that covers animals in research, 



although there are other laws that govern the humane treatment of animals such as the 
Twenty-Eight Hour Law (49 U.S.C. § 80502), which mandates that animals being transported 
may not be confined for more than 28 hours.   
  
 
4.6.1 Animal Welfare Act 
 
The Animal Welfare Act (P.L. 89-544) was created in 1966 to set standards for the care and 
treatment of vertebrates in research, bred for commercial sale, or exhibited to the public. The 
Office of Laboratory Animal Welfare (OLAW) is responsible for overseeing the care and use of 
laboratory animals in research funded by the Agency for Healthcare Research and Quality 
(AHRQ), the Center for Disease Control and Prevention (CDC), the Food and Drug 
Administration (FDA), the Indian Health Service (IHS), the National Institute of Health (NIH), and 
the Substance Abuse and Mental Health Services Administration (SAMHSA). Collectively, these 
centers, institutes, and agencies are called the Public Health Service (PHS). OLAW provides 
guidance and oversight for the Public Health Service Policy on Humane Care and Treatment of 
Laboratory Animals. The Guide for the Care and Use of Laboratory Animals is the standard 
reference for the care and treatment of vertebrates and has been adopted as part of the Policy 
as well as the guidelines published by the American Veterinary Medical Association (AVMA). 

Because the Guide for the Care and Use of Laboratory Animals was written primarily for 
the biomedical community, the treatment of wildlife biology is minimal. Consequently, a 
number of organizations have promulgated their own guidelines for the use of wild vertebrates 
in research. The American Society of Ichthyologists, the American Society of Mammalogists, 
and the Ornithological Council have all produced guides based on applying the principles of the 
Guide for the Care and Use of Laboratory Animals to wildlife.  
 
 
4.6.2 Institutional Animal Care and Use Committee (IACUC) 
 
In order to conduct research on vertebrate animals in the United States, it is first necessary to 
get approval from an Institutional Animal Care and Use Committee (IACUC). These committees 
will verify that animal welfare has been adequately considered for the proposed research as 
determined by the Health Research Extension Act of 1985 (HREA; Public Law 99-158) 
implemented through the PHS Policy as administered by OLAW. In order to qualify for federal 
funding for the NSF (National Science Foundation) or the NIH (National Institute of Health), the 
institution must also have a current Public Health Service (PHS) Approved Assurance.  
 Proposals to an IACUC will typically need to identify:  

• Who will be involved in the research 
• The dates of the proposed research 
• The location of the proposed research 



• Source of funding (if any) 
• Research objectives and potential benefits 
• Organism and number of individuals required 
• Justification for choice of organisms and number of individuals required 
• Detailed protocols and procedures, including whether the relevant permits and 

permissions have been obtained 
• Expertise of PI working with these species 
• Details about animal housing 
• Animal pain assignment, how pain and stress will be mitigated, and whether less painful 

or stressful alternatives exist 
• A euthanasia description if necessary 

IACUCs will usually consider application in light of the three R’s: Replacement, Refinement, and 
Reduction. They will want to know whether the study objectives can be met by replacing the 
vertebrates in the study with non-vertebrate organisms or with non-animal systems. 
‘Refinement’ refers to the efforts of the investigator to reduce or eliminate pain and distress. 
IACUCs will also want to know if it is possible to reduce the number of individual organisms 
involved in the research.  
 
Animal pain and distress is typically assigned based on the maximum amount of pain the animal 
might receive as part of the procedure. Pain and distress are categorized as: 
 

• Category B. Animals being bred or housed prior to animal experimental manipulation. 
May also include non-invasive observation of animals in the wild. 

• Category C. Animals that are exposed to procedures that cause momentary and/or 
minimal pain and which do not require the use of analgesics. For example, catching and 
temporarily holding a wild vertebrate for teaching or research purposes would be 
classified as a Category C.  

• Category D. Animals that are exposed to stressful and/or painful procedures whose pain 
and distress are mitigated by the use of analgesics, tranquilizers, anesthetics, or other 
drugs. Surgical procedures are typically classified as a Category D. 

• Category E. Animals that are exposed to stressful and/or painful procedures that are not 
mitigated by analgesics, tranquilizers, anesthetics or other drugs. For example, 
toxicological or microbiological testing that results in death without clinical relief of pain 
would be categorized as Category E.  

 
Note that there is no Category A. IACUCs approval is typically valid for three years but will 
usually require an annual report indicating if any changes to the protocol will be required.  
 
 



4.7 Genetically modified organisms (GMOs) 
Key points The U.S. does not have any federal laws about genetically modified organisms (GMOs). 
Regulation of GMOs in the U.S. is based on existing statutory authority that focuses on the safety of the 
products produced, rather than on the process of creating the product.  
 
The Cartagena Protocol on Biosafety is an international agreement about how to safely 
transport, handle and use live genetically modified organisms (GMOs). The primary goal of the 
protocol is to protect biological diversity from the potential risks posed by GMOs. However, the 
U.S. is not a party to the Cartagena Protocol.  
 There are no existing federal laws about the regulation of genetically modified 
organisms in the U.S. Instead, the Coordinated Framework for Regulation of Biotechnology 
assigns regulatory oversight of GMOs based on products produced. Consequently, GMO plants 
are regulated under the Plant Protection Act by APHIS (the Animal and Plant Health Inspection 
Service) in the Department of Agriculture. APHIS may grant permission to use GMO plants 
through either a notification process, the permit procedure, or determination of non-regulated 
status. If APHIS has determined that the plant can be safely released and the genetic material is 
unlikely to escape and will not create plant disease and if certain performance standards 
regarding shipping, storage, planting and testing are followed, the applicant can apply under 
the notification procedure. APHIS will either acknowledge the notification or deny it. If the 
notification is denied, the applicant can apply for a permit. The permit procedure requires 
submitting more detailed information that outlines how and why the GMO was created, 
establishes that the GMO plant will not escape and how any resulting products will be disposed 
of.  

The Food and Drug Administration regulates GMOs in food, biological products, and 
drugs under the Federal Food, Drug, and Cosmetic Act (21 U.S.C. 9 § 301 et seq.). The 
Environmental Protection Agency (EPA) regulates plants engineered to produce substances that 
protect the plants as well under the Federal Insecticide, Fungicide, and Rodenticide Act (7 U.S.C. 
6 § 136 et seq.). The EPA also regulates GMO microorganisms under the Toxic Substances 
Control Act (15 U.S.C. Ch. 53, subch. I §§ 2601–2629). In some cases, federal agencies may be 
required to prepare an Environmental Assessment to determine the preliminary impact of the 
GMO on the environment, which may be followed by a more detailed Environmental Impact 
Statement. 
 There are a few state or local laws pertaining to GMOs. For example, the state of 
California has banned the sale of GloFish. At the county level, Kauai and Hawaii Counties in 
Hawaii have banned most GMO crops.  
 
 

4.8 Working with humans 
Key points Working with humans requires approval of Institutional Review Boards (IRBs). Proposed 
research must demonstrate that the ethical principles outlined in the Belmont Report will be followed 
including respect for persons, beneficence, and justice. Informed consent is absolutely essential, along 



with minimizing participant risk, maximizing potential benefits, and respecting patient privacy and 
confidentiality. IRBs will typically require researchers to demonstrate that they have completed the 
Collaborative Institutional Training Initiative (CITI) certification process or, less frequently, have obtained 
the Protecting Human Research Participants (PHRP) certification from the National Institute of Health 
(NIH). 
 
Working with human subjects can run the gamut from clinical drug studies to simply having 
participants complete surveys. Research involving human subjects in the U.S. became tightly 
regulated after the ethical failures of the Tuskegee Syphilis Study came to light in the 1970s, 
and now all research, including completing questionnaires and conducting interviews, requires 
approval by a university’s Institutional Review Board. 

During the Tuskegee Syphilis Study, which ran from 1932 – 1972, researchers studied the 
progression of syphilis when left untreated. This study is infamous because, despite the 
widespread use of penicillin to treat syphilis beginning in the 1940s, some participants were 
never treated for the disease. The revelation of this, along with other ethical study failures by a 
1972 whistleblower, resulted in the creation of the Belmont Report by the National Commission 
for the Protection of Human Services of Biomedical and Behavioral Research. The three 
principles of the Belmont report include: 

1. Respect for persons 
2. Beneficence 
3. Justice 

The ethics for engaging in human research are summarized in 45 CFR 46. The subparts of the 
regulations include  
 
Subpart A – Basic Health and Human Services (HHS) Policy for Protection of Human Research 
Subjects (dubbed “The Common Rule”) 
 
Subpart B – Additional Protections for Pregnant Women, Human Fetuses and Neonates 
Involved in Research 
 
Subpart C – Additional Protections Pertaining to Biomedical and Behavioral Research Involving 
Prisoners as Subjects 
 
Subpart D – Additional Protections for Children Involved as Subjects in Research 
 
Subpart E – Registration of Institutional Review Boards (effective July 14, 2009) 
 

All Federal Departments and Agencies that engage in or support human research are 
required to evaluate proposed research to determine the risks to participants, how well the 



risks are mitigated, the potential benefits of the research both to the subjects and to others, 
and the importance of the resulting knowledge gained. 

The mission of the U.S. Department of Health and Human Services (HHS) is, “to enhance 
and protect the health and well-being of all Americans”. Institutions supported by funds from 
NIH (National Institute of Health) or NSF (National Science Foundation) and engaged in human 
subject-related research are required to be reviewed by an Institutional Review Board (IRB) that 
possesses Federal wide Assurance (FWA) which assures that the institution will follow HHS 
regulatory requirements about human research subject protection.  

The HHS Office for Human Subjects Protection (OHRP) is responsible for issuing FWAs. 
The FWAs must include a statement of principles, either from an existing code such as the 
World Medical Association’s Declaration of Helsinki, a statement of ethical principles such as 
the Belmont Report, or a statement created by the institution. All institutions are required to 
follow Subpart A (dubbed the ‘Common Rule’) and are required to have a process that includes 
prompt reporting to an Institutional Review Board (IRB), as well as to institutional officials and 
the head of any federal department or agency supporting the research. The FWA must be 
renewed every five years.  
 
 
4.8.1. Institutional Review Boards (IRBs) 
 
Institutions involved in human subject-research must certify that to the NIH and NSF that all 
research involving human participants has been reviewed and approved by the IRB. The 
Common Rule specifies that IRBs must consist of five or more members and specifies the 
varying expertise and diversity that are required on an IRB. The Common Rule not only specifies 
IRB membership, but also specifies functions, operations, research review, and the criteria 
required for IRB approval of research. IRBs will review research proposals and will ensure that 
the proposed informed consent process meets HHS requirements. They will either approve or 
reject a proposed research activity. If the research activity is approved, IRBs will provide 
oversight for progress reports and protocols.  

IRB approval is typically contingent upon proposals demonstrating: 

• Participant risk is minimized; 
• Anticipated benefits outweigh potential risks; 
• Human subject selection is equitable; 
• Informed consent will be obtained and documented from the participant or a legally 

authorized representative; 
• Data collection will be monitored, if necessary, to ensure the safety of study 

participants; 
• Privacy and confidentiality of study participants will be maintained; 

 



IRBs will also typically require that applicants obtain certification through the 
Collaborative Institutional Training Initiative (CITI), or, less frequently, that they have obtained a 
PHRP (Protecting Human Research Participants) certificate. PHRP certificate can be obtained 
through the online PHRP course at https://phrp.nihtraining.com, while institutional users can 
access the CITI program at https://www.citiprogram.org/.  
 
 
4.8.2 Respect for persons 
 
The central tenets of the first principle of the Belmont Report, respect for persons, are that 
humans should be treated as autonomous agents and that people with diminished autonomy 
(e.g., minors and vulnerable people) are entitled to additional protections. In order for people 
to be treated as autonomous agents, it is first necessary to make sure that informed consent is 
given.  
 
 
i. Informed consent 
 
Participants should be provided with information about the purpose, risks, potential benefits 
and alternatives to the research so that they can evaluate whether they wish to participate in 
the study. Presentation of this material is typically done during enrollment but may be 
reiterated throughout the study. Only after participants have been made fully aware of these 
items (either through a form, an oral presentation, videos, or some other media) can they sign 
an informed consent form. It is required by HHS that informed consent must be documented in 
writing by either the participant or by a legally authorized representative of the participant. The 
signed document asserts that all the required elements on the participant information sheet 
were either presented in written form or that all the required elements were presented 
verbally.   
 During the process of obtaining informed consent, researchers may inform the 
participants that some form of compensation is available. The compensation is typically 
designed to reimburse participants for their time, research-related inconveniences, or research-
related distress. Institutions will typically have guidelines about providing fair and equitable 
compensation. Researchers should specify if there will be compensation for participating and 
what is required for full or partial compensation.  
 In addition, potential participants could potentially engage in therapeutic 
misconception, where they believe that the study was designed to personally enhance their 
well-being, rather than to provide generalizable knowledge. Participants may thus ignore the 
potential risks of participation and so it is important for the researcher to thoroughly cover 
potential risks to avoid therapeutic misconception. 

https://phrp.nihtraining.com/
https://www.citiprogram.org/


 In clinical trials, participants may potentially be given a placebo as part of the study. In 
general, therefore, participants need to be informed of the potential for placebos as part of the 
informed consent process. The investigator should cover what a placebo is, discuss the 
probability of receiving a placebo, and ensure that study participants are able to provide 
informed consent that they are willing to (potentially) receive a placebo. 
 
 
ii. Participant information sheet 
 
Most commonly, potential participants’ informed consent will be covered by a form, frequently 
coupled with an oral presentation. Topics covered during this might include: 

• Why this research is being conducted. 
• Potential risks/discomforts to the participant. 
• Potential benefits to the participant and others. 
• How the confidentiality of the participant will be maintained. 
• Plan of compensation, if any. 
• Contact information if the participant has questions about the study, the rights of the 

participant, or in case of injury. 
• The conditions of participation, including the right to withdraw at any time with no 

penalty. 

Such a form might be structured similar to this one: 
  



SAMPLE CONSENT FORM 
 
Research Project Title:       
 
Researcher (s):       
 
 

A. Purpose of this research:       

B. Procedures/treatments involved:       

C. Expected length of participation:       

D. Potential benefits:       

E. Potential risks or discomforts:       

F. Medical/mental health contact information (if required):       

G. Contact information for researchers:       

H. Contact information for IRB:      

I. Explanation of confidentiality and privacy:        

J. Assurance of voluntary participation:       

AFFIRMATION BY RESEARCH SUBJECT 

I hereby voluntarily agree to participate in the above listed research project and further 

understand the above listed explanations and descriptions of the research project. I also 

understand that there is no penalty for refusal to participate, and that I am free to withdraw my 

consent and participation in this project at any time without penalty. I acknowledge that I am at 

least 18 years old. I have read and fully understand this Informed Consent Form. I sign it freely 

and voluntarily. I acknowledge that a copy of this Informed Consent Form has been given to me 

to keep.  

Research Subject’s Name:         

Signature:        Date       

  



iii. Community involvement 
 
In certain situations, communities may also need to provide assent, as a potential participant’s 
informed consent is considered to be insufficient by the community. In addition, it is also 
possible that participants may divulge information about traits that might be viewed as 
reflecting poorly on the community. In these cases, it will be necessary to establish a 
partnership with the community to ensure that the community is involved in this process. 
 
 
4.8.3 Beneficence 
 
Beneficence is the ethical principle of having the research participants’ welfare be a goal of the 
study. The principle of beneficence requires that investigators minimize and mitigate risk, that 
the experiment be in equipoise, that the privacy of participants is protected, and that there are 
oversight mechanisms in place to assure the rights and well-being of the participants.  

Part of beneficence is minimizing risk, defined by the Common Rule as, ‘that the 
probability and magnitude of harm or discomfort anticipated in the research are not greater in 
and of themselves than those ordinarily encountered in daily life or during the performance of 
routine physical or psychological examinations or tests’ (45 CFR 46.102(i)). Risks could 
potentially be economic, legal, physical, psychological, or social.  

Researchers thus must describe the procedures involved that minimize these risks. 
Researchers must also provide a risk-benefit analysis that demonstrates that the proposed 
research has greater benefits than risks. Some projects will provide compensation for 
participants in the study by providing funds or vouchers. However, compensation is not 
considered to be a benefit to the participant.  

Another part of beneficence is equipoise, when forces or interests are in balance. From 
the standpoint of protecting human research participants, equipoise exists when it is unknown 
if one treatment or approach is superior to another. Equipoise is required to gain new 
knowledge, as conducting research when the results are already known is generally 
unproductive. Researchers must demonstrate in their proposal to the IRB that equipoise exists. 
 
 
4.8.4 Justice 
 
Researchers should strive for equitable distributions of risks and benefits across multiple social 
groups, including age, ethnicity, etc. Groups that might conceivably be affected by the issue(s) 
being studied and that might benefit from the research should be included in the study. The 
Belmont Report terms this ‘Social Justice’. The Belmont Report also discusses ‘Individual Justice’ 
and suggests that researchers should not favor or disfavor certain study subjects.  



 In general, incomplete disclosure and/or deception are difficult to justify ethically. If a 
researcher is considering either of these approaches, it will be necessary to consider several 
aspects. For example, could the goals of the project be met with full disclosure? Once 
participants learn of the lack of complete truthfulness on the part of the researcher, will they 
consider the deception and/or incomplete disclosure important to their decision to participate? 
Will it even be possible to inform the participants of the deception once the study is complete?  
 In cases where incomplete disclosure and/or deception can be ethically justified, it is 
standard to debrief the participant. In general, debriefing the subject is beneficial to the 
participant as it corrects misperceptions and may positively modify the participant’s self-
perception. 
 
 
4.8.5 Special cases: pregnant women, children and prisoners 
 
Pregnant women, children, and prisoners are afforded special protections under subparts B, C, 
and D of 45 CFR 46. Research involving pregnant women as participants might potentially affect 
the fetus, the woman or both and so HHS requires that there be a consideration of the risks and 
benefits for both the fetus and the woman. In addition, HHS mandates that all preclinical 
studies need to be completed prior to recruiting pregnant women. HHS prohibits studies from 
any form of inducement that might terminate a pregnancy. Investigators are also prohibited 
from engaging in any decisions about terminating pregnancies. Finally, investigators are 
prohibited by the HHS from determining the viability of a fetus. 

Pregnant women can only be involved in research if the following conditions are met: 

• When appropriate, if preclinical studies, including pregnant animals, as well as clinical 
studies on non-pregnant women have been conducted and data exists to assess the risk 
to both the pregnant woman and the fetus. 

• The risk to the fetus is as minimal as possible and the procedure offers the potential for 
direct benefits to the woman or the fetus. 

• If the risk is minimal and the research offers the potential to provide important 
biomedical knowledge that cannot be otherwise obtained, even if there is no direct 
benefit to the woman or fetus. 

• Informed consent is obtained and documented from both the pregnant woman and the 
father, except in certain cases where the pregnancy resulted from rape or incest or the 
father is unavailable.   

In the past, children were frequently excluded from research (particularly medical 
studies and clinical trials) due to concerns about a lack of data on safe and effective practices. 
However, the NIH now recognizes that excluding children from research prevents children from 
obtaining the benefits of engaging in the study as well as restricting the collection of data that 
can be used to develop and refine safe and effective practices. The “NIH Policy and Guidelines 



on the Inclusion of Children in Research Involving Human Subjects” states that children must be 
included in NIH-supported human research activities unless there are ethical and/or scientific 
reasons to exclude them. 

Informed consent needs to be obtained from children and may also need to be obtained 
from their parents. Consequently, it is essential that the researcher explains in a manner that 
the child can understand why the research is being conducted, the potential risks and benefits 
of participating, and that the child can withdraw from the study at any time without penalty. 
Issues of privacy and confidentiality will also need to be addressed. If the child is between the 
ages of 16 and 18, it is not necessary to obtain parental consent. If the child is under the age of 
16, it may or may not be necessary to obtain parental consent depending on whether or not the 
child has sufficient maturity to understand the purpose of the study, the risks and benefits of 
participating, and the likely outcomes of the study. 

Finally, because prisoners are incarcerated, it is possible that they may feel coerced to 
decide to participate in a study and so additional protections are required for the use of 
prisoners as human subjects in research. Research on prisoners is restricted to the following 
topics: 

• Studies on the causes, effects, and processes of incarceration.  
• Studies examining the institutional structures of prisons. 
• Conditions that may particularly affect prisoners.  
• Projects that may improve the health and well-being of subjects including prisoners.  

Projects involving prisoners also need to make sure that the risks to participants who are in 
prison would be similar to risks to participants who are not in prison. The rewards (whether it 
be financial, medical, or similar) must not be sufficiently high that the prisoner is unable to 
balance the risks and rewards of participating. Finally, it must be made clear to the prisoner 
that participating in the research will not affect parole decisions.  

 
 
4.8.6 Anonymity, confidentiality, information storage, and dissemination 
Study participants have the right to both privacy and confidentiality. Privacy is the state of 
being free from public attention, while confidentiality is refusing to divulge information about 
an individual unless the individual provides consent. Maintaining confidentiality is commonly 
done by limiting access to data that might identify an individual. For example, it is common 
practice to remove identifiable information (such as names) by either coding or anonymizing. 
Limiting access may also be done by keeping paper copies of data in a locked cabinet and/or 
keeping electronic copies in a secured database while the study is ongoing. After the study is 
completed, it is common practice to properly dispose of (i.e. destroy) paper copies.  

For studies involving minimal risk at a single institution, it is common for oversight to be 
limited to the principal investigator and the IRB. For larger-scale studies, or for studies involving 
higher risk, a Data and Safety Monitoring Board (DSMB) is typically required. The DSMB is 



typically a team of 3-7 unbiased experts who are permitted to view raw data and conduct 
preliminary analyses, usually for a clinical trial. Typically, at least one member of the group is a 
statistician, and the DSMB will meet every few months to decide whether the study should 
continue or whether it should be terminated due to safety concerns, futility, or the absence of 
outstanding benefits.  
 
 

4.9 Drones (Unmanned Aircraft Systems) 
Key points Drones are increasingly used for ecological and environmental research and can be very 
useful for counting populations, mapping habitat, and tracking organisms.  
 
The use of drones in the U.S. has skyrocketed during the past few years and shows no sign of 
slowing down in the near future. Drones, also known as Unmanned Aircraft Systems (UAS), are 
defined as remotely controlled aircraft that weigh between 0.55 and 55 lbs (0.2 to 25 kg). 
Drones can be extraordinarily useful for a wide range of biological studies. UAS can be used to 
count populations of large animals, peer into nests from above, provide quick and inexpensive 
aerial imagery for habitat mapping, assist with radiotelemetry, scare away nuisance wildlife and 
perform many other functions.  
 The Federal Aviation Administration (FAA), an agency in the Department of 
Transportation, is responsible for overseeing the safe operation of all aircraft, including UAS. 
Under Section 336 of Public Law 112-95 (the FAA Modernization and Reform Act of 2012), 
drones can be operated without FAA approval as long as they follow the following guidelines: 

• Imagery is not being captured for commercial gain. 
• Drones can be flown no higher than 400 feet (122 m). 
• The drone needs to remain within eyesight at all times.  
• Drones need to remain clear of manned aircraft.  
• Drones should not be flown within five miles of an airport without permission of both 

the airport and the control tower.  
• Avoid flying near stadiums. 
• Avoid endangering people while using the drone. 
• All drones in the U.S. need to be registered with the FAA prior to their first flight.  

In addition, there are state-specific drone laws in place. A total of 26 states have adopted 
drone laws while six states have adopted resolutions. Generally, state-specific laws limit the use 
of drones for voyeuristic purposes. However, some states have also prohibited the use of 
drones for other purposes. For example, Michigan prohibits the use of drones for hunting 
purposes, as well as for harassing hunters. Both state and federal laws regarding the use of 
drones continue to evolve and it is worth verifying current regulations before flying a drone.  

 



 

4.10 Quick Summary of Steps for Legally Conducting Biological 
Research 
  
As you have seen, there are numerous laws affecting biological research in the United States. 
The following is a short summary of the steps that researchers should follow to make sure that 
they are in compliance with legislation.  
 

i. Research involving vertebrate animals 

For research involving wild vertebrate animals, it will first be necessary to obtain the state 
scientific collecting permits if the animals are going to be handled or manipulated. If the study 
is purely observational, however, it is not necessary to obtain these permits. Federal permits 
may also be required for organisms such as birds and marine mammals or if the animal is 
endangered or threatened. Once the permits have been acquired, the researcher will need to 
determine where the study will occur and ascertain what permissions will be required to 
conduct the research. If the study will occur on private land, permission of the landowner will 
be necessary. If the study involves public lands, obtaining a special use permit from the 
appropriate agency will be required. Special use permits will typically require the investigator to 
submit a letter demonstrating the IACUC has approved the proposed research. 
 In all cases involving vertebrate animals that are being held or manipulated, it will be 
necessary to acquire IACUC approval. As part of the application process, the investigator will 
need to indicate where the research will be conducted. The investigator should also indicate 
that he or she is following the appropriate guidelines and reference the Guide for the Care and 
Use of Laboratory Animals as well as the relevant guidelines published by the American Society 
of Ichthyologists, the American Society of Mammalogists, or the Ornithological Council.  
 
  

ii. Research involving invertebrate animals 

Research involving invertebrate animals may or may not require state collecting permits and it 
is best to consult with state fish and game agencies to determine if a permit is required. Federal 
permits are typically not required unless the organisms are endangered or threatened, 
although if it is considered to be a pest species it would be best to consult with the Department 
of Agriculture to determine if a permit might be required. The usual issues of access will need 
to be addressed and special use permits may need to be obtained for work on public lands. 
Because IACUCs are solely concerned with vertebrate animals, it is not necessary to obtain 
IACUC permission to study invertebrate animals.  
 

iii. Research involving plants 



For research involving wild plants, it may or may not be necessary to obtain a state collecting 
permit and it is best to consult with state fish and game agencies to determine if a permit will 
be required. Federal permits are typically not required unless the organism is endangered or 
threatened. The usual issues of access will need to be addressed and special use permits may 
need to be obtained for work on public lands.  
 For research involving plants grown in a greenhouse or in an agricultural setting no 
permits are typically required. However, if the project involves transporting plants across state 
lines, state agricultural permits may potentially be required.  
 

iv. Research involving bacteria, viruses, and cells 

Research conducted on bacteria, viruses or cells will typically take place in a laboratory. These 
laboratories will need to follow OSHA guidelines. Depending upon the type of organism that is 
being used, the research could be carried out in a BSL-1 lab (biosafety level 1, the lowest 
possible level) through a BSL-4 lab (biosafety level 4, the highest possible level). Most student 
research will typically occur in a BSL-1 or a BSL-2 lab. If the investigator is beginning a new 
project, it is fairly common to write up a formal risk assessment report before the project can 
begin.  

 

v. Research involving humans 

The first step of conducting research-involving humans typically involves obtaining CITI 
certification or, possibly, PHRP certification through the NIH. Once this certification process has 
been completed, the researcher will need to submit an application to the IRB, describing the 
project, and showing how participant risk is minimized, demonstrating that the anticipated 
benefits outweigh potential risks. The human subject selection must be equitable and detailing 
that informed consent will be obtained and documented from the participant or a legally 
authorized representative. The application will also need to demonstrate that data collection 
will be monitored, if necessary, to ensure the safety of study participants and the privacy and 
confidentiality of study participants will be maintained. Only after IRB approval has been 
granted can the research begin. 

 
4.10.1 Undergraduate vs. Master’s research 
There are substantial differences in the research experiences of undergraduate and Master’s 
students and these differences typically relate to the degree of independence in designing and 
conducting research as well as the caliber of research being conducted. 
 

i. Undergraduate students 

In general, undergraduate students are mentored by a professor. In some cases, undergraduate 
students may assist graduate students with their research, and the graduate student may also 



become a de facto mentor. The goals of the mentors are to guide the undergraduate students 
so that the students become better researchers, they engage in critical thinking, and they 
become proficient in basic lab and field techniques. Professors will also typically recommend a 
specific approach to solve a given problem encountered by the undergraduate researcher. 
 Undergraduate students will usually be recruited into an existing project. Consequently, 
professors will typically already have the relevant permits and permissions and the 
undergraduates will not need to apply for these things. Depending upon the interests and 
proclivities of an undergraduate student, the professor may eventually encourage the 
undergraduate student to design and implement their own research and may help the students 
apply for the necessary permits and obtain the required permissions. In addition, some 
professors may also encourage undergraduate students to present the results of their research 
at a local, regional, or national conference.  
 
 

ii. Master’s students 

Professors typically have a higher level of expectation for Master’s students engaging in 
research. Master’s students are expected to already possess basic research skills as well as a 
greater body of biological and statistical knowledge than a typical undergraduate. Master’s 
students are expected to engage in literature reviews, as well as designing, implementing, and 
analyzing their research study with a greater degree of autonomy than undergraduate 
students. Professors will still provide guidance and training as necessary but tend to act more as 
‘sounding boards’ for ideas and proposals rather than dictating how the research should be 
carried out. Professors will also typically encourage Master’s students to present at a 
conference and will also suggest that the Master’s students consider submitting the results of 
their research to a peer-reviewed journal. 
 
 

4.11 Discussion topics 
Consider the following scenarios. What legal issues might arise from these research proposals? 
 
Q1. A student keeps box turtles at her house. She wants to use them in a project to determine 
whether volunteers will categorize turtle color patterns in the same way.  
 
Q2. A student wants to compare whether the use of human cadavers in a university-level 
Human Anatomy class is superior to the use of a dummy in helping students retain knowledge 
about human anatomy.  
 
Q3. A student is interested in examining whether two different teaching approaches tablets are 
more effective than books at teaching elementary students science. The class will be divided 
and half will cover a scientific topic using a book resource, while the other half will use a tablet-
based resource. The children will be tested on the topic before and after.  



 
Q4. An undergraduate wants to test the effect of music on cats in an animal shelter. Individual 
cats are observed during times when music is playing and when it is not. Several types of music 
are tested.  
 
Q5. A student wishes to examine amphibian colonization of a new pond at an elementary 
school.  
 
Q6. A student wishes to examine whether land use affects Swainson’s Hawk breeding success 
and plans to use a drone to get aerial imagery of both the landscape as well as monitoring nest 
success.  
 
 
Summary of Chapter 4 

• The aim of this chapter is to provide a brief overview of laws and regulation in the U.S. 
(4.1)  
 

• This chapter provides an introduction to law as it pertains to ethics (4.2), intellectual 
property rights (4.3) health and safety (4.4), access and sampling (4.5), animal welfare 
(4.6), genetically modified organisms (4.7), human welfare (4.8), and drone use (4.9). 
 

• The information in this chapter should help you carry out a risk assessment and conduct 
your research safely (4.4).  
 

• This chapter also outlines the responsibilities of the researcher when it comes to issues 
of access and sampling. Be sure to obtain permission (and permits if necessary) for 
research on either private or public lands (4.5).  
 

• Researchers studying animals have both legal and ethical obligations to ensure that 
animal welfare is paramount. Research on vertebrates cannot begin until IACUC 
approval is obtained (4.6). 
 

• Genetically modified organisms (GMOs) are not usually regulated per se in the U.S. and 
regulation is typically based on the safety of the products produced rather than the 
GMO itself (4.7). 
 

• You are introduced to some of the legislation relating to working with humans. All 
research involving human participants must demonstrate respect for persons, 
beneficence, and justice. Research involving human participants will frequently require 
either Collaborative Institutional Training Initiative (CITI) certification, or, less 
frequently, Protecting Human Research Participants (PHRP) certification. In addition, no 
research can begin until approval is granted by the IRB (4.8). 



 
• Federal regulations pertaining to drone use are introduced. In general, drones can be 

flown without FAA approval if they are flown below 400 feet in elevation, if they are 
kept within line-of-sight, if they are flown more than five miles from an airport, and if 
they are being flown for non-commercial purposes (4.9). 
 

• A number of discussion questions are included in the chapter for you to discuss and to 
challenge your understanding of the topics covered in this chapter (Q1-Q5). 
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