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| NTRODUCTI ON

Background and History

The Anerican Society of Manmal ogi sts (ASM is the ol dest
scientific organization devoted to the study of mammals. Founded
in 1919, the Anmerican Society of Mamral ogi sts currently has 3, 700
menbers residing in ca. 70 countries. H storically, the ASM has
encouraged its nmenbers to maintain high professional standards
and has attenpted to aid themin doing so by preparing guidelines
related to various professional activities. Previous ASM
gui del i nes have dealt with curation of systematic coll ections
(Advisory Commttee for Systematic Resources in Mammal ogy, 1974;
Comm ttee on Systematic Collections, 1975, 1978), scientific
permts (unpublished report of Commttee on Legislation and
Regul ations, 1977), the use of mammals in research (ad hoc
Committee for Animal Care Cuidelines, 1985), and acceptable field
met hods in mammal ogy (ad hoc Commttee on Acceptable Field
Met hods i n Mammal ogy, 1987).

The objective of the Society's 1987 guidelines for
acceptable field nmethods in mammal ogy was to identify field
met hods i n manmal ogy that woul d neet standards of the Anerican

Soci ety of Mammal ogi sts. The guidelines were fornmulated with
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consideration for both the welfare of subject aninmals and the
research needs of field investigators for whom gui delines for

| aboratory animal care generally do not apply. These published
gui del i nes have served ASM nenbers and non-nenbers well during
t he past decade; however, the passage of tinme has seen advances
in technology (e.g., passive integrated transponders - PIT
tags- for marking animals) that need to be addressed. 1In

addi tion, the past decade has produced increased recognition of
the potential risks to field investigators fromhandling |live and
dead manmmal s, as well as hei ghtened concern within and outside
the scientific comunity regardi ng the humane treatnent of
mammal s col | ected and used in scientific research.

As a consequence, the ASM Comm ttee on Aninal Care and Use
was assigned the responsibility of updating and expandi ng the
prelimnary guidelines published in 1987. This commttee is a
descendant of the ad hoc Comm ttee on Acceptable Field Methods in
Mammal ogy and was established as a standing commttee in 1992.
Its current nenbers include G L. Kirkland, Jr. (chair and
editor), G W Barrett, M A Bogan, J. E. Childs, G dass, A
Krevitz, L. R Heaney, T. H Horton, T. H Kunz, T. J. Mlntyre,
G R Mchener, J. N MIls, R R Parnenter, A J. Pinter, J. H
Shaw, S. D. Thonpson, B. A Wnder, and T. L. Yates.

Simlar guidelines pertaining to animls, including mmmls,

have been established by other organi zations (for exanple, the
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Association for the Study of Animal Behaviour, 1996) and shoul d
be consulted as needed. It is not our intention to provide a
detailed "howto" publication for field researchers in mammal ogy.
Such a publication is beyond the scope of the commttee's
mandate. Furthernore, several excellent references of this type
have been published and shoul d be consulted for hands-on details.
Two noteworthy and reconmended vol unes are Kunz (1988) for
coverage of techniques for the study of bats, and Wl son et al.
(1996) for techni ques appropriate for the study of a broad
spectrum of manmmal s.

We enphasi ze that the guidelines of the American Society of
Manmal ogi sts are not intended to obstruct ingenuity in research
design or to stifle the quest for newer, better research nethods
or materials. W believe that the ultimate responsibility for
desi gn of research and selection of techni ques and study
organi sms nust rest with the investigator. Al though the ASM s
gui del i nes have been prepared by mammal ogi sts prinmarily for use
by mammal ogi sts (broadly defined as anyone studyi ng any aspect of
mamral i an bi ol ogy), they also may be of interest to governnental
agenci es that establish, adm nister, or enforce policies and
regul ations relating to mammal s, to agenci es responsible for
funding scientific research on mammal s, and to institutional
commttees that oversee the use of animals in education and

r esear ch.
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Field Work in Manmmal ogy

Field investigations conducted by manmmal ogi sts have been
fundanmental to the accunul ati on of our current know edge on the
bi ol ogy of manmals. Field studi es enhance our understandi ng of
the conplexities of mammalian relationships in tinme, space,

w thin and anong species, and with other conponents of the biotic
and abiotic environnent. Know edge gained fromfield studies of
manmmal s provides a basis for prudent decisions regarding the

wel fare and survival of all mammal s, including ourselves.

Inits sinplest form field work consists of direct
observation of free-rangi ng mammal s under natural conditions.
However, nost species of manmals are secretive, nocturnal, or
both and, thus, are not suited for study by direct observation.
Furthernore, nost kinds of information and data used in
mamral ogi cal research cannot be obtained by sinple observation.
Therefore, the objectives of nbst studies mandate that i ndividual
manmal s be captured one or nore tinmes. Hence, these guidelines
for the capture, handling, and care of manmals apply to virtually
all field research involving mamal s.

Wy Manmal ogi sts Col | ect Speci nens

Research and teaching in mammal ogy typically involve both the
judicious collection and live capture of mammals in the field.
| nformati on obtained not only permts accurate identification of

speci es, but also contributes to our understanding of systematic
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and evolutionary rel ati onshi ps anong speci es, various genetic
phenonena, popul ation dynam cs, community structure and dynam cs,
conparati ve anatony and physi ol ogy, behavior, parasites and
di seases, econom c inportance, geographic and m crohabit at
di stributions, ecology of mammals in their natural or managed
environments, and other scientifically inportant phenonena.
Advances in the science of mammal ogy foster the growth of other
di sci plines, and vice versa, and help to fornmul ate managenent
policies for ganme and nongane speci es, endangered species,
econom cally inportant species, conservation of habitats,
ecosystem anal ysis, control neasures for pest and di sease-bearing
speci es, managenent of predators, and donestication of species.
Many mamral s (or parts thereof) that are collected in the
field eventually are deposited in natural history nuseuns or
bi ol ogi cal banks. Miseuns are nanaged repositories for whole
speci nens and their parts, whereas biological banks are
collections of histologically or cryogenically preserved organs,
sera, tissues (including live cultures), cells (including
ganetes), or enbryos. Both kinds of repositories permt
qualified researchers to study specinens in these collections
(Yates, 1996), and many are |inked electronically. Such
col l ections are inval uable as sources of research materials for
use in current and future scientific investigations. Voucher

speci nens should be retained fromthose field investigations in
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whi ch animals are killed or salvaged. These specinens (including
any tissues, parasites, etc.) should be deposited in nmuseum

col l ections that neet standards established by the Anmerican

Soci ety of Mammal ogi sts (Commttee on Systematic Col |l ections,
1978) for curation of such collections so that they wll be

avail abl e for use by future investigators.

What is an Adequate Sanpl e?

Researchers in nammal ogy need to obtain sanples of sufficient
size to permt themto answer questions and test hypotheses. An
adequate sanple, therefore, nmay be defined as the nunber of
speci nens or other data needed to ensure enpirical and
statistical validity. The sanple size required for a study wll
depend on the nature of the research and the extent of variation
in the organi sns and paraneters being studied. 1In general, field
studies require larger sanples than | aboratory studi es because
field investigators have | ess control over conditions (both
biotic and abiotic) that produce variation. Furthernore, natural
popul ati ons exhi bit considerably greater individual variation
than highly inbred and genetically nore uniform | aboratory
stocks. For certain anatom cal studies and cladistic anal yses,
one or two specinens, or parts thereof, nmay conprise an adequate
sanpl e; however, nuch | arger sanples generally are necessary for
research invol ving popul ati on and communi ty phenonena and for

envi ronnment al nonitoring.
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Conmput er nodel i ng, simulation, and appropriate statistical
met hods sonetines can reduce the nunmber of individuals required
for an adequate sanple, as can use of specinens preserved in
museum col | ecti ons. However, objectives of research may require
t hat additional specinmens be collected. For this purpose, the
i nvestigator should collect no nore specinens than needed and
shoul d be prepared to explain or justify why a particul ar sanple
size is required. Nevertheless, care should be taken to ensure
that sanple sizes are |arge enough to address any questions being
asked with a high degree of statistical rigor.

Sanpling in Threatened Habitats

In many parts of the world where mammal s are poorly known,
natural habitats are experiencing rapid and w despread
destruction and many species of manmals only remain in smal
patches of habitat. Efforts to protect indi genous species often
are dependent on our ability to | earn which species are present
and to gather basic information about their habitat requirenents,
systematics, distribution, ecology, anatony, physiology, and
reproduction. Such basic information can |l ead to action that
pronotes the survival of these and other ecologically associated
speci es, sone of which may be unknown to science. However,
scientists studying mammal s in threatened habitats nmust proceed
wth sensitivity and careful judgnent so that popul ati ons under

study will not be affected adversely by the studies that are
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intended to help protect them Concern for the welfare of the
speci es being studied should be forenost. This issue is
especially inportant in many areas of the tropics where data on
the natural history of resident species may be extrenely limted.

In such cases, initial studies involving renoval trapping
often are necessary. The investigator nust design sanpling
procedures that mnimze the |ikelihood that populations wll
suffer any significant danage. To achieve this, we recomend
that: 1) no nore than a small percentage of the habitat be
trapped; 2) sanmpling sites be well-separated from one another so
t hat recol oni zation can take place easily from surroundi ng
popul ati ons; and 3) under circunstances where aninals are
collected for preservation as nuseum speci nens, all reasonable
efforts should be made to collect as nuch information as possible
fromeach animal. 1In all cases, the investigator nust be
prepared to cease the relevant portion of the sanpling if there
is evidence that popul ations of a given species are being
adversely affected. Once basic information on relative abundance
and habitat use is obtained, sanpling procedures should be
refined to answer specific questions and to avoid causing stress
to vul nerabl e popul ati ons.

COVPLI ANCE W TH LAWS AND REGULATI ONS
Al though the focus of this section is on federal and state

regulations in the United States, researchers in manmal ogy,
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regardl ess of nationality or location of their research, should
be aware that wherever they are working, there may be | ocal,
state/provincial, federal/national, or international |aws or

regul ations that pertain to scientific collecting, transport, and
possessi on of specinmens or parts thereof, or other activities

i nvol ving native species of mammals. Therefore, each mammal ogi st
must have knowl edge of, and conply with, all relevant | aws and
regul ations pertaining to the field collection of mammal s.

| gnorance of the |aw or even inadvertent violation of regulations
may result in prosecution (Choate and Genoways, 1975).

Federal regulations in the United States pertaining to
collection, inport, export, and transport of scientific specinens
of mammal s previously were reviewed by Genoways and Choate
(1976). Researchers based in or conducting research in the
United States nmust obtain permts issued by various federal
agencies for the follow ng purposes: 1) to inport or export
speci nens of non-endangered species through a non-desi gnated port
of entry; 2) to inport or export endangered wildlife through any
port; 3) to inmport injurious wldlife; 4) to inport, export, ship
interstate, take, or possess endangered species or parts thereof
for research or propagation; 5) to take, harass, possess, or
transport marine manmals; 6) to inport or transfer etiological
agents or vectors of human di sease and |iving non-hunman pri nates;

7) to collect scientific specinmens on national wildlife refuges;
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8) to inport rum nants and sw ne, including parts, products, and
by-products; and 9) to inport organisns or vectors, tissue
cultures, cell lines, blood, and serum \Wen novi ng speci nens
into or out of the United States, researchers should al ways
request and file United States Fish and Wldlife Service (FW5)
form 3-177 and any necessary permts fromthe Convention on

I nternational Trade in Endangered Species (CITES), if specinens
are listed by CITES or the United States FW5. Manmal ogi sts
wor ki ng outside the United States should expect simlar

regul ations in other countries and should take steps to ensure
that they conply with all applicable regulations dealing with
speci es of special concern.

Manmal ogi sts nust ascertain whether additional permts are
needed when they review the state/provincial and federal/national
| aws and regul ations that relate to their planned field
i nvestigations. Investigators nust be famliar wth the current
list of manmal i an speci es deened t hreatened or endangered and
must conply with all rules and regul ations pertaining to capture
of these and all other categories of mammals. A |ist of
t hr eat ened or endangered speci es/ subspeci es under the United
St at es Endangered Species Act is available fromthe Ofice of
Endangered Species, United States Departnent of the Interior,
Fish and Wildlife Service, Washington, DC 20240. Regul ati ons

relating to these taxa are published in the Code of Federal
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Regul ations, Title 50, Chapter 1. The Federal Register publishes

anendnents to regul ations under Title 50.

Most states and provinces now require scientific collecting
permts, and mammal ogi sts nust conply with this requirenent and
ot her reqgul ations i nposed by agencies in the states or provinces
in which they do field work. Lists of all mammals (as well as
other animals and plants) that are regarded as threatened or
endangered or are controlled by wildlife regulations in each of
the 50 states and the United States Virgin Islands are published
periodically (Berger and Neuner, 1981), together with the
addresses and tel ephone nunbers of conservation personnel who can
respond to questions regarding regul ations and permts.

Sonme cities, counties, agencies, and other organizations in
the United States and nost foreign countries have regul ations
regarding scientific uses of wildlife on |ands under their
jurisdiction. Conpliance with these regulations is essential.
Finally, perm ssion of the owner, operator, or manager of
privately owned | and al ways shoul d be obtai ned before comrenci ng
field work thereon.

Many institutions, as well as state, provincial and federal
governnents, have regul ati ons or reconmmendati ons concerning the
handl i ng and sanpling of rodents that may be carriers of serious
human di seases. Investigators nust ensure their own safety and

that of their enployees or students by understanding the disease-
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carrying potential of the mammals they study, by taking
appropriate safety precautions, and by conplying with appropriate
regul ati ons (see HEALTH PRECAUTI ONS) .

METHODS FOR COLLECTI NG SPECI MENS

Live Capture

Researchers seeking to capture, mark, and rel ease mammal s
have a special responsibility to both the integrity of their
research and the animals they handle to be certain that their
capture nethods are hunmane and that aninmals are released in the
best possible condition. Methods of live capture, primrily by
trappi ng and netting, nust be designed to keep captive aninmals
alive, uninjured, well provisioned, and in confortable
mcroclimtic conditions while awaiting subsequent processing and
release. Live traps of various sizes, shapes, designs, and
materials are avail able from numerous conmmercial outlets (e.g.,
Sher man, Havahart, Longworth, Little Critter, National, and
Tomahawk), or they can be custom made. Live capture nethods have
t he advantage of allow ng non-target species or individuals
(e.g., lactating females) to be rel eased unhar ned.

For non-fossorial mammals, |ive traps should enclose a
vol une adequate for novenent therein of the target species; for
fossorial manmmal s, trap diameter typically approxi mates that of
the burrow (e.g., Baker and Wl lianms, 1972). The trap nechani sm

should not inflict injury and should be effective in containing
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the captive so that it does not became stuck or partially held in
the trap door. |In certain circunstances, padded | eghold traps
may be appropriate for live-trapping | arger mammal s.

Li ve traps nust be checked frequently to prevent nortality
and to maintain captive mammals in prine condition. Therefore,
t he nunber of traps set should be based on the nunber and energy
of persons available to check them the conditions of the study
area, weather, and species of mammal being studied. The tine
interval between trap checks will depend on the type of live
trap, type and activity of the mammal s to be trapped,
configuration of the traps, climate, and season. Typically, live
traps for nocturnal species should be set before dusk and checked
as soon as possible after dawn. They should be cl osed during the
day after the norning check to prevent accidental capture of
diurnal species. However, live traps for shrews should be
checked ca. every 1.5 h to mnimze nortality (Hawes, 1977;
M chi el sen, 1966), although Churchfield (1990) suggests that four
visits per 24 h (e.g., dawn, mdday, |ate afternoon, and eveni ng)
are sufficient. |In general, live-trapping of Insectivora
requires nore frequent checks of traps due to the higher
met abol i sm of these species. Special care also is required to
mai ntai n these species in captivity, even for short periods of
time.

During warm weat her, live traps for diurnal species should
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be shaded or positioned so as to avoid full exposure to the sun
and shoul d be checked every few hours to prevent heat stress of
captured mammal s. During cold weat her, energy demands of
t hernoregul ation require that an adequate supply of food and
nesting material be placed in live traps. Were disturbance of
traps by raccoons or other animals is a significant problem trap
encl osures (Getz and Batzli, 1974; Layne, 1987) may be requir ed.
The field researcher is obligated to find and i nspect every
live trap each tinme the trapline or grid is checked, and to
renmove all traps fromthe field or lock traps open at the end of
the sanpling period. |If live traps are not set in a systematic
fashion (i.e., in a grid or transect), they should be nunbered
and set sequentially, or trap sites should be tagged or flagged
and nunbered sequentially to ensure that all traps are found each
time traps are checked, and that no traps are left in the field
upon conpl etion of sanpling.

Pitfalls, which are an appropriate type of live trap for
sone manmmal s, al so nust be checked frequently and should contain
nesting material and adequate food to last until the next tine
traps are checked. As for other kinds of live traps set for
shrews and other small manmmals with high netabolic rates,
pitfalls may have to be checked as often as every few hours to
prevent starvation. Pitfalls may need securely fastened raised

covers to keep out predators such as raccoons, as well as rain
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and direct sunlight.

Sone species of mammal s can be captured by hand. Wen done
wth care, this is an effective and hunmane capture techni que;
however, precautions should be taken to avoid being bitten or
contam nated with body fluids or ectoparasites (see HEALTH
PRECAUTI ONS) .

Corral traps are designed to enable herding of |arge manmal s
al ong fences or runways into a corral. This technique comonly
is used by wildlife personnel in research or managenent
procedures involving | arge ungul ates and kangaroos. As with
cannon nets, another technique of choice in the wildlife
prof essi on, care should be taken to avoid injury to captured
mamral s.  \Wen corral traps or nets are used, all animls
captured nust be attended to as quickly as possible to prevent
panic or injury.

M st nets, harp traps, and simlar devices are effective and
humane net hods of capturing live bats (Kunz and Kurta, 1988).
These devices are best set imedi ately before sunset and
di smant|l ed or rendered inoperative before sunrise and between
capture efforts. M st nets should be tended continuously, and
all captured animals should be renoved i nmediately to avoid
injury fromundue entangl enent or frompredators. Mst nets
shoul d not be deployed at sites where | arge nunbers of bats may

be captured (for exanple, at entrances to cave or mnes); in such
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circunstances, harp traps are recommended. Harp traps should be
nmonitored regularly, but do not require constant vigilance as do
m st nets.

Particular attention should be given to the tine of year
when bats are collected fromcommunal roosting sites. Mternity
col onies generally should be avoi ded during the period when young
are born and during the entire tinme females are nursing to reduce
di sturbance-rel ated nortality. Repeated disturbance and arousal
of hibernating bats will cause depletion of critical fat stores,
which can lead to high nortality.

Use of "CAP-CHUR' guns or darts to shoot a sedative into the
shoul der or hip of a large mammal requires know edge of proper
dosage and adequate | ogistical support to track a darted mammal
until the sedative takes effect. Unless the investigator has
consi derabl e experience in the use of this capture nethod, we
recommend that the advice of a wildlife veterinarian be obtained.

Location, habitat, and tinme required for sedation should be
considered to avoid injury or drowning of sedated mammals. In
cases where treed mammal s (e.g., nountain lions and bears) are
shot with tranquilizer guns, precautions nust be taken to ensure
that the animal is not injured if it should fall fromthe tree,
e.g., by positioning a net or pad under the animal. Sedated
mammal s shoul d be nonitored closely and should not be rel eased

until they recover nornmal |oconotor capabilities. Exceptions
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woul d be | arge, dangerous species that woul d pose a risk of
injury or death to the investigator. Such species should be

pl aced in secure sites where they will not be subject to physical
harm or extremes of tenperature, and can be nonitored froma safe
di st ance.

We recomrend that captured small and nmedi um si zed mamral s be
handl ed by nmethods that restrain the body and appendages, yet
permt easy breathing. Covering the eyes may hel p, because nmany
mammal s wi Il not struggle to escape if their eyes are covered.
Restraint by neans of a nesh or cloth bag permts marking,
measuring, biopsying, or otherw se sanpling of the mammal t hrough
the mesh or partially opened end of the bag. A captured manmal
al so may be mani pul ated safely by confining it in a heavy-duty
clear plastic bag for brief periods. Such bags also are useful
when anest hesia nust be induced (e.g., small nustelids). An
anesthetic (e.g., halothane, nethoxyflurane) can be introduced
into the bag by dripping it onto cotton or gauze in a jar with
perforated Iid or in a tea strainer, thus precluding direct
contact between the captive animal and the anesthetic. Larger
mammal s may require mld sedation before they are renoved from
traps for exam nation

Rodents that are reservoirs for serious human di seases may
be anesthetized before handling to reduce the chance of infection

via bite or contact with potentially infectious excretions,
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feces, or secretions. Depending upon type of anesthesia,
ectoparasites that carry diseases transm ssible to humans nay be

rendered inactive, thereby reducing chances for the spread of

di sease.
Kill-trappi ng and Shooti ng
Sonme types of research in mammal ogy require the killing of
i ndividuals, either by use of traps or firearns. |Investigators

must endeavor to ensure that such collecting does not adversely
af fect the popul ati ons being sanpled. In such collecting, it is
essential to enploy nmethods of trapping or shooting that wll
ensure that death occurs as quickly and painlessly as possible

w t hout damage to any body parts needed for research. Sone
speci es may be taken effectively only by use of specialized traps
such as snap or break-back traps (e.g., Victor or McGII| traps
for rat-sized mammal s and Museum Special traps for smaller
species); pitfalls for shrews or other small terrestrial mamml s;
Macabee and conparable traps for pocket gophers; harpoon traps
and simlar devices for noles; Conibear or simlar body-grip
traps for nediumsized mammal s. These latter traps are
preferable to | eg-hold traps where appropriate. Kill traps nust
be positioned with care so as to ensure the highest probability
of capture of "target" species and the | owest probability of
capture of other animals. Traps nust be secured well and marked

conspi cuously to prevent |oss. Traps nust be checked at | east
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once each day to renove captured mammals. |If a captured ani ma

is not already dead, it should be killed i mediately and humanel y
(see METHODS OF EUTHANASI A). Snap traps set strictly for

noct urnal species should be renoved or sprung during the day to
avoi d accidental capture of diurnal species. Pitfalls nay be
used as kill traps only when no other effective nethod of kill-
trapping is available. The use of formalin or ethylene glycol in
pitfalls is not approved.

Mammal ogi sts are encouraged to use the | east traumatic ki nd
of trap that wll serve the purpose. |If only leg-hold traps wll
do, it is recommended that nodern types that m nimze the
i nci dence of injury to captured manmal s be used (Kuehn et al.
1986) and that such traps be checked frequently, at |east tw ce
each day, preferably nore often.

Shooting is the nost effective way, and in sone cases the
only way, to collect certain species. This is particularly true
for tree-dwelling species that seldomif ever cone to the ground
where they woul d be subject to capture in traps. Investigators
who enploy this technique should be experienced in the safe and
proper use of firearnms and nmust conply with |aws and regul ati ons
governing their possession and use. Humane use of firearns
necessitates that manmal s be killed outright. Therefore, the
firearms used should be appropriate for the species to be

collected. Manmals the size of chipnunk or smaller manmal s can
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be shot with a .22 caliber pistol or rifle | oaded with nunber 12
or dust shot. A .22 caliber rifle |loaded with conventi onal
bullets or a 12, 16, 20, or .410 gauge shotgun with appropriate
| oads is better suited for mediumsized mammals (as |large as a
raccoon). The shooting of |arge mammals may require use of a
hi gh-powered rifle wth appropriate amunition. Shooting
nocturnal species with the aid of a spotlight (when |egal)
demands extra safety precautions and skill because of limted
visibility.

METHODS FOR SAMPLI NG Tl SSUE FROM LI VE MAMVALS

Bot h non-invasive and i nvasive techni ques used in sanpling
tissues fromlive manmal s require humane procedures and astute
pr of essi onal judgnent ainmed at obtaining maxi mal scientific data
froma m nimum of individuals or sanples. The advice of a
veterinarian may be hel pful in planning such procedures. Only
trai ned, experienced personnel should take tissue sanples from
[ive animal s.

Judgnent about the use or non-use of |ocal anesthetics when
sanpling peripheral body tissue and tissue fluids, such as bl ood,
| ynph, sperm and tissue sanples from body openi ngs, should be
based on a conscious effort to avoid or mnimze pain to the
mammal . If pain is slight or nonentary, it may be judicious not
to use anesthesia so that the manmal can be rel eased i nmedi ately.

Ceneral ly, however, any procedure that causes pain or
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significant distress requires the use of an appropriate
anesthetic. Selection of anesthetics and anal gesics for specific
ani mal s shoul d be based on eval uation by a specialist such as a
veterinarian. |If physiological nmeasurenents are to be nmade, this
may affect the choice of agent(s) used. Tranquilizers used to

i mmobi lize | arge mammal s are not acceptable substitutes for

anest hesi a when subsequent treatnent produces nore than slight or
momentary pain. |If a mammal is destined to endure prolonged pain
or disconfort resulting fromthe effects of capture or treatnent,
eut hanasi a i s warrant ed.

Al t hough aseptic techniques are difficult in the field,
cleanliness in all surgical or puncture techniques is essential
to mnimze the potential for infection and to provide reliable
bi ol ogi cal sanples. Researchers and educators perform ng
i nvasi ve procedures (e.g., inplanting abdom nal transmtters) in
the field should utilize acceptable surgical procedures (e.g.,
gl oves, facemasks, and sterilized instruments) to mnimze the
risk of infection. They also should adm nister antibiotic drugs
when there is a risk of infection follow ng surgery or other
i nvasi ve procedures in the field. Use of antibiotics should only
be done followi ng consultation with a veterinarian. An affected
manmmal nust be nmai ntai ned under cl ose observation and not
rel eased until it has recovered fromtreatnent.

Smal | anmpbunts of bl ood can be obtai ned from snal
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terrestrial mammal s by an incision at the tip of the tail. Blood
can be obtained frombats by venipuncture in the tail nenbrane or
al ong the | eading edge of the wing. |If larger volunmes of blood
are needed, venipuncture of the fenoral or jugular vein, the
orbital sinus, or any of several venous pl exuses can be perforned
on nost mammal s without significant risk of nortality. The use
of anesthesia for blood sanpling will depend upon the procedure
and species. Because sone species are highly sensitive to

anest hesia, the use of anesthesia should be wei ghed agai nst the
risk of nortality fromthe anesthesia. Cardiac puncture under
anest hesia may yield noderate anounts of blood with | ow risk of
nortality. |In instances where a | arge anount of blood is needed
froma small mamrmal , appropriate nmethods woul d i ncl ude term nal

t horacot ony under anesthesia foll owed by exsangui nati on,
decapitation and collection of trunk bl ood, and exsangui nati on by
cardi ac puncture.

External tissue sanples, such as skin clips, require aseptic
conditions and anesthesia. Internal tissue sanples, obtained by
| ar ge- bore needl e bi opsy, generally require i mobilization and
anest hesia, but can be perforned in the field if care and sterile
instrunments are used. For certain large, terrestrial, and narine
manmmal s, tissue may be taken fromfree-ranging individuals with
bi opsy darts (Karesh et al., 1989; Barrett-Lennard et al., 1996).

Consultation with a veterinarian is essential in such field
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pr ocedur es.

I n processing karyotypic preparations, it often is necessary
to increase the mtotic index with a mtogen. Methods that are
acceptabl e i nclude the yeast-stress nethod (Lee and El der, 1980)
and the use of recogni zed m togens, such as phytohenmaggl ut anin,
that cause mnimal disconfort to the specinen.

United States National Institutes of Health (N H) guidelines
recommend that surgery in the field or |aboratory be done under
aseptic conditions. Manmal ogists working in the United States
should be famliar with regulations pronul gated by the United
States Secretary of Agriculture (CFR, Title 9, Subchapter A,
Parts, 1, 2, 3, and 4) with respect to the care, handling, and
treatnment of vertebrate animals held or used for research,
teaching, or other activities supported by federal grant awards
and the United States Aninal Wl fare Act (P.L. 89-544, 1966), as
amended (P.L. 91-579 and P.L. 94-279). Moreover, manmal ogi Ssts
working in the United States or its territories and receiving
financial support for their research fromthe U S. Nationa
Sci ence Foundation (NSF), NIH, or other federal agency are
expected to foll ow guidelines described in the "Guide for the
Care and Use of Laboratory Animals,"” (National Acadeny of
Sci ences, 1996; previously NIH Publication 85-23), and to conply
with the "U. S. Government Principles for the Uilization and Care

of Vertebrate Animals Used in Testing, Research, and Training"
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(i ncluded as an appendi x to the National Acadeny of Sciences
GQuide). Finally, mammal ogi sts should be famliar with the
American Soci ety of Mamral ogi sts' "Quidelines for the Use of
Mammal s in Research” (ad hoc Commttee for Animal Care
Cui del i nes, 1985).

Specific safety guidelines have been published for handling
and sanpling small mammal s that are known reservoirs for agents
t hat can cause severe human di seases such as henorrhagic fever or
hant avi rus pul nonary syndronme (MIls et al., 1995a, 1995b). It
is inmportant that manmal ogi sts who handl e such reservoir species
inthe field in endem c areas, or who process tissue or bl ood
sanples fromthese species in the | aboratory, adhere to these
safety guidelines (see HEALTH PRECAUTI ONS) .

RESPONSI Bl LI TY FOR DEPENDENT OFFSPRI NG

Field study of mammals is nost frequently carried out during
war mer nonths of the year, which correspond to the reproductive
season of nmany species. As a consequence, there is a high
probability that captured females may be | actating and,
t herefore, have dependent young, which are at risk.
| nvestigators shoul d recogni ze the dependent relationship between
suckling infants and their nothers, and whenever possible should
desi gn sanpling procedures to mnimze the possibility of
removing or killing lactating females. Wen this cannot be

avoi ded or when orphaned young are found, the researcher should
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assunme responsibility for such young, nost commonly by killing
them qui ckly and humanely. Live-trapping should be designed to
mnimze the time lactating fermales are renoved fromtheir
dependent of fspring.
SCOCI AL | NTERACTI ONS
Sonme species of manmmal s are nenbers of groups wth conpl ex
social interactions (e.g., ground squirrels, prairie dogs,
certain primates). Wen studying such species, investigators
shoul d endeavor to mnimze the inpact that holding or renoving
i ndividuals will have on the welfare and social interactions of
both the individual and group. In live-trapping studies of
soci al species, sinply mnimzing the | ength of confinenent can
materially reduce the adverse inpact of such procedures.
METHODS OF EUTHANASI A

When |ive-caught animals are retai ned as voucher specinmens or
when specinmens are injured or distressed and cannot be rel eased,
t hey must be euthani zed humanely. Field nethods used to
eut hani ze mamal s shoul d be qui ck, as painless as possible, and
conpatible wwth both the design of the investigation, and the
si ze and behavi or of the species of manmal under investigation.
Also, in the United States, researchers receiving federal support
must conply with relevant provisions of the United States Public
Heal th Service Policy on Hunane Care and Use of Laboratory

Ani mal s by Awardee Institutions. Acceptable nmethods of
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eut hanasi a vary anong species (Anerican Veterinary Medi cal

Associ ation, 1993), but typically are related to size of the
animal. Use of inhalants such as carbon di oxi de, hal ot hane,

met hoxyfl urane, ether (carcinogen, flammable and potentially
expl osive), or other gases (except chloroform which is not
recommended by United States Public Health Service guidelines
because of hazards to the investigator) for euthanasia is
acceptabl e (Anerican Veterinary Medical Association, 1993), but
sonetinmes is inpractical under field conditions. Under open-air
field conditions, chloroformnay be appropriate due to the fact
that it also kills ectoparasites, that may pose greater risks to
the researcher through transm ssion of diseases such as pl ague
and typhus. If chloroformis used, it always should be outside
in well-ventil ated areas and by experienced personnel. For

eut hani zing small mammal s, cervical dislocation and thoracic
conpression are commonly used net hods because they are qui ck and
inpart little pain, thus neeting the criteria for euthanasia

met hods of the United States Departnment of Agriculture's Anim
and Plant Health Service (APH S). Euthanasia by shooting or
other traumatic neans also is humane and effective if the result
i s instantaneous death, but should not be enpl oyed except by
experienced investigators. Oher nethods of euthanasia have been
reviewed by the Anmerican Veterinary Medical Association's Panel

on Eut hanasia (Anerican Veterinary Mdical Association, 1993).
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Regar dl ess of nethod used, death of the animal should be
confirned.
METHODS FOR MARKI NG AND TRACKI NG

The objective of marking a manmal is to permt its
reidentification, either upon recapture or from a distance.
Mar ki ng may be tenporary or permanent. The nethod of marking
enpl oyed shoul d be as pai nl ess as possi ble and shoul d not
restrict the normal activity or affect the well-being of the
mamal .

The sel ection of a nethod of marking should involve both
assessnent of the objectives of the study and the characteristics
of the species being studied. For exanple, toe-clipping should
be avoided for arboreal, scansorial, sem-fossorial, and
fossorial species. Although ear-tagging nmay be preferable in
sone cases, frequent |oss of tags may render this nethod | ess
reliable than others, including toe-clipping. Al so, ear tags my
[imt the ability of small manmals to groomtheir ears

effectively. In Peronyscus |eucopus this results in higher

infestations of ticks (lxodes scapularis), which are vectors

responsi ble for the transm ssion of Lyne disease (Ostfeld et al.

1996). The small, cryptic ears of sonme species such as shrews

(Soricidae) preclude ear-tagging as a viable nethod of marking.
To ensure the confort of the marked mammal and easy

reidentification, marking nmethods should be appropriate for the
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size, future growh, body form and habits of the species. Metal
or plastic tags should be applied properly and should not burden
the mammal or maeke it vulnerable to injury or predation.
Sequentially nunbered or col or-coded narkers can be inserted into
the ear, around the neck or leg, or into | oose body skin (using
topi cal anesthesia if necessary).

Bats are best marked with w ng bands or bead-chai n neckl aces
(Barclay and Bell, 1988). Generally, wi ng bands should be
applied loosely so they slide freely along the forearm |If
young bats are to be banded, the bands should be |arge enough to
allow for gromh to adult size. The w ng nenbrane of sone
species may need to be slit to accommodate the band properly
(Barclay and Bell, 1988). Because, in the tropics, w ng bands
often |l ead to infection, bead-chain necklaces are the better
option. |If bead-chain necklaces are used, extrene care should be
taken to ensure proper fit (Barclay and Bell, 1988).

When no ot her marking net hods are feasible, ear-punching and
toe-clipping are quick, long-term marking nmethods that cause only
brief and m nor disconfort to small mammals (shrew to rat-sized).

A poultry punch is an effective marking instrunent for the ear
margi ns of small manmals. All clipping nethods shoul d be
performed with sharp instrunents. No nore than one toe per foot
shoul d be clipped. These nethods should not be used on bats

because of the inportant roles of the pinna in echol ocation and
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the toes in roosting.

Radi otel enetry is an especially useful nethod of |ocating
and tracking nediumsized and | arge mammal s whose wanderings are
difficult or inpossible to nonitor by frequent |ive-trapping or
direct observation. This nethod is appropriate for use on
manmmal s that can carry the transmtter and antenna w t hout
encunbrance. The transmtter normally is incorporated into a
collar or harness that, |ike any other tagging device, should be
secured without restricting or abrading the body parts. Collars
pl aced on young, growi ng mammal s shoul d be of an expandabl e or
break-away type if there is a |low probability of recapturing the
manmmal to renove the collar before it becones too tight. For
terrestrial manmals, the radiotransmtter normally should not
exceed 5% of body mass. This is especially inportant in the case
of small bats (body mass < 70 g). For bats, transmtters are
nost successfully attached to the m d-dorsal region using
surgi cal adhesive (Barclay and Bell, 1988). |In studies on sone
manmmal s, the transmtter may be inplanted surgically.
| nvestigators are obliged to nonitor the condition of marked
mammal s and, if practical, renove transmtters at the conpletion
of a study.

Passive integrated transponders (PI T tags) provide a new
met hod of permanently marking mammals. PIT tags are injected

under the skin with |arge-bore hypoderm c syringes. Care should
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be taken to avoid contam nation of PIT tags prior to
inplantation. Once inplanted, these can be "read" with a scanner
that activates the tags; however, with few exceptions (e.g.,

Har per and Batzli, 1996) specinens nust be recaptured and hand-
held for the scanner to function. PIT tags are expensive in
terms of both the tags and the readers; however, they are nore
reliable than ear tags in ternms of frequency of |oss by marked
animal s (Harper and Batzli, 1996; WIllians et al., 1997).

Tenporary marking with non-toxic dyes or dry fluorescent
pi gnents, by spot-shaving, or by injection of |ow dosages of
short half-life radioi sotopes should be enpl oyed when practical,
if the study is short-termor seasonal. Mre pernmanent marking
met hods, such as tagging, collaring, banding, PIT tags, ear-
punchi ng, toe-clipping, tattooing, and freeze branding are nore
suitable for |ong-term studies.

O her acceptabl e taggi ng net hods i nvol ve use of | owl evel
radi oactive tags, light-emtting diodes (LEDs), Beta lights, and
chem cal light tags. Radioactive tags are especially val uable
for studies of fossorial species for which radiotelenetric
met hods may be inpractical. Al relevant federal, state, |ocal,
and institutional regulations nust be followed if this nethod is
used. Wen the study is conpleted, marked ani nals shoul d be
recaptured so the radi oactive material can be renoved, and al

contam nated materials should be di sposed of according to
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establ i shed safety standards (Code of Federal Regulations, Title
10, Part 20).
HOLDI NG AND TRANSPORTI NG CAPTI VE MAMVALS

Captured mammal s to be retained for brief periods (no nore
than a few hours) or transported to a | aboratory nmust be pl aced
in appropriate holding cages, which can include live traps if
those traps are provided with adequate ventilation, food, and a
source of noisture, and if they enconpass sufficient space with
appropri ate paddi ng and bedding to ensure the confort of captive
mamral s. Live traps al so should be positioned to permt drai nhage
of urine produced by captive animls. Acceptable hol ding devices
for bats were described by Kunz and Kurta (1988).

Mammal s are endot herns and honeot herns, and as a consequence
have high food and water requirenents. \Wile being transported,
mamral s shoul d be provided with adequate food, sources of
noi sture (e.g., noist fruits, if water is not a practica
option), and an appropriate environnent for thernoregulation.
Mammal s in transport should never be subjected to thernma
environments that exceed their limts of tol erance.

Cages for transporting mammal s shoul d be kept out of the sun,
wi nd, and precipitation and at a confortable tenperature.
Capti ves shoul d be checked frequently. Mst field vehicles are
not nobile | aboratories and conditions in a vehicle cannot be

mai ntai ned as they are in a |l aboratory facility. Rather, the
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precautions used for the humane transport of household pets
shoul d be applied when transporting research animals. Care al so
shoul d be taken to m nim ze psychol ogical stress on certain
speci es by shielding cages from excessive light, noise, and human
activities.

On occasion, wld-caught manmal s are brought into a
| aboratory where they are kept for a period of tine before being
processed. Wiile in captivity, these manmal s nust be nai nt ai ned
under conditions that nmeet their needs and tol erances for food,
noi sture, nesting, space, and mcroclimte. Researchers
recei ving federal support nust ensure that conditions in the
| aboratory conply with guidelines described in Guide for the Care
and Use of Laboratory Aninmals (National Acadeny of Sciences,
1996; previously NIH Publication 85-23), and any | ocal
regul ations that may apply. Those guidelines typically also nust
be net if a permanent or long-termcolony is maintained.
However, guidelines for naintenance of aninmal col oni es do not
apply to the design of research intended to sinmulate natura
conditions in the laboratory, in experinental studies using
encl osures or environnental manipulations in the field, or when
wild mmmal s kept in captivity require conditions other than
t hose prescribed by the NI H guidelines; obviously, in such
i nst ances, professional judgenent nust prevail. |In this regard,

met hods for the special care and housing of bats in the
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| aboratory were sunmarized by Wl son (1988).

Speci al precautions are necessary when hol di ng,
transporting, or initiating | aboratory col onies of species that
are known reservoirs for serious human di seases, npbst especially
t hose transm ssi ble by aerosol. These precautions are outlined
in MIls et al. (1995a, 1995b).

MAI NTENANCE OF W LD- CAUGHT | NDI VI DUALS | N CAPTIVITY

Cages or enclosures to hold w | d-caught manmal s and their
of fspring should be designed to accommpdate salient features of
t heir ecol ogy, norphol ogy, physiology, and behavior. To house
certain species (e.g., desert granivores, shrews, and fossori al
speci es such as nol es) under conditions prescribed for |aboratory
rodents is not in the best interest of such species and may
anount to inhumane treatnent. Desert granivores need fine sand
for dust-bathing and caching of seeds. Burrow ng species require
soil or other suitable substrate in which to construct tunnels.

Met hods useful for maintaining manmal s t hat have been bred
in captivity for many generations may not be appropriate for
wi | d- caught mammal s. For exanpl e, allowance should be nmade for
| ess-frequent cage cleaning and inclusion of nore objects (e.qg.,
materials for nest construction and play) in many wi |l d speci es.
Al t hough basic cleanliness and hygiene remain a high priority,
wi | d mammal s shoul d be disturbed | ess often and allowed to

accunmul ate famliar odors, which are inportant to species that
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are olfactorily oriented.

Furthernore, manmal s that are hibernating require different
cagi ng and housi ng than the sane individuals when not
hi bernating. Particularly inportant is the need to maintain
sufficiently high humdity levels and to keep tenperatures at
optimal levels to mnimze energy expenditures. |In sonme cases,
this may invol ve keeping anbient tenperatures within only a few
degrees of freezing, depending on the thermal optinmm during
hi bernati on for each speci es.

Experienced field researchers often are nore know edgeabl e
about the care and wel fare of w | d-caught mammal s than
i ndi vi dual s whose expertise is |imted to |aboratory animals. In
such situations, researchers should be permtted to care for
captive manmmal s usi ng procedures that best neet the needs of the
ani mal s based on the known ecol ogy, physiol ogy, and behavi or of
the species in question, even if these are outside guidelines
established for the care of |aboratory manmmal s.

Mammal ogi sts soneti mes study natural popul ations of manmal s
inside field enclosures in order to manipul ate popul ation si ze,
group nenbership, or novenents. For many small mammal s, such as
m ce and voles, enclosures as small as 0.10 ha are sufficient for
mai nt ai ni ng normal popul ati on processes (e.g., natality and
nortality rates) and honme range sizes (i.e., area typically

covered by individuals during routine activities). Thus, aninal
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care procedures necessary under | aboratory conditions, such as
provi si oni ng of food and water and changi ng beddi ng, are not
necessary in such experinental enclosures within natural habitat.
RELEASI NG PREVI QUSLY CAPTURED LI VE MAMVALS

There are few exceptions (for exanple, reestablishnent of
previously extirpated populations) to the rule that field-caught
manmmal s nust be released only at the sites where they were
captured. To do otherw se potentially would upset natural
popul ati ons and reduce the chances for survival of released
animals. Transl ocated manmal s al so have been inplicated in the
rapi d di ssem nation of disease agents, such as rabies, that pose
a threat to humans and other mammals (Nettles et al., 1979).
Mor eover, manmal s shoul d be rel eased as soon as possible after
capture to mnim ze behavioral or physiol ogical stresses
resulting fromthe conditions of captivity, or inmmgration of
replacenent individuals. Finally, consideration should be given
to releasing mamal s at tines coincident with their normal daily
and seasonal activity patterns.

HEALTH PRECAUTI ONS

All wild mammal s are potentially dangerous to researchers
either fromtraumatic injury due to direct contact or from
i nfectious diseases that are carried by mammals or their
parasites. Therefore, researchers dealing with w | d-caught

manmmal s in the field or |aboratory should work under the
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assunption that the aninmals they are handling pose sone risk to
their health and safety, as well as that of their students and
staff. The risk can be substantially reduced by comobn sense and
good personal hygiene (e.g., wash hands often with soap and

wat er). Researchers should endeavor to mnim ze the chances of
being bitten or scratched (e.g., wear |eather or fabric gl oves)
and shoul d avoid use | atex gloves to unnecessary exposure to

bl ood or other body fluids and feces, which may contain parasites
or pat hogens that affect humans. In high-risk areas, care should
be taken to imobilize or kill ectoparasites before handling
speci nens. Special care also should be taken to avoi di ng needl e
punctures when using syringes and simlar devices.

Mor eover, investigators who work with carnivores or bats
shoul d be especially careful to avoid being bitten and shoul d be
i mmuni zed agai nst rabies (Constantine, 1988). Al field workers
shoul d mai ntain up-to-date tetanus inmunizations. In studies on
bats, care also should be taken to avoid breathing potentially
| ethal gases (present in sonme caves and nmines), to mnimze
exposure to anticoagul ants that have been used in buildings to

kill bats, and to avoid being infected by H stoplasma capsul at um

(a fungus whi ch causes hi st opl asnosi s).
A nunber of infectious diseases that are transmtted by
art hropod vectors may be acquired w thout direct contact with

manmmal s.  Art hropod- borne di seases such as Lyne di sease,
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ehrlichi oses, Rocky Muntain spotted fever, and the equi ne
encephalitides in North Anerica, and dengue fever and mal aria
t hroughout tropical regions are exanples of these agents.
Manmal ogi sts shoul d be aware that these diseases represent a risk
of conducting field studies in specific geographic areas.
Reduction of that risk requires know ng what agents occur in a
regi on and taking appropriate precautions to m nimze exposure.
In addi tion, mammal ogi sts shoul d recogni ze the risks of
contracting diseases that are associated with direct contact with
mamral s or their parasites. For exanple, bubonic plague is
caused by a bacteriumthat can be transmtted to humans by fl eas
that occur on certain rodents, especially sciurids (squirrels),
or indirectly by close contact wwth certain carnivores (e.g.,
donestic cats). Such risks nmust be considered when selecting a
met hod of euthanasia for mammals. Preference should be given to
agents that kill ectoparasites as well as mammals. Tularema is
a bacterial disease, primarily of |agonorphs (hares and rabbits),
that can be transmtted to humans by arthropods or by handling or
eating infected animals. Mammals may al so serve as reservoirs
for numerous ot her agents such as relapsing fever, nurine typhus,
sal nonel | osi s, histoplanosis, toxoplasnosis, |eptospirosis, and
pasteurella. The |list of pathogens that humans can acquire
directly or indirectly frommmmals continues to grow,

principally because new t echnol ogi es have becone avail able to
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detect them

Recently, manmal ogi sts have becone aware of the potenti al
for acquiring hantavirus pul nonary syndrone foll ow ng exposure to
several species of signodontine rodents that serve as reservoirs
for hantaviruses. (Quidelines established by institutional safety
commttees and the United States Centers for Di sease Control and
Prevention shoul d be consulted when working with known reservoir
species (MIls et al., 1995a, 1995b).

I n manmmal ogy, as in other fields of science, decisions nust
be based on cost-benefit analysis. An attenpt to avoid or reduce
the risk of one health problemmay result in increased
probability of another health problem For exanple, exposure to
art hropod-vect ored di seases nay be increased by not using a
met hod of euthanasia that kills ectoparasites, but such
eut hanasi a agents pose sone risks to humans. Reasonable
approaches nmust be consi dered when dealing with such agents as
hant avi rus, which requires considerable efforts to ensure
absol ute safety. Protocols such as properly equi ppi ng one
i ndi vidual to handle high-risk manmals in a class situation could
all eviate the unreasonabl e case of equi pping every student with
respirators and level-4 viral training. Finally, it should be
remenbered that perhaps the greatest risk in nost field studies
i n mamral ogy involves travel to and fromthe study site.

| nvestigators or students who becone ill following field
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wor k i nvol vi ng mammal s shoul d i nform physi ci ans i mredi ately of
their possible exposure to agents carried by manmals or their
parasites, and the geographic regions in which their field work
was perfornmed. Physicians rely heavily on exposure histories in
deci ding the courses of diagnosis and treatnent. [Inform ng
physi ci ans of possi bl e exposures may be critical to receiving
pronpt and appropriate testing and treatnent.

A key conmponent of safety in the field is comon-sense
personal hygiene. Investigators should wash their hands
frequently and should wash their field clothes and any ot her
materials that come in contact with manmal s or their blood or
body fluids. They also should take precautions to prevent
contam nation of food and living areas with droppings and uri ne.

The history of manmal ogy suggests that conmmon sense, coupled
wi th prudent hygi ene, can serve to reduce the risk of disease
from mammal - bor ne pat hogens to acceptabl e | evels.

PUBLI C RELATIONS IN THE FI ELD
Sone field nethods, although conpletely | egal and hunane,

may be m sunderstood by the public. Therefore, researchers
should to be discreet in all activities that may affect the
sensibilities of the public. 1In general, taking tine to explain
field activities to interested or concerned individuals is a
val uabl e practi ce.
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