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The Only Constant Is Change

From time to time, many people find
themselves questioning whether
their lives have become a comfortable,
predictable routine, or i they are simply
iuststuck in a rut. Organizations also find
themselves asking the same sort of ques-
tions. If an organization is trying to meet
the needs of its members in a changing
world, to stay the same is to fail.

IWRC is in the midst of 2 number of
major changes, many reguested by mem-
bers, some planned by the board of direc-
tors, and a few big ones thrust upon the
organization by circumstances heyond our
control. The net result is an organization
that has been jarred awake by world
events, and an vrganization that is surg-
ing forward to meet new challenges.

Cne of the biggest changes at [WRC
took place on June 28, when Executive
Director Mary Reynolds left the staff
after more than 13 years of service to the
organization. Mary had been a rock of
steadiness in our national office. Her
departure presented the hoard with the
need to make some big decisions about
the future of IWRC, then find a new
director who could implement our plans
for the future and meve us forward.

[n trying to balance the immediate
operational need for leadership in our
office with the need to get member
inpur and roake thoughtful, long-term,
stravegic decisions, the board decided to
hire an interim director to keep us on
track and help us maintain the momen-
tum we have been building over the last
several years.

We are delighted to announce the
appointment of Jennifer Bennett to this
position. Jennifer has worked for nearly
eight years in the field of wildlife care,
holding positions ghat range from velun-
teer to executive director in various wild-
life rehabilitation organizations around
the San Francisco Bay Area. She is a long-
time member of IWRC and has been both
a patticipant and a presenter at many of
our conferences. Perhaps more important
are her exceptional skills in communi-
cation, crganization management, and
human relations. She brings new skills,
new enthusiasm, and new energy to our
national office. In short, she has it all.

Jennifer's appointment will run
through the end of the year, during which
time the board will evaluate IWRC's
long-term needs and conduct a national
search for a permanent director.

While the new face of [WRC is
an obvious change, there is even more
going on. Some of the changes are pri-
marily internal ones that won’t be obvi-
ous to members but that will result in far
better service and support. The office
recently installed a new computer sys-
tem and is dramatically upgrading its
membership and informatien manage-
ment software. This has aiready in-
creased the efficiency of the office,
and will soon allow us to provide entirely
new services.

One new service to our members is
the E-zine, the online magazine, which
can be found on IWRC’s website,
www.iwrc-online.org. The E-zine will
teplace the costly and inefficient news-
letter that has outlived its usefuiness. A
stail percentage of our members do not
have access to the Internet, so some pro-
vision wili be made to provide the new
magazine in hard copy, at least for the
time being.

[n spite of rumors to the contrary,
[WRC will continue to publish the
Jowrnal of Wildlife Rehabilitation in its
current format.

In an exchange of correspondence
[ recently had with a member in Florida,
I pointed out that your IWRC hoard is
aware that we wilt never please everyone,
but we are committed to serving every-
one. In the aftermath of the terrible
events of September 11, 2001, IWRC
has faced many of the same challenges
that have rocked, and occasionally
crippled, other nonprofir organizations.
We have had to make some hard choices
to keep IWRC’s programs and service
alive and well.

F am pleased to report that, indeed,
IWRC is alive and well. There are many
changes taking place, but one thing will
remain the same. [WRC is committed
to the conservation of wildlife and
service to those who care for them.

~Edward E. Clark Ir.
President, IWRC Board of Directors



 LETTERS

More on The Origin of Species

n her recent review of Chatles

Darwin’s classic book, The Origin of

Species ... (J. Wildlife Rehab. [24]4:
34), Kieran Lindsey suggested that read-
ing this almost- 1 50-year-old bock “would
be well worth the effort.” However, given
the rapid pace at which the biological
sciences have advanced, many people
may see littde value in reading a scien-
tific book that was published so fong ago.
Because | share Ms. Lindsey’s enthusi-
asm for this book, | wish to emphasize
that even a perusal of this classic work,
if not a thorough reading, would be a
valuable experience, for several reasons.
The process of evolution through natu-
ral selection laid out by Darwin in this
book is arguably the most important con-
cept in all of biology. But if this isn’t
enough justification to take a look, per-
haps being made aware that natural se-
lection has strong relevance to our daily
lives almost a century and a haif after
the concept of this process was published
will pique one’s interest.

A brief scan through the book’s pages
demonstrates how thorough Darwin was
in establishing the facts needed to
strongly support his ideas. A bit more
delving into the book will indicate thac
the process of evelution via natural se-
lection actually is composed of three
seemingly simple steps: (1) organisms
produce more offspring than can survive
in their habitats; (2) those individuals
that are best adapted to their environ-
ment survive better and reproduce more
than less well-adapted individuals; and
{3) because offspring generally resemble
their parents (through the mechanism of
genetic heredity, which Darwin didn’t
know about at the time he wrote this
book), better adapted individuals tend
to produce better adapted offspring.

Thus, through natural selection, as
one generation replaces anather, organ-
isms become better adapted to their
environment, and they change as their
environment changes or when they colo-
nize new areas with different environ-
ments. How elegantly simple——three
basic, indisputable steps to explain how
Nature “works.” The process of natural
sefection helps us understand why there

is such a grand diversity of species ex-
hibiting a truly amazing variety of
lifestyles and inhabiting virtuaily every
potential habitat on earth, from the
tubeworms and crabs atr the thermal
vents deep in the oceans to the flies and
spiders high up on the cold, barren slopes
of the Himalayan mountains, and even
the tiny mites that live in our eyelash
pores without us being aware of them!

With even a rudimentary knowiedge
of the three simple steps of evolution via
natural selection, one is left wondering
why some people (“anti-evolutionists™)
want to prevent others from learning
about this process. Understanding natu-
ral sefection is all the more important as
we face key challenges of the 21st cen-
tury—problems whose roots lie in our
failure to apply our understanding of a
pervasive, natural process elaborated by
Darwin many years ago. Some examples:

(1) Through excessive use of antibi-
otics in our domestic animals and our-
selves, several bacteria that cause human
diseases inadvertently have been selected
by us to become resistant, such that
former “miracle drugs” are now ineffec-
tive ai controlling these pathogens.
Similarly, through excessive use of pes-
ticides, many species of insects and other
pests inadvertently have been selected
by us to become resistant to the once-
toxic effects of these chemicals.

{2) Through habitat destruction and
other causes, we are reducing populations
of organisms {especially wildlife) to the
point that they are too small to main-
tain the genetic variability necessary to
produce the “better adapted” individu-
als that might survive in their changing
environments, and thus these species are
facing extinction.

(3} Through emissions of carbon
dioxide and other “greenhouse” gases,
humans appear to be warming the earcth
at such a rapid rate that many organisms
may not be able to adapt rapidly enough
to cope with the associated environ-
mental changes.

{4) We are now tampering with the
very process of evolution, transferring
genes from one species to another, for ex-
ample to create genetically modified crop

plants. Adherents claim that the risks of
this approach are minimal relative to the
benefits, but the wisdom of such unnasu-
ral genetic manipulations has been ques-
tioned by others. Apparently, only time
will tell the outcome of this grand
“experiment” in circumventing natural
selection and manipulating evolution.
The process of natural selection un-
derlies each of these and some of the
other “challenges” we face as we enter a
new millennium, and it behooves us to
look back to the 19th century to get some
insight into how our purposeful igno-
rance of such a simple process as natural
selection during the last century has
brought us so many problems.
Although it is a long read, Darwin’s
book is certainly worth ag least a brief
perusal by anyone interested in biclogy,
as well as by parents who want their
children to receive an education that
includes exposure to the process of evo-
lution and its relevance to modern-day
life. After all, the information and ideas
provided by Darwin in this book have
laid the foundation for our current un-
derstanding of evolution that has been
attacked by anti-evolutionists. Check out
The Origin of Species ... and make your
own informed decision on this issue.

-Frank Slansky, Ph.D.
Professor of Entomology
University of Florida

Dr. Slansky writes: “I'm not a member of
the IWRC, but my wife, Lou Rea Kenyon,
is, and although I'm a ‘bug man', I assist
Lou Rea with wildlife vehab to a consider-
able degreec. We also work together on
[rojects swhere insects and mammals over-
lap, such as bot fly parasites of squirrels.

The Editors encourage readers to respond
to the articles, columns, and other items
featured in the Journal of Wildlife
Rehabilitation. Please divect general
questions and comments to the Editor at
runmuki@earthlink net (USPS addiess on
the jowrnal’s inside back cover) . To respond o
a specific article or column, please contact the
author divectly. (Nori: Letters may be edited
for clarity and length. )
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Improving Detection of Pesticide Poisoning in Birds

by Pierre Mineau and Kelley R. Tucker

Birds and Pesticides

Birds are an important and visible part of ot environment and serve as sentinels
of general environmental health. In Notth America, and in many other developed
countries, most bird species are protectred from unlicensed taking or kill of individu-
als. Yet one estimate of pesticide effects on U.S. farmland—-considered conservative
by many avian biclogists and advocates-——states that as many as 72 million birds die
each year as a result of pesticide exposure (Pimentel 2001). Our ability to refine this
estimate or to predict pesticide impacts mere accurately is hampered by the diffi-
culty of gathering data, identifying, and assessing pesticide effects on birds in real-
life scenarios. Birds are extremely mobile, and it is difficult to exclude them from
areas that are treated with pesticides. Whether in agriculture—where bird species
attracted to agricultural pests can be economically important for the control of such
pests (Kitk et al. 1996, Tucker 2002 )—or in forestry, parks, or backyards, birds and
pesticides intersect. Birds suffering from lethal or sublethal pesticide effects often
escape the notice of humans. When they are noticed, some are brought in to reha-
bilitation centers. The wildlife rehabilitation community can become a valuable
source of information. Research scientists and cooperators from government and
industry are working with academic and nonprofit organizations to provide
rehabilitators and wildlife professionals with the tools and resources to improve their
knowledge of, and zbility to report, pesticide incidents.

This paper wiil discuss the science behind the effects of pesticides on birds, with
special emphasis on cholinesterase inhibition, and provide practical information for
rehahbilitators and others interested in responding to suspected avian pesticide poi-
sonings. While the focus here is birds, much of the information can easily be applied
to other taxonomic groups. Mamenals, fish, amphibians, and reptiles have all been
reported as casualties following pesticide field trials, and biologists around the world
are sounding an alarm about the state of reptile and amphibian diversizy and popu-
fation numbers. Birds clearly ate not the only taxon under fire.

Cholinesterase-inhibiting Pesticides

According to the Federal Insecticide, Fungicide, and Rodenticide Act—the gov-
erning legislation in the United States for pesticide use and regulation—"pesticide”
is an umbrella term for a range of “substances or mixture of substances intended for
preventing, destroying, repelling, or mitigating” any organism deemed to be a pest.
Pesticides are most often categorized by target pest {e.g., herbicide, insecticide, fun-
gicide, rodenticide, avicide) or by chemical class, a somewhat arbitrary system thac
groups chemicals according to their known biochemical mode of action and com-
mon chemical features (e.g., organochlorine, otganophosphorous, or carbamate
compounds, synthetic pyrethroids, triazine herbicides, etc).

Pesticides are designed to disrupt vital biological processes of a target organistn—
for example, photosynthesis in plants or blood clotting in mammals. These pro-
cesses are often shared by nontarget organisms, thus creating a realm of risk. In the
most genetal terms, risk to any specific nontarget organism is assessed by looking at
the toxicity of the substance and the probability and nature of exposure of the
organism to the substance. In the end, any estimated risk is weighed against the
benefits of that same pesticide’s prescribed use. Pesticides can be valuable tools
in food or fiber production, habitat restoration, disease control, and indoor pest
control—more so when used in the context of a well-planned “integrated manage-
ment” program that emphasizes monitering and includes nonchemical alternatives.

The importance to agriculture of the two main classes of “cholinesterase-inhibit-
ing insecticides,” the organophosphorous (OP} and carbamate {CB) products, is
undeniabie. The use of these products, however, has not been without problems.
Their toxicity to birds has recently been compiled (Mineau et al. 2001}, In North
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ABSTRACT: Pesticide effects on birds are
multiple yet remain poorly understood.
We know that birds are important senti-
nels of ecological health in every environ-
ment. Our know!ledge of pesticide effects
on birds and other wildlife is greatly im-
proved when avian pesticide incidents are
properly identified, reported, investi-
gated, diagnosed, and recorded in acces-
sible standardized formats, Properly in-
formed and with resource support, the
wildlife rehabilitation community can
beceme a valuable source of information.

KEY WORDS: avian, pesticides, poison-
ing, organophosphorous, carbamate, anti.
coagulant, cholinesterase, neuro-toxicity,
synapse, 2-PAM, atropine, clinical signs,
measurement, monitoring, reporting
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America, it is estimated that since 1965, about 3% of bald
eagles (Haliaeetis leucocephalus) examined by the U.S. Fish and
Wildlife Service were poisoned by cholinesterase inhibitors
(Franson et al. 1995). This is a known underestimate because
the measurement of cholinesterase levels, the primary diag-
nostic tool, did not become routine until the early 1980s. The
[2% calculated for red-tailed hawks (Buteo jamaicencis) be-
eween 1979 and 1992 (Franson et al. 1996) is probably closer
to what we can reasonably expect with either species. it has
been suggested however, that these types of estimates are all
underestimates of the true impact of pesticides (Porter [993,
Mineau et al. 1999). In all diagnostic centers involved in
assessing wildlife incidents, the investigation seldom goes
further than establishing the primary cause of death, The most
frequent causes identified are invariably trauma, often from
impacts with static objects or mator vehicles and electro-
cutions. The possible contribution of sublethal pesticide in-
toxication to this type of mortality is very real and will be
discussed later.

On a regional level, the importance of poisonings caused
by cholinesterase inhibitors can be substantial and may
account for a large proportion of all raptor intakes at select
rehabilitation centers {reviewed in Mineau et al. 1999). There-
fore, the diagnosis of intoxication by a cholinesterase-inhibit-
ing agent (OP or CB) is currently one of the most important
skills needed for the investigation of pesticide effects on wild-
life. This may change in the future as a number of OP and CB
products and use patterns are phased out. There are special
problems associated with replacement chemicals that will be
discussed briefly below. Although the discussion so far has
emphasized birds of prey, intoxications with OPs and CBs are
clearly not restricted to this group. Large numbers of songbirds
are routinely kifled when ingesting treated seed, granular in-
secticides, or contaminated seeds or insects (e.g., Mineau 1993,
Friend and Franson 1999), but their small body size means that
these incidents may easily be overlooked andfor may rarely
involve rehabilitation, Waterfowl are also likely to be poisoned,
especially when they graze on treated crops; their larger size means
they are more likely to come into rehabilitation centers.

Clinical Signs Associated with OP and CB Poisoning

Alrhough there are well-described clinical signs that are
typical of poisoning by a cholinesterase (ChE) inhibitor, clini-
cail signs can be so variable as to obscure diagnosis. A basic
understanding of the mode of action of anticholinesterases
helps us to understand this variation.

The synapse

Nerve impulses rely on chermical messengers that travel from
cell to cell. No chemical messenger is more important than
acetylcholine. Acetylcholine-mediated pathways (or cholin-
ergic tracts) occur in the central nervous system (CNS), in
the peripheral nervous system, and at neuro-muscular junc-
tions. There are few physiological processes that are not
affected by acetylcholine at one point or another. Acetylcho-
line is released in the synapse, or gap, between the two com-
municating cells and stimulates the “receiver” cell. The proper
functioning of the system requires acetylcholine to be removed
quickly from the synapse once it has performed its function.
This is accomplished by the enzyme acetylcholinesterase

(AChE). If acetylcholing is not removed but allowed to pool
in the synapse, the receiver cell, whether a nerve cell or muscle
fiber, will be overstimulated. As it tires {because it is unable o
repolarize), it may shut down altogether, preventing further
impulses to pass. [t is in part because of this variation of effect
at the synapse {from initial overstimulation to eventual block-
age) that clinical signs of poisoning can be variable and at
times contracictory.

OP and CB pesticides have a high affinity for AChE and
prevent it from acting on acetylcholine. The main difference
between OPs and CBs is that, in the case of the former, the
bond between the pesticide and the enzyme is very strong and
quasi permanent. Recovery of enzyme activity is generally
accomplished by synthesis of new AChE, aithough release of
the enzyme from the OF can be hastened with drugs during
rehabilirarion (see below), The bond between CBs and AChE
is weaker and can be broken by a simple reaction with water
(hydrolysis). Upon exposure, a CB is every bit as dangerous to
a bird as an OP of equivalent toxicity. However, birds surviv-
ing an intoxication with a CB make a much faster recovery
than those exposed to an OP The rapid hydrolysis of the
CB-AChE bond means that such intoxications are more diffi-
cult to diagnose unless samples are taken eatly and preserved
property (see below).

Clinical signs and why they are so variable

I the somatic nervous system that controls voluntary
muscle movement, overstimulation resulting from pooled
acetylcholine typically gives rise to tremors, muscle twitches
and piloerection, as well as paralysis resulting in ataxia. More
rarely, the animal may convulse. Cholinergic tracts are also
important to both the parasympathetic and sympathetic auto-
nomic nervous systems but especially to the former, whete they
conduct impulses from the neural ganglia to a multitude of
effector organs such as the heart, endocrine glands, and diges-
tive system. Because the autonomic nervous system is subject
to constant adjustrent through feedback mechanisims, intoxi-
cation with a cholinesterase inhibitor sends the poisoned
organism into a veritable roller-coaster ride. For example,
individuals may show afternating constriction or dilation of
the pupils, speeding up or slowing down of the heartheat, etc.
Also, because the somatic and autonomous systems react to
different levels of cholinergic stimulation, some doses of an
anticholinesterase may produce apparently opposite signs (e.g.,
contraction of the striated muscles involved in locomotion and
simultaneous relaxation of the smooth musculature leading to
a flaccid gut and food impaction). The rate at which the indi-
vidual was exposed to the pesticide is as important as the dose
itself. Typically, gradual exposure allows the individual to com-
pensate and tolerate a higher dose than if the exposure was a
single large dose.

Finally, different cholinesterase inhibitors have different
properties that may dictate which clinical signs are expressed.
Some pesticides are directly active on synapses, others need to
be metabolized to the active molecule; some pass readily into
the brain (with obvious effects on the CNS), others have dif-
ficulty crossing the blood-brain barrier and therefore show more
“peripheral™ effects. Porter (1993) cautions that many of the
“classic signs™ of parasympathetic stimulation reported from
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standard toxicology texts may not be seen in poisoned rap-
tors—and cerrainly not with any consistency. Shimmel and
Snell (1999} similarly comment on the difficulty of arriving at
a conclusive diagnosis without chemical or biochemical labo-
ratory backup. Nevertheless, the following list moditied from
Grue et al. {1991) summarizes the signs noted by Hudson and
colleagues {1984) following dosing of various bird species with
a variety of cholinesterase-inhibiting agents:
s ataraxia (induced rranquility), lethargy
¢ ataxia (incoordination of muscular action)
*  blindness
*  convulsions (particularly just prior to death)
* defecation, diarrhea
*  dyspnea (difficult breathing)
*  epistaxis (bleeding from the nares)
*  exophthalmia (provuding eyes)
*  hyperexcitability
*  lacrimation
*  miosis (contraction of pupils}
*  myasthenia (muscular weakness)
*  mydriasis {dilation of pupils)
*  opisthotonos (heads and limbs arched back)
¢ paresis (slight paralysis)
*  piloerection (erection of contour feathers)
*  polydipsia (excessive thirst)
*  ptosis (drooping of eyelids)
s slurred vocalizations
*  tachypnea (rapid breathing)
*  tenesmus (spasmodic contraction of anal sphincter)
*  remors
¢ vomiting

As emphasized by Franson and Smith {1999}, the presence
of recently ingested food material in the upper gastrointestinal
tract is suggestive of acute poisoning by a cholinesterase in-
hibitor. Certainly, identifying the gastrointestinal content may
provide the best indicarion that the bird has been poisoned by
an agricultural chemical (e.g., the presence of undigested grass-
hoppers or other insect pests, treated seed, granules of pesti-
cides, etc.). A number of diseases produce signs that could be
mistaken for poisoning. These have been thoroughty reviewed
in Friend and Franson (1999).

Usual cause of death

Typically, but not always, poisoned birds die of anoxia be-
cause of respiratory failure. This is the result of one or a combi-
nation of factors: excessive secretion in the respiratory tract,
bronchoconstriction, failure of the muscles required for respi-
ration, andfor failure of the respiration center (see Gallo and
Lawryk 1991 for a review).

Delayed mortality: Secondary causes
Because of the far-reaching importance of cholinergic tracts,
poisoned individuals may be seriously compromised even if they
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survive the initial exposure—hence the importance of lengthy
follow-up of animals in rehabilitation. Some of the most im-
portant delayed effects may be as foliows (see Grue ecal. 1991,
1997; Mineau 1991; and Parsons et al. 2001 for a more com-
plete coverage of “sublethal” effects):

Trauma or other mishaps in the course of intoxication. It has
been shown that birds sublethally exposed to cholinesterase
inhibitors are more susceptible to predation (Galindo et al.
1985 Buerger et al. 1991, Hunt et al. 1992}. There is also rea-
son to believe that sublethal exposure to cholinesterase inhibi-
tors makes animals mote vulnerable to collision with objects,
both moving (e.g., vehicles) or stationary {e.gz., powerlines,
fences, buildings). Upon arriving at rehabilitation centers,
raptors, for example, are often diagnosed as victims of colli-
sion. The evidence of pesticide invelvement is two-fold: (1)
Anecdotal evidence from rehabilitation centers where
chotinesterase measurements have been made on a routine basis
(e.g., Porter 1993); and (2) The wealth of human evidence
about the various visual and motor effects that affect the safety
of workers (see Gallo and Lawryk 1991 for review) following
exposure to OPs and CBs. Blurred vision is a common com-
plaint; unequal miosis also can lead to a phenomenon calbed
the Pulfrich Stereo Effect where depth perception and the
ability to compute trajectories are affected. Any of these
effects in a flying bird would be expected to lead to higher
rates of collision.

Poor condition resulting from a reduced ability fo feed, as
well as a disruption in normal circadian patterns and ther-
moregulation. Energy deficits are thought to be especially im-
portant in explaining mass mortality of exposed wildlife under
inclement conditions or when body reserves are low, such as
on migration, especially in the case of small birds that cannot
endure long fasts because of their high metabolic demands.

Muscular necrosis as a resuit of transient anoxia. In humans,
this results in what has been termed “type [l toxicity” or
“intermediate syndrome,” which typically results in cardiac fail-
ure several days after return to normal cholinesterase status.
The authors are not aware of any descriptions of this syndrome
in birds.

Delayed neurotoxicity. This syndrome is the irreversible dying
back of neurons as a result of an enzyme inhibition effect other
than the usual anticholinesterase effect. Only a few OPs are
reputed to cause this. [t is noteworthy that the chicken is the
usual test organism for this syndrome, but effects are often seen
at dosing levels that would be lethal were the animal not anti-
doted for cholinesterase inhibition effects, as such lab chick-
ens commonly are. This syndrome has not been reported in
wild birds, although we might expect to see it fiest in animals
subject to intensive rehabilitation efforts. Woods and Plumlee
(1999} briefly mention possible cases in cage birds from Cali-
fornia but provide no further detail.

Treatment of Poisoning Cases

Treatment of wildlife generally follows a four-pronged
approach. Atropine is considered to be the most effective
antidote for both OP and CB intoxication. By effectively com-
peting with acetylcholine for the muscarinic cellular recep-



tors, it prevents overstimulation of the autonomic parasympa-
thetic system. Most importantly, it helps prevent asphyxia, the
main cause of death. [n human subjects, it is customary to in-
fuse atropine constantly in order to maintain optimal concen-
tration throughout recovery from the “cholinergic crisis.” In
wildlife rehabilitation this is impractical, and subjects need to
be repeatedly injected us indicated by the reappearance of clini-
cal signs,

The second prong consists of the administration of chemi-
cals that hasten the release of bound OP from the acetylcho-
linesterase enzyme. This strategy is effective only where in-
toxication resules from an OP pesticide and is recent. {Porter
1993 gives 24 hours as a guideline, but this will vary from pes-
ticide to pesticide.) The most frequently used chemical for this
purpose is Z-pralidoxime chlotide (2-PAM).

The third prong in the approach is the provision of sup-
portive symptomatic care, especially positive ventilation in case
of respiratory arrest. Other supportive measures inchude a quiet
and warm environment, rehydration, prophylactic use of fun-
gicides to prevent aspergillosis, and the use of antiseizure medi-
cation such. as diazepam.

Finally, it is important to eliminate the source of the expo-
sure. Gastrie lavage may be performed where theze is evidence
of a large food bolus, which may continue to release pesticide
over time. Some have found surgical evacuation of the crop to
be more effective and less stressful than forced regurgitation,
such as in the case of bald eagles having scavenged contami-
nated waterfowl (K. Langelier, pers. comm.}. Others prefer to
remove crop contents in such larger species with forceps
when circumstances allow. Frazier (2000) advocates the use
of activated charcoal. Pesticides absorbed into the bied'’s sub-
epidermal tissues can be slowly released over time and result
in prolonged re-exposure {Henderson et al. 1994). Where des-
tmal exposure is suspected, a vigorous tinsing of the feet with
warm soapy water may help limit pesticide entry. Alcohol is
used routinely to collect foot rinses from birds thought to have
been exposed dermally, and these can be kept frozen for chemi-
cal analysis where feasibie and warranted. However, there is a
concern that applying alcohol to the feet may enhance pesti-
cide penetration.

The exact dosages of atropine and 2-PAM to be adminis-
tered are currently a matter of debate. The “traditional”
approach is based on levels found to be effective in humans.
For example, Porter (1993) recommends an injection of 0.5
mgfkg atropine IM (or one-fourth of the total dose given 1V)
repeated after 15 min if no decline in signs is observed.
According to the same source, the recommended dosage of
2-PAM is 20 mgfkg IM. Frazier (2000) recommends 0.1-0.2
mg/kg atropine every 3-4 hours and suggests that 10-20 mg'kg
2-PAM be given concurrently. A far more “aggressive” approach
was recently recommended by Shlosherg and colleagues {1997).
Their experiments with chickens led them to recommend
25 mg/kg atropine and 50 mg/kg 2-PAM as the best treatment
for an unknown cholinesterase inhibitor. These dosages were
established empirically; the highest doses not causing obvious
toxicity in normal chickens were retained. According to
Schlosherg et al., the ease with which each species breaks down
atropine varies. Future research should focus on establishing
maximum tolerated dosages for atropine or, better still, an

atropine + 2-PAM cocketail for those species commonly treated
at rehabilitation centers. The best and final judge as to the
dose needed, however, is the person performing the treatment.
[t is much better to “titrate” the clinical signs rather than use a
fixed-dose approach.

Other possibilities for treatment exist, but they have not
been systematically investigated in wildlife. Injections of glu-
cose and of vitamin C have afforded some protection to small
mammals experimentally dosed with various OPs (see Gallo
and Lawryk 1991 for review). The ready availabifity of both
make them obvious candidates for further experimentation.
Frazier (2000) also notes that diphenhydramine has been used
in mammalian intoxications to counter muscle fasciculations
and other nicotinic symptoms not resolved by atropine.

When the time for release of recovered birds approaches,
rehabilitators might consider the potential for re-exposure on
the capture site, When initial capture sites are known to be
contaminated or are regularly associated with suspected poi-
sonings, it may be prudent to identify a separate release sitc.
As a check for an individual bird’s readiness for release, sub-
jecting the animal to increased stress—for example, by “flush-
ing” them from perch to perch in a targe enclosed flight cage,
thus forcing sustained, involuntary activity—may allow obser-
vation of possible lapse into cholinergic crisis. Many birds that
appear fully recovered may again exhibit clinical signs of poi-
soning when exposed to brief periods of sustained stress, sug-
gesting their normal activity in the wild would be compromised
(M. Hooper and the authors, pers. obs.}.

Measurement of Cholinesterase Levels

The best diagnosis of intoxication with a ChE inhibitor is
the measurement of enzyme levels. The level of acetylcholinest-
erase in the brain is best correlated with morbidity and mortal-
ity, and is often used to diagnose mortality. A rule of thumb is
that a 20% decrease of brain acetyicholinesterase is indicative
of exposure. Lethal intoxication is usually associated with a
50% decline, although this figure can be lower or higher
depending on the situation (see Grue et al. 1991 for a review).
If a brain is to be subsampled {a good idea because it allows for
repeat testing should anything go wrong and keeps some tissue
for other possible tests, such as the determination of organochlo-
rine residues), it is cssential to do a sagittal section and test
half of the brain. This is because different portions of the brain
register a different cholinesterase activity. Where a live bird
is to be tested, the test is carried out on a blood sample. In
mammals, red blood cells also carry acetylcholinesterase, [n
bircls, all the activity is associated with the plasma. In addi-
tion, ail vertebrates have a related enzyme in plasma:
butyrylcholinesterase. The function of this enzyme is a macter
of debate; most likely it offers a first line of defense against
cholinesterase-inhibiting substances of which there are a fow
in nature. This is important because the tests routinely used
to monitor acetylcholinesterase tevels are, in fact, unspe-
cific and also measure the butyrylcholinesterase titer. Add-
ing a little more complexity is the fact that the ratio of
acetylcholinesterase:butyrylcholinesterase in avian plasma is
extremely variable among different bird species. Inhibition of
blood cholinesterases per se may not compromise an individual;
however, it is indicative of the presence of a systemic cholinest-
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erase inhibitor. In mammals, whole blood is usually tested be-
cause red blood cells have a high level of AChE acrivity. In
birds, typically the blood is centrifuged and the plasma only is
retained for analysis. Both brain and plasma samples can be
frozen for future analysis (a minimum temperature of -30°C is
recommended). Repeated (reczing and thawing (as can ceeur
in domestic self-defrosting freezers) must be avoided. Recently,
the Canadian Wildlife Service Biomarker Laboratory has dem-
onstrated the feasibility of collecting blood as dey spots o filter
papers. This avoids the need to freeze the samples and allows
thetn to be sent through the postal system. (Trudeau et al. 1995,
Sans Cartier and Trudeau 2000). The laboratory analysis is
maodified to avoid interference problems with whole blood,
although recent work shows that this may not be necessary.

A chelinesterase assay is economical and relatively easy to
carry out. [t provides useful information in many cases but s
not infalfible, and the results need to be interpreted carefully.
It is important for wildlife rehabilitators to have a basic under-
standing of the assay. Even if they do not carry it out them-
selves, this understanding will allow them to ask the right
guestions andfor correctly interpret test results. For more
detailed information on the cholinesterase assay itself, refer to
Fairbrother et al. 1991 and Sans Cartier and Trudeau 2000. It
is advisable to submit samples to the same laboratory over time
and insist that the assay be rigorously standardized by the labo-
ratory in question. Marden et al. (1994} showed how small
interlaboratory differences in procedure could give rise to very
different results. Repeat testing of the same species by the same
taboratory will more casily paint a picture of what normal and
abnormal activity values should look like.

It is clear that CB poisonings are often harder to diagnose
than OP poisonings. This is obviously a concern, given the
overwhelming importance of some CB insecticides, such as

carbofuran, in the avian kill record (e.g., Mineau et al. 1999).
The difficulty of diagnosis results from the strength of the pes-
ticide-acetylcholinesterase bond discussed earlier. Figure 1,
derived from the data of Hill (1989), shows the effect of tem-
perature on the spontancous reactivation of brain tissue
(hydrolysis of the AChE-pesticide bond as explained earlier)
from quail lethally dosed with the CB carbofuran.

This could be a serious problem when carcasses are not
immediately sampled. For purposes of a pathological examina-
tion, carcasses must not be frozen. Yet, waiting for the necropsy
to be completed before taking brain samples for measuring ace-
tylcholinesterase levels means that evidence of a carbamare
exposure may be lost. When several specimens are available,
some (or at least their heads) should be frozen as soon as
possible without waiting for necropsy results. The reader is
referred to Hunt and Hooper (1993) and Padilla and Hooper
{1992) for a detailed discussion of cholinesterase measurements
following a CB intoxication.

The capacity for CB-inhibited tissue samples to spontane-
ousty recover cholinesterase activity differentiates between OP
and CB intoxication (e.g., see Smith et al. 1995). In an analo-
gous fashion, 2-PAM can be used to attempt reactivation of a
sample and show involvement by an QP. Because the 2-PAM
is added to samples in an aqueous solution, this may also foster
recovery of a sample inhibited by a CB. However, a measur-
able recovery in enzyme activity with 2-PAM and concomi-
tant absence of a recovery with water alone is diagnostic proof
that an OF was present in the sample.

Another problem complicating diagnoses is that certain
pesticides do not cross easily into the brain, especially when
death is rapid, as is often the case with carbamates. Some OPs
also exhibit this same characteristic (e.g., terbufos in Hooper
et al. 1990), although in some intoxicated birds, brain AChE

FIGURE 1. POSTMORTEM REACTIVATION OF BRAIN TISSUE FROM JAPANESE QUAIL
(COTURNIX JAPONICA) DOSED WITH THE CARBAMATE INSECTICIDE CARBOFURAN
AND EUTHANIZED 1 HR POST DOSE (after the data of Hill 1989)
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depression can be extreme with those compounds as well (see
carhofuran and terbufos data below).

Figure 2 shows brain cholinesterase analyses performed on
five bald eagles from five different poisoning incidents inves-
tigated by the Canadian Wildlife Service. These were chosen
to illustrate some aspects of cholinesterase analyses.

The first eagle was a carbofuran victim and shows that spon-
taneous teactivation of the sample is not always successful fol-
lowing intoxication by a carbamate. In this case, the failure of
the sample to reactivate was due to the presence of leftover
unbound insecticide. When the sample was filtered in a spe-
cial chromatographic column (which strips small molecules
such as insecticides but allows large ones such as the cholinest-
erase enzymes to pass through—as described in Hunt and
Hooper 1993)—the sample’s cholinesterase activity was easily
reactivated, showing that a carbamate was indeed present. The
second sample—also carbofuran intoxication—was already
reactivated or never showed any inhibition. The cholinest-
erase measurement was of no diagnostic help here. The third
eagle was killed by the OP terbufos. The initial analysis showed
a marked depression relative to controls. Howevey, the sample
could not be reactivated with the 2-PAM. The ability of
7.PAM to free the acetylcholinesterase molecule declines mark-
edly over titme. The fourth eagle shows the result of a positive
reactivation following phorate poisoning (another OP). How-
ever, the last bird, alse killed by phorate, failed the 2-PAM
reactivation test, Why the difference? Perhaps it is explained
by the presence of the insecticide {in which case a column
should have been used to clean the sample) or a tonger period
elapsed since intoxication in the latter bird.

As noted earlier, cholinesterase activity in avian blood is
entirely in the plasma fraction and results from a mixture of
acetyl- and butyrylcholinesterase, the proportion of which
varies between species. Most diagnostic centers associated with
hospitals or veterinary clinics are well equipped and aware of
the procedures associated with mammatian blood, but they
generally are not familiar with analyzing bird samples. Avian
plasma can be analyzed by the same techniques commonly used
for mammalian whole blood samples. Blood cholinesterase
levels are more variable than those of the brain and tend to
indicate exposure rather than a life-threatening intexication.
For a live animal under care, repeated measurement of blood
cholinesterase offers the most reliable indication of exposure
to a cholinesterase inhibitor when serial samples show a
recovery to normal levels over time (e.g., see Elliott ev al. 1997
for an example of eagles poisaned by phorate).

In the end, while cholinesterase measurements arc useful,
they are not infallibie and must be interpreted carefully, con-
sidering all the ancillary evidence and chemical analyses when
available.

Beyond Cholinesterase: The Residue Angle

When there is evidence of cholinesterase depression, or
even where there is no clear evidence but where circumstances
are highly suspect, one should proceed with the chemical analy-
sis of the gastrointestinal tract contents. This is usually—but
not always—where the highest pesticide residues are found.
Before gus contents are sent off for analysis, it is extremely
important that they be well described. Often, gut contents offer
the best clue to explain a pesticide kill. In some cases, it is

FIGURE 2. BRAIN AChE ANALYSES FOR FIVE BALD EAGLES (HALIAEETUS
LEUCOCEPHALUS) RECEIVED AT BRITISH COLUMBIA REHABILITATION CENTERS
MATCHED WITH RESIDUE ANALYSIS OF GASTROINTESTINAL TRACT CONTENT
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FIGURE 3. DIAZINON RESIDUES IN
GRASS5 SAMPLES RETRIEVED FROM THE
UPPER GASTROINTESTINAL TRACTS OF

POISONED DUCKS OR GEESE

80 .

704

60+

50+

404

301

20+

101

DIAZINON RESIDUE CONC. {ppm)

NY ONT| CA |MI

CT

Data from Stone and Gradoni 1985, Stone 1987, and Frank
et al. 1991. Reported cases are from New York State {NY),
Ontario, Canada (ONT), California (CA), Michigan (M1}, and

Connecticut (CT).

recommended to also rinse the feet and feathers of birds sus-
pected of having been dermally exposed (e.g., Hooper et al.
[989), although rehabilitators are reminded that this may
enhance pesticide absorption in a live bird. Residue analysis is
a costly proposition, so sending a sample to be analyzed
cannot be done lightly. it has been custamary in several diag-
nostic centers to run a cholinesterase assay first and then a
residue analysis if the {former is positive. As the pesticide arse-
nal moves away from cholinesterase inhibitors to embrace new
chemistry, this strategy will cease to be sufficient, although it
will still be useful to direct the residue analysis. Chemical analy-
ses are most expensive and least likely to succeed when the
chemist has no idea of the nature of the pesticide being sought.

The level of a pesticide measured in a carcass is extremely
variable. For example, Figure 3 shows levels of diazinon
residues recovered in grass samples taken from the upper gas-
trointestinai tracts of poisoned ducks or geese.

Occasionally, criminal abuse cases are characterized by very
high residue fevels in gut contents because concentrated baits
are used. In practice, however, the extensive overlap in resi-
due levels between abuse cases and poisonings resulting from
labeled pesticide use means that residue levels cannot reliably
be used to separate those two situations. Figure 4 shows the
extensive overlap in the concentration of carbofuran in the
gut contents of birds of prey killed through abuse, through
labeled pesticide use, or under nnknown circumstances.

For reasons outlined earlier, the quantity of pesticide found
in poiscned wildlife is often poorly correlated with measured
levels of cholinesterase depression. Therefore, when the pres-
ence of a cholinesterase inhibitor is confirmed through a cho-
linesterase assay, any finding of a cholinesterase-inhibiting

FIGURE 4. CARBOFURAN CONTENT OF GASTROINTESTINAL TRACTS OF POISONED
BIRDS OF PREY SEPARATED BETWEEN KNOWN ABUSE CASES, NORMAL USES,
OR WHERE CIRCUMSTANCES WERE UNKNOWN,
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pesticide, regardless of its concentration, should be considered
significant. Also, failure to find a pesticide agent through
chemical analysis does not disprove that intoxication cccurred.

Anticoagulants

Wildlife rehabilitators should be aware of at least one other
class of pesticices: the anticoagulants. This is because the fre-
quency of poisonings has increased dramatically in recent years,
coinciding with the increased use of a new generation of single-
dose products that are much more toxic and much more likely
to lead to secondary poisoning in nontarget species. Anti-
coagulants in this group include difenacoum, brodifacoum,
bromadialone, flocoumafen, and difethiaione. Birds admitted
to rehabilitation centers and diagnosed as nonpesticide cases
often carry anticoagulant residues (Canadian Wildlife Service,
unpublished), but the significance of these residues is not
known. The sccond generation anzicoagulants have a high aé-
finity for the liver, where they bind to specific receprors, Once
bound, residues can be extremely persistent —e.g., several years
for brodifacoum, at least in rat livers (htip:/fwww.epa.gov/
REDs/2100red.pdf). A pressing question is whether the pres-
ence of residues makes an animal more sensitive to this class
of chemicals if re-exposed. In two recent surveys of cases in
New York and California (Stone et al. 1999 and Hosea 2000,
respectively) it has been established that birds of prey in prox-
imity to urban centers have a high risk of exposure. This is in
keeping with regulations and labeling that restrict use of these
products to Norway and black (roof) rats or house mice in and
around habitations or in sewers.

As with any anticoagulant intoxication, vitamin K is anti-
dotal. Frazier (2000) recommends 2.5-5.0 mgflg intramuscu-
larty or orally every 24 hours (or 0.2-2.2 mg/kg every 4-8
houts), to be continued for at least 10-14 days in the case of
warfarin or at least for | month in the case of the newer, single-
dose products.

New pesticides

A few recent introductions are worth mentioning. Possibly
the most interesting from the point of view of birds is
chlorfenapyr, the first of a new class of pyrrole insecticides. [n
response to advocacy by the American Bird Conservancy and
subsequent scientific criticism, this insecticide was the first
pesticide to be denied a registration in the U.S. based solely
on its toxicity to birds. It has very high acute toxicity (on par
with some of the more toxic OPs and CBs), although mortal-
ity is typically delayed for a few days after exposure. It also
causes notable effects on reproduction at extremely low levels
of exposure (http:/fwww.epa.govfopprd001/chlorfenapys/
toc.htm). The high persistence and high aquatic toxicity of
chlorfenapyr were undoubtedly factors that contributed o reg-
istration denial for cotton applications in the United States.
Concerns continue because chlorfenapyr is registered in a num-
ber of countries, including areas comprising the wintering
ranges of many North Ametican bird species. New registra-
tion proposals are also being considered in the U.S.

Kitls of pigeons and game birds have been reported in France
with two other new insecticides used as seed dressings:
imidacioprid and fipronil {Annual reports from 'Office
National de la Chasse). It is not clear how extensive and/for

important these problems will be, and whether kills may also
result from other formulations of these same products.

A number of other insecticides from totally new chemical
classes are gaining in populatity in the U.S. and elsewhere.
On the positive side, some of these products may represent
improvements over the OP and CB pesticides they are replac-
ing. For example, some require a lesser amount of a more
selective, or target-specific substance thas can be applied with
equal efficacy. On the negative side, we are ill prepared to
ascertain their presence in wildlife tissue and there are no bio-
chemical diagnostic techniques to aid in the investigation of a
mortality incident. In the authors’ opinion, development of
the latter should be a requitement of any new pesticide regis-
rracion; unfortunately, this is not currently the case.

Note
Pare I of this paper wiil appear in the next issue of the
Jowrnal of Wildiife Rehabilization.
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Meeting the Protein Requirements
Of Adult Hummingbirds in Captivity

by Elizabeth Penn Elliston and lanine Perlman

Introduction

Hummingbirds can live for relatively long periods on a diet of sugar water and
insects, which are the basic elements of their natural diet. Sugar water provides
calories; insects supply protein and other essential nutrients. However, many hum-
mingbirds in rehabilization have partially or completely lost the ability to fly, and
hence are unable to capture insects.

One of the most challenging aspects of hummingbird rehabilitation is supplying
captive birds with the nutrition they require. In part, this is because their require-
ments are not well characterized. Gartrell (2000) concludes, in a review article, that
“the specific nutritional requirements of nectarivores for maintenance, growth, and
reproduction are not known.”

When presented with an unlimited supply, hummingbirds catch and consume
about 600-700 insects per day (Scheithaver 1967, p. 132; authors’ obs.; pers. comm.
with other observers). This number of fruit flies supplies 100 wg/day of high-quality
protein (calculated from: G. Maroni, pers. comr.; Barker et al. 1998). On the other
hand, if the number of insects available ro hummingbirds preparing for release is
inadequate, the birds fail to thrive (Elliston, pers. obs.). Brice (1992}, in her study of
the need for nectar and arthropods in the dict of captive Anna’s humningbirds
{Calypte anna), found that two of her three subject birds lost weight after 10 days on
an insect-free diet. Optiral foraging models {described in Ricklefs and Miller 2000)
suggest that the birds would not expend the energy necessary to catch insects unless
they required the nutrients provided by them.

Unless a bird in captivity is fully flighted and has free access to unlimited insects
(and is actually consuming 100 mg/day of insect protein), it seems prudent to ensure
that it receives that much protein from its nectar. Absolute protein requirements are
independent of caloric requirements (Klasing 1998). In summarizing his work and
that of others, Klasing says:

[Dlictary protein requirements decrease with increasing activity level. A bird
in the wild requites a lower % dietary protein than it does in captivity, because
high energy needs associated with foraging and thermoregulation drive con-
sumption of greater amounts of food. Although birds in captivity must consume
foods with relatively high levels of protein, their daily protein requirement on
asng day! basis has not been shown o differ between captive and wild environ-
ments (p.142).

Therefore, whether a hummingbird is very active or inactive, its need for protein
is relatively constant,

There appear to be two major challenges in formulating diets used for captive
hummingbirds. One is that the protein must be soluble. That is, it must be dissolved
in the sugar-water base of the nectar so that it is ingested, rather than precipitating
out of solution, where it is unavailable to the bird. Most proteins ate insoluble. In
order to make them soluble, they must be chemically broken into pieces, or hydro-
lyzed. Foods containing hydrolyzed, soluble proteins are uncommon and expensive.

The second factor, which often goes unrecognized by caregivers, is that the dict
must be acceptable to the bird in order to be ingested. Hummingbirds routinely
starve when offered food that tastes bad to them. In addition to rejecting spoiled
food, hummingbirds may display individual food prefesences in captivity, seemingly
dependent on age and on the history of their taste expetiences. For example, sub-
adult birds scem more accepting of a variety of diets than adults. Cecasionally, birds
that come into captivity as adults reject all types of complete soluble captive diets
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offered. Whether this is due to a rejection of artificial flavor or
some other characteristic of the diet is unknown.

The hummingbirds of most concern here are those that are
unable to hunt insects because their flight is impaired. In such
cases, all of their protein must come from their nectar unil
they have healed and regained the ability to fly. Even if they
are unflighted for a relazively short time, birds, like other ani-
mals {Ludwig 2001), require extra protein while healing. Thus
the diets of unflighted birds must be paid particular actention.

The authors were unable to find published studies of either
the relationship of commonly used captive diets to the actual
requirements of hummingbirds, or studies comparing diets.

[t can be reasonably assumed that wild hummingbirds
optimize their capture and intake of insects, as the birds in
Scheithauer’s {1967) experiments presumably did. His count
of 677 fruit flies {(average of 6 days observations) eaten daily
by adult hummingbirds contains about 100 mg of high-
qualizy protein.

Nestling hummingbirds are fed, by their mother, diets that
are very high in insects (e.g., Sargent [999). In 1992 author
E. P. E. received two sibling nestlings that were younger than
1 week ofd, One bird had died from dehydration, the other was
still alive. Both birds' crops were packed with insecrs. The crop
contents of the dead bird weighed 200 mg and contained 20
large green leaf hoppers, ~40 gnat-sized insects, two tiny flies
with striped abdomens, and one tiny rock. The large intestine
was full of insect waste, and the bird had visible fat deposits.
(The other bird fledged 17 days later and was eventually re-
leased.) On another occasion more than 60 midges and two
tiny green leaf hoppers were counted from the crop of a dead
nestling. The number of calories consumed by a particular bird
in the wild depends on season, ambient temperature, size of
bird, feather condition, and probably a number of other fac-
tors. Baltosser and Russell (2000) report the average ficld meta-
bolic rate of four black-chinned hurmingbirds (Archilochies
alexendri} as 29.1+6.3 kJ/d {range 23.4-37.9, n=4). This trans-
lates into 7.0 Keal/24 hours (1 Kcal=4.18 k] ). Nagy {1987) and
Powers and Conley (1994) conducted studies in the Chiricahua
Mountains of Arizona, where post-breeding-season black-
chinned hummingbirds were found to use an  average of
6.9 Kcalfday. This was a value 17% higher than that predicted
using aliometry (Baltosser and Russell 2000). Tyrrell and Tyreell
(1986, p. 138) describe a study of a flighted male Anna’s
hummingbird in which the caloric expenditure for various
activities over a day were measured in detail, giving a total
expenditure of 6.6 Kcal. In addition, Eiliscon and Perlman have
separately measured food intake of known caloric concentra-
tion in captive birds (Elliston and Gillete 1994; unpublished
dara). Measurements were made to 0.2 cc ina 3-cc syringe feed-
ing tube. There was insignificant evaporation and wastage. All
measutements are consistent with 6 Keal as a reasonable esti-
mate of 24 hours’ intake {and requirement) for a relatively
inactive captive hummingbird at “room remperature.” If such
a bird cannot capture insects, it must obtain all needed nuuri-
ents, including 100 mg protein/day, in those 6 Kcal of nectar.

Methods
The authors chose to examine only diets in widespread use
that appear ro give consistently good results (i.e., they have

been popularly used ro maintain adult hummingbirds in cap-
tivity over a period of years). Diets that are not in extensive
use or that have not been generally acceptable to these who
use them were not included in this analysis.

Two diets currently appear to meet both criteria, One is
Nektar Plus® (Nekron); the other is the diet formutated by
Elliston and Gillete (1994} chat includes Vital HN®. To the
authors' knowledge, most flighted birds maintained long term
on these two diets also have some insect supplementation.
Dietary analyses were conducted using data supplied by the
manufacturers, including personal communications with com-
pany nutritionists.

Energetics reports from field studies were used with theo-
retical and allometric values, as well as previously unpublished
reports from hummingbird rehabilitators, to determine reason-
able estimates of the birds’ nutritional needs.

Dissected gizzards were bathed in isotonic saline and laid
on their sides, approximating the way they lie in the body.
The external dimensions of the gizzards, with contents, were
measured from the anterior end of the beginning of the small
intestine (pylorus) diagonally across the widest expanse of the
organ. Another measurement was taken perpendicular to the
first; the thickness of the organ at its widest point was also
taken. The instrument used for these measurements was a
Mituyoyo Cerporation digimatic caliper, 0.01-15C mum.

Multiplying these measurements results in the volume of a
rectilinear prism of approximately the right size. Dividing that
nutnber by 0.52 approximares the volume of the actual pan-
cake-shaped organ.

Results and Discussion

Although some reports state that hummingbirds and other
nectarivores have low protein requirements, it is crirical
to consider the way in which those requirements have been
measured.

Generally, the minimum protein requirement is considered
to be the dietary level ar which nitrogen (protein) intake equals
ritrogen loss. Brice and Grau (1991) determined that level to
be about 30 mg/day of protein for Costa’s hummingbirds
{(Calypte costae). Flowever, van Tets and Nicolson (2000} note
in their own and in other studies, such as those of Brice and
Grau, that nectarivores continue to retain nitrogen at dietary
protein levels far above those considered “minimally required,”
and that this phenomenon has not been addressed. [t appears
that nectarivores can he very thrifty with nitrogen when it is
present in fow levels in the diet, but that for optimur func-
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tioning, they need—and retain—more. It seems, then, that
the “empirically derived” values for protein requirements are,
in fact, much lower than those actually needed for normal or
optimal physiological function (1. van Tets, pers. comm.).

Numerous field observations have shown that adult hum-
mingbirds can subsist on diets that are mostly insects. For ex-
ample, ruby-throated hummingbirds (Archilochus colubris) and
rufous hummingbirds (Selasphorus rufus) that overwinter in ar-
eas outside of their normal winter range where there are few or
no flowers available rely mostly or completely on small insects
to survive (R. Sargent, pers. comn.). Blue-throated huraming-
birds (Lampornis clemenciae) and black-chinned hummingbirds
have both been observed to eat solely insects when there was
no nectar available (Baltosser and Russell 2000; Tyrrelf and
Tyrrell 1986, p. 135; Sargent 2000},

The original search by Elliston and Gillett (1994) for a
completely defined and palatable food for captive humming-
birds was stimulated by the frequent mysterious mortality of
heatthy juvenile birds. The diets in use at the time were a com-
plex combination of pureed insects and nectar. Warm summer
weather produced fermentation and spoilage evidenced by a
dripping syringe feeder. The birds, it turned out, refused to drink
fermenting foed.

The commercially available hummingbird diet (Roudybush®)
marketed for raising orphaned hummingbird nestlings comes
in three protein concentrations for various ages (0-18 days;
3-7 weeks; >7 weeks). The protein of this product is isolated
soy protein pewder, Not only is this material of plant origin,
lacking the essential amino acid profile of an insect diet, but
soy protein is insoluble. High morbidity and mortality in birds
fed this product have led one of the original formulators
{Heinemann 2000) to withdraw recommendation for its use.

In 1986 Elliston was alerted to the dangers of particulate
solids in the diet when several formerly vigorous nestlings over
the age of 2 weeks, that were fed Roudybush® suddenly showed
signs of slowed emptying of the crop, after which they died
{Elliston 1999). On postmortem, the gizzards of these birds
were found to be full of powder and enlarged over the size of
normal hummingbird gizzards, as recorded for birds euthanized
as a result of trauma.

TABLE 1. EXTERNAL DIMENSIONS OF
GIZZARDS (NOT EMPTIED OF THEIR
CONTENTS) OF BIRDS FED SOY-
BASED FOOD VS. WILD DIET

Group Volume n
Soy-fed gizzards 28.8 mm’ 11
“Wild” gizzards 10.2 mun? 18

A t test for independent groups was applied to these
data; t = 7.66 {(df = 27, p < 0.001).

On examination, one deceased bird in particularly acute
condition proved to have a swollen, red pylorus. Artempts at
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perfusing some of these gizzards from the intestine through the
pylorus (backward) demonstrated that they were very firraly
packed, such that no fluids could normally pass into the tower
digestive tract. Birds with more chrenic conditions contained
stnall and large intestinal walls that were thin and friable. The
lower gut in controls (birds euthanized due to trauma) were
thick walled and well vascularized.

Two birds fed a soy protein diet from naked nestling stage
with poor feathering were kept for a year on the juvenilefadult
Vital HN® dier (Elliston and Gillett 1994) in hopes that they
would be able to molt into adequate feathers. They were un-
able to do so and were euthanized. The gizzards of these birds
measured 10.2 mm’ and 7.0 mm’, well within the range of the
gizzards of normal “wild” birds.

During this period, Wildlife Rescue, Inc. of New Mexico
(with which author E. P E. is associated) received a vigorous
nestling about 4--5 days old. It was fed the Roudybush® diet for
I week, after which gaping became less frequent and crop clear-
ance began to stow. Fortunately, it was at this time that some
older birds were experiencing acute problems, so the
rehabilitators (including E. P E.) were alerted to closely ex-
amine the protocol. The bird’s feces were checked and occult
blood {identified by guaiac) was present. Prozyme™ and ste-
roicds (dexamethasone at 125 mgfkg) were added to a com-
pletely soluble diet, and in 10 days the bird had regained its
former crop capacity, blood was gone from the stool, and the
bird fledged. This was one of the experiences that led o the
author's adoption of Vital HN® as the protein soutce for hum-
mingbird food. Nestlings are fed by gavage and, unlike adult
sclf-feeding birds, are unable to filter out, or reject, unnatural
particulates (see also Powers and FPerlman 2001).

As discussed above, the natural diet of humnmingbird nest-
lings is highly insoluble: it i insects, Hummingbirds possess
the capability, both physical and enzymatic, to digest insects.
The residuum of chitinous plates of tiny insects passes through
the digestive system, resulting in surprisingly bulky droppings,
as can be confirmed by examination of the area around any
wild hummingbird nest. The specific characteristics of solids
ingested by hummingbirds determine their digestibility.

There are very few commonly available sources of soluble
protein. One source is milk. Scheithauver (1967, p. 125) de-
scribes milk as an ingredient in 8 of 10 zo0 diets for which he
was able to obtain recipes. All of those recipes also contained
honey, a practice that we now know to be inadvisable due to
the presence of viable spores. Both condensed milk and pow-
dered milk were included in these diets, and Scheithauer ob-
served that powdered milk caused the birds he tested to have
digestive problems in the forn of constipation. Milk contains
lactose. Lactase, the enzyme required to digest lactose, is not
endogenous to avian digestive systems (although bacteria
which do possess limited lactase are often present in the gut of
awide array of birds; see, e.g., Shetty et al. 1990 and Lombardo
and Thorpe 2000). On a weight basis, milk contains more lac-
tose than protein. So, it appears, milk is an unsuitable source
of protein for hummingbird foed.

Egg also contains soluble proteins, if they are not
denatured by heat. Uncooked egg white, however, contains
avidin, a glycoprotein that binds the vitamin biotin and makes
it unavailable to the bird {Groff and Gropper 2000, p. 284).



Egg yolk contains 33% protein and 60% fat. Experience has
shown that excess fat in hummingbird diets, either from the
use of egg yoik or crushed mealworms, has led to lethargy,
abnormal droppings, and sickly behavior (Scheithauer 1967,
p. 146; authors' pers. obs.).

A third liquid containing soluble proteins is blood. Whole
blood, however, is far too rich in iron to be a desirable ingredi-
ent, and although blood serum (bovine) was also an ingredi-
ent in some of the recipes Scheithauer examined (p. 134}, it is
often not easy to obtain.

Nektar Plus® contains both soy protein {pers. comm. with
Nekton nutritionist) and free amino acids. The soy protein is
insoluble. Hummingbirds' tongues collect aectar by capillaty
action rather than by suction (Sargent 1999), and they typi-
cally capture insects by flying at them and catching them with
open bill. They have na means to “slurp up” solids sitting in
the hottom of a container. Although Nekton sells feeders that
purport to allow hummingbirds to consume the insolubles,
many rehabilitators do not use feeders of that design. In addi-
tion, to reiterate, soy protein does not have an optimal amino
acid profile for birds that, in nature, rely on insects for their
protein. Commercial diets based on soy protein and fed to wild
birds, both passerines and hummingbirds, have peor outcomes
(Heineman 2000; pers. comm. with numercus rehabilitators).
Possible reasons for this are emerging in the literature (MacLeod
and Perlman, in prep.}. In addition, quality control in animal
foods is less rigorous than in products for human consumption.
While the authors believe that the information on the label of
a product designed for humans with digestive incapacity is likely
to be reliable, they are less sanguine about the actual contents
of commercial anirmal foods {e.g., Garrecht Gassen 2002).

Vital HN? is a complete diet for humans with digestive dis-
ease. [t contains, among other ingredients, partiatly hydrolyzed
proteins from whey, meat, and soy. The percent of the hydro-
lyzed protein that is, in fact, soluble, is not known precisely
{D. Cockram, pers. comm.). Vital HN® also contains free amino
acids that are soluble. The amount of truly soluble protein is,
maximally, the total present, although it may be somewhat
lower. Even so, in contrast to particulates, relatively large pep-
tides {pieces of proteins), while not actually soluble, remain
suspended in solution for roughly 10 hours. Thus they are avail-
able to the birds through the normal drinking process.

These two diets were examined (Figure 1 and Table 2) for
the protein that is solublefsuspended and therefore available
to hummingbirds. The Vital HN® diet is as described by Elliston:
and Gillett {1994), made with 4 g of Vital HN® per 180 cc of
20% sucrose solution. The Nektar Plus® diet is constituted as
directed by the manufacturer.

FIGURE 1. PROTEIN IN DIET
AVAILABLE TO HUMMINGBIRDS
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It is clear that the amount of soluble protein in Nektar Plus®
does not approach the amount of protein that hummingbirds
provide for themselves in the wild, and presumably need (Fig-
ure 1 and Table 2). The amount of available protein in Vital
HN® is higher than that in Nektar Plus®, but its level, though
shown by Elliston and Gillett {1994) to be adequate for long-
term “maintenance” use, is significantly less than what the birds
consume in nature. As noted above, most birds that have been
on these diets long-term have also had access to insects.
However, in acute care, many birds cannot capture insects at
all. Further, such birds have additional protein requirements
for healing.

This cannot be remedied, with either of these products, by
the use of “more” of them. Nektar Plus® is a mixture of sugats
and other nutrients to which only water is added to make the
diet, so it is not possible to increase the amount of protein
relative to sugar. It would be theoreticaily possible to add more
Vital HN® to the sugar-water solution, but adult birds tend to
reject concentrations high enough to supply 100 mg/day of
protein (authots’ obs.).

However, there is a relatively simpie way to address this
problem. There exists a product for microbiological use
called tryptone. Tryptone is an enzymatically digested form
(pancreatic hydrolysate) of casein, a milk protein that is of
high quality {i.e., has an amino acid profile that is a good
match for animals that obtain their protein from animal
sources). 1t is very soluble. In the authors’ experience, it is
also apparently palatable (or perhaps tasteless) to humming-

birds.

Diet Kcal/ce Total protein {(mg)
per 6 Kcal -

Nektar Plus® 0.53 43.5

Vital HN® .9 253

TABLE 2. CHARACTERISTICS OF CAPTIVE DIETS

Soluble protein {(mg) Soiuble protein as %

per 6 Keal of required protein
17.4 17.4%
[up te] 25.3 fup to] 25.3%
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VITAL HN® DIET
(ELLISTON AND GILLETTE 1994)
WITH TRYPTONE

Nectar

60 cc (0.25 cup [C]) granulated sugar

Fill cup with warm distilled water (to a volume of
240 cc [1 C]) and stir ro dissolve. Yields a concentra-
tion of about 24% sugar.

Vital HN® Mix (Whole Food)

180 ml (6 fl 0z., or .75 C) nectar

4 g (6.7 cc or approx. 1/2 tablespoon)
Vital High Nitrogen®

2 g (approx. 6 cc or one slightly rounded
teaspoon [t]) tryprone powder

0.63 cc (1/8 ¢} Super Preen™

0.63 cc (1/8 1} Nekeon Tonic-1#

Shake or stir until all Vital HN® and tryprone dissolve.

2 g of wyptone powder can be added to the 4 g of Vital
powder, and the mixture dissolved as usual. This amount of
tryptone plus 0.7 g of protein from the Vital will yield 2.7 g
protein/180 cc, or 100 mg of protein in 6.7 ¢ of nectar, which
is the expected intake of an inactive 3 g bird. If the bird chooses
to eat more, it will take in more calories and more protein.

[f Nektar Plus® is chosen as the base food, a tryptone solu-
tion will have to be made, the final concentration of which
(after boiling; see below) is 50 mg/ml.

TRYPTONE SOLUTION

Tryprone solution is an exceedingly good medium for
bacterial growth, so all possible precantions should be aken
to prevent contamination and spoilage,

Weigh 5 g tryptone powder. The final desired vol-
ume of the solutions is 100 ml, so add the tryptone to
approximately 95 mi water, Stir or shake to dissolve atd
boil the mixture for 5-10 minutes to sterilize. Add stes-
ile water to make 100 ml. Cap loosely while the solu-
tion cools so that bacteria cannot enter. Apportion it
into several small, very clean or sterile containers, in
postions of 510 ml, Freeze these immediately and keep
them frozen until they are thawed briefly for use.

Nektar Plus® with Tryptone

Every 1 ml of the wyptone solution described
above, when added to a day’s food, makes available
50 mg of additional protein. If 6 Keal of Nektar Plus®
is to be supplemented to the level of 100 mg of pro-
tein per day, 8C mg of tryptone must be added, which
requires 1.6 mlof a 50 mg/ml solution. This should be
substitured in place of 1.6 ml of water in which the
Nektar Plus® powder is dissolved. E.g., if 11 ml of water
is used to make the day’s food (5.8 Keal), use instead
9.4 ml of warer and 1.6 ml of tryptone solution.
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(Nutritional Note: One author [J. P.] recommends adding
very small amounts of B-complex vitamins; vitamin C; and
vitamins A, D, and E, along with a small amount of live-
culture yogurt, to the food daily. The rationale for this is
described, in part, in MacLeod and Perlman 2001. The yogurt
adds only a small amount of lactose, and the Lactobacillies bac-
teria supply lactase that aids in its digestion. The Lactobacitlus
mainly benefits the bird by competing against pathogens [Reid
and Howard 2000, p. 12] both in the food and in the bird’s gut.
In 4 years (cumulative) work with hummingbirds this author has
never observed diarchea in a hummingbird fed yogurt.)

The authors consider it essential to offer a choice of foods
to self-feeding individuals. Three choices—water; a defined,
nueritionally complete food source; and sugar water alone {with
no additional nutrients)—provide two choices of food that are
unlikely to spoil simultaneousty.

Water, ad lib, can be chosen if needed by the bird. The
plain sugar water provides a back-up to sustain the bird if the
highly nutritious material becomes unpalatable. Again, hum-
mingbirds will starve to death before they will eat something
that tastes bad to them. {Some birds may choose sugar water
to the near-exciusion of the complete diet, even if they will
cat the complete diet in the absence of other choices. The
rehabilitator must moniter intake of various foods and adjust
their availability accordingly.)

To ensure that the broad spectrum of needed nutrients is
offered the unflighted captive bird, it may also be advisable to
provide as much natural food as possible in addition to the
“complete diet” supplemented with tryptone. One possibility,
reported by Van Epps (1999) in her work with nestlings, is to
add pureed insects to the nectar. Such mixtures should be
offered for very short periods (2 hours or fewer) to prevent
spoilage, and another sugar source, unlikely to sour quickly,
shouid be made available, as mentioned above.

Conclusion

As shown in Figure | and Table 2, even the most successful
hummingbird diets in common use are probably deficient in
protein for birds that are impaired in their ability to capture
insects.

It is possible—and likely—that there are interspecific dif-
ferences in protein requirements. There are surely variations
in the requirements of a single bird over its lifetime and within
a year, due to the demands of growth, molting, and breeding,
for example. When there appear to be only the nutritional
demands of maintenance on adult birds, they ingest about
100 mgfday of protein {(about 3% of their bady weight). Growth,
molting, breeding, and healing require significantly higher
levels of protein (Klasing 1998). The amount of tryprone sug-
gested here only brings the total protein to 100 mg/day, and it
is possible that injured, unflighted birds mighe benefit from
more protein than that. The authors have not conducted
studies to address that possibility, but more tryprone could, in
theory, be added to the food to increase its protein content.
More research should be made in this area.

While high-insect diets are caten under at least some cir-
cumstances, there is no evidence that, conversely, hurmming-
kirds in nature ever forego insects. Studies show that
nectarivores retain much more protein than they nominally



“vequire,” and it would seem prudent to provide them with the
amount of protein in captivity that they ordinarily consume in
the wild.

“Complete” dietary bases such as Vital HN® supply neces-
sary nusrients that the highly purified protein is Iacking, while
the addition of tryptone to the diet of captive humemingbirds
assures that their protein requirements can be met in the ab-
sence of their ability to capture insects.
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main.html

Super Preen™ powder, an avian nutritional supplement,
is available from Arcata Petr. 800/822-9085; http:/f/

www.arcatapet.com

Tryptone is available as product WW-79-4420 from Carelina
Biologicals, 800/334-5551; heep:ffwww.carolina.com/

Vital HN® is available through Ross Laboratoties, a division
of Abbott, 800/986-8510; hetp:/fwww.ross.com/

References

Baltosser, W. H., and Russell, S. M. 2000. Black-chinned hum-
mingbird {(Archilochus alexandri}. In The Birds of North
America, No. 495, eds. A. Poole and F Gill. Philadelphia:
The Birds of North America Inc.

Batker, D., M. P. Fitzpatrick, and E. S. Dierenfeld. 1998,
Nutrient composition of selected whole invertebrates, Zoo
Biol. 17: 123-34.

Brice, A. T, and C. R. Grau. 1991 Protein requirements of Costa’s
hummingbirds Calypte costae. Physiol. Zool. 64: 611-26.

. 1992. The essentiality of nectar and arthropods in the

diet of the Anna’s hummingbird (Calypte anna). Comp.

Biochem. Physiol. 101A{1): 151-55.

Elliston, E. P, and M. A. Gillets. 1994, Use of Vital in a
maintenance diet for hummingbirds, J. Wildlife Rehab. 17(2):
14-18.

Elliston, E. B, 1999, Raising black-chinned hummingbirds. In
Proceedings of the 22nd Annual Conference of the International
Wildlife Rehabilitation Council. Suisun, Calif.: [WRC.

Garrecht Gassen, S. 2002. Hummingbird deaths to close
exhibit for now. Arizona Daily Star, 14 February.

Gartrell, B. 1. 2000. The nutritional, morphologic, and physi-
ologic bases of nectarivoty in Australian birds. J. Awvian Med.
Surg. 14{2): 85-94.

Groff, ]. L., and 5. S. Gropper. 2000. Advanced nutrition and
human metabolism. Belmont, Calif.: Wadsworth Publishing.

Heinemann, J. 2000. Hummingbird Diee Update, NWRA Quar-
terly J. 18(2): 5-6.

Klasing, K. C. 1998. Comparative avian nutrition. New York:
CAB International.

Lombardo, M. B, and F. A. Thorpe. 2000. Microbes in tree
swallow semen. J. Wildlife. Disease 36(3): 460-08.

Ludwig, L. 2001. Advances in enteral nutrition. In ACVS Sym-
posium Equine and Small Animal Proceedings.

MacLeod, A., and . Perlman. 2001. Adventures in avian nu-
trition: Dietary considerations for the hatchling/nestling
passerine. J. Wildlife Rehab. 24(1): 10-15.

Netlines. Summer 2000. The Hummer/Bird Study Group, Clay,
Ala.

Powers, L. V., and J. Perlman, 2001. Case study: Crop impac-
tion and fractured tibtotarsus in a ruby-throated humming-
bird (Archilochus colubris). J. Wildlife Rehab. (24)3: 13-15.

Reid, G., and J. Howard. 2000. American Society for Cell
Biology conference proceedings. Reported i New Scientist
168 {(2270) 23 Dec.

Ricklefs, R. E., and G. L. Miller. 2000. Ecology, 4th ed. New
York: W. H. Freeman and Co.

Sargent, R. 1999, Ruby-throated hummingbivd. Mechanicsburg,
Pa.: Stackpole Books.

. 2000. Netlines. Summer 2000. The Hummer/Bird
Study Group, Clay, Ala.

Scheithauer, W. 1967. Hummingbirds. New York: Thomas
Y. Crowell.

Sherty S., K. R. Stidhar, K. B. Shenay, and S. N. Hegde. 199C.
Observations on bacteria associated with pigeen crop. Folia
Microbiol (Praha) 35(3): 240-4.

Tyrrell, E. €., and R. AL Tyrrell. 1986, Hunmumingbirds: Their life
and behavior. New York: Crown Publishers.

Van Epps, L. 1999. Care and feeding of the newborn hume-
mingbird. In Proceedings of the 22nd Annual Conference of
the International Wildlife Rehabilitation Council, 67-72. Suisun,
Calif.: IWRC,

van Tets, I G., and S. W. Nicolsen, 2000. Pollen and the
nitrogen requirements of the lesser double-collared sunbird.

Aule 117(3): 826--30.

To Contact the Authors
Elizabeth Penn Elliston
1619 Saunders SW
Albuquerque, NM 87105
USA

E-mail: epe@nmia.com

Janine Perlman

14817 Willy Lane
Alexander, AR 72002
USA

Tel: 501/847-5581

E-mail: jpandjf@swhbell.net

Sunumner 2002 19



Downy Woodpecker Success

by Marjorie Gibson

Natural History

Downy woodpeckers (Picoides pubescens) are the smallest woodpeckers in the
Northern Hemisphere. The demure black and white bird measures only 15-18 cm
(6-7 in) long. It is just one of two woodpeckers to have an all-white back. The
other, the hairy woodpecker {Picoides villosus), is somewhat larger ar 20-23 cm
(8-9 in) (Sibley 2000, p. 312; Terres 1996, pp. 1018-19).

Like most birds of its species, the downy woodpecker’s diet consists of a variety of
insects, including many that cause damage to trees and therefore affect the forest-
products industry. These insects include woodborers, grubs, weevils, gypsy moths,
and many others. According to Martin, Zim, and Nelson (1951), berries, seeds, and
nuts make up 14-29% of the bird’s diet, depending on the season. This woodpecker’s
tiny size allows it to feed on shrubs and weed stalks as well as the more typical tree
erunk or large branch {(Kaufman 1996). Downy woodpeckers are most often observed
in the winter. [t is during this time when they congregate at backyard bird feeders
with chickadees, nuthatches, juncos, and other birds {Terres 1996).

Rehabilitation History

In the summer of 1994 the Raptor Education Group, Inc. (REGI) in Antigo,
Wisconsin, received a call from a woman stating that she had a baby downy wood-
pecker in her possession. She had the bird for a little more than a month. She did
not have a rehabilitation permit. The history of how she came to have the bird was
sketchy. The woman said that she was going on vacation and needed someone to
look after the bird while she was out of town. She added that while the little bird
was amusing, it did not seem to be faring as well as she had hoped. She expressed
concern about how to determine whether the bird was ready for release.

A few hours later the woman appeared at REGI's receiving room, rusty cage in
tow. The bird was indeed a young female downy woodpecker. The bird was nearly
fully feathered; however, the poor housing situation had damaged many of its feath-
ers. The decrepit old cage was extremely small, measuring about 25 x 31x 31 mm
(10 x 12 x 12 in). It had likely been intended for a finch in the years before it was
understood that even small species require adequate space to exercise. The wood-
pecker had no vertical perch and was forced to cling to the wire sides of the cage. Its
chest and head feathers appeared 1o have been rubbed off. A commercial suet block—
the anly nutrition provided during the bird’s confinement—was attached to one
side of the cage, where it occupied mast of the available space. The bird’s body
condition was poor, most likely due to a2 combination of inadequate nutrition and
lack of exercise.

The first order of business was to provide the woodpecker with proper housing
and nutrition. The little bird responded eagerly to its new vertical rough bark perches.
The rough log surfaces enabled it to climb “woodpecker style” for the first time since
it was fledged. After a few crashes to the floor of the flight, the bird quickly learned
to how to hang on to the bark and move forward and back. Gut-loaded mealworms
and grubs were provided in the crevices of the bark. The woodpecker probed them
curiously ac first, and then ate them with great relish. Within a few days, the young
woodpecker was negotiating its new captive habitac skillfully. Its new diet included
a good avian vitamin to augment the fresh food.

The woodpecker’s feather condizion was addressed next. The bird was covered
with rancid suet grease; the greasy feathers resulted in part from physically contact-
ing the suet and in part from ingesting so much of it. The kird was bathed three
times the first week in Dawn® liquid detergent and then given access to a shallow
water bath of fresh water, where it was able to continue bathing on its own.

Upon arrival at REG], the woodpecker was placed in a communal shared flight
with various nonaggressive passerines, a few chipping and song sparrows, and—dusing
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the final week of captivity—an adult downy woodpecker. The
adult downy was recovering from a wing fractute and was con-
tent to continue its rehabilitation without confronting the
young woodpecker. {Woodpeckers can be aggressive to each
other, so care must be used when introducing them into a shared

flight.)

Release

Finally, in late September 1994, the young bird had com-
pleted its juvenile-to-adult body molt, replacing the damaged
feathers. On the day of release, the bird was banded with a
U.S. Fish and Wildlife Services band.

As is REGPs standard protocol with young birds with no
identified breeding terrirory, the bird was released using the
soft hack method. This type of release allows the bird to leave
on its own when it feels comfortable te do so. The hack hatch
was closed in the cvening to prevent predators from eateting,
and opened again in early morning. The woodpecker came
and went from the flight for a few weeks, In October, the young
bird no longer returned to the site.

Opportunity Knocks

Years passed. A pigeon cage to house the center’s flock of
homing pigeons had been built in subsequent years near the
former hack flight. Qccasionally downy woodpeckers would
appear at the bird feeder. My thoughts frequently turned to
the pitiful little female that had been rehabilitated in 1994.
One day in December 1999, my husband saw a female downy
on the roof of the pigeon building. The bird stayed long enough
to get a spotting scope on it: it was banded. This was notewor-
thy, but there are many woodpeckers banded during migra-
tion, so this was not necessarily a former REGI patient. The
banded bird came and went for most of the year. One day |
noticed a woodpecker inside the pigeon yard. As i ran out to
free the bird from the yard, | saw a silver band on its feg. |
could hear opportunity knocking loudly, and grabbed a net
and quickly captured the littie woodpecker. I raced for my band-
ing log and paged through...1999, 1998, 1997, 1996, 1995.
There, in the log for September 1994, I found the identical
number of the little bird I held in my hand. The comments
read: “Downy woodpecker, female, suet-covered, immature
feather damage,” and the corresporcling rehab number. Our
little grease baby had come back.

Conclusion

It dide’t look at all like the young woodpecker REGI had
admitted five years earlier. The bird’s feathers were now bright
and perfect, Its formerly marred face and beak from its time
contacting the wire cage was now flawless. There was no sign
of the rancid smell of tallow the bird had casried during its
months at REGIL

We took photos and then released the five-year-old downy
woodpecker within minutes of capture. The bird stayed most
of that winter eating at the feeder, but did not repeat the mis-
take of getring inside the pigeon yard.

It is always exciting to see or hear from former patients.
We like to think the birds are well and propagating their spe-
cies as nature intended. [t makes the joy all the greater when
you have evidence they are not only making it, but have lon-
gevity under their wings as well.

o
The downy woodpecker, just prior to release in 1994.
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Dealing [with] Death:

Psychological Aspects of Euthanasia in Wildlife Rehabilitation

by Diane Winn

Introduction

As a rehabilizator who is also a psychologist, I read with dual interest the litera-
ture on “compassion fatigue” and “burn-out,” syndromes thar can arise in people
who have close relationships with victites of trauma (see Figley 1995, for a discus-
sion). Caregivers such as physicians, nurses, and psychotherapists are vulnerable, as
are people such as paramedics, police, and firefighters, who work at disaster scenes.
Although wildlife rehabilitators have yet ro be recognized in the psychological lit-
erature as vulnerable to compassion fatigue, it is obvious to anyone in this field that
we have a lot in common with the professionals mentioned above; our roles are
similar to most of them combined. And burn-out in rehabilization is something we
have all heard about, if not experienced personally.

One reason trauma work is so stressful is that it can remind caregivers of their
own traumas. Perhaps not many wildlife rehabilitators have been orphaned, kid-
napped, shot, hit by cars, or attacked by cats, but death touches all our lives, and
often in difficult ways. So the experiences we have with death in rehabilitation can
be stressful not only because of what happens at that moment in our practice, but
because of what it reminds us of in our personal lives. Several years ago | sobbed
almost uncontrollably over a swift that had died while [ was away from the clinic. It
was not (just) the swift [ was crying for though—it was also for my mother, from
whose side I had also been absent when she died.

Having exaggerated feelings like these isn't necessarily a bad thing, but it is some-
thing we should pay attention to. If we find ourselves overly precccupied with an
animal’s death (e.g., unable to forget it, having repeated images of it, feeling much
more upset about it than scemms warranted, etc.}, we should take these feelings as a
signal to consider gerting some help with resolving the situation. Getting help for
ourselves should not be seen as a fatlure, bur as an intelligent part of good rehabili-

-~ tation work. Additionally, if we don’t get resolution on a particular experience with
an animal, then our judgment might be clouded in dealing with the next traumatic
event in our practice, and we may tend to undes or overcompensate with a new
experience because of unresolved feelings from a past situation,

But spillovers between our personal and our rehab fives don’t aiways come with
warning flags; they are often much more subtle. Some years ago, my first baby of the
season was a grackle with cat bites. It survived, but developed multiple problems in
succession: a pox lesion, misaligned mandibles, a jaw tumor, recurring coccidia, and
a coracoid fracture it probably got while in my care. In retrospecs, it’s obvious that
the bird was nonreleasable. And although some part of me probably knew ar the
time that 1 was only delaying the inevitable, my father had died that summer, and
fust couldn’t bring myself to euthanize the bird; I'd had all the death I could handle
right then. So | convinced myself that the grackle had a chance, got permission to
overwinter it, and made ar appointment in the fail with a homeopathic veterinar-
ian for a constitutional workup. But the evening before the appointment, I found
the grackle drowned in its water bowl, and have regretted ever since that I did not
make its death an easier one.

We are not really trained to cope with all the different faces death wears in reha-
bilitation. And whether we are dealing with the deaths in one large-scale disaster
like an oil spill, or the accumulation of deaths in a season’s practice, or the death of
just one animal we were particularly close to, there are rarely any counseling ser-
vices or trauma debriefing sessions designed specifically for wildlife rehabilitators.
(Lainson [1998], however, does suggest borrowing that technique from fire service
and emergency medical personnel.) In particular, we're rarely taught how to cope
with the impact euthanasia has on us. Unlike other trauma workers and caregivers,
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a routine part of our job is taking lives—-not just trying to save
them. That aspect of our work makes compassion fatigue and
burn-cut even more difficult and complex potental syndrormes.
We “deal” death . . . and then we're left trying to deal with
having done so.

The literature does contain some helpful material. Klein
(2000), Richards {1993}, and particularly Beaver et al. (2001)
provide information on how to euthanize. Milter (1993) and
White (1993) offer guidance regarding when to euthanize.
Richards (1993) and Lainson {1998} acknowledge that eu-
thanasia does evoke emotions; they adapt the Kublet-Ross
{(1969) stages of emotions in reactions to terminal illness o
wildlife euthanasia. Mitler {1993) makes the point that, al-
though we can’t remove the emotions, we can develop guide-
lines that make the decision easier and remove some of the
doubt. Her point is well taken, but considering the animal first
and dealing with our emotions second is often easier said than
done. Emotions are very powerful motivators. The euthanasia
process might be less difficult if we could proactively engage
our emotions in it in a positive way, rather than “just doing” it
and cleaning up the emotional aftermath later. So, as a psy-
chologist, [ would like to take the above discussions further.

The Physical Process

The first step is a mechanical one: figure out how you are
going to euthanize, in 2 way that will cause not only your ani-
mal but also you the least discomfort. The animal is not the
only one experiencing a death—you are too. Many people,
myself inctuded, want to be able to euthanize on site, rather
than drive the animal to the veterinarian’s office. Carben
dioxide is probably the most commonly used method in home-
based centers; plans for constructing a CO, chamber are
available in Seirz and Nuzza (1998). In our eatly experience
with CO, euthanasias at Avian Haven, birds sometimes
appeared to be struggling to breathe, regardless of whether or
not we heated the gas or prefilled the chamber. We found the
process easier on bath the patient and the caregiver to have
the animal “asleep” for the euthanasia process.

Options for preliminary sedation include any wanquilizer
that your veterinarian is willing to dispense to you. If your
veterinarian is comfortable with your having isoflurane or ha-
lothane on site, isoflurane on a cotton ball can be used as a
pre-CO, sedative; birds and smail mammals may be euthanized
by placing them in a small closed container with a halothane-
soaked cotton ball (Beaver et al. 2001). Rehabilitators using
isoflurane or halothane in this manner should talk with their
veterinarian about human exposure cautions.

Presently at Avian Haven, we use our general anesthesia
apparatus to anesthetize the birds with isoflurane, then we
switch the oxygen to carbon dioxide. The birds “go to sleep”
gradually and with no apparent discomfort. We find this pro-
cedure less stressful—both for the caregiver and for the ani-
mal—than injectable euthanasia agents.

Creating a Ritual

Once vou have the mechanics of the physical process in
place, think ahout how you could elaborate on it in a way that
is psychologically comforting—again, for you as well as for your
animal. All societies have developed death rituals to help both
dying humans and their survivors make the transition. Why

not design one for rehabilitators and our dying animals? As
children, we created ceremonies arcund the deaths of our pets
almost instinctively, without self-consciousness ot inhibition
or fear of looking foolish ro another person. We did then what
we somehow knew was necessary in order for us to come to
terms with death, and we can allow ourselves to become aware
of whatever it takes for us now, as the adule rehabilitators we
have become. As McElroy (1997) wrote in Animals as Teach-
ers and Healers, ®. . . there is nothing foolish or sentimental
about pausing for a moment, with respect, when we see a life
end. Neither should we be ashamed for feeling discomfort, sad-
ness, or even amazement at the finality of death, whether it
manifests itself in the death of a sparrow or a human being”
(pp. 179-80). A cuthanasia ritual can be as simple as “pausing
for a moment, with respect,” or it can be more elaborate. Each
of us can develop a process that is comforting to us as the unique
individuals we ave. I can tell you what Ide, but Tintend it only
as an example that might inspire others to design their own
ceremonies.

1 start by giving the bird a flower essence combination calied
“Transition” that is formulated to help animals in crossing from
body into spirit. When the time comes, | speak softly, saying
something like this:

“Sweet little cousin, your body is damaged beyond the
ability of a clumsy human to repair it. Never again can
you live free in the wild, nor can I offer you a comfors-
able and quality life in captivity. It falls to me w make
the choice I think you would make if you could—to free
vour spirit from its damaged shetl, which serves you no
longer. [t witl not be painful; it will be as if your body has
fallen asleep. When you leave it, look for and go into
the Light, where you will find brothers and sisters to greet
you. | will go with you as far as [ can on your journey.
May you walk and fly in beauty, little one. May your soul
findt fove and peace. Thank you for sharing the final part
of your tite on earzh with me. [ promise never to forget
the lessons you have taught me.”

While the bird is under anesthesia, 1 hold it for a final treat-
ment of Reiki (a spiritual “energy” healing practice that origi-
nated in Japan) until life leaves the body. Then [ remove any
bandages, wash the body if necessary, wrap it in a soft cloth (1
may add flowers or stones), and put it in a special place de-
signed for this purpose. It remains undisturbed for at least an
hour before we do a necropsy or dispose of the body. People
who use CO, could also create a chamber that is more than
just a garbage can or aquarium. For a while, we used a round,
white plastic container that we thought resembled an egg
viewed from within. I made a nest inside i, and added objects
that were special and sacred to me. I do not wish to imply that
everyone needs or should need such procedures. Bur | encour-
age people who are aware of such a need to develop ideas for a
euthanasia ritual.

Afterwards . . .

So now that we have “dealt” death, it’s time to start deal-
ing with death—going through the mental and emotional pro-
cess necessary to get closure on that death, so that it does not
continue to gnaw at us. Some part of that processing witl prob-
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ably involve grieving. We often think of grief as more or less
synonymous with sorrow, but grieving can involve many emo-
tions, including guilt, anger, and a feeling of helplessness, to
name a few. It is important to let these emotions surface, to
feel them and to go with their flow; there is a wisdom to iz. As
Lainson (1998) noted, “If grief goes unresolved and becomes
internalized in the individual, problems are bound to arise . . .
Unresolved grief comes from trying to jump from knowledge
of the loss to acceprance of that loss without acknowledging
and experiencing the feelings that are arising over that loss”
{p. 93).

Sometimes while grieving we get stuck in wondering over
and over again what would have happened “if ondy” this or
that had been done differently. One thing that helps process-
ing along is to tell the story—to talk about the chain of events
that led to the euthanasia (or other death), and also to talk
about what you thought and how you felt about that death.
McElroy (1998) believes that telling the death story is a cru-
cial tool for self-forgiveness—but adds that it is essential to
have the appropriate audience. Talking about pain and remorse
to someone who can’t understand or identify with it can derail
the process. The appropriate audience may, for some of us, be
just ourselves—writing the story in a private journal, for ex-
ample. But telling our stories to others helps heal not only
ourselves, but also those who listen. It is important to know
that we are not alone in these feelings. And “confessing” what
we might see as a failure may result in some feedback to the
contrary from others who have been there. Telling our stories
helps balance the things we think we might have done wrong
with the things we might not realize we did right. And this
helps us to forgive ourselves and to acknowledge that, some-
times, we are truly powerless to do anything that can save the
animal. So one of the things ! would suggest is to make sure we
have opportunities to talk about the deaths that are especially
hard for us. We could establish grief networks, for example: we
could promise to allow one other rehabilitator to call and share
difficult experiences anytime, day or night, that the person
needs to ralk. We could find someone who witl make that prom-
ise to us.

The point, again, is this: the animal is not the only one
who is experiencing death. We, the rehabbers, are too, and |
think that, as a community, we need to acknowledge this as-
pect of euthanasia more fully than we often do. The model of
a dlispassionate scientist, which we sometimes emulate in our
desire not to be regarded as “bunny huggers,” is the wrong model
for most of us when it comes to death in rehabilitation; our
relationships with these animals have often been much oo
intimate for that. Many of us conceal our grief—perhaps be-
cause it seems unprofessional to show it—but it is not far be-
tow the surface and often erupts if the door is opened even a
crack. At a euthanasia workshop | gave recently, virtually ev-
eryone in the audience was in tears, as was [. But a woman
who spoke to me alterwards told me that, in all her years as a
rehabilitator, she had never until that day seen another
rehabber cry. This, to me, was as sad as the deaths over which
we had wept that afternoon.

The "Other Release”
Allowing ourselves to cry and to grieve is an important
step to take, but there might be one more. Perhaps we can also
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deal with death by understanding it as soraething other than
sitaply the end of life. So often we think of our euthanasias as
our failures, but the idea of euthanasia as a gift is mentioned
here and there in the rehab literature (see, e.g., Moore and
Joosten 1997}, and I would like to see this idea become more
fuily integrated into our understanding of euthanasia. Some-
times we feel that a euthanasia is a betrayal of our animal’s
trust, but another point of view is that it is a fulfillment of that
trust, the ultimate gift we can give.

A related conceptualization that influenced me was the title
of Miller's (1993} article: “Euthanasia: The Other Releage.”
For Miller, this “other release” is one from pain and suffering;
Frink (1993} used the term a lictle differently, however, when
she talked about cuthansia as 2 way to “release these wild crea-
tures from their tortured bodies so that their spirits, at least,
could fly free again™ {p. 6). This is how [ came to understand
the “other release’” too, and, for me, it’s more than a comfort-
ing metaphor.

Cne of my interests as an academic psychologist is death
studies. [n my seminar (at Colby College) on the Psychology
of Death and Dying, my students and [ explore literature
pertinent to the question of what (if anything) happens to
consciousness when people die. Western psychology is still
dominated by the materialist viewpoint that mind depends on
brain; despite not understanding how mind could emerge from
brain, it is widely held that, without brain, there can be no
mind. But more and more evidence now suggests that mind
can funcrion independently of brain; for example, people who
are clinically dead as far as heart, lung, and brain activity are
concerned may report, when subsequently revived, having had
conscious awareness while “dead.” Sometimes they can accu-
rately recount events that, as far as science is concerned, they
had no way of knowing, since they had no working beain at
the time. This is not the place to present that evidence (but
for a review and discussion of the most striking cases, see Cook,
Greyson, and Stevenson 1998; and Kelly, Greyson, and
Stevenson 1999-2000), hut it puts a slant on euthanasia that
heips me deal with it. If consciousness or spirit (or whatever
one chooses to call it), can operate without a functioning brain,
then perhaps it could operate without a living one, and
perhaps the phenomenon could occur in animals other than
humans,

[ realize that the above ideas may be very different from
the belief systems of some people. But belief is not required;
I simply suggest that, if we accept as a working hypothesis the
idea that euthanasia releases a spirit from a hopelessly dam-
aged body, it may be easier for us to deal, and deal with, death.
This conceptualization is not a substitute for grieviog. 1 still
cry aver some of the birds 1 euthanize; 1 hope [ abways will.
But my grief is modulated by the thought of the bird’s spirit
finally fiying free. And some of my tears are tears of joy for
that spirit, just as they are when [ set birds free in those “other
releases.”
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COLUMN

Operating Instructions

URBAN CANADA GOOSE ISSUES

by Nathalie Karvonen

anada geese, our feathered ur-

ban neighbors, are often a

cause of frustration for people.
With the proliferation of artificial urban
landscapes across North America, we have
inadvertently created paradise for these
birds.

When dealing with members of the
public who are angry at the prevalence
of geese in an area, providing informa-
tion about the natural history of this spe-
cies will help the caller to understand
that the geese are not behaving with
maticious intent.

Ff you were a goose in an urbanized
area, you would look for:

*  Short grass, which is easier 1o walk
on and hard for predators to hide in.

*  New, growing shoots (e.g., recently
cut grass) to feed on.

*  Open expanses of green space
(where it is easier to see predators
coming).

*  Easy access to water from land, and
land from water.

¢ Hand-outs from human visitors.

Now, think about typical urban areas,
such as parks, golf courses, and corpo-
rate and public green spaces. We con-
tinue to design and maintain areas with
characteristics that make them the per-
fect habitat for Canada geese.

The good news is that habitat modi-
fication may provide an easy solution.
Recommend thae callers:

®  Let their grass grow at least 4 inches
high.

*  Plant trees, bushes, and gardens
with tall plants, or put up fences to
create visual barriers (at least 30
inches high) for the geese. If geese
think that z coyote may be iurking
behind a bush, they won't be com-
fortable spending much time near it.

* DPut in dense, thick barrier
plantings along the edges of ponds,
streams, and other water bodies in
high-goose-traffic areas. Avoid gaps
in vegetation that will allow geese

access. If that coyote comes along,
the geese want to be able to rush di-
rectly into the water, especially if
they have young or are flightless be-
cause they are molting. If geese are
in the water, they want an easily ac-
cessible land area for foraging.

e Use a bird feeder that has a tray
underneath to prevent spillage.
{Spilied seeds can make a tasty
snack for the geese.)

*  Stop well-meaning people from
feeding the geese by distributing in-
formation pamphlets, putting up
signs, or hosting a meeting. It is a
bad idea to feed wildlife because
bread is not a nutritious food for
geese, the geese will lose some of
their natural fears of people, and the
handouts will encourage the birds to
stay permanentiy.

Qur local zoo had a serious problem
with a walking path that cut through a
grassy area and was close to a waterway:
Canada geese loved the area and had
moved in. The public complained fre-
quently about having to step in and
around the geese’s feces. After some in-
vestigation, a landscape architect work-
ing for the zoo decided to plant native
grasses, flowers, and other vegetation
along the edge of the waterway. The z00
put educational signs among the plants
to explain what they were doing. Soon
native birds, as weli as butterflies and
other insects, were attracted to the
plants. The geese no longer had easy ac-
cess to the water, so they moved on. And
for the people, the walking paths were
free of poop—and the new plants were
beautiful.

Canada geese are notorious for pick-
ing inconvenient spots to tiest—in front
of the doors of a workplace, in the middie
of a parking lot, even on balconies of
apartment buildings. At a wedding re-
ception [ attended recently, a goose has
nested in a large planter on the cutdoor
patio. All night long, people chicken-
danced and time-warped by her. She
dida't budge, but rather nipped at the

butts of passers-by who came too close
for comfort. Later [ was told that she
nests there every year, and every year
they have wedding receptions while
she sits on her eggs. Often there is an
aggressive gander defending the nest,
and usually he is of greatest concern
to people.

It is important to educate your call-
ets about the breeding habits of Canada
peese, especially the length of the incu-
bation period and the fact that soon af-
ter hatching, the parents will take their
young and leave the area. Often putting
up a temporary barrier, such as construc-
tion fencing, will keep the birds safe ina
very busy area (such as a parking lot) or
may stop the gander from charging (if
the geese and people are on opposite
sides of the fence). Make sure that the
caller does not feed the geese while they
are nesting, as this may encourage them
to stay once the eggs hatch. We do sug-
gest that callers put out a bowl of water
if the nest is in a hot area, as long as the
gander won’t beat them up!

Remind callers that Canada geese are
federally protected bivds {in Canada and
the UL8.), so regardless of how annoyed
they may be with the geese’s activities,
they will need a federal permit to inter-
fere with adule birds, nests, or even eggs.
Let them know, too (in case they decide
to ignore the law), that if the nest is
moved any significant distance at all, the
adults likely won't vecognize it as their
own and will likely abandon the eggs.

For more information, refer callers to
the Humane Society of the United States
at www.hsus.org or Geesepeace at
www.geesepeace.org. Hopefully by work-
ing with the public, we can help thern
to find a resolution to their concerns and
a peaceful coexistence with these beau-

tiful birds. €

Nathalie Karvonen is the executive divector
of the Toronto Wildlife Centre. TWC op-
erates a wildlife hotline service available to
the public. Last vear the hotline veceived
more them 16,000 calls.
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Food for Thought

MACROMINERALS

by Astrid Macleod and Janine Perlman

inerals, in the context of nu-

trition, are inorganic sub-

stances tequired for life and
health. Inorganic refers to the fact thar
they are not generally part of molecules
containing carbon-—i.e., they are not
substances made by other living things.
Macrominerals, somewhat arbitrarily
defined by their relatively large amounts
in the vereebrate body, are calcium, phos-
phorus, magnesium, sodium, potassium,
and chloride. Sulfur technically qualifies
as well, but as it is ordinarily cbtained in
the sulfur amino acids of protein, it is not
generally considered separately from pro-
tein intake.

Phosphorus

Phosphorus (P) is a sort of counter-
part to calcium (Ca), which was dis-
cussed in a previous “Food for Thought”
column {J. Wildlife Rehab. 24{1}: 26-27).
Phosphorus is needed as a “partner” to
calcium in bone, in a weight ratic of
about 1 P: 2 Ca. Together, they consti-
tute the crystals (apatite) that form the
hard bone matrix. Phosphorus is required
in many other roles as well, including as
a component of cell membranes and
nucleic acids (ONA and RNA); as a stor-
age depot for chemical enerpy; and as an
acid-base buffer. Phosphorus is adequate
to plentiful in most foods, and it rarely
needs to be supplemented if nutritious
and natural diets are supplied in captiv-
ity. However, much of the P in grain

oceurs in the form of phytates, which are
not bicavailable.

An excess of phosphorus can cause
metabolic bone disease. it should be
present in the diet at about half the level
of calcium, and at an absclute level (on
adry weight basis) of 0.1~1.0%, depend-
ing on age and species.

Magnesium

Magnesium (Mg) is a mineral about
which little is heard relative to its very
great inportance. [t is a significant com-
ponent of bone and is present at rela-
tively high concentrations within cells.
[t is a necessary cofactor for at least 300
enzymatic reactions, including many
that harvest energy from foods and those
that synthesize RNA and DNA.

Chlorophyll is a molecule that is
complexed with magnesium. Plants store
the mineral in their seeds as well, so it is
widespread in whole foods of plant ori-
gin; animal-based foods are generally
adequate sources. Magnesiur probably
does not receive a lot of attention
because deficiencies are uncommon, and
toxicities require intentional supplemen-
tation. There is growing evidence, how-
ever, that current American (human)
diets may be deficient in this mineral.

Magnesium is one element of urinary
tract struvite “stones,” or caleuli. This type
of “stone” forms in alkaline urine, which
is why, with the aim of acidifying the urine,
phosphoric acid s added to cat food.

Electrolytes

Blood and other extracellular fluids
bathe the cells of animals in salt solu-
tions similar to that of the seas in which
life evolved. Salts are composed of ions
—charged atoms or molecules. For
example, table salt is NaCl. Dissolved in
water, it dissociates into Na+ and Cl-
Electrolytes are dissolved salts present in
all body fluids.

Sodium (Na+), potassium {K+), and
chloride (Cl-} are the major electrolytes.
Positively charged ions are cations; those
that are negatively charged are anions.
Simplistically, cations tend to serve the
most central functions, but with minor
(yet crucial) exceptions, charged species
cannot exist alone; they must be bal-
anced {neutralized) by the presence of
an equal number of ions of the opposite
charge. Chloride often accompanies
cations, in maintaining charge neutrality.

Electrolytes serve several life-
sustaining purposes. First, they are
osmoles—dissolved substances (solutes)
that maintain the correct amount of
water in blood, cells, and fiuids around
and between tissues {interstitial fluid).
Cell membranes and the lining of capil-
laries form semipermeable barriers to
bodily fluids. Water passes freely through
these membranes, but many solutes do
not. Physical/chemical laws dictate that
solutions “want” to be uniform every-
where. Therefore, if the concentration
of a salt is higher on one side of & mem-

FIGURE 1.
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brane than on the other side, and since
the membrane is permeable to water but
not salt, water will flow through the
membrane to the side of higher salt con-
centration until the two sides are equal.
This is the process of osmaosis.

fn healthy animals, blood, extra-
cellular fluids, and cells are isotonic,
meaning that the tonicity, or solute con-
centration, is “physiclogical,” and aliows
metabolic processes to take place nor-
mally. Hypertonic solutions are those with
solutes at higher concentrations than
physiological; hypotonic solutions are
more ditute {have more water and less sol-
ute) than normal hedy fluids (Figure 1),

An animal that is severely dehydrated
for any reason has lost both water and
clectrolytes. Particular routes of electro-
lyte loss include vomiting, diarrhea,
burns, and blood loss. Without the re-
pienishment of electrolytes as well as
water, there will be insufficient osmoles
to *hold” water in cells, blood, and other
fluids, and rehydration attempts will fail.
In most cases, isotonic or hypomnic
solutions should be used. Hypertonic
solutions, on the other hand, are them-
selves dehydrating, because water will be
pulled from the body generally, inta the
compartment where the concentrated
solutes have been introduced.

The kidney is the main regulator
of the body’s overall electzolyte/water
balance; its function is controlled by a
series of hormones and negative feedback
loops.

Another crucial role of electrolytes
is the maintenance of an imbalance
across cell membranes. The concentra-
tion of sodium in the extracellular fluids
(interstitial and blood plasma) is high
compared to that within cells, Incra-
celivlar fluids, on the other hand, are
high in potassium. This difference cre-
ates an electrical charge difference be-
tween the interior and exterior of the
cell, and it is that voltage across the
membrane that allows the tansport of
important molecules in both directions.
Without the constant flux of metabolites
in and out of cells, life comes to a halt.

Because cell membranes are slightly
leaky to some salts, an active and energy-
requiring pump (actually, a protein of
which there are many copies) sits in the
membrane and continuously pumps Na+
out of, and K+ into, every ceil. Toxins
that interfere with the Na+/K+ pump

are, as you might imagine, very deadly
poisons.

The “counterpart” relationship of so-
dium and potassium is exemplified in the
fact that dietary sodium increases blood
pressure, while potassium appears to help
lower it.

There are a number of ions that func-
tion as electrolytes in addition to the
macrominerals. All the electrolytes
influence, in complex ways, the pH
{acidityfatkalinity) of bodily fluids.

Although cations are of obvious im-
port, chloride plays crucial and specific
roles as well. The stomach secretes HCI,
or hydrochloric acid, which functions
both as protection from pathogens and
as a medium for chemical and enzymatic
digestion of protein. The body-wide
importance of chloride is demonstrated
in cystic fibrosis (CF). CF is a genetic
disease that results from a defect in the
channel in cell membranes (a protein)
through which chioride ions transic,

Animals acquire electrolytes in a
variety of notable ways., As babies, altri-
cial birds are fed animal-based foods
almost without exception. In addition to
meeting their needs for protein, these
foods supply sodium, which is typically
scarce in plant foeds. Columbids (doves
and pigeons) secrete crop milk, which
contains appropriate sodium. Infant
mammals, of course, drink milk, which
is high in potassium as well as sodium.

For obvious reasons, sodium is ad-
equate in whele foods of animal origin,
However, Na+ can be difficult for
plant-eating animals to obtain since, as
mentioned above, many plants, fruits,
and seeds are sodium-poor as a result of
sodium-poor soils. New spring forage is
particularly deficient, at a time when
lactating animals require more sodium
than at other times of year. In some
areas, productivity and even survival of
flotivorous wildlife appear to be limited
by dietary sodium. Salt licks can attract
many kinds of plant-eating wildlife.

Marine animals fed freshwater fish
in captivity can experience sodium
deficiencies.

In nature, sodium can also be present
in dietary excess, in the ocean and in
inland bodies of water with high salin-
ity. Seabirds possess salt glands that con-
centrate salt and excrete it through the
nares. {Marine birds that have been
deprived of saltwater in captivity must

be given graduaily more saline water
before their release in order for their salt-
excretion glands to regain function.)

Reproductive success of birds that
harvest food from high-salt water de-
pends on the availability of fresh watet
andfor freshwater prey for their nestlings.

Potassium is adequate in animal-
based foods, and plant foods are typically
rich in the mineral.

There are optimal dietary levels of
sodium, potassium, and chloride, both
individuaily and in relation to each
other. Animals can generally tolerate
electrolytes at levels considerably abave
their minimal requirement as long as
fresh water is freely available. Of course,
fish and reptiles and amphibians that live
partly or completely in water have spe-
cific requirements for the salinity of their
aguatic environments.

Macrominerals are so crucial to the
structure and function of animals that we
truly “embody” the sea and the carth
from which we evolved. In cur bones and
blood and fluids, we and our fellow crea-
tures carsy the chemical elements that
reflect our origins in the primevat oceans.
In the veins of every living animal
courses our 3.5-billion-yeaz-old heritage.
We are all living fossils. €@

The authors welcome feedback and sugges-
tions for future cobwmms. Please feel free to
contact them.

Astrid MacLeod is a writer and experi-
enced avian rehabilitator who works for
Manitoba Conservation {formerly the
Manitoba Department of Natural
Resources). She has researched avian
nutrition for much of the past decade.
She may be reached wia e-mail at
sparrow [@mb . sympatico.ca.

Janine Perlman, Ph.D., is an avian
rehabilitator and has conducted laboratory
research in biochemistry and molecular
genetics for twenty years. She can be con-
tacted at jpandjf@swhell net.
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L COLUMN |
Open Minds

KEEPING WILDLIFE WILD
by Beth Diltingham

ant a six-foot-long iguana that

is used fo having his own bed-

room? How about a Bengal
riget in your backyard? Care for a ma-
caw that recently chewed the corner off
a dining room table? These are all
calls or stories [ have run across as a zoo
educator.

As wildlife rehabilitators and edu-
cators, we all encounter the confusion
people have about wild animals as pets.
In this column I'll offer some strategies
to counter the public’s fascination with
owning a wild animal and to help people
think more clearly about keeping these
animals healthy and in the wild.

Cur consumer culture seems to have
no boundaries. People want to connect
with nature; they also want ro distinguish
themselves as individuals. These desires
frequently [ead people to assume they
can own and keep wild animals as pets.
Often this results in terrible tragedies for
the animals and sometimes for the
people. There have been more than a few
“pet” tigers whose instinctive behaviors
have caused deaths or severe injuries. 1
have given many presentations about
wild animals and their habitat and how
we can help make sure they can continue
to live in the wild, and am discouraged
when both kids and adults ask me where
they can get the animal for a pet. How
lucky you are if you are warking with a
protected species and can say one just
can’t have them as pets. Even if your
animals are protected, it is important to
get people ro understand and respect the
difference between companion animals
and wild animals.

Animals thar have been domesti-
cated have been sefectively bred over
generations to exhibit characteristics
that are of use to humans or that help
the animal adapt to human environ-
ments. There is a big difference between
the behavior of a domestic dog and s
ancestor, the wolf. The latge number of
wolf and woll-hybrid rescue programs
arourl the country are evidence of the
problems involved with the confusion of
these animals as “pets.”
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A wild animal lives in its natural and
uncultivated state. It has evolved char-
acteristics to help it survive in the natu-
ral environment. Recently the Rio
Grande Zoo became home to three or-
phaned mountain lion cubs whose
mother had been killed by a hunter. Even
as babies, their play was all about devel-
oping the skills necessary to kill prey.
(For instance, one of the cubs pounced
on my neck in play.) It would never
occur to me to want to have one of these
wild animals at home. Simitarly, | con-
tinue to be amazed when people ask me
if the zoo's staff “all pet the polar bears.”
But, as the saying goes, these questions
give me z once in a tifetime opportunity
1o educate.

How can we encourage people to join
us in our fascination with wild creatures
without wanting to own them? How can
we teach them to respect and admire the
animals’ wildness for its own sake? We
have an important role as the interface
between these animals, the natural
world, and human civilization. [n this
role, we need to represent these animals
as hest we can.

First, while the individual stories of
the animal that you are working with ace
very powetful, it is important to con-
nect that individual’s story to the whole
species, Give information about the role
of that animal in the natural ecosystem.
Tell your audience about the problems
that species faces in the wild. Talk to
them about how people can change their
behavior to help thatspecies to continue
to exist and to fulfill its role in the web
of life,

Names can be very powerful. Many
people choose not to name the animals
at all, in order to avoid the attribution
of human characteristics to these crea-
tures. If you de use names, however, pick
names that can connect to your mes-
sage. | have a three-year-old friend who
decided to name our 30C-pound ana-
conda snake “Fluffy.” But I call her
“Amazon,” in honor of the river anacon-
das live in and for their powerful nature.
We have a prairie dog named “Sage,” for

the sagebrush areas that prairie dogs
often {ive near. We call our ferret
“Hunter,” because of the hunting ferrets
do to find their prey. We call our alpacas
and llamas “Lima,” “Peru,” and “Inca” to
represent where they came from in the
world. When you have only a short time
to connect with peaple, the name you
give your animal can help reinforce your
message.

Avoid emphasizing your personal
relationship with an education animal.
I once saw a humane educator hold a
blind great grev owl during her presen-
tation. The owl was huddled up next to
her because it felt safe, and she caressed
itas she talked. [ have to say, this made
me think more about wanting to hold
that owl myself that way, rather than see-
ing the owl as'a wild being. When kids
see us petting an animal, they want to
do it, too. If possible, put the animal on
a perch during your education programs.
If you have to hold it, avoid petting the
animal in front of the public. Wild crea-
tures have incredible charisma, and that
charismatic draw extends to the educa-
ror. This can be a powerful rool, but un-
less you are careful your message will get
lost as the audience focuses more on
wanting to be like you or have one of
those animals and less on what you are
actually saying.

Any up-close contact with a wild
animal will provoke myriad responses
from your audience, bur with thought
and care you can move them beyond a
simple desire to own that wildness. We
must strive to encourage a respect and
an empathy for these animals that leads
1o a motivation to keep them wild. €@

Beth Dillinghewm hets taught in both classroom
and informal learning settings for fourteen
years. She ran an environmental education
center in the Sandia Mountains in New
Mexico, and is currently the education coordi-
nator for the Rio Grande Zoo. She may be
reached at thebnm@earthlink net.



By the Book

DEFINITIONS OF “GAME BIRDS,” POWER-LINE ELECTROCUTIONS, AND MORE
by Rob Lee, Special Agent, United States Fish & Wildlife Service (USFWS)

As far as | can tell from reading the

lists of federally protected birds at the
U.S. Fish and Wildlife Service {USFWS)
wehsite, game birds {quail, pheasants, etc.)
are not federally protected. is this true?
Does one only require a state permit to
rehah them.

There are three regularly accepted
definitions for “game birds™:

(1) Migratory Game Birds: Those
families of birds included in the terms of
conventions (treaties) between the
United States and any foreign country
for the protection of migratory birds, for
which open hunting seascns are pre-
scribed and that belong to the following
families: Anatidae (ducks, geese, and
swans), Columbidae (doves and pi-
geons), Gruidae (cranes), Raltidae (rails,
coots, and gallinules), and Scolopacidae
(woodcock and snipe). This definition
is found in your regulation package at
Title 50 Code of Federal Regulations Past
20.11(a). While these species may be
hunted, they are still all protected by
both state and federal laws. Rehabilitat-
ing them always requires a federal permit
and a state permit (if your state issues
permits).

{2) Resident Game Birds: Those spe-
cies of nonmigratory birds that are regu-
lated by the states and for which there
are state hunting seasons. Generally
these are quail, rurkeys, pheasants,
chukars, and prairie chickens. They may
be native or exotic. They are not pro-
tected by federal regulations and you do
not need a federal permit to rehabilitate
them. You would need a state rehabiii-
tation permit (if your state issues pet-
mits}),

{(3) Non-Game Birds: Those species
of birds that do not have an open hunt-
ing season. This is a very diverse group
that includes everything from auks to
woodpeckers, raptors, wading birds,
songbirds, and just about every other
kind of bird native to the LS. not al-
ready mentioned. Generally, these are
migratory birds that are protected by
both state and federal law that would
require a federal rehabilitation permit

and & state permit (if your state issues
permits).

The short answer to your guestion is:
pheasants, quail, and related species are
“Resident Game Birds,” and a federal
permit is not required to rehabilitate
them.

Could you please expound on what

law enforcement does when we re-
port an electrocuted hird? It's my under-
standing (and local experience) that they
do check it out, and sometimes do cite and
fine the utility, and require that the pole
in question be retrofitted.

Bird, especially raptor, electrocu-

tions are a significant problem
throughout the world. It was not too long
ago that we would lose 100200 bald and
golden eagles in the panhandles of Okla-
homa and Texas every year. While this
type of killing is unintentional, it is still
a violation of the Eagle Act and the
Migratory Bird Treaty Act (MBTA). It
has been the policy of the USFWS to
notify the “owner” of the pole and re-
quest that they modify the pole accord-
ing to the latest edition of “Suggested
Practices for Raptor Protection on Power
Lines,” published by the Edison Electric
Institure and considered the state of the
art for preventing raptor electrocutions.
Provided the company makes the modi-
fications, no charges are filed. Gradually,
the poles that kill ate being identified
and corrected.

However, if a company fails to com-
ply, charges will be filed, as was the case
in the 1998 prosecution of Moon Lake
Electric Association in Colorado. They
were charged with killing (electrocuting)
12 golden eagles, four ferruginous hawks,
and one great horned owl after they had
been warned that their lines were kiil-
ing birds and they failed to respond.
Moon Lake filed a motion to have the
charges dismissed, arguing that the
MBTA and the Eagle Act “...do not
apply to unintentional conduct that is
not the sort of physical conduct normally
exhibited by hunters and poachers.” In
a very important decision, LS. District

of Colorado judge Lewis T. Babcock
denied Moon Lake’s motion. They sub-
sequently were sentenced to pay $100,000
in fines and restitution, were placed on
three years probation, and were ordered
to retrofit their lines to prevent future
electrocutions. This is traly a landmark
decision that prompted considerable
reaction by the utility industry to pro-
actively identify and correct electrocu-
tion hazards to migratory birds.

deal with the disposal of deceased
animals. The law provides disposition al-
ternatives of hurning, burying, or donat-
ing such material to an appropriate public
or educational facility. Do permitted
rehabilitators need special permits to
prepare and transport carcasses to an
approved educational institution {e.g..
museum, university)?

Q Rehabilitators frequently have to

Na. But transporters shouid carry

a copy of your permit when trans-
porting migratory birds, whether they are
alive or dead.

I encourage permittees to find proper
facilities to which to donate specimens.
They are valuable for education and
rescarch if you provide locality and date
data with the specimen.

Rob Lee has been a special agent for the
USFWS for fourteen years. Prior to that he
served as a refuge manager with USFWS
for eight years. He is a certified wildlife
biologist and has a MS in biclogical science
from California State University, Sacra-
mento.

NEO-REHABILISMS...

dumbrelta permit
enough said

mapillaria

what you wish the divectionally
challenged member of the public
had, as yow've 40 minutes

into waiting for them

to find your house
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FACT SHEET

O

Rehabilitation Notebook: AVIAN POX

Causative Agent
Avian pox, or fowl pox, is caused by a large virus belonging to the avipox virus group, 2 subgroup of poxviruses. This
group contains several similar virus strains, some that are species-specific, and others that have the ability to infect

similar groups of birds.

Clinical Signs and Lesions

* TRapidly enlarging, proliferative masses on the face, feet, and other featherless areas of the body.

e Tesions on the face and feet are most common; lesions on the face usually occur around the eyes and commissures
of the beak.

¢ The number and size of the lesions is variable, from small, scabbed-over nodules to multiple, extensive masses that
may interfere with vision and feeding.

*  Affected birds may have difficulty breathing if the lesions interfere with air intake, and may be thin or underweight
due to difficulty feeding.

* Lesions generally spread and enlarge over a [-2 week period, and regression usually occurs within 4-6 weeks,
resulting in rapid resolution of the disease.

¢ Death can occur if affected hirds are unable to feed or breathe, ot if vision is impaired.

* Secondary bacterial and fungal infections are common and conteibute to the mortality seen with this disease

* A systemic form of this disease, called “wet pox,” can occur in wild turkeys and some other birds; this form of avian
pox causes severe digestive and respiratory lesions and is often fatal.

Common Hosts

» Raptors (hawks, falcons, and eagles; very rarely owls) * Songbirds

¢ Chickens and wild/domestic turkeys ¢ Marine birds
¢ Waterfowl are not commonly affected.

Transmission
Avian pox is most commonly transmitted by mosquitoes, but direct contact with virus-contaminated surfaces (e.g.,

bird feeders and perches) can result in infection when the virus enters the body through abraded skin or mucous
membranes. Transmission can also occur by inhalation of infected dander, ingestion of vitus-containing scabs, and

direct contact between birds.

Seasonality
Avian pox infections can occur year-round, but are more common during the mosquito season and during periods of
increased temperature, humidity, and moisture. During the winter months, increased incidence of infection can occur

in songbirds that congregate at bird feeders and feeding stations.

Diagnosis
* Diagnosis can be inferred based on the characteristic clinical signs and appearance of pox lesions.
* Microscopic examination of tissues from affected birds may reveal characteristic pasticles inside the cell called

Boolinger bodies, and this can confirm diagnosis.

Treatment and Release of Rehabilitated Birds

* Because avian pox is a contagious disease, infected birds must be isolated indoors. Strict hygienic practices must be
followed to prevent its spread to other birds.

* Many birds are able to mount an effective immune response without treatment and eliminate the disease 4-6 weeks
after infection. These birds are believed to have lifelong immunity to the discase.

e Birds that are unable to eat or drink, or that have secondary infections, may need supportive care, antifungals, and
antibiotics to help them recover.

* Birds that have recovered from this disease are not considered to be carriers of the disease, and can be safely released
once they are rehabilitated.

How You Can Help Control the $pread of Avian Pox

* Eliminate sources of standing water in the yard that could be breeding grounds for mosquitoes (buckets, old tires, etc.).

* Regularly clean and disinfect bird feeders and bird baths with a 5% bleach solution.

* Consider eliminating tube-style bird feeders and using feeding trays or platforms instead. This will limit the amount
of facial contact with the feeding surface, which can be a source of mechanical transmission of the disease.

This Fact Sheet is based on one prepared by the Wildlife Center of Virginia and is published with the center’s approval.,
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Conservation Classics: The Education of Little Tree

by Forrest Carter
Reviewed by Elsa C. Bumstead

Albuquerque: University of New
Mexico Press, 1976

(reprinted 1986, fifteenth paper-
bound 1993)

216 pp.; U.S. $7.95 {paperback)

ISBN: 0-8263-0879-1

wondered how this slender book, the
winner of the very first ABBY
{American Bookseilers Book of the
Year) Award, could be surrounded with
controversy. The ABBY Award was cre-
ated in 1991 by the American Booksellers
Association “to honor the ‘hidden trea-
sures’ that ABA bookstore members
most enjoyed recommending to their
customers during the previous year.” My
subscquent investigation uncovered con-
flicting information about the author
Who was this man who wrote such a
poignant story about a boy growing up
in the hills of the eastern Cherokees?
Forrest Carter (1925-79) was born
Asa (“Ace”) Earl Carter in Alabama.
The eldest of four children, he and his

T
¥

>
o

By N family, to be foved, and to be

siblings were raised by both parents in
Oxford, Alabama. After finishing local
schools, serving in the Navy, and attend-
ing the University of Colorado, Carter
becamne & radio broadcaster and political
writer. Too lengthy to discuss here, be
advised that there is varying information
about his association with violence and
his years as a segregationist, KKK mem-
ber, and speechwriter for George and
Lurleen Wallace during the 1960s. Even-
tually, Carter ran as a gubernatorial
candidate against Wallace in [970, and
finished at the bottom of the pack.
[t was about that time that he began
a remarkable turnaround and remade his
image. He assumed the pen name
“Bedford Forrest Carter” and the persona
of a seif-taught, part-Cherokee novelist,
Gundi Usdi (“Little Tree™). He moved
to Texas and wrote his first novel, Gone
to Texas (1973). 1t was made into a suc-
cessful movie, The Qutlaw Josey Wales,
with Clint Eastwood, in 1976. Carter
then moved to Florida, where he wrote
a sequel, The Vengeance Trail of Josey
Wales (1976), and Watch for Me on the

o Mountain (1978) about Geronimo. At

i I

the time of his untimely death,
Carter left an unfinished sequel
to his third book—the one
bound to be remembered—his
boyhood tale about The Education
of Little Tree {1976). First marketed
as a Native American autobio-
graphical account, it appeared for
nineteen weeks on the New York
Times bestseller list before it was re-
vealed that it had been written by a
southern-born “white supremacist.”

e Flow could that be!?
3

Written in the first person, it is an
. inspirational story of a Native Ameri-
can hoy growing up in Cherokee hill
country. Orphaned at the age of five,
he goes to live with his grandparents
in the Depression era 1930s, And
there, through his eyes, begins the
tale of what it means to have a
sense of place: to be home, to be

.« “educated.”

[t will leave you with much to pon-
der. What does it mean to “govern” and
be “government?” Why is it so important
to have standardized schooling and to
pressure peopie to conform to dominant
society’s way of thinking and doing?
What is the value of diversity? What does
it mean to tolerate others and respect in-
dividual opinion? Do we all have to think
and be alike? ls new meaning given to
the word “rehabilitation?” What is so
comfarting (or discomforting) about
“kinship” and spiritual relationships with
the land and the sky?

In examining why Litde Tree is a
classic, [ looked at many reading lists that
the boole appeared on—for eighth and
ninth grade middle-school summer
reading, cotporate leadership training,
environmental organization recommen-
dations, and as a suggestion for “Top Ten
Reads of the 200 Century.” Oregon State
University posted it on an annotated
bibliography for students in a course on
Multicultural Issues in Education. The
Literary Society of San Diego read it as
its November 2000 selection, and chose
it as one of its “top choices for the year
2000." Praised by some Cherokees and
criticized by others, Little Tree has grown
to appeat to a wide audience in just a few
decades.

Read this “hidden treasure” and de-
cide for yourself whether it is a classic.
You will meet some great characters. You
will laugh. You wil cry. And you will get
an “educarion” about culture and per-
spective, ahout “wild” tife and habitat,
and about human behavior and the ways
indigenous people compare to those of
dominant society. le is unforgettable. €

Reviewer Elsa C. Bumstead is an interpre-
tive naturalist, writer, envivonmental scien-
tist, and sometime wildlife vehabilitator who
is based in Albuguerque, New Mexico.

Conservation Classics is intended to provide
our readers with suggestions for building a
collection of must-have wildlife and ecology
veference books.



CD. & BOOK REVIEWS:

Wildlife Under the

Microscope
CD-ROM by Stuart L. Porter, V.D.M.

To order, see end of review.
28.6 MB; U.5.428, students; $43 others
{cost includes shipping in U.S., Canada)

I recently purchased Dr. Stuart
Porter’s Wildiife Under the Microscope
CD-ROM, and as a microbiclogist,
instructor, and volunteer raptor rehabili-
tator, all 1 can say is “Wow!” This is the
most comprehensive work of hematol-
ogy, urine analysis, and parasitology of
non-companion, wildlife animats [ have
ever seen in one reference. Dr. Porter’s
27 years of experience as a veterinarian,
treating domestic animals and wildlife,
as well as his experience as an instructor
teaching clinical laboratory procedures
is apparent in this work.

Everything and more that an indi-
vidual rehabber or a larger rehabilitarion
center would need to enhance a pre-
existing laboratory or set up a small-scale
diagnostics laboratory is included in this
CD. The CD would also make an excel-
fent in-house training tool if supported
by hands-on lab work. Even if a rehabber
were not doing in-house rtesting, the
information and the ease with which
tests are explained would help one navi-
gate through the medical terminology
used by veterinarians, thus facilitaring
communication with consulting vers
andfor reference labs.

Presented in a PowerPoint format,
Wildlife Under the Microscope is a click-
and-go CD. The user can cover as little
ot as much information as needed. The
fifreen programs are well supported by
references (both text and websites). The
breadth of coverage of each program is
outstanding There are approximately
800 fuli-color microscopic images. The
supporting text slides are clearly written
and easy to understand.

Each program deals with a different
area of clinical pathology, ranging from
the selection and care of a microscope
through urinalysis, parasitology, mycol-
ogy, hematology, and avian necropsy.
The easy-to-follow introduction offers a
discussion of the pros and cons of doing
in-house testing vs. sending samples out
to a reference lab.

Several programs are dedicated to
hematology. One program demonstrates
different methods for doing a complete
blood count (CBC) using domestic ani-
mal blood. A discussion of the proper
choice of tubes and anticoagulants, views
of collection sites from various animals,
information on smear preparation and
proper sample starage, and various
sources of error that are encountered in
routine hemarology are presented. Three
other programs deal exclusively with rep-
tile, avian, and exotic mammal hema-
tology. Within cach program are micro-
scopic images of blood smears from the
various species.

An omission in many clinical rexcs
but a strong point in these programs is
that, unless otherwise noted, afl images
are displayed at the same power of total
magnification and stained with the same
histological stains. Another strong point
in these programs is the inclusion of sev-
eral different cells in one field. In one
field, the viewer might see an opossum
neutrophil and a lymphocyie rogether;
or an avian hasophil, eosinophil, and a
monocyte together. The beauty of these
images is the ease with which one can
make detailed, direct comparisons be-
tween sizes of the different cells, their
cytoplasimic colors and textures, and
nuclear morphotogies. These ate critical
parameters when doing a differential
white blood cell count.

Similar presentations are found in the
three programs dedicated to parasitology.
A basic program introduces parasitology
and various methods ar techniques used
to isolate the ova or cysts of parasites.
The other parasitology programs deal
specifically with parasites found in rep-
tiles, mammals, and birds. Many images
contain more than one diagnostic para-
sitic form, which enables the viewer to
compare relative sizes, shapes, and tex-
tures of the different cysts and ova criti-
cal for making accurate identifications.
In addition to the numerous inrernal
parasites, the external or ectoparasites
are well represented. Especially notewor-
thy in this section is an excellent image
of a squirrel with a warble.

Although the sections dealing with
cytology and effusions might be beyond
what is needed in a rehabilitation set-

ting, these are very strong units for any-
one interested in the collection and
processing of these samples.

As [ browsed through this CD there
were only a few changes that [ would like
to see included, perhaps in the next
edition. One change would be either a
compiled or searchable index to access a
specific tmage or test more quickly.
Another minor change would be the
inclusion of more inmages of reproductive
cytology—normal vs. abnormal sperm
morphologies, as well as estrous cycle
images would enhance the cytology
program.

Despite these minor shortcomings,
the information contained in this CD
is directed toward a wide range of
practioners with varying levels of expe-
rience. Vets, veterinary technicians,
veterinary technology students, and
wildlife rehabilitators who have the com-
mon interests of clinical laboratory work
and a love of wildlife will greatly berefit
from the information presented in this
CD, as will the animals in their care,

Lz

Reviewer Kathy Dolan is an instructor in
the veterinary technology program at Trident
Technical College (Moncks Corner, South
Carolina). She has been a wildlife rehabili-
tator, primarily bivds of prey, for 10 years.

{(This CI is available from Stuart L. Porter,
V..M., Professor, Veterinary Technology,
Blue Ridge Community College, | Commu-
nity College Lane, P.O. Box 80, Weyers
Cave, VA 24486, USA; 540/453-2283.)

Wild Health:

How Animals Keep Themselves
Well and What We Can Learn
from Them

by Cindy Engel

New York: Houghton Mifflin Co.
288 pp; U.S. $24 (hardcover)
ISBN: 0-618-07178-4

At times, rehabilitators receive wild
antimals that have healed fractures, scars
from old wounds, or amputated digits.
Until a new book by Cindy Engel, Wild
Health, there been fittle published about
how wild animals manage these and
other conditions in the wild. Dr. Engel,
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who has a Ph.D. in animal behavior,
offers insights into how wild animals stay
healthy in their natural environment —
and without rehabilitacion. She admits
that many scientists previously dismissed
the idea of wild animals treating them-
selves. Rapidly accumulating research by
reputahle scientists, however, shows that
it is no longer acceptable to dismiss this
as romantic anthropomorphism. Grow-
ing awareness of this subject is similar to
acknowledgemeny by the veterinary
community in the late 1980s chat ani-
mals feel pain.

Dr. Engel provides numerous interest-
ing examples of birds, mammals,
herptiles, and insects treating their own
health. As well as fascinating informa-
tion about animals, she offers ideas for
further study and suggestions for human
health, The following illustrations from
Wild Health provide food for thought:

¢ Canadian snow geese often have
significant tapeworm burdens in
summer. Researchers observed them
eating different types of grasses just
before migration, and then promptly
defecating large piles of the undi-
gested grasses with the tapeworms.
Since a heavy parasite infestation
could reduce their energy for migra-
tion, this de-worming seems to be
useful activicy.

* Anting (rubbing live ants over their
feathers) is a process used by more

than 200 bird species. One scientist
captured four wild birds in the pro-
cess of anting and confirmed that the
feather mites were dying. The ants
preferred in this activity secrete toxic
fluids, such as formic acid. In labora-
tory tests, the formic acid vapor alone
has killed lice and feather mites.

¢ Researchers have observed many bird
species select specific herbs and
weave the fresh greenery into their
nests, especially just before egg hatch-
ing. In several studies, young starlings
were found to have more ectopara-
sites after researchers removed the
fresh herbs from their nests. Young
starlings in nests with the green herbs
had fewer mites and higher hemoglo-
hin counts than those with herbs.

* Some wild mammals have been seen
licking wounds in the wild (tehabil-
itators may have also observed this
when animals are in rehabilitation).
Since saliva of all mammals has dis-
infectant qualities, this can be very
helpful. Studies on rodent saliva have
shown that it contains nerve growth
and epithelial factors that accelerate
healing of wounds.

*  Wild bears have been seen rubbing
resinous fir trees until chey become
covered in thick resin. This same
resin was used by local indigenous
people to repet hlack flies. When cap-
tive bears were offered pungent

plants, they rubbed them on their fur
- also repelling insects.

* Many wild species have been observed
eating soil, a process called geophagy.
Certain types of natural clay seem to
be especially popular. White they
suspected that the clay had some
micronutrients the animals needed,
researchers learned that many indig-
enous cultures use simifar clay to help
bind toxins and reduce gastrointesti-
nal upset. Black or brown topsoil,
however, does not seem to be attrac-
tive for consumption, possibly since
it may be contaminated with para-
site eggs, harmful bacteria, heavy
metals, and other pollutants.

Wild Health provides an abundance of
information, but at times raises more
questions than it provides answers. {More
research is certainly needed!} Since it
takes considerable attention to read, its
probably moze likely to be enjoyed when
the phone is not vinging off the wall with
rescuers needing help or baby wild or-
phans needing to be fed. It is worth read-
ing to expand our thinking about how
wild creatures live in the wild —and even
about our rehabilitation practices.

D

Reviewer Shivley Casey has been a rehabili-
tator since 1986 and is cofounder of
WildAgain Wildlife Rehab in Fvergreen,
Colorado. She conducts training and publishes
on @ wide range of wildlife-related topics.

SELECTED ABSTRACTS

AVIAN SPECIES

Effects of Hardwood Reduction on
Winter Birds in Northwest Florida
Longleaf Pine Sandhill Forests

I. Provencher, N. M. Gobris,

and L. A, Brenhanc

The Auk 119(1): 71-87.

Reversing decades of fire exclusion by
hardwood midstory reduction is now used
to recover populations of the federally
endangered red-cockaded woodpecker
{Picoides borealis} in longleaf pine {Pinus
palustris) forest ecosystems. The effects of
red-cockaded woodpecker management
on wintet birds in longleaf pine sandhill
forests are largely unknown. Examining
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habitat use of winter migrants, some of
which are declining, may influence the
selection of habitat management tech-
niques used for red-cockaded woodpeck-
ers to benefit overwintering migrants.
During December-February of 1997~
1998 and 1998--1999, the authors tested
experimentally the effects of hardwood
reduction treatments applied in 1995 on
winter bircls at Eglin Air Force Base in
fire-excluded notrthwest Florida longleaf
pine sandhills. Treatmenes were (1) pre-
scribed spring burning, (2) herbicide
application, (3) mechanical felling and
girdling, and (4) a control where decades
of fire exclusion was maintained. The
authors also sampled winter bird flocks
in frequently burned, nonexperimental

reference plots to measure management
success. Hardwood reduction techniques
had no effect on flock species richness,
which averaged 7.9 and 7.2, respectrively,
during 19971998 and 19981999,
Larger flocks in felling and girdling and
in herbicide plots were primarily due to
significantly higher numbers of over-
wintering chipping sparrows {Spizella
bassering), as well as resident red-cockaded
woodpeckers and an influx of temperate
migrant pine warbiers {Dendroica pinus).
In contrast, flocks in controf plots were
smaller and composed of hardwood-asso-
clated species, such as tufted titmouse
{ Baeolophus bicolor) and Carolina chicka-
dee (Poecile carolinensis). The relative uscs
of longleaf pines and hardwoods by red-
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cockaded woodpeckers, pine warblers,
and brown-headed nuthatches (Sitea pusilia)
during both winters best explained that
winter birds present in herbicide, felling
and girdling, and reference plots were
more likely to forage on the same tree
species and substrates than birds in
spring-burned plots, and least likely to
forage on the same species and substrates
as birds in the control plots. Those dif-
ferences corresponded to the following
increasing order of hardwood stem mor-
tality among treatments: contzol, spring
burn (41%), felling and girdling (62%),
and herbicide (92%). Repeated burning
is recommended to restore the reference
foraging condition because it was eight
times fess expensive than other techniques,
which favored mostly chipping sparrows.

Nutritional Consequences of
(astrolith Ingestion in Blue-
Winged Teal: A Test of the
Hard-Seed-for-Grit Hypothesis
M. H. $herfy, R. L. Kirkpatrick,
and K. E. Webb r.

1. Wildlife Mgmt. 65(3): 406-10.

The authors investigated whether
young blue-winged teal were able to more
efficiently digest available food with grit
in their crops. Although the researchers
expected to find that their subjects would
be more able to derive energy from both
petleted and seed diets if they were pro-
vided with grit and/or hard seeds (substi-
tute gric), in fact, they saw no difference
in total metaholizable energy between
birds with grit and without grit. This
might change in wild birds on a varied
diet but for the purposes of captive hus-
bandry, providing grit to waterfowl does
not seem to enhance digestion.

MAMMALIAN SPECIES

Population Ecology of Swift Foxes
{Vulpes velox) in Southeastern
Colorado

E. R. Schauster. E. M. Gese,

and A. M. Kitchen

Can. J. Zool./Rev. Can. Zool. 80(2):
307-19.

Swift foxes (Vulpes velox) were once
distributed across most of the shortgrass

prairie of North America. The arrival of
settlers and the cencurrent loss of habi-
tat, apping, incidental poisoning, and
shooting brought about a decline in its
numbers uatil the swift fox remained
only in the southern part of its historic
range. A current understanding of swift
fox population ecology is important to
management and conservation efforts.

The authors examined the popula-
tion ecology of swift foxes on a native
shortgrass prairie ecosystem in southeast-
ern Colorado. From January 1997
December 1998 we investigated home-
range size and space use, spatial overlap,
dispersal patterns, survival rates, and
reproduction using a sample of 90 {42
males, 48 females) radio-collared foxes.
Home ranges were largest (9.4 £ 4.9 km?)
and spatial overlap was greatest using
nighttime locations when foxes were
active, while daytime locations indicated
that the use of dens was exclusive among
social units, and space use (2.8 + 2.2 km?)
was reduced during the day. Among resi-
dent foxes, survival rates were higher for
aduits than for juveniles. For dispersing
foxes, adules that dispersed had higher
survival rares than juvenile dispersers.
Social units ranged in size from 2-4 foxes.
About 58% of the sccial units produced
pups; litter size averaged 2.4 pups at den
emergence. Among the surviving pup
cohort, some pups were philopatric, some
dispersed long distances, while others
dispersed to neighboring territories. Swift
fox density was negatively associated
with both coyote {Canis latrans) and
lagomorph abundance, but positively
correlated with rodent abundance. (Ab-
stract © NRC Research Press)

Behavior, Movements, and Appar-
ent Survival of Rehabilitated and
Free-Ranging Harbor Seal Pups
M. E. Lander et al.

J. Wildlife Mgmt. 66(1): 19-28

The authors compared diving behav-
iors, activity patterns, movements, and
survival between rehabilitated pups
{n=29) and wild pups (n=24). Pups were
followed for 5 months after release.
Rehabilitated pups spent a greater pro-
portion of their time in the water than
did wild pups. Swrvival curves between

rehabilitazed pups and wild pups were
similar after pooling data across 1995 and
1996, The overall behavior, movement
and apparent survival of rehabilitared
pups appeared similar to wild pups. It was
recommended that a longer term study
be done since 5 months only covered
initial survival.

CONSERVATION

The Effects of Low Levels of
Pollutants on the Reproduction of
Golden Eagles in Western Norway
T. Nygaard and J. O. Gjershaug
Ecotoxicology 10(5): 285-90.

The reproductive success of golden
eagles was studied in an area in western
Norway between 62° and 63°N between
1973 and 1999. Addled eggs wete col-
lected for analysis of chemical pollutants
from nine territories; five from coastal

_aress and four from inland. The coastal

sizes had lower annual reproductive out-
put than inland sites, and the cggs had a
higher content of organochlorine com-
pounds. There were relatively strong
negative correlations between reproduc-
tive output and (1) shell thickness and
(2) DDE concentration in eggs. The data
indicate that the golden eagle may be a
particularly sensitive species to DDE. It
is proposed that the higher organo-
chlorine content found in the eggs of
coastal hirds was caused by a contribu-
tion of marine birds to the diet, as op-
posed to inland eagles which have a prey
basis consisting almaost entirely of terres-
trial herbivores such as grouse, mourtain
hare and cervids. The study’s data-set on
reproductive cutput is, however, too
small to establish a general relationship
hetween DDE contaraination and repro-
ductive output in golden eagles. (Abstract
® 2001 Kiluswer Academic Publishers.)
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New Evidence Snowmabiles Harm
Wolves and Elk

A study by Montana State Univer-
sity (MSUI} has found thas snowmobiling
in U.5. national parks can stress wolves
and elk so much that it barms their abil-
ity to fighe off diseases. By measuring the
glucocorticoids—stress hormones—in
the feces of elk and wolves in Yellowstone,
Isle Royale, and Voyageurs national
parks, MSU’s Scott Creel and his col-
leagues found that levels of glucocorsi-
coids were higher when snowmobile use
was higher. Although these elk and wolf
populations remain stable, Creel says the
results can be viewed as an ecarly warn-
ing signal. “The populations we studied
apparently can compensate for the cur-
rent level of stress, under current eco-
logical conditions,” he explains, “but cthe
physiological effect is there to be seen.”

Worldwide Extinction Crisis

Nearly a quarter of all kinds of mam-
mals face extinction within 30 vears, ac-
cording to a new United Nations study.
The list of the critically endangered
include the black rhino, the Siberian
tiget, and the Amur leopard of Asia. The
report blames human activities, prima-
tily habirac destruction and the introduc-
tion of alien species from one part of the
world to another. To read the report, visit
www.unep.org/GEQ/geo3/index.hem.

“Extinct” Bird Discovered

A rare Amazonian bird that was
thought to be extinct for 45 years has
been re-discovered. Ironically, a road-
paving team spotted the golden-crowned
manakin in the heart of the rainforest of
Brazil, But conservationists say the bird
is likely to become extinct soon, for real
this time, because of tree-cutting and
road-building in the rainforest.

California Otter Poputation
Continues to Decline

According to recent research con-
ducted by the United States Geological
Sutvey (USGS), the population of the
threatened California sea otter has de-
clined for the sixth year out of the last
seven. Although scientists had expected
the species to make a strong comeback
since receiving federal protection in
1677, pollution, entanglement in fishing
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nets, infectious disease, and starvation
have claimed many lives. “We are find-
ing a higher percentage of otters dead on
the beach every year,” Steve Shimek of
the Marina, California=based Otter
Project told the San Francisco Chronicle.
“All that adds up to a fairly bleak picture.”

Birth Announcement

Twao litters of highly endangered
Florida panthers were recently bom at
the Florida Panther National Wildlife
Refuge. The seven kittens weighed ap-
proximately 1 pound each at birth.

Florida panthers are among the
world’s most endangered mammals.
There are only hetween 80 and 100 of
themn remaining in the wild. The biggest
threat to panthers is loss of habitat. An-
other threat is being struck by cars on
highways.

Sweet-Smelling Nests Are Best

Scientists at the Centre for Fune-
tional Ecology and Evolution in Mont-
pelier, France, have found that birds on
the istand of Corsica make their own
potpourti. The female blue tits gather 10
aromatic plants—including lavender,
mint, and curry, which contain chemi-
cals that ward off bacteria, parasites, and
insects—to keep their nests clean and
pest-free for their young. “They are real
botanists,” says the Centre's Marcel
Larbrechts, “and do a great job of ex-
ploiting their environment to protect
their chicks.”

Squid on the Rise

A recent repott in the Australian
journal Australasian Science found thar
squid numbers around the globe are in-
creasing at rapid rates and now exceed
humans in terms of total bio-mass. The
reasons include the climate changes at-
rributed ro global warming, as well as
overfishing of rival species that compete
with squid for foad.

The findings may offer an answer to
the mysterious appearance of a giant
squid on the coast of Tasmania earlier
this summer, and hundreds washed
ashore in California—although El Nino
also is being blamed.

Squid eat anything that comes their
way, breed whenever and wherever pos-
sible, and keep growing until they die.

“Many of the species have exponential
growth,” noted Dr. George Jackson, of
the Institute of Antasctic and Southern
Ocean studies in Hobart, Tasmania,
Australia.

Request for Assistance

Diane Winn, Ph.D., seeks accounts
of experiences with a syndrome in chim-
ney swifts that was first noted by Paul
and Georgean Kyle in their Rehabilita-
tion. and Conservation of Chimney Swifts
(Driftwood Wildlife Association, 1996);
it was dubbed “mung” and described in
more detail by Kathy Frisbie in her
article “Hand-Raising Chimney Swifts”
(Wildlife Rehabilitation Today, Winter
1998, pp. 56-61). The illness appeats to
begin as a mouth infection with signs
such as reluctance to eat, spitting out
food, inflammation of mouth mucuous
membranes, repeated and seemingly dif-
ficult swallowing, and thick, ropy saliva.
The infection may progress through the
Gl wract; untreated birds may lose weight
even if force fed, and they often die.

If this syndrome sounds familiar,
please send descriptions of its course and
treatment in your practice to the address
below. Histopathology reports en any
birds that died are particulatly important.
Resuits will be shared with all contribu-
tors and any other interested parties.

Diane Winn

Avian Haven

418 North Palermo Road

Freedom, ME 04941

E-mail: avianhaven@northlandlink.com
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DITTO A REPRODUCEABLE PUBLIC SERVICE ANNOUNCEMENT

CATS

keep your cat indeors

tf you love wildlife, keep your cat indoors because:

*  Every day, cats kill between 4 and 5 million birds in the U.S. alone.

e Collar bells don’t work. Birds and other wildlife do not associate bells
with being stalked.

s Ground-nesting birds are very susceptible to predation by cats.
¢ Even well-fed cats will hunt small wild animals.

»  Most young bitds leave the nest before they are able to fly well, spendinga day or two on the ground
as they learn. These fledglings are frequently caught by cass.

o Most of the birds caughet by cats, but not killed outright, die of their injuries or infection.

o Cars that kill small rodents can eliminate a critical food source for owls and hawks,

If you love your cat, keep him or her indoors because:

RILIOJIED D{@21) INUFBAA ‘Wnasniy 1Pl Aespurt Aq papiacid juaiuod onig

e Cars kill millions of cats each year.

e Outdoor cats are exposed to serious—and often fatal—infectious diseases such as feline leukemia
and rabies.

e Parasites such as fleas, ticks, and intestinal worms post a health threat to your cat. Some of these
parasites can be transmitted to humans.

e Outdoors, cats can be chased by dogs or other cats and killed, injured, or become lost.

o Cats arc often shot at, poisoned, trapped, ot tortured by neighbors who are annoyed by cats using
their gardens as a litterbox or hunting ground.

e Coyotes, great-horned owls, and other wild animals are known to regularly kill and eat house cats.

Cats that spend time outdoors require more medical treatment and their life-span is much shorter
than cats who live indoots.

(This space for your organization’s name, address,
website, and phone number.)

Summer 2002
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INSTRUCTIONS FOR AUTHORS

POLICY Original manuscripts concerning any aspect of wild-
life rehabilitation are welcome. Articles on topics including
administration, law, education, veterinary medicine, animal
hushandry, and public relations as they relate to wildlife reha-
bilitation are alf invited. Book reviews are also welcome.
Submissions are not confined to the continent of North America.

Associate editors and anonymous reviewers judge each submit-
ted manuscript on appropriate subject matter, originality, accu-
racy, conciseness, clarity, and contribution to existing literature,
Concurrent submission to other peer-reviewed journals may
preclude publication in the Journal of Wildlife Rehabilitation
(JWR). The primary author of each original article published
receives either a $30 honorarium or a one-year individual mem-
bership or renewal. IWRC retains copyright on ali original articles
published in MR, but will grant permission to reprint articles
upon request, with credit given to IWRC.

MANUSCRIPT Copy should be typewritten and double-
spaced. Include the name of each author, addresses, phone
numbers, e-mail addresses, a one-paragraph biography for each
author, an abstract, and several keywords. Templates have been
developed for the following categories of submissions: Species
paper (i.e., Rehab Notes), case study, technique, research paper,
and review; authors may request a copy of one or all of these
templates from the Editor or the IWRC office before developing
work for submission in JWR,

SUBMISSIONS Al submissions should be accompanied by a
cover letter stating the intent of the author(s) to submit the
manuscript exclusively for publication in JWR. Double space
throughout, with 1 inch margins. The author(s) should keep at
least one copy of the manuscript.

ELECTRONIC SUBMISSIONS Electronic submissions (PC
or Macintosh platforms)} are preferred but not required. The
manuscript should be attached to the submission letter and sent
to ALL of the following:

Marianne Skoczek, Editor
runmuki@earthlink.net.

Elizabeth Penn Elliston, Publications Committee Chair
epe@nmia.com

WRC Office
iwrc@inreach.com

HARD COPY SUBMISSIONS inthe topleft corner of hard
copy page 1, type the name and complete address, including
e-mail, of the person who is to receive editorial correspondence.
On succeeding pages, type the primary author’s last name in the
top left corner, and the page number in the top right corner. Use
a good quality white paper and submit four good photocopies to:

Marianne Skoczek

JWR Editor

837 14" Street, San Francisco, CA 94114
usAa

STYLE Citations should be noted within the body of the manu-
script with the last name of the author and the year published
(with one space between—no comma) using the following for-
mat: single author (Smith 1959); two authors (Smith and Jones
1979); more than two authors {Smith et al. 1989). A complete list
of literature cited should be included at the end of the manu-
script in alphabetical order, beginning with the last name of the
first author. {Citations with more than two authors may list all
authors names in the References section.} Please use sentence-
style capitalization throughout the citation {mixed case). Provide
complete citation information, including date; title; issue,
volume, and page numbers of journal articles; and place of pub-
lication and publisher of books. Tables and iliustrations must be
self-explanatory and reference to them included in the text. The
first use of a common species name should be followed hy scien-
tific names in parentheses (i.e., The appearance of the American
robin (Turdus migratorius) does not always coincide with the
beginning of spring.}. Use metric units of measure followed by
English/U.S. units in parentheses. If trade names are used, indi-
cate if the product is trademarked or registered and list any prod-
ucts cited along with generic equivalents, when available, at the
end of the article. Please provide full address (including zip code)
of the product manufacturers.

ABSTRACT, KEYWORDS Manuscripts require an abstract
of about 1 typed line per typed page of text. Place keywords
below the abstract.

TABLES Starteach table on a separate page and continue long
tables onto 2 or more pages. Double-space throughout and leave
margins of at least 1 inch. Annotate abbreviations.

PHOTOGRAPHS JWR publishes high-quality black and white
photographs as available. While color slides and prints are
acceptable, all images will appear in black and white only. Type
captions on a separate page, in paragraph form, along with
photographer credits. Photos should be unmounted, sharply
focused, and have a good tonal range. Electronic images should
be medium or high resolution {minimum 300 ppi) and should
be saved as .JPG or .TIFF files. To save memory and facilitate
e-mailing, files should be saved as greyscales. Files should be
e-mailed to the Editor at runmuki@earthlink.net. They may be
compressed with Stufflt or a similar program.

ILLUSTRATIONS llustrations should be clear and well de-
fined, and should be drawn in black, grey, and white only. lllus-
trations may be submitted on paper or electronically as .EPS or
TiFF files. Please note whether the electronic illustration was
created in lllustrator® or another program. Electronic files should
be e-mailed to the Editor at runmuki@earthlink.net.
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