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The mission of the Bell Museum is to encourage better understanding of the natural
world through research, teaching, and public education in the natural sciences.

The Museum has three major goals: 10 encourage and conduct research in the natural
sciences: to provide, with collections, a permanent record of biotic diversity in time
und space, and to present and interpret the facts, principles, and controversies of the
natural sciences to the public and the University community,
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PREFACE

This booklet is a practical guide to the field study of amphibians and reptiles in Min-
nesotd. The emphasis is on materials and methods, using & “*how-to"* approach. T wrote
it with several audiences in mind: weekend naturalists interested in expanding their
natural history horizons, teachers looking for field-oriented exercises, and individuals,
agencies, orinstitutions wishing to assess the herpetofauna of an area but having little
background in herpetology. In general, the booklet is intended for anyone wanting to
know more about amphibians and reptiles in their natural environment. Tt is nor a field
guide to the amphibians and reptiles of Minnesota, and contains no keys or species

 descriptions. It should be used as a companion to existing field guides (see Appendix I11).

Furthermore, the booklet is not a comprehensive treatment of field techniques. 1
describe survey techniques for assessing the status of local amphibian and reptile popula-
tions, not more advanced topics such as methods of marking animals, diet analvsis,
or care of captive animals. This booklet will help you if you want to know the spacies
present, their relative abundance, and their use of the available habitat. Appendix I
lists books to consult on more sophisticated studies.

Chapter One is an introduction 1o herpetology, containing basic information on the
biolagy of amphibians and reptiles with emphasis on the Minnesota herpetofauna,
Chapter Two gives advice on how, when, and where to find and observe amphibians
and reptiles, This chapter is intended as a practical guide for someaone with little or
no experience searching for amphibians and reptiles. Chapter Three is a survey of
methods for the assessment of amphibian and reptile communities. T describe techniques
for species inventory and discuss how to choose an appropriate technigue based on
cost/time effectiveness. This chapter is intended for someone faced with the problem
of formally assessing the herpetofauna of a particular area and preparing a report on
the findings. Chapter Four describes the methods for the preparation of herpetological
study specimens for scientific study and teaching purposes. 1 also discuss the value
of scientific collections and the appropriateness of collecting and preserving specimens.



The appendices provide specific information on herpetological resource people and in-
stitutions in Minnesota, a section on the legal status of amphibians and reptiles in Min-
nesota, and an annotated bibliography that provides a guide to the herpetological
literature. A sample data sheet is also included,

Why did T write this booklet? Is there a need for it? There is a growing interest and
concern about nongame species in Minnesota. Among vertebrates, the amphibians and
reptiles are probably the most poorly studied and least appreciated group. For exam-
ple, the Endangered Species Technical Advisory Committec (herpetology group) for
the State of Minnesota faced an overwhelming problem in the preparation of its status
report on the amphibians and reptiles of Minnesota: a lack of information on species
distribution and abundance. One of the report’s major recommendations was that special
effort be made to collect more information on the state’s herpetofauna to facilitate in-
telligent management.

Complementing the information problem, amphibians and reptiles face a serious
“public rélations’” problem. Because they remain little known, they zre often unfairly
maligned. People are divided into two camps on amphibians and reptiles: herpetophiles
(who find them fascinating) and herpetophobes (who find them disgusting). Unfortunately
the majority are herpetophobes who consider the herpetophiles suspect and possibly
deviant. I hope this booklet can improve this state of affairs.

A network of people who are in a position to increase our knowledge concerning
Minnesota's amphibians and reptiles already exists. This network includes Department
of Natural Resource personnel, county and municipal nature preserve employees,
teachers interested in field biology, the Minnesota Herpetological Society, and amateur
naturalists. Other interested individuals may be discouraged from attempting to collect
data on amphibians and reptiles because they lack formal training. The scientific literature
on herpetological field methods can be difficult for amateur naturalists to obtain or use,
so 1 felt that a practical, informative, and readable guide was necessary. [ hope this
booklet helps bring these two fascinating groups of apimals ‘oot of the closet.™
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ONE

Introduction to
Herpetology

Amphibians and Reptiles

The vertebrates (amimals with backbones) are divided into five Major taxonomic
groups: fish, amphibians, reptiles, birds, and mammals. Note that three of these groups
have their own designated fields of scientific study (fish = ichthyology; birds = or-
nithology: mammals = mammalogy), but that two are lumped together to form the
subject matter of herpetology, the study of amphibians and reptiles. The term herpetology
is derived from the Greek herpeton meaning creeping, and roughly translated as the
study of crawling things. Though vague, this term is suitable enough—many amphi-
bians and reptiles do indeed crawl along the ground.

Placing amphibians and reptiles into one scientific discipline implies that these two
groups are more similar than the other vertebrate classes that warrant their own
disciplines. In fact, amphibians and reptiles are quite different.

Amphibians have a thin, moist glandular skin without scales or claws. The skin is
permeable to gas and water; amphibians absorb and lose water through the skin and
breathe through it. Amphibians have a two-phase life cycle unique among vertebrates:
a larval form undergoes metamorphosis into an adult form. The larvae have gills and
may be free swimming or develop within the egg. Compared to reptilian eggs, am-
phibian eggs are susceptible to dessication and must be laid in water or damp surround-
ings. Amphibians are thus dependent on the availahility of water,

By comparison, reptiles are truly terrestrial organisms. Their thick, scaly skin is an
effective water barrier. Reptiles can lay their eggs in relatively dry locations because
their eggs have extrasmbryonic membranes, which amphibian eggs lack. Reptiles do
not have a gilled larval stage; the young emerge from the eggs as miniature adults.
The major differences between amphibians and reptiles are summarized in Tables |
and 2.

The ather major groups of vertebrates are easily distinguished from the amphibians
and reptiles by a few key characteristics. Fish are scaled veriebrates that breathe with
gills and live and reproduce in water. Mammals have hair and nurse their young with
milk. Birds have leathers, are capable of flight (with some cxeeptions), and lay eggs.
All vertebrates have an internal skeleton with a backbone and a brain enclosed and
protected by a skull,

Given their differences, why have amphibians and reptiles been lumped into one scien-
tific discipline? Both groups are commonly found under objects, crawl along the ground,
and have historically been considered distasteful creatures. The great 18th century tax-
onomist Linneaus used phrases like “‘foul and loathesome animals,”” “‘abhorrent,”
“filthy skin,” **squalid habitation,’” and *‘offensive smell'" in his scientific descrip-
tions of amphibians and reptiles. A more practical reason for combining the groups
is that similar methods of collection and preservation are used for both amphibians and
reptifes and they are conveniently stored together in muscums,

As a result of this historical liason, amphibians and reptiles are often referred to as
a umit. This linkage creates an editorial problem because the phrase **amphibians and
reptiles’” becomes increasingly cumbersome and annoying with repeated usage. Alter-
natives do exist. The term “‘herpetofauna’ can be used to refer to the assemblage of
amphibians and reptiles in a given area. The synthetic term “*herptile"” is used by some
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TABLE 1
Characteristics of Amphibians
(Class Amphibia)

Main Taxonomic Groups (worldwide)*

CABCILIANE: S rem o um s Order Gymnophiona (Apoda) . . . . 150 species
] e ST TG Order Meantes (Trachystomata) . .. .3 species
SALAMANDERS................Order Caudats (Urodela)., . ...... 310 species
FROGS AND TOADS. .. ... ...... Order Salienta (Anura) ........2510 specics

General Characleristics
Skin: Soft, thin glandular skin without scales.

Limbs: Most adult forms have limbs with digits. No true nails or claws on digits.

Reproduction: Internal or external fertilization. Egp surrounded by several gelatinous
envelopes rather than a tough shell; egg does not have the extra embryonic membranes
typical of reptiles, birds, and mammals.

Lite Cycle: Most amphibian life cycles have two distinct phases: a larval form which
undergoes metamorphosis into an adult. All amphibian larvae have external gills at
some stage of their development. Some species have no free swimming larvae; larvae
develop within and hatch from the egs.

Respiration: A variety of pas exchange surfaces may be utilized: gills, lungs, mouth
and throat membranes, and skin.

Heart: Threg-chambered heart.

Water Balance: Compared to reptiles, skin is thin and water permeable; evaporative
water loss is high in most species.

Metabofic Rate: Low compared to birds and mammals.

Body Temperature Control: Ectothermy {(environment is the source of body heat). Am-
phibians are not capable of maintaining stzble body temperature by internal heat
production.

Feeding: Carnivores a5 adulls (one known exception, Bufo marinus). Carnivorous and
herbivorous larvae.

Evolution: Evolved from primitive fish 350 million years ago. Amphibians were the
first vertebrates on land and gave rise to the other terrestrial vericbrates. 250 million
vears ago they were a dominant group; today they are the smallest vertebrate class.

*ifrom Goin, Goin, and Zug, 1978)
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TABLE 2
Characteristics of Reptiles
(Class Reptilia)

Main Taxonomic Groups (worldwide)=

TURTERS o v s i s Order Testudines (Testudinata) . . .230 species
SQUAMATES ..v.iiiiiiiaas, Order Squamata
FUATTARA s s e Suborder Sphenodontia .........1 species
WORM LIZARDS . . ........,. Suborder Amphishagnia . ... ... 140 species
SMNAKESR: U v e sy i pin e Suborder Serpentes (Ophidia) 2700 species
LIZARDS . .. vrninnrrsssnsss Suborder Sauria (Lacertilia) . .3000 species
ALLIGATORS & CROCODILES . .Order Crocodylia ..., ........... 21 species

General Characteristics
Skin: Tough, thick skin covered with scales.

Limbs: May or may not have limbs; if limbs are present, digits often have well developed
true claws.

Reproduction: Internal fertilization: Egg surrounded by tough shell and extraembryonic
membranes. Egg is dessication resistant and can be laid on land. Some species bear

live young. ;

* Life Cyele: Reptiles develop directly from the embryo into a miniature version of the
adult form. There is no larval phase with external gills.

Respiration: Lungs are the most important gas exchange surface.
Heart: Three-chambered heart {four-chambered in crocodiles and alligators),

Water Balance: Compared to amphibians, the skin is tougher, thicker, and less water
permeable. It is a very effective barrier against evaporative water loss.

Metabolic Rate: Low compared to birds and mammals.

Body Temperature Control: Ectothermy (environment is the source of body heat). Rep-
tiles are not capable of maintaining high body temperatures by internal heat production.

Feeding: Most are carnivores; however, herbivory is not uncommaon in turtles and some
of the larger lizard species,

Evolution: Reptiles are the descendants of early amphibians and first sppeared around
200 million years ago. They dominated the earth for some 200 million years and gave
rise to the birds and mammals.

*{from Goin, Gein, and Zug, 1978)
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herpetologists as a general term for both groups. In this booklet, [ will often employ
the term **herps”’ (singular = **herp™’) to refer to amphibians, reptiles, or the herpeto-
fauna. The term herps has been widely accepied. The **-ing"" form of this word describes
the act of searching for herps. Thus, the herpetologist goes “‘herping,”” just as the or-
nithologist goes “*hirding.””

On Being an Ectotherm (“Cold-Blooded’”)

Among the veriebrates, only fish, amphibians, and reptiles (with a few exceptions)
are incapable of maintaining a high, constant body temperature by metabolic heat pro-
duction. That is, they cannot use energy obtained from food to kecp a high body
temperature. The environment (the sun. a hot rock) is their only source of body heat.
These animals are ectotherms (ecto = external; therm = heat), or, as they are sometimes
misleadingly called, **cold-blooded.” In contrast, birds and mammals are endotherms
(endo = internal), or **warm-blooded,” and maintain a hich body temperature by
metabolic heat production.

Two other useful terms describe control of body temperature. Homeothermy refers
to the ability to maintain a constant body temperature (within a few degrees of some
set point). Poikilothermy describes animals whose body temperature fluctuates by more
than a few degrees from some set point. Note that these two terms refer to the degree
of body temperature control, whereas endothermy and ectothermy refer to the source
of heat used in body temperature control.

The terms ‘‘cold-blooded”” and *'warm-blooded"” are commonly used to describe
body temperature control. These terms, however, are imasccurate and should be
pvoided. A *‘cold-blooded” lizard can maintain a high body temperature by shuttling
between sun and shade and by various physiological mechanisms. The temperature of
an active desert Hzard is often higher than a human’s body temperature (37 °C). Call-
ing this animal “*cold-blooded’” is misleading; many ectotherms maintain high, con-
stant body temperatures, and are thus homeothermic, for much of their activity periods.

On the other hand, some “*warm-blooded™ animals (such as bats) allow their body
temperature to fluctuate considerably from their normal active temperature when they
rest during the day or during the winter. This relaxation of body temperature control
appears to be an energy saving adaptation. There are many endotherms that, like bats,
are poikilothermic {fluctuating body temperatures) on a daily or seasonal basis. Humans
maintain a high, almost constant body temperature; we are homeothermic endotherms.
Thus, we can scarcely imagine the world of an ectotherm, dependent on its surround-
ings for body heat.

There are advantages and disadvantages to both methods of temperature control. En-
dotherms can he active over 2 wide range of environmental conditions; ectotherm ac-
tivity is restricted to seasons and habitats with favorable thermal conditions. Endother-
my allows for biochemical ¢fficiency; the endotherm’s physiology can be **designed™
lo-work at one specific temperature. Ectothermic physiology must deal with temperature
fluctuations. Endothermy, coupled with an efficient cardiovascular system, allows for
sustained high levels of activity. Amphibians and reptiles, in contrast, do not have much
stamina.

Countering these advantages of endothermy is one major disadvantage: endothermy
is energetically very expensive. About 85 percent of the energy budget of an endotherm
goes to maintaining its high, constant body temperature; an ectotherm does not have
this cost, This means that a great deal more of the energy that an ectotherm obtains
from its food can go to growth, reproduction, and other functions, Ectotherms can also
go for long periods of time without foed, They do not have to continuously supply
fuel (food) to their “*metabolic fornace’” o maintain body temperature. Ectotherms
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have a low-energy lifestyle compared to endotherms; they are fuel-efficient Hondas
compared to gas-guzeling Cadillacs, Thus, it is incorrect to think of ectothermic am-
phibians and reptiles as being somehow physiologically inferior to endotherms. They
are just different. Pough (1983) presents a Fasu:malmg discussion of amphibians and
reptiles as low-energy systems.

Minnesota Amphibians

Two of the four main taxonomic groups of amphibians are found in Minnesota:
salamanders and anursns (frogs and toads).

Salamanders

Five species of salamanders belonging to four families (Ambystomatidae, Plethodon-
tidae, Proteidue, Salamandridae) are found in Minnesota. A tail plus two pairs of legs
make salamanders superficially similar in appearance to lizards (which are reptiles)
and some people confuse these two groups. Lizards can easily be distinguished from
salamanders by their scales and external ear openings. Salamanders differ from frogs
and toads in that the tail is retained throughout life and the head and trunk are distinet.

Salamanders are also unlike frogs and toads in their manner of reproduction.
Salamanders do not use vocalizations as part of their breeding behavior: instead color,
ritualized movements, and chemical secretions all play a role in their mating activities.
The males of all Minnesota species deposit spermatophores (sperm packets), which
are picked up by females using their cloacae (urogenital openings); fertilization then
occurs inside the female's body.

Minnesota salamanders exhibit an interesting diversity of ecological *‘lifestyles.””
Several species (blue-spotted salamander, tiger salamander, central newt) exhibit the
familiar amphibian life cycle: eggs laid in water, embryonic development and hatch-
ing, aquatic larval stage, and metamorphosis into an adult form. Most larvae metamor-
phose in the latter part of the summer in which they were laid as eggs. Depending on
the species and local conditions, some individuals overwinter as larvae and metamor-
phose their second summer. Adult blue-spotted and tiger salamanders are terrestrial
except during the aquatic breeding period. Some species, such as the central newt, may
metamorphose into an aquatic form (newt) lacking gills that is capable of reproducing
or into a nonreproductive terrestrial form (eft). The eft can metamorphose into a newt
at a later time to reproduce. These transformations are controlled by local ecological
conditions such as the availability of suitable aquatic breeding and feeding habitat. (Fig.
1}

The mudpuppy is completely aquatic. This species looks like a larval salamander
throughout its life and never foses its gills. At the other extreme, the red-back salamander
is terrestrial and even lays its eggs on land in a damp site, There is no aguatic larval
stage in this species. All development occurs in the egg, and the young red-back emerges
from the egg as a miniature version of the adult.

Free-swimming salamander larvae are carnivores. They initially eat small aquatic
invertebrates and can handle Jarger prey such as tadpoles and other salamander larvae
as they grow larger. Adult salamanders eat a variety of invertebrates. Mudpuppies are
known to occasionally eat fish and fish egps.

Many salamanders secrete noxious Muids from glands in their skin. If you have ever
handled a tiger salamander you know they are capable of secreting copious amounts
of unpleasant, sticky fluid. These secretions make salamanders distasteful to many
predators. For example, raccoons and painted turtles will gquickly reject red-back
salamanders in experimental *'taste tests.”” Salamanders are not fully protected by this
chemical defense and some mammals, birds, and snakes do feed on them readily.
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Figure 1. Eft form of central newt fro
. have two life history options: th
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Central newts ¢

; Oldfield.
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Figure 2. The gray treefrog (pictured) and Cope’
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Figure 3. Snapping turdes are common throughout Minnesota. Heavy commercial trapping can
harm local populations hecause snappers take five to seven years (o become sexually mature.
These turtles arc extremely pugnacious on land and should be treated with respect. Photo by
Barney Oldfield,

Figure 4. Northern prairie skink from Nobles County. These skinks are secretive burrowers
that prefer dry, open arcas with grass, sand, or gravel surfaces, They are found throughout Min-
nesola, except the northeast, and may be common Jocally though rarely noticed. Photo by Barney
Oldfield.
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Anurans

Fourteen species of frogs and toads belonging to three families (Bufonidae, Hylidae,
and Ranidae) are found in Minnesota. Anurans lack tails, their heads and bodies merge
without a pronounced neck, and their legs are well developed for hopping or leaping
(Fig. 2). Tt is difficult to confuse them with other animals. Anurans can be conve-
niently classified into general categories on the basis of appearance: treefrogs (climb-
ing forms with enlarged toepads), toads {squat, hopping forms with warty skins), and
the classic frog (streamlined bodies with large powerful hindlimbs for jumping). Tt is
technically correct to refer to any anuran as a frog.

Minnesota anurans vary in their dependence on water. Some species, such as the
mink frog and bullfrog, are never found far from permanent bodies of water. Others
are more terrestrial (e.g., wood frog, northern leopard frog, American toad); they will
be found at breeding pools for short periods in the spring, but disperse to summer feading
areas and often are found far from the nearest body of water,

Unlike the silent salamanders, male frogs vocalize during their breeding activities,
The male’s call sends several messages to-other frogs: It indicates what kind of frog
he is (his species), advertises his presence to males and fernales of the same species,
and says that he is looking for a mate. Each species has 2 unique call and gensrally
only individuals of that species respond to it. Mixups do occur, however; in certain
areas, individuals of different closely related species do mate and even produce hybrid
offspring. This is not common and most encounters between different species are doomed
to failure, T ohserved a spring peeper attempting to mate with a much larger wood frog.
These star-crossed lovers were obviously wasting time and effort. Species vary as to
the commencement and duration of the breeding season and the calls are a useful survey
tool during that period. Chapter Three has more information on frog calls.

All Minnesota anurans lay their eggs in waler and have external fertilization, but
the form in which the epgs are deposited varies considerably. For example, the wood
frog lays large, globular egg masses in dense clusters; the American toad lays long
strings of eggs; and the spring peeper lays eggs singly or in clusters of two to three.
The larvae that emerge from these eggs develop and metamorphose in the breeding
pond. A peaceful looking breeding pond is a deadly arena of competition and predation
for the tadpoles and salamander larvae that live there. Ecological studies with wood
frog larvae in Alaska showed that 38 percent of larvae that hatched did not survive
through metamorphosis (Herreid and Kinney, 1967).

Because Minnesota anurans breed in waler, one might think that this is the way frogs
reproduce in general. Nothing could be further from the truth; worldwide, anurans ex-
hibit an incredible diversity of reproduction. There are tropical species that lay their
¢pgs in foam nests over water; the eggs hatch and develop into tadpoles in the foam.
When they are large enough, the tadpoles drop into the water below. In some species
the eggs are deposited on the back of one of the parents, The embryos hatch and go
through early tadpole development on the back. The parent visits ponds and as the tad-
poles mature they drop off. In other species the embryos hatch, develop, and metamor-
phose into froglets on the parent’s back; there is no free-swimming aquatic stage. An
Australian species was recently discovered in which the eggs are swallowed and develop
in the mother's stomach—the metamorphosed froglets emerge from her mouth!
Somehow, the female is able to tarn off her digestive secretions and the stomach becomes
a brooding chamber.

Anuran larvae are called tadpoles, or sometimes, polliwogs, Both these terms derive
from middle English and translate literally as “‘toad head'” (tadpole) and “‘wigaling
head'" (polliwog). Scientists prefer tadpole. These terms are not correctly applied to
salamander larvae which are unimaginatively called salamander larvae. Mature
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salamander larvae closely resemble adults and the morphological transformation that
occurs at their metamorphosis is rather minimal compared to the dramatic transforma-
tion of anuran metamorphosis.

Tadpoles are primarily herbivores, grazing on the vepetation of the ponds and streams
they inhabit. If you examine the belly of a tadpole you can see the long, coiled in-
testine, This lengthy digestive apparatus is necessary for processing plant material, At
metamorphosis the digestive tract becomes dramatically shorter and the tadpole becomes
4 carnivorous adult eating primarily invertebrates, Large bullfrogs can take larger prey
such as mice, baby turtles, and even young waterfowl,

Frogs are found in the diet of many birds, mammals, and snakes, who apparently
consider them good **munchies.” Some species have potent chemical defenses, For
example, Minnesota toads secrete toxic substances from the skin that deter many potential
predators. As with the salamanders, these chemical defenses are not perfect. Raccoons
tat toads; they flip them, eviscerate themn, and leave behind the distasteful upper body
skin. Many tropical frogs alsa have toxic skin secretions and are brightly colored, ap-
parently to warn would-be predators: ' ' 3

Minnesota Reptiles

Three of the six major groups of reptiles are found in Minnesoia: turtles, snakes,
and lizards,

Turtles

Nine species of turtles representing three familics (Chelyvdridae, Emydidae,
Trionychidae) are found in Minnesota. Turtles are the only reptiles encased in profec-
tive shells, varying from the hard bony dome of the Blanding’s turtle to the flexible.
leathery shield of the sofishell turtles. Turtles lack teeth but possess homny beaks.

Turtles usually mate in the spring. All turtles must lay their tggs on land, embarking
on terrestrial excursions that make the females vulnernable to predation and cars, Some
Minnesota species lay two clutches of 2ggs a year, 50 that one can observe hatchling
turtles at a variety of times over the scason. Turtles that hatch late in the season may
emerge at that time or overwinter underground and come out the following spring.

Fascinating information on turtle reproductive biology has emerged recently,
Laboratory and field experiments and observations show that, in some species, the sex
of hatchling turtles is determined by the incubation lemperature of the eggs (e.g., Voot
and Bull, 1982), This phenomenon has been demonstrated for several species found
in Minnesota (false map turtle, map turtle, Quachita map turtle, painted turtle, snap-
ping turtle) by rescarchers at the University of Wisconsin. Low temperatures (25 °C)
produce mainly males; high temperatures (31 °C) produce mainly females. This discovery
raises many interesting scological and evolutionary questions. For example, do female
turtles manipulate the sex of their offspring by choosing different egg deposition sites
(e.g., exposed, sunny spots versus shaded spots)? :

Minnesota turtles are mainly aquatic. Only the wood turtle is semiterrestrial, prefer-
ing small, fast-moving streams in relatively undisturbed forests, The aquatic turtles
fall into two main groups: river and stream turtles (map turtles and softshells) and turtles
of lakes, ponds, and marshes {snappers and painted turtles) {Fig. 3). Turtles have catholic
diets. Depending on the species, they feed on a wide range of plant and animal material.

Adult turtles are usually safe from predation. They can, however, be successfully
attacked by raccoons and dogs during their terrestrial excursions, Humans, whether
hunting or in automobiles, are also a major threat. Baby turtles are vulnerable to a
wide variety of predators (fish, snakes, raccoons),
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Lizards

Tf you are interested in lizards, Minnesota is not the place to visit. There are only
three species found in the state, in two families {Scincidae and Teilidae). The depauperate
Minnesota lizard fauna should not mislead you; worldwide, there are more lizard species
than any other kind of reptile (3000 species).

A scaled body and four legs gquickly distinguish a lizard in Minnesota. Elsewhere,
this task is not always so casy because some species have lost one or both pairs of
limbs. One such legless lizard—the western slender glass lizard (Ophisauraus at-
temuatus)—is found in Wisconsin. Lizards differ from snakes in having visible external
ear openings, movable eyelids, and often (all Minnesota species), tail autonomy. Tail
autonomy, which is frustratingly familiar to would-be lizard catchers, is the ability to
shed a portion of the tail when molested. The wiggling detached tail is often all the
predator catches,

Minnesota lizards usually mate in the spring, shortly after emergence from over-
wintering. Eggs are laid in cavities, in logs, or on the ground and hatch later in the
summer. The reproductive behavior of our two skink species is especially noteworthy:
the females brood their egg clutches. Because lizards are ectothermic, they are not
capable of metabolically generating heat for the developing eggs, so this brooding
hehavior should not be confused with incubation. Brooding is probably important in
suarding against predators and in egg hygiene.

The northern prairie skink is the most abundant and widely distributed fizard in Min-
nesota. It is found in open areas with sandy soil (Fig. 4). Six-lined racerunners are
restricted to sandy soil areas, especially hillsides, in the southeastern corner of the state
along the Mississippi River. The five-lined skink is known only from several granitic
rack outcrops in the Minnesota River valley in Yellow Medicine, Renville, and Red-
wiod counties and is the subject of recent ecological investigations by Jeff Lang (1982).
Bascd in large part on Lang’s study, it is the only Minnesota herp with “*endangered”’
species status in the state. Minnesota five-lined skink populations are separated from
the main body of the species” geographic range (eastern and southeastern US) by several
hundred miles. Similar isolated populations are known from lowa and South Dakota.
This unusual distribution makes the Minnesota populations of special interest to
biclogists.

Minnesota lizards are carnivores and cat a wide variety of small invertebrates. They
in turn are found in the diet of a number of birds of prey, mammals, and snakes.

Snakes

Snakes are the most diverse group of herps in Minnesota, numbering 17 species in
rwo families (Colubridae, Crotalidag). In addition to their elongate, limbless body forms,
snakes are distinguished by the absence of external ear openings and lack of movahle
eyelids. Snakes have a transparent protective shield covering their eyes, the brille. The
hypnotic movement of the serpentine body inv okes a fascination that has generated much
mythalogy over the centuries and initiated the careers of more than a few herpetologists
(Fig. 5).

The body form of snakes has given them access to 2 unique ecological niche, but
also presents feeding problems. Snakes must capture and manipulate their prey without
appendages. Depending on the species, snakes may simply lunge and grab food with
their mouths or use their bodies to pin or constrict prey. A snake's head is the major
manipulator of food, taking the place of hands. Many species’ skulls are marvels of
biomechanical engineering that allow ingestion of prey items larger than the snake.
The most sophisticated feeding adaptation is the killing of prey by injection of venom.
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Venomaus snakes are a source of fascination and fear. They are in large part respon-
sible for the negative public image of herps. The two poisonous snakes found in Min-
nesota—timber rattlesnake and massasauga—are pit vipers, which use a heat sensitive
pit found between the nostril and the eye to locate prey. Their fangs function as natural
hypodermic syringes through which venom is forced under pressure into the prey animal.
The venom itself is toxic saliva produced by modified salivary glands. Pit viper venom
digests muscle tissue, causes blood ceall destruction, hemorrhaging, and swelling (Fig. 6),

Minnesota snakes breed in spring or fall; mating often occurs in or around hiber-
nacula (communal overwintering sites). Some lay eggs (oviparous snakes; e.g., rat snake,
gopher snake) in the early summer. Others give birth to living young (ovoviparous
snakes; e.g., red-bellied snake, timber rattlesnake) in the late summer ar fall, The
developing embryos of the livebearing snakes are retained by the female and receive
nourishment from their egg yolk. Recent studies indicate that embryos in the oviduct
may also absorb nutrients from the mother.

In Minnesota, snakes are found in a variety of ccological settings, from aguatic—the
northern water snake—to terrestrial —the forest-litter dwellin g northern redbelly snake.
All snakes are carnivores. Smaller snakes eat small inverlebrates; larger snakes are
capable of taking small mammals, birds, amphibians, and other snakes. Although some
snakes are dietary generalists and will eat almost anything that happens by, many species
are specialists, finicky eaters that prefer a restricted group of prey. In Minnesota the
eastern hognose snake is a toad fancier. Although toads are repulsive to many potential
predators because of their noxious secretions, the eastern hognose acts as if the irritating
whitish fluid secreted by toads were a delicate white sauce. Snakes are a common item
in the diet of many birds, mammals, and other snakes.

The Distribution and Abundance of
Amphibians and Reptiles in Minnesota

There are 48 species of herps in Minnesota (19 amphibians and 29 reptiles; see Table
3). Six more specics may be present as border entrants (species that oceur in surround-
ing states in counties immediately adjacent to Minnesota). Herps are outnumbered in
Minnesota by the other vertebrate classes (birds: 350 species; fish: 150; mammals: 60).

The low species number does not mean that herps are unimportant in the natural
economy: indeed, some may be abundant locally. A collecting trip will often produce
many individuals of one or two species. Also, herp abundance is seasonal. For exam-
ple, during the spring and fall when amphibians move to breeding and overwintering
areas respectively, roads often become slippery with the crushed bodies of thousands
of frogs or salamanders. During the rest of the year the casual observer would hardly
be aware of these animals.

Minnesota’s low herp species richness is typical of the upper midwest, There are
34 species in Wisconsin, 25 in North Dakota, and 40 in South Dakota (Vogt, 1981;
Wheeler and Wheeler, 1966). The number of herp species decreases as one travels
northward; so, as expected, the greatest number of species is found in the tropics. The
ardent herpetologist will have to go south and east in the United States for a richer
herpetofauna (North Carolina: 138 species; Kansas: 91 species; Pennsylvania: 73 species;
Kentucky: 104 species; Martof et al, 1980; Collins, 1974; McCoy, 1982; Moriarty,
persanal communication). The Minnesota he rpetologist can take solace in Alaska’s list:
six species—all amphibians (Hodge, 1976).

Species richness follows patierns within the state, also, The southeastern corner along
the Mississippi River valley is the unqualified herpetological **hotspot,” hosting 38
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Table 3
Amphibians and Reptiles
of Minnesota: A Checklist

with Status Determinations

Compiled by the Amphibian and Reptile Group, Endangered Species Technical Ad-
visory Committee to the Commissioner, Minnesota Department of Natural Resources;
Jeffrey W. Lang, Chairman. See Appendix IT for definitions of status delerminations.

REPTILES (29)
Turtles (9).

5C

TH
TH

Snapping Turthe (Chelvdra serpenting)

Painted Turtle (Chrysemys picta)

Wood Turtle {Clemimys insculpts)

Blinding's Turle (Emydeidea blandingi)

Map Tunle (Graptemmys geographicd)

Ouachita Map Turtle (Gragremys
otachirensis)

False Map Turtle (Griopiens
prendogesgraphica)

Smooth Softshell (Triceyx muricws)

Spiny Sofishell {Trionyx spiniferus)

Lizards (3)

EN

Six-lined Racemnner (Cnemidophorus
yexlineans)

Five-lincd Skink (Eumeces fasciatus)

Prairic Skink {Eumeces septentrionalis)

Snakes (17)

5C
sC
a0
5C

aC
s5C

sC

5C

sC

SC

Racer (Coluber constrictor)

Timber Rattlesnake (Crovalus forrides)

Ringneck Snake (Diadophis punciatis)

Rit Smake (Elaphe obsoleia)

Fox Snake (Elaple vidping)

Western Hopnose Smike (Heterodan nasicus)

Enstern Hopnose Snake (Heterodon
plaryrkings) )

Milk Snake (Lampropelris triaagilum)

Morthern Water Snake (Nerodia sipedon)

Smooth Green Snake (Ophepdrys vernalis)

Gopher Snake (Pitophis melanolencus)

Massusaugd | Sisrruerns cotenatus)

Brown Srake (Storerio debayd)

Redbelly Smke {Stereria eccipitomacitlara)

Plains Gorler Snake {Thamnophis radic)

Coemmon Garter Snake (Thamnaophis sirtalis)

Lined Snake (Tropidoclonion lineatun)

EN = Endangered
TH = Threatenad
SC = Special Concern

AMPHIBIANS (19)
Salamanders (5)

Blue-spotted  Salamandear (Ambrvstoma
larerale)

Tiger Salamander {Arbystoma fgrimun)

Mudpuppy (Necturs macnlesus)

Eaztern Newt (Natophthalmus viridescens)

Redback Salamander (Plethodon cinereus)

Toads & Frogs (14)
SC  Northern Cricket Frog.(Acrif crepifans)
American Toad (Bufe americams)
Great Plains Toad (Bufo cognatus)
Canudian Toad (Bufeo hemiophrys)
Cope's Gray Treefrog (Fyvla chrvsorcelin)
Spring Peeper (Hyla crucifer)
Gray Treefrog (Hyla versicolar)
Striped Chorus Frog (Prendacris triseriota)
SC  Bullfrog (Riana cateshelana)
Grean Frog (Rana clamitans)
SC' Pickerel Frog (Rana pafistric)
MNorthern Leopard Frog (Rang pipiens)
Mink Frog (Ruame seprenrrionalis)
Wood Frop (Rama syharica)

POSSIBLE BORDER ENTRANTS

Sleader Gless Lizard (Ophisaurs
attenugis}

Sponed Szlamander (dmbyvstoma maculatm)

Trembloy's Sulnmander (Ambystoma
trembliayvi)

Wondhouza's Toad (Bufo woodhouse)

Four-toed ‘Salamander {Hemmiduacryliiem
FeTetaticnt)

Plains Spadefoot (Scaphiopus bombifrons)
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species. As one travels north and west in the state, fewer species are found. Twenty-
four species have been collected in the prairie counties around Granite Falls. Twenty-
two species have been recorded from the Lake Ttasca area in Clea rwater, Becker, FHub-
bard, and Mahnomen counties. The exténsive peatlands in Koochiching, Beltrami, and
Lake of the Woods counties are poor herping areas, with only 12 species reported.

What are the reasons for these patterns of herp distribution in Minnesota? Climate
and vegetation help determine which species can successfully inhabit an ares. As one
travels northward in the state, the Average lemperature drops and the herp activity season,
as estimated by the number of frost-free days, shortens, In southeastern Minnesota there
are about 160 frost-free days, in northern Minnesota about 100 days. Average precipita-
tion decreases from east to west (average minimum rainfall in the southeast corner of
the state = 32 inches; southwest corner = 25 inches; northwest corner = 30 inches:
Breckenridge, 1944). These climatic factors, coupled with the distribution of soil types
and topography, determine Minnesota’s vegetation. The state can be roughly partitioned
into three zones: the northern conifer/hardwood forest, the deciduous forest, and the.
prairie (Fig. 7). The structure and characteristics of these different communities offer
different resources for herps.

Wheeler and Wheeler's (1966) analysis of the species distribution of the Dakotas
and Minnesota clearly shows the influence of climate and vegelation on species diver-
sity. T have graphically portrayed their data in figure 8. Their division of Minnesota
into northern and southern sections hy continuing the Dakotas' borderline eastward
makes the regions shown more comparable in area and latitude. Note the climatic (rainfall
and temperature) patterns already discussed. Concordant with these changes, the vegeta-
tion shifts from moist forest to drier grassland from east to west.

The total number of species declines as one travels from Minnssota to the Dakotas,
accounted for by a decrease in the number of amphibian species (30 percent decrease
from **North Minnesota’ to North Dakota and 37 percent from ““South Minnesota'"
to South Dakota). The number of reptile species changes only slightly in this east-west
transect. The opposite is true if the northern and southern sections of each state are
compared. The number of reptile species decreases by ahout 50 percent from south
to north in both the Dakotas and Minnesota; the number of amphibian species changes
little from south to north, These patterns suggest that the reptilian fauna is affected
more by decreasing temperatures and the amphibian fauna more by increasing aridity.
These trends make binlogical sense, given the basic differences in the physiological
ecology of amphibians and reptiles.

A less obvious factor in species richness pattemns is the geological history of our
region. Four times in the past two million years glaciers have covered the region and
altered the landscape. As the glaciers retreated, plants and animals recolonized the
formerly glaciated territories. The patiern of species occurrence in Minnesota today
is the result of the most recent recolonization during the last 10,000 years, complicated
by climatic changes during the same period.

Seven thousand years ago, Minnesota's climate was warmer and drier than it is to-
day. Prairie extended into regions now occupied by coniferous forest. A shift toward
cooler and wetter conditions over the Jast several thousand years has resolted in new
landscape features, such as the boreal peatlands of northern Minnesota. Animals,
especially small sedentary ones such as herps, were forced to move or go locally ex-
tinct as the location and composition of vegetation zones changed. The distribution and
abundance of herps in Minnesota was undoubtedly much different in the past. In recent
times our species has played an increasingly important role—through habitat
destruction—in the distribution and sbundance of herps in Minnesota,

The five-lined skink provides a good example of the influence of history on current
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Figure 5. Western hognose snake from Anoka County, Hognose snakes defend themselves by i
hissing, flattening their bodies, and siriking. If this fails to discourage the antacker, they will i
feign death, as this snake is doing, Photo by Barmey Oldfield,

Figure 6. Timber rattlesnake from Maiden Rock, Wisconsin, Only two species of venemous
snakes occur in Minnesota (the other is the massasauga), both in the southeastern corner of the
state. These snakes are pit vipers, having two hollow, retractable fangs through which venom
i5 imjected.
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Figure 7. Major vegetation zones in Minnesota.

PRAIRIE YEGETATION FOREST

NORTH DAKOTA
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e 16 AMPHIBIANS
25 SPECIES 14 REPTILES
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SOUTH DAKOTA S, MINNESOTA
12 AMPHIBIANS 18 AMPHIBIANS
28 REPTILES EHEPTLLES
40 SPECIES a8 SPECIES
DRYER MOISTURE WETTER

Figure 8. Patterns in the number of hetp species in Minnesota and the Dakotas (modified from
Wheeler and Wheeler, 1966). The observed patterns are correlated with changes in lemperature,
miisture, and vegetation. See text for further discussion.
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species distributions in Minnesota. The presence of isolated populations of five-lined
skinks in western Minnesota suggests that this species was once more widespread in
the state. As changing conditions eliminated the species in most of the state, the western
populations were left behind as remnants.

An examination of three different habitats in Minnesota, the western prairie, nor-
thern boreal peatlands, and southeastern Mississippi River valley, provides further in-
sight into the reasons for current herp distribution. The dry, open grassland of the prairie
is a structurally simple environment where sun and wind have a major impact. Low

rainfall puts this environment **off-limits’* for many species of moisture-requiring am- -

phibians, resulting in the observed east-west decline in amphibians. Prairies are also
the most heavily disturbed of Minnesota’s native habitats, and this has undoubtedly
affected the recent distribution and abundance of the prairie species. I

The extensive boreal peatlands of northern Minnesota are a herpetologically “*de-
pressed’” arca of the state. My survey of central Koochiching and eastern Beltrami coun-
ties revealed only 12 species. By comparison, 22 species of herps are known to occur
in the vicinity of Itasca State Park 75 miles to the south (Kams, 1979).

Several factors help cxplain this impoverished species list. The peatlands are
characterized by fens—wet, open areas dominated by grasses and sedges, and by
Sphagnum moss-dominated bogs. The water-saturated soils of the peatlands prohibit
colonization by terrestrial burrowing herps, such as the northern prairie skink, which
prefers open areas with sandy soil and is found to the south and northwest of the
peatlands,

On the other hand, the peatlands might seem te be a paradise for moisture-loving
amphibians. The peatlands certainly have plenty of water (in many respects the area
is like a vast, shallow, subsurface river); but permanent, deep bodies of water that do
not freeze to the bottom during winter are scarce. Mink frogs, which prefer true lake
habitat, are not found in the peatlands, but are commeon in the lake districts surroun-
ding them. Tt is likely that the distribution of water in the peatlands (water saturated
sails, but few lakes) prohibits colonization by the mink frog and other species with
similar reguirements.

Water quality may also influence amphibian distribution in the peatlands. T found
that bog water associated with Sphagnum bogs (acidic, darkly colorad, high humic con-
tent) was toxic to amphibian embryos (Kams, 1984},

The southeastern carner of Minnesota along the Mississippi River valley is the herp
“hotspot™ of Minnesota. This is not surprising; more rain falls there than anywhere
else in the state. The vegetation is dominated by hardwoods. There are also extensive
bottomlands with marshes and sloughs, bluffs and ravines, and patches of prairie on
southern exposures. The many types of habitat can be used by a wide range of species
with differing ecological requirements.

Another factor explaining the high species count in this area is the Mississippi River
valley itself. Many species reach the northwestern limits of their geographic range in
Minnesoia by using the Mississippi River valley as a movement corridor. The ecological
diversity and milder climatic conditions of the river valley allow these species to “make
it"" in Minnesota. Examples include the smooth softshell wurle, six-lined-racerunner,
blue racer, black rat snake, and ¢ricket frog.

Thie distribution of amphibians and reptiles in Minnesota is a complex phenomenon
that depends on many interacting factors. The next time you overturn a rock and startle
a snake or lizard, contemplate the diversity of biological and geological forces that have
led to that individual’s presence under that particular rock on that particular day.
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The Herpetological Calendar in Minnesota

Phenology is the study of the timing of biological events in relationship to climate.
The severe Minnesota climate imposes a stringent schedule on the herpetofauna, A
calender of annual herpetological events in Minnesota is presented in Table 4,

Minnesota is a large state notable for its climatic vanability. The exact timing of
herp events can thus vary considerably across the state. For example, I have heard
wood frogs calling in the Twin Cities area in late March. but not in Central Koochiching
County (40 miles south of International Falls) until late April,

The timing of events can vary considerably even in the same area during the same
year. An amphibian breeding site at the edoe of a woods with 2 southern EXposUTe may
be active days before a less exposed woodland pond nearby. Awareness and observa-
tion of the annual progression of the biolagical calender is one of the great delights
of natural history study.

TABLE 4
Major Events of
the Herpetological Calender
in Minnesota

SPRING-EARLY SUMMER (late March-June)

. Herps emerge from overwintering sites.

- Amphibians move to breeding areas in large numbers,
. Main period of anuran and salamander reproduction.

. Many reptiles mate shortly afier emergence.

. Turtles lay egps.

. anakes lay eggs

G LA B L B e

SUMMER (July-August)
- Most species are at summer feeding ranges.

- Some late breeding frogs still call (bullfrog, cricket frog, mink frog).
- Young-of-the-year salamanders and frogs appear as metamorphosis is completed.

fad Pl =

LATE SU}'LIM_.ER-FALL {August-October)

. Live-bearing snakes give birth,
. Some salamanders und snakes breed,
- Herps move to overwintering sites.

Lad bd

WINTER (November-March)

. Most species are dormant at overwintering sites.
. Some aquatic species (mudpuppy, central newt) remuain active all winter.

I
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The active season

Herps are active during the warm months of the year. Many species have a similar
timetable of behavior: breeding during spring or early summer, feeding and growing
during summer, and preparing to overwinter during fall.

The warm months of the year are also the active season for the herpetologist. Familiari-
ty with the herp calender will help you plan your herp field excursions. You should
be on the lookout for special, short-lived events such as the overland egg-laying journeys
of turtles and breeding periods of anurans.

Winter ecology

What happens 1o herps during winter? In Minnesota that’s & topic that warrants discus-
sion. In fact, a number of important studies on the winter survival of herps have been
done in the state.

The long, cold winter in Minnesota limits most herp species to a restricted window
of activity when reproduction, feeding, and growth must be accomplished. Small, seden-
tary ectotherms like herps do not have high, stable body temperatures that permit year-
round activity, nor can they opt to avoid winter by long-distance migration. They must
locate habitats that are physiologically suitzble for winter survival and stay there,

If an organism’s tissues freeze, the ice crystals that form rupture cells and destroy
the metabolic machinery of life. To avoid this fate, the organism must overwinter at
a site where temperatures do not drop below freezing, or use physiological mechanisms
that afford protection against below-freezing temperatures. Both strategies are exhibited
by Minnesota herps.

Temperature and moisture are the key factors in determining the suitability of an
overwintering site. Moisture, as might be expected, is especially important for over-
wintering amphibians. The more aquatic species such as the northern leopard frog and
mink frog overwinter underwater, *‘breathing’” through their skin. Experiments done
by Bill Schmid at the University of Minnesota (Schmid, 1965) indicate that these species
could probably not tolerste drier, terrestrial overwintering sites, Overwintering leopard
frogs have heen observed by scuba divers lying on the bottom, and are often found
concentrated at favorable spots. This behavior, of course, makes them vulnerable to
frog huniers.

Gib Hedstrom, a semi-retired professional frog catcher, recalled a particularly good
frogging site at Wesport Lake near Sauk Centre (Wheeler, 1979). In the “good old
days'* (1930's) there were culverts around the lakes where the waler was about three
feet deep and “*laid solid with leopard frogs from the month of December to February. ™
He remembers that *‘a great frog picker”” could pick 150 to 300 pounds a day (at eight
cents per pound), The market for these frogs was biological supply houses which sold
them to schools and research laboratories. In 1975 the DNR closed commercial frog
harvesting in Minnesota due to dwindling population levels of the leopard frog.

Other amphibian species overwinter on land. One strategy s to burrow (or find bur-
rows) below the frostline. John Tester and Walter Breckenridge of the University of
Minnesota investigated the overwintering behavior of Canadian toads (Tester and
Breckenridge, 1964). They followed radicactively labeled toads with a geiger counter.
These toads burrowed downward, keeping ahead of the frostline, to depths of more
than four feet. Soil consistency, temperature, and soil moisture appeated to be impor-
tant factors in their movements. The toads favored particular sites called mima mounds
where they could be found by the thousands. Mima mounds are island-like mounds
of soil that dot the prairie in certain areas of northwestern Minnesota. The toads may
be an important factor in the development and maintenance of the mima mounds.

Some frogs overwinter at or near the ground surface. For example wood frogs, chorus
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frogs, and gray treefrogs overwinter in shallow depressions in the leaf litter.
Temperatures in these sites can fall below freszing, especially if snow cover is light
or absent. How do these frogs survive? Bill Schmid at the University of Minnesota
has performed pioneering experiments in the physiclogy of overwintering in amphib-
1an species that remain near the ground surface, He has found that wood frogs, spring
peepers, and gray treefrogs can tolerate below-freezing temperatures (-4 to-2°C), The
frogs appear to have a double line of defense against low temperature. First, they can
tolerate freezing of a considerable portion of their body fluids (about 35 percent). Sec-
ond, a biochemical “antifreeze,’” glveerol, helps them resist freszing, a phenomenon
known as supercooling. Many other organisms (e.g., insects) also survive below-freezing
temiperatures by vsing such biochemical antifreezes to help prevent freezing. Thus, these
frogs both supercool and tolerate some freezing of body water. The problem of cell
destruction due to freezing is apparently avoided by “allowing"* only water between
cells and in the urinary bladder to freeze (Schmid, 1953},

Reptiles also seek overwintering sites with favorable thermal conditions for winter
survival. Research on the physiology of reptilian overwintering shows that many species
are guite cold hardy and do not require sites with temperatures significantTy above freez-
ing (Gregory, 1982). Also, most reptiles appear to be capable of supercooling (defined
above) to some degree. The general importance of supercooling to overwintering rep-
tiles is not fully established and requires more research, Reptiles in hiternacula (over-
wintering sites) that remain above freezing avoid the problem of tissue destruction.
Other species (e.g., hatchling turtles in shallow nest burrows) undoubtedly face freez-
ing temperatures and may supercool.

Minnesota’s turtles overwinter as adults, in or near water. Depending on the species,
they may burrow in river banks or the river bottom, simply lay on the bottom (behind
logs or rocks), or use muskrat or beaver burrows. They often congregate at favorable
sites, becoming vulnerable 1o turtle trappers.

Lizards seek crevices or burrows or dig their own burrows. A quarryman from Granite
Falls told me of quarrying out huge slabs of rock in the winter and finding five-lined
skinks wcked in crevices far below the surface.

Snakes usually use natural cavities (ant mounds, rock crevices, rodent burrows) that
offer favorable thermal conditions. Snakes often con gregate at these sites in considerable
numbers, with several species present. Jeff Lang (1971) investigated the use of ant
mounds as hibernacula in northern Minnesota, An excavated mound contained 299
snakes of three species (smooth green snake, red-bellied snake, and young eastern garter
snakes) distributed from the surface to a depth of 264 cm {104 inches). Unfortunately
these communal hibernacula, with up to thousands of snakes, make snakes particularly
vulnerable to collectors or people who wish to eliminate snakes from a local area;

Snakes may be faithful to a particular hibernaculum year after year, traveling up to
several kilometers to return to it. What advantages do communal hibernacula offer?
Several ideas have been proposed (Gregory, 1982). Suitable hibernacula may be scarce
in a given area and force snakes to congregate at the few available sites, There may
be thermal advantages to gathering in large masses, but there is little support for this
idea, Communal hibernacula may facilitate mating activity. The majority of snake
breeding occurs in the spring shortly after emergence; the congregation of a large number
of males and females during the winter ensures that mates will be readily available
in the spring. Mare research is needed to fully understand the phenomenon.

Snakes” use of hibernacula results in 2 number of phone calls to the Bell Museum's
Wildlife Information Line every spring. The unfortunate homeowner whose home is
under seige by dozens or hundreds of snakes is desperate. The local garter snake popula-
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tion has discoverad a house with suitable entry ways that can be used as a winter
refugium. When spring arrives, some snakes are seen as they try to leave. Sealing up
the possible snake entry points after they leave is the best solution to this problem.

Some herps, including mudpuppies and central newts, remain active all winter under
the ice (Vogt, 1982). Snapping turtles and painted turtles have been seen moving under
the ice (Breckenridge, 1970; Vogt, 1982). Green frogs sometimes overwinter as tad-
poles and are known to feed during the winter (Vogt, 1982).

Even species overwintering on land may be active during the winter. Canadian toads
continue burrowing all winter just ahead of the dropping frostline (Tester and
Breckenridge, 1964). Snakes sometimes move around in their hibernacula (Gregory,
1982), and red-back salamanders in Indiana feed on ants during the winter (Caldwell,
1075). Thus, depending on the species and the situation, winter is a period of more
herp activity than one might expect.
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TWO

How To Find and Observe
Amphibians and Reptiles

A primary pleasure of natural history study is going into the field to observe animals
in their natural stale. These excursions provide exercise, education, and fun, Herping
requires that you overturn logs and stones or that you get wet and muddy in search
of squirming salamanders, ferocious frogs, and, of course, leaping lizards. Herping
allows an outlet for the childlike ssnse of wonder that many people have about natire,
50 that they can get out and “'poke around” their corner of the natural world,

Unfortunataly, herping can also be very frustrating. Success depends on the season,
lemperature, rainfall, time of day, species being hunted, and habitar being searched.
Failure is likely under some conditions (e.g., salamander hunting in a forest during
& summer drovght). Under favorable conditions, almost every step or overturned log
may reveal a herp (e.g., looking for salamanders in the same forest noted above, bhut
in the spring after rains), Choosing tintes and places that will maximize your chances
of herping suceess requires a knowledge of herp biology. The activity calender for Min-
nesota herps (Table 4) provides a general puide for planning herp field activities. Chapter
Three gives specific recommendations on where and when to maximize herping success.

Careless herping can lead to deterioration of habitat. Inconsiderate herpers leave every
rock and fallen tree overturned, strip bark off fallen trees, snd rip up moss. Such ag-
tivity destroys essential microhahitats used by herps and many other organisms. Restore
areas that you have visited to their original condition, Most formally designated natural
areas (wildlife refuges, state and national parks, county nature preserves) forbid col-
lection of wild plants and animals, limiting herpers to observation (see Appendix T
on Minnesota herp laws: Czajka and Nickerson, 1974, provide information on callect-
ing in other states).

If you catch a herp in the wild and have 5o legitimate reason for keeping it, Tet it
g0 where it was captured. This |ast Point is important: releasing the herp outside an
arex with which it is familiar may decrease its survival chances. Keeping a ganter snake
a5 a pet or raising tadpoles through metamorphosis are real pleasures; however, the
sad fact is that most people are poor herpkeepers and the fate of many captives is neglect
and slow starvation.

If you are planning 1o keep herps in captivity, do some research in advance. Find
out about feeding, temperature and cage requirements, and the legality of keeping the
animal you have caught. Several good references are provided in Appendix III. Pet
Stores can also be a source of information, but many pet dealers do not know much
about herps. Two Twin Cities® area pet stores specialize in herps and the Minnesota
Herpetological Society is also a valuable source of information on herp care. Informa-
tion on these sources is provided in Appendix 1.

Basic herping involves searching an area for any and all herps. The main toal emploved
is the human hand. Dick Vogt (1982) has referred to this hasic activity as “*search-and-
seize'” herping.
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Terrestrial Methods
Searching

A slow walk through an area, scanning the substrate for any movement or herp-like
shapes, will reveal things that go unnoticed by a casual observer. Herps that are on
the surface may “‘fresze’ at your approach and rely on their cryptic coloration and
motionless stance to avoid detection. Alternatively, your presence may cause an active
flight response, so that all you capture is a glimpse of a snake disappearing into the
leaf litter or the blur of a lizard as it vanishes into the crevice at the base of a tree.

Overturn rocks, logs, and garbage as you walk, Any kind of debris may serve as
a shelter for herps. since most do not excavate their own burrows and hiding places.
This means that pood herping spots are not always found in idyllic natural surround-
ings (Fig. 9). The densest northern prairie skink population I have encountered in Min-
nesota was located in an old garbapge dump in Anoka County, with skinks in beer cans,
rubber tires, and sofas,

There is a right way and a wrong way of overturning objects to look for herps. Always
pu]] the [}h_]LLl toward yvou, creating a shield between you and whatever you have un-
covered (Fig. 10), If that turns out to be a poisonous snake or a skunk, you are pro-
tected and can simply drop the overturned object. Be realistic in appraising your abili-
ty to move objects. I have been in the field with herpers who perform isometrics with
small boulders and large fallen trees in vain attempts to move the immovable. Again,
keep the microhabitat intact by replacing anything you have disturbed.

Stevadore hooks, potato rakes, sticks, and crowbars are useful in the field for over-
turning objects and probing debris. I have found potato rakes 1o be particularly useful
in areas with a lot of small objects to overturn. These tools save wear-and-tear on the
hands and back. Gloves protect the hands from shrasion. especially in rocky areas,
Seize and examinzation

Very little equipment is needed for capturing herps. Most herps, with a little prac-
tice and quick reflexes, can be captured by hand. For immobilizing snakes and other
herps, a snake stick is very handy.

A spake stick is simply a pole with a picce of flattened metal at one end. The L-
shaped end of the pole is used to pin the animal (Fig. 11). Snake sticks can be made
from old golf putters by filing down the putier head, by attaching a metal hook to a
wooden pole, or, most simply, by attaching a piece of angle iron to one end of a pole.
Fotato rakes also make fine snake sticks. Commercial snake tongs and snake sticks
are also available (see Appendix T).

The first rule of snake capture is to immobilize the head. If you forgot to bring your
snake stick, pin the snake by gently stepping on it and using a stick (or your other foot
with spme contortion) to pin the head (nonvenomous snakes only). Grab the snake behind
the head gently but firmly, and support the snake's body with the other arm for safe
examination (Fig. 12). Some species (e.g., castern garter snake) may attempt to spray
you with a foul smelling cloacal discharge.

A word of caution is appropriate concerning venomous snakes. Minnesota has only
wo 5peciés of poisonous snakes (timber rattlesnake and massasauga) found in a limited
area in southern Minnesota, Learn to idenlify these snakes and know where they oc-
cur. Be observant in rattlesnake country. Do not place your feet or hands in places
you cannot see. NEVER attempt to handle a poisonous snake without good reason.
The chance of being bitten if you are cautious is very small. More information on Min-
nesota’s poisonous snakes and treatment of snakebite is given in Appendix IV.

Fast moving lizards can be difficult to catch. Noosing is a technique that works well
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with some species. Stiffen a piece of fine thread by waxing and attach it to the end
of a pole or old fishing rod. Slip the noose over the head of a basking lizard and, with
a well-timed jerk, you have your lizard, Another capture technique for lizards and other
hard-to-catch herps is a blowgun made of a four-foot piece of aluminum conduit. With
a cork as the projectile the animal is stunned but usually not damaged. T have little
personal experience with this technique, but Gibbons {1983) claims that an experienced
blowgunner can hit an 8-cm lizard at 12 m almost every time. Gibbons als0 notes that
olives make excellent projectiles. Slingshots can be used effectively, if you are willing
ta risk damaging a specimen.

Most smaller herps can be caught by slapping your hand down on them, Be careful
nat to come down too hard! After whole-body-slap-down seizure. the captive must be
carcfully extricated from beneath your hand, if, indeed, vou didn't miss it.

Most lizards, anurans, and salamanders can he held for examination by gently prasping
a rear leg while supporting the body with the ather hand. It is important that the animal
have something to hold onto for security. Large frogs should be restrained by holding
the animal around the waist so it ean't kick free; large salamanders can be held by
encircling the trunk of the body with your fingers and letting the head protrude.

Snapping turtles and western spiny sofishells are pugnacious critters, prone to snap-
ping, hiting, and scratching. Snappers can be held by the tail away from your body.
Vogt (1982) recommends holding western spiny softshells by inserting the thumb and
forefinger into the anterior portion of the hind leg sockets. T have held these species
successfully by grasping both edges of the shell midway between the front and hind
limbs. Other Minnesota turtles are better lempered and can be picked up easily, bot
beware of scratching claws.

Transport

If you are planning to carry the catch, ohiain a suitable herp container. The tradi-
tional method of transport is a sturdy, tightly woven, fabric sack that is about half as
wide as it is long. It is handy to have several sizes, A 24 % 50 cm sack can be sewn
from pillow case material, Heavy-duty plastic bags are favored by some collectors,
Plastic containers are excellent for small, delicate specimens and for aquatic captives.
Breadbags or similar plastic bags are convenient for small specimens, Inflate the bag
like a balloon and tie it shut; the air cushions the oCcupants,

Remember the thermal and moisture requirements of your captives while in transport,
Provide your carch with moist litier or wet the sack occasionzlly (especially for am-
phibians). Store sacks and containers under reasonably cool conditions during transport;
the temperature in a hot, closed car can kill herps—especially salamanders—in minutes.
Remove your captives from transport containers to more desirable quAriers as soon
as possible.

Miscellaneous equipment |

A field notebook or pad for recording observations is a must for the serious herper.
Many notetakers like to jot down observations during the actual fieldwork on a handy
notepad and enter the information in a permanent ficld notebook later, A good field
notehook should allow someone else to reconstruct where you went and what you did
on a particular duy. Chapter Four discusses the information that should be recorded
for each specimen encountered,

Additional equipment that can provide an added dimension to your field excursions
are a fast-reading cloacal thermometer (for taking substrate and herp tlemperatures) and
a small scale for weighing specimens (Pesola scales are excellent for this purpose).
Another handy tool is a reptile sex probe, a small, blunt probe that can be gently in-
serted into either side of a snake’s or lizard's closca to determine sex. All male snakes




28 FIELD HERPETOLOGY H

and lizards have two penises (hemipenes) that sit in pouches at the base of the i,
a pouch on each side. The probe can be inserted deeper into a male’s cloaca, because i
of the pouches. These items can be purchased through various supply houses (see Ap- '
pendix I). Herps provide an interesting challenge for the photographically inclined herper
{see Bibliography for good books on field photography).

A fully equipped herpetologist is indeed a formidable creature, loaded down with

all sorts of heavy-duty landscape-altering and data-recording equipment. You do not g
really need all this gear. My working outfit is a small knapsack (with herp guide, camera, 5
notepad, ete.). a supply of herp sacks and small plastic containers (if T am collecting), i

and a snake stick. 3
Field clothing is a matter of common sense. Wear sturdy, comfortable clothes and
footwear appropriate for the conditions (i.e., do not go into an insect infested, poison
ivy laden forest in shorts, tank-top and sneakers). If you are seriously interested in
fieldwork, T strongly recommend investing in a good sturdy vest with lots of pockets; ]
they are very handy.
Aquatic Methods |
Wetlands, ponds, and streams pose new problems for the herper, Some aquatic herp- :
ing, such as grabbing frogs sitting at the edge of a pond or wrtles basking on logs, '
can be done without getting wet. Approach basking herps as slowly and quietly as possi-
ble; they are extremely wary and will often slip into the water at the slightest distur-
bance. Binoculars are a goed tool for turtle identification; spotting scopes used by or-
nithologises are excellent for wrtle watching froma distance. Turdle watching is where
herping and birding intersect. i
Obtaining an aquatic or semiaquatic species for examination will usually mean get- 5
ting wet. In the summer or fall, when the water is warm, I prefer to wade about in
old tennis shoes. In the spring, when the water is cold (or at other times if vou do =
not like getting wet), some sort of waterproof footgear is necessary. Options include
calf- or knee-length rubber wading boots, hip waders, and chest waders. If you want
to go all the way, snorkle or use SCUBA gear.
The problem in aguatic search and seize is getting the animal out of the water. A
variety of equipment is available for use in this challenging endeavor.

Nets I
Dipnets, a basic tool of aquatic ecology, come in a variety of sizes and shapes in- ]
cluding small aguarium models, rectangular bait nets, and triangular crabbing nets. e

I have found 3/16G- 1/4-inch mesh to be a pood general purpose size for laroer nets.
It 15 convenient to have an assortment af nets available and let the situation dictate their E
use. Conant (1975) describes a handy net made from a kitchen sirainer for catching 3
salamanders. A trip to your local bait shop or sports store will probably satisfy your
net needs (see also Appendix [).
Seines
A small seine—about 1.2 m % 1.2 m—is easily handled by two people and is ex-
cellent for fairly open shallow water. Seine in early spring for breeding salamanders,
i later in the vear for salamander larvae, tadpoles, frogs, and occasionally snakes and
: turtles. The two seiners march through the water holding the seine net rigid between
. themn and the bounty of the waters is theirs.

Plunge trays
In areas where aguatic vegetation is particularly dense, nets are difficult to use because
they are easily fouled. I have successfully collected amphibians in such situations
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using plastic refrigerator storage trays (20 x 20 x 5 cm). Plunge the tray into the
water every every few steps and quickly pull it out, The water sucked into the tray
during the plunge contains aguatic invertebrates, tadpoles, salamander larvae, and oc-
casionally adult amphibians. Pour the water from the tray through an aquarium dipnet,
separate the animals from the vegetation and debris, and transfer the animalstoa plastic
halding jar. One can easily construct a tray with a wire-mesh bottom that will allow
water to drain out.

Minnow traps

Plastic minnow traps effectively catch breeding frogs in the spring. Place several
traps near an active chorus and there will usually be a number of frogs in the traps
the next morning. The method works even better if the trap is ‘‘baited"” with a calling
male. Tadpoles and salamander larvae may also be caught in minnow traps if the trap
mesh size is sufficiently small (or the tadpoles sufficiently large).

Muddling for turtles _ oo

Turtles can be caught by **muddling” or “noodling” (Plummer, 1979). After you
see a turtle slip into the water from its basking perch, use your hands to probe in the
muck and rocks around the area of the perch, When you feel something hard that moves,
grab it and pull up vour catch.

Dick Vogt has considerable experience muddling; although he has occasionally con-
nected with the business end of large snapping turtles, he has never been bitten. You
can probe for turtles by “‘sounding’ with a stick or pole if you do not relish the idea

of sticking your hands into dark, unseen, underwater crevices. Turtle traps (Fig. 21)
can also be made or bought (see Appendix I).

Snorkling and SCUBA

Diving can provide unique glimpses of turtles, salamanders. and frogs. Bill Schmid
at the University of Minnesota has used SCUBA to ohserve overwintering leopard frogs
in Minnesota lakes. Max Nickerson at the Milwaukee Public Museum snorkels to search

for hellbenders (larger relatives of our mudpuppies) in Ozark streams (Nickerson and
Mays, 1972).

Nighttime Methods

If herping is confined to daytime, many nocturnal species will elude detection, A
good source of illumination is the major requirement for nighttime herping. Headlamps
are useful because they free your hands for collecting, but the beam is usually narrow
and tied to your head movements. I like to supplement a headlamp with a powerful
waterproof hand lantern or flashlight.

Car cruising

If prowling around at night in the woods is not for you, cruising in your automaobile
is & way to herp in relative comfort. Secondary roads through relatively undisturbed
areas are best for this activity. Drive slowly and watch carefully for any movement
or herp-like shapes. With a little practice you will lzarn to distinguish toads from rocks
and snakes from sticks.

Car cruising can be an extraordinarily productive procedure on warm, rainy spring
and fall nights when breeding and overwintering movements are taking place. One rainy,
fall night I observed an average of a herp-a-minute during a two-hour cruise along a
sandy road in narthern Minnesota. Warm summer nights are good for snake cruising,
because the road retains heat and thus attracts snakes, Dusk and nighttime are best for
car cruising, though daytime car cruising can also be productive.
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Figure 9. Herpetologists are often found in strange places doing strange things. This graveyard
in southeastern Tndiana is a site where Kinland's snake is found, This species is found in the
midwest from Ohio through Tlineis, but not in Minncsota.

Figure 10. Overturning a stone. This herper is doing it the right way: he is lifting the stone i
from behind, thereby using it as 4 shield. 17 someéthing nasty awaits, the stone can be dropped. ]
This stone revealed a gresn frog, seeking a cool, damp spot on a hot summer afternoon.
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Figure 11. Pinned! A herpetologist’s eveview of a successful capture, The herper is using a
snake stick to immobolize  black rat snake. Once the head is pinned, the snake can be safely

picked up by grasping it behind the head and holding the body. This commercially made stick
i5 a modified golf puter,

Figure 12. Herping is a popular pastime in Lake Wobegon, Minnesota, This herpetologist |
needed a few powdermilk biscuits to give her the courage to get up and do what needed to be [
done, in this case demonstrating the proper way (o hold a snake, This black rat smake is held

firmly behind the head, with the body supparted.
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Unfortunately, many people consider running over small critters a form of amuse-
ment, 50 roadkills are common. With practice, one can identify roadkills without slowing
down. Herp roadkills increase during the spring and fall movement periods, and can
be a valuable source of information,

Frog calls

The spring breeding period of frogs and toads allows the combination of nighttime
and agquatic herping. You will need wading gear and a headlamp (or waterproof flashlight
or lantern), Carry a dipnet and containers or herp sacks if you plan to collect frogs
or eggs.

Locate breeding choruses by driving or walking through an area with appropriate
water resources (weflands, woodland ponds, streams) and listening for calling activ-
ity. Frog calls are much easier to learn than bird calls, since there are relatively few
species, the calls are simple. and the different species follow a seasonal sequence of
calling. Field guides contain descriptions of the calls and records are available that have
recordings of several Minnesota species (see Appendix ITT). The Mongame Program
of the Minnesota Department of Natural Resources has produced an excellent slide and
tape show of the frogs and toads of Minnesota,

The vocalizations of anurans are acobistical beacons that beckon the herper to par-
ticipate (in a voyeuristic way at least) in the mating rites of spring. Some species will
call during the day, but activity increases at dusk as more species chime in. Calling
activity will be low on particularly cold or windy nights.

What you can expect to hear on a favorable calling night depends on the time of
year. The peak of breeding activity for different species occurs at different times. For
example; in south-central Minnesota, wood frogs, chorus frogs, and spring pespers
are early spring breeders. American toads, northern leopard frogs, and gray treefrogs
call later, and green frogs later still. Figure 13 is a frog calling calender compiled by
Ray Anderson and Deborah Jansen at the University of Wisconsin - Stevens Point
based on observations in central Wisconsin. I have found this calender to be a good
general guide for anuran calling activity in central and southern Minnesota.

The duration of breeding activity also varies among species, Wood frogs and American
toads are examples of explosive breeders; they breed during a short period of time and
then disappear, They deposit most of their eggs in one or several areas within the
breeding pond, so their breeding acitvity is confined to relatively small areas. At a
particular site, wood frogs may call for 4-14 days in the early spring, depending on
weather conditions (Fig. 14). American toads breed later and are even morc explosive.
Almost all their breeding activity at a particular site may occur on a single night.

During the peak of these explosive events an anuran orgy takes place; calling may
continue day and night and involve hundreds of frogs. Fasy to locate because of the
racket they produce, these gatherings can be approached closely without shutting down
chorus activity. The explosive breeding periods provide the best oppartunity during
the year to observe amphibian behavior.

Other species (e.g., gray treefrog, green frog, spring peeper) are prolonged breeders
that call for four to eight weeks at a given site, depending on weather conditions. Males,
who defend areas where mating occurs, are usually spaced out over the breeding pond,
often concealed by vegetation, Observing these prolonged breeding species can thus
be challenging.

Pinpointing the source of a call. especially the higher pitched calls (e.g., spring peeper)
that have a ventriloguial quality, is difficult. Two people working together can use
triangulation to zero in on the caller. Move slowly and avoid creating ripples that will
disturb the caller. Once you see a calling spring peeper or chorus frog you will develop
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a search image that will help you pick out these small frogs against the background
clutter. For example, the inflated vocal sac of the chorus frog is-as big or bigger than
the frog itself and will appear as golden bubbles the size of grapes on the surface of
the water.

When disturbed, a few individuals may cease calling, followed by the entire chorus
shutting down altmost instantaneously. If this happens, and the area of the pond you
are standing in is suddenly silent, remain stll. Calling will usually begin apain in a
few minutes. Your disturbance may shut down the chorus for lang periods of time if
it is a rather cool night or if the density of calling frogs is low,

Properly dressed, wading through an April woodland pond in search of a wood frog
orgy or the commonly heard, but rarely seen, chorus frog or spring peeper is a lot

of fun. There are no biting insects out yetand you will usually have the woods to vourself.
A hot shower feels great after such an expedition.
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Fipure 13. Breeding sctivity calendar for frogs and toads from central Wisconsin to central and
sothern Minngsota {modified from Hine, 1982). The horizontal lines indicate, for various specics,
the expected breeding period, when males will be ealling, The three boxes on top of the chart

show recommended listening periods (with minimum water temperatures) for hearing a diversa
collection of frogs.
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Wood frogs are *“explosive’” breeders. Tn the top photo, males wait in 2 pond for
deposit cggs ot a communal site. Hundreds

Figure 14,
the arrival of females. In the middle photo, frogs
of pairs may breed within a fow days of one another and deposit their eggs at the same restricted

site, Tnn the bottom photo, 4 male rests ncar eogs after frenzicd breeding.




THREE
Survey Methods for the
Assessment of Amphibian
and Reptile Communities

An inventory of plant and animal communities is fundamental to understanding an
area’s ecology and a necessary prelude 1o intelligent management and conservation.
In this chapter T discuss a number of methods used by herpetologists to describe am-
phibian and reptile communities in a given area, including general, time-constrained,
and guadrat search-and-seize methods, the use of pitfall and funnel traps, drift fence
techniques, nighttime road croising, breeding call surveys, and the assessment of am-
phibian breeding site quality. '

The methods are gearad toward assessing the entire herp community in a given area.
Often, a study focuses only on a particular species, which will define the technigues
employed. Much of what I say concerning herp community assessment will be useful
in these more restricted studies.

Before beginning a survey, decide the questions you want to answer and realistically
appraise the time, effort, and money you are willing to spend. Among the basic ques-
tions that a general herp survey should address are:

1) WHAT KIND?

= Species Richness: What species are present?
2) HOW MANY?

= Relative abundance: How many individuals of each kind of species are present?
3) WHERE ARE THEY?

= Habitat utilization: How do the species present use the available habitat?

Beyond these basic questions are a multitude of more detailed ecological questions (e.g.,
estimates of population sizes, reproductive success of individuals, food habits, ete.)
that are beyond the scope of this introduction to field herpetology. References are pro-
vided in Appendix 111,

Where and When to Survey Herps

The goal of a survey is to collect as much information as the investi gator’s constraints
of time, effort, and money allow. With any survey lechnique, consideration of basic
herp biology can reduce frustration and increase the quality and quantity of the data
collected. Obviously, the best opportunity to collect and observe herps is when they
are active. Three main factors are important: seasonal aclivity, weather, and habitat.
Seasonal activity

The herp activity calender (Table 4) indicates the major annual life history events
for herps in Minnesota. This schedule provides a general framework for a SUTVEY Pro-
gram. A survey based on a single collecting period of one or a few days may be of
little value because of the seasonality of herp activities and the influence of weather.
Ideally, a survey consists of a series of data collecting periods distributed throughout
the herp activity season to coincide with periods of maximum activity and optimal
weather conditions. Often, constraints of time or money make such an ideal plan im-
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possible. All things considered, spring and carly summer (late March-June) is the best
time to concentrate survey effort. During this period all herp species should be active.
Vogt and Hine (1982}, based on their experience in Wisconsin, recommend the following
schedule of four census periods;

1) Early April: salamanders and frogs moving

2) Late April-Early May: frogs and snakes moving, fewer salamanders

3) Late May: lizards and snakes moving, fewer salamanders and frogs

4) Late May-June: turtles nesting, lizards and snakes

Ordinarily, survey periods should last several days and coincide with rainy periods,
My Minnesota experience agrees well with Vogt and Hine's Wisconsin recommenda-
tions. The precise timing of the survey must be adjusted for a particular area. As noted
earlier, salamanders and frogs may be moving in late March in southern Minnesota,
but not until late April in northern Minnesota. This schedule should also be modified
according to the distribution of water resources in the survey area (see Habitat below).

It is not necessary to engage in a long spring-through-fall survey 1o produce a
reasonable species list for an area. But, population estimates or habitat use descrip-
tions based only on survey periods coinciding with spring (or fall) movements can be
misleading. Herps ofien concentrate in large numbers during these periods and travel
through habitat where they are not normally abundant. A survey that includes summer
sampling is more likely to give a true picture of habitat use than a survey conducted
during reproduction or overwintering movements,

The appearance of young-of-the-year herps may produce a dramatic increase in the
numbers of certain species near natal ponds when metamorphosis or hatching occurs
during the summer. These juvenile additions to local populations are easily recognized;
I recall walking at Wood Lake Nature Center (Minneapolis) one July evening when
it was difficult to avoid inadvertently stepping on tiny, newly metamorphosed American
toads.

Weather

Weather superimposes patterns of local activity onto general seasonal activity pat-
terns. Temperature, precipitation, humidity, soil moisture, and wind all influence herp
activity. Of these, temperature and precipitation have the most noticeable effects,
The following general guidelines are based on Vogt and Hine's observations (1982)
in Wisconsin and my own survey experiences in Minnesota.

Amphibian movements are strongly correlated with periods of high humidity or rain-
fall, so they can most efficiently be collected within 24 hours after rains. Expect to
see amphibians if air temperatures are greater than 4 °C. T have seen wood frogs crawl-
ing towards breeding ponds in the early spring; even if prodded, they were apparently
too cold to hop.

Lizards and snakes also move afler rains, but they usually do not respond as rapidly
as amphibians, They will wait for tlemperatures to increase, 21 °C or higher being good
for lizard and snake activity. Overcast, humid days above 15°C are ideal for catching
aquatic turtles in terrestrial habitats (Vogt and Hine, 1982). Sunny days without too
much wind are excellent for observing turtles basking near water. Extremely windy
conditions curtail herp activity in general, even if air temperatures are favorable.

Thus, for both amphibians and reptiles, it is wise to concentrate survey effort on
periods associated with rain. Herps will often seem to disappear during drought. In
northern Minnesota, I have gone for many days without trapping herps during dry
weather followed by dramatic increases in captures after even light rains.
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Habitat
The location of water resources within the survey area helps determine how and when
ta census. Vogt and Hine (1982) provide the following general guidelines for upper
midwestern states:
1) Within 3 km of permanent water: expect all major herp groups.
2) Farther than 3 km from permanent water, but within 3 km of temporary ponds, .
marshes, or streams, or in heavily wooded area: expect snakes, lizards, frogs and {
salamandars, |

3} Open grassland or savannah more than 3 km from any open water: expect only
lizards and snakes,

For example, if you were conducting a survey in a prairie far from any water, early
to mid-spring sampling periods would be unnecessary (lizards and snakes are not very
active then). It would be better to concentrate sampling effort in late spring-early sum-
mer (mid-May to June), using techniques most efficient for snakes and lizards,
Clearly, an appreciation of herp biology can reduce wasted effort and increase the
amount of data eollected. Effective herp study requires a naturalist's common sense.
Thus, early April in southern Minnesota is an appropriate time to observe amphibian
movements and frog chorusing, but the effort would be wasted on a particularly cold,
windy night.

Search-and-Seize Methods

General search-and-seize
Objective: Species list.
Method: The simplest way of generating a species list for an area is to keep track
of herps encountered by chance during routine activities on the survey area, This op- '
portunistic collecting can be supplemented by active searching for herps as time and
5 interest permit,
Comments! This methed is effective if there are no time constraints on the survey
and the observer resides on the survey area or visits it often. The ohserver must take
the time to identify and record what he or she ar others find an the survey arca. Little
time or effort is put into such a cumulative survey. The diligent observer will also develop
qualitative impressions of relative abundance and habitat yse. .
The value of this method depends on the quality of the observer and the number of |
“‘contact hours'* spent on the survey area. The resident manager of a park who is in-
terested in herps, but who lacks time or money to devote to a quantitative survey could
use this method effectively to assemble a species list.
Data presentation: Data are presented as a species list. General notes should be pro-
vided on sampling effort and qualitative estimates of relative ab undance and habitat use.

Time constrained search-and-seize

Objectives: Species list, relative abundance, habitat use.

Method: Campbell and Christman (1982) describe this method. Select habitat to be !
sampled (e.2., oak forest, marsh); then search intensively each habitat using the basic
techniques described earlier. No spatial boundaries are set other than staying within
the habitat. Set a time limit for the search; one to six man-hours might be used depend-
ing on the situation.

Record the species identity of each specimen captured or observed and any other
biological information of interest. Release animals at the site of capture/examination
unless collections are being made for some specific reason. Avoid recounting animals
by not searching areas twice.

sl
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Comments: This method, a step up from general scarch-and-seize, allows a quan-
titative comparison of species richness, relative abundance, and habitat use between
sites. Because only time, not area, is constrained, this method is somewhat less rigorous
for comparative purposes than the quadrat method (see below). Depending on the search-
er(s) and the habitats sampled, there could be significant differences between sites in
the amount of area scarched. On the other hand, biases introduced by choice of quadrat
site are avoided. As always, the biases introduced by season, time of day, and weather
must be considered.

Data presentation: The data can be expressed in a number of ways depending on
what you are interested in showing. See Tuble 5 for more examples.

1) number species/total search time/habitat

2) number individuals/total search time/habitat

1) number individuals/unit search time/habitat

4y number individuals/species/unit search time/habitat
(Example: 95 herps collected in six man-hours in a forest would be presented as 15.8
individuals/hour in a forest.}

Quadrat search-and-seize

Objectives: Species list, relative abundance, habitat use.

Method: Campbell and Christman (1982) describe this method, The idea is to select
sites of a specific size (quadrats) within the survey area and attempt to collect all herps
within the quadrats in some set period of time,

Study the survey area and choose the habitats to sample. Choose one or more sites
not near each other within each habitat. Choose a standard size quadrat for your sampling
(100-1000 m? is typical), Mark quadrat boundaries using nylon string and stakes. The
ceasonal and weather induced biases discussed earlier must be considered in planning
the survey program.

On census days, one or more herpers intensively search the guadrats using the basic
techniques described carlier. Record the species identity of each specimen captured
or observed on the quadrat during the search. Record other biological information of
interest. Keep animals as you collect them to avoid counting them twice. Return
specimens to the quadrat if you are not collecting them for scientific purposes. Decide
in advance the amount of time to be devoted to each quadrat so that a similar amount
of sampling effort will be expended. Campbell and Christman (1982) write that six
man-hours per quadrat is sufficient to guarantee that a quadrat has been “'cleaned out.”

Comments: For quadrat comparisons to be valid, it is important that approximately
the same effort be puf into each quadrat censused. The method is biased by the season,
time of day, weather conditions on the census day(s), and skill and tenacity of the search-
ers. Another bias is in the quadrat itself; it may not be representative of the habitat.
These hiases can be minimized by doing several quadrats in a habitat and having several
sampling periods.

Data presentation: Data presentation is similar to the time constrained method ex-
cept effort is expressed per unit area.

|} number species/total arca searched

2) number individuals/total arca searched

1) number individuals/unit area scarched/habitat

4y number individuals/species/unit area searched/habitat

(Example: 100 green frogs collected ina 1000-m? quadrat in a marsh would be presented
as 0.1 green frogs/m? in a marsh.) Tahle 5 presents a hypothetical set of data and how
it might be presented.
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Trapping Techniques

The survey methods discussed so far require the active participation of an observer/col-
lector, There are trapping technigues that eliminsie some of the problems and biases
of maneal survey methods (but also produce complications of their own).

The manual methods are relatively inexpensive, requiring time and manpower rather
than equipment. The trapping techniques described below can demand a considerable
expenditure of funds (depending on the extent of the sampling program). They repre-
sent a sound investment because the equipment will last for years if properly cared
for, Trapping is probably not the technique of choice if you are involved in a short
term survey program.

Pitfall and funnel traps

A pitfall trap is a container, open at the top, and buried in the ground so that the
ppening is Aush with the surface. Animals that fall in are trapped unless they can climb
out. A funnel trap is a container that rests on the substrate with one or more funnel-like
openings (usually one at both ends). Animals can enter the funnel trap through the open-
ing; but once inside find escape difficult (Fig, 13).

Isolated pitfall and funnel traps, deployed by herpetologists who choose trap sites
aided by specialized knowledge of herp behavior and habitat use, can catch herps (e.g.,
Shields, 1983). But uninformead scattering of pitfall or funnel traps around the environ-
ment by the nonspecialist would be ineffective.

Drift fence trapping

Objective: Species list, relative abundance, habitat use.

Methads and materials; Pitfall and funnel traps work most effectively when combin-
ed with an artificial barrier. The barrier intercepts animals moving through the environ-
ment and directs them toward the traps placed along the barrier. These artificial bar-
riers are called drift fences and are the standard tool for sampling herp communities.

Drrift fence trapping is by no means restricted to herps. Large numbers of arthropods
and some small mammals will also be caught. 1 have even recovered birds from drift
fence pit traps!

Recently, three review papers on the use of drift fences as a herpetological sampling
tool have appeared (Campbell and Christman, 1982; Gibbons and Semlitsch, 1982;
and Vogt and Hine, 1982). The following discussion is based on these papers and my
own drift fence experience in Minnesota and Indiana.

Ideally, drift fence material should be an effective herp barrier, strong, flexible,
lightweight, durable, and inexpensive, Among the materials employed by herpetologists
are aluminum flashing, sheet metal, aluminum window screen, chicken wire, hard-
ware cloth, plastic-coated screen, tarpaper, and pressure-treated boards.

The authors cited ahove and I all prefer aluminum flashing (also called aluminum
valley, valley flashing, valley tin), This is a thin gauge aluminum sheeting that can
be purchased in rolls; it is relatively inexpensive, lightweight, flexible, and extremely
durable. Aluminum flashing is available from hardware stores or building supply com-
panies. Flashing comes in several gauges. T have found .019 gauge to be a good weight;
thinner gauge flashing is flimsy and must be supported with stakes.

A drift fence is made by partially burying a length of aluminum flashing (usually
15-30 m) in the ground and placing pitfall or funnel traps adjacent to the fence. The
ferce should be about 50 em tall, with approximately 10 ¢m buried in the ground. If
needed, 1-m angle iron stakes (or stakes of other material) can be used to anchor the
fence at both ends and elsewhere. The stakes are secured to the fence with wire or
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Figure 15. Funnel trap placed along 4 drift fence. The trap is a 76-cm long cylinder of aluminum
window sereen stapled 1o a wood strip, with plastic funnels at either end. Animals are removed
with long forceps or tongs.
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Figure 16, Four possible drift fence configurations. Lengths of fences and distances between
them are shown. A 15 the '+ design (Campbell and Christman, 1982); B isthe ""H"" design
(Vogt and Hine, 1982): C is the "L design and D is-the T design (Karns, 1979). See t2xt
for discussion.
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plastic cable, In most soil types, staking is not really necessary with 019 gauge because
the fence is rigid enough to stand by itself when buried.

A number of options are available for pitfall and funnel traps: 20-/ (5-gallon) plastic
buckets, 7.6-0 cans (two 3-1b metal coffee cans with or without funnel rims), aluminom
window-screen funnel traps. Construction of these traps is described below. The 1985
cost of one 15-m fence unit with a standard array of traps would be:

One roll 13 m % 30 cm 019 gauge valley flashing 345.00

Two 20-! buckets @ $3.00 6.0

Two 76 cm ®% 63 cm aluminum window screen 6.50
funnel taps with plastic funnels

Eight 3-Ib coffee cans (scrounged at no caost) 0.00

Total § 57.30

~—___ Details of Drift Fence Technology
Length, placement, and configuration of fences

Vogt and Hine (1982) tested the trapping effectiveness of various lengths of fence
from 3 to 60 m. Not surprisingly, longer fences caught more animals. Their data show
that fences less than 15 m long have capture rates too low to make them worthwhile.
Campbell and Christman (1982) used four 7.6-m fence lengths in a **+"" shaped ar-
ray. I employed 15-m lengths singly or in pairs. Fifteen to 30 m for each trapping site
seems to be a practical length of fence.

How should the fences be deploved? Consider an extensive patch of woodlund habitat.
If the investigator decides to place one 15-m strip of fence running in an cast-west direc-
tion in the center of the woods, the sample will be directionally biased. Animals mov-
ing east or west would be unlikely 1o encounter the fence, and if they did would hit
it edge on. A north-south fence would trap more animals moving in an east-west cor-
ridor. Gibbons and Semlitsch (1982} and Camphbell and Christman (1982) suggest an
open **H'" design. T employed an 'L’ or **T"" design (Fig. 16). All these configura-
tions will help eliminate directional bias in trapping. Your budget and time constraints
may not allow multiple fences at each trapping site, Do not let these directional con-
siderations prevent you from using drift fences. One 15-m fence in the middle of a
woods is better than no fence and will catch herps for you,

Where should the fences be deployed? Habitat borders are important zones lo sam-
ple, especially aquatic/terrestrial boundaries when herps are moving (e.g., during am-
phibian breeding movements, feeding forays, overwintering movements, turile nesting
movements), A 4+, “H,"" L, or *T"" shaped fence array can be put in at habitat
boundaries. One segment of the fence array should be parallel to the habitat boundary
and the other(s) perpendicular. However, because most movement is probably across
the habitat boundary, one fence parallel to the border may be sufficient, depending
on the investigator’s inlerests.

For example, I constructed a drift fence adjacent and parallel to the edge of a pond
in northern Minnesota: | caught 48 wood frogs in late April, 1979. Forty-five were
caught on the side of the fence facing the adjacent woodland and three on the pond
side. This strongly side-biased trapping was due to spring breeding movements. My
primary goal was to intercept amphibians coming to breed, so fences set perpendicular
to the horder would not have been effective. Breeding ponds have been entirely sur-
rounded by drift fences in a number of studics (e.g., Semlitsch, 1985; Stenhouse, 1985),
a technigue that gives a complete record of movements into and out of the pond.

The interior of patches of relatively uniform habitat should also be sampled, using
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the directionally unbiased fence arrays shown in figure 16, if possible.

The number of fence sites employed within and between habitats will depend on vour
budget and manpower constraints, Figure 17 shows the placement of drift fences for
a hypothetical piece of land and illustrates some of the points discussed above.

Figure 17, Hypothetical drift fence placement. The primary objective is 1o sample the large wooded
area. Fences are not to scale with the habitat, An “H" array (1,2,3) is placed in the center of
the woods where there is ne clear habitat gradient. Single fences (4,5) are placed parallel 1o
hubitat border on edge of grassland and marsh to intercept movement between habitats (modifjed
from Yogt and Hine, 1982),
Pitfall and funnel traps

How many and what kind of traps should be used with drift fences? Campbell and
Christman (1982) use 20- plastic buckets and Funnel traps in all situations (Fig. 18).
They suggest putting one bucket at the end of each fonce arm, cutting a slot into it
s0 that the fence overhangs it slightly. A masonite board (raised 5-8 cm) placed over
the buckets provides shade and protection. Thus, half the bucket is on each side of
the fence. This technique reduces the number of buckets needed, with the drawback
that one doesn't know on which side of the fence ammals were intercepted. Gibbons
and Semlitsch (1982) also use 20-{ plastic buckets in all situations. They place buckets
on both sides of the fence and at both ends of cach fence segment in the array (Fig.
18). Vogt and Hine (1982) sliggest various trap arrays depending on the distance of
the fence from standing water, thus taking into secount the fact that amphibians drop
out of the sample with increasing distance from open water (Fig. 18).

To construct a smaller (7.6-]) pitfall trap, attach two #10 cans (3-1b coffes cans).
Remove the lids from both ends of one can and one end of the other. Attach the cans
with duct tape. This makes a durable, 36-cm deep pitfall trap. If the site is particularly
Wel, you may want to put silicone sealer around the inner seam. A one-pound twh of
butter with the bottom (and the butter) removed makes an effective funnel tim,

There are a number of possible funnel trap designs for use with doft fences (Vogt
and Hine, 1982; Campbel] and Christman, 1982). T have used 76-cm long funnel traps
made from aluminum window screen.

To construct a funnel trap, cut a 65-cm long strip of 76-cm wide scresn. Roll thie
into a 20-cm diameter cylinder (Fig. 15). Attach to a 70-cm fir strip with a staple zun.
Campbell and Christman construct funnels from alominum screening. 1 use 20-cm
diameter plastie funnels with the bottom cut off (leaving a 4-cm opening). Attach the
funnels 1o the screen cylinder with a pliers type staple gun. Animals are easily remov-
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Figure 18, Possible placement of pitfall and funnel traps along drift fences. Design * ﬂ\ (Gib- o
bons and Semlitsch, 1982) and design **B"" (Camphbell and Christman, 1%82) show °° +"" shaped a9
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ed from the trap with long forceps. Alternatively, one funnel can be clipped onto the

screen and completely taken off to remove animals.

Vogt and Hine (1982) tested the effectiveness of funnel and pitfall traps for catching
amphibians and reptiles. Their results indicate that;

1) 20-1 pitfall traps are required for adult wrtles and are effective for small snakes,
lizards, and amphibians.

2) 7.6-f metal cans are effective for amphibians and lizards. The addition of a funnel
rim on the cans may improve the trap by inhibiting the escape of climbing herps
{such as treefrogs). 1 found these cans (with or without rims) to be useful for small
snakes as well.

3) 3.8-f cans are ineffective except for some hatchling trtles and toads.

4) Funnel traps are the most effective for lizards and the only reliable means of catch-
ing large snakes. They are also excellent for amphibians.

Vogt and Hine conclude that a system of 20-f and 7.6/ pitfall traps and funnel traps
is necded to catch the array of herps encountered. None of the traps used in their study
were extremely effective in trapping treefrogs. Recently, T have successfully caught
treefrogs in the funnel traps described above.

Installation of fences

In addition to aluminum flashing and traps you will need a shovel, tin snips, and
a square-headed axe. A post-hole digger is convenient for the pitfall holes, but a shovel
will get the job done. If you plan to stake the fence you will need wire or plastic cable
and an ice awl {or some other sharp chiject 1 puncture the aluminum), Use an appropriate
length of rope to stake out a guideline for digging the fence trench,

You are now out in the field, you have all your equipment and have made the
“theoretical”" decisions about fence placement: The final placement nevertheless de-
pends on practical considerations. You need & fairly level, open stretch to dig a
15- to 30-m trench. This is not always easy to find, Reconnoitor the study area in ad-
vance and have exact sites located and flagged.

Stake out the guideline and then dig a trench with one vertical side for easy fence
placement. Remove soil in intact clumps if possible and keep these clumps to aid in
refilling the trench and securing the fence. The trench should be about 10 cm deep
and 20 em wide. The fence can be cut with tin snips to accommaodate immavable roots
or rocks. Smaller roots can be chopped out of the way, Try to avoid cutting the fence.

After excavating the trench, but before putting in the fence, dig the holes for the
pitfall traps. When trap holes are done, position the fence in the trench and secure with
the dirt clumps or loose soil. Plant the pitfall traps in their holes and secure them in
place with loose soil. The openings should be flush with the ground, Wedge the trups
tightly against the fence for added bracing. For upland sites, Yogt and Hine (1982)
recommend drilling holes in the sides of the can 2.5 cm from the bottom and leaving
a space beneath the can to allow for overflow in case of heavy rains.

Brace the fence with angle iron stakes, if necessary. T prefer to place stakes next
10 the fence without actually attaching them to the fence. If you prefer, punch holes
in the fence with an ice awl or other appropriate instrument and then pound the stakes
into the ground and tie them to the fence with wire or cable.

Dirift fences are easy to install at dry upland sites, but troublesome in wetlands or
at aguatic/terrestrial boundaries. In northern Minnesota, I worked in water-saturated
peat soils. The drift fence can be anchored in this kind of environment with a litle
wet, mucky effort; the real problem is with the pitfall traps. They will fill with water
if they are not made waterproof. The 7.6-] cans can be made watertight by applying
silicon sealant (available from hardware stores) around the inside seam between Itha







