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in pipe-traps inserted upright into the ground, placed open-ended
or capped at varying heights on trees, and in ‘T’ configurations
(see Bartareau 2004; Boughton et al. 2000; Moulton et al. 1996).
However, in more northerly locations (Michigan; J. Ball, pers.
comm.; New York, Tregger 2004) similar pipe-trap designs have
not succeeded in capturing large numbers of treefrogs. The large
number of captures reported in this study indicate that this new
pipe-trap design may be more appropriate than previous designs
for sampling populations of hylid frogs in areas outside of the
southeastern U.S. Additional data regarding the factors that drive
the use of artificial refugia would be beneficial to the develop-
ment of pipe-traps designed to optimize captures of particular spe-
cies in specific locations. For example, the height at which a pipe-
trap is placed, the internal diameter and the depth of water re-
tained within the pipe-trap could easily be adjusted to fit the spe-
cific requirements of the hylid species under investigation. While
the use of pipe-trap refugia to generate estimates of treefrog den-
sity or abundance may be complicated by biases of pipe diameter
and design configuration, artificial pipe-trap refugia may be espe-
cially useful for delineation of terrestrial core habitat used by hylid
frogs during both the breeding and non-breeding seasons when
traditional methods of capturing amphibians are inadequate.
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Labeling individual animals with unique and distinct markers is
necessary in many ecological studies, including population den-
sity assessments, estimates of home range or territory areas, and
behavioral observations. Researchers have developed many tech-
niques for identifying individuals, but few allow convenient field
identification of individuals from a distance. The ability to distin-
guish among individuals without repeatedly disturbing them is
especially important in studies of behavioral ecology where the
goal is to determine natural patterns of behavior. The most appro-
priate marking techniques for these studies are therefore quickly
and easily implemented, clearly distinguishable from a distance,
and not harmful to the marked individual (Murray and Fuller 2000;
Nietfeld et al. 1994). I have developed a new method for tempo-
rarily marking small lizards that meets these criteria.

Individually marking reptiles presents a special challenge for
field workers in that reptiles frequently shed their skin and with it
any external markers. The bead-tagging method of Fisher and Muth
(1989) avoids this problem by sewing unique combinations of
beads into the most proximal region of a lizard’s tail muscle. This
is a permanent marker that works well for lizards that have a snout-
vent length (SVL) of greater than 40–45 mm, but one that is diffi-
cult and often impossible to use for smaller lizards and for those
with very slender tails. Other common methods of marking liz-
ards have shortcomings as well. Many researchers use toe-clip-
ping to distinguish among individuals (Ferner 1979). However,
there are several problems with using this method in short-term
behavioral studies. First, it may take a substantial amount of time
for a toe-clipped lizard to recover from the injury caused by the
clipping, which may further inhibit normal behavioral and move-
ment patterns. Second, lizards sometimes naturally lose toe joints
(Hudson 1996; Middelburg and Strijbosch 1988), which can make
identifications difficult. Finally, toe clips cannot easily be seen
without handling the animal. Other researchers have used non-
toxic paint on the dorsum or colored acrylic polymers inserted
under the skin, but these are also difficult to administer and distin-
guish on small lizards. For studies that can be completed in less
than the average interval between natural sheddings of the spe-
cies, I recommend the use of queen bee marking kits for smaller
lizards. These kits, available from The Bee Works of Orillia, Canada
(www.beeworks.com) for US $17.50 each, contain cardboard dots
in five colors (white, blue, yellow, green, and orange) numbered
1–99 in each color. Each kit also includes phial glue and an appli-
cator for adhering the dots to the animal.
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We have used bee tags for marking four species of diurnal liz-
ards: Anolis cristatellus, A. gundlachi, A. krugi, and Sceloporus
undulatus. These four species have different habitat requirements
and different scale types, and bee tags have proven to work well
for each. Anolis gundlachi and A. krugi occur in the montane
rainforests of Puerto Rico (Rand 1964; Schoener and Schoener
1971), A. cristatellus occurs in lowland dry forests and disturbed
areas in Puerto Rico (Rand 1964; Schoener and Schoener 1971),
and S. undulatus is found in North American woodland areas and
glades (Stebbins 1954). During our behavioral studies of these
species, we found that bee tags were dependable markers for ap-
proximately three weeks in the natural habitats of these species.
We marked males and large females with the bead-tagging method
described above (Fisher and Muth 1989), and smaller females and
juveniles with bee tags. Bee tags are remarkably easy to attach;
after catching a lizard we handled it for approximately two min-
utes to measure its SVL, take a small tissue sample from its tail,
attach a bee tag combination, and allow the glue to dry. In con-
trast, almost twice that time was needed to attach a bead tag. An-
other primary advantage of the bee tag technique is its flexibility;
the dots can be glued on almost any part of the dorsal surface of
the lizard (Fig. 1). In our studies, we glued 2-3 bee tags on the
head, the upper dorsum, or the lower dorsum of the lizards using
the colors, numbers, and location of the tags to identify individu-
als. While the colors and position of the tags are often visible with

the naked eye, close-focus binoculars were needed to read the
numbers on the tags. When a tag was occasionally missing from a
lizard, we were almost always able to identify the individual by
the remaining tags on that individual, or by a process of elimina-
tion in which other lizards of known identification were ruled out.

Marking lizards with bee tags provided short-term results com-
parable to those of the bead tagging technique (Fisher and Muth
1989). Of the 166 lizards of the four species we have marked us-
ing the bee tag method, we were able to conduct behavioral obser-
vations on 141, or 85%, in a three-week period. Likewise, of the
75 lizards marked with permanent bead tags for the same studies,
we were able to observe 66, or 88%. It therefore appears that these
two methods have similar “success” rates. There are many rea-
sons we may fail to repeatedly observe a lizard other than loss of
its tags, including death by predation or disease. It is also logical
to assume that some lizards may be captured in a rare foray from
their normal home range into the study area. However, we did
observe one lizard (a female A. krugi) shed its entire skin and eat
its dots immediately after being marked with bee tags, and the
dots of one female A. cristatellus were found in its feces. These
occurrences appear to be rare in the field, but when Anolis lizards
were placed in the animal care facility at Washington University
almost every individual shed and ate its bee tags.

In many circumstances, marking small lizards with queen bee
marking kits is preferable to other marking techniques, as it is

FIG. 1. A) Female Anolis gundlachi with two bee tags attached to its lower dorsum. B) Female Anolis krugi with bee tag (numbered 21) attached to
its head.
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inexpensive, relatively non-intrusive, and an easily visible way to
identify particular individuals. The technique is also useful for
larger lizards when temporary highly visible markers are preferred
to permanent ones, particularly in studies in which the researcher
wishes to avoid disturbing the focal individuals as much as pos-
sible.
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Many herpetologists are using cell culture to answer questions
ranging from cell and tissue function to studies of the aging pro-
cess. This paper reports a culture technique improved from that of
Rund et al (1998), especially a method of concentrating cells such
as melanomacrophages (MMs). We became interested in these cells
with the discovery that they formed aggregations in spleen, liver,
and other organs in mud turtles, Kinosternon flavescens, and that
these aggregations increase in number and size with turtle age
(Christiansen et al, 1996). Aggregations of MMs have been re-
ported in fishes (Aguis, 1985), amphibians (Sichel et al, 1997),
and some reptiles (Duncker, 1968) among others. The basics of
our methods were similar to those of Clark and Karzon (1967),
Clark et al (1970), and Koment and Haines (1982). Ulsh et al (2000)
used autologous turtle serum instead of fetal bovine serum to fa-
cilitate culture of reptilian lymphocytes.

In our studies of the advantages these cells provide turtles in
low temperature environments (Johnson et al, 1999), we observed
that our cultures became overrun with fibroblast-like cells. Our
need to obtain nearly pure cultures of MMs for this study as well
as our need for nearly pure fibroblast-like cell cultures for our
current studies of aging and the aging process in reptiles, necessi-
tated development of the purification techniques we report here.
In addition, our MM cultures have provided evidence for a poten-
tial reason for the hepatic aggregations.

Culture Technique.—Liver and spleen from Western Painted
Turtles (Chrysemys picta bellii) were used for preparation of MMs
and these tissues along with skin and lung provided cells for fi-
broblast cultures. The turtles were collected and sacrificed under
scientific collecting permit SC255 0101 and others issued to JLC
by procedures approved by the Drake University Animal Care
Committee as reported in Rund et al. (1998). Approximately 10
mm cubes of tissue were placed in RPMI-1640 (Sigma-Aldrich,
Inc., St Louis, Missouri ) containing penicillin, streptomycin, and
neomycin (100 IU/ml: 100 mg/ml; 200 mg/ml, respectively, all
from Sigma-Aldrich, Inc.). Tissues were rinsed three times in 40
ml RPMI-1640 with antibiotics to remove clotted blood and de-
bris. Washed tissues were transferred to petri dishes and crossed
scalpels were used to divide them into 2–3 mm cubes. The cubes
of friable organs were pushed through a 1.0 mm stainless steel
screen with a spoonula but skin was shredded further with crossed
scalpels. The tissue fragments, cell aggregates, and individual cells


