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Data derived from the dissection of preserved specimens in
herpetological collections have contributed immensely to our
understanding of the biology of snakes (e.g., Fitch 1940; Allen
and Neill 1957; Hoge and Romano-Hoge 1978; Diller and Wallace
1984; Salomão et al. 1995; Almeida-Santos and Salomão 2002;
Pizzatto et al. 2007; Marques 2011; Barros et al. 2012; Rojas et al.
2013). Some museums contain historical specimens that have
incalculable value; deciding whether to grant permission to
dissect such specimens is a challenge for curators. Regardless
of age, many specimens require special care such as when the
specimens are damaged prior to collection (such as in roadkills),
where body parts are sprawled, or when tissues have been
manipulated during prior dissection (e.g., stomach contents,
developing follicles, embryos, or eggs). As such, previously
dissected specimens that have not been sutured may disrupt
future data collection of anatomic features.
Despite such a long history of using preserved specimens for
scientific study, little attention has been paid to the best ways
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Fig. 1. Specimens dissected: longitudinal incision in which the ventral scales are divided into two relatively equal halves
(A). The suture is anchored under the epidermal layer on the right side of the animal between two ventral scales (B). Begin
the whip stitch by tying a knot in the end of your thread and alternatively the needle is placed from outside to inside with
one bite then going from inside to outside on the next bite (C, D). The suture in the skin of the snake represents a simple
continuous pattern or whip stitch (E). The muscular layer and subcutaneous layer are incorporated in the suture and the
distance from one point to another is 5–10 mm. The needle used to close the incision was a straight surgical needle with
taper point, size 2-3. Kite string was used to suture which when completed, is imperceptible to the naked eye (F). Li: longitudinal incision L: left; R: right; SS: scale space; Ssc: simple suture continues; f: fixation (anchor) point.

to minimize damage to specimens. The focus of this paper is
to present a simple method of closing and securing dissected
coelomic cavities of snakes that minimizes damage of the
specimens in scientific collections.
After dissection (Fig. 1A), a continuous suture is initiated to
close the coelomic cavity, by anchoring the suture on one side
of the skin (Fig. 1B–D). This suture is characterized by a simple
continuous pattern or whip stitch commonly used in medicine
(Fig. 1E). In individuals that have been run over or in which the
organs were collected from other sources, the pleuroperitoneal
cavity is usually fragmented. This disruption causes the drying
of tissues, making them fragile. It is important to note that the
point of suture is not visible to the naked eye, which provides
an aesthetic benefit, and avoids disruption of scale orientation
(Fig. 1F).
With the adoption of this technique, researchers can obtain
valuable information from specimens of varying condition
while minimizing damage and prolonging their usefulness
in collections. Scientific collections that do not allow or have
restricted access to the dissection of specimens could consider

this technique as a model for the upkeep of specimens that
might be dissected in the future.
Acknowledgments.—We thank Guarino R. Colli for suggestions
to improve the technique, Eduarda Salomon for help in obtaining
rattlesnake photographs, and Paul Reynolds for the English review
of the manuscript.
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Using Transillumination as a Technique for
Blood Sampling in Small Anurans
Obtaining blood samples is vital to many physiological
and immunological studies. However the ease of sampling
diminishes as the size of the animal decreases while the potential
for harming the study organism increases. This is especially true
in amphibians where reproductive adults can be as small as 2 cm
and thin skin is prone to tear. Normal venous blood collection
techniques for anurans include collection from the ventral
abdominal, femoral, or sublingual vein (Hadfield and Whitaker
2005). Cardiocentesis is also a common collection technique
particularly for smaller anurans due to small vessel size (Allender
and Fry 2008). This technique is performed by inserting a syringe
equipped with a hypodermic needle directly into the ventricle
of the heart (Brazaitis and Watanabe 1982). Cardiocentesis
protocols commonly suggest anesthesia to prevent additional
damage to the heart or internal organs (Allender and Fry 2008).
However, in most amphibians anesthesia can be precarious due
to their sensitivity to anesthetics (Koustubhan et al. 2013) and it
can interfere with many physiological measures that may be of
interest (Houston et al. 1971; Cathers et al. 1997). If anesthesia is
not an option, manual restraint must be used in conjunction with
cardiocentesis. Small anurans are notoriously difficult to handle
and because the heart presents such a very small target, it is easy
to miss and puncture neighboring organs causing more damage
than necessary and perhaps mortality. Restraint of smaller
subjects without the aid of anesthesia is a difficult task and can
cause injury in and of itself. For these reasons, investigators are
faced with the challenge of creating a new technique that allows
for more accurate location of the heart and less stressful restraint
for smaller subjects.
Several techniques have already been established for
visualization of internal structures in small subjects. Transillumination, or candling, has long been used to visualize internal structures of fertilized avian eggs and has recently been used
to determine the sex of salamanders; a light passed through the
abdomen allows for the visualization of the sex organs (Gillette
and Peterson 2001). Transillumination is also used to view vessels in limbs of newborn infants to ensure blood collection on
the first attempt (Wall and Kuhns 1977). In each of these studies, the use of a light source allowed the investigator to visualize
vessels and organs using noninvasive techniques. We are proposing a novel use of transillumination in conjunction with a novel

restraint technique to view the heart of small amphibians and to
safely obtain a blood sample.
Methods.—Ten individuals each of four species of small
anurans (Pseudacris feriarum, Hyla chrysoscelis, Hyla cinerea,
and Hyla squirella) were collected in Macon Co., Alabama, USA,
during the breeding season from a man-made pond (32.51529°N,
85.61183°W, WGS84). Snout–vent length (SVL) ranged from 2-4
cm. Upon capture each frog was placed in a clean clear plastic
bag. We have found the snack-sized bags to be perfect for this
application. The frog was oriented into the corner of the bag
so the corner fit snuggly over the snout of the frog (Fig. 1).
While holding the bag in the non-dominant hand, the frog was
placed ventral side up on the lens of bright flashlight. Light
emitting diode (LED) lights are preferable since the diodes will
not generate heat like incandescent bulbs. By using the thumb
and index finger of the non-dominant hand to limit the area of
light like a diaphragm, internal organs, including the heart, are
visible through the thorax. With the dominant hand an attempt
at a blood sample was made by inserting the hypodermic needle
directly through the bag into the ventricle (Fig. 2).
All sampling was performed with 26.5-gauge heparinized
needles and 1-ml syringes. We deemed a sample a success if it
was collected within 2 min and we were able to collect 50 μl of
blood. All frogs were then placed into individual (~500 ml) plastic
containers containing a moist paper towel and held for 48 h.
After 48 h all individuals were released.
Results.—We were successful in collecting blood in 70% of P.
feriarum, 80% of H. squirella, and 100% of H. chrysoscelis and H.
cinerea. 100% of the frogs sampled by this technique survived to
48 h and no frog exhibited any outward sign of injury or distress.
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