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The concept of an ecosystem is an
attempt by humans to delineate a
piece of nature; to simplify it so that
It can be understood. The truth is,
that nature, in all its complexity, is
beyond our understanding, at least
with the mental tools we now
POSSESS.

In this presentation,
we will examine a
fairly simple
ecosystem and try to
understand some
key concepts.




We’'ll begin our tour at the Archbold Biological
Station at Lake Placid, Florida. This premier
research organization exists to study a unique

ecosystem - the Florida scrub of the Lake Wales
Ridge.

We are examining the scrub
because this ecosystem is relatively
simple - it Is easier to see the parts
that make up the whole.
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Pines



Palmetto produces seeds
or berries that are
harvested for their
medicinal properties. Of
course, in the ecosystem
they are an important food
for wildlife.
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An Investigation of the Color Change

Phenomenon in Toads (Bufonidae)

Figure 2: Oak toad ( Bufo quercicus ) and its distribution

Introduction

It has been well documented that various anuran
amphibians possess the ability to undergo physiological color
change in response to various environmental variables. This type
of color change can occur in response to several different stimuli
including background color (Kats & Van Dragt, 1986, 112),
temperature (Tonosaki et al., 2004, 905), moisture (Rowlands,
1950, 460), light (Moriya et al., 1996, 15), and circadian influences
(Camargo et al., 1999, 167). Color change in amphibians may
play a role in several crucial survival techniques including
thermoregulation, osmosregulation, and crypsis (Fernandez &
Bagnara, 1991, 132). Physiological color change occurs rapidly
(seconds to minutes) and is a result of pigment migration within
the chromatophores. The migration of the melanin pigment within
melanophores (Figure 1) is the key cause of changes in the
lightness or darkness of amphibian skin color (Moriya et al., 1996,
11).  Figure 1: Transverse section of  H. cinerea skin from dorsal surface
showing dermal chromatophore unit in white backgrou nd-adapted

state (A) vs. chromatophore unit treated with  -MSH (B) (Bagnara et
al., 1968, 68-71)

-MSH

Melatonin

In amphibians, the melanophores, and in turn color change
itself, is controlled by hormones such as -melanocyte
stimulating hormone ( -MSH). -MSH is biosynthesized in
the pars intermedia of the pituitary gland (Fernandez et al.,
1991, 132), and the release of -MSH is regulated by
signals sent from the hypothalamus (Tonosaki et al., 2004,
894), and pineal gland (Charlton, 1966, 393). The purpose
of this study was to demonstrate that physiological color
change occurs in the Oak Toad (Bufo quercicus) and that
color change in toads such as the American Toad (Bufo
americanus) is influenced by the hormone -MSH. The first
hypothesis for this experiment was that color matched toads
placed on a background of the opposite color will alter the
color of their skin to more closely match the color of the
background. The second hypothesis was that toads injected
with -MSH will be darker than they were prior to injection,
no matter on which background color they are placed.

Andrew Rosendale
Advisor: Dr. Dave McShaffrey

Experimental Methods

Oak Toads (Figure 2) were obtained from Archbold Biological Station in Lake Placid, Florida while
American Toads (Figure 3)were captured from Washington and Athens County, Ohio. All toad specimens
were wild caught and returned to the location from which they were captured. After

capture, toads were placed into either a white or black aquarium

and allowed to acclimate to those conditions overnight. Oak Toads
were then placed onto a background of the opposite color
(experimental) or of the same color (control). Digital photographs of

the toads were taken at 0, 15, 30, 60, 120, 180 minutes using a

Canon EOS D60 digital camera with a Canon Macrolens EF 100 mm
under manual settings. These images were analyzed using the
histogram function of the Adobe® Photoshop® CS program (Figure 4)
to quantify the skin color of the dorsal surface. The histogram function
provided a mean tonal value from O to 255. These mean values were
recorded and a percentage was obtained, with 100% being pure white
and 0% being pure black, by dividing the mean tonal value obtained for
each image by 255.These procedures were repeated for American Toad

specimens; however, the hormone -MSH was injected into some toads before being placed on
a specific background color. Injections were performed using a tuberculin needle with a 27.5

gauge needle. Approximately 10 L of -MSH in 200 L of normal saline solution was injected
subcutaneously with controls specimens being injected with 200 L of normal saline only. The data
acquired from these experiments were analyzed using a Mixed-Factor ANOVA ( = 0.05) to test for
significant color change over the three hour period .

Results

Figure 4: Example of histogram display in
the Adobe® Photoshop ® CS program
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Figure 5: Oak toad color change in response to
background color (100% indicates pure white, 0%
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Figure 6: White-matched American toad color change i

response to a white background color and
indicates pure white, 0% is black).
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Figure 9: White-matched Oak toad at 0 minutes and
180 minutes after being placed on a black
background

Figure 10: White-matched American toad at 0 minutes
and 180 minutes after being injected with ~ -MSH

Figure 7: Black-matched American toad color change i
response to a black background colorand  -MSH (100%
indicates pure white, 0% s black).
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Figure 8: Black-matched American toad color change i
response to a white background colorand  -MSH (100%
indicates pure white, 0% s black).

Bagnar

Biology 35 &

builfog, Rana catesbeiana. Jourmal of Experimental Zoology 283: 160-169.

397.
Fomandez P), Bagnara JT. 1991 Effectof

Figure 3: American toad (- Bufo americanus ) and its distribution

The asterisks (*) shown in Figures 5-8 indicate tonal percentage
values that are significantly different from the tonal percentage value
of the preceding time period. As can be seen from Figures 5-8,
significant color change generally occurred within the first 15 to 30
minutes when a toad was exposed to a background of the opposite
color butto no -MSH injection. These figures also show that
significant color change occurred after toads were injected with -
MSH with greater color change occurring in white matched toads.

Discussion

Based on the results obtained during this investigation, the
hypothesis that color matched toads placed on a background of the
opposite color will alter the color of their skin to more closely match
the color of the background was supported. Results of this study also
support the hypothesis that toads injected with -MSH will be darker
than they were prior to injection, no matter on which background color
they are placed.

The findings of this study support previous research regarding
color change in toads. As can be seen in Figure 5, black-matched Oak
toads placed onto a white background lightened the color of their skin
over a three hour period while white-matched Oak toads placed on a
black background darkened the color of their skin. These results
support the findings of other studies in which anurans have been
shown to alter the color of their skin to more closely match the
background color on which they are placed (lga & Bagnara, 1975,
333). The results of this experiment may be the first instance in which
color change in Oak toads has been demonstrated in the literature.
The results of this study (Figures 6-8) also build on the work of
authors such as Heinen who studied color change in the American
toad and showed that color change in response to background color
occurs in juvenile American toads (1994, 91).

The results of this investigation also build on prior research
regarding the hormone -MSH and its role in color change. Previous
studies have shown that -MSH is capable of causing a darkening of
skin color in multiple species (Camargo et al., 1999, 165) as a result of
melanosome dispersal caused by the presence of -MSH in the blood
plasma (Bagnara et al., 1968, 68). Figures 6-8 show that toads
injected with -MSH experienced skin darkening after being placed on
either a white or black background.
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