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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.







The Lake Wales Ridge runs down the 
“spine” of Florida.  During times of high 
sea levels, this was the only part of 
Florida to remain above sea level.  It thus 
served as a refuge for terrestrial species.











The ridge consists of sandy soils and is only about 50 
meters above sea level.  The sandy soil is bare of 
nutrients because they are quickly leached away during 
the torrential rains that fall in the summer.  Still, because 
the sandy soil carries away water, and because there is a 
long dry winter, the plants living here must show many of 
the adaptations that we see in desert plants.







The scrub is dominated by only a few species of 
plants, including slash and sand pines, and 
palmettos.

Palmetto

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.



Both pine and palmetto, as 
well as many of the other 
plants, are adapted to 
survive the fierce fires that 
are periodically triggered by 
lightning.  Through resistant 
bark, seeds buried 
underground or in fire-
resistant fruits and cones, or 
underground root systems, 
most of the scrub plants can 
survive a fire.

Some of the plants are 
pyrogenic - they actually 
encourage fire.





This area was burned a few months before 
the photo was taken.



Burned

Unburned



Animals must be able to survive fires as well.  
Name 3 strategies that animals can use to avoid 
wildfires:



Living 
undergound, 

these ants 
survived the fire.

Adults carried pupae 
and larvae to a new 

nest the day after the 
fire.



What vital services do 
burrowing animals provide to 
the plants in the ecosystem?

Gopher Tortoise 
Burrow

Ant Nest



What vital services do 
burrowing animals provide to 
the plants in the ecosystem?

Gopher Tortoise 
Burrow

Ant Nest

By digging, 
animals bring 
nutrient-rich 
soil up to the 

surface where 
plant roots can 

absorb the 
minerals.



The Gopher Tortoise’s burrow is also used 
by many other animals.  Because its 

presence is key to the survival of so many 
other species, we call the tortoise a 

KEYSTONE MUTUALIST.





The strong front legs do most of the digging.



The Oak Toad is adapted to blend in with the sand.



The Oak Toad is adapted to blend in with the sand.







Procedure

• Expose to Variable



Procedures

• Photograph



Procedure

• Photo analysis
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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)

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). 

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.

http://www.npwrc.usgs.gov/resource/herps/amphibid/species/oaktoad.htm

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

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 0 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 . 

Figure 4: Example of histogram display in 
the Adobe® Photoshop ® CS program

12

13

14

15

16

17

18

19

20

21

0 60 120 180

Time (minutes)

A
ve

ra
ge

 T
o

ad
 C

ol
or

(%
)

White to Black Black to White

* 
* 

* 

Figure 5: Oak toad color change in response to 
background color (100% indicates pure white, 0% 
is black) 
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Figure 6: White-matched American toad color change in 
response to a white background color and � -MSH (100% 
indicates pure white, 0% is black).
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Figure 7: Black-matched American toad color change in 
response to a black background color and � -MSH (100% 
indicates pure white, 0% is black).
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Figure 8: Black-matched American toad color change in 
response to a white background color and � -MSH (100% 
indicates pure white, 0% is black).

http://wwknapp.home.mindspring.com/docs/american.toad.html

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

DiscussionDiscussion
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 (Iga & 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. 

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
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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 but to 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.



What adaptations does this plant have to live in the 
scrub?

1. No leaves to 
lose water.

2. Spines to deter 
predators.

3. Water stored in 
plant body.

4.  Thick, waxy 
cuticle.



Sensitive Briar

When disturbed, the 
sensitive briar folds 
its leaves, reducing 

its attraction to 
herbivores.

Bee



There are few birds in the scrub.  A general lack 
of insect or grains as food keeps many birds 
away.  The few birds which do live here must 

also be specially adapted for this harsh 
environment.



Meet RSL-

Red

Silver Lime

The “-” means dash and is placed 
between bands on the right and 
left legs.  All of this bird’s bands 
are on the right leg.



What type of 
tree is this 

scrub jay in?  

What can you 
tell me now 
about how 
scrub jays 

live?



Oak

Hickory

The jays feed on 
scrub oak and 
scrub hickory -
they bury the 

nuts in season 
and dig them up 

later.



2004 Update  

Hurricane 
Charley went 
right across a 
major portion 
of the Lake 

Wales Ridge 
on August 
13, 2004 



2004 Update  

Hurricane Charley was followed soon by Frances (Sept. 
5th), and Jeanne (Sept. 26).  The latter two took parallel 
tracks almost exactly over the Archbold Station, which 

weathered them in stride.  



What questions do you still have about the 
scrub environment?

Read more about the scrub and the jays 
in the accompanying article.


