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Introduction
Plasticity refers to an organism’s ability to display differential phenotypes 
according to its environment (Xuea and  Leibler 2018). Such capability 
RI�FKDQJH�DQG�DGDSWDWLRQ�DOORZV� IRU�PDQ\�RUJDQLVPV� WR�KDYH�KLJKHU�¿W-
ness. Many organism’s physical environments continuously vary due to 
climate change, which leads to higher temperatures and elevated sea 
levels. Furthermore, organisms must also display plasticity in the pres-
ence of predators for survival. An organism’s change in shape and col-
or is typically linked to predator-induced phenotypic plasticity (Arnett 
and  Kinnison 2017). Predation risk becomes higher if organisms do 
not adjust to different predatorial signals present in their environment. 
Adjustment to these signals can be size, as a smaller size could allow 
an organism to escape quickly or color to decrease predator visibility. 
Further, predator-induced phenotypic plasticity has been studied in tad-
SROHV��VSHFL¿FDOO\�LQ�Dendropsophus ebaraccatus. Scientists who collected 
data from tadpoles in ponds near Gamboa, Panama examined the plasticity 
of tadpoles from shaded environments containing predators and compared 
them to their study ponds (Touchon and Warkentin 2008). This allowed 
them to analyze the predator’s likelihood of consuming an egg from a par-
ticular environment. Touchon and Warkentin mainly observed the pheno-
W\SLF�GLIIHUHQFHV�VKRZQ�RQ�WKH�WDLOV�RI�WKH�WDGSROHV��QRW�VSHFL¿F�FRORU�TXDQ-
tities. Through detailed examination of Touchon and Warkentin’s research, 
ZH�LQYHVWLJDWHG�KRZ�SUHGDWRUV�LQÀXHQFH�WKH�YDOXH�RI�UHG�FRORU�RQ�WKH�WDLOV�
of tadpoles, Dendropsophus ebaraccatus. Hence, we aimed to determine if 
WKH�DYHUDJH�UHG�YDOXH�ZDV�LQÀXHQFHG�E\�SUHGDWRUV�WKURXJK�LPDJH�DQDO\VLV��
Based on this information, we hypothesized that if tail color is plastic within 
the tadpoles, the tadpoles with redder, thus darker, tails will be more preva-
lent in an environment with predators. Thus, their tails will have an increased 
average red value. The darker color would allow the tadpoles to decrease 
their visibility to predators and become less likely to be consumed compared 
to tadpoles with more transparent, less red tails. Since the red color is similar 
to foliage and sludge found at the bottom of the ponds, the tadpoles will be 
DEOH�WR�FDPRXÀDJH�WKHPVHOYHV�DQG�SRWHQWLDOO\�DYRLG�DQ\�DPEXVK�DWWDFNV��
To test our hypothesis, we compared the average red color value of those 
WDGSROHV� LQ� WKH�SUHVHQFH�RI�D�GUDJRQÀ\�SUHGDWRU�DQG� WR�D�FRQWURO�JURXS

Methods
The goal of Touchon and Warkentin’s experiment was to investigate 
phenotypic plasticity in tadpoles of tree frogs (Dendropsophus ebracca-
tus��� 6SHFL¿FDOO\�� WKH\�ZHUH� ORRNLQJ� DW� KRZ� WKH� WDGSROHV� GHYHORS� XQGHU�
FRQWURO�FRQGLWLRQV��ZLWK�GUDJRQÀ\�SUHGDWRUV��RU�ZLWK�¿VK�SUHGDWRUV��7KHLU�
methods consisted of taking seven mating pairs of the tree frogs from 
the Quarry Pond in Gamboa, Panama. Then, mating pairs were placed 
in plastic bags with water, and they were left to breed overnight. There 
were 2100 eggs, and they were returned to the pond the following day. 
A couple of days later, they collected 20 of each predator from the same 
pond. Then, the tadpoles were divided into groups containing 20 tad-
poles in each container; the container had another section with either a 
predator or no predator for the control group.  They documented the phe-
notypes of the tadpoles by taking photographs of them, in groups of 5.
For conducting our experiment, we measured average redness in tadpole 
tails in an insect predator environment compared to the control environ-
ment.  We looked at 40 tadpoles from each environment.  To prevent mea-
surer bias, we divided the image analysis evenly to ensure not just one per-
son was measuring the control, for example. Using the software ImageJ, 
combined with the tadpole images given to us from the experiment above, 
we were able to analyze average redness. First, we measured the tails.  We 
GH¿QHG�WKH�WDLO�DV�WKH�GLVWDQFH�IURP�WKH�EDVH�RI�WKH�LULGHVFHQW�PRXWK�EXE-
ble to the tip of the narrow tail tip (Figure 1). Then, we divided the length in 
half for a controlled area (Figure 1).  By doing this, we determined the area 
of the tail proportional to body size. We outlined the second half of the tail 
using the “polygon” tool, and then we used this area to measure the RGB, 
VSHFL¿FDOO\��WKH�DYHUDJH�UHG�YDOXH��/DVWO\��ZH�FRQGXFWHG�D�RQH�WDLOHG�W�WHVW�

comparing mean values of the control group to the insect predator group. 

 
Figure 1: 
Measurement of the tail. Line 2 represents the length of the tail.  The 
halfway point of the tail is where the 2 is marked, and measurement 7 
represents the area that was used to measure the colored part of the tail. 

Results
Our data shows that the average red value decreased when the tad-
poles were present with insect predators (Graph 1).  Average red 
value was highest when tadpoles were not present with predators 
(Graph 1).  The mean red value for the control group was 152.91, 
and the mean value for the insect predator group was 129.36. Our 
W�WHVW� GHWHUPLQHG� WKDW� WKHUH� ZDV� D� VLJQL¿FDQW� GLIIHUHQFH� EHWZHHQ�
the control group and the predator group (T78= 3.069, p < 0.0015).
et al., 2014). These neurodegenerative diseases, along with some other 
representative examples, are showcased in Figure 3a.
 
Figure 1: 
Average Red Color Present on Tadpole Tails in Environments with Pred-
ators and without Predators: The x-axis represents the types of tadpole 
groups (n=40). The blue bar represents the No Predators (control) 
tadpole group, and the yellow bar represents the Predator tadpole group. 
The y-axis represents the average red value from RGB measurements, 
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with 255 being the reddest value and 0 being no red present. The stan-
dard error for the blue bar is 5.45, and the standard error for the yellow 
bar is 5.42.

Discussion
:H�UHSRUW�D�VLJQL¿FDQW�GLIIHUHQFH�LQ�UHG�FRORU�RQ�WDGSROH�WDLOV�LQ�D. ebrac-
catus��6SHFL¿FDOO\��ZH�REVHUYHG�D�KLJKHU�DYHUDJH�UHG�YDOXH�RQ�WKH�WDLOV�
of the tadpoles in the control group, and a lower average red value on the 
WDLOV�RI�WKH�WDGSROHV�LQ�WKH�JURXS�FRQWDLQLQJ�GUDJRQÀ\�SUHGDWRUV��$OWKRXJK�
VLJQL¿FDQW��WKHVH�GDWD�GR�QRW�VXSSRUW�RXU�K\SRWKHVLV��DV�WKH�WDGSROHV�LQ�
the predator-laden environment did not have tails with a higher average 
red value as predicted. However, our data does support the presence of 
predator-induced phenotypic plasticity in these tadpoles, as the difference 
LQ�WDLO�FRORU�EDVHG�RQ�SUHGDWRU�SUHVHQFH�ZDV�VLJQL¿FDQW��2XU�UHVXOWV�DOLJQ�
with previous studies that have demonstrated that such a shift in pheno-
type in the presence of a predator is due to plasticity (Arnett and Kinnison 
2017).
Discrepancies between our results and our hypothesis may have been 
due to improper color analysis; average redness may have not been 
the best measure. The tadpole tails in the predator-laden environment 
presented a reddish, brownish tail color, whereas the control group tails 
presented a brighter and lighter red orange color. Because of the color 
composition of brown, the RGB values may have been skewed, yielding 
semi-equal quantities of each color, and in turn, decreasing the average 
red value. Furthermore, the vibrancy of the tail color may have skewed 
the average red value. The control group tails were much more vibrant 
and had higher average red values. This indicates that vibrancy may 
equate to a purer red color. In a study investigating predator-induced 
FRORU�FKDQJH�DQG�FDPRXÀDJH�LQ�KRUQHG�JKRVW�FUDEV��Ocypode ceratoph-
thalmus, researchers observed changes in both color and saturation, a 
measure of brightness (Stevens et al. 2013). Saturation may be more 
important in color analysis than previously thought. Thus, in the future, 
measuring saturation may be a better way to analyze the chromatic differ-
ences in the tails of D. ebraccatus tadpoles.
$OWKRXJK�WKLV�SODVWLF�WUDLW�PD\�EH�EHQH¿FLDO�LQ�SUHGDWRU�DYRLGDQFH��LW�
may have negative implications in energy and resource allocation, as 
predator-induced phenotypic plasticity has been shown to be quite costly.  
McCollum and Leimberger (1997) demonstrated how costly this plasticity 
can be by providing evidence of tadpoles only showing a color change 
in a predator-laden environment when they were well fed. This evidence 
demonstrates that plastic traits are so costly that they require a surplus of 
resources. If D. ebraccatus tadpoles were to not require a surplus of re-
sources to induce this plasticity, they may suffer stunted growth if energy 
is allocated to plasticity instead of development. It is unknown whether D. 
ebraccatus tadpoles allocate their energy and resources in a similar way, 
and so, this would be a worthwhile avenue for future research.   
Moreover, this study has important applications in other areas of re-
VHDUFK��VSHFL¿FDOO\��DPSKLELDQ�FRQVHUYDWLRQ��3ODVWLFLW\�LQ�WDLO�FRORU�PD\�
KDYH�EHQH¿WV�LQ�SURWHFWLRQ�IURP�KDUPIXO�89�UDGLDWLRQ�LQ D. ebraccatus 
WDGSROHV��89�UDGLDWLRQ�LV�NQRZQ�WR�EH�GHWULPHQWDO�WR�IURJV��DV�D�UHYLHZ�
documenting amphibian decline cited numerous cases where increased 
89�UDGLDWLRQ�KDV�FDXVHG�VWXQWHG�JURZWK��PDOIRUPDWLRQV��DQG�VORZHG�
development (Alton and Franklin 2017).  As tadpoles are at the most 
FULWLFDO�SRVW�HPEU\RQLF�GHYHORSPHQWDO�VWDJH��LW�FDQ�EH�DVVXPHG�WKDW�89�

radiation is most detrimental for them. Having plasticity in tail color can 
EH�H[WUHPHO\�EHQH¿FLDO�LQ�WKHVH�FDVHV��DV�D�GDUNHU�WDLO�\LHOGV�D�KLJKHU�
PHODQLQ�FRQWHQW��HTXDWLQJ�WR�LQFUHDVHG�89�UDGLDWLRQ�SURWHFWLRQ��7KLV�
trait, although currently present for predator avoidance, may be co-opted 
IRU�89�UDGLDWLRQ�SURWHFWLRQ�LQ�WKH�IXWXUH��HVSHFLDOO\�DV�WKH�R]RQH�OD\HU�
FRQWLQXHV�WR�WKLQ���)XWXUH�VWXGLHV�VKRXOG�LQYHVWLJDWH�WKH�GLIIHUHQFHV�LQ�89�
ray protection between tadpoles reared without predators and tadpoles 
UHDUHG�ZLWK�SUHGDWRUV�WR�GHWHUPLQH�LI�WKH�FR�RSWLRQ�RI�WKLV�WUDLW�IRU�89�UD\�
protection could be a possibility for D. ebraccatus.


