
SUPPLEMENTARY DATA

MASS-BALANCE EQUATIONS

To determine whether sufficient PO4 was present in the soft tissues and, more specifically, the dermal E-K layer, of the Libros frogs to account for phosphatization of the dermal collagen fibers, we calculated (1) the maximum volume of calcium phosphate, Ca3(PO4)2; (2) the maximum mass of each of Ca and PO4; (3) the maximum number of moles of PO4 present in Layer 2 in an average-sized Libros frog specimen; (4) the mass of organic matter (OM) that must be degraded in order to liberate sufficient PO4 to account for that present in Layer 2; (5) the “wet weight” (wet mass, inclusive of tissue- and interstitial water) of the soft tissues; (6) the wet weight of the skin; and (7) the wet weight of the internal soft tissues (i.e., those medial to the skin) of an average-sized Libros frog; (8) the “dry weight” (dry mass, exclusive of tissue- and interstitial water) of the internal soft tissues; and (9) the dry weight of the skin in an average-sized Libros frog specimen; (10) the dry weight of Ca and PO4 present in the skin of a Libros frog in vivo; and (11) the minimum integumentary concentration of Ca3(PO4)2 required to account for the maximum preserved extent of Layer 2 in an average-sized specimen.

1. Maximum potential volume of Ca3(PO4)2 present in Layer 2 in an average-sized specimen.

= [(Average surface area of specimen x thickness of Layer 2) ( maximum preserved extent of Layer 2] – porosity of Layer 2.
Average surface area of Libros frog specimen = 5141.1 mm2 

  
[image: image1.wmf] Surface area of average specimen in vivo = 5141.1 ( 2 mm2 

= 10282.2 mm2.
          
         Maximum thickness of Layer 2 = 30 μm = 0.03 mm

         Maximum potential volume of Layer 2 = 10282.2 mm2 ( 0.03 mm







= 308.47 mm3.

         Maximum preserved extent of Layer 2 = 91% of surface area of specimen (calculated from digital images)

       
[image: image2.wmf] Volume of Ca3(PO4)2 present = 308.47 mm3 ( 0.91






 = 280.71 mm3
    Porosity of Layer 2 ≈ 10% (estimated from SEM images)

       
       
[image: image3.wmf] Volume of Ca3(PO4)2 present = 280.71 mm3 – (280.71 ( 0.1) mm3
 = 252.64 mm3

 = 2.526 cm3
Result 1: Maximum volume of Ca3(PO4)2 in Layer 2 of an average-sized specimen = 2.526 cm3
2. Maximum mass of Ca and PO4 present in Layer 2 in an average-sized specimen.


  Mass = volume / density

 Density of Ca3(PO4)2 = 3.175 g/cm3
          
[image: image4.wmf] Mass of Ca3(PO4)2 present = 2.526 cm3 (see (1) above) / 3.175 g/cm3
= 0.796 g

          
[image: image5.wmf] Mass of Ca present = 0.796 g ( 0.387 (see mass ratios above) 

= 0.308 g


[image: image6.wmf] Mass of PO4 present = 0.796 g ( 0.613

= 0.488 g

Result 2: Maximum mass of Ca and PO4 in Layer 2 in an average-sized specimen = 0.308 g and 0.488 g, respectively. 

3. Maximum number of moles of PO4 present in Layer 2 in an average-sized specimen.
         Maximum mass of PO4 present = 0.488 g (see (2) above)

        
[image: image7.wmf] No. of moles of PO4 present = 0.488 g / 95 g 

= 0.005137 moles

= 5.137 ( 10-3 moles
Result 3: Maximum number of moles of PO4 in Layer 2 in an average-sized specimen = 5.137 ( 10-3 
4. Mass of OM that contains 5.137 ( 10-3 moles of PO4.

The Redfield ratio is the generalized composition of marine plankton and has been used as an approximation for the composition of OM in mass-balance calculations of the quantity of PO4-3 present in the preserved soft tissues of other exceptionally preserved organisms (Briggs, 2003). The ratio does not include any OH groups; a mass of OM calculated using the ratio, therefore, refers to tissue "dry weight" (dry mass).







           Decay of 1 mole OM → 1 mole PO4 

Decay of 5.137 x 10-3 moles OM (Result 3) → 5.137 ( 10-3 moles PO4
     5.137 x 10-3 moles of OM = 3444 x 5.137 ( 10-3 

= 17.692 g

Result 4: 17.692 g of OM (dry weight) must be decayed in order to release sufficient PO4 to account for that present in Layer 2 of an average-sized specimen.

5. “Wet weight” (wet mass) of soft tissues of an average-sized Libros frog.

Two methods were used.
Method 1: using plot of surface area vs body “wet weight” (wet mass) valid for all ranids (Talbot and Feder, 1992). For a surface area of 10282.2 mm2 (see (1) above),

          Log10 (body wet mass) = 1.57 (read from graph)


[image: image8.wmf] Wet mass of body = 37.154 g (= Mbody1)

        Wet mass of soft tissues = wet mass of body – wet mass of skeleton

Wet mass of frog skeleton = wet mass of body ( 0.16 (Warren and Jackson, 2005)

 Wet mass of skeleton = 37.154 g ( 0.16

= 5.945 g

  
[image: image9.wmf] Wet mass of soft tissues = 37.154 g – 5.945 g
= 31.209 g (= Mst1)
Method 2: using plot of body mass vs snout-vent length (SVL) for several extant terrestrial ranids (Fig. 1). 


[image: image10.emf]
FIGURE 1 – Mean body mass (wet mass) vs. SVL for several extant ranids, using data published in Choi et al. (2003) (Rana rugosa), Hirai (2002) (R. nigromaculata), Lai et al. (2007) (R. swinhoana), Pilliod et al. (2002) (R. luteiventris), Richter and Seigel (2002) (R. sevosa), and Tsuji and Matsui (2002) (R. kuhlii).

        Average SVL of Libros frog specimens = 71.7 mm (measured from specimens)

           Using y = 0.8285x + 37.123 (Fig. 1),

            
 
       Wet mass of body = 
[image: image11.wmf]
 = 41.735 g (=Mbody2)

  Wet mass of skeleton = 41.735 g ( 0.16 (see above)

 = 6.678 g

   
[image: image12.wmf] Wet mass of soft tissues = 41.735 – 6.678 g
 = 35.057 g (= Mst2)

Result 5: The total wet mass of soft tissues in an average-sized Libros frog specimen was between approximately 31.209 g (Mst1) and 35.057 g (Mst2).  

6. “Wet weight” (wet mass) of skin in an average-sized Libros frog.

The ratio of Mbody: Mskin (wet mass) for R. catesbeiana = 8.9% (Talbot and Felder, 1992); R. clamitans = 10.1% (Thorson, 1956); R. pipiens = 12.7% (Talbot and Felder, 1992). Assuming Mbody: Mskin for Rana ≈ 10%,

Using Mbody1: 

             Mbody1 = 37.154 g (see (5) above)

        
[image: image13.wmf] Mskin1 = 37.154 g ( 0.1

            = 3.715 g

Using Mbody2: 

             Mbody2 = 41.735 g (see (5) above)

       
[image: image14.wmf] Mskin2  = 41.735 g ( 0.1

             = 4.174 g. 

Result 6: The wet mass of the skin in an average-sized Libros frog specimen was between approximately 3.715 g (Mskin1) and 4.174 g (Mskin2).
7. “Wet weight” (wet mass) of internal soft tissues (i.e., those medial to the skin) in an average-sized frog specimen.

Using Mst1 and Mskin1:

     Mst1 = 31.209 g (see (5) above)






  Mskin1 = 3.715 g (see (6) above)
  
  
[image: image15.wmf] Wet mass of internal soft tissues = 31.209 g – 3.715 g
             = 27.494 g (=Mint1)

Using Mst2 and Mskin2:

     Mst2 = 35.057 g (see (5) above)





  Mskin1 = 4.174 g (see (6) above)
   
  
[image: image16.wmf] Wet mass of internal soft tissues = 35.057 g – 4.174 g
             = 30.883 g (=Mint2)
Result 7: The wet mass of the internal soft tissues (i.e., those medial to the skin) of an average-sized Libros frog specimen was between approximately 27.494 g (Mint1) and 30.883 g (Mint2).

8. “Dry weight” (dry mass) of internal soft tissues of average-sized Libros frog specimen. 

The water content of the internal soft tissues of R. pipiens = 82.36% (total body water content = 82.14%) (Smith and Jackson, 1931). Assuming the water content of the internal soft tissues of R. pueyoi ≈ 80%,

Using Mint1: Wet mass of internal soft tissues = 27.494 g (see (7) above)

 
   
[image: image17.wmf] Dry mass of internal soft tissues = 27.494 g ( 0.2
             = 5.499 g
Using Mint2: Wet mass of internal soft tissues = 30.883 g (see (7) above)
   
[image: image18.wmf] Dry mass of internal soft tissues = 30.883 g ( 0.2
             = 5.868 g
Result 8: The dry mass of the internal soft tissues (i.e., those medial to the skin) of an average-sized Libros frog specimen was between approximately 5.224 g and 5.868 g.
Conclusion 1: There was insufficient PO4-3 in the internal soft tissues of the frogs (i.e., those excluding the skin) to account for that present in Layer 2 (the latter would have required degradation of 17.7 g of OM; see (4) above). 

9. “Dry weight” (dry mass) of skin of an average-sized Libros frog specimen.

The water content of the skin of anurans is lower than that of other tissues (Smith and Jackson, 1931). In R. catesbeiana, the integumentary water content = 75% (Parsons and Schwartz, 1991); R. pipiens = 81.05% (Smith and Jackson, 1931); R. temporaria = 80% (Francis, 1934). Each of these species is aquatic; no data is available for terrestrial ranids. Data on integumentary water content is available for several terrestrial non-ranids: Cyclorana australia = 68.65% (Bayomy et al., 2002); C. platycephala = 72.2% (Bayomy et al., 2002); C. maini = 69.3% (Bayomy et al., 2002); Leptodactylus ocellatus = 50% (Cereijido et al., 1968). R. pueyoi was a terrestrial frog; its integumentary water content was likely lower than that of aquatic ranids. Assuming an integumentary water content of ≈ 70% for R. pueyoi, 

Using Mskin1:

Wet mass of skin = 3.715 g (see (6) above)
      


       
[image: image19.wmf] Dry mass of skin = 3.715 g ( 0.3
                 = 1.115 g (= MS1)
Using Mskin2:

  Wet mass of skin = 4.174 g (see (6) above)
      


         
[image: image20.wmf] Dry mass of skin = 4.174 g ( 0.3
                   = 1.252 g (=MS2)
Result 9: The dry mass of the skin of an average-sized Libros frog specimen was between approximately 1.115 g (MS1) and 1.252 g (MS1).
10. “Dry weight” (dry mass) of Ca and PO4 present in the skin of the Libros frogs in vivo.

In modern anurans that possess a dermal E-K layer, the dry mass of the skin can comprise up to 28.3% Ca (as calcium phosphate) (Elkan, 1968); this value corresponds to a PO4 concentration of 44.8% and a calcium phosphate concentration of 73.1% (see mass ratios in (3) above). Assuming an integumentary Ca concentration of 28.3% for the Libros frogs,
Using MS1:
         Dry mass of skin = 1.115 g (see (9) above)

[image: image21.wmf] Mass of Ca in skin = 1.115 g ( 0.283 (see above)

    


     
      

 = 0.316 g

              
           
[image: image22.wmf] Mass of PO4 in skin = 1.115 g ( 0.448 (see above)

  = 0.5 g 
Using MS2:
        Dry mass of skin = 1.252 g (see (9) above)
            
[image: image23.wmf] Mass of Ca in skin = 1.252 g x 0.283 (see above)

    


     
      

 = 0.354 g

              
           
[image: image24.wmf] Mass of PO4 in skin = 1.252 g x 0.448 (see above)

  


  = 0.561 g       


Result 10: Assuming an integumentary Ca concentration of 28.3%, the dry mass of Ca in the skin of an average-sized Libros frog specimen was between approximately 0.316 g and 0.354 g, and that of PO4, between approximately 0.5 g and 0.561 g.
Conclusion 2: Assuming an integumentary Ca concentration of 28.3%, there would have been sufficient PO4 in the skin to single-handedly account for that present in Layer 2 (which contains a maximum of approximately 0.488 g of PO4; see (2) above).
11. Minimum integumentary concentration of Ca3(PO4)2 required to account for the maximum preserved extent of Layer 2 in an average-sized specimen.

         

 Maximum dry mass skin = 1.252 g (see (9) above)

      
          Maximum mass of Ca present in Layer 2 = 0.308 g (see (2) above)
Minimum % Ca required to account for that in Layer 2 = 
[image: image25.wmf]







     = 24.6%

      
        Maximum mass of PO4 present in Layer 2 = 0.488 g (see (2) above)
Minimum % Ca required to account for that in Layer 2 = 
[image: image26.wmf]







     = 38.9%


[image: image27.wmf] Minimum % calcium phosphate required to account for that in Layer 2 = 24.6% + 38.9% = 63.1%

Result 11:  The minimum integumentary concentration of calcium phosphate that can account for the maximum preserved extent of Layer 2 in an average-sized specimen is 63.1%.
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          1 mole Ca3(PO4)2 = 310 g


        1 mole PO4 = 95 g


          1 mole Ca = 40 g


         Ratio of Ca3 to Ca3(PO4)2  = 0.387


     Ratio of (PO4)2 to Ca3(PO4)2  = 0.613


Ratio of PO4 to Ca in Ca3(PO4)2  = 1.583





 1 mole OM (Redfield ratio) = (CH2O)106(NH3)16H3PO4


         		          = 3444 g
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