Skeletochronological Aging and Age Distribution of a Spotted Frog Population
(Rana luteiventris)

Submitted in Partial Fulfillment of the Requirements for Graduation with Honors
to the Department of Biology and Chemistry at
Carroll College, Helena, Montana

Sharon Shiraga
April 10th, 1999

e

CORETTE LIBRARY CARROLL COLLEGE

3 5962 00117 393

SIGNATURE PAGE

This thesis for honors recognition has been approved for the
Department of Biology and Chemistry.

D. Grant Hokit Ph.D., Director

Date

Date

t

TABLE OF CONTENTS
Acknowledgements....................................................................................... ii
Abstract.....................................

iii

*
List of Illustrations........................................................................................ iv
List of Tables................................................................................................v
Introduction.................................................................................................. 1
Materials and Methods................................................................................. 5
Results.......................................................................................................... 10
Discussion.................................................................................................... 14
Appendix A.................................................................................................. 18
Appendix B...............................

20

Literature Cited............................................................................................ 21

tr

1

ACKNOWLEDGEMENTS
I would like to thank Joan Stottlemyer for being one of my readers and for
doing such a wonderful job correcting my grammar and sentence structure. I
appreciate the time you put into it and the extra help that you gave me on my
literature cited page.
A special thanks to Dr. Grant Hokit and his field crew for collecting my
frog toe clippings this summer. I am also grateful to Dr. Hokit for his guidance as
my director and for the advice he gave me on my thesis.
My thanks to Dr. John Christenson not only for being my reader but for all
that he did for me this summer. Without his persistent efforts to get my
microtome piece and to get the microtome working, my thesis would never have
been completed.
I am especially grateful to Dr. John Addis for all of his help with the
method portion of my thesis this summer. His help with my tissue preparations
made my thesis possible. My thanks to him for keeping track of my microtome
piece progress, giving me access to materials. I am particularly grateful for his
help when I was working through the earlier problems my thesis presented.

*

ii

ABSTRACT
I produced a methodology capable of aging the species Rana luteiventris
♦

by using a process called skeletochronology. My objective was to find out if the
age of the individual could be assessed by counting the number of lines of
arrested growth (LAG's) from cross-sections of the third digit of the right hind
foot. After this process was refined for this particular species, seventy-four
individuals were sampled in order to construct a static age distribution of a
population of frogs. Samples were collected from May-August 1998 at a small
pond in the Lewis and Clark County, Chessman Marshland, 10 km west of
Clancy, Montana. Few individuals were found to be five years of age. The
majority of the population was dispersed somewhat evenly between metamorphs,
1, 3, and 4-year-old frogs. As expected, no frogs beyond five years of age were
observed. There was a notable lack of 2-year-old frogs. However, I was unable
to account for the low number of 2-year-old frogs in the population.
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INTRODUCTION
It is well known that some species of frogs living in alternating hot-cold
seasons hibernate. These alternating hot-cold seasons of temperate regions appear
to be the basic cause of the annual growth zones in the bone of ectotherms
(Peabody 1961). The lines of arrested growth (LAG’s) of bone occur when the
frogs hibernate for the winter. It is during this time that their metabolism and
growth are arrested or slowed (Peabody 1961). It is possible to count these lines
to determine the age of the frog just as one would age a tree.
This technique of skeletochronology can be used with various parts of the
frog’s anatomy. In the past, scientists such as Peabody have attempted to make an
age distribution of various amphibians and/or reptiles of temperate regions by
using the dentary, mandible, scapular neck, femur, caudal vertebra, precoracoid,
and various other sections of amphibians and reptiles (Peabody 1961). The
problem with these structures is that one injures or even kills the amphibian just to
age it. By using the third digit of the right hind foot, it is possible to extract a
bone sample that can be used to age the individual and at the same time release it
with minimal trauma and damage (Paton et al. 1991).
Many scientists using a variety of species of amphibians and reptiles have
successfully used skeletochronology (e.g. Paton et al. 1991, Francillon and
Castanet 1985, Gibbons and McCarthy 1983, Gittins and William 1982, Halliday
and Verrell 1988, Hemelaar 1983, Peabody 1961, Schroeder and Baskett 1968,
®

Smirina 1972, and Leclair and Castanet 1987). The later, Leclair and Castanet
(1987) evaluated the age in a frog population of Rana pipiens from Southwestern
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Quebec. They took 53 (mostly male) frogs and used the diaphyseal cross-sections
of phalanges to assess the ages of the frogs. In their study, they found that many
of their LAG lines were eroded away due to endosteal resorption. Endosteal
*
resorption occurs when some of the bone around the meduallary cavity is resorbed
so the animal loses that first LAG in some cases.

They found that variations in

LAG dimensions within an age-class could have been from the “choice of
sections in more or less lateral levels along their phalange shafts” (Leclair and
Castanet 1987). Using their data, they were able to observe during which seasons
maximal growth occurs and the normal body length (snout-to-vent length of the
frog) at metamorphosis.
Gittings et al. (1982) focused their studies on the population age-structure
of the common toad (Bufo bufo). They concluded that there was no relationship
between size and age. They established that linear growth is insignificant after a
toad has reached sexual maturity. They determined the age of their frogs from the
annual growth rings in the phalanges. Their studies showed no resorption in 85%
of the toad specimens that they collected. They also found LAG lines after bone
preparation that was distinct and easy to count. From this study, they were able to
find the lower and upper age limits of their frog population but were unable to
find a correlation between size and age among both male and female species.

2

After sucking the frog toes up into the pipet, I transferred the contents of
both water and cross-sections onto a gel-coated slide (See Appendix B for

w

preparation). To avoid contamination and to remove excess water between
sectioning, I wiped off the blade with a clean Kim wipe after each section to
remove any excess water. I continued to repeat the above steps until no more
sectioning could take place. Then, I placed the slides on the slide heater overnight
or until the water evaporated off the slide and the cross-sections adhered to the
slide. After the slides were dry, I placed the slides into a five-slide well with
Gill’s Hematoxylin #2 (Concentrated, no dilutions are needed), for 40 to 45
minutes. After 40 to 45 minutes, I dipped the slides into three wells containing
distilled water, dipping up and down gently three times apiece. Then, I placed the
slides on the slide warmer overnight.
When the slides were dry, I heated up the Kaiser’s glycerol jelly (See
Appendix B for preparation). It was important to make sure that the temperature
did not exceed 75 degrees Celcius. With a pipet, I placed a stream of the Kaiser’s
glycerol jelly onto the slide. I then quickly wiped my finger along the surface of
the slide, coating the entire surface evenly. Immediately following this step, I
placed the cover slip down gently, pushing on the cover slip to remove any air
bubbles. Once this step was completed and enough time had lapsed to cool the
slides to room temperature, they could be put under the microscope and evaluated.

♦
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In order to age the frog toes, I found cross-sections similar to Fig. 1. The
rings will be very prominent in correctly processed cross-sections. To age the
frog, I counted the innermost surface of the bone first. From there I proceeded
*
until I reached the edge of the cross-section. To account for the metamorph stage
that each of the frogs undergoes before going down in the winter, I had to count
the number of LAG lines I saw on each cross-section and subtract a year.
After I aged all the toe samples, I assessed the relationship between size
and age (snout-to-vent length) for spotted frogs. I used the statistical package
SPSS to perform a linear regression analysis of age versus size.
To demonstrate the utility of age data, I constructed a static age
distribution of the local frog population. There was a notable deficiency of 2year-old frogs. To determine if this deficiency was associated with a climate
phenomenon, I examined temperature and precipitation data for a correlation.
Finally, to assess what proportion of the local population I had sampled for age
criteria, I used the Schnabel method of mark and recapture to estimate overall
population size.

*
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Fig.l. Cross-section of a 3-year-old frog toe.

Letter C of Fig. 1 is the first LAG line produced the winter after
metamorphosis. Letter B is the second, letter D the third, and finally, letter A is
next to the fourth and most recent LAG line. It is from letter A that the frog will
begin to put down a LAG line during the winter and from here it will emerge in
the spring and begin to grow.

♦
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RESULTS
I found this method of skeletochronological aging very effective in
displaying LAG lines in this species of frog. As one can see from Fig. 1 and 7, an
individual can clearly make out LAG lines. Of the 74 frog toes to be prepared
and aged, I found 16 of them to be metamorphs, 18 to be a year old, 10-two-year
olds, 14 three-year-olds, 12 four-year-olds, and four five-year-old frogs (Fig.3).
Using the Schnabel method for estimating the total population of frogs
based on recapture data, I estimated the total population of frogs in the Chessman
marshland to be 131 frogs (Table 1).

Table 1 Schnabel analysis for estimating population sizes

Date

ni

Mi

Xi

Mi*ni

06/02/98

10

0

0

0

06/15/98

28

10

3

280

06/25/98

26

35

10

910

06/29/98

41

51

12

2091

Totals

25

Thus, I sampled 56% of the population. By using regressional analysis I found a
direct correlation between frog size and age (Fig. 3, R = 0.852, P <0.001).

>

10

80

AGE (years)
Fig.2. Scatter plot of size vs. age and the line of best fit
Indicating a correlation between the snout-to-vent length
of the frog and the age of the frog determined by using
skeletochronology.

Despite coupling climate data for the last several years, I could find no correlation
between such data and the low number of 2-year-old frogs (Fig. 3,4,5, and 6).

Age Distribution

Number of
Individuals

Age (Years)
Fig.3. Number of metamorphs through five-year-old frogs
In the population of spotted frogs (Rana luteiventris) from Chessman
Marshland.
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Precipitation of Summer Months

*

Year of Month

Fig.4. Precipitation of the crucial developing summer months.

Annual Total Precipitation (inches)

Inches of Precipitation

Year
Fig.5. Annual Precipitation of Helena from 1993-1998.

*
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Average Monthly Temperature

Fig.6. Annual monthly temperatures of Helena, Montana
from June-September of 1994-1998.
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DISCUSSION
LAG lines were visible on most prepared toe cross-section. The majority
of the LAG lines were very prominent, few were difficult to make out. Many of
the frogs caught later in the season had LAG lines very close to the outer surface
of the bone. The metamorphs found late in the summer were very close to the
same size as the one year old frogs caught earlier in the summer.

Fig.7. Cross-section of frog toe indicating where the growth line ended
last year and the new growth of this year began.

This finding can be explained because the recent metamorph frogs caught later in
the season would have had the same amount of time to grow as the one-year-olds
at the beginning of the summer. One-year-olds had not grown much since they
emerged from hibernation. It has been shown in species of the Rana pretiosa that
frogs that metamorphisize early in the summer will be larger than the first-year
class that will emerged that following spring (Turner 1960). The first-year frogs
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will be slightly larger after their emergence than the new metamorphs that will
transform during this summer (Turner 1960).
An individual can see from Fig. 7 the LAG line close to the surface of the
toe. This frog was a last year metamorph, and the short distance one sees from
the recent LAG line to the surface of the bone is the amount of growth this frog
has grown since it emerged from hibernation. Most of the LAG lines I observed
were very prominent, so it was not that difficult to age the frogs in this manner.
However, there were exceptions. I hypothesize that this result was due either to
not leaving the toe in nitric acid long enough or to the rinses not being thorough
enough. Therefore, although leaving the frog toe in nitric acid overnight is
sufficient for the smaller toes, a time period of 24 hours would be recommended
for the larger toes. For example, Fig. 8 shows in my opinion, a false line as
indicated by the arrow. The line is faint; however, it does not appear to go all the
way around the circumferences of the cross-section. These false or double lines

Fig.8. Cross-section of frog toe illustrating false lines.
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Smirina (1972), Hemelaar (1981), and Francillon et al. (1984) recorded
that the resorption of periosteal bone around the medullary cavity in long bones
reduced the number of LAG lines in some frogs. Paton et al. (1991) found that
for the population R. perezi resorption of the growth layers did not occur. Paton
reported that periosteal bone resorption did not occur in some European species of
frogs. On the other hand, anurans from a continental climate (e.g., R. temporaria',
Smirina 1972, and B. bufo, both from Moscow; Smirina 1983) showed complete
resorption of the first and second growth layers in many individuals (Paton 1991).
Paton believed that the frequency of resorption depend more on geography than
taxonomy (Paton 1991). My results for R. luteiventris followed this pattern. My
preparation of the tissue did not promote or cause resorption lines to be visible in
the bone cross-sections near the medullary cavity. Although this phenomenon is
possible, it does not occur in enough of the samples to warrant concern with the
data analysis and in lab use for accurately estimating age.
I was unable to explain the lack of frogs 2 years of age (Fig. 3). This
finding seems unusual and not consistent with the data from the other age groups.
Fig. 4 shows the precipitation during the month in which the frogs breed, hatch
their eggs, and undergo metamorphosis. The time in which the 2-year-old frogs
would have been developing was in 1996. One possible explanation for a low
frequency of 2-year-old frogs is that during June-September 1996 (Fig. 4) there
was a low amount of precipitation during their time of hatching and
♦

transformation. This lack of rainfall may have dried out some of their ponds
making it very difficult for them to survive and undergo metamorphosis.
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However, in 1994 there was very little precipitation for the 4-year-old frogs, and
they do not appear to be affected by the lack of water during the crucial months.
The results clearly show the success of this technique for application in
accurately aging frogs of the species Rana luteiventris. I successfully used
skeletochronology to construct a static age distribution in a population of frogs.
Rana luteiventris has been shown to hibernate, and during this time they do lay
down LAG lines.
The Schnabel population estimate suggested that I sampled roughly 56%
of the population. The statistical analysis of age vs. size suggests that this is a
reliable method of determining age based on size. The applications for this
experiment are numerous, and future studies will allow a person to sample, mark,
and construct a static age distribution of frogs based on their snout-to-vent length
measurements and by using this skeletochronology technique. Future researchers
will find this method reliable, useful, and accurate, benefiting both the scientist
and conservation efforts for populations of Rana luteiventris.

*
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Appendix A Size vs. Age for all 74 sampled frogs

Size

Age

Size

Age

24 mm

0

57 mm

4

24 mm

1

30 mm

0

26 mm

0

29 mm

0

44 mm

3

49 mm

3

32 mm

2

60 mm

5

49 mm

3

57 mm

4

42 mm

3

50 mm

4

32 mm

1

33 mm

0

46 mm

2

30 mm

1

47 mm

3

53 mm

4

50 mm

4

30 mm

0

29 mm

1

27 mm

0

30 mm

1

31 mm

1

48 mm

3

30 mm

0

31 mm

1

25 mm

0

45 mm

2

26 mm

1

55 mm

2

29 mm

1

27 mm

0

32 mm

2

53 mm

3

31 mm

1

55 mm

4

47 mm

3

53 mm

4

60 mm

3

18

30 mm

1

47 mm

3

42 mm

2

28 mm

0

31 mm

1

30 mm

1

63 mm

5

34 mm

2

60 mm

5

58 mm

3

30 mm

2

26 mm

0

33 mm

2

44 mm

3

30 mm

1

29 mm

1

29 mm

0

27 mm

0

44 mm

2

31 mm

1

70 mm

5

40 mm

3

27 mm

0

27 mm

1

27 mm

0

29 mm

1

57 mm

4

58 mm

4

41 mm

3

54 mm

4

58 mm

4

52 mm

4

19

APPENDIX: B
The Current Protocols in Molecular Biology, Volume 2

6

1. Wash the slides in water with detergent for a few minutes.
2. Rinse slides in water for 30 minutes.
3. Dissolve the gelatin in water at 70 degrees Celcius to make a 0.5% solution.
Cool the solution to room temperature and add CrK(SO4)2*H20 to 0.05%
(Chromium Potassium Sulfate). Cool the solution to 4 degrees Celcius on ice.
Use immediately, as gelling occurs after prolonged storage of the solution on
ice. Prepare 0.2X gelatin solution by diluting IX solution 5-fold with water.
It can be used for several days if prepared using sterile water and stored at
room temperature. If cloudiness or bacterial growth occurs, discard the
solution.
4. Place the slides in a slide rack and immerse for 2 minutes in a glass staining
dish filled with IX gelatin stubbing solution (4 degrees Celcius). Stubbing
must be done carefully to avoid air bubbles.
5. Remove the slide rack from the subbing solution and set on its slide, with the
frosted sides of the slides facing downward to let the excess stubbing solution
drip off. Dry overnight before use. Slides subbed with gelatin are stable at
room temperature for several weeks.

Kaiser’s Glycerol Jelly (From Animal Tissue Techniques pg. 119)
8 gm gelatin
52 mL water
50 mL glycerol (glycine)
1 gm phenol (carbolic acid)
1. Allow the gelatine to soak for 1-2 hours in water.
2. Add glycerol and preservative.
3. Warm for 10-15 minutes (not over 75 degrees Celcius) and stir until the
mixture is homogenous.
4. Keep in covered jar in the refrigerator.

20

LITERATURE CITED

*

Ausubel, Frederick M.; Brent, Roger; Kingston, Robert E.; Moore, David D.; Seidman,
J.G.; Smith, John A.; Struhl, Kevin S. Current Protocols in Molecular Biology Volume
2. Massachusetts General Hospitol Harvard Medical School. U S. A: John Wiley and
Sons Inc. 14.16-14.17 p.
Paton D., Angeles Juarranz, Encarnacion Sequeros, Rosa Perez-Campo, Monica LopezTorres, and Gustavo Barja De Quiroga. 1991. Seasonal Age and Sex Structure of
Ranaperezi Assessed by Skeletochronology. J. Herpetol., vol. 25, 4:389-369.
Francillon, H., and J. Castanet. 1985 Mise en evidence experimentale du caractere annual
des lignes d’ arret de croissance squelettique chez Rana esculenta (Amphibia, Anuras).
C.R. Acad. Sc. Pans 300: 327-332.
Gibbons, M.M., and T.K. McCarthy. 1983. Age determination of frogs and toads
(Amphibia, Anura) from North-western Europe. Zool. Scripta 12: 145-151.
Gittins, S.P., J.E. Steeds, and R. Willians. 1982. Population age-structure of the common
toad (Bufo bufo) at a lake in Mid-Wales determined from annual growth rings intot he
phalanges. Brit. J. Herpetol. 6: 249-252.
Halliday, T.R., and P.A. Verrell. 1988. Size and age in amphibians and reptiles. J.
Herpetol. 22(3): 253-265.
Hemelaar, A.S.M. 1983 Age, growth and other population chracteri sties of Bufo bufo
from different latitudes and altitudes. J. Herpetol. 22(4): 369-388.
Humason, Gretchen L. 1962. Animal Tissue Technique. San Francisco & London: W.
H. Freeman and Company. 119 p.
Leclair, R., Jr., and J. Castanet. 1987. A skeletochronological assessment of age and
growth in the frog Ranapipiens Schreber (Amphibia, Anura) from Southwestern
Quebec. Copeia. 1987(2): 361-369.
Peabody, F.E. 1961. Annual growth zones in living and fossil vertebreates. —J. Morph.
108:11-62.
Schnabel Z.E. 1938. The estimation of the total fish population of a lake. Am. Math.
Monthly 45:348-352.

»

Schroeder, E.E., and T.S. Baskett. 1968. Age estimations, growth rates and population
structure in Missouri bullfrogs. Copeia 1968(3): 583-592.
21

Smirina, E. 1972. Annual layers in bones of Rana temporaria. Zool. Zh. 51:1529
1534.

W'

Western Region Climate Center. Revised January 1999. Available via the Internet:
http://www.wrcc.dri.edu/

£

22

