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ABSTRACT 

Background 

The project was designed to utilize toes previously clipped during a mark-recapture study 

from Oregon spotted frogs in Jack Creek, for aging individual frogs. Toe samples were 

sent to a laboratory with expertise in skeletochronology, where the toe samples were 

cross-sectioned and placed on slides. The slides with samples were returned to the Forest, 

where two biologists attempted to estimate ages of sectioned toes using the reference 

guide sent by the lab.  

 

Results 

Age estimates made by attempting to count lines of arrested growth (LAGs) did not seem 

to work well for this population of Oregon spotted frog. 

 

INTRODUCTION 

The objective of this project was to gain further knowledge (i.e. age estimates) on a well 

studied population of Oregon spotted frogs from Jack Creek. A large volume of data has 

been collected since 1997 on Jack Creek frogs, including gender, mass, length, etc. 

During initial capture of a frog, a toe (or toes) were clipped for marking purposes, and 

were saved for future scientific purposes. Toes collected prior to 2001, for instance, were 

eventually used in a genetic study of Oregon spotted frogs range-wide. 

  

Skeletochronology is a technique used for aging organisms such as amphibians, by 

counting the annual growth rings from a cross-section of bone, such as a toe. It has been 

used extensively in both reptile and amphibian aging studies.  

 

We theorized that with additional age information, demographic information on the 

population could be interpreted. Some literature suggests that high elevation amphibian 

populations may live longer (and take longer to reach sexual maturity) than lower 

elevation populations. The Jack Creek population lives at the highest elevation of all 

extant populations, and has many other data that could be correlated with age estimates. 

Also, we know from the existing volume of data of Jack Creek frog captures, that some 

individuals that are caught multiple times are rather long-lived. Many frogs that have 

been handled since 1997, have been recaptured in subsequent years. For example, 26 

frogs that were initially captured as adults, were recaptured 3 to 7 years later, proving that 

they lived as adults a minimum of 3 to 7 years, and are an unknown number of years 

older, depending on how long these frogs took to mature to adulthood.  

 



This project had the potential of being combined with full data analysis of existing mark-

recapture data since 1997 and the newly acquired skeletochronology data, but the data 

analysis project was not funded by ISSSSP. 

 

Study Area: 

The bone samples were already collected from a population of Oregon Spotted frogs on 

the Winema National Forest, Chemult Ranger District, Williamson River watershed, Jack 

Creek drainage. The Jack Creek habitat is fairly unique compared with other Klamath 

Basin frog habitat. Jack Creek is a linear creek, with only about 3 miles of its length 

being perennial and therefore able to provide habitat for the frog. Many other frog habitat 

areas in the local area can be characterized as wetlands, such as in the Klamath Marsh 

National Wildlife Refuge and Big Marsh on the Deschutes National Forest. Other local 

occupied habitats are partially associated with ditch systems such as Wood River 

Wetlands, and Buck Lake area .  

 

Jack Creek has a floodplain that provides breeding areas at the edge of the snowmelt in 

the spring that normally stays connected to the summer habitat (the creek channel) long 

enough for the young of the year to travel via a needed waterway. Jack Creek has 

associated springs (attached by floodplain to the main channel during the spring) that 

provide breeding habitat, and perhaps overwintering habitat as well. Jack Creek has no 

introduced fish or bullfrogs, and as mentioned earlier, is the highest extant population at 

about 5300 feet.   

 

Methods: 

The methods for the mark-recapture study will not be covered in depth in this document. 

Briefly, the study was initiated in 1997 along the portions of the perennial sections of 

creek that were known to provide habitat for Oregon spotted frogs. A standardized 

methodology was used (same number of people, same sections of creek, same time of 

year) and 3 passes were done each year to capture as many frogs as possible. Frogs that 

were caught for the first time, had a toe clipped for marking purposes, and were given a 

PIT tag if they were large enough. Clipped toe sections were placed in vials and labeled 

for future scientific purposes.  

 

The toe vials that had accumulated since 2000, were sent to Matson’s Laboratory in 

Montana. This lab is the only one that could be found to do skeletochronology. However, 

the lab personnel no longer “read and interpret” the sections of bone for customers. 

Instead, they prepare the slides with 2 to 6 cross sections per toe, to be read by someone 

else. We asked the lab to prepare a “reference report” specific to our samples to help with 

the interpretation. Refer to Appendix A, B and C for those specific instructions. Gary 

Matson, owner of the Matson’s lab, suggested that frog populations can vary widely in 

their skeletochronological traits, that it was better to have “local” biologists try to become 

experts on their particular frog population. 

 

Two biologists on the Forest, Amy Anderson and Jill Oertley, familiarized themselves 

with the reference guide and pictures sent by the lab, and all slides of frog toes that were 

examined, were analyzed by both biologists and discussed if there was a discrepancy of 

age estimate over one year.  

 



Some of the toe samples resulted in no slides, some slide samples were not adequate to 

read (were all cartilage for example) and some samples were mislabelled and therefore 

could not be tied to other essential pieces of data like gender or size, and were not 

included in the analysis. Only a portion of the toes from metamorphosing frogs were 

examined, as young of the year should not have visible LAGs (refer to explanation in the 

Discussion section). Samples from 156 frogs are discussed in this report. 

 

RESULTS 

In the Jack Creek Oregon spotted frog population at least, the number of LAGs 

determined by two forest biologists, does not appear to be an accurate estimation of age. 

 

DISCUSSION  

This section will include age estimation results by life stage and gender. 

The following information will help in the interpretation of the tables in this section: 

 

-Frogs were sorted in groups from longest length to shortest (6 categories for Males, 6 

categories for Females, 4 for Juveniles) 

-Range of measurements shown for each size group of aged frogs in SVL and Mass 

columns 

-SVL is Snout to vent length in mm 

-LAG is Line of arrested growth (used as estimation of years of age) See appendix A 

-n= number of frogs aged in size group 

-Data cells display % of frog age estimates (based on LAG) within size group 

 

Table 1 

ADULT MALE FROGS  

LAG 

estimate 

  0 0-1 

1 

1-2 

2 

2-3 

3 

3-4 

4 

4-5 

5 

6 Other 

 SVL 

mm 

Mass 

grams 

        

Largest  

n=10 

58 to 

69 

14 to 

23 

0 50 30 10 10 0 0  

2
nd

 largest, 

n=10  

56 to 

56.7 

16 to 

21 

20 20 20 20 10 0 10  

3
rd

 largest, 

n=15 

53 to 

55.4 

15 to 

18.5 

20 40 20 0 20 0 0  

4
th

 largest, 

n=19 

50 to 

52.6 

9 to 

19 

16 42 26 11 5 0 0  

5
th

 largest, 

n=15 

46 to 

49.7 

9.5 to 

16 

13 33 27 

 

7 7 7 0 7* 

6
th

 largest, 

(smallest) 

n=8 

37 to 

45.7 

6 to 

12.5 

12.5 12.5 25 25 12.5 12.5 0  

*LAG estimate 2-4 

 

  

 

 

 



 

 

Table 2 

ADULT FEMALE FROGS 

LAG 

estimate 

  0 0-1 

1 

1-2 

2 

2-3 

3 

3-4 

4 

4-5 

5 

5-6 

6 

Other 

 SVL 

mm 

Mass 

grams 

        

Largest  n=8 67 to 

70 

28.5 

to 36 

12.5 37.5 25 0 12.5 0 0 12.5* 

2
nd

 largest, 

n= 10 

 64 to 

66  

28 to 

34  

30 20 30 0   10 10^ 

3
rd

 largest, 

n=9 

61 to 

63.7 

23 to 

32  

22 22 33 0 0 22 0  

4
th

 largest, 

n=9 

54 to 

60.7 

19 to 

36 (?) 

11 22 22 11 33 0 0  

5
th

 largest, 

n=6 

48.2 

to 53  

9 to 

25  

33 33 17 17 0 0 0  

6
th

 largest, 

(smallest) 

n=4 

40 to 

47  

5 to 

11 

0 25 0 75 0 0 0  

* LAG estimate 3-5 

^ LAG estimate 4-7 

 

Table 3 

JUVENILE FROGS 

LAG 

estimate 

  0 0-1 

1 

1-2 

2 

2-3 

3 

Other 

 SVL 

mm 

Mass 

grams 

     

Largest,  

n=6 

40 to 

42 

4 to 9 17 17 17 50  

2
nd

 largest, 

n= 5 

36 to 

39 

5 to 7  0 40 20 20 20* 

3
rd

 largest, 

n=4 

28.5 

to 35 

2 to 5  50 0 0 25 25^ 

4th largest, 

(smallest) 

n=5 

23.7 

to 

26.4  

2 to 

2.5 

60 0 40 0  

* One sample (20% of n) 1-3 LAG estimate 

^ One sample (25% of n) 3-5 LAG estimate 

 

None of these 3 age/gender groups showed an expected pattern of age estimates. We had 

theorized that the larger frogs in any group (male, female or juvenile), should show more 

LAGs than smaller frogs in the same group.   

 

In the Females however, only 2 of 8 (25%) of the largest individuals were estimated to be 

3 years or more, while 4 individuals that were smaller, were estimated to be 4 to 7 years 



old. One frog from the group of largest females showed 0 LAGs which would only be 

expected in a metamorphosing frog that has not lived yet through a winter. Three of 4 of 

the smallest females were estimated to be 2-3 years old, while only 1 of 4 of the largest 

females had age estimates of 2 or more years. Matson’s lab also estimated the age of a 

female sample, not included in the table. The specimen was estimated to be 1 year old, 

yet it exceeded the size of any of the females included in the table above, and should be 

quite old. 

 

Age estimates of adult males do not fit a predicted pattern either. Only one of the 10 

largest males was estimated to be 4 years old. However, three other smaller males 

(including one in the group of smallest males) were estimated to be over 4 years old. Two 

of 8 of the smallest males were estimated at 3 to 5 years old, with only one male out of 77 

total males, estimated to be older than 5 (6 years old). One of the male toe specimen’s 

was examined by Matson’s lab, and they estimated it to have been 1 year old, whereas we 

estimated it to be 2 years old.  

 

The group of juveniles also does not fit with predictions. One frog out of 4 in the group 

of second to smallest frogs, was estimated to be 3 to 5 years old, compared with half of 

the 6 largest frogs which were estimated to be only 3 years old, and the other half of the 

largest frogs was younger than 3, including one that showed 0 years. Matson’s estimation 

agreed with ours (2 years) when they re-examined a juvenile sample that we had 

estimated at 2 or 3.In addition, Matson’s Lab examined 2 other juvenile samples of ours 

but not included in the table, that they estimated to be 0 years, and these samples would 

have fallen in the group of the smallest juveniles.  

 

Next I looked at the juvenile data by individual size and age estimate compared to the 

month and day of capture to see if there might be some late season growth, as may be 

indicated in metamorphs (refer to table 5). There was no pattern in the Juvenile data to 

indicate late summer season growth. 

 

Table 4 

Juvenile Frogs – by individual and grouped by size 

Capture 
# 

Life 
Stage Sex  LAG 

Mass 
grams 

Total 
Length 

mm 

Leg 
Length 

mm Date Toe Clip ID 

6029 Juv Unk 3 8 42 21.4 8/4/2004 LF 4 

858 Juv Unk 0 9 42 21 8/1/2001 RR3 

904 Juv Unk (0)-1 7 41 0 8/13/2001 RF4RR3LR2 

6045 Juv Unk 3 6.5 40.1 19.7 8/19/2004 LF 4 

6022 Juv Unk 1-(2) 7 40 18.6 8/3/2004 LF 4 

817 Juv Unk 3 4 40 0 7/30/2001 rr3 

         

958 Juv Unk 2-(3) 5 39 0 8/15/2001 rf4 lr4 rr3 

964 Juv Unk 1 6 37 0 8/27/2001 lf2 lr2 rr3 

920 Juv Unk 2 5 37 0 8/14/2001 LF4LR1RR3 

942 Juv Unk 1-(3) 5 37 0 8/14/2001 rf4 lr5 rr3 

1008 Juv Unk 1 7 36 0 8/28/2001 LR5LF3RR3 

         

894 Juv Unk 2-(3) 5 35 0 8/13/2001 RF4LR1RR3 

971 Juv Unk 0 5 34 0 8/27/2001 lf4 lr3 rr3 



983 Juv Unk 3 to 5 5 33 0 8/27/2001 lf4lr2rr3 

1090 Juv Unk 0 2 28.5 12.7 8/13/2002 RF3LR5RR2 

         

1025 Juv Unk 0 2 26.4 12.4 7/29/2002 LF3LR2RR1 

1093 Juv Unk 0 2 26.3 12.8 8/13/2002 RR2RF3LF5 

1260 Jvu Unk 2 2 26.1 13 8/30/2002 LF2LR1RR1 

1064 Juv Unk 0 2.5 26 12.2 8/12/2002 LF2LR3RR1 

1095 Juv Unk 2 2 23.7 13.5 8/13/2002 RF3LR5RR5 

Shaded cells indicate later dates of capture that could potentially display an additional 

LAG 

 

A sample of metamorphosing frogs (frogs that had advanced past the tadpole stage with 

legs and a tail) were also age estimated using LAGs. 

 

I did not sort the metamorphs by size for the following reasons: 1) assumed that all 

metamorphs were hatched that year and are less than one year old 2) Length 

measurements include tails and those with the shorter tail and therefore smaller total 

length, should be closer to transforming into juveniles than the samples that have longer 

measurements. 

 

Frogs that have not lived through a winter should not show have a line of arrested growth 

(LAG), so the estimated age of any metamorph should be 0. In case there might be late 

summer growth, however, I sorted the metamorphs by capture month and day, assuming 

that the later in the season, the more likely a metamorph may start to show a LAG.  

 

Table 5 

Metamorphs by individual and sorted by month/day of capture 

cap # 
Life 
Stage Sex LAG 

MASS 
grams 

Total 
Length 
mm 

Leg_L 
mm DATE TOE_CLIP 

1020 M Unk 0 2.5 29.4 13.1 7/29/2002 LF2LR2RR2 

1019 M Unk 0 2 29.9 12 7/29/2002 LF2LR2RR1 

1022 M Unk 0 2 27 13.7 7/29/2002   

1023 M Unk 0 2 26.8 11.7 7/29/2002 LR2RF4RR1 

1026 M Unk 0 2 26.3 12.2 7/29/2002 LR2RF4RR5 

1024 M Unk 0 1.5 26.4 11.1 7/29/2002 LR2RF4RR2 

854 M Unk 1 2 26 0 8/1/2001 LF3LR1RR3 

1063 M Unk 0 3 34.5 12.8 8/12/2002 LF4LR2RR4 

1066 M Unk 0 2.5 58.2 11.3 8/12/2002 RF3LF3RR2 

1069 M Unk 1 2 39.6 11 8/12/2002 RF3LR3RR5 

1091 M Unk 0       8/13/2002   

1097 M Unk 1 2 25.3 11.9 8/15/2002 LF2LR4RR2 

1248 M Unk 5 2 25.2 11.8 8/29/2002 LF4RF4RR5 

 

Again, the predictions for the age estimates of the metamorphs did not hold. The results 

show that nine samples revealed the expected 0 LAGs, three had 1 LAG, and the last 

captured metamorph displayed 5 LAGs! The one metamorph sample that Matson’s lab 

examined, not included in the above table, was estimated to be 0. 

 



To reiterate the conclusion, for the Jack Creek Oregon spotted frog population at least, 

the number of LAGs does not appear to be an accurate estimate of frog age.  To 

emphasize the weakness in this technique for this population, frogs have been recaptured 

over the years, and show greater longevity than the LAG estimates display.  We have 

handled 26 frogs that have been an adult for 3 to 7 years. According to Amphibians of the 

Pacific Northwest, edited by Jones, et. al., males of this species are not at breeding age 

until 2 and for females, 3 is the minimum breeding age. Since this population is at a high 

elevation, it may take even longer to mature to breeding status. Therefore it is a 

conservative estimate to say that 26 frogs in Jack Creek have lived longer than 5 or 6 

years and at least 9 or 10 years. 

 

Recommendations/ future considerations 

1) Toe cross-section samples are still on-hand at the Chemult Ranger district and 

could be read by experts in the field of histology. 

2) A sample of slides with sectioned toes could be sent to skeletochronolgy lab for 

another (expert) opinion, especially those where a range of estimates was 

determined, such as 4 to 7 LAGs.  

3) Another toe could be clipped from previously tagged/clipped frogs from this toe 

sample to compare LAGs between known years. For instance, if a frog toe sample 

that was clipped in 2001 showed 2 LAGS, and is recaptured in 2007, a new 2007 

toe sample should show an additional 6 years of growth or a total of 8 LAGs. 

There is a problem with this last scheme however. Jack Creek frog numbers have 

declined dramatically, and there may not be enough samples to accomplish this 

recommendation. 

 

Theory for poor results: 

LAGs (in Jack Creek frogs) may be resorbed later in life, and not accurately display each 

year’s growth.  However, it is unclear why some juveniles and metamorphs displayed 

larger numbers of LAGs. Perhaps young age groups experience spurts of growth that 

resemble the areas between lines of arrested growth, and little absorption. This might 

help explain the discrepancy in age estimates between different sized frogs within groups.  

 



Appendix A: 

 
SKELETOCHRONOLOGY AGE  REPORT   

      

By:  Gary Matson     

Matson's Laboratory, LLC     

Box 308, Milltown  MT  59851    

Phone/Fax (406) 258-6286     

E-mail:  gjmatson@montana.com    

www.matsonslab.com     

      

Prepared for: Jill Oertley  Specimen type:   toe 

 Chemult Ranger Dist.   

 Winema National Forest 
Season of 
collection: 

  Dates given with age 
data 

Process code: w plus     

Filename: SW042806-CDII  Species:   Rana pretiosa 

Date: April 28 2006    

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INFORMATION SPECIFIC TO THIS SAMPLE: 

 

The standardized “birthday” (date of hatching or metamorphosis; see note below) used for skeletochronological aging of this 

sample is:  1 August.  Although the actual metamorphosis date is likely a month later, it is assumed for the purpose of this analysis 

that all the frogs had just reached their annual  birthday and are exactly as old as reported with no weeks or months of additional age 

increment. 

The histological condition of the specimens was excellent.  Differential staining of annual layers is excellent.  Factors that cause 

poor histological condition or poor differential staining include physical abrasion, prolonged exposure to high temperatures (at or 

above boiling), and exposure to chemical agents such as bleach.  The physical condition of the specimens is excellent with no 

histological evidence of damage. 

 

STANDARD INFORMATION, INCLUDED ON ALL AGE REPORTS: 

 

Matson’s Lab recommended method for excising specimens:  Toes for aging amphibians and reptiles should be excised by cutting 

at a point that leaves the most distal 2 phalanges completely intact.  Specimens should include, intact, these 2 bones the 2 associated 

joints.  Other specimens should be removed using the sharpest possible instrument, to prevent crushing of the specimen.  To whatever 

extent it is practicable, identical specimen types should be taken from all individuals to be aged.  For histological purposes, the digit to 

be used for aging reptiles and amphibians should be the largest one judged to be safely excised without permanently affecting the 

animal. 

 

Matson’s uses standardized models for determining age by skeletochronology.  A “birthday”, date of hatching or metamorphosis, 

is used as judged to be appropriate for the study and/or species.  Biologists need to establish a standardized “birthday” for the species 

being studied and maintain accurate records of the date of specimen excision so age data from different collections will be compatible. 



 

Appendix B: 

 

Date Serial 
Specimen 

ID 
Slide Section 

Estimated 
age (yr) 

Likely age range / 
Notes 

8/15 1 1165 1 3 0  

8/15 2 1166 1 2 0  

8/1 3 857 2 1 1  

8/28 4 1198 2 1 1  

8/13 5 894 1 1 2  

7/29 6 1027 1 2 0  

 



 

 

 
Description of toe histology 

The series of sections for each toe begins on one side of the phalanx midpoint, continues through the midpoint, and 

ends on the other side of the midpoint.  The midpoint is the oldest part of the bone, where all LAG occur.  On either 

side of the midpoint, toe sections have less bone and more cartilage.  Cartilage is the tissue from which bone is 

formed, and is present at the youngest part of the phalanx. 

 

The first sections taken in the series usually pass through cartilage, at the youngest part of the phalanx (right side of 

the above photo).  As the section series continues, the midpoint is reached with bone at the periphery and cellular 

structures at the center.  This is the oldest point of the bone, and is where the maximum LAG count will be obtained.  

The LAG count used for aging is not an “average” but is taken at the point where the bone is oldest and all the LAG 

are present. 

Colors seen in the sections are not of significance for interpretation.  Green, red, and black dyes are specimen 

markers, applied by Matson’s and occur at the periphery of the specimens.  Other colors reflect histochemical 

properties that are not of interpretive significance. 

The likely reason for difficulty in age analysis of these sections is the young age of the frogs.  As a guideline, it would 

be helpful to find sections from much older frogs and study the pattern in which zones and LAG occur. 

1165 and 1166 (age 0 years).  Animals had not yet lived through their first winter.  There are no LAG.  The first zone 

is relatively thick.  This series shows clearly a progression beginning with the youngest part of the phalanx, reaching 

the oldest point that is recorded above (“Slide” “Section”). 

857.  There is an identifiable resorption zone, with the single LAG located just distal to it. 

1198.  Same description as for 857. 

894.  There are 2 LAG. 

1027.  No LAG. 



 

Appendix C: 

 

Age Analysis Photo Reference 
4/28/06 by Gary Matson for Jill Oertley, Chemult Ranger District, PO Box 150, Chemult  OR  97731 

Filename this reference:  PW042806-CDII 

Examples of Oregon Spotted Frog (Rana pretiosa) toe histological sections that were problematic during 

age analysis.  All photographs 400X; sections stained with hematoxylin.  Dates of excision late July, 

August. 

Variation in toe histology used for skeletochronology is present among species and among different 

populations of the same species.  To evaluate accuracy, it is important to conduct known age or known 

interval collections of toe specimens and become familiar with the histological characteristics for each 

population. 

Matson’s slide preparations for skeletochronology consist of a series of sections at intervals through the 

toe bone.  The series is necessary because it is otherwise impossible to precisely locate the bone 

midpoint in a specimen being prepared for histological sectioning.  A series will normally include 

cartilage at the youngest part of the bone, which will be absent from the oldest part of the bone, the 

midpoint.  During age analysis, the LAG count is done at the midpoint where the greatest number occur.



 

 
No. 1165.  Cartilage, with its distinctive ovoid cells, at the youngest part of the bone. 

 

No. 1165.  Next interval.  Older cartilage, lacking cell nuclei. 

 

No. 1165.  Oldest part of bone at phalanx midpoint.  Cartilage absent; bone present; LAG absent. 



 

 

No. 1166.  Oldest part of bone at phalanx midpoint.  LAG absent. 

 

No. 857.  The bone is fractured, perhaps occurring during excision.  A single LAG is present. 

 

No. 1198.  Bone is produced in two directions:  Inwardly, filling the medullary cavity, as 

endosteal bone and outwardly, increasing the bone diameter, as periosteal bone.  Some bone is 

resorbed (dissolved away) at the border between these two types of bone.  The resorption zone 

has a characteristically irregular and amorphous appearance.  In older frogs, the first 1 or 2 zones 



 

may be resorbed.  Detecting the number of resorbed zones is problematic, so 

skeletochronological ages for older frogs are estimated minimum ages. 

 

No. 894.  Two LAG present. 

 

No. 1027.  Young frog, not having lived through its first winter of life.  Bone shaft is thin; LAG 

are absent. 

 

 


