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A Protocol for Aging Anurans Using
Skeletochronology

By Brome McCreary, Christopher A. Pearl, and Michael J. Adams

Abstract

Age distribution information can be an important part of understanding the biology of
any population. Age estimates collected from the annual growth rings found in tooth and bone
cross sections, often referred to as Lines of Arrested Growth (LAGs), have been used in the
study of various animals. In this manual, we describe in detail all necessary steps required to
obtain estimates of age from anuran bone cross sections via skeletochronol ogical assessment.
We include comprehensive descriptions of how to fix and decalcify toe specimens (phalanges),
process a phalange prior to embedding, embed the phalange in paraffin, section the phalange
using a microtome, stain and mount the cross sections of the phalange and read the LAGs to
obtain age estimates.

Introduction

Determining the age distribution of a population of amphibians can be a valuable aspect
of any research on that population. Although the most accurate method of determining agein an
amphibian would be to track a marked individual through birth, growth and death, that israrely
the most practical and cost effective approach. That method also has little value when dealing
with speciesthat are difficult to recapture or historically preserved specimens, such asthose in
museum collections.

Skeletochronology is awidely used method of obtaining age estimates for some animals
from the annual growth rings found in bones (appendix 1). A similar technique is the standard
tool used to determine age in mammals through studying the rings in teeth cementum (Matson,
1981; Matson and others, 1993).

For amphibians in temperate climates, each year of growth during the warm season, and
the subsequent slowing of growth during the cooler season, creates a repeated pattern in their
bone. The lines created by a slowing of growth in the cool season (hibernation), commonly
called Lines of Arrested Growth (LAGS), can be counted much like the growth rings in many
trees. Because this growth pattern predominately corresponds to an annual cycle of increased and
decreased activity, the LAG count can be taken as an estimation of age for that individual
(Gibbons and McCarthy, 1983; Morrison and others, 2004).

It is now accepted that the middle portion of phalangeal bones can produce some of the
best sections for age estimations (Gibbons and McCarthy, 1983; Rozenblut and Ogielska, 2005).
This approach makes it possible for researchers to obtain information on age without sacrificing
the animalsin the study.

In this manual we attempt to describe in detail the steps required to produce transverse
sections of anuran phalanges for estimating age through skeletochronology. This was written



initially as amanual for our laboratory at the Forest and Rangeland Ecosystem Science Center.
Because there is some variation and flexibility in the procedures described herein (appendix 1),
we hope that this document can serve as a protocol for those interested in using
skeletochronology for aging anurans as well as a starting point for those who want to develop
their own protocol to fit their individual needs and equipment.

We have included alist of the materials used for the procedures described in this manual
(appendix 2) aswell as arecommended changing schedule for some of the solutions (appendix
3). Thismanual assumes that anyone undertaking this type of work has sufficient knowledge in
basic |aboratory procedures and safety.

Fixation and Decalcification

1. Label acassette (fig. 1), consisting of one foundation with alid clipped to it, with an
alcohol-proof pen or pencil and compl ete the Sample Datasheet (appendix 4). The label
should be written on the slanted part of the foundation opposite the hinge.

Figure 1. Foundation, lid, envelope, and labeled cassette containing envelope (from left to right,
top to bottom).

2. Remove the toe from the container it was collected in. Check to verify that the toe was cut
at or near the middle of the third toe bone, or phalange (fig. 2). Thefirst phalange is the one
with the claw and cannot be used for aging (Castanet and Smirina, 1990; Smirina, 1994).
The second phalange is the best for aging analysis. Ideally the toe should be one of the
outer toes from either front foot. Fore-foot phalanges are preferred because resorption
(internal bone loss negatively affecting growth lines) may be less common in them
(Hemelaar, 1985).
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Figure 2. Typical anuran fore-foot skeleton, phalange and cross sections with key features
labeled.

3.

4.

Place the clipped toe in a paper envelope made from a permanent end-paper (fig. 3). Fold
up the envelope and place it inside the cassette, snapping the lid shut securely.

Place the loaded (with atoe) cassette in the fixing jar with 95 percent ethanol and seal. Fix
for 24 hrs minimum. Multiple cassettes can be placed in asingle fixing jar.

In the lab, remove a cassette from the fixing jar, carefully remove the toe from the paper
envelope, and place the toe in a Petri dish. It might help to stick the toe to a small piece of
double sided tape in the Petri dish to keep it secure (G. Matson, Matson’s Laboratory, LLC,
written. commun.). Under magnification (a stereoscope or dissecting scope works well),
carefully separate the second phalange (counting from the tip of the toe) from any other
phalanges. With one hand, use a pair of forcepsto firmly grasp the second phalange; with
the other hand use a scalpel to precisely cut right at the joints between the second phalange
and thefirst and third phalanges. Removing the skin from the bone usually is not necessary
as the shape of the bone and where each epiphysis (end of the phalange) meet should be
readily discernable. To avoid losing the second phalange, it isimportant to maintain afirm
hold on the second phalange during any trimming because sometimes trimmed-off pieces
can be propelled out of the dish.




Figure 3. Toe placed in paper envelope.

6. Once trimmed, carefully measure the length of the second phalange to the nearest 0.25 mm
using an optical micrometer in the stereoscope (Russell and others, 1996). Enter this value
on the proper column on the Sectioning Datasheet (appendix 5). Be as accurate as possible
when measuring phalanges. The second phalange has to be less than or equal to about 4.5
mm to fit vertically in the mold. If the second phalange is greater than 4.5 mm, a
foundation with a small section of grid cut out of its center, creating a hole, will be needed

(fig. 4).

Figure 4. Foundation with a small section of grid removed.



7.

8.
0.

Place the phalange back in its paper envelope (or make anew oneif the original envelope
was damaged) and refold it. Put the envelope back in its respective cassette and return the
cassette to the fixing jar. If a separate vial or envelope was used to collect the toe, place any
trimmed-off sections of the toe back in thisvial for possible future use.

Repest steps 4-6 with all fixed toes.

Remove |oaded cassettes from the fixing jar and place them in jar of decalcifying solution
for 8 hrs.

10. Move cassettes from decal cification solution to a beaker and rinse thoroughly in de-ionized

water (DI-H,0). The cassette can be placed in alarge beaker in the sink and water can be
left running slowly into the beaker, spilling out the top, overnight.

11. Return the cassettes to the 95 percent ethanol fixing jar until you are ready to process

(dehydrate and clear) either in-house or by contracting out. A detailed example of the steps
involved in contracting out the processing of phalanges can be found in appendix 6.

Processing

1

2.

Remove the cassettes from the fixing jar and place them sequentialy in the following
solutions to dehydrate:

95% ethanol 1hr
100% ethanol 3+ hrs (or overnight)

Remove cassettes from 100 percent ethanol solution and place them sequentially in the
following solutions to clear:

Xylene substitute lhr
Xylene substitute (fresh batch) lhr

While phalanges are being cleared, preparations should be made for the infiltration process
(soaking the toe bone in liquid paraffin) so that once clearing has been completed, the toes can
go straight into paraffin immersion.

1

Place embedding paraffin in the wax dispenser (if not already full) and melt to liquid at 56—
58°C. Be very careful to not overheat the paraffin. It may take several hoursto aday to
completely melt the paraffin, so it isimportant to allow for thistime, prior to dispensing
and using any paraffin, to assure a homogeneous solution.

Pre-warm the oven, to 56-58°C.

Label two clean oven-proof dishes or bowls“1” and “2” and place them in the oven to pre-
warm them; these will be the infiltrating dishes (Gabe, 1976). The bowls or dishes used for
infiltration should be of sufficient size to ensure that all the cassettes that are placed in
them will be completely covered by molten paraffin.

Fill both infiltrating dishes with molten paraffin and return them to the oven. If the dishes
already have paraffin in them, place them in the oven and allow the paraffin to liquefy.

Once cassettes have completed the clearing step and both infiltrating dishes have reached
the appropriate temperature, remove the cassettes from the second clearing jar with a pair
of forceps and immerse the cassettes in the paraffin in Infiltrating Dish 1. Let them sit for 2
hrs uncovered in the oven (if avacuum oven isavailable, let it sit in that oven).



6. Transfer the cassettesto Infiltrating Dish 2, and let them sit uncovered on the oven for 2 hrs
or overnight, if necessary.

While the phalanges are compl eting the last round of infiltration, make preparations for
embedding the phal anges.

Embedding

1. Check thelevel of paraffinin the paraffin dispenser and fill it if needed.
2. Turn on the hot plate on the paraffin dispenser and allow it to warm up.

3. Turn on the forceps-warmer and place several pairs of forceps and probes, cleaned of wax,
in the warmer (fig. 5). Use only warmed tools when working in the paraffin to decrease
paraffin build-up.

Figure 5. Forceps-warmer (made from block of aluminum) with holes for forceps and probes
placed on hot plate. The alcohol thermometer visible vertically in rear helps monitor temperature
of tools.

4. Carefully clean as many molds as will be needed (plus afew extras) with 95 percent
ethanol and clean paper towels. Place several cleaned molds on the hot plate to pre-warm
them (fig. 6).

It often helpsto put some kind of barrier cream or lotion on your hands prior to working with the
paraffin. This can help get the wax off of your hands later and keep your skin from drying and
cracking.

Once several molds have dried, and the phalanges have completed their second infiltration step,
embedding can begin.



1

Remove a cassette from Infiltrating Dish 2 with apair of warmed forceps. Open and
separate the two halves of the cassette (fig. 1), removing the paper envelope containing the
phalange. Dispose of the cassette lid (the unlabeled part). Place the labeled part of the
cassette (the foundation) on the hot plate.

Figure 6. Molds pre-warming on hot plate.

2.

3.

4.

Open the envelope (it may be easier to tear it in half; just do not lose the bone). Remove the
phalange and place it in the foundation on the hot plate. Dispose of the paper envelope.

In awarmed mold, add a very small amount of paraffin to just cover the bottom of the
mold, leaving the mold on the hot plate. This should be about 1 millimeter of paraffin.

With a pair of warmed curved forceps, grasp the phalange. The forceps should grip the
phalange perpendicular to the linear axis of the bone, near the end (fig. 7). Be very careful
at this step. Grip the bone too hard and it can shoot off of the forceps and be lost; grip the
bone too lightly and it could be dropped. Once you have a firm grasp on the phalange,
move the mold off of the hot plate and onto a cool surface such as the bench-top. Quickly
and carefully place one end of the phalange down in the paraffin in the mold and hold it
there. The bone should be oriented vertically with one end pointing toward the ceiling. The
paraffin should start to solidify from the bottom (nearest the cold surface) upwards. It
should look like it is starting to whiten. When the phalange appears to be held in place by
the hardening wax, but long before the wax completely hardens, carefully remove the
forceps and set them back in the warmer. The forceps should detach from the phalange and
not stick to it. Use a probe to further orient the bone, if necessary, being very careful to not
let the paraffin completely harden.

Promptly (before the paraffin in the mold completely solidifies) place the foundation on top
of the mold, oriented so the label isright-side up. Add liquid paraffin to the mold until it is
full and paraffin hasfilled part of the foundation. It is very important that the paraffin in the
bottom of the mold (holding the toe) is still semi-liquid when the rest of the paraffinis
added. If the small amount of paraffin in the bottom of the mold is allowed to harden, a
potential fracture zone could be formed, which could break and shear off later when
performing sectioning.



Figure 7. Phalange gripped in curved forceps.

6. Allow the paraffin to solidify completely (at least 30-60 minutes at room temperature).

7. Carefully remove the mold from the wax block. The edge of adull knife can come in handy
to pry them apart. If the mold and the block do not separate, the paraffin has not set yet. Let
them cool longer and try again. If the mold still will not come off, try chilling it in the
refrigerator for 30 minutes or more.

8. If the mold pulls off part of the wax block, or if the block fracturesin any way, the
phalange should be re-embedded.

9. Once ablock has been separated from its mold, check the label on the paraffin block to
ensureit isstill clear, placeit in aclean plastic bag, and store it in the refrigerator at
approximately 4°C. A block can be stored this way indefinitely. Multiple blocks can be
stored in asingle bag.

Manually embedding necessitates some rapid but smoothly performed actions and may require a
little trial and error to perfect.



Facing and Sectioning

NOTE: This section iswritten based on the use of a Leica RM2235 manual rotary microtome. Some details of
procedure may vary from one machine to another. Consult the user manual that came with the microtome for
specific details of operation.

Preparations

1. Remove acold plate or tray from the freezer and place it near the microtome. Alternately, a
cold tray can be constructed from the bottom of a Styrofoam shipping container and a glass
baking dish (fig. 8). The Styrofoam base can be filled with crushed ice or are-usableice
pack from the freezer and the glass dished is then placed on top.

Figure 8. Cold tray constructed from a Styrofoam shipping container and a glass baking dish.

2. Wet the glass dish with asmall amount of a1 percent concentration of glycerol and DI-H,0
from a spray bottle.

3. Remove the paraffin blocks from the refrigerator and place them wax-face down on the
cold tray (fig. 9).

4. Clean the water bath’s glass dish with 95 percent ethanal.

5. Fill the water bath’s dish to 80 percent of its height with DI-H,O and warm the water to 39
—40°C or 5-10 degrees below melting point of the paraffin being used.

6. If necessary, clean therails of the microtome and all contact areas of wax buildup. Check
the chuck and make sureit is also clean. Set and lock the universal cassette clamp in the
uppermost position.

7. Set the knife angle to approximately 2.5 degrees. Check that the chuck, knife holder, and
base are tight and solid.



Figure 9. Paraffin blocks cooling in the cold tray, prior to facing or sectioning.
8. Select awax block from the cold tray and mount it in the universal cassette clamp. If
necessary, complete any adjustments of the clamp by using the various setscrews on the
object head (refer to user’s manual that came with the microtome) so that orientation with

respect to the blade is correct. Clamp blocks so their longest axisis horizontal and so that
the label is on the right side when facing the machine (fig. 10).

Figure 10. Paraffin-block clamped in microtome chuck.

9. Check to make sure the block is clamped solidly in the chuck before proceeding.

10



10.

11.
12.

Mount and fasten a blade (used but sharp is sufficient for thisinitial step) in the knife
holder for trimming the block. Make sure the blade is seated properly in the holder, and is
parallel to the upper edge of the pressure plate. If not, remove the blade and check for
foreign objectsin the blade channel.

Tighten the blade holding clamp.

Rotate the red knife guard handle upwards to cover the blade.

Facing

A wDN PR

10.

11.

12.

13.
14.
15.

Release the brake lever for the hand wheel on the microtome.
Set the section thickness to 20 um with the adjusting knob.
Release the lock on the hand whedl.

Rotate the hand wheel until the block is centered vertically in front of the blade. Check the
space between the face of the block and the knife.

Adjust the knife holder base by loosening it and dliding it in or out (if necessary) on the
rails until the blade is close to, but not touching, the face of the block.

While looking down from above directly over the block, rotate the course driving wheel to
advance the block even closer to the blade, if necessary.

Rotate the red knife guard down into its resting position.
Turn the hand wheel until the blade just starts to cut into the block.

If the blade is not cutting the block, the block can be advanced more quickly by pressing all
the way down on the trimming lever (to the 30 micron detent) while rotating the hand
wheel, releasing the lever just when the blade begins to cut into the block.

Slowly continue cutting the block to check if the wax block is positioned correctly. If the
knife cutsfairly evenly, continue cutting. If not, make the necessary fine adjustments.

Slowly face the block until you just reach the beginning end of the phalange’ s epiphysis
and stop. The end of the bone will often not be right at the edge of the wax, but it al'so can
be difficult to know exactly when it has been reached. The block may have to be trimmed a
little, removed from the chuck (after locking the hand wheel and covering the blade), and
examined under the stereoscope or dissecting scope to make sure the end of the bone has
been reached. Alternatively, sections that have been cut can be examined under the
compound microscope to see if the bone has been reached. Cut slowly, asit isimportant
not to cut very far into the epiphysis before starting to count the number of sections being
cut or any cal culations concerning where to cut on the phalange will be inaccurate.

Once the epiphysis of the phalange has been reached, rotate the hand wheel until the block
isat its uppermost position and engage the lock on the whesl.

Rotate the red knife guard up until it covers the blade.
Remove the block and return it to the cold tray.

Once the block has cooled for afew minutes, use a sharp single-edged razor-blade to
carefully trim off the four sides of the block of wax to decrease the amount of wax around
the phalange. Be careful not to cut off too much each time or the wax can crack. It isbest to
just shave off small curls of wax, as opposed to cutting off large chunks. Trim the block
evenly around the embedded phalange and make every attempt to keep opposite sides of
the block parallel to each other. Once trimmed, the block should have a smaller face

11



measuring about 5-8 mm square (fig. 11) that tapers back toward the plastic foundation.
From the side, the block will look like aflat-topped pyramid with the phalange positioned
in the center of the top of the pyramid (fig. 12).

16. Return the block to the cold tray.

Figure 11. Paraffin blocks. Block on the left is untrimmed as it comes out of the mold; block on the
right has been trimmed. Dark object in center of block is the end of the phalange.

Sectioning

Throughout the sectioning processiit is very important to keep track of the number and thickness
of all sections cut. Thisisthe only way to know where sections are being cut from on the length
of the bone. It is best to use a counter to tabulate cuts. If the thickness of the cut sections changes
at any point during sectioning, start a new tally for the new thickness.

1. Complete the necessary calculations on the Sectioning Datasheet (Appendix 5) to
determine the proper location on the phalange from which to save sections for aging. The
datasheet is currently set up on the assumption that sections will be saved from the middle
of the diaphysis (mid-section of phalange, fig. 2), which is considered to yield the best
sections for accurate aging (Gibbons and McCarthy, 1983; Rozenblut and Ogeilska, 2005).
However, it is not difficult to locate other regions of the phalange to sample from using the
same cal culation method.

12



Figure 12. Close-up side view of the trimmed paraffin block.

o

10.
11.
12.

Remove the used blade from the knife holder and install a new or sharpened one.

Make sure the blade is seated correctly, and is parallel to the upper edge of the pressure
plate. If not, remove the blade and check for foreign objects in the blade channel. If
sectioning is begun by using one end of the blade, the life of the blade edge can be
maximized.

Tighten the blade holding clamp.
Rotate the red knife guard handle upwards to cover the blade.

After the embedded phalange has been kept cool for about 10 minutes, placeit in the
microtome chuck.

If thisisthe same block that was just faced, almost no adjustments should be necessary.
Cutting sections can proceed.

If several blocks have been faced, it may be necessary to repeat steps 5 and 6 detailed in the
section on “Facing” (above) to bring the block closer to the blade.

If aregion from which sections to be saved for aging has been reached, set the section
thickness to 10 pm with the adjusting knob. If additional trimming is still needed to reach
the desired region of the phalange, the thickness can be set to 20 um to speed things up.

Rotate the red knife guard down into its resting position.
Release the lock on the hand wheel.

Rotate the hand wheel to cut a continuous wax ribbon of sections. Make sureto use a
counter to keep track of how many sections are being cut, and write that number down,
along with the section thickness, on the datasheet when sectioning stops or pauses. It is
very important to not lose track of thisinformation.

13



13. Although it may not always be necessary, sectioning can be greatly enhanced by wetting
the surface of the wax with the 1 percent concentration glycerol solution either with the
spray bottle or a soaked Kimwipe®.

14. If cutting sections becomes difficult, adjusting cutting speed can help. Return the block to
the cold tray as often as possible during sectioning, as the temperature of the block makes a
big difference in the quality of the sections cut. If streaks begin to appear in sections, the
blade could be dirty and may need cleaning (a cotton swab soaked in xylene (or a
substitute) may be used to gently wipe the front edge of the blade, always upwards, to
remove built-up wax. If you continue to get streaks or splits in sections, the blade needs to
be changed (or moved over to a new, unused area). If a sectioning problem persists, look
for a section on trouble-shooting in the user’s manual that came with the microtome, or
refer to ageneral histology text (Sheehan and Hrapchak, 1973; Gabe, 1976; Presnell and
Schreibman, 1997).

15. When sections ook good and aregion of the bone has been reached from which sections
are to be saved, grasp the leading edge of the ribbon of sections with a pair of clean (non-
warmed) forcepsin the left hand and gently lift up to feed it off of the blade (while
continuing to cut sections). Cut until thereis astrip of 8-10 sections together. Stop cutting.
Gently peel the ribbon off of the blade (a second pair of forceps or a probe often helps) and
move it from the microtome to the water bath. The ribbon of sections should smooth out as
they float on the surface of the warm water.

16. Take acharged slide and copy the label code exactly asit is written from the cassette
foundation to the slide with an a cohol-proof pen or pencil

17. Holding the labeled dslide flat, move it under a quality ribbon of sections floating in the bath
and gently lift up. The ribbon of sections should be positioned parallel to the long axis of
the dide and be covering no more than half of the available space on the dide. In thisway,
at least 16—20 sections can be placed on each dlide, in two rows side-by-side running the
length of the slide (fig. 13). Once the first ribbon of sectionsis on the slide, it can be
difficult to get the second ribbon onto the same slide without the first floating off in the
water. Once the first ribbon has been placed on one half of the dlide, the tip of a probe can
be carefully run down the edge of the wax ribbon on the inside of the strip of sections (the
side that will touch the second ribbon of sections near the middle of the slide). This tends to
help “glue” that edge of the first ribbon of sectionsto the slide. Then when the slideisre-
dipped in the water bath to pick up a second ribbon, the first ribbon will be less likely to
float off. The two ribbons of sections can sometimes be overlapped alittle so that they are
closer to the center-line of the slide. A probe can be used to carefully “cut” off any attached
sections or wax that does not fit on the dlide. Positioning sections on slides can be
challenging and will take practice to perfect.

14



Slide Paraffin Section

N

Probe should be run along this edge of the first ribbon of sections

Figure 13. Ribbons of sections positioned on a slide.

18. Drain off excess water by placing the slide with sections upright against a clean object on a

clean paper towel for aminute or two.

19. Placethe dide in aholder and move it into the oven at 60°C for 1 hr to dry. In the oven,

position the slides so that they are resting on their sides on a paper towel. This can help the
wax melt off the slides and get wicked up by the paper.

20. The next day the slides can be stained.
21. An open Kimwipe® can be used to skim excess wax/sections from the surface of the water

bath.
Finishing

1. When all sectioning has been completed for a block, raise the block to the uppermost
position by rotating the hand wheel.

2. Engage the brake lever and the lock on the hand whes!.

3. Cover the blade edge with the guard.

4. Unclamp the block from the chuck and place it in the cold tray or return it to abag in the
refrigerator.

5. Turn course driving wheel until the chuck isin its farthest rearward position.

6. A new block can now be clamped in the chuck, or the microtome can be cleaned.

7. If al sectioning has been completed for the day, loosen the clamp and remove the blade
from the knife holder and dispose of it or store it for future sharpening.

8. Using a brush and/or rag, brush all loose wax debris from the chuck, knife holder, and base
into the waste tray. It may be necessary to loosen the base and remove it to facilitate
thorough cleaning.

9. Empty the waste tray and cover the machine.

10. If further cleaning is necessary, refer to the proper section in the microtome manual.
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11. Turn off the power to the water bath.
12. Return the cold tray or plate to the freezer.

Staining

1. Inthefume hood, fill al of the slide baths (fig. 14) with the solutions listed below.
2. Place didesto be stained in aslide rack.

3. Toremove the paraffin, dip the rack of slides sequentially into the following baths:

Xylene substitute 10 min

Xylene substitute(fresh batch) 10 min
Agitating the slides a little by dipping them up and down every 3-5 minutes can help
clean them of wax (K. Fischer, Oregon State University Veterinary Diagnostics
Laboratory, oral. commun.). After each wash, check the slides to see how the cleaning is
progressing. Almost all the wax should come off. If wax is still seen on dlides, put them
back in the wash. Depending on how thick the wax is, the slides may need to be washed
in xylene for 30-45 minutes. If thereisasmall lump or two of wax that just won’'t come
off the slide, a cotton swab or paper towel dipped in xylene (or a substitute) can be used
to rub the wax off, but be very careful not to touch any sections.

Figure 14. Slide baths set up for the staining process.

4. Clear the dlides to remove the xylene substitute by dipping the slides sequentialy into the
following baths:

100% ethanol 2min

95% ethanol 2min

70% ethanol 2min
5. Washthedlidesin:

De-ionized water 2min
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6. Stain the sections by placing the dlidesin:

Harris Hematoxylin 8 min
7. Rinse off excess stain by washing the slides in:
De-ionized water 2min

8. Check the quality of the stain by viewing afew of the sections under a microscope.
9. If thestainistoo light, re-stain the sectionsin:

Harris Hematoxylin 8 min

10. Rinse the slides in de-ionized water again.
11. Re-check the quality of the stain under the microscope.
12. When the stain looks good, dehydrate the sections by dipping the slides sequentially in:

70% ethanol 2min
95% ethanol 2min
100% ethanol 2min

13. Clear the sections to remove the alcohol by dipping the slidesiin:

Xylene substitute 3-5min

14. Keep all sections moist with xylene substitute before mounting.

Mounting

1

Remove a dlide from the rack and place it on a clean paper towel in the fume hood. When
mounting cover dlips, aways use a clean paper towel under the slide.

Place a narrow line of mountant adhesive (make sure it is miscible with the xylene or
substitute being used in the staining process) down the middle of the slide, staying 8-10mm
away from the ends of the slide, and add a cover dip (22x50 mm). Too much mountant can
create abig mess, and it is easy to put too much on. Practice.

Use a probe to push any air bubbles toward the edges of and out from under the cover dip.

Once the dlide looks good, it should sit for 3045 minutes before it is viewed. After about
24 hrsthe slide should be thoroughly dry.

Once dry, excess glue can be removed from the slide with arazor blade.
Check the dlide' s label for clarity, and then place it in aslide box for storage.

After closing the mountant bottle, it helps to wipe off any glue that has accumulated around
the tip, especialy if it will not be used for more than several minutes. This glue will harden
if left on the tip and can make future use of the bottle more difficult.

After mounting each slide, clean the cover dlip forceps and the probe of any mountant,
using xylene substitute if necessary.

Reading Sections

Procedure

1
2.

Select a dlide from the storage box.
Write the ID Code of the slide on the Aging Datasheet (appendix 7).
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3. Placethe dide on the stage of the compound microscope.

4. Starting at 10x, adjust the focus and the position of the first section until the specimen is
clearly visible.

5. Switch to the 20x or 40x ocular and count the Lines of Arrested Growth (LAG) in the
section.

6. View al sections and compare counts to cometo afinal count for the specimen.

7. Enter thefinal count into the No. LAGsfield for the specimen on the datasheet, as well as
the high and low estimates.

8. Inthe Notesfield, make any notes about evidence of partial or reabsorbed, indistinct,
double or confusing LAGs. Note the quality of the sections and any other information that
could be relevant to the accuracy of the LAG count.

9. If necessary, measure the diameter of the LAGs (see section on “Decreasing Error dueto
Resorption” below).

10. Replace the slide in the storage box and select the next dlide.

General Section Viewing

If aparticular section is difficult to read, do not hesitate to move on to another one on the
dlide. Not all sections will be easy to read; that is why more than one section should be saved.
Think of the sections as rough copies of the same thing and understand that some will be better
(easier to read) than others. When a dlideisfirst put under the microscope, give al the sections a
cursory look to identify which ones might be better and then start with those, working from the
good sections down to those that do not appear to be as good quality.

Make sure to review all sectionsfor an individual (given ID Code) before settling on a
count of LAGs. All sections may be on one slide, or spread over two or more slides. Check the
storage box for all slides from a particular phalange. Even bad sections can yield good
information.

In addition to recording the best estimate of the total number of LAGs present, note the
high and low estimated count of LAGs, if applicable.

The number of LAGsfor each ID Code should be counted independently by two or more
people, or at least twice by the same person but on different occasions (Sagor and others, 1998).
Once completed, the two readers can compare their results. If the readers cannot come to a
consensus about what the final count should be and the counts differ by morethan 1 LAG, a
decision needs to be made whether or not to throw out those estimates (Castanet and others,
1996). It should be noted that as much as 26 percent of a sample has been off by +1 yr or greater
between readersin past studies (Marnell, 1997; Sagor and others, 1998; Miaud and others, 1999).

Here are afew tricks that might help when interpreting sections on slides.

» Try adjusting the focus on each section, as L AGs can sometimes actually be clearer when the
section is viewed just slightly out of focus.

* Adjusting the light level and contrast while viewing a section can also help with reading.
* Flipping the slide over and viewing the section from the other side may also help.

» Switching back and forth between magnifications can also help with interpreting sections,
especially those with many LAGs.

18



» Occasionally, all the sections from an individual will simply not be interpretable. This may
be due one or more variables. In those cases, not much can be done to get counts for the
sections from that individual, and that individual must be rejected from the study. It is not
unusual to have to reject 9-15 of theindividualsin asample (Marnell, 1997; Marnell, 1998;
Miaud and others, 1999; Olgun and others, 2001; Cvetkovic and others, 2005).

* Make sureto take regular breaksto rest and stretch every few hours at least.

LAG Spacing

It isimportant to guard against undercounting LAGs. A LAG may be indistinct or
incomplete, especially near the endosteal bone in specimens 3—4 yrs-old or older. Most periosteal
bone devel opment (bone growth) occurs during the second growing season. During the third and
forth years, around the point of sexual maturation, growth slows down, causing the LAGs for
those years to be closer together at the outer edge of the bone (Gibbons and McCarthy, 1983;
Leclair and Castanet, 1987; Miaud and others, 1999; Rozenblut and Ogielska, 2005). In older
specimens, later LAGs may be very thin and compressed into the edge of the periosteal bone
(Leclair and Castanet, 1987; Castanet and Smirina, 1990; Sagor and others, 1998; Miaud and
others, 1999). Accuracy of aging decreases when many indistinct LAGs occur on the edge of the
bone, so it isimportant to pay close attention in these situations.

Watch for inconsistent changes in the growth pattern or spacing between LAGsin agiven
section. The spacing between LAGs should decrease at a steady rate as you go from the center of
the cross section toward the edge, reflecting the slowing of bone growth as the animal ages
(Castanet and Smirina, 1990). If you notice what appears to be unusual spacing between two or
three LA Gs that seems inconsistent with the prevailing spacing on that section (either too wide
or too narrow), this could indicate afalse or double LAG (close spacing) or amissing LAG
(wide spacing) (Castanet and Smirina, 1990; Sagor and others, 1998). Make sure to note any
evidence of these unusual spacing changes in the Notes section of the datasheet.

Metamorphosis Line

Be aware that if the individual the phalange was collected from was a young-of-the-year
(YOY;; individua that transformed in the year the bone was collected) it will not have any LAGs
yet since it has not experienced hibernation. However the phalange possibly will show afaint
line from the slowing of bone growth caused by metamorphic climax. Often called a
metamorphosis line, thisline can look like aLAG and forms within the one-year growth bone
(Hemelaar, 1985; Castanet and Smirina, 1990; Rozenblut and Ogielska, 2005).

A metamorphosis line will most likely be absent in phalanges from individualsin their
second year (one hibernation) due to resorption of that inner periosteal bone by endosteal bone
growth (see below).

Counting the Edge

It isimportant to decide whether the very outermost edge of the periosteal bone will be
counted as a LAG or not. Knowing the date when the phalange was collected (removed from the
amphibian) can be helpful in making this decision. If the phalange was collected in spring, the
last LAG (from the previous winter’s hibernation period) will be very close to the edge of the
bone, compared to a phalange collected later in the year or in autumn. Because the amphibian
probably just came out of hibernation, very little if any new periosteal bone has had a chance to
grow between the last LAG and the edge of the bone (Kusano and others, 1995; Sagor and
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others, 1998; Khonsue and others, 2002). Thislast LAG’ s proximity to the edge of the bone can
make it difficult to discern, so it may be necessary to count the edge of theboneasaLAG in
those individuals collected soon after hibernation (Redmer, 1994; Khonsue and others, 2002;
Eaton and others, 2005).

Endosteal Bone and Resorption

If endosteal bone is present in the cross section, it is important to identify its presence and
prevalence. The hematoxylinophilic zone between the endosteal and periosteal bone should not
be accidentally included in any LAG counts. LAGs may occasionally be visible in the endosteal
bone and should not be confused with those in the periosteal bone (Smirina, 1994; Rozenblut and
Ogielska, 2005). Endosteal bone usually will be visible in phalanges older than 2 yrs and will
appear as alighter area of bone between the marrow cavity and the periosteal bone, separated
from the periosteal bone by aline of resorption often with visible gaps (Rozenblut and Ogielska,
2005). Periosteal bone will stain darker and the periosteal L AGs should be much darker than
those in the endosteal. There may be as many LAGs in the endosteal bone asin the periostea
bone, but generally they will be fewer and less distinct (Redmer, 1994).

The growth of endosteal bone replaces the inner edge of the perostoeal bone and
therefore can eliminate all or, more often, part of inner (older) LAGs (Hemelaar, 1985; Castanet
and Smirina, 1990; Morrison and others, 2004). Although its function is not well understood, this
process, often called remodeling or resorption, may serve to lighten the skeleton and thusaid in
amphibian buoyancy (Leclair, 1990).

In the northern leopard frog, endosteal bone growth has been determined to be slight or
nonexistent in 1yr-old frogs (Leclair and Castanet, 1987). Partial resorption by endosteal bone of
the first LAG was detected in afew 2-yr-old frogs and was more developed in 4 yr-old frogs.
The first LAG was completely removed in 17 percent of those frogs sampled older than 1 year of
age.

After first hibernating, part of the first LAG may be resorbed, but usually it will be
untouched, (Rozenblut and Ogielska, 2005). After second hibernation, part of the first LAG can
be missing due to resorption, whereas after third or fourth hibernation (*3” or “4” year-old
frogs), al of the first LAG may be missing. The second LAG is usually not resorbed completely
(only 0.1 percent of sample in Rozenblut and Ogielska, 2005).

If present, resorption appears to occur mostly prior to reaching sexual maturity (2—4yr-
old) and decreases after that age (Hemelaar, 1985; Cvetkovic and others, 2005). Resorption is
rare or nonexistent in some populations (Morrison and others, 2004; Eaton and others, 2005;
Meddeb and others, 2007).

In the common toad, the rate of resorption has been determined to be higher in phalanges
from females (Hemelaar, 1985; Cvetkovic and others, 2005) and in the rear phalanges of males
(Hemelaar, 1985)

Decreasing Error Caused by Resorption

Two basic methods can be used to decrease the error in LAG counts due to the effect of
periosteal bone resorption by endosteal bone growth.

The most precise method is to use known aged animals within each population/sample to
determine the rate of resorption (Smirina, 1994; Tejedo and others, 1997; Sagor and others,
1998; Eden and others, 2007). By comparing the number and completeness of LA Gs between
individuals of known but different age, one can generally confidently determine the rate and
severity of any resorption.
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When individuals of known age are not available, comparisons of bone size can be made
between individuals of different age (Hemelaar, 1985; Smirina, 1994). By measuring the size of
the marrow cavity and outer edge of a bone collected from a young-of-the-year individual just
prior to or just after itsfirst hibernation, and comparing that value to the size of the marrow
cavity and suspected first LAG of an older individual, one can deduce if LAGS may be missing
due to resorption. Ideally comparisons should only be made between the same phalange bone
from each of the individuals being examined (Sagor and others, 1998; Sinsch and others, 2001).

Because phalange cross sections are typically roughly oval, calculations to obtain a mean
diameter must be made by taking the square root of the product of the maximum diameter and
the diameter taken at a measurement perpendicular to the maximum (Hemelaar, 1985; Sagor and
others, 1998). A more detailed description of thistechniqueis available in Hemelaar, 1985.
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Appendix 1.

Selected Literature Review of Key Steps in Skeletochronology Procedure

Source' Fixative Decalcifier (type/duration) Section’ Stain (type’/duration)
Acker and others, 1986(a) 1-2% trypsin RDO/2 h 15 pm/r Delafield;s hema./30-35 m
Ash and others, 2003(u) 70% ethanol 3% nitric acid/6-8 h 15 pm/f Ehrlich’'shema/7 m
Bastien and Leclair, 1992(a) ns' 3%nitric acid/6 h 16 pm/f Ehrlich’shema./ ns
Bruce and others, 2002(u) (see Castanet and others, 1996)
Castanet and others, 1996(u) 10%formalin/70% ethanol 3% nitricacid/1-2 h 15 & 20 pm/f Ehrlich’'shema./15& 20 m
Driscoll, 1999(a) Bouins Fluid Bouins Fluid/overnight 7 pm/r Ehrlich’shema/15 m
Eaton and others, 2005(a) 70% ethanol RDO Rapid Decal/3 h 8 um/r Harris hema/3-10 m
Eden and others, 2007(u) 70% ethanol 3% nitric acid/ns 20 pm/f Harris hema./ ns
Erismis and others, 2002 70% al cohol 5% nitric acid/4 h 10-12 pym/ns ns/ns
Gibbons and McCarthy, 1983(a) | 10% formol Dilute formol-nitric acid/1-2d | 10-15 pm/ ns Ehrlich’shema./ ns
Hasumi and Watanabe, 2007 10% formalin 5% formic or nitric acid/24 h+ 8-16 pm/r Carazzi’ s hema. or Jordet Dip-Quick/ns
Hemelaar, 1985(a) (see Hemelaar and van Gelder, 1980)
[';ég?a";‘ar and van Gelder, 70% ethanol 5% formic acid/ =1 h 20 pmi Delafield's hema/30 m
Khonsue and others, 2002(a) 10% formalin 5% nitric acid/60-90 m 20-22 pm/f Hayer’'s acid hemalum hema./30 m
;&T?:)r and Pancharatna, 10% formalin 5% nitric acid/ns 8 um/r Harris hema./ns
Kusano and others, 1995(a) 10% formalin 5% nitric acid/2-3 h 20 pmv/f Delafield;s hema./30 m
Kusrini and Alford, 2006(a) 4% formalin 10% formic acid/~24 h 10 pm/r Mayer;s hema./ ns
Leclair, 1990(a) (see Leclair and Castanet, 1987)
Leclair and Castanet, 1987(a) 70% a cohol 3% Nitric acid/9 h 20 pm/f Ehrlich’s hema./25 m
Leskovar and others, 2006(a) ns ns 10-12 pm/r Cresylviolet/ 5-10 m
Lu and others, 2006(a) ns ns ns'r Ehrlich’shema./ ns
Marnell, 1997(u) 70% alcohol Rapid Decal/1 h 10-12 pmir Harris hema./5 m
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Marnell, 1998(u)

(see Marnell, 1997)

Matson’s Lab Manual

10% formalin

Hydrochloric acid/48 h

14 pym/r

Harris hema/10 m

unpub
(MeZSej 2001(a) 10% formalin 2.5% nitric acid/10 h 15 ym/r Harris' hema/ ns
Meddeb and others, 2007(a) 20% formalin 5% nitric acid/48 h 20 pnmvf Ehrlich’'shema./1.5 h
Miaud and others, 1999(a) ns ns 15 pm/ ns Ehrlich’s hema./ ns
Morrison and others, 2004(a) | FAACC/70% alcohol 10% nitric acid/24-48 h 10 pm/r Ehrlich’shema./ ns
Olgun and others, 2001(u) ns 3% nitric acid/4 h 14-16 pm/f Ehrlich’shema./ ns
Paton and others, 1991(a) ns 3%nitirc acid/75-90 m 15-25 pm/f Ehrlich’s hema./45-60 m
Piantoni and others, 2006(1) ns 5% nitric acid/5-17 h 13 pum/r Masson'’s Trichromic/ ns
Redmer, 1994(a) 10%formalin/70% ethanol Tgirs]t ensen’sformic acid/e- 10 pm/r Shandon instant regressive hema./ 15m
Rossell and Sheehan, 1998 10% formalin/70% ethanol 35 nitic acid/ns 5 um/ns Mayer’'s hema./15 m or Dip-Quick Stain
58556? {SI ut and Ogielska, 4% formalin/80% ethanol flo%n%g:/; /f20_r4mri]c acid and 4% 12 pmvf 0.05% cresyl violet acetate/1-5 m
Russell and others, 1996(u) 10% formalin 3% nitric acid/5 d 9 um/r Gill’sNo. 2 hema/20 m
Sagor and others, 1998(a) 10% formalin 3% nitric acid/3 h 16-20 pm/f Ehrlich’shema/22 m
Sinsch and others, 2007(a) 70% ethanol ns 10 pm/r 0.05% cresyl violet acetate/1-5 m
Sinsch and others, 2001(a) Bouin's solution 5% formic acid/1 h 10 pm/r 0.05% cresyl violet acetate/1-5 m
Tejedo and others, 1997(a) 70% ethanol 3% nitric acid/5 h 15 pm/f Ehrlich’shema./15 m
Tessa and others, 2007 90% ethanol 5% nitric acid/2 h 12 pmvf Ehrlich’shema./10 m

! a=anuran, u=urodd, |=lacertilia

? f=freeze microtome, r=rotary microtome (paraffin)

° hema.=hematoxylin

“ ns= not specified
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Appendix 2. List of Materials

Collection and Decalcification

1

Sharp clippers

2. Cassettes (for example, Y ellow LabStorge Uni-Capsette™)

© o N U kA~®

Permanent (hair-styling) end-papers (for example, Sally Beauty™ Jumbo End Wraps)
Alcohol-proof pen (for example, Statlab StatMark®) or pencil

Petri dishes

Stereoscope with optical micrometer

Forceps

Scalpel and spare blades

95% ethanol in sealable jar

10. Decalcification solution (for example, Fisher Scientific Cal-Ex® I1) in sealable jar
11. Beaker, 200-400 ml

Processing

1
2.
3.

N o o kA

95% ethanol in sealable jar
100% ethanol in sealable jar

Xylene or a substitute (for example, Thermo Scientific Shandon xylene substitute), two
washes, in sealable jars

Embedding media (for example, Paraplast® Plus), two soaks, in oven proof dishes or jars
Paraffin dispenser with hot plate (for example, Leica EG1120)

Warming oven with precise temperature control

Forceps

Embedding

1

Forceps warmer with thermometer

2. Disposable base molds, 15 mm x 15 mm x 5 mm

© 0O N O k~®

Embedding media

Forceps, curved tip, 2-3 pair
Probes, 2-3 pair

95% ethanol in squirt bottle
Paper towels

Barrier cream

Plastic bags-sealable

27



Facing and Sectioning

Microtome blades

Rotary microtome (for example, Leica RM2235)
Positively-charged slides (for example, Superfrost® plus), white
Forceps, two pair

Probes, two pair

Single edged razor blades

Spray bottle containing 1% concentration of glycerol in di-H20 (diluted Downy® fabric
softener also works)

8. Cold plate or tray (can be made with aglass dish fitted into an ice-filled Styrofoam dish)
9. Water bath with heater (for example, Leica H11215)

10. Counter

11. Medium sized brush

12. Alcohol-proof pen or pencil

13. Slide grippers (for example, Peel-A-Way®)

14. Kimwipes’

No o k~obdPE

Staining and Mounting

1. Fumehood

2. Slide baths and racks

Xylene or a substitute

70% ethanol

95% ethanol

100% ethanol

De-ionized water

Hematoxylin (for example, Harris')
Cover glass, 22 mm x 50 mm

10. Mountant (for example, Shandon Xylene Substitute mountant)
11. Probes

12. Slide storage boxes

© 0o N o Ok ®

Reading Sections

1. Compound microscope (with camera mounted and linked to a monitor, and computer with
image software)

28



Appendix3. Chemical Replacement Schedules

Collection and Decalcification
95% ethanol: Change every ~200 specimens
Decalcification solution: Change every 150 specimens
Processing
(if done in-house)
95% ethanol: Change every ~750 specimens
100% ethanol: Change every ~750 specimens
Xylene (or substitute): Change every ~750 specimens
Paraffin: Change every ~750 specimens
Staining and Mounting
Xylene (or substitute): Change every ~300 slides
Ethanol: Change al ethanol every ~300 slides
Hematoxylin: After ~300 slides, it should be filtered and changed with a mixture of 1:1
used/filtered and new.
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Appendix 4. Definitions for the Sample Datasheet

ID Code: The code for this specimen. Thisis the same code that should be written on the
cassette. There are various ways to build codes. The only real restrictions are that the code
should be unique from all other samples and it must be short enough fit in the label space
provided on the cassette.

Hereis one way to build a unique ID code:

1. First, speciesidentifier

RP=RAPR (Oregon spotted frog)

RL=RALU (Columbia spotted frog)

RS=RACAS (Cascades frog)

RA=RAAU (Red-legged frog)

RT=RACAT (Bullfrog)

BB=BUBO (Western toad)
When necessary, subspecies or regional population distinctions may be denoted by
adding athird letter to the code. Just make sure abbreviations are clearly defined and
used consistently.

2. Second, date
04APRO7
3. Third, within day species number

If five RAAU are caught at the first site of the day, number them 1 through 5. If 7
RACAS are caught later in the day at another site, number them 1 through 7. If an
additional 3 RAAU are caught at that second site, number them 6 through 8.

Examples:
RS13MAY 0712 = The 12th Cascades frog sampled on May 13, 2007
RTO3SEP0606 = The 6th Bullfrog sampled on September 3, 2006
Date Col: The date that the sample was collected.
Location: Location where the sample was collected. Coordinates are best but simple site name,
refuge name, and (or) state can work.
Species: The species code of the frog or toad from which the sample was collected.
Use these codes:
RAPR (Oregon spotted frog)
RALU (Columbia spotted frog)
RACAS (Cascades frog)
RAAU (Red-legged frog)
RACAT (Bullfrog)
BUBO (Western toad)
Remember, additional letters may be added to the code to denote subspecies
distinctions.
Sex: The gender of the frog or toad the specimen was collected from. Please do not guess.
Use these codes:
M =male
F =femae
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U = unknown
Stage: The best assessment of the developmental stage of the frog or toad. Most of the time all
toes will be collected only from adults. However, it may be informative, depending on the
objectives of the study and the population, to collect toes from juvenile or metamorphic
individuals to establish when LAGs first form, resorption rates, etc.

Use these codes:
M = metamorph or afrog or toad that still has indications it metamorphosed
recently, or isin the process.
J=juvenile or young of the year (transformed within the year captured)
A =any individual that looks to have transformed prior to the year in which it was
captured.

SUL: The snout-to-urostyle length, measured in millimeters of the frog or toad. Thisis often
measured with aflexible ruler over the dorsal side of the slightly flattened anuran from the tip of
the snout to the base of the urostyle (long bone of fused vertebrae at the base of vertebral column
ending just above the vent). Alternatively, snout-to-vent length may be recorded. Thereis some
variation in measuring lengths of amphibians. Just make sure that whatever method of
measurement that is chosen is standardized and maintained consistently throughout the study.
Mass: Measure the mass in grams of the frog or toad.
Notes: If known, record which toe was clipped. Also note if toes were counted from the inside
or outside. For example RF4 would be the Right, Front outside (4,) toe, if counting from the
inside out looking down at the frog or toad from above.
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Appendix 5. Definitions for the Sectioning Datasheet

ID Code: Thisisthe code for this specimen. This code should be on the cassette front and match the
ID code on the Collection Datashest.
Second Phalange Length: Using the stereoscope (or dissecting scope) and the ocular micrometer,
measure the length of the second phalange as precisely as possible, in millimeters. Multiply this value
by 1,000 to get the length in micrometers or microns.
Cut Calculations:
No. pm: Multiply the length of the phalange by 0.49. Thiswill indicate the location of the
beginning of the region of the central diaphysis from which sections will be saved.
At 20 pm: Divide the number above (No. um) by 20 to get the number of 20-um thick cuts
that need to be made to get to the location of interest.
No. cuts: Enter the number of 10 um cuts that were made during the process of cutting
sections for aging. The location on the phalange where cutting was stopped can be determined
from this number..
Notes: Notes about how sectioning went, problems, quality of sections, etc.
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Appendix 6. Processing by Contractor

NOTE: Thisiswritten based on the use of a local contracted histology lab. It serves only as an example.

Take amaximum of 50 cassettes to the front office of Oregon State University's Veterinary
Diagnostics Lab (College of Veterinary Medicine, Room 134, Magruder Hall, 30th and Washington
Way) in asealed labeled container of 95 percent ethanol. Route the samples to the histology
technician.

Also give the laboratory a glass container (oven proof) to put the cassettes in after they come out of
the processor.

It takes about 24 hrs for the samples to be processed and be ready for pick-up.

When cassettes are picked up, make sure all billing paperwork is current at the front office.

When the infiltrated cassettes have been picked up and returned to the lab, place the container
holding the cassettesin the oven at 58, C to re-melt the paraffin. Make all preparations to embed the
phalanges.
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Appendix 7. Definitions for the Aging Datasheet

ID Code: Thisisthe code for this specimen. This code should be on the slide and should match the
ID code on the Collection and Sectioning Datasheets.

No. LAGs: The number of Lines of Arrested Growth (LAG) counted from the section(s). Record the
high and low estimates of LAGs as well.

Notes: Any notes about the sections, quality of staining, problems reading, evidence of resorbed
LAGS, etc.
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