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Abstract

The majority of protocols for imaging biological specimens are lethal and this raises both ethical and scientific
concerns. One major limitation of most imaging protocols is that they prohibit studies which span the ontogenetic
development of individuals. Here, we present a non-lethal protocol for ethically anesthetizing small aquatic
animals (tadpoles), embedding them in an agarose matrix, photographing them in 3-D, and stitching images to
form a single composite of larger individuals. We also describe methods for obtaining various morphological
measurements (lengths, surface areas, volumes) and a euthanasia technique for drying individuals to obtain
measurements of dry body mass, which is an important metric associated with metabolism used in physiological
studies. Expected results include high-quality single and composite images of tadpoles ~10-30 mm long viewed
from 3 dimensions (dorsal, lateral, frontal) of various morphological measurements.
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Materials

Tricaine methanesulfonate (MS-222) Solution: 0.04g MS222, 0.069g bicarbonate sodium, 60 mL DI water.
Agarose Solution

Tadpoles (e.g., stages 44-54)
Chambered coverglass

Detail paint brushes

Large petri dishes

Small petri dishes

Class slides

Long forceps

Plastic pipettes

5mL graduated cylinder

Safety warnings

O This protocol involves placing live animals in agarose media heated to 42 Celsius and it is crucial that the
media is not hotter to avoid unnecessary discomfort for the animals.

Ethics statement

Prior ethics approval is necessary for using this protocol. We designed this protocol with prior approval from
Stanford University under the Administrative Panel on Laboratory Animal Care (APLAC) Protocol #33097.

Before start

Before starting, please make sure to review the materials section and make sure you have all necessary resources
to complete the protocol. Some may find writing dilutions by hand or practicing them prior to experimentation is
helpful.
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Preparing the Materials Needed

1

3.1

4.1

Liquify a 1.5% agarose solution by heating it up in the microwave in intervals of 30
seconds, stirring it in between each interval.

Once fully liquified, move the agarose container onto a hotplate set at 42—-45 Celsius. a"

Add a stir bar to the agarose and set the RPM to about 140 such that the agarose solution ﬂ
is being stirred adequately.

Measure the temperature of the agarose before using to make sure it's cooled to 42C to
ensure that it does not hurt the tadpoles.

Prepare a buffered 0.03% MS-222 solution and cover it with aluminum foil to ensure that
the sunlight doesn't break down the compound.

To neutralize the acidity of MS-222, and thus increase its safety, current
recommendations include buffering with sodium bicarbonate (NaHCO3) at a ratio of 2

parts sodium bicarbonate:1 part MS-222, on a dry weight basis.

Label a large and small Petri dish.
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| 5 Using a permanent marker, label the small Petri dish with the tadpole ID.
| 5

A
.2 Using a permanent marker, label the large Petri dish with the tadpole ID and the date.
Embedding

6

Transfer a tadpole into 0.03% MS222 solution for about 5 minutes to ensure that it is
anesthetized. This can be verified by touching the tadpole with a transfer pipette and
seeing if it responds by twitching.

iy =l
{

Note: Additional time in MS-222 might be necessary for larger tadpoles, but Xenopus
laevis tadpoles (stages 44-54) did not require additional time in MS-222.
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7 Use a pipette to fill a chambered coverglass with agarose solution about a third of the
way full.

8 Once the agarose solution has solidified and the tadpole is completely anesthetized, fill
up the chamber with liquid agarose to the top of the chamber and add the tadpole.

9 While the top layer of agarose is still liquid, use a detail paint brush to align the tadpole to
the top right corner of the chamber making sure that the tadpole is straightened.

Imaging
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10

11

12

13

13.1

13.2

13.3

13.4

14

Plug in the Leica microscope camera USB into the computer.

Open LAS EZ program once the microscope lights are green indicating it has
successfully connected to the computer.

Reset the exposure adjust settings to the automatic settings in LAS EZ.

Ensure that the microscope is set up correctly with the following steps:

Adjust the height to maximize the focus evenly across the tadpoles tail, which is

relatively more difficult to image the body due to its transparency.

Set the magnification to 0.6x, or a magnification appropriate for your animal.

Turn on the lights and set them at a constant brightness throughout experimentation.

Adjust the lighting such that there is even lighting and no shadows at each angle when
viewed from above. Changes in the outside environment should be inconsequential for
the image captured.

Place the tadpole chamber on the magnification table and center it such that the full
tadpole is visible.
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14.1 If the tadpole is too large to fit within the imaging window, take two separate images of
the same tadpole such that the two images combined show the entire tadpole. If using >1
image to photograph the tadpole, minimizing lighting differences and keeping movement
along a single direction will give the best results when combining >1images into a single
image.

15  Start off by imaging the dorsal view of the tadpole.

16 In LAS EZ program, select "acquire image" and wait for the image to be captured and

loaded.

17  Select "Process" tab at the top of the page.

17.1 Go to the information section and add a description including the species, ID, and view

type (dorsal (D), lateral (L), and frontal (F).

18 Double click on the image on the bottom of the screen to display an options menu.

18.1 Select "Rename Current Image".

18.2 Name the image with the following format: TadpolelD_View#.

18.3 Click "OK".
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19

20

21

22

23

24

25

To the rightmost select "save the currently displayed image".

Move the tadpole into the lateral position.

Adjust the height of the microscope lens so that the image is once again in focus.

Repeat steps 16-19.

Move the tadpole into the frontal position.

Adjust the height of the microscope lens so that the image is once again in focus.

Repeat steps 16-19.

De-embedding

26

27

After imaging, carefully remove the tadpole from the agarose and place it into a water
container to clean off any excess agarose clinging onto the tadpoles body.

Place a small plastic boat on a scale and zero it.
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28 Once the tadpole is clean, place the tadpole into a Petri dish and gently pat dry with a
Kimwipe.

29 Place the tadpole into the plastic boat and acquire the wet mass.

30 Place the tadpole into a 5ml graduated cylinder containing 2 ml of water and obtain the
volume by adding the tadpole into the graduated cylinder and calculating the volumetric
displacement.

Euthanizing the Tadpoles

31 Using forceps place the small Petri dish into liquid nitrogen until it reaches equilibrium.
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32

33

34

35

36

37

Remove the Petri dish from the nitrogen and place it into an insulating container.

Take the cover off of the Petri dish and fill the Petri dish with liquid nitrogen.

Remove the tadpole from the graduated cylinder.

Gently dry off the tadpole with a Kimwipe.

Using tweezers, gently place the tadpole into the small Petri dish containing the liquid

nitrogen.

Using the forceps, place the cover back onto the Petri dish.
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38 Fill the larger insulting container up to half of the height of the Petri dish with liquid
nitrogen and cover it with a lid.

/ i

39  After 15 minutes open the lid and remove the Petri dish with the forceps.

40 Place a glass slide onto a scale and obtain the mass.

41 Use tweezers to remove the tadpole from the Petri dish and place it onto the pre-
weighed glass slide to obtain a second wet mass.
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42 Place the tadpole along with the glass slide into a large Petri dish.

43  Place this Petri dish into the drying oven set at 37 Celsius. §

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzkIwrvx1/v1 June 25, 2025 13/35



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzk1wrvx1/v1

@ protocols.io Part of SPRINGER NATURE

44 Allow the tadpole to dry in the oven for 72 hours.

45  Obtain the mass of the glass slide with the tadpole after every 24-72 hours as necessary
to obtain the final dry mass. We found all tadpoles dried completely within 48 hours.

Fiji Measurements

46  Open Fiji (Schindelin et al. 2012).

47  Some tadpoles are too large to be photographed in a single image, depending on the
tadpole size and the magnification used. For such cases, we may stitch together two
separate images with overlapping regions.

47.1 Load the images to be stitched into Fiji and select Pairwise Stitching from
Plugins>Stitching (Preibisch et al. 2009).
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& Fiji File Edit Image Process Analyze | Plugins | Window Help o O % v =T E Fri Dec 20 2:42PM

Macros

DEEERERNNEGE -

Utilities

New
Compile and Run...
Install...

Developer Menu Click here to search
— Install Plugin...

3D Viewer

Analyze

Bl

BigDataViewer

Bio-Formats

Cluster

Color Inspector 3D

Examples

Feature Extraction

HDF5

Image5D

Integral Image Filters

Loci

LSM Toolbox

Landmarks

Multiview Reconstruction

Optic Flow

Process

Registration

Ridge Detection

SPIM Registration

Segmentation

Skeleton

Stacks

Stitching Pairwise stitching

Time Lapse Grid/Collection stitching
deprecated

47.2  Confirm the images to be stitched.

o @ 3 wuba = 2 FriDec 20 2:44PM
[oXeXe] (Fiji Is Just) ImageJ
olc[olA«[# N ALIO[E] ~Js]e o] 4]a] [>]
(Fiji Is Just) Image) 2.14.0/1.54f; Java 1.8.0_322 [64-bit]; Click here to search
[ NN ] Pairwise Stitching of Images

‘000

ID10Lmeﬁ1II
T024x768 pixels; RGE; 3MB

p1073124.jpg (75%)

First image (reference) | ID10Lateral1073124.jpg v

Second image (to register) ID10Lateral2073124.jpg

Please note that the Stitching is based on a publication.
If you use it successfully for your research please be so kind to cite our work:
Preibisch et al., Bioinformatics (2009), 25(11):1463-1465

| Cancel

47.3 The linear blending and average methods (100 peaks) gave good results. This depends
on the overlapping area of the two images being stitched and the similarity of their RGB
pixel channels.
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47.4

O 00 ® Q D 0
[oXeNe] (Fiji Is Just) ImageJ
Ol AN AL A[A] eJs]u] sl o] [>]
(ece Pairwise Stitching W
(Fiji Is Just) ImageJ 2.14.0/1.54f; Java 1.8.0_322 [64-bitl; Fusion method | Click here to search
~
L e Fused image name: | ID10Lateral1073124.jpg<

Check peaks El

Ignore zero values when fusing
| Display fusion

Compute overlap

[ subpixel accuracy

x -580.0(
y 0.0000

Registration channel image 1~ Average all channels

Registration channel image 2 Average all channels

This Plugin is developed by Stephan Preibisch
http://fly.mpi-cbg.de/preibisch

| Cancel | OK

After pressing "OK", the final stitched images is shown and the stitching correlation is
logged. Note: stitching correlations are sensitive to differences in lighting, so the lighting
must remain as uniform as possible while taking the original images. We recommend
adjusting the positioning/lighting conditions when stitching images so that the correlation

among the shared areas between two images being stitched is >0.95.
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® FriDec 20 2:55PM

shift (second relative to first): (-580.0, 0.0) correlation (R)=0.96521896 (227 ms)
Fusing ...
Finished ... (174 ms)

48  Calibrate the measuring tool.

48.1 Select the straight line tool on the menu bar.

(] ﬁ . 7 ] 7 V(Fijirls Ju;t) lnrlageJW 7 7 |
0| o|c|oll <[t \|A|o|m[d] ~fs|uf o] s]a] |»
and (tracing) tool Click here to search | J

48.2 Drag an image with known distances into the program.

r. o0 (Fiji Is Just) ImageJ 3

[mifelfa{lS] 7 P dilENVN

<<Drag and Drop>>

B 7 s I e

Click here to search \j

Grid6X.jpg

48.3 Click and drag the pointer to draw a line over a known distance.
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oy o] ] ol <]/ Al 0] ] xfsufun) 0] 4] 8] [

x=631, y=403, angle=0.12, length=487.00 Glick here to search

eoe Grid6X.jpg

1024x768 pixels; RGB; 3MB
- - . . .

48.4  Go to the 'Analyze’ tab.

48.5 Click on 'select scale'.

® Fii Flo Eat Image Process Amayzs  Plugns Window Help © © =W

|| o < |2 N Al o] | ovfswfur| 0] 4] 8] |
s 216071546 s 160,323 64-b: ErTr—
*GrideX.jpg R

HHHHH

5. 315

48.6  Enter the known distance and its unit in the 'Known distance' and 'Unit of length'.
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[ O Set Scale

Distance in pixels: 487.0010
Known distance: 12

Pixel aspect ratio: 1.0
Unit of length: | mm|

Click to Remove Scale
Global

Scale: 40.5834 pixels/mm

Help Cancel OK

48.7 Click the box next to 'Global' and select 'OK".

'ec @ Set Scale

Distance in pixels: 487.0010
Known distance: 12

Pixel aspect ratio: 1.0
Unit of length: mm

Click to Remove Scale
[] Global

Scale: 40.5834 pixels/mm

Help Cancel OK

49 Obtain the dorsal Measurements.

49.1 Drag the dorsal image into Fiji.

49.2 Once, the image has been opened through the program, select the segmented line tool.

49.3 Draw a segmented line starting at the tip of the snout going through the middle of the
brain and ending at the midpoint of the spine where the body ends at the tail begins.
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[ ION ] (Fiji Is Just) ImageJ
Ojo| ol <[\ A2 sw|ur| o] 4] 8] |»>

*Oval*, elliptical or brush selections (alt or long click to switch) Click here to search

=0

49.4  Click 'command' + 'M' to measure the line. This will give the body length.

49.5 Select the straight line tool.

49.6 Draw a line starting and ending right after the eyes.
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(Fiji Is Just) ImageJ

Qjojc|off <[\ Al o|nd] ~Jsjumlo]s]a] |»

x=454, y=530, z=0, value=153 Click here to search

o [ ] ID47Dorsal1080624.jpg<->1D47Dorsal2080624.jpg (150%)
1/3; 1639x771 pixels; 8-bit; 3.6MB

49.7 Click 'command' + 'M' to measure the line. This will give the body width.

49.8 Select the 'polygon selections' tool.

49.9 Carefully select points along the body of the tadpole. The number of points should be
kept to a minimum while ensuring that the shape of the tadpole is being accurately
portrayed. Using more points than necessary introduces measurement error.
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(Fiji Is Just) ImageJ

Ol of@ o| /|« Al o] @] ofse|wr| o] 4] &] |»

(Fiji Is Just) Image) 2.14.0/1.54f; Java 1.8.0_322 [64-bit]; Click here to search

[ XN J ID47Dorsal1080624.jpg<->ID47Dorsal2080624.jpg (150%)
1/3; 1639x771 pixels; 8-bit; 3.6MB

49.10  Once all of the point are set, click 'command' + 'M' to calculate the body area.

49.11 Select the segmented line tool.

49.12 Draw a segmented line following the spine alignment.
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e e (Fiji Is Just) ImageJ

Ojo|c|off <[t N|A|o|m| A ofs«|uw| o] 4] a] |>

More Tools" menu (switch toolsets or add tools) Click here to search

)

[ XN ] 1D47Dorsal1080624.jpg<->ID47Dorsal2080624.jpg (75%)
3/3; 1639x771 pixels; 8-bit; 3.6MB

49.13  Click 'command' + 'M' to measure the line. This will give the tail length.

49.14  Select the straight line tool.

49.15 Draw a line from the outermost edge of the start of the tail to the outermost edge on the
opposite side of the tail.
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(CRCNC] (Fiji Is Just) ImageJ

o | <[t N Ao oA xfsfuw| o] 4] 8] |>

x=1317, y=530, z=2, value=142 Click here to search

[ BON ] ID47Dorsal1080624.jpg<->1D47Dorsal2080624.jpg (75%)
3/3; 1639x771 pixels; 8-bit; 3.6MB

I, ST TR ol s St Bt g

49.16  Click 'command' + 'M' to measure the line. This will give the tail width.

49.17  Select the 'polygon selections' tool.

49.18 Carefully select points along the tail of the tadpole. The number of points should be kept
to a minimum while ensuring that the shape of the tadpole is being accurately being
portrayed.
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49.19  Once all of the point are set, click 'command' + 'M' to calculate the tail area.

50 Save the measurements.

50.1 Select 'file'.

50.2 Select 'save as'.

50.3 Name the file with the following format: ID#.ViewMeasurements.

50.4 Select 'save'.
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51  Obtain the lateral measurements.
51.1 Drag the lateral image into Fiji.

51.2 Once, the image has been opened through the program, select the segmented line tool.

51.3 Draw a segmented line starting at the tip of the snout, going through the midline of the

animal, and ending at the midpoint of the spine where the body ends and the tail begins.

51.4 Click 'command' + 'M' to measure the line. This will give the body length.

51.5 Select the straight line tool.
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51.6 Draw a line starting at the outermost part of the head right after the eye ends and end

51.7

51.8

51.9

the line at the bottommost part of the body directly below the eye.

) (Fiji Is Just) ImageJ

oloja|ofl <]\ Alo]ald] wfsw/ o] s]a] |

x=270, y=539, z=1, value=114 Click here to search |

[ XN ] ID47Lateral1080624.jpg<->ID47Lateral2080624.jpg (150%)
2/3; 1684x769 pixels; 8-bit; 3.7MB

Click 'command' + 'M' to measure the line. This will give the body height.

Select the 'polygon selections' tool.

Carefully select points along the body of the tadpole. The humber of points should be
kept to a minimum while ensuring that the shape of the tadpole is being accurately being
portrayed.

protocols.io | https://dx.doi.org/10.17504/protocols.io.rm7vzkiwrvx1/vi June 25, 2025 27/35


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.rm7vzk1wrvx1/v1

€3 protocols.io Part of SPRINGERNATURE

e e (Fiji Is Just) ImageJ

O Of || <[t Al o] @] ]sufur| 0] 4]a] |»>

(Fiji Is Just) Image) 2.14.0/1.54f; Java 1.8.0_322 [64-bit]; Click here to search
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51.10 Once all of the point are set, click '‘command' + 'M' to calculate the body area.

51.11 Select the segmented line tool.

51.12 Draw a segmented line following the spine.

51.13 Click 'command' + 'M' to measure the line. This will give the tail length.
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e e (Fiji Is Just) ImageJ
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Fiji Is Just) Image) 2.14.0/1.54f; Java 1.8.0_322 [64-bit]; Click here to search

[ XX ] ID47Lateral1080624.jpg<->ID47Lateral2080624.jpg (50%)
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51.14  Select the straight line tool.

51.15 Draw a line from the uppermost edge of the start of the tail to the bottommost edge on
the opposite side of the tail.
[ X X ] (Fiji Is Just) ImageJ
0j 0| |0 <[t Al|o| @[] wsfur|s|s]a] [»
(Fiji Is Just) Image) 2.14.0/1.54f; Java 1.8.0_322 [64-bit]; Click here to search

[ XN ] ID47Lateral1080624.jpg<->ID47Lateral2080624.jpg (50%)
3/3; 1684x769 pixels; 8-bit; 3.7MB
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51.16  Click 'command' + 'M' to measure the line. This will give the tail height.

51.17 Select the 'polygon selections' tool.

to a minimum while ensuring that the shape of the tadpole is being accurately being
portrayed.

(Fiji Is Just) ImageJ

4] N Ao M| ovsw|wr| g 4] o] >

(Fiji Is Just) Image) 2.14.0/1.54f; Java 1.8.0_322 [64-bit]; Click here to search

ID47Lateral1080624.jpg<->ID47Lateral2080624.jpg (50%)
3/3; 1684x769 pixels; 8-bit; 3.7MB
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51.19 Once all of the point are set, click '‘command' + 'M' to calculate the tail area.

51.20  While still using the polygon selection tool, carefully select points along the dark edges
of the tail. The number of points should be kept to a minimum while ensuring that the
shape of the tadpole is being accurately being portrayed.

51.18 cCarefully select points along the tail of the tadpole. The number of points should be kept
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51.21 Once all of the point are set, click 'command' + 'M' to calculate the tail muscle area.

51.22  While still using the polygon selection tool, carefully select points along the limb bud, if
present . The number of points should be kept to a minimum while ensuring that the
shape of the tadpole is being accurately being portrayed.

e e (Fiji Is Just) ImageJ
O ol o] 2| <[t \A| o] d|d| = sefurf o] 4] &] |>

(Fiji Is Just) Image) 2.14.0/1.54f; Java 1.8.0_322 [64-bit]; Click here to search

® e ID47Lateral1080624.jpg<->ID47Lateral2080624.jpg (75%)
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51.23

52

53

53.1

53.2

53.3

53.4

53.5

Once all of the point are set, click 'command' + 'M' to calculate the limb bud area.

Repeat step 49 for this set of measurements.

Obtain frontal measurements.

Drag the frontal image into Fiji.

Once, the image has been opened through the program, select the segmented line tool.

Click 'command' + 'M' to measure the line. This will give the body height.

Select the straight line tool.

Draw a line starting at the leftmost part of the tadpoles head at the center of its eye and
ending at the rightmost edge of the tadpoles right eye.
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x=796, y=535, value=218,196,155 (#dac49b) Click here to search

[ XON ) ID43Frontal080624.jpg (150%)
1024x768 pixels; RGB; 3MB

53.6 Click 'command' + 'M' to measure the line. This will give the body width.

53.7 Select the 'polygon selections' tool.

53.8 Carefully select points along the body of the tadpole. Keeping the number of points to a
minimum while ensuring that the shape of the tadpole is being accurately being
portrayed.
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53.9 Click 'command' + 'M' to measure the line. This will give the body area.

54  Repeat steps 49 to 53 for all tadpoles.

I Analysis

55  This protocol makes possible morphometric analysis of the anatomical data gathered,
along with any other experimental treatments.
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Log Body Size (BL + TL)

The estimated allometric relationship between (the natural logs of) body volume and body
size for N=30 samples. We estimated animal volume as the sum of body and tail volumes.
Body volume is the product of dorsal body length, dorsal body width, and lateral body
height. Tail volume is the product of dorsal tail length, dorsal tail width, and lateral tail
height. Body size is the sum of body length and tail length.
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