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SUMMARY: 20 
This protocol can be used to perform large-scale ecological surveys of selfing Caenorhabditis 21 
nematodes. The primary advantage of this method is the efficient organization and analysis of 22 
ecological and molecular data associated with the nematodes collected from nature. 23 
 24 
ABSTRACT: 25 
Caenorhabditis elegans is one of the major model organisms in biology, but only recently have 26 
researchers focused on its natural ecology. The relative sparsity of information about C. elegans 27 
in its natural context comes from the challenges involved in the identification of the small 28 
nematode in nature. Despite these challenges, an increasing focus on the ecology of C. elegans 29 
has caused a wealth of new information regarding its life outside of the laboratory. The 30 
intensified search for C. elegans in nature has contributed to the discovery of many new 31 
Caenorhabditis species and revealed that congeneric nematodes frequently cohabitate in the 32 
wild, where they feed on microbial blooms associated with rotting plant material. The 33 
identification of new species has also revealed that the androdioecious mating system of males 34 
and self-fertilizing hermaphrodites has evolved three times independently within Caenorhabditis. 35 
The other two selfing species, C. briggsae and C. tropicalis, share the experimental advantages of 36 
C. elegans and have enabled comparative studies into the mechanistic basis of important traits, 37 
including self-fertilization. Despite these advances, much remains to be learned about the 38 
ecology and natural diversity of these important species. For example, we still lack functional 39 
information for many of their genes, which might only be attained through an understanding of 40 
their natural ecology. To facilitate ecological research of selfing Caenorhabditis nematodes, we 41 
developed a highly scalable method to collect nematodes from the wild. Our method makes use 42 
of mobile data collection platforms, cloud-based databases, and the R software environment to 43 
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enhance researchers’ ability to collect nematodes from the wild, record associated ecological 44 
data, and identify wild nematodes using molecular barcodes. 45 
 46 
INTRODUCTION: 47 
The last two decades have brought an increased interest in the ecology of Caenorhabditis 48 
nematodes. From these studies, we know that the free-living Caenorhabditis species can be 49 
isolated from ephemeral micro-habitats in both temperate and tropical regions, where they feed 50 
on microbial blooms associated with decomposing plant material, sometimes in sympatry 1–8. We 51 
have also learned that convergent evolution of self-fertilization has occurred in the genus three 52 
times, and selfing is the dominant mode of reproduction for C. briggsae, C. elegans, and 53 
C. tropicalis9,10. Among these selfers, C. elegans is one of the most widely studied animals on 54 
Earth and has been used by researchers to make critical advances in biology. Importantly, the 55 
other selfing Caenorhabditis species share many of C. elegans experimental advantages and are 56 
rapidly advancing comparative studies in the genus. However, the cryptic nature of these 57 
nematodes in the wild makes it difficult to study their ecology and natural diversity, which is 58 
critical for understanding the biological functions of their genes and the ways in which evolution 59 
has shaped genetic diversity among the species10,11. 60 
 61 
The greatest challenge to studying the ecology of selfing Caenorhabditis nematodes in the wild 62 
is their small size; adult nematodes are often 1 mm in length or less. This challenge requires that 63 
researchers sample substrates from the wild and attempt to separate nematodes of interest from 64 
the substrates in the laboratory without the ability to observe animals in the wild. Because even 65 
trained experts find it difficult to discriminate selfing Caenorhabditis nematodes from other free-66 
living nematodes under the microscope, nematodes are typically removed from the substrate, 67 
isolated, and left to proliferate before they are identified by sequence identity using established 68 
molecular barcodes3,12–14. The time and effort required to process each nematode in this way 69 
present an organizational challenge, as researchers must be able to trace the identity of each 70 
nematode isolated in the laboratory back to the exact substrate and associated ecological data 71 
sampled in the field. Here, we describe a step-by-step process to efficiently collect and identify 72 
selfing Caenorhabditis nematodes from the field and faithfully link these isolates with their 73 
associated spatial and ecological data at a high scale. 74 
 75 
This collection method increases the scale and accuracy of ecological surveys by using mobile 76 
data collection platforms, cloud-based databases, and the R software environment. Fulcrum is a 77 
customizable data-collection platform that works with most mobile devices and allows users to 78 
build custom applications to gather and organize location-based data 79 
(https://www.fulcrumapp.com). This protocol provides detailed instructions on how to use 80 
customized data-collection applications to organize spatially explicit ecological data from the 81 
field and accurately link those data with the identity of nematodes isolated in the laboratory. The 82 
protocol also explains how to efficiently identify selfing Caenorhabditis nematodes using 83 
established molecular barcodes. The data from these methods can be processed simply and 84 
reproducibly with the accompanying R software package easyFulcrum15 to explore the ecology 85 
and genetic diversity of natural Caenorhabditis populations. 86 
 87 



 

PROTOCOL: 88 
 89 
1. Collection preparation 90 
 91 
1.1. Identify a location to survey Caenorhabditis nematodes.  92 
 93 
NOTE: In most temperate regions, C. elegans and C. briggsae can be isolated easily from human-94 
associated habitats like agricultural fields or rural and urban gardens1. In subtropical and tropical 95 
regions, C. briggsae, C. elegans, and C. tropicalis can all be found in the human-associated 96 
habitats listed above, sometimes in close proximity to one another. However, C. elegans seems 97 
to prefer cooler, drier habitats than the other species in tropical habitats7,8. Each of the species 98 
can also be isolated from wild habitats that are not associated with humans, but these habitats 99 
are sampled less often. 100 
 101 
1.2. Create a Fulcrum project to organize the collection and isolation data with the mobile 102 
data-collection applications.  103 
 104 
1.2.1. Create an account with Fulcrum online using a no-cost educational agreement16. Add the 105 
Nematode Field Sampling application to a Fulcrum account by clicking on ADD APP button17.  106 
 107 
1.2.2. Add the Nematode Isolation application to an account by clicking on ADD APP button18. 108 
 109 
NOTE: It is recommended that each trip to a location is organized as its collection project using 110 
the naming convention ‘YearMonthLocation’, e.g., 2020FebruaryAustralia. 111 
 112 
1.3. Add users to the Fulcrum account to grant them access to the collection project. Ensure 113 
that each user downloads the Fulcrum mobile application to participate in the project. 114 
 115 
1.4. Print a set of QR-code labels to track the collections (C-labels) and the nematode 116 
isolations (S-labels) with the mobile application. Attach the C-labels to zip-lock plastic bags, roll 117 
the labeled bags into groups of 25, and wrap them with a rubber band for packing. Keep the set 118 
of S-labels for use in the laboratory. 119 
 120 
NOTE: Throughout this protocol, the collections (substrates from the field) are contained in bags 121 
or on plates and are labeled with C-labels. The isolated nematodes are labeled with S-labels. The 122 
C-labels are used to identify unique collections, and the S-labels are used to identify unique 123 
nematode isolates. These two types of labels are used to make the connection between a 124 
particular collection (C-label) and the nematodes isolated from that collection (S-labels) in the 125 
Fulcrum database. Print twice the number of S-labels as C-labels for a collection project because, 126 
on average, two nematodes are isolated per collection. More S-labels can be printed later if 127 
needed. 2,500 unique C-labels (Supplemental File 1) and 5,000 unique S-labels (Supplemental 128 
File 2) are provided in the supplement. 129 
 130 



 

1.5. Prepare 10 cm NGMA plates for collections and 3.5 cm NGMA plates for isolating 131 
nematodes. Make one 10 cm plate and at least two 3.5 cm plates per collection21. These plates 132 
are seeded with Escherichia coli strain OP50 following established protocols. Store the plates 133 
prior to use at 4 °C for no more than 1 month. 134 

 135 
2. Field collection 136 
 137 
NOTE: Caenorhabditis nematodes are most often isolated from rotting vegetable material, 138 
including fruits, nuts, seeds, pods, flowers, stems, vegetal litter, and compost1,5,6,8. The best 139 
substrates are rotten and almost unrecognizable as fruits or flowers; avoid substrates that are 140 
too dry or wet (Figure 1). Substrates are most efficiently collected from the field by working in 141 
pairs. The individual with the non-contact infrared thermometer will select a substrate for 142 
collection and collect the sample while their partner uses the Nematode Collection Fulcrum 143 
application to record the collection data. The pair of collectors will repeat this process until the 144 
desired number of samples is collected. The list of materials required for fieldwork is found in 145 
(Supplemental Table 1). 146 
 147 
2.1. Open the Fulcrum mobile app, select Nematode Field Sampling from the drop-down 148 
menu. Press + to start a new record in the project (Figure 2A). Take a photo of the substrate. 149 
 150 
2.2. Click on the box in the top center to select the correct collection project made in step 1.2 151 
(Figure 2B). Tap on the C-label field at the bottom of the collection record and choose Scan when 152 
the prompt appears. Scan the barcode on the collection bag using the mobile device camera, 153 
then tap on Done in the upper right of the screen. 154 
 155 
2.3. Tap on the Substrate field and select a substrate type from the drop-down menu. Add 156 
notes about the substrate by tapping the Substrate Notes field and manually entering notes. 157 
 158 
2.4. Choose a landscape from the drop-down menu. Pick the landscape that best represents 159 
the sampling site. 160 
 161 
2.5. Choose a sky view. When choosing sky view, describe the sky visibility at the sampling site 162 
(e.g., A full-sky view without obstructed views from trees or other structures = full). 163 
 164 
2.6. Measure the surface temperature of the substrate using the non-contact thermometer 165 
and record the value in the substrate temperature field. 166 
 167 
NOTE: Hold the non-contact thermometer no more than 14 inches from the substrate while 168 
recording the temperature. 169 
 170 
2.7. Measure the ambient temperature and humidity with the handheld device and record 171 
these data in the proper fields. 172 
 173 
NOTE: Check that the ambient temperature and humidity device are not on Hold. The 174 



 

measurement unit will change when the button is released. Keep the device in an outside pocket 175 
to avoid irregular readings. 176 
 177 
2.8. Save the record in Fulcrum by tapping on Save in the upper left of the screen. 178 
 179 
2.9. Collect about a tablespoon of the substrate without sticks or other hard pieces by 180 
inverting the collection bag to use it as a “glove” to pick up the substrate, then seal the bag. Put 181 
a paper towel in the bag if the sample is particularly moist. 182 
 183 
NOTE: In hot climates, place the bags in soft coolers with cooler packs to keep the collections 184 
cool. 185 
 186 
2.10. After all the samples have been collected for the day, clean the collection equipment, 187 
take batteries out of probes, recharge batteries, re-freeze freezer packs. Sync the Fulcrum 188 
collection data by tapping the Sync button on the top left of the Nematode Field Sampling 189 
application.  190 
 191 
NOTE: The uploads can take several minutes without a strong cellular connection so it might be 192 
best to wait for WiFi access. The data will remain on mobile devices and will be synchronized to 193 
the cloud. 194 
 195 
2.11. Ship the samples to a home institution by placing them in an overnight shipping box. 196 
Minimize the time the samples are exposed to temperatures less than 11 °C or greater than 25 °C 197 
by shipping packages on days when cargo is transported.  198 
 199 
NOTE: Most shipping facilities do not ship cargo overnight on weekends in remote locations. 200 
 201 
3. Plating out field collections in the laboratory 202 
 203 
NOTE: This section details how to organize the transfer of samples from labeled collection bags 204 
to labeled plates. The samples may arrive from an overnight shipment or directly from the field. 205 
 206 
3.1. Receive the shipment of collections and inspect for broken bags or other evidence of 207 
damage. If bags are broken, discard the material and clean the unbroken collection bags with 208 
70% ethanol; avoid the C-label on the bag with the ethanol as it will discolor the label and make 209 
it difficult to read. 210 

 211 
3.2. For each zip-lock bag, note the C-label on the bag and attach a matching C-label to the lid 212 
of a 10 cm plate spotted with OP50 bacteria. 213 
 214 
NOTE: The labeled 10 cm plates are referred to as ‘C-plates’ for the rest of the protocol. The 215 
easiest way to organize the samples is to place the collection bags on a lab bench with the 216 
matching C-plate on top (Figure 3). 217 
 218 



 

3.3. For each collection, transfer about one tablespoon of sample from the collection bag to 219 
the C-plate using a clean plastic spoon. Add the sample around the bacterial lawn in a crescent 220 
or ring shape, do not completely cover the bacterial lawn (Figure 4). 221 
 222 
NOTE: Keep the tablespoon clean by placing it in a beaker of 95% ethanol when it is not in use. 223 
Use a paper towel to dry the tablespoon before transferring additional samples. 224 
 225 
3.4. Record the time the collections were transferred from collection bags to C-plates and 226 
keep the C-plates at room temperature (RT) for at least 24 h before attempting to isolate 227 
nematodes in section 4. 228 
 229 
4. Isolating nematodes from collections 230 
 231 
4.1. Open the Fulcrum application on the mobile device and choose Nematode Isolation from 232 
the application menu (Figure 5A). Make a new isolation record by tapping the + icon in the lower 233 
right (Figure 5B). 234 
 235 
4.2.  In the new isolation record screen, confirm the correct collection project by checking the 236 
project name displayed in the box at the top center. If the wrong project is displayed, tap the 237 
project name to switch to the correct project (Figure 5C). 238 
 239 
4.3. Tap on the Select button under the C-label field to find the C-label associated with the 240 
sample from which nematodes are being isolated (Figure 5D). Tap on the Search icon, then tap 241 
on the Scan icon to scan the C-label QR code on the C-plate with the device camera. Once the QR 242 
code is scanned, a C-label record will appear in the C-label field. 243 
 244 
4.4. Tap on the Camera icon in the Photos field to open the device camera and use it to take 245 
a photo of the sample on the C-plate with the QR code visible (Figure 5E). Tap on Done to return 246 
to the Isolation screen. 247 
 248 
NOTE: These isolation record photos can be used to explore specific attributes of the substrate 249 
at a later time. 250 
 251 
4.4. Use a dissecting microscope to look for nematodes on the C-plate. Tap on the Worms on 252 
Sample field to record the presence of nematodes on the sample (Figure 5F). Tap on Yes if 253 
nematodes are present on the C-plate and tap on No if no nematodes are present.  254 
 255 
4.5. Tap on Tracks if only nematode tracks are present. If no nematodes are present, parafilm 256 
the C-plate and dispose of it in a biohazard bin. 257 
 258 
NOTE: Invert the C-plate over the biohazard waste bin and gently tap the back of the plate to 259 
dislodge all of the sampled substrates. This step makes it easier to find and isolate nematodes 260 
that can be under the substrate on the C-plate. 261 
 262 



 

4.6. If nematodes are present, isolate up to five nematodes from the C-plate. To isolate a 263 
nematode, transfer one nematode from the C-plate to an S-plate using a platinum wire pick. 264 
Isolate healthy, gravid adults if possible. However, isolate other stages if adults are not found. 265 
 266 
NOTE: After isolation, up to five S-plates will each have a single nematode on them. Keep these 267 
S-plate(s) with isolated nematodes from the same C-plate organized together in a neat stack 268 
away from other S-plates until they are entered into Fulcrum. 269 
 270 
4.7. Tap on the S-labeled Plates field to enter the S-plate(s) used for this isolation. Tap on the 271 
+ in the lower right. Tap on S-label and then click on Scan to open the device camera. Use the 272 
device camera to scan the S-label QR code on the S-plate. 273 
 274 
NOTE: Ensure that the S-label code matches the code on the plate. If it matches, tap on Done. If 275 
it does not, tap on Cancel and rescan until it matches, then click on Done. Sometimes QR codes 276 
of nearby plates are accidentally scanned. 277 
 278 
4.8. After entering each S-plate, save the entry with the Save button on top right. The entry 279 
will be lost if it is not saved. Tap on the + in the lower right to add more S-labeled plates if 280 
necessary until all nematodes isolated from the C-plate are entered. After adding all the S-labeled 281 
plates for the isolation record, tap on the < button on the upper left to go back to the isolation 282 
record screen. 283 
 284 
NOTE: To cancel an isolation record because mistakes cannot be resolved, click on Cancel in the 285 
upper left. This step will open a dialog asking whether the record can be discarded without saving. 286 
If desired, click on Yes, Discard. 287 
 288 
4.9. Tap on the Save button on the upper right once the isolation record has all information 289 
added correctly. Then parafilm the S-plates with isolated nematodes and set them aside in an 290 
area designated to hold S-plates with nematodes.  291 
 292 
4.10. Parafilm the C-plate and discard it in the biohazard bin. Tap on the Sync icon to upload all 293 
the data to Fulcrum. 294 
 295 
4.11. Sort all the S-plates into alphanumeric order, then place the S-plates into cardboard 296 
boxes. Make sure the S-plates are lid-side down and parafilmed. Stack up to four S-plates into 297 
one position in the box and label the cardboard box with the project name, date, time, and a 298 
unique box number. 299 
 300 
4.12. Store the labeled boxes at RT. These isolates will be checked for proliferation at 48 h and 301 
again at 168 h if necessary. 302 
 303 
5. Exporting S-plates from Fulcrum 304 
 305 



 

NOTE: This section details how to export S-labels used in the isolation process from the Fulcrum 306 
project database. These S-labels will be used to track proliferating isofemale lines while they are 307 
being identified by sequence identity in sections 6–9. 308 
 309 
5.1. Sign in to the Fulcrum website and select the Nematode Isolation application. Click on 310 
Exporter from the left-hand side of the screen. Click to select the desired project, and check the 311 
Nematode Isolation box. Click Next to download a .zip file that contains the 312 
‘nematode_isolation_s_labeled_plates.csv’ file. 313 
 314 
5.2. Open the ‘nematode_isolation_s_labeled_plates.csv’ file and sort it by the ‘S-label’ 315 
column in ascending order (the smallest S-label will be on top). Select all the S-labels and copy 316 
them from the spreadsheet. 317 
 318 
5.3. Navigate to the wild isolate genotyping template google sheet 319 
(wild_isolate_genotyping_template) using a web browser.  320 

 321 
5.3.1. Make a copy of this google sheet by right-clicking on the Genotyping Template tab then 322 
selecting the Copy to New Spreadsheet option. Select Open Spreadsheet to view the new google 323 
sheet.  324 
 325 
5.3.2. Name this new sheet with the fulcrum project name followed by 326 
'wild_isolate_genotyping', e.g., '2020FebruaryAustralia_wild_isolate_genotyping.' 327 
 328 
NOTE: This sheet is referred to as the ‘genotyping sheet’ throughout the rest of the protocol. 329 
 330 
5.4. Paste the S-labels copied from the ‘nematode_isolation_s_labeled_plates.csv’ ‘s_label’ 331 
column into the genotyping sheet column titled ‘s_label’. Check the ‘s_label_repeat_error’ 332 
column for ‘1’s. A value of ‘1’ in this column means the S-label is duplicated somewhere on the 333 
genotyping sheet. If duplications are discovered, investigate and correct them before moving 334 
forward. 335 
 336 
5.5. Fill in the genotyping sheet ‘isolation_box_number’ column for all S-labels. 337 
 338 
6. Check for proliferation on S-plates 339 
 340 
6.1. Check for proliferating animals on S-plates 48 h after isolation (use the date and time of 341 
last isolation on the box from step 4.11 to guide timing).  342 
 343 
NOTE: Proliferating nematodes are characterized by offspring on the S-plate. 344 
 345 
6.2. If an S-plate is proliferating, enter ‘1’ in the proliferation_48 column on the genotyping 346 
sheet, then move the S-plate to a box labeled ’48 h proliferation, box 1’. Place a maximum of 88 347 
S-plates in a proliferation box, then start filling a new box labeled ‘48 h proliferation, box 2’. 348 
Ensure the S-labels are organized in alphanumeric order in the 48 h proliferation boxes. 349 
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 350 
NOTE: Do not dispose of the non-proliferating S-plates; these plates will be checked again at 168 351 
h post-isolation. If desired, consolidate these S-plates in numeric order in boxes labeled ’48 h 352 
non-proliferating, box X’, but remember to record when the 168 h check must occur on the new 353 
box. 354 
 355 
6.3. After identifying all the proliferating S-labels at 48 h, move on to section7 for S-plates with 356 
proliferation at 48 h. 357 
 358 
6.4. Check the S-plates that were not proliferating at 48 h post-isolation again at 168 h post-359 
isolation.  360 

 361 
6.4.1. If an S-plate is now proliferating, enter ‘1’ in the proliferation_168 column on the 362 
genotyping sheet and then move the S-plate to a box labeled '168 h proliferation, box 1’.  363 
 364 
6.4.2. Place a maximum of 88 S-plates in a proliferation box, then start filling a new box labeled 365 
‘168 h proliferation, box 2’. Be sure to organize S-labels in alphanumeric order in the 168 h 366 
proliferation boxes. 367 
 368 
6.5. Discard the S-plates that have no proliferation after 168 h. Move on to section 7 for S-369 
plates with proliferation at 168 h. 370 
 371 
7. Lysis of isofemale lines 372 
 373 
NOTE: This step will use the data filter tool in google sheets to help print lysis worksheets for the 374 
S-plates in the proliferation boxes. The purpose of the lysis worksheets is to provide personnel 375 
with the correct positions for S-labels in lysis strip tubes at the bench. 376 
 377 
7.1. Open the genotyping sheet for the desired project and select all cells by typing Cmd+A. 378 
Click on Data > Create a Filter to add a filter button to each column header. Use the Filter buttons 379 
to display only the S-plates that will be genotyped. For example, if all the S-plates with 380 
proliferation at 48 h are to be lysed: Click on the Filter button in the ‘proliferation_48’ column 381 
and select ‘1'. 382 
 383 
7.2. Once the genotyping google sheet has been filtered, review the list of S-labels displayed 384 
to ensure they are the S-labels to be printed on the worksheet.  385 

 386 
7.2.1. In the ‘strip_tube_number’ column of the genotyping google sheet, enter a unique 387 
number every 11 rows.  388 
 389 
7.2.2. Enter the strip tube numbers for a project in successive order starting at 1 and never 390 
duplicated. In the ‘strip_tube_position’, enter 2 through 12 for each strip tube number. 391 
 392 



 

NOTE: Use 12-tube strip tubes for lysis. The first position (strip_tube_position 1) will be control, 393 
but the controls are not added to the lysis worksheets (only the strip_tube_positions are added, 394 
2–12). At the time of lysis, the positive control strain ‘N2’ will be added to position 1 of every 395 
even-numbered strip tube as a positive control. No worms are added to position 1 of every odd-396 
numbered strip tube as a negative control. 397 
 398 
7.3. Filter the genotyping google sheet further to include just the S-labels in one proliferation 399 
box that are to be lysed, then select the columns ‘s_label’ through ‘lysis_notes’. Print a lysis 400 
worksheet for each proliferation box to be lysed. 401 
 402 
7.4.  Click on the drop-down menu in the Print field and select Selected Cells. Click on Next in 403 
the upper right, then use the dialogue to print the lysis worksheet for the proliferation box. 404 
 405 
7.5. Repeat steps 7.3–7.5 to print a lysis worksheet for each proliferation box. 406 
 407 
NOTE: Each proliferation box holds up to 88 S-plates, which corresponds with eight 12-well strip 408 
tubes. 409 
 410 
7.6. Prepare 12-well strip tubes for all the samples that will be lysed. Label a strip tube with a 411 
unique ‘strip_tube_number’ assigned in the lysis worksheet. This label must be written on the 412 
cap strip and the strip tube to avoid confusion if they are separated. The EVEN strip tubes have a 413 
positive control (N2 worms) in position 1. The ODD strip tubes have a negative control (no worms) 414 
in position 1. 415 
 416 
7.7. Make up enough lysis buffer (100 mM KCl, 20 mM Tris pH 8.2, 5 mM MgCl2, 0.9% IGEPAL, 417 
0.9% Tween 20, 0.02% gelatin with proteinase K added to a final concentration of 0.4 mg/mL) for 418 
all of the samples and add 5% extra for pipette error. Scale as necessary. 419 

 420 
NOTE: The lysis buffer is best prepared by combining all ingredients except for proteinase K and 421 
freezing in 10–50 mL aliquots at -20 °C. Thaw aliquots and keep at 4 °C prior to use; immediately 422 
before use, add proteinase K and mix thoroughly. Keep the lysis buffer on ice while working.  423 
 424 
7.8. Arrange the S-plates for a particular strip tube in order using the printed lysis worksheet 425 
as a guide. 426 
 427 
7.9. Uncap one strip tube and add 8 µL of lysis buffer to each cap with a repeat pipettor. Add 428 
the lysis buffer to one strip of caps at a time because the lysis buffer will evaporate if left at RT 429 
and uncovered. Pick 3–5 animals from the source plates (S-plate or N2 stock plate for positive 430 
controls) into the appropriate cap positions indicated on the lysis worksheet. Record notes for 431 
any S-plate with fewer than 5 worms picked to the lysis in the lysis_notes section of the lysis 432 
worksheet. 433 
 434 



 

7.10. After loading nematodes into each position of the strip tube, place the cap strip back on 435 
the strip tube. Match the marked cap (position 1) with the marked tube (position 1). Once 436 
capped, centrifuge the strip tube briefly until the nematodes are at the bottom of the tube. 437 
 438 
7.11. Place the strip in the -80 °C freezer until completely frozen (at least 10 min). Repeat steps 439 
7.9 to 7.11 until all strips have nematodes added for lysis. Organize the tube strips in numeric 440 
order. 441 
 442 
7.12. Remove the sets of strip tubes and run the lysis program in a thermocycler: 1 h at 60 °C, 443 
15 min at 95 °C, hold at 12 °C. When the lysis program is done, spin down the samples at 300 x g 444 
for 15 s at RT and store the lysates at -80 °C for up to 1 week.  445 
 446 
7.13. Organize the tube strips in numeric order using 96-well plate holders and include a label 447 
with a proliferation box number, strip tube number range, date, and the initials of the researcher. 448 
Update the genotyping sheet columns ‘lysis_date’ and ‘lysis_notes’ with information from the 449 
lysis worksheet.  450 
 451 
8. PCR of SSU and ITS2 sequences 452 
 453 
NOTE: This section will provide instructions on how to perform two separate PCRs for each lysed 454 
S-plate. The first primer set amplifies a 500-bp fragment of the 18S rDNA small subunit gene 455 
(SSU); oECA1271 = forward primer TACAATGGAAGGCAGCAGGC, oECA1272 = reverse primer 456 
CCTCTGACTTTCGTTCTTGATTAA 12. This PCR is used to check the quality of the template DNA. The 457 
PCR amplifies the SSU region for nearly all nematode species. If the SSU PCR fails to amplify, this 458 
result suggests that the lysis quality is poor and the lysis must be repeated for this S-plate. The 459 
second primer set amplifies a 2,000-bp fragment of the internal transcribed spacer region 460 
between the 5.8S and 28S rDNA genes (ITS2); oECA1687 = forward primer 461 
CTGCGTTACTTACCACGAATTGCARAC, oECA202 = reverse primer 462 
GCGGTATTTGCTACTACCAYYAMGATCTGC3. The ITS2 PCR product is Sanger sequenced and the 463 
sequence is used to identify nematodes in the Caenorhabditis genus to the species level by 464 
sequence similarity. 465 
 466 
8.1. Use the filtering tool in the genotyping sheet to view only the S-labels to be used for PCR.  467 
 468 
8.1.1. Update the pcr_plate_number, and pcr_well columns in the genotyping sheet. To prevent 469 
degradation of lysis material, the SSU and ITS2 PCRs are run at the same time.  470 
 471 
8.1.2. Use the same pcr_plate_number for the ITS2 and SSU PCRs even though these are 472 
separate reactions in separate plates. They will be distinguished with ‘SSU’ or ‘ITS2’ labels. 473 
 474 
8.2. Assign a pcr_plate_number to eight or fewer strip tubes (one strip tube per row of the 475 
96-well PCR plate, arranged in ascending order, e.g., lowest strip tube number on top). Then 476 
assign a pcr_plate_well to each S-label in the strip tubes.  477 
 478 



 

NOTE: The strip tubes are arranged in ascending order, with the lowest strip tube number 479 
assigned to row A and the highest number in row H. Position 1 of all strip tubes is assigned to 480 
column 1. Therefore, strip tube number 1, position 1 will be assigned to PCR plate number 1, well 481 
A01. 482 
 483 
8.3. Label 96-well PCR plate(s) to accommodate the samples that will be used for PCR. Label 484 
each PCR plate with the following information: project name, PCR type, PCR plate number, and 485 
date of PCR (e.g., 2020FebruaryAustralia_SSU_1_20200304). Also, label the plate with the strip 486 
tube numbers that will be loaded into each row. 487 
 488 
8.4. Remove the lysis material from the -80 °C freezer and thaw the strip tubes containing the 489 
lysis material on ice. While the lysis material is thawing, prepare ITS2 and SSU master mixes in 490 
separate tubes on ice. The SSU and ITS2 PCR recipes are found in Supplemental Table 2. 491 
 492 
NOTE: Prepare 100 reactions of PCR master mix for each 96-well plate to allow for pipetting error. 493 
Use a 15 mL or 50 mL conical to hold the master mix if large volumes are to be used. 494 
 495 
8.5. Vortex the master mix gently until Taq is distributed throughout the mix. Once mixed, 496 
aliquot 38 µL of the master mix to the appropriate wells of the PCR plates on ice. Use sterile 497 
single-use v-bottom troughs and a 12-well multi-channel pipette to transfer the master mix to 498 
the PCR plates. 499 
 500 
8.6. Spin down the thawed lysis strip tubes to remove lysis material from the caps. Carefully 501 
remove the lids of all the strip tubes that will be loaded into the first PCR plate. Use a low-volume 502 
multi-channel pipette (either 12-well or 8-well) to add 2 µL of lysate to the appropriate well in 503 
the PCR plate. Gently pipette the lysate up and down once before removing the 2 µL. 504 
 505 
NOTE: Check the tips to ensure they contain the lysis before the transfer. Remember to change 506 
tips between rows or columns. 507 
 508 
8.7. Cover the PCR plate with PCR adhesive foil and use a roller to create a tight seal. After the 509 
foil is applied, briefly spin down the PCR plates in a centrifuge. Keep the plate on ice until it is 510 
ready to run in the thermocycler. 511 
 512 
8.8. Run the PCRs with the appropriate thermocycler program. Refer to Supplemental Table 513 
2 for the details of the SSU and ITS2 PCR programs. 514 
 515 
8.9. Repeat steps 8.4– 8.8 until all the PCRs are run. 516 
 517 
8.10. While the PCR reactions are running, pour a 100 mL 1.5% agarose gel. Each gel will hold 518 
samples or a single PCR plate.  519 

 520 
8.10.1. Add 1.5 g of agarose to a 500 mL flask, then add 100 mL of 1x TAE buffer (Supplemental 521 
Table 3) and swirl to mix. Microwave to dissolve and cool the gel.  522 



 

 523 
8.10.2. Once the solution is cooled, add 5 µL of 10 mg/mL Ethidium bromide solution and mix to 524 
combine. Pour the solution into a casting tray with four 25-well combs so that the gel can 525 
accommodate 96 samples plus a ladder for each row in the gel. 526 

 527 
NOTE: Ethidium bromide is a potent mutagen. When handling ethidium bromide, use a lab coat, 528 
chemical resistant gloves, and chemical safety goggles.  529 
 530 
8.11. Just before the PCR is finished, add 6x loading dye to a disposable trough and use a multi-531 
channel pipette to add 2 µL of 6x loading dye to each well of a new 96-well PCR plate. This plate 532 
will be used to load the samples into the gel. Make enough of these plates to accommodate all 533 
the samples. 534 
 535 
8.12. When the PCRs are done, remove the PCR plates and briefly centrifuge them at 300 x g 536 
for 15 s at RT. Store the PCR plates on ice until the PCR products can be run out on a gel.  537 

 538 
8.12.1. To run the products out on a gel, use a 12-well multi-channel pipette to add 5 µL of each 539 
sample to the appropriate well of a 96-well plate containing 2 µL of 6x loading dye.  540 
 541 
8.12.2. Then load 6 µL of this mixture into each well of a recently cast gel. Load 6 µL of 1 KB plus 542 
ladder into the first well of each row of the gel. 543 
 544 
NOTE: To fill the wells of the gel, it may be necessary to intersperse Row A and Row B from the 545 
PCR plate in the first row of the gel. To avoid confusion, record the gel_number and gel_position 546 
in the genotyping sheet for each PCR sample. 547 
 548 
8.13. Place a new foil lid on the remaining PCR in the plate(s) and store them at 4 °C. These 549 
reaction products will be used for sequencing in step 9. 550 
 551 
8.14. Run the PCR products out on the gel at 120 V for 20 min. Image the gel and record which 552 
S-labels yield ITS2 and/or SSU PCR products in the ‘pcr_product_its2’ and ‘prc_product_ssu’ 553 
columns of the genotyping sheet. Mark the presence of a band with a ‘1’; mark a ‘0’ for no band. 554 
 555 
9. Identifying nematodes with Sanger sequencing and sequence BLAST 556 
 557 
NOTE: This section provides instructions for sequencing the ITS2 amplicons from the S-labels, 558 
aligning those sequences to the National Center for Biotechnology Information (NCBI) database 559 
using the BLAST algorithm, and parsing the BLAST results to identify the nematodes on the S-560 
plates. 561 
 562 
9.1. For each sample that is ITS2-positive, use the remaining ITS2 PCR product for Sanger 563 
sequencing using the forward primer oECA306 (CACTTTCAAGCAACCCGAC). Arrange for the 564 
sequencing output files to be easily linked to an S-label by recording the `sequencing_plate’ and 565 
‘sequencing_well’ columns of each S-label in the genotyping sheet. 566 



 

 567 
9.2. Obtain the .seq output files for each S-label from the sequencing platform. Arrange the 568 
.seq files for a project in a single directory with .seq files for each batch of sequencing located in 569 
subdirectories. 570 
 571 
9.3. Open the command-line interface tool and navigate to the top directory containing the 572 
.seq files by entering the command: cd <path_to_directory>. If it does not already exist, create 573 
a merged FASTA for all the .seq files by entering the following command: for dir in */; do cd $dir; 574 
for file in *.seq; do echo ">"$file; cat $file; done >>../all_seqs.fa; cd ..; done. 575 
 576 
NOTE: This code will create a merged FASTA file named ‘all_seqs.fa’ from all the .seq files in the 577 
project directory. This file can be used in the NCBI online nucleotide BLAST tool to rapidly align 578 
the ITS2 sequence of each S-label to NCBI’s sequence database. 579 
 580 
9.4. In a web browser, navigate to the NBCI BLAST website19 and click on the Choose File 581 
button. Select the all_seqs.fa file that was just created, then click on the button Somewhat 582 
Similar Sequences (BLASTn). Click on the BLAST button at the bottom of the page to begin the 583 
BLAST search. 584 
 585 
9.5. Update the genotyping sheet with the BLAST results for each S-label. Use the filter tool to 586 
make updating the genotyping google sheet easier. Click on Data > Create a Filter to add a filter 587 
button to each column header. Filter the sequencing_plate column to select the sequencing 588 
plates that are to be updated with BLAST results. 589 
 590 
9.6. Use the drop-down menu on the NCBI BLAST results page to check the results for each S-591 
plate ITS2 sequence (Figure 6). 592 
 593 
9.7. Check for no BLAST hits. A sequence ID in the drop-down prefixed with * has no blast hits. 594 
For these S-labels, enter ‘no hit <current date>’ in the manual_blast_notes column of the 595 
genotyping sheet. 596 
 597 
9.8. Check for a possible new Caenorhabditis species. Click the link on the top hit to visualize 598 
the alignment (Figure 6). If the top hit is (1) a Caenorhabditis species, (2) the alignment contains 599 
more than five mismatches in the center of the sequence, and (3) the query coverage is greater 600 
than 50%, this result suggests the isolate may be a new Caenorhabditis species (Figure 7). For 601 
these S-plates enter, the species of the top BLAST hit in the ‘species_id’ column, enter a 1 in the 602 
‘possible_new_caeno_sp column’, and ‘possible new Caeno sp.’ into the ‘manual_blast_notes’ 603 
column along with percent identity, (e.g., ‘possible new Caeno sp. 89% identity’). 604 
 605 
9.9. For S-plate sequences that BLAST to a Caenorhabditis species, enter the full genus and 606 
species name of the top BLAST hit in the ‘species_id’ column. For example, ‘Caenorhabditis 607 
elegans’. 608 
 609 
9.10. For S-plate sequences that BLAST to a non-Caenorhabditis species, enter only the genus 610 



 

of the top BLAST hit followed by ‘sp.’ in the ‘species_id’ column. This notation means the isolate 611 
is an unknown species within the named genus. For example, ‘Oscheius sp.’. 612 
 613 
NOTE: The ITS2 sequence can not be used to reliably identify isolates to the species -level outside 614 
of the Caenorhabditis genus3,13. 615 
 616 
9.11. Enter 1 in the ‘make_strain_name column’ of the genotyping sheet if ‘species_id’ = 617 
‘Caenorhabditis elegans’, ‘Caenorhabditis briggsae’, or ‘Caenorhabditis tropicalis’, OR 618 
‘possible_new_caeno_sp’ = 1. 619 
 620 
9.12. Name the strains with unique names following Caenorhabditis nomenclature 621 
conventions, i.e., a unique laboratory designation consisting of 2–3 uppercase letters followed 622 
by a number for each unique strain22. Enter the strain names in the ‘strain_name’ column. 623 
 624 
9.13. After strains are named, they can be cryopreserved using established protocols 23. 625 
 626 
10. Processing the collection data with the easyFulcrum package in R 627 
 628 
NOTE: This step describes how to link the collection data (C-labels) and the nematode isolation 629 
data (S-labels) together using the easyFulcrum R package. The software contains functions that 630 
will further join the Fulcrum data with the genotyping data from the genotyping sheet so that S-631 
label species identities and strain names are organized in a single data frame. 632 
 633 
10.1. Create a new directory named for the collection project. Arrange the folder structure 634 
within the directory to match the requirements described in the R package easyFulcrum15. 635 
 636 
10.2. Navigate to the Fulcrum website and sign in. Export the raw project data from the Fulcrum 637 
database using the Fulcrum website’s data export tool on the left and selecting the following 638 
checkboxes: project, include photos, include GPS data, field sampling, and isolation. 639 
 640 
NOTE: The Fulcrum data for the project will be exported as five comma-separated value (.csv) 641 
files. The complete project data will be joined together into a single data frame using the 642 
easyFulcrum package in R. 643 
 644 
10.3. Move the five .csv files exported from Fulcrum into the project directory created in step 645 
10.1 as instructed in the easyFulcrum vignette20. 646 
 647 
10.4. Open an Rstudio session and install easyfulcrum package in R by entering the following 648 
commands in the R console ‘install.packages("devtools")’ and 649 
‘devtools::install_github("AndersenLab/easyfulcrum")’. 650 
 651 
10.5. Open a new R script and follow the directions in the easyfulcrum vignette to process the 652 
collection data20. 653 
 654 



 

REPRESENTATIVE RESULTS: 655 
This protocol has been used to collect Caenorhabditis nematodes from multiple locations, 656 
including Hawaii and California. The isolation success rate for Caenorhabditis nematodes varies 657 
with collection location, climate, sampling experience, and substrate types sampled. The protocol 658 
has been used to extensively sample the Hawaiian Islands, where nine collection projects have 659 
been conducted over multiple years and seasons. The isolation success rates for selfing 660 
Caenorhabditis species are nearly identical for C. briggsae (162 of 4,506 samples, 3.6%) and 661 
C. elegans (163 of 4,506 samples, 3.6%), and much lower for C. tropicalis (26 of 4,506 samples, 662 
0.58%)8. Each of the selfing species is enriched on rotting fruit and flower substrates relative to 663 
the other substrate categories. Sample rotting fruit and flower substrates if the researcher is 664 
attempting to maximize the success rate rather than characterize substrate preferences. 665 
However, the success rate varies with the quality of the substrate selected. For example, among 666 
fruit and flower substrates, those substrates that are too dry, wet, or fresh will likely not yield 667 
Caenorhabditis nematodes. 668 
 669 
The scalability of this collection protocol is evident from the number of collections a single pair 670 
of researchers can collect from the wild. For example, in October of 2018, a pair of researchers 671 
using this collection protocol was able to collect a total of over 1,000 samples in 7 days from 672 
multiple locations on two Hawaiian Islands. This field team shipped the samples overnight to the 673 
laboratory, where a team of eight researchers isolated over 2,000 nematodes from the samples 674 
as they arrived. A key advantage of this protocol is that it minimizes the cost associated with 675 
sampling in remote locations by reducing the equipment and personnel required in the field. 676 
Using this protocol, a small field team can focus on sampling while the isolation team can process 677 
the samples at their home institution using fragile and heavy equipment like dissecting 678 
microscopes and agar plates for isolating nematodes. Moreover, the implementation of the 679 
mobile data-collection application allows all the field data associated with the samples to be 680 
linked directly to the C-label, which enables the isolation team to work independently from the 681 
field team while processing samples. 682 
 683 
Researchers that use this collection protocol must consider the effort that is required to isolate 684 
nematodes prior to a collection project. The isolation and identification steps are rate-limiting, 685 
and a small collection team can quickly overwhelm isolators with samples. Moreover, the 686 
laboratory space required to process many collections can interfere with ongoing research 687 
(Figure 3). Additionally, some isolated nematodes require additional effort to genotype. For 688 
example, approximately 2% of isolates fail to amplify with the SSU PCR primer set after the first 689 
lysis attempt and must be re-lysed to ensure that the lysis material is suitable for amplification 690 
with the ITS2 primer set (Figure 8). Furthermore, approximately 3% of isolates fail to produce 691 
quality sequences after an initial round of Sanger sequencing. For these isolates, another round 692 
of lysis, ITS2 PCR, and Sanger sequencing is often required, which can increase handing time for 693 
the isolation team. Importantly, sequence identity alone is not sufficient evidence to justify a new 694 
Caenorhabditis species (Figure 7). To properly justify raising an isolate as a new Caenorhabditis 695 
species, additional effort must be made to perform mating experiments and establish a typed 696 
specimen13. A formal morphological description of the typed specimen is also preferred but not 697 
required3. Together, these considerations suggest that researchers adopting this collection 698 



 

protocol will benefit from trial tests of the isolation and identification steps to ensure resources 699 
are properly allocated before a collection project begins. Importantly, even small collection 700 
projects can benefit from this protocol because the process is highly reproducible, and the data 701 
can easily be audited for quality control purposes across laboratory groups. 702 
 703 
FIGURE AND TABLE LEGENDS: 704 
Figure 1: Substrate examples. (A) An ideal rotting fruit is shown in the center of the image (1), 705 
the fruit is almost unrecognizable. Less rotted fruit is shown nearby; avoid sampling freshly fallen 706 
fruits (2). (B) An ideally decomposed flower is shown at the top (3). Avoid sampling freshly fallen 707 
flowers (4). (C) The dark leaf litter under the top layer of dry leaves is ideal when sampling for 708 
selfing Caenorhabditis nematodes (5). Avoid sampling dry leaf litter (6). 709 
 710 
Figure 2: The Nematode Field Sampling mobile application. (A) The initial screen after opening 711 
the Nematode Field Sampling application on an Apple device in Fulcrum. The red arrow in the 712 
lower right points to the + button used to create a new collection record. (B) An example of a 713 
new collection record shown on an Apple device. The red arrow points to the ‘Project’ field at 714 
the top of the collection record screen. Be sure to select the correct project when sampling in 715 
the field. The project field will default to the last project used when creating subsequent 716 
collection records. 717 
 718 
Figure 3: Collection bags and collection plates organized prior to plating out samples. This figure 719 
shows the samples in C-labeled collection bags on the left. Each collection bag has a matching C-720 
labeled 10 cm plate on top of it. On the right are 10 cm collection plates that contain sample 721 
material after it was transferred from the collection bags. 722 
 723 
Figure 4: A collection plate (C-plate) with properly a transferred sample. A 10 cm C-plate with 724 
decomposing fruit placed on the edge of the bacterial lawn. The C-label is attached to the plate 725 
lid. 726 
 727 
Figure 5: The Nematode isolation mobile application. (A) The application selection screen in the 728 
Fulcrum mobile application. The red arrow points to the Nematode Isolation application. (B) The 729 
initial screen after opening the Nematode Isolation application on an Apple device in Fulcrum. 730 
The red arrow in the lower right points to the + button used to create a new isolation record. (C) 731 
An example of a new isolation record shown on an Apple device. The red arrow points to the 732 
‘Project’ field at the top of the isolation record screen. Be sure to select the correct project when 733 
isolating. The project field will default to the last project used when creating subsequent isolation 734 
records. (D) After tapping the Select field under C-label, users will tap the search button (red 735 
arrow) to find the C-label from which they are isolating nematodes. (E) After the C-label is 736 
selected, users will photograph the C-plate using the device camera. (F) Users then input whether 737 
there are nematodes on the C-plate or not. S-labels are added to the isolation record if there are 738 
nematodes to be isolated. 739 
 740 
Figure 6: NCBI BLAST results page. (1) The drop-down menu used to view the BLAST results for 741 
all sequences. (2) The description of the current sequence selected from the drop-down. In this 742 



 

case the results for S-label S-05554 are shown. (3) The top BLAST hit for S-05554 is shown. The 743 
purple text indicates the link to visualize this alignment has been clicked. Please be sure to inspect 744 
the alignments by eye to identify possible new Caenorhabditis species, see step 9.8 above. 745 
 746 
Figure 7: NCBI BLAST alignment visualization examples. (A) An example of an isolate’s ITS2 query 747 
sequence aligned to a C. kamaaina subject sequence. (1) The percent identity of the alignment 748 
(89%), which is low for a top BLAST hit. (2) A mismatch between the query and subject sequence 749 
(G to A). (3) A four base pair gap in the subject sequence made by the alignment algorithm; gaps 750 
in the query or subject indicate poor alignment. (4) A generalized region in the center of the 751 
alignment with many mismatches and gaps. A region like this one suggests that the query 752 
sequence might come from a new Caenorhabditis species. Shown is an actual alignment example 753 
of a new species, C. oiwi, that was discovered in 2017. (B) An example of a good alignment 754 
between an isolate’s ITS2 query sequence and a subject sequence. (5) The percent identity of the 755 
alignment (99%), which usually means the query sequence comes from an isolate of the same 756 
species as the subject. (6) A central region of the alignment with perfect identity. A region like 757 
this one suggests that the query isolate is likely the same species as the subject. 758 
 759 
Figure 8: SSU and ITS2 PCR products. The top gel shows PCR products generated with the SSU 760 
primer set for 12 representative samples. A DNA ladder is included on the left as a reference. The 761 
SSU PCR products for Caenorhabditis nematodes are approximately 500 bp in length. Samples 2-762 
12 amplified with the SSU primer set but sample one did not. The absence of a 500 bp SSU 763 
amplicon for sample one suggests that the lysis material was of poor quality and the sample must 764 
be re-lysed. The bottom gel shows PCR products generated with the ITS2 primer set for the same 765 
12 Samples shown in the top gel. The ladder and samples are in the same orientation for both 766 
gels. Six of the 12 samples did not amplify with the ITS2 primer set. The samples with SSU and 767 
ITS2 bands are Sanger sequenced and identified by sequence similarity using the NCBI BLAST 768 
algorithm. 769 
 770 
Supplemental File 1: C-labels. A PDF file containing 2500 unique C-labels. 771 
 772 
Supplemental File 2: S-labels. A PDF file containing 5000 unique S-labels. 773 
 774 
Supplemental Table 1: Field Materials. A packing list of materials used in the field to sample 775 
nematodes. 776 
 777 
Supplemental Table 2: PCR recipes and thermocycler conditions. A table of PCR recipes and 778 
thermocycler conditions for the ITS2 and SSU PCRs.  779 
 780 
Supplemental Table 3: Electrophoresis buffer recipes. A recipe for 0.5 M pH 8.0 781 
Ethylenediaminetetraacetic acid solution (EDTA) and the TRIS-acetate-EDTA (TAE) buffer 782 
solution. 783 
 784 
DISCUSSION: 785 



 

This protocol contains critical steps that must be executed with caution. For example, it is 786 
important that the field and isolation teams are careful to select the correct collection project in 787 
the application prior to collecting samples from the field or isolating nematodes from the samples 788 
in the laboratory. In the event that the wrong collection project is selected, the errant data 789 
records are best corrected in the Fulcrum database using the record editing tools online. This 790 
process can be tedious for many misplaced records. However, the database retains any changes 791 
to records so that a complete auditing of collection and isolation records is possible. The other 792 
critical steps in this protocol involve the handling of samples from the field and the nematodes 793 
isolated from those samples. To ensure Caenorhabditis nematodes survive the sampling and 794 
shipment steps, the temperature of samples should be maintained between 4 °C and 25 °C. 795 
Temperatures above 25 °C can cause sterility in C. elegans14. Ensure samples are transferred from 796 
collection bags to collection plates within five days whenever possible to minimize the loss to 797 
nematodes. After nematodes are isolated, it is critical that they are genotyped and cryopreserved 798 
before they perish. It is difficult to find living nematodes on S-plates that are more than two to 799 
three weeks old because fungal and bacterial contamination can make the S-plates inhospitable. 800 
 801 
This protocol can be modified easily to accommodate different types of data that researchers 802 
may want to collect while in the field. For example, it is easy to customize the ‘Nematode field 803 
sampling’ application with new data entry fields using Fulcrum’s online GUI for application 804 
editing. Moreover, the data analysis package, easyFulcrum, can accommodate these edits when 805 
processing the new data15. Another modification users may find appealing is to use a different 806 
sampling method in the field. Rather than sampling discrete substrates, researchers may desire 807 
to sample larger areas containing multiple substrate types. These larger samples are best 808 
processed in the laboratory using the Baermann funnel or tray extraction methods13. 809 
Importantly, the use of C-labels and S-labels still apply for these techniques and are therefore 810 
compatible with mobile applications. 811 
 812 
The primary limitations of this protocol relate to the handling time of nematodes prior to 813 
isolation in the laboratory. First, the lag time between sample collection and nematode isolation 814 
makes it impossible to record the developmental stages of nematodes on a given sample at the 815 
time of collection. Second, the frequency of males and outcrossing in nature are key evolutionary 816 
questions for selfing Caenorhabditis nematodes10. This method is not well suited to addressing 817 
these questions because nematodes are likely to have gone through multiple generations prior 818 
to isolation. Delayed isolation means that direct evidence of male frequency in nature is 819 
impossible. Furthermore, the multi-generational delay during the genotyping steps means that 820 
genomic evidence of outcrossing (heterozygosity) will be eroded before a nematode strain can 821 
be sequenced. To identify heterozygosity in nature, the offspring produced by a nematode 822 
directly isolated from nature are used for sequencing2. Another potential limitation of this 823 
protocol is that it is biased toward the identification of selfing Caenorhabditis. This is because 824 
isolated nematodes of selfing species have a greater chance of proliferating than obligate 825 
outcrossers, which will only proliferate if a fertilized female is isolated. 826 
 827 
This collection method is based on existing collection protocols13,14. The major advancement of 828 
this technique is the use of mobile technology and customized software to facilitate the 829 



 

organization of vast quantities of ecological and molecular data associated with large-scale 830 
collection projects. The ecological data generated using this collection protocol can be used to 831 
address outstanding questions for natural populations of Caenorhabditis species. For example, 832 
data generated with this method have been used to discover niche preferences for the species 833 
across the Hawaiian Islands. Moreover, by sequencing the genomes of cryopreserved 834 
nematodes, researchers can investigate how patterns of genetic variation are correlated with 835 
ecological data. Research of this kind can uncover signatures of local adaptation in 836 
Caenorhabditis populations and provide important insights into the relevance of genetic variation 837 
in natural contexts8. To gain a functional understanding of many genes in Caenorhabditis 838 
nematodes, ecological studies are likely required11. Even for C. elegans a large fraction of genes 839 
lacks functional annotations, despite it being the first multicellular animal to be sequenced and 840 
one of the most thoroughly studied animals on Earth. This collection protocol was developed to 841 
help address this knowledge gap by facilitating the collection of wild Caenorhabditis nematodes 842 
and the study of their ecology and natural genetic diversity. 843 
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and address the comments included within the manuscript accordingly. 
We reviewed the substeps. Additionally, we addressed the comments left in the 
document and resolved them. Many of your comments could not be resolved, but we 
addressed them all.  
 
2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", 
"our" etc.). 
I removed personal pronouns throughout. 
 
3. The maximum page limit for the protocol section is 10 pages. Please consider 
reducing the length of the protocol section. Some notes can be moved to the discussion 
section. 
We have chosen not to reduce the length of the protocol because all of the details 
included are necessary. Our standard protocol is almost twice this length because these 
details are important. This protocol was already massively shortened. In short, we 
strongly considered shortening further but found it impossible. 
 
4. The highlighted content in this version of the manuscript exceeds the 3-page limit 
(~5–6 pages). Please highlight up to 3 pages of the Protocol (including headings and 
spacing) that identifies the essential steps of the protocol for the video, i.e., the steps 
that should be visualized to tell the most cohesive story of the Protocol. Remember that 
non-highlighted Protocol steps will remain in the manuscript, and therefore will still be 
available to the reader. 
We revised the highlighted text to fit within three pages. The highlighted text can be 
reviewed in the 20211212_highlighted_protocol_revision.docx file. Note, the step 
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S-0269 S-0270 S-0271 S-0272

S-0273 S-0274 S-0275 S-0276

S-0277 S-0278 S-0279 S-0280

S-0281 S-0282 S-0283 S-0284

S-0285 S-0286 S-0287 S-0288

S-0289 S-0290 S-0291 S-0292

S-0293 S-0294 S-0295 S-0296

S-0297 S-0298 S-0299 S-0300



S-0301 S-0302 S-0303 S-0304

S-0305 S-0306 S-0307 S-0308

S-0309 S-0310 S-0311 S-0312

S-0313 S-0314 S-0315 S-0316

S-0317 S-0318 S-0319 S-0320

S-0321 S-0322 S-0323 S-0324

S-0325 S-0326 S-0327 S-0328

S-0329 S-0330 S-0331 S-0332

S-0333 S-0334 S-0335 S-0336

S-0337 S-0338 S-0339 S-0340

S-0341 S-0342 S-0343 S-0344

S-0345 S-0346 S-0347 S-0348

S-0349 S-0350 S-0351 S-0352

S-0353 S-0354 S-0355 S-0356

S-0357 S-0358 S-0359 S-0360



S-0361 S-0362 S-0363 S-0364

S-0365 S-0366 S-0367 S-0368

S-0369 S-0370 S-0371 S-0372

S-0373 S-0374 S-0375 S-0376

S-0377 S-0378 S-0379 S-0380

S-0381 S-0382 S-0383 S-0384

S-0385 S-0386 S-0387 S-0388

S-0389 S-0390 S-0391 S-0392

S-0393 S-0394 S-0395 S-0396

S-0397 S-0398 S-0399 S-0400

S-0401 S-0402 S-0403 S-0404

S-0405 S-0406 S-0407 S-0408

S-0409 S-0410 S-0411 S-0412

S-0413 S-0414 S-0415 S-0416

S-0417 S-0418 S-0419 S-0420



S-0421 S-0422 S-0423 S-0424

S-0425 S-0426 S-0427 S-0428

S-0429 S-0430 S-0431 S-0432

S-0433 S-0434 S-0435 S-0436

S-0437 S-0438 S-0439 S-0440

S-0441 S-0442 S-0443 S-0444

S-0445 S-0446 S-0447 S-0448

S-0449 S-0450 S-0451 S-0452

S-0453 S-0454 S-0455 S-0456

S-0457 S-0458 S-0459 S-0460

S-0461 S-0462 S-0463 S-0464

S-0465 S-0466 S-0467 S-0468

S-0469 S-0470 S-0471 S-0472

S-0473 S-0474 S-0475 S-0476

S-0477 S-0478 S-0479 S-0480



S-0481 S-0482 S-0483 S-0484

S-0485 S-0486 S-0487 S-0488

S-0489 S-0490 S-0491 S-0492

S-0493 S-0494 S-0495 S-0496

S-0497 S-0498 S-0499 S-0500

S-0501 S-0502 S-0503 S-0504

S-0505 S-0506 S-0507 S-0508

S-0509 S-0510 S-0511 S-0512

S-0513 S-0514 S-0515 S-0516

S-0517 S-0518 S-0519 S-0520

S-0521 S-0522 S-0523 S-0524

S-0525 S-0526 S-0527 S-0528

S-0529 S-0530 S-0531 S-0532

S-0533 S-0534 S-0535 S-0536

S-0537 S-0538 S-0539 S-0540



S-0541 S-0542 S-0543 S-0544

S-0545 S-0546 S-0547 S-0548

S-0549 S-0550 S-0551 S-0552

S-0553 S-0554 S-0555 S-0556

S-0557 S-0558 S-0559 S-0560

S-0561 S-0562 S-0563 S-0564

S-0565 S-0566 S-0567 S-0568

S-0569 S-0570 S-0571 S-0572

S-0573 S-0574 S-0575 S-0576

S-0577 S-0578 S-0579 S-0580

S-0581 S-0582 S-0583 S-0584

S-0585 S-0586 S-0587 S-0588

S-0589 S-0590 S-0591 S-0592

S-0593 S-0594 S-0595 S-0596

S-0597 S-0598 S-0599 S-0600



S-0601 S-0602 S-0603 S-0604

S-0605 S-0606 S-0607 S-0608

S-0609 S-0610 S-0611 S-0612

S-0613 S-0614 S-0615 S-0616

S-0617 S-0618 S-0619 S-0620

S-0621 S-0622 S-0623 S-0624

S-0625 S-0626 S-0627 S-0628

S-0629 S-0630 S-0631 S-0632

S-0633 S-0634 S-0635 S-0636

S-0637 S-0638 S-0639 S-0640

S-0641 S-0642 S-0643 S-0644

S-0645 S-0646 S-0647 S-0648

S-0649 S-0650 S-0651 S-0652

S-0653 S-0654 S-0655 S-0656

S-0657 S-0658 S-0659 S-0660



S-0661 S-0662 S-0663 S-0664

S-0665 S-0666 S-0667 S-0668

S-0669 S-0670 S-0671 S-0672

S-0673 S-0674 S-0675 S-0676

S-0677 S-0678 S-0679 S-0680

S-0681 S-0682 S-0683 S-0684

S-0685 S-0686 S-0687 S-0688

S-0689 S-0690 S-0691 S-0692

S-0693 S-0694 S-0695 S-0696

S-0697 S-0698 S-0699 S-0700

S-0701 S-0702 S-0703 S-0704

S-0705 S-0706 S-0707 S-0708

S-0709 S-0710 S-0711 S-0712

S-0713 S-0714 S-0715 S-0716

S-0717 S-0718 S-0719 S-0720



S-0721 S-0722 S-0723 S-0724

S-0725 S-0726 S-0727 S-0728

S-0729 S-0730 S-0731 S-0732

S-0733 S-0734 S-0735 S-0736

S-0737 S-0738 S-0739 S-0740

S-0741 S-0742 S-0743 S-0744

S-0745 S-0746 S-0747 S-0748

S-0749 S-0750 S-0751 S-0752

S-0753 S-0754 S-0755 S-0756

S-0757 S-0758 S-0759 S-0760

S-0761 S-0762 S-0763 S-0764

S-0765 S-0766 S-0767 S-0768

S-0769 S-0770 S-0771 S-0772

S-0773 S-0774 S-0775 S-0776

S-0777 S-0778 S-0779 S-0780



S-0781 S-0782 S-0783 S-0784

S-0785 S-0786 S-0787 S-0788

S-0789 S-0790 S-0791 S-0792

S-0793 S-0794 S-0795 S-0796

S-0797 S-0798 S-0799 S-0800

S-0801 S-0802 S-0803 S-0804

S-0805 S-0806 S-0807 S-0808

S-0809 S-0810 S-0811 S-0812

S-0813 S-0814 S-0815 S-0816

S-0817 S-0818 S-0819 S-0820

S-0821 S-0822 S-0823 S-0824

S-0825 S-0826 S-0827 S-0828

S-0829 S-0830 S-0831 S-0832

S-0833 S-0834 S-0835 S-0836

S-0837 S-0838 S-0839 S-0840



S-0841 S-0842 S-0843 S-0844

S-0845 S-0846 S-0847 S-0848

S-0849 S-0850 S-0851 S-0852

S-0853 S-0854 S-0855 S-0856

S-0857 S-0858 S-0859 S-0860

S-0861 S-0862 S-0863 S-0864

S-0865 S-0866 S-0867 S-0868

S-0869 S-0870 S-0871 S-0872

S-0873 S-0874 S-0875 S-0876

S-0877 S-0878 S-0879 S-0880

S-0881 S-0882 S-0883 S-0884

S-0885 S-0886 S-0887 S-0888

S-0889 S-0890 S-0891 S-0892

S-0893 S-0894 S-0895 S-0896

S-0897 S-0898 S-0899 S-0900



S-0901 S-0902 S-0903 S-0904

S-0905 S-0906 S-0907 S-0908

S-0909 S-0910 S-0911 S-0912

S-0913 S-0914 S-0915 S-0916

S-0917 S-0918 S-0919 S-0920

S-0921 S-0922 S-0923 S-0924

S-0925 S-0926 S-0927 S-0928

S-0929 S-0930 S-0931 S-0932

S-0933 S-0934 S-0935 S-0936

S-0937 S-0938 S-0939 S-0940

S-0941 S-0942 S-0943 S-0944

S-0945 S-0946 S-0947 S-0948

S-0949 S-0950 S-0951 S-0952

S-0953 S-0954 S-0955 S-0956

S-0957 S-0958 S-0959 S-0960



S-0961 S-0962 S-0963 S-0964

S-0965 S-0966 S-0967 S-0968

S-0969 S-0970 S-0971 S-0972

S-0973 S-0974 S-0975 S-0976

S-0977 S-0978 S-0979 S-0980

S-0981 S-0982 S-0983 S-0984

S-0985 S-0986 S-0987 S-0988

S-0989 S-0990 S-0991 S-0992

S-0993 S-0994 S-0995 S-0996

S-0997 S-0998 S-0999 S-1000

S-1001 S-1002 S-1003 S-1004

S-1005 S-1006 S-1007 S-1008

S-1009 S-1010 S-1011 S-1012

S-1013 S-1014 S-1015 S-1016

S-1017 S-1018 S-1019 S-1020



S-1021 S-1022 S-1023 S-1024

S-1025 S-1026 S-1027 S-1028

S-1029 S-1030 S-1031 S-1032

S-1033 S-1034 S-1035 S-1036

S-1037 S-1038 S-1039 S-1040

S-1041 S-1042 S-1043 S-1044

S-1045 S-1046 S-1047 S-1048

S-1049 S-1050 S-1051 S-1052

S-1053 S-1054 S-1055 S-1056

S-1057 S-1058 S-1059 S-1060

S-1061 S-1062 S-1063 S-1064

S-1065 S-1066 S-1067 S-1068

S-1069 S-1070 S-1071 S-1072

S-1073 S-1074 S-1075 S-1076

S-1077 S-1078 S-1079 S-1080



S-1081 S-1082 S-1083 S-1084

S-1085 S-1086 S-1087 S-1088

S-1089 S-1090 S-1091 S-1092

S-1093 S-1094 S-1095 S-1096

S-1097 S-1098 S-1099 S-1100

S-1101 S-1102 S-1103 S-1104

S-1105 S-1106 S-1107 S-1108

S-1109 S-1110 S-1111 S-1112

S-1113 S-1114 S-1115 S-1116

S-1117 S-1118 S-1119 S-1120

S-1121 S-1122 S-1123 S-1124

S-1125 S-1126 S-1127 S-1128

S-1129 S-1130 S-1131 S-1132

S-1133 S-1134 S-1135 S-1136

S-1137 S-1138 S-1139 S-1140



S-1141 S-1142 S-1143 S-1144

S-1145 S-1146 S-1147 S-1148

S-1149 S-1150 S-1151 S-1152

S-1153 S-1154 S-1155 S-1156

S-1157 S-1158 S-1159 S-1160

S-1161 S-1162 S-1163 S-1164

S-1165 S-1166 S-1167 S-1168

S-1169 S-1170 S-1171 S-1172

S-1173 S-1174 S-1175 S-1176

S-1177 S-1178 S-1179 S-1180

S-1181 S-1182 S-1183 S-1184

S-1185 S-1186 S-1187 S-1188

S-1189 S-1190 S-1191 S-1192

S-1193 S-1194 S-1195 S-1196

S-1197 S-1198 S-1199 S-1200



S-1201 S-1202 S-1203 S-1204

S-1205 S-1206 S-1207 S-1208

S-1209 S-1210 S-1211 S-1212

S-1213 S-1214 S-1215 S-1216

S-1217 S-1218 S-1219 S-1220

S-1221 S-1222 S-1223 S-1224

S-1225 S-1226 S-1227 S-1228

S-1229 S-1230 S-1231 S-1232

S-1233 S-1234 S-1235 S-1236

S-1237 S-1238 S-1239 S-1240

S-1241 S-1242 S-1243 S-1244

S-1245 S-1246 S-1247 S-1248

S-1249 S-1250 S-1251 S-1252

S-1253 S-1254 S-1255 S-1256

S-1257 S-1258 S-1259 S-1260



S-1261 S-1262 S-1263 S-1264

S-1265 S-1266 S-1267 S-1268

S-1269 S-1270 S-1271 S-1272

S-1273 S-1274 S-1275 S-1276

S-1277 S-1278 S-1279 S-1280

S-1281 S-1282 S-1283 S-1284

S-1285 S-1286 S-1287 S-1288

S-1289 S-1290 S-1291 S-1292

S-1293 S-1294 S-1295 S-1296

S-1297 S-1298 S-1299 S-1300

S-1301 S-1302 S-1303 S-1304

S-1305 S-1306 S-1307 S-1308

S-1309 S-1310 S-1311 S-1312

S-1313 S-1314 S-1315 S-1316

S-1317 S-1318 S-1319 S-1320



S-1321 S-1322 S-1323 S-1324

S-1325 S-1326 S-1327 S-1328

S-1329 S-1330 S-1331 S-1332

S-1333 S-1334 S-1335 S-1336

S-1337 S-1338 S-1339 S-1340

S-1341 S-1342 S-1343 S-1344

S-1345 S-1346 S-1347 S-1348

S-1349 S-1350 S-1351 S-1352

S-1353 S-1354 S-1355 S-1356

S-1357 S-1358 S-1359 S-1360

S-1361 S-1362 S-1363 S-1364

S-1365 S-1366 S-1367 S-1368

S-1369 S-1370 S-1371 S-1372

S-1373 S-1374 S-1375 S-1376

S-1377 S-1378 S-1379 S-1380



S-1381 S-1382 S-1383 S-1384

S-1385 S-1386 S-1387 S-1388

S-1389 S-1390 S-1391 S-1392

S-1393 S-1394 S-1395 S-1396

S-1397 S-1398 S-1399 S-1400

S-1401 S-1402 S-1403 S-1404

S-1405 S-1406 S-1407 S-1408

S-1409 S-1410 S-1411 S-1412

S-1413 S-1414 S-1415 S-1416

S-1417 S-1418 S-1419 S-1420

S-1421 S-1422 S-1423 S-1424

S-1425 S-1426 S-1427 S-1428

S-1429 S-1430 S-1431 S-1432

S-1433 S-1434 S-1435 S-1436

S-1437 S-1438 S-1439 S-1440



S-1441 S-1442 S-1443 S-1444

S-1445 S-1446 S-1447 S-1448

S-1449 S-1450 S-1451 S-1452

S-1453 S-1454 S-1455 S-1456

S-1457 S-1458 S-1459 S-1460

S-1461 S-1462 S-1463 S-1464

S-1465 S-1466 S-1467 S-1468

S-1469 S-1470 S-1471 S-1472

S-1473 S-1474 S-1475 S-1476

S-1477 S-1478 S-1479 S-1480

S-1481 S-1482 S-1483 S-1484

S-1485 S-1486 S-1487 S-1488

S-1489 S-1490 S-1491 S-1492

S-1493 S-1494 S-1495 S-1496

S-1497 S-1498 S-1499 S-1500



S-1501 S-1502 S-1503 S-1504

S-1505 S-1506 S-1507 S-1508

S-1509 S-1510 S-1511 S-1512

S-1513 S-1514 S-1515 S-1516

S-1517 S-1518 S-1519 S-1520

S-1521 S-1522 S-1523 S-1524

S-1525 S-1526 S-1527 S-1528

S-1529 S-1530 S-1531 S-1532

S-1533 S-1534 S-1535 S-1536

S-1537 S-1538 S-1539 S-1540

S-1541 S-1542 S-1543 S-1544

S-1545 S-1546 S-1547 S-1548

S-1549 S-1550 S-1551 S-1552

S-1553 S-1554 S-1555 S-1556

S-1557 S-1558 S-1559 S-1560



S-1561 S-1562 S-1563 S-1564

S-1565 S-1566 S-1567 S-1568

S-1569 S-1570 S-1571 S-1572

S-1573 S-1574 S-1575 S-1576

S-1577 S-1578 S-1579 S-1580

S-1581 S-1582 S-1583 S-1584

S-1585 S-1586 S-1587 S-1588

S-1589 S-1590 S-1591 S-1592

S-1593 S-1594 S-1595 S-1596

S-1597 S-1598 S-1599 S-1600

S-1601 S-1602 S-1603 S-1604

S-1605 S-1606 S-1607 S-1608

S-1609 S-1610 S-1611 S-1612

S-1613 S-1614 S-1615 S-1616

S-1617 S-1618 S-1619 S-1620



S-1621 S-1622 S-1623 S-1624

S-1625 S-1626 S-1627 S-1628

S-1629 S-1630 S-1631 S-1632

S-1633 S-1634 S-1635 S-1636

S-1637 S-1638 S-1639 S-1640

S-1641 S-1642 S-1643 S-1644

S-1645 S-1646 S-1647 S-1648

S-1649 S-1650 S-1651 S-1652

S-1653 S-1654 S-1655 S-1656

S-1657 S-1658 S-1659 S-1660

S-1661 S-1662 S-1663 S-1664

S-1665 S-1666 S-1667 S-1668

S-1669 S-1670 S-1671 S-1672

S-1673 S-1674 S-1675 S-1676

S-1677 S-1678 S-1679 S-1680



S-1681 S-1682 S-1683 S-1684

S-1685 S-1686 S-1687 S-1688

S-1689 S-1690 S-1691 S-1692

S-1693 S-1694 S-1695 S-1696

S-1697 S-1698 S-1699 S-1700

S-1701 S-1702 S-1703 S-1704

S-1705 S-1706 S-1707 S-1708

S-1709 S-1710 S-1711 S-1712

S-1713 S-1714 S-1715 S-1716

S-1717 S-1718 S-1719 S-1720

S-1721 S-1722 S-1723 S-1724

S-1725 S-1726 S-1727 S-1728

S-1729 S-1730 S-1731 S-1732

S-1733 S-1734 S-1735 S-1736

S-1737 S-1738 S-1739 S-1740



S-1741 S-1742 S-1743 S-1744

S-1745 S-1746 S-1747 S-1748

S-1749 S-1750 S-1751 S-1752

S-1753 S-1754 S-1755 S-1756

S-1757 S-1758 S-1759 S-1760

S-1761 S-1762 S-1763 S-1764

S-1765 S-1766 S-1767 S-1768

S-1769 S-1770 S-1771 S-1772

S-1773 S-1774 S-1775 S-1776

S-1777 S-1778 S-1779 S-1780

S-1781 S-1782 S-1783 S-1784

S-1785 S-1786 S-1787 S-1788

S-1789 S-1790 S-1791 S-1792

S-1793 S-1794 S-1795 S-1796

S-1797 S-1798 S-1799 S-1800



S-1801 S-1802 S-1803 S-1804

S-1805 S-1806 S-1807 S-1808

S-1809 S-1810 S-1811 S-1812

S-1813 S-1814 S-1815 S-1816

S-1817 S-1818 S-1819 S-1820

S-1821 S-1822 S-1823 S-1824

S-1825 S-1826 S-1827 S-1828

S-1829 S-1830 S-1831 S-1832

S-1833 S-1834 S-1835 S-1836

S-1837 S-1838 S-1839 S-1840

S-1841 S-1842 S-1843 S-1844

S-1845 S-1846 S-1847 S-1848

S-1849 S-1850 S-1851 S-1852

S-1853 S-1854 S-1855 S-1856

S-1857 S-1858 S-1859 S-1860



S-1861 S-1862 S-1863 S-1864

S-1865 S-1866 S-1867 S-1868

S-1869 S-1870 S-1871 S-1872

S-1873 S-1874 S-1875 S-1876

S-1877 S-1878 S-1879 S-1880

S-1881 S-1882 S-1883 S-1884

S-1885 S-1886 S-1887 S-1888

S-1889 S-1890 S-1891 S-1892

S-1893 S-1894 S-1895 S-1896

S-1897 S-1898 S-1899 S-1900

S-1901 S-1902 S-1903 S-1904

S-1905 S-1906 S-1907 S-1908

S-1909 S-1910 S-1911 S-1912

S-1913 S-1914 S-1915 S-1916

S-1917 S-1918 S-1919 S-1920



S-1921 S-1922 S-1923 S-1924

S-1925 S-1926 S-1927 S-1928

S-1929 S-1930 S-1931 S-1932

S-1933 S-1934 S-1935 S-1936

S-1937 S-1938 S-1939 S-1940

S-1941 S-1942 S-1943 S-1944

S-1945 S-1946 S-1947 S-1948

S-1949 S-1950 S-1951 S-1952

S-1953 S-1954 S-1955 S-1956

S-1957 S-1958 S-1959 S-1960

S-1961 S-1962 S-1963 S-1964

S-1965 S-1966 S-1967 S-1968

S-1969 S-1970 S-1971 S-1972

S-1973 S-1974 S-1975 S-1976

S-1977 S-1978 S-1979 S-1980



S-1981 S-1982 S-1983 S-1984

S-1985 S-1986 S-1987 S-1988

S-1989 S-1990 S-1991 S-1992

S-1993 S-1994 S-1995 S-1996

S-1997 S-1998 S-1999 S-2000

S-2001 S-2002 S-2003 S-2004

S-2005 S-2006 S-2007 S-2008

S-2009 S-2010 S-2011 S-2012

S-2013 S-2014 S-2015 S-2016

S-2017 S-2018 S-2019 S-2020

S-2021 S-2022 S-2023 S-2024

S-2025 S-2026 S-2027 S-2028

S-2029 S-2030 S-2031 S-2032

S-2033 S-2034 S-2035 S-2036

S-2037 S-2038 S-2039 S-2040



S-2041 S-2042 S-2043 S-2044

S-2045 S-2046 S-2047 S-2048

S-2049 S-2050 S-2051 S-2052

S-2053 S-2054 S-2055 S-2056

S-2057 S-2058 S-2059 S-2060

S-2061 S-2062 S-2063 S-2064

S-2065 S-2066 S-2067 S-2068

S-2069 S-2070 S-2071 S-2072

S-2073 S-2074 S-2075 S-2076

S-2077 S-2078 S-2079 S-2080

S-2081 S-2082 S-2083 S-2084

S-2085 S-2086 S-2087 S-2088

S-2089 S-2090 S-2091 S-2092

S-2093 S-2094 S-2095 S-2096

S-2097 S-2098 S-2099 S-2100



S-2101 S-2102 S-2103 S-2104

S-2105 S-2106 S-2107 S-2108

S-2109 S-2110 S-2111 S-2112

S-2113 S-2114 S-2115 S-2116

S-2117 S-2118 S-2119 S-2120

S-2121 S-2122 S-2123 S-2124

S-2125 S-2126 S-2127 S-2128

S-2129 S-2130 S-2131 S-2132

S-2133 S-2134 S-2135 S-2136

S-2137 S-2138 S-2139 S-2140

S-2141 S-2142 S-2143 S-2144

S-2145 S-2146 S-2147 S-2148

S-2149 S-2150 S-2151 S-2152

S-2153 S-2154 S-2155 S-2156

S-2157 S-2158 S-2159 S-2160



S-2161 S-2162 S-2163 S-2164

S-2165 S-2166 S-2167 S-2168

S-2169 S-2170 S-2171 S-2172

S-2173 S-2174 S-2175 S-2176

S-2177 S-2178 S-2179 S-2180

S-2181 S-2182 S-2183 S-2184

S-2185 S-2186 S-2187 S-2188

S-2189 S-2190 S-2191 S-2192

S-2193 S-2194 S-2195 S-2196

S-2197 S-2198 S-2199 S-2200

S-2201 S-2202 S-2203 S-2204

S-2205 S-2206 S-2207 S-2208

S-2209 S-2210 S-2211 S-2212

S-2213 S-2214 S-2215 S-2216

S-2217 S-2218 S-2219 S-2220



S-2221 S-2222 S-2223 S-2224

S-2225 S-2226 S-2227 S-2228

S-2229 S-2230 S-2231 S-2232

S-2233 S-2234 S-2235 S-2236

S-2237 S-2238 S-2239 S-2240

S-2241 S-2242 S-2243 S-2244

S-2245 S-2246 S-2247 S-2248

S-2249 S-2250 S-2251 S-2252

S-2253 S-2254 S-2255 S-2256

S-2257 S-2258 S-2259 S-2260

S-2261 S-2262 S-2263 S-2264

S-2265 S-2266 S-2267 S-2268

S-2269 S-2270 S-2271 S-2272

S-2273 S-2274 S-2275 S-2276

S-2277 S-2278 S-2279 S-2280



S-2281 S-2282 S-2283 S-2284

S-2285 S-2286 S-2287 S-2288

S-2289 S-2290 S-2291 S-2292

S-2293 S-2294 S-2295 S-2296

S-2297 S-2298 S-2299 S-2300

S-2301 S-2302 S-2303 S-2304

S-2305 S-2306 S-2307 S-2308

S-2309 S-2310 S-2311 S-2312

S-2313 S-2314 S-2315 S-2316

S-2317 S-2318 S-2319 S-2320

S-2321 S-2322 S-2323 S-2324

S-2325 S-2326 S-2327 S-2328

S-2329 S-2330 S-2331 S-2332

S-2333 S-2334 S-2335 S-2336

S-2337 S-2338 S-2339 S-2340



S-2341 S-2342 S-2343 S-2344

S-2345 S-2346 S-2347 S-2348

S-2349 S-2350 S-2351 S-2352

S-2353 S-2354 S-2355 S-2356

S-2357 S-2358 S-2359 S-2360

S-2361 S-2362 S-2363 S-2364

S-2365 S-2366 S-2367 S-2368

S-2369 S-2370 S-2371 S-2372

S-2373 S-2374 S-2375 S-2376

S-2377 S-2378 S-2379 S-2380

S-2381 S-2382 S-2383 S-2384

S-2385 S-2386 S-2387 S-2388

S-2389 S-2390 S-2391 S-2392

S-2393 S-2394 S-2395 S-2396

S-2397 S-2398 S-2399 S-2400



S-2401 S-2402 S-2403 S-2404

S-2405 S-2406 S-2407 S-2408

S-2409 S-2410 S-2411 S-2412

S-2413 S-2414 S-2415 S-2416

S-2417 S-2418 S-2419 S-2420

S-2421 S-2422 S-2423 S-2424

S-2425 S-2426 S-2427 S-2428

S-2429 S-2430 S-2431 S-2432

S-2433 S-2434 S-2435 S-2436

S-2437 S-2438 S-2439 S-2440

S-2441 S-2442 S-2443 S-2444

S-2445 S-2446 S-2447 S-2448

S-2449 S-2450 S-2451 S-2452

S-2453 S-2454 S-2455 S-2456

S-2457 S-2458 S-2459 S-2460



S-2461 S-2462 S-2463 S-2464

S-2465 S-2466 S-2467 S-2468

S-2469 S-2470 S-2471 S-2472

S-2473 S-2474 S-2475 S-2476

S-2477 S-2478 S-2479 S-2480

S-2481 S-2482 S-2483 S-2484

S-2485 S-2486 S-2487 S-2488

S-2489 S-2490 S-2491 S-2492

S-2493 S-2494 S-2495 S-2496

S-2497 S-2498 S-2499 S-2500

S-2501 S-2502 S-2503 S-2504

S-2505 S-2506 S-2507 S-2508

S-2509 S-2510 S-2511 S-2512

S-2513 S-2514 S-2515 S-2516

S-2517 S-2518 S-2519 S-2520



S-2521 S-2522 S-2523 S-2524

S-2525 S-2526 S-2527 S-2528

S-2529 S-2530 S-2531 S-2532

S-2533 S-2534 S-2535 S-2536

S-2537 S-2538 S-2539 S-2540

S-2541 S-2542 S-2543 S-2544

S-2545 S-2546 S-2547 S-2548

S-2549 S-2550 S-2551 S-2552

S-2553 S-2554 S-2555 S-2556

S-2557 S-2558 S-2559 S-2560

S-2561 S-2562 S-2563 S-2564

S-2565 S-2566 S-2567 S-2568

S-2569 S-2570 S-2571 S-2572

S-2573 S-2574 S-2575 S-2576

S-2577 S-2578 S-2579 S-2580



S-2581 S-2582 S-2583 S-2584

S-2585 S-2586 S-2587 S-2588

S-2589 S-2590 S-2591 S-2592

S-2593 S-2594 S-2595 S-2596

S-2597 S-2598 S-2599 S-2600

S-2601 S-2602 S-2603 S-2604

S-2605 S-2606 S-2607 S-2608

S-2609 S-2610 S-2611 S-2612

S-2613 S-2614 S-2615 S-2616

S-2617 S-2618 S-2619 S-2620

S-2621 S-2622 S-2623 S-2624

S-2625 S-2626 S-2627 S-2628

S-2629 S-2630 S-2631 S-2632

S-2633 S-2634 S-2635 S-2636

S-2637 S-2638 S-2639 S-2640



S-2641 S-2642 S-2643 S-2644

S-2645 S-2646 S-2647 S-2648

S-2649 S-2650 S-2651 S-2652

S-2653 S-2654 S-2655 S-2656

S-2657 S-2658 S-2659 S-2660

S-2661 S-2662 S-2663 S-2664

S-2665 S-2666 S-2667 S-2668

S-2669 S-2670 S-2671 S-2672

S-2673 S-2674 S-2675 S-2676

S-2677 S-2678 S-2679 S-2680

S-2681 S-2682 S-2683 S-2684

S-2685 S-2686 S-2687 S-2688

S-2689 S-2690 S-2691 S-2692

S-2693 S-2694 S-2695 S-2696

S-2697 S-2698 S-2699 S-2700



S-2701 S-2702 S-2703 S-2704

S-2705 S-2706 S-2707 S-2708

S-2709 S-2710 S-2711 S-2712

S-2713 S-2714 S-2715 S-2716

S-2717 S-2718 S-2719 S-2720

S-2721 S-2722 S-2723 S-2724

S-2725 S-2726 S-2727 S-2728

S-2729 S-2730 S-2731 S-2732

S-2733 S-2734 S-2735 S-2736

S-2737 S-2738 S-2739 S-2740

S-2741 S-2742 S-2743 S-2744

S-2745 S-2746 S-2747 S-2748

S-2749 S-2750 S-2751 S-2752

S-2753 S-2754 S-2755 S-2756

S-2757 S-2758 S-2759 S-2760



S-2761 S-2762 S-2763 S-2764

S-2765 S-2766 S-2767 S-2768

S-2769 S-2770 S-2771 S-2772

S-2773 S-2774 S-2775 S-2776

S-2777 S-2778 S-2779 S-2780

S-2781 S-2782 S-2783 S-2784

S-2785 S-2786 S-2787 S-2788

S-2789 S-2790 S-2791 S-2792

S-2793 S-2794 S-2795 S-2796

S-2797 S-2798 S-2799 S-2800

S-2801 S-2802 S-2803 S-2804

S-2805 S-2806 S-2807 S-2808

S-2809 S-2810 S-2811 S-2812

S-2813 S-2814 S-2815 S-2816

S-2817 S-2818 S-2819 S-2820



S-2821 S-2822 S-2823 S-2824

S-2825 S-2826 S-2827 S-2828

S-2829 S-2830 S-2831 S-2832

S-2833 S-2834 S-2835 S-2836

S-2837 S-2838 S-2839 S-2840

S-2841 S-2842 S-2843 S-2844

S-2845 S-2846 S-2847 S-2848

S-2849 S-2850 S-2851 S-2852

S-2853 S-2854 S-2855 S-2856

S-2857 S-2858 S-2859 S-2860

S-2861 S-2862 S-2863 S-2864

S-2865 S-2866 S-2867 S-2868

S-2869 S-2870 S-2871 S-2872

S-2873 S-2874 S-2875 S-2876

S-2877 S-2878 S-2879 S-2880



S-2881 S-2882 S-2883 S-2884

S-2885 S-2886 S-2887 S-2888

S-2889 S-2890 S-2891 S-2892

S-2893 S-2894 S-2895 S-2896

S-2897 S-2898 S-2899 S-2900

S-2901 S-2902 S-2903 S-2904

S-2905 S-2906 S-2907 S-2908

S-2909 S-2910 S-2911 S-2912

S-2913 S-2914 S-2915 S-2916

S-2917 S-2918 S-2919 S-2920

S-2921 S-2922 S-2923 S-2924

S-2925 S-2926 S-2927 S-2928

S-2929 S-2930 S-2931 S-2932

S-2933 S-2934 S-2935 S-2936

S-2937 S-2938 S-2939 S-2940



S-2941 S-2942 S-2943 S-2944

S-2945 S-2946 S-2947 S-2948

S-2949 S-2950 S-2951 S-2952

S-2953 S-2954 S-2955 S-2956

S-2957 S-2958 S-2959 S-2960

S-2961 S-2962 S-2963 S-2964

S-2965 S-2966 S-2967 S-2968

S-2969 S-2970 S-2971 S-2972

S-2973 S-2974 S-2975 S-2976

S-2977 S-2978 S-2979 S-2980

S-2981 S-2982 S-2983 S-2984

S-2985 S-2986 S-2987 S-2988

S-2989 S-2990 S-2991 S-2992

S-2993 S-2994 S-2995 S-2996

S-2997 S-2998 S-2999 S-3000



S-3001 S-3002 S-3003 S-3004

S-3005 S-3006 S-3007 S-3008

S-3009 S-3010 S-3011 S-3012

S-3013 S-3014 S-3015 S-3016

S-3017 S-3018 S-3019 S-3020

S-3021 S-3022 S-3023 S-3024

S-3025 S-3026 S-3027 S-3028

S-3029 S-3030 S-3031 S-3032

S-3033 S-3034 S-3035 S-3036

S-3037 S-3038 S-3039 S-3040

S-3041 S-3042 S-3043 S-3044

S-3045 S-3046 S-3047 S-3048

S-3049 S-3050 S-3051 S-3052

S-3053 S-3054 S-3055 S-3056

S-3057 S-3058 S-3059 S-3060



S-3061 S-3062 S-3063 S-3064

S-3065 S-3066 S-3067 S-3068

S-3069 S-3070 S-3071 S-3072

S-3073 S-3074 S-3075 S-3076

S-3077 S-3078 S-3079 S-3080

S-3081 S-3082 S-3083 S-3084

S-3085 S-3086 S-3087 S-3088

S-3089 S-3090 S-3091 S-3092

S-3093 S-3094 S-3095 S-3096

S-3097 S-3098 S-3099 S-3100

S-3101 S-3102 S-3103 S-3104

S-3105 S-3106 S-3107 S-3108

S-3109 S-3110 S-3111 S-3112

S-3113 S-3114 S-3115 S-3116

S-3117 S-3118 S-3119 S-3120



S-3121 S-3122 S-3123 S-3124

S-3125 S-3126 S-3127 S-3128

S-3129 S-3130 S-3131 S-3132

S-3133 S-3134 S-3135 S-3136

S-3137 S-3138 S-3139 S-3140

S-3141 S-3142 S-3143 S-3144

S-3145 S-3146 S-3147 S-3148

S-3149 S-3150 S-3151 S-3152

S-3153 S-3154 S-3155 S-3156

S-3157 S-3158 S-3159 S-3160

S-3161 S-3162 S-3163 S-3164

S-3165 S-3166 S-3167 S-3168

S-3169 S-3170 S-3171 S-3172

S-3173 S-3174 S-3175 S-3176

S-3177 S-3178 S-3179 S-3180



S-3181 S-3182 S-3183 S-3184

S-3185 S-3186 S-3187 S-3188

S-3189 S-3190 S-3191 S-3192

S-3193 S-3194 S-3195 S-3196

S-3197 S-3198 S-3199 S-3200

S-3201 S-3202 S-3203 S-3204

S-3205 S-3206 S-3207 S-3208

S-3209 S-3210 S-3211 S-3212

S-3213 S-3214 S-3215 S-3216

S-3217 S-3218 S-3219 S-3220

S-3221 S-3222 S-3223 S-3224

S-3225 S-3226 S-3227 S-3228

S-3229 S-3230 S-3231 S-3232

S-3233 S-3234 S-3235 S-3236

S-3237 S-3238 S-3239 S-3240



S-3241 S-3242 S-3243 S-3244

S-3245 S-3246 S-3247 S-3248

S-3249 S-3250 S-3251 S-3252

S-3253 S-3254 S-3255 S-3256

S-3257 S-3258 S-3259 S-3260

S-3261 S-3262 S-3263 S-3264

S-3265 S-3266 S-3267 S-3268

S-3269 S-3270 S-3271 S-3272

S-3273 S-3274 S-3275 S-3276

S-3277 S-3278 S-3279 S-3280

S-3281 S-3282 S-3283 S-3284

S-3285 S-3286 S-3287 S-3288

S-3289 S-3290 S-3291 S-3292

S-3293 S-3294 S-3295 S-3296

S-3297 S-3298 S-3299 S-3300



S-3301 S-3302 S-3303 S-3304

S-3305 S-3306 S-3307 S-3308

S-3309 S-3310 S-3311 S-3312

S-3313 S-3314 S-3315 S-3316

S-3317 S-3318 S-3319 S-3320

S-3321 S-3322 S-3323 S-3324

S-3325 S-3326 S-3327 S-3328

S-3329 S-3330 S-3331 S-3332

S-3333 S-3334 S-3335 S-3336

S-3337 S-3338 S-3339 S-3340

S-3341 S-3342 S-3343 S-3344

S-3345 S-3346 S-3347 S-3348

S-3349 S-3350 S-3351 S-3352

S-3353 S-3354 S-3355 S-3356

S-3357 S-3358 S-3359 S-3360



S-3361 S-3362 S-3363 S-3364

S-3365 S-3366 S-3367 S-3368

S-3369 S-3370 S-3371 S-3372

S-3373 S-3374 S-3375 S-3376

S-3377 S-3378 S-3379 S-3380

S-3381 S-3382 S-3383 S-3384

S-3385 S-3386 S-3387 S-3388

S-3389 S-3390 S-3391 S-3392

S-3393 S-3394 S-3395 S-3396

S-3397 S-3398 S-3399 S-3400

S-3401 S-3402 S-3403 S-3404

S-3405 S-3406 S-3407 S-3408

S-3409 S-3410 S-3411 S-3412

S-3413 S-3414 S-3415 S-3416

S-3417 S-3418 S-3419 S-3420



S-3421 S-3422 S-3423 S-3424

S-3425 S-3426 S-3427 S-3428

S-3429 S-3430 S-3431 S-3432

S-3433 S-3434 S-3435 S-3436

S-3437 S-3438 S-3439 S-3440

S-3441 S-3442 S-3443 S-3444

S-3445 S-3446 S-3447 S-3448

S-3449 S-3450 S-3451 S-3452

S-3453 S-3454 S-3455 S-3456

S-3457 S-3458 S-3459 S-3460

S-3461 S-3462 S-3463 S-3464

S-3465 S-3466 S-3467 S-3468

S-3469 S-3470 S-3471 S-3472

S-3473 S-3474 S-3475 S-3476

S-3477 S-3478 S-3479 S-3480



S-3481 S-3482 S-3483 S-3484

S-3485 S-3486 S-3487 S-3488

S-3489 S-3490 S-3491 S-3492

S-3493 S-3494 S-3495 S-3496

S-3497 S-3498 S-3499 S-3500

S-3501 S-3502 S-3503 S-3504

S-3505 S-3506 S-3507 S-3508

S-3509 S-3510 S-3511 S-3512

S-3513 S-3514 S-3515 S-3516

S-3517 S-3518 S-3519 S-3520

S-3521 S-3522 S-3523 S-3524

S-3525 S-3526 S-3527 S-3528

S-3529 S-3530 S-3531 S-3532

S-3533 S-3534 S-3535 S-3536

S-3537 S-3538 S-3539 S-3540



S-3541 S-3542 S-3543 S-3544

S-3545 S-3546 S-3547 S-3548

S-3549 S-3550 S-3551 S-3552

S-3553 S-3554 S-3555 S-3556

S-3557 S-3558 S-3559 S-3560

S-3561 S-3562 S-3563 S-3564

S-3565 S-3566 S-3567 S-3568

S-3569 S-3570 S-3571 S-3572

S-3573 S-3574 S-3575 S-3576

S-3577 S-3578 S-3579 S-3580

S-3581 S-3582 S-3583 S-3584

S-3585 S-3586 S-3587 S-3588

S-3589 S-3590 S-3591 S-3592

S-3593 S-3594 S-3595 S-3596

S-3597 S-3598 S-3599 S-3600



S-3601 S-3602 S-3603 S-3604

S-3605 S-3606 S-3607 S-3608

S-3609 S-3610 S-3611 S-3612

S-3613 S-3614 S-3615 S-3616

S-3617 S-3618 S-3619 S-3620

S-3621 S-3622 S-3623 S-3624

S-3625 S-3626 S-3627 S-3628

S-3629 S-3630 S-3631 S-3632

S-3633 S-3634 S-3635 S-3636

S-3637 S-3638 S-3639 S-3640

S-3641 S-3642 S-3643 S-3644

S-3645 S-3646 S-3647 S-3648

S-3649 S-3650 S-3651 S-3652

S-3653 S-3654 S-3655 S-3656

S-3657 S-3658 S-3659 S-3660



S-3661 S-3662 S-3663 S-3664

S-3665 S-3666 S-3667 S-3668

S-3669 S-3670 S-3671 S-3672

S-3673 S-3674 S-3675 S-3676

S-3677 S-3678 S-3679 S-3680

S-3681 S-3682 S-3683 S-3684

S-3685 S-3686 S-3687 S-3688

S-3689 S-3690 S-3691 S-3692

S-3693 S-3694 S-3695 S-3696

S-3697 S-3698 S-3699 S-3700

S-3701 S-3702 S-3703 S-3704

S-3705 S-3706 S-3707 S-3708

S-3709 S-3710 S-3711 S-3712

S-3713 S-3714 S-3715 S-3716

S-3717 S-3718 S-3719 S-3720



S-3721 S-3722 S-3723 S-3724

S-3725 S-3726 S-3727 S-3728

S-3729 S-3730 S-3731 S-3732

S-3733 S-3734 S-3735 S-3736

S-3737 S-3738 S-3739 S-3740

S-3741 S-3742 S-3743 S-3744

S-3745 S-3746 S-3747 S-3748

S-3749 S-3750 S-3751 S-3752

S-3753 S-3754 S-3755 S-3756

S-3757 S-3758 S-3759 S-3760

S-3761 S-3762 S-3763 S-3764

S-3765 S-3766 S-3767 S-3768

S-3769 S-3770 S-3771 S-3772

S-3773 S-3774 S-3775 S-3776

S-3777 S-3778 S-3779 S-3780



S-3781 S-3782 S-3783 S-3784

S-3785 S-3786 S-3787 S-3788

S-3789 S-3790 S-3791 S-3792

S-3793 S-3794 S-3795 S-3796

S-3797 S-3798 S-3799 S-3800

S-3801 S-3802 S-3803 S-3804

S-3805 S-3806 S-3807 S-3808

S-3809 S-3810 S-3811 S-3812

S-3813 S-3814 S-3815 S-3816

S-3817 S-3818 S-3819 S-3820

S-3821 S-3822 S-3823 S-3824

S-3825 S-3826 S-3827 S-3828

S-3829 S-3830 S-3831 S-3832

S-3833 S-3834 S-3835 S-3836

S-3837 S-3838 S-3839 S-3840



S-3841 S-3842 S-3843 S-3844

S-3845 S-3846 S-3847 S-3848

S-3849 S-3850 S-3851 S-3852

S-3853 S-3854 S-3855 S-3856

S-3857 S-3858 S-3859 S-3860

S-3861 S-3862 S-3863 S-3864

S-3865 S-3866 S-3867 S-3868

S-3869 S-3870 S-3871 S-3872

S-3873 S-3874 S-3875 S-3876

S-3877 S-3878 S-3879 S-3880

S-3881 S-3882 S-3883 S-3884

S-3885 S-3886 S-3887 S-3888

S-3889 S-3890 S-3891 S-3892

S-3893 S-3894 S-3895 S-3896

S-3897 S-3898 S-3899 S-3900



S-3901 S-3902 S-3903 S-3904

S-3905 S-3906 S-3907 S-3908

S-3909 S-3910 S-3911 S-3912

S-3913 S-3914 S-3915 S-3916

S-3917 S-3918 S-3919 S-3920

S-3921 S-3922 S-3923 S-3924

S-3925 S-3926 S-3927 S-3928

S-3929 S-3930 S-3931 S-3932

S-3933 S-3934 S-3935 S-3936

S-3937 S-3938 S-3939 S-3940

S-3941 S-3942 S-3943 S-3944

S-3945 S-3946 S-3947 S-3948

S-3949 S-3950 S-3951 S-3952

S-3953 S-3954 S-3955 S-3956

S-3957 S-3958 S-3959 S-3960



S-3961 S-3962 S-3963 S-3964

S-3965 S-3966 S-3967 S-3968

S-3969 S-3970 S-3971 S-3972

S-3973 S-3974 S-3975 S-3976

S-3977 S-3978 S-3979 S-3980

S-3981 S-3982 S-3983 S-3984

S-3985 S-3986 S-3987 S-3988

S-3989 S-3990 S-3991 S-3992

S-3993 S-3994 S-3995 S-3996

S-3997 S-3998 S-3999 S-4000

S-4001 S-4002 S-4003 S-4004

S-4005 S-4006 S-4007 S-4008

S-4009 S-4010 S-4011 S-4012

S-4013 S-4014 S-4015 S-4016

S-4017 S-4018 S-4019 S-4020



S-4021 S-4022 S-4023 S-4024

S-4025 S-4026 S-4027 S-4028

S-4029 S-4030 S-4031 S-4032

S-4033 S-4034 S-4035 S-4036

S-4037 S-4038 S-4039 S-4040

S-4041 S-4042 S-4043 S-4044

S-4045 S-4046 S-4047 S-4048

S-4049 S-4050 S-4051 S-4052

S-4053 S-4054 S-4055 S-4056

S-4057 S-4058 S-4059 S-4060

S-4061 S-4062 S-4063 S-4064

S-4065 S-4066 S-4067 S-4068

S-4069 S-4070 S-4071 S-4072

S-4073 S-4074 S-4075 S-4076

S-4077 S-4078 S-4079 S-4080



S-4081 S-4082 S-4083 S-4084

S-4085 S-4086 S-4087 S-4088

S-4089 S-4090 S-4091 S-4092

S-4093 S-4094 S-4095 S-4096

S-4097 S-4098 S-4099 S-4100

S-4101 S-4102 S-4103 S-4104

S-4105 S-4106 S-4107 S-4108

S-4109 S-4110 S-4111 S-4112

S-4113 S-4114 S-4115 S-4116

S-4117 S-4118 S-4119 S-4120

S-4121 S-4122 S-4123 S-4124

S-4125 S-4126 S-4127 S-4128

S-4129 S-4130 S-4131 S-4132

S-4133 S-4134 S-4135 S-4136

S-4137 S-4138 S-4139 S-4140



S-4141 S-4142 S-4143 S-4144

S-4145 S-4146 S-4147 S-4148

S-4149 S-4150 S-4151 S-4152

S-4153 S-4154 S-4155 S-4156

S-4157 S-4158 S-4159 S-4160

S-4161 S-4162 S-4163 S-4164

S-4165 S-4166 S-4167 S-4168

S-4169 S-4170 S-4171 S-4172

S-4173 S-4174 S-4175 S-4176

S-4177 S-4178 S-4179 S-4180

S-4181 S-4182 S-4183 S-4184

S-4185 S-4186 S-4187 S-4188

S-4189 S-4190 S-4191 S-4192

S-4193 S-4194 S-4195 S-4196

S-4197 S-4198 S-4199 S-4200



S-4201 S-4202 S-4203 S-4204

S-4205 S-4206 S-4207 S-4208

S-4209 S-4210 S-4211 S-4212

S-4213 S-4214 S-4215 S-4216

S-4217 S-4218 S-4219 S-4220

S-4221 S-4222 S-4223 S-4224

S-4225 S-4226 S-4227 S-4228

S-4229 S-4230 S-4231 S-4232

S-4233 S-4234 S-4235 S-4236

S-4237 S-4238 S-4239 S-4240

S-4241 S-4242 S-4243 S-4244

S-4245 S-4246 S-4247 S-4248

S-4249 S-4250 S-4251 S-4252

S-4253 S-4254 S-4255 S-4256

S-4257 S-4258 S-4259 S-4260



S-4261 S-4262 S-4263 S-4264

S-4265 S-4266 S-4267 S-4268

S-4269 S-4270 S-4271 S-4272

S-4273 S-4274 S-4275 S-4276

S-4277 S-4278 S-4279 S-4280

S-4281 S-4282 S-4283 S-4284

S-4285 S-4286 S-4287 S-4288

S-4289 S-4290 S-4291 S-4292

S-4293 S-4294 S-4295 S-4296

S-4297 S-4298 S-4299 S-4300

S-4301 S-4302 S-4303 S-4304

S-4305 S-4306 S-4307 S-4308

S-4309 S-4310 S-4311 S-4312

S-4313 S-4314 S-4315 S-4316

S-4317 S-4318 S-4319 S-4320



S-4321 S-4322 S-4323 S-4324

S-4325 S-4326 S-4327 S-4328

S-4329 S-4330 S-4331 S-4332

S-4333 S-4334 S-4335 S-4336

S-4337 S-4338 S-4339 S-4340

S-4341 S-4342 S-4343 S-4344

S-4345 S-4346 S-4347 S-4348

S-4349 S-4350 S-4351 S-4352

S-4353 S-4354 S-4355 S-4356

S-4357 S-4358 S-4359 S-4360

S-4361 S-4362 S-4363 S-4364

S-4365 S-4366 S-4367 S-4368

S-4369 S-4370 S-4371 S-4372

S-4373 S-4374 S-4375 S-4376

S-4377 S-4378 S-4379 S-4380



S-4381 S-4382 S-4383 S-4384

S-4385 S-4386 S-4387 S-4388

S-4389 S-4390 S-4391 S-4392

S-4393 S-4394 S-4395 S-4396

S-4397 S-4398 S-4399 S-4400

S-4401 S-4402 S-4403 S-4404

S-4405 S-4406 S-4407 S-4408

S-4409 S-4410 S-4411 S-4412

S-4413 S-4414 S-4415 S-4416

S-4417 S-4418 S-4419 S-4420

S-4421 S-4422 S-4423 S-4424

S-4425 S-4426 S-4427 S-4428

S-4429 S-4430 S-4431 S-4432

S-4433 S-4434 S-4435 S-4436

S-4437 S-4438 S-4439 S-4440



S-4441 S-4442 S-4443 S-4444

S-4445 S-4446 S-4447 S-4448

S-4449 S-4450 S-4451 S-4452

S-4453 S-4454 S-4455 S-4456

S-4457 S-4458 S-4459 S-4460

S-4461 S-4462 S-4463 S-4464

S-4465 S-4466 S-4467 S-4468

S-4469 S-4470 S-4471 S-4472

S-4473 S-4474 S-4475 S-4476

S-4477 S-4478 S-4479 S-4480

S-4481 S-4482 S-4483 S-4484

S-4485 S-4486 S-4487 S-4488

S-4489 S-4490 S-4491 S-4492

S-4493 S-4494 S-4495 S-4496

S-4497 S-4498 S-4499 S-4500



S-4501 S-4502 S-4503 S-4504

S-4505 S-4506 S-4507 S-4508

S-4509 S-4510 S-4511 S-4512

S-4513 S-4514 S-4515 S-4516

S-4517 S-4518 S-4519 S-4520

S-4521 S-4522 S-4523 S-4524

S-4525 S-4526 S-4527 S-4528

S-4529 S-4530 S-4531 S-4532

S-4533 S-4534 S-4535 S-4536

S-4537 S-4538 S-4539 S-4540

S-4541 S-4542 S-4543 S-4544

S-4545 S-4546 S-4547 S-4548

S-4549 S-4550 S-4551 S-4552

S-4553 S-4554 S-4555 S-4556

S-4557 S-4558 S-4559 S-4560



S-4561 S-4562 S-4563 S-4564

S-4565 S-4566 S-4567 S-4568

S-4569 S-4570 S-4571 S-4572

S-4573 S-4574 S-4575 S-4576

S-4577 S-4578 S-4579 S-4580

S-4581 S-4582 S-4583 S-4584

S-4585 S-4586 S-4587 S-4588

S-4589 S-4590 S-4591 S-4592

S-4593 S-4594 S-4595 S-4596

S-4597 S-4598 S-4599 S-4600

S-4601 S-4602 S-4603 S-4604

S-4605 S-4606 S-4607 S-4608

S-4609 S-4610 S-4611 S-4612

S-4613 S-4614 S-4615 S-4616

S-4617 S-4618 S-4619 S-4620



S-4621 S-4622 S-4623 S-4624

S-4625 S-4626 S-4627 S-4628

S-4629 S-4630 S-4631 S-4632

S-4633 S-4634 S-4635 S-4636

S-4637 S-4638 S-4639 S-4640

S-4641 S-4642 S-4643 S-4644

S-4645 S-4646 S-4647 S-4648

S-4649 S-4650 S-4651 S-4652

S-4653 S-4654 S-4655 S-4656

S-4657 S-4658 S-4659 S-4660

S-4661 S-4662 S-4663 S-4664

S-4665 S-4666 S-4667 S-4668

S-4669 S-4670 S-4671 S-4672

S-4673 S-4674 S-4675 S-4676

S-4677 S-4678 S-4679 S-4680



S-4681 S-4682 S-4683 S-4684

S-4685 S-4686 S-4687 S-4688

S-4689 S-4690 S-4691 S-4692

S-4693 S-4694 S-4695 S-4696

S-4697 S-4698 S-4699 S-4700

S-4701 S-4702 S-4703 S-4704

S-4705 S-4706 S-4707 S-4708

S-4709 S-4710 S-4711 S-4712

S-4713 S-4714 S-4715 S-4716

S-4717 S-4718 S-4719 S-4720

S-4721 S-4722 S-4723 S-4724

S-4725 S-4726 S-4727 S-4728

S-4729 S-4730 S-4731 S-4732

S-4733 S-4734 S-4735 S-4736

S-4737 S-4738 S-4739 S-4740



S-4741 S-4742 S-4743 S-4744

S-4745 S-4746 S-4747 S-4748

S-4749 S-4750 S-4751 S-4752

S-4753 S-4754 S-4755 S-4756

S-4757 S-4758 S-4759 S-4760

S-4761 S-4762 S-4763 S-4764

S-4765 S-4766 S-4767 S-4768

S-4769 S-4770 S-4771 S-4772

S-4773 S-4774 S-4775 S-4776

S-4777 S-4778 S-4779 S-4780

S-4781 S-4782 S-4783 S-4784

S-4785 S-4786 S-4787 S-4788

S-4789 S-4790 S-4791 S-4792

S-4793 S-4794 S-4795 S-4796

S-4797 S-4798 S-4799 S-4800



S-4801 S-4802 S-4803 S-4804

S-4805 S-4806 S-4807 S-4808

S-4809 S-4810 S-4811 S-4812

S-4813 S-4814 S-4815 S-4816

S-4817 S-4818 S-4819 S-4820

S-4821 S-4822 S-4823 S-4824

S-4825 S-4826 S-4827 S-4828

S-4829 S-4830 S-4831 S-4832

S-4833 S-4834 S-4835 S-4836

S-4837 S-4838 S-4839 S-4840

S-4841 S-4842 S-4843 S-4844

S-4845 S-4846 S-4847 S-4848

S-4849 S-4850 S-4851 S-4852

S-4853 S-4854 S-4855 S-4856

S-4857 S-4858 S-4859 S-4860



S-4861 S-4862 S-4863 S-4864

S-4865 S-4866 S-4867 S-4868

S-4869 S-4870 S-4871 S-4872

S-4873 S-4874 S-4875 S-4876

S-4877 S-4878 S-4879 S-4880

S-4881 S-4882 S-4883 S-4884

S-4885 S-4886 S-4887 S-4888

S-4889 S-4890 S-4891 S-4892

S-4893 S-4894 S-4895 S-4896

S-4897 S-4898 S-4899 S-4900

S-4901 S-4902 S-4903 S-4904

S-4905 S-4906 S-4907 S-4908

S-4909 S-4910 S-4911 S-4912

S-4913 S-4914 S-4915 S-4916

S-4917 S-4918 S-4919 S-4920



S-4921 S-4922 S-4923 S-4924

S-4925 S-4926 S-4927 S-4928

S-4929 S-4930 S-4931 S-4932

S-4933 S-4934 S-4935 S-4936

S-4937 S-4938 S-4939 S-4940

S-4941 S-4942 S-4943 S-4944

S-4945 S-4946 S-4947 S-4948

S-4949 S-4950 S-4951 S-4952

S-4953 S-4954 S-4955 S-4956

S-4957 S-4958 S-4959 S-4960

S-4961 S-4962 S-4963 S-4964

S-4965 S-4966 S-4967 S-4968

S-4969 S-4970 S-4971 S-4972

S-4973 S-4974 S-4975 S-4976

S-4977 S-4978 S-4979 S-4980



S-4981 S-4982 S-4983 S-4984

S-4985 S-4986 S-4987 S-4988

S-4989 S-4990 S-4991 S-4992

S-4993 S-4994 S-4995 S-4996

S-4997 S-4998 S-4999 S-5000



Material

Backpack

Etekcity Non-contact infrared thermometer

External battery charger for mobile device

Food

Mobile device

Paper towels

Pencil 

Preciva Digital temperature/humidity meter 

Pre-labeled ziplock collection bags

Soft cooler bag and ice pack

Spare batteries

Water

Write in the rain notebook
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Description

A backpack for each team member to hold equipment, samples, food, and water for the day.

Handheld non-contact infrared thermometer to determine the temperature of the samples in the field.

External battery charger and charging cable for iPhone or Android

Pack accordingly

Charged phone in airplane mode. The Fulcrum app GPS positions are inaccurate compared to the GPS positions extracted from pictures. This setting ensures that you use less power and get more precise GPS measurements.

Paper towels for absorbing excess moisture in a bagged sample.

Handheld digital temperature/humidity meter to record air temperature and humidity.

Bundles of zip-lock plastic bags pre-labelled with C-label barcodes. Each bundle should contain 25 barcoded bags wrapped with a rubber band.

Collection coolers and cooler packs to keep samples cool when ambient temperature is above 25 °C.

Extra batteries for sampling equipment

Pack accordingly



Charged phone in airplane mode. The Fulcrum app GPS positions are inaccurate compared to the GPS positions extracted from pictures. This setting ensures that you use less power and get more precise GPS measurements.

Bundles of zip-lock plastic bags pre-labelled with C-label barcodes. Each bundle should contain 25 barcoded bags wrapped with a rubber band.



Charged phone in airplane mode. The Fulcrum app GPS positions are inaccurate compared to the GPS positions extracted from pictures. This setting ensures that you use less power and get more precise GPS measurements.



SSU PCR Master Mix Working Concentration

Volume to Add 

per Reaction Final Concentration

oECA1271  4 μM 4 μL 0.4 µM

oECA1272  4 μM 4 μL 0.4 µM

10x PCR buffer 10x 4 μL 1x

2.5 mM dNTPs 2.5 mM 3.2 μL 0.2 mM

Taq - 0.2 μL -

Lysed worm solution - 2 μL -

dH2O - 22.6 μL -

Total reaction vol. 40 μL

ITS2 PCR Master Mix Working Concentration

Volume to Add 

per Reaction Final Concentration

oECA202  4 μM 4 μL 0.4 µM

oECA1687 4 μM 4 μL 0.4 µM

10x PCR buffer 10x 4 μL 1x

2.5 mM dNTPs 2.5 mM 3.2 μL 0.2 mM

Taq - 0.2 μL -

Lysed worm solution - 2 μL -

dH20 - 22.6 μL -

Total reaction vol. 40 μL
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SSU PCR Program Steps Time Temperature

1 2 min 95 °C

2 20 s 95 °C

3 60 s 55 °C

4 30 s 72 °C

5 Got to step 2, repeat 35 times

6 5 min 72 °C

7 hold 12 °C

ITS2 PCR Program Steps Time Temperature

1 3 min 95 °C

2 15 s 95 °C

3 15 s 55 °C

4 2 min 72 °C

5 Got to step 2, repeat 34 times

6 5 min 72 °C

7 hold 12 °C



0.5 M pH 8.0 EDTA solution

Ethylenediaminetetraacetic acid (EDTA) disodium salt dihydrate 

NAOH pellets 

dH2O 

50x TAE (Tris-acetate-EDTA) buffer

dH2O 

Tris Base

0.5 M pH 8 EDTA solution 

Glacial Acetic Acid

Filter sterilize

Bring the volume up to 1 L using dH2O
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93 g to 450 mL of dH2O

Slowly add until solution pH is 8.0

Bring the volume up to 500 mL

add 500 mL to 1 L bottle

242 g

100 mL

57.1 mL

Filter sterilize

Bring the volume up to 1 L using dH2O


