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Introduction

Topeka Shiner (Notropis topeka) is a minnow that inhabits small prairie streams and
oxbows in the Central U.S. The species was listed as endangered under the U.S. Endangered
Species Act in 1998 (USFWS 2018) as the result of habitat loss and declines in distribution and
abundance. Updated information on the species distribution and habitat occupancy is
important for evaluating recovery status; however, limited data exists in many areas. Physical
sampling for Topeka Shiners (primarily seining) can be difficult due to local habitat conditions
and the broad distribution of Topeka Shiners across their range. eDNA can be used as a
monitoring tool to help in the detection and distribution of Topeka Shiners and inform future
physical monitoring events (USFWS 2021). Efforts to support physical monitoring are crucial as
physical monitoring can provide specific population level dynamics that are required for
delisting the species (USFWS 2021).

Previously the La Crosse FWCO and the Whitney Genetics Lab conducted studies to
optimize gPCR-based eDNA methods for Topeka Shiners in oxbow habitats in lowa and
Minnesota (DeHaan et al. 2025). These studies resulted in sampling recommendations for
future monitoring efforts. Additionally, a pilot study using these methods to detect Topeka
Shiners in mainstream pooled habitats in southwest Minnesota was completed in 2023. Topeka
Shiner detections from lab results were validated by collections of shiners by physical sampling
(i.e., seining). Physical sampling of Topeka Shiners in some of the mainstem tributaries of the
North Racoon watershed, has yielded variable results. Due to the difficulty in finding Topeka
Shiners in the North Raccoon, their presence may be underrepresented or unknown in its
subwatersheds. In the North Raccoon watershed, shiners may be taking refuge in scour pools
that have formed at road crossings and slack water areas around bridge piers, which could
emulate optimal habitat conditions, such as preferable substrate or water quality. Mainstem
scour pools typically have reduced flow during the summer where eDNA can pool near the
water surface where water samples are collected.

Our objective for 2025 was to assess the presence/absence of the endangered Topeka
Shiner in pooled mainstem habitats associated with road crossings in lowa’s North Raccoon
River watershed using eDNA methods. eDNA detection data collected in this study will be used
to prioritize sites for future physical sampling, to clarify site occupancy by Topeka Shiners, and
to prioritize conservation and management actions.

Site Location

Sampling occurred during the week of July 7t", 2025. No drought conditions and normal
water levels were observed in the North Raccoon watershed during the week of July 7t. Two



HUC 10 watersheds, Purgatory and Prairie creeks, were selected based on known presence of
Topeka Shiner within the general subwatershed. Sites were selected based on a barrier
inventory that was conducted and from viewing stream-road crossings in Google Earth (Figure
1). Of the identified sites, 15 sites were sampled, including 10 sites in Prairie Creek watershed
and 5 sites in Purgatory Creek watershed (Table 1). The team leader determined whether to
sample a scour pool based on water level and ability to access the site from the road. If unable
to access a scour pool site or water conditions were not conducive for sampling, the site was
taken off the sample list and not assessed and an alternative site was used instead.
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Figure 1. A geospatial representation of the distribution of Topeka Shiner eDNA sampling sites 1-16
in the Purgatory and Prairie Creek HUC 10 watersheds, located in the Central Northwest region of
lowa. Although sample site 12 is identified in the figure, it was not sampled in this study.



Table 1. Selected Sites for Topeka Shiner eDNA sampling in the Prairie and Purgatory Creek

watersheds, lowa.

Sample
Site Range HUC8 HUC10 Type Stream Lat Long Comments
North
1 1-6 Purgatory Creek Scour Purgatory Creek 42.39295 -94.5337
Raccoon
North
2 7-11 Purgatory Creek Scour Purgatory Creek 42.38401 -94.5373
Raccoon
First order culvert site,
North t
3 23-28 Purgatory Creek Scour No Name 42.20956 -94.6609 no assessmen
Raccoon completed, very close
to Purgatory Creek
North .
4 18-22 Purgatory Creek Bridge No Name 42.23848 -94.6358
Raccoon
First order culvert site,
North no assessment
5 12-17 Purgatory Creek Scour No Name 42.26716 -94.606
Raccoon completed, very close
to Purgatory Creek
North . i
6 34-39 Prairie Creek Scour Ditch No. 81 42.48885 -94.9411
Raccoon
North . .
7 29-33 Prairie Creek Scour Ditch No. 81 42.47945 -94.9144
Raccoon
North . i
8 40-44 Prairie Creek Scour Ditch No. 81 42.50634 -94.9537
Raccoon
North . .
9 51-55 Prairie Creek Scour Prairie Creek 42.53936 -94.9341
Raccoon
North .
10 78-83 Prairie Creek Scour Cedar Creek 42.88603 -94.8684
Raccoon
On first order Prairie
North
11 | 4550 °r Prairie Creek Scour Prairie Creek 42.60413 -94.9881 Creek, no culvert
Raccoon assessment
completed
No culvert assessment
North i
13 | 73-77 Prairie Creek Scour Ditch No. 74 42.66035 94.8296 | ComPleted lookslike
Raccoon scour hole on US end
of culvert
North i
14 | 6266 Prairie Creek Bridge Ditch No. 29 42.5671 -94.8357 | Possible scour hole on
Raccoon DS side of bridge
On first order Ditch
North
15 | 67-72 Prairie Creek Scour Ditch No. 29 42.61733 -94.7662 29, no culvert
Raccoon assessment
completed
North . i
16 56-61 R Prairie Creek Scour Ditch No. 37 42.52981 -94.8553 Possible backup site
accoon




Field Methods

Sample Collection

Water samples were collected in July 2025 at selected sites using a Smith-Root backpack
eDNA sampler and 5um self-preserving eDNA filters. Equipment and collection of water samples
followed the standard operation procedures (SOP) outlined in the Whitney Genetics Lab (WGL)
eDNA Filter Sample Field Collection document (Appendix 1). Five filter samples were collected
at each site with a target volume of 1 liter. A field blank (500 mL DI water) was collected every
10 samples including collecting one blank prior to the collection of the first sample for the case.
Site and sample data were recorded with the WGL Monitoring Survey123 form using case
number MON2025003 followed by a two-digit sample ID numbers. Filters bags were labelled
similarly and completed filters were grouped, stored in Ziploc-style bags and brought back to
the Whitney Genetics Lab where they were stored in a freezer until extraction and qPCR could
be completed. Upon transfer to WGL, the La Crosse FWCO Non-QAPP Shipping COC was
completed in Survey 123.

Laboratory Methods

DNA Extraction

DNA was extracted from the Smith Root Filters using a Qiagen DNEasy Blood & Tissue
Lyse and Spin Kit (Qiagen, Germantown, MD). Individual filters were folded within their filter
housing, on manifold cups and clean absorbent mats, with new gloves or with new forceps used
for each filter. Folded filters were placed in baskets of the Lyse and Spin Columns (Qiagen) with
350uL of ATL (Qiagen) and 25ul of Proteinase K (Qiagen). The filters were incubated overnight in
a Mini Incu-Shaker (PR1IMA) at 56°C and 100 rpm to release DNA from the filters. After
incubation, the Qiagen extraction proceeded normally, except for a modification to the
manufacturer’s protocol, using 150ul of DNA elution buffer. A positive swab of bluegill DNA and
a negative swab of deionized water were added to each extraction group for further
examination during qPCR (Takahara et al. 2013). Sample extracts were temporarily stored in a
-20°C freezer prior to qPCR processing.

Quantitative Polymerase Chain Reaction (gqPCR)

Inhibition testing was performed on fifteen random samples (one from each sampling
site, excluding blanks) prior to running targeted species gPCR, to determine if any samples
contained inhibitors, preventing amplification during qPCR. Using the TagMan Exogenous
Internal Positive Control Reagents Kit (Applied Biosystems), gPCR consisted of 20ul reactions in



triplicate replicates for each sample. Plates were loaded using an EpMotion 5075 automated
liquid handling robot and run on Bio-Rad CFX Opus thermocyclers. Raw data outputs were
analyzed using Bio-Rad CFX Maestro 2.3. Samples are typically determined inhibited if they
amplified more than one cycle above or below the average cycle value of the negative control
wells. If a sample was inhibited, all samples taken within same sample site were treated once
with the Zymo One Step PCR Inhibitor Removal Kit (Zymo Research) prior to qPCR.

Targeted species qPCR was performed using primers developed by Everhart (2015) and a
probe which targets the CytB region of the mitochondrial DNA (Table 2). gPCR consisted of 20yl
reactions in quadruplicate replicates for each sample. All gPCR plates included a 5 point
standard curve to assess assay performance as well as positive (Topeka Shiner DNA extracted
from tissues) and negative (dH,0 only). If any single replicate of a sample amplified by crossing
the threshold in 40 cycles or less, it was determined to be a positive detection for Topeka Shiner
DNA. If any field or laboratory controls showed unexpected results (e.g., field blank that shows
amplification for Topeka Shiner, extraction negative with positive detection), results from those
samples were discarded. A failed gPCR plate would have been re-run if it was determined to be
appropriate.

Table 2. Primer and probe sequences for the qPCR assay used in this study. Primers were
originally developed by Everhart (2015).

Oligo
Lo Name Sequence

Description
Forward
Pri NtopCytB579F 5'- AGG CTT TTC GGT GGA TAA CGC GAC G -3'

rimer
Reverse

. NtopCytB579R 5'- CGT TGC ACC GGC AAT GAC GAA C-3'
Primer
. 5'- /56-FAM/CGA TTC TTC /ZEN/GCC TTC CACTTT

Probe TopShin_CytB_probe

CTC TTC CC/31ABkFQ/ -3'

Results and Discussion

In 2025, 83 samples were collected and processed. All control samples passed quality
control standards, meaning, all positive gPCR and extraction controls tested positive, negative
gPCR and extraction controls tested negative, and all field blanks were negative. However, in the
inhibition plate, the negative control wells didn’t yield typical results. We then determined our
baseline for inhibition by averaging sample wells Cq values after excluding outliers. Two



samples, samples 21 and 26, were deemed to be inhibited based upon this criterion. Since

these samples were in sites 3 and 4, all samples within these sites (18-28) were cleaned with
the Zymo One Step PCR Inhibitor Removal Kit (Zymo Research) prior to target species qPCR.
Excluding the 8 blanks, 21 Samples had at least one replicate test positive for Topeka Shiner

eDNA while the remaining 54 samples were negative (Table 3). It should also be noted that two
different elution volumes, 150ul for samples 1-45 and 200ul for samples 46-83, were used

accidentally due to a protocol error. This error was considered and adjusted accordingly when

calculating copies per liter. (Figure 4).

Table 3. The number of positive replicates for each sample where Topeka Shiner eDNA was

detected using gPCR.

Sample Number Site Number of Positive Replicates
2 1 3/4
3 1 4/4
4 1 2/4
5 1 4/4
6 1 1/4
7 2 1/4
9 2 1/4
11 2 4/4
18 4 4/4
19 4 4/4
20 4 4/4
21 4 4/4
22 4 4/4
44 8 1/4
68 15 4/4
69 15 4/4
70 15 4/4
71 15 4/4
72 15 4/4
81 10 1/4
83 10 2/4
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Figure 2. Comparison of Notropis topeka eDNA detection rates at each site location sampled.
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Figure 3. Six of the fifteen sites sampled had at least one positive detection of Notropis topeka
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Figure 4. Comparison of the number of copies of Notropis topeka eDNA per liter detected at
each sample site. Samples 1-45 were calculated using their elution volume of 150ul, while
samples 46-83 were calculated using their elution volume of 200ul, due to the lab error.

In summary, Topeka shiner DNA was detected in samples from six of the 15 sites
sampled in this study. The six positive sites were split evenly between Purgatory Creek and
Prairie Creek HUC 10 watersheds. Topeka shiners typically have a patchy distribution throughout
the watersheds they occupy (USFWS 2018), and eDNA results reported here suggest that the
same is true in the North Raccoon’s subwatersheds. It is important to recognize that eDNA
detections do not indicate that the target species is present at the sample site. In flowing
systems, eDNA may originate from individuals upstream of the sample site, or it may originate
from other sources such as avian predators (Merkes et al. 2014) or sampling gear (Homel 2021).
Rather than viewing eDNA detections as evidence that Topeka shiners are present at these sites,
these data could be used to prioritize additional physical sampling to confirm the species’
presence.
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Appendix 1

eDNA Filter Sample Field Collection SOP

Required Equipment

Smith-Root eDNA Sampler

Smith-Root self-preserving filter packs with 5 um PES filters. One filter pack per intended
sample and field blank to be collected

e 500 mL Nalgene bottles, prefilled with municipal tap water, for each field blank sample
to
be collected

Nitrile gloves

Pre-printed sample labels (if desired)

Sharpie

Collection pole, if needed

Opaque bag or storage container to store completed samples

iPad for data collection with Survey 123 App installed

Bad EIf GPS or other external GPS (if stronger or more precise GPS is needed)

Filter Sample Collection Procedure

1. Ensure that the outlet hosing, which drains the filtered water from the machine, is draining

away from the water in which the sample is being collected
Turn on the Smith-Root eDNA Sampler and check that settings are as follows:
a. Target volume set to 1.0 Liter
b. Target flow set to 1.0 Liter per minute
c. Collection mode set to Auto
Maximum pressure set to 10.0 PSI
e. Volume Offset set to 250 ml (this will be different if you have altered the
length of the original long inlet hosing that came with the machine)
Prior to the collection, a sample label should be placed on the sample packaging or a sample
ID written on the packaging with permanent marker.
A new pair of nitrile gloves should be donned and then the sample package may be opened
Carefully remove the filter housing and one-time use snorkel tube from the packaging and
put them together, taking care not to touch the collection ends of either item
Attach the filter housing to the collection pole, if using, then attach the sampler inlet hosing
Lower the filter pack and attached snorkel tube to the water surface so the end of the
snorkel tube enters the first few inches of the water column, taking care to avoid debris
entering the tube. Do not submerge the filter housing



8. When ready to begin collecting water, press Start on the sampler interface

9. The sample timer on the machine interface will begin to count up, water will begin to pump

up through the inlet hosing, through the machine and out the outlet hosing

10. Continue collecting water until one of the following three scenarios occurs, at which time

the snorkel tube should be moved from the water, allowed to drain, and then inverted

until

the remaining water in the inlet hosing passes through the machine:

11.

12.

13.
14.

15.
16.
17.
18.

a. The machine beeps twice indicating the target volume will be reached. This
alert takes into consideration the offset volume of 250 mL so it will likely
occur when the machine interface reads 0.75 L of water have been
collected. After inverting the snorkel tube and allowing the water in the rest
of the inlet hose to pass through the meter, the total volume will be
approximately 1.0 L.

b. The filter clogs. This can be indicated by the filter clog alert (indicated by 5
beeps from the machine), which is dependent on what the Filter Clog Point
is set to on the machine. For more consistency between samples, watch the
total volume collected on the interface and if the value stops increasing
while the pump is on and remains stalled for 10 seconds, consider the filter
clogged.

c.  Three minutes of collection time had passed. The timer on the sampler
interface, which begins counting up when the pump was started in Step 8,
reaches 3:00 minutes of collection time.

After the inlet hose has drained, allow the suction to remain on for an additional 15
seconds to allow the filter membrane additional drying time in case any excess
moisture remains in the housing.

Press Stop on the sampler interface to stop the machine from pumping, detach the
filter housing from the collection pole and inlet hosing

Remove and discard the snorkel tube

Place the completed sample back into the original labelled filter packaging, squeeze
out excess air, then re-seal.

Store samples in an opaque container or bag

Remove nitrile gloves and discard

Record sample data, including final achieved volume, in Field Maps

Repeat Steps 3-17 for all filter pack eDNA samples

Filter Field Blank Collection Procedure

1.

Follow Steps 3-6 above, however do not attach to collection pole (if using for regular
samples)



Open a 500 mL pre-filled Nalgene and expose the water to the air for 10 seconds
3. Carefully lower the end of the filter pack snorkel tube into the bottle of water. Do
not touch the inside of the Nalgene with your fingers.
Press Start on the sampler interface
5. Continue collecting water until the bottle is empty. In order to filter the entire
volume of the blank sample, you may need to remove the collection tube from
the
bottle, invert it, and pour the remaining blank water from the bottle into the
tubing
6. Follow Steps 11-17 above to complete the sample

Filter Sample Storage Prior to Shipping to WGL

Completed and sealed filter pack samples may be stored at room temperature while awaiting
shipment to WGL. Samples should be kept in an opaque bag or container to block exposure to
UV light. Care should be taken to avoid samples being exposed to high ambient temperatures,
such as those that may occur in a hot vehicle or when in direct sunlight.

Filter Sample Shipment to WGL

Please organize samples prior to shipping. Place 10-12 ordered filter pack samples, grouped in
sequential order (e.g. 1-12, 13-24, etc.), into 2-gallon Ziploc-style bags and label the bags with
the case number and appropriate sample range. Grouped and organized samples can then be
shipped in any size cardboard box(es) that is appropriate for the case size. No additional special
packaging or messaging needs to accompany the samples.

Jenna Bloomfield
Fish Biologist

La Crosse Fish and Wildlife Conservation Office
June 2025
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