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Invasive Carp Reproduction 101
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Sampling for invasive carp eggs and larvae




Ichthyoplankton monitoring limitations

* Time intensive: processing large number of samples can take weeks to months
* High labor cost
 Time lag in delivery of information

* ID limitations: coarse taxonomic resolution
* Many taxa can only be identified to genus or family level
using meristic and morphometric characteristics
* Eggs may be difficult or impossible to ID even as invasive carp
* Genetic analysis adds additional cost to monitoring program
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Can we determine whether invasive carp eggs or larvae occur in
ichthyoplankton samples without expending the time and labor
involved with manual sample processing?




Quantitative PCR (qPCR) method
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Development of a quantitative PCR method for screening
ichthyoplankton samples for bigheaded carps
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* Use gPCR to identify samples that have a high probability of containing invasive
carp eggs or larvae based on the quantity of target DNA in a sample




gPCR Screening Method
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gPCR Screening Method

DNA extraction
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Compare to standard curves of known number of DNA copies



gPCR Screening Method

Fritts et al. provided proof of concept:

* Samples with > 10,000 copies of DNA had 100% occurrence of bigheaded
carp eggs or larvae

 Samples with < 10 copies of DNA had 0% occurrence of bigheaded carp
eggs or larvae

* 406 DNA copies = 50% probability that a sample contains bigheaded carp
eggs or larvae
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Objectives

* Evaluate efficacy of qPCR screening procedure as part of sampling
program monitoring for invasive carp reproduction

Expand capabilities of gPCR methodology by screening for all 4 species
of invasive carps

Determine sensitivity, specificity of qPCR procedure

Evaluate influence of organic debris on relationship between DNA copy
numbers and presence of invasive carp eggs and larvae

Evaluate the ability of the qPCR procedure to predict magnitude of
egg / larvae abundance




Methods
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Methods

Ichthyoplankton samples collected from 6 sites in the lllinois
Waterway during 2020 and 2021

Preservative aliquots drawn from each sample following ethanol
exchange; organic debris volume and mass in each sample
measured; eggs and larvae visually identified and enumerated

Egg and larvae identifications independently assessed by USFWS
Whitney Genetics Lab

All aliquots screened for quantity of DNA from all 4 species of invasive
carp using qPCR reactions — INHS Collaborative Ecological Genetics
Lab

Relationships between DNA copy numbers, presence / absence of
invasive carp eggs & larvae, quantity of organic matter in each
sample assessed using generalized linear models



Results

* 338 ichthyoplankton samples screened using qPCR procedure
* 112 were found to contain at least trace invasive carp DNA (33.1%)
e 94 Silver Carp
* 41 Grass Carp
* 6 Bighead Carp
e 1 Black Carp

* 39 contained invasive carp eggs and/or larvae (11.5%)

» 125 eggs / 169 larvae submitted for independent genetic identification

Eggs Larvae

= Silver Carp ‘
= Grass Carp

= Bighead Carp
Silver Chub




Results
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Results
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Results
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Results
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Results
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Results

Missing all 38.5% false negative rate

of these!
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Results
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Results
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Results
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Results
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Results
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Results
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Results

* 39 of 338 samples actually found to contain invasive carp eggs and/or larvae

Comparing Thresholds:

* ANY invasive carp DNA
* 112 samples (33.1%) flagged as potentially containing invasive carp
* False Positives =73
* False Negatives =3

* 5% probability = 0.7 DNA copies
* 95 samples (28.1%) flagged as potentially containing invasive carp
* False Positives = 61
* False Negatives=5

* 10% probability = 2.2 DNA copies
* 63 samples (18.6%) flagged as potentially containing invasive carp
* False Positives = 31
* False Negatives =7



Results

* Organic matter variables were not significant terms when added to the model

* Inclusion of any organic matter variable in logistic models had no effect on
sensitivity, specificity, false positive, and false negative rates




Results
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Results
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Conclusions

Number of invasive carp DNA copies present in a sample is a significant
predictor of the probability that a sample will contain invasive carp
eggs and/or larvae

Quantity of organic debris in a sample does not appear to affect the relationship
between number of DNA copies and probability of egg/larvae presence

Accuracy, sensitivity, and specificity of the gPCR screening procedure depend on
the threshold probability of egg/larvae presence
* Tradeoff between risk of false negatives and false positives

Number of invasive carp DNA copies present in a sample is positively related to
the overall number of invasive carp eggs and larvae, but poor predictive
power




Future Directions

Cost estimates:
* Cost of supplies, reagents, labor associated with qPCR screening
e Cost reduction associated with processing fewer samples

Controlling for sources of error:
* False Positives: Minimizing DNA contamination
* False Negatives: Identify sources of PCR inhibition

Species-specificity:
* Can we assign independent probabilities to each invasive carp species?

Faster results:
* In-Field qPCR (30-60 minute results)

Expand capabilities:
 Metabarcoding
* Other species — Invasives, T&E species
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