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Rapid DNA Tool for Combating Illegal 
Shark and Ray Trade: A Cost-Effective 
Enforcement Solution 
Overview and Innovation 
Researchers at Florida International University, led by Dr. Diego Cardeñosa, have developed 
a groundbreaking portable DNA identification system to combat illegal trade in sharks and 
rays. This High-Resolution Melt (HRM) assay represents a significant advancement in 
wildlife enforcement, offering rapid, field-deployable molecular identification of 
elasmobranch species at unprecedented scale and affordability. The technology addresses a 
critical enforcement gap: the inability to quickly identify processed shark products at borders 
and trade checkpoints, which has undermined global conservation efforts despite expanding 
CITES protections. 

Cost Analysis 
Per-Sample Costs 

The HRM assay achieves remarkable cost-efficiency at $1.50 USD per sample, making it the 
most economical molecular identification tool currently available for elasmobranchs. This 
represents a dramatic cost reduction compared to alternative methods—approximately 90% 
cheaper than probe-based qPCR assays ($15.00 per sample) and 75% cheaper than other 
field-deployable options ($6.00 per sample). The low per-sample cost derives from using 
universal primers with intercalating dyes rather than expensive species-specific primers or 
hybridization probes. 

Equipment and Operational Costs 

The study utilized the MIC qPCR thermal cycler from Biomolecular Systems. However, 
the technology is explicitly designed for compatibility with any portable qPCR platforms, 
emphasizing field deployment capability. The system requires standard molecular biology 
reagents.  The rough costs include: 

• MIC qPCR thermal cycler: USD$10000 
• MeltDoctor HRM Master Mix (Applied Biosystems): USD$720 
• QuickExtract DNA Extraction Solution (Biosearch Technologies): USD$400 
• Universal primers (DNAid_Elasmo_F and DNAid_Elasmo_R): USD$15 
• Synthetic control fragments (gBlocks): USD$120 



The DNA extraction method uses QuickExtract, described as "rapid, low-cost" and "suitable 
for field use," requiring minimal equipment, which essentially amounts to just PCR tubes and 
a thermal cycler for the extraction heating steps. 

Additional development costs included the creation of a custom user-interface tool (available 
at https://huggingface.co/spaces/luozhuanggary/HRM) and development and training of three 
machine learning models (ResNet18, ResNet50, Vision Transformer), but those costs should 
not extend to further development and implementation. 

Operational Capabilities and Timeline 
Processing Speed 

The assay delivers results within approximately 2 hours from sample to identification, 
regardless of batch size (1-10 samples or 45+ samples). This rapid turnaround significantly 
outperforms traditional sequencing methods and enables real-time enforcement decisions at 
ports and borders. The workflow includes: 

• DNA extraction: ~20 minutes (10 min room temperature incubation + thermal 
cycling) 

• qPCR amplification and HRM analysis: ~90 minutes 
• Automated image classification: near-instantaneous 

Validated Species Coverage 

The technology currently provides validated identification for at least 55 shark and ray 
species (90+ species as of January 2026), including: 

CITES-Listed Species (38 species, 69% of tested): 

• Entire thresher shark family (Alopias spp.): 3 species 
• Requiem sharks (Carcharhinidae): 27 species including silky shark, bull shark, 

blacktip shark, oceanic whitetip, dusky shark 
• Hammerhead sharks (Sphyrna spp.): 8 species including scalloped, great, and smooth 

hammerheads 
• Mackerel sharks: great white shark, shortfin mako, porbeagle 
• Guitarfishes (Glaucostegus spp., Pseudobatos, Rhina): 4 species 
• Various rays and skates 

Non-CITES Species (17 species, 31% of tested): Including sand tiger shark, tiger shark, 
nurse shark, spotted eagle ray, various dogfish and smoothhound species 

The assay successfully identified species across all sample types: fresh tissue, frozen meat, 
alcohol-preserved samples, dried fins, processed fins, and even individual cartilage strands 
(ceratotrichia) from shark fin soup. 

 

 



Current Limitations and Extension Potential 

The study tested 66 total species, with 55 achieving sufficient sample sizes (≥5 samples) for 
robust machine learning validation. The technology demonstrated 99.22% accuracy. Twelve 
species with fewer than five samples each were excluded from formal validation but could be 
added with additional sampling. 

 

Development Requirements for New Species 

Expanding the baseline to additional species requires: 

1. Sample Collection: Minimum 5 vouchered samples per species for machine learning 
validation, though more samples (10-30) improve model confidence 

2. Geographic Representation: Samples spanning species' geographic range to capture 
potential population-level variation 

3. Profile Generation: Each new sample undergoes DNA extraction, PCR 
amplification, and melt curve generation (~2 hours per sample) 

4. Model Retraining: Adding new species requires retraining image classification 
models on expanded dataset 

5. Validation Testing: Blind testing to confirm species-level accuracy 

The 12S rRNA gene region selected shows high conservation across elasmobranchs while 
maintaining sufficient variation for species discrimination. The universal primers 
(DNAid_Elasmo_F and DNAid_Elasmo_R) successfully amplified all 66 tested species, 
suggesting broad applicability across the elasmobranch phylogeny without requiring primer 
redesign. 

Technical Considerations 

Some closely related species within Carcharhinidae produce highly similar melt profiles (e.g., 
oceanic whitetip vs. dusky shark; sandbar vs. silvertip shark), with only 4-12 nucleotide 
differences in the target region. For these species pairs, the assay achieved 80% accuracy, 
with misidentifications still providing enforcement value with a presumption that any 
detection of these CITES-listed species in undocumented shipments justifies inspection and 
further confirmation using more robust (Sanger) sequencing in ambiguous cases. 

Operational Deployment Considerations 
Field Suitability 

The system is explicitly designed for field deployment with: 

• Portable qPCR platform compatibility 
• Simple extraction protocol requiring only QuickExtract solution and heat 
• Minimal training requirements for non-specialists 
• User-friendly web interface for automated species identification 
• No requirement for specialized molecular biology facilities 



Scalability for High-Volume Enforcement 

The technology addresses a critical need for screening large shipment volumes. Hong Kong 
market surveys have documented tens of thousands of fins requiring inspection, with over 
two-thirds of detected species threatened with extinction. The 2-hour turnaround and $1.50 
per-sample cost enable practical screening at this scale, whereas visual identification remains 
impossible for processed products and small fins. 

Regulatory Context 

With 150+ shark and ray species now CITES-listed—including the entire 54-species 
Carcharhinidae family representing 68% of global fin trade—molecular tools have become 
essential for compliance verification. The assay enables authorities to verify species 
declarations on Non-Detriment Findings and Legal Acquisition Findings certificates, detect 
mislabelled shipments, and provide evidence for prosecution of wildlife trafficking. 

Summary of Key Metrics: 
• Cost of MIC qPCR thermal cycler: USD$10K 
• Per-sample cost: $1.50 USD 
• Time to result: ~2 hours 
• Current species coverage: 55 validated, 66 total tested 
• CITES-listed species: 38 (69% of validated species) 
• Accuracy: 99.22% (for validated species) 
• Baseline samples: 669 samples across 66 species 
• Equipment: Portable qPCR platform (MIC thermal cycler demonstrated) 
• Extension requirements: Minimum 5 samples per new species for validation 

This technology represents a scalable, cost-effective enforcement tool that empowers local 
authorities worldwide to combat illegal shark and ray trade through rapid, accurate molecular 
identification at ports of entry. 

  



Key Definitions 
DNA - Deoxyribonucleic acid; the molecule that carries genetic information in living 
organisms, containing the instructions for building and maintaining life. 

DNA extraction - The process of separating and purifying DNA from cells or tissues, 
removing other cellular components to obtain clean genetic material for analysis. 

DNA primers - Short sequences of DNA that serve as starting points for DNA copying 
during PCR, binding to specific target regions to initiate synthesis. 

DNA synthetic control fragments - Artificially manufactured pieces of DNA with known 
sequences used as standards to verify that genetic tests are working correctly. 

High-Resolution Melt (HRM) assay - A genetic analysis technique that identifies species by 
measuring how DNA strands separate when heated, with each species having a unique 
melting pattern. 

Machine learning - Computer systems that improve their performance on tasks by learning 
from data and patterns rather than following explicit programmed instructions. 

MIC qPCR thermal cycler - A portable device that rapidly heats and cools DNA samples to 
copy and analyze genetic material in real-time, designed for field deployment. 

Nucleotide - The basic building block of DNA, consisting of a sugar, phosphate group, and 
one of four bases (A, T, G, or C) that form the genetic code. 

PCR amplification - Polymerase Chain Reaction amplification; the process of making 
millions of copies of a specific DNA segment, allowing scientists to analyze tiny amounts of 
genetic material. 

Phylogeny - The evolutionary relationships and history among groups of organisms, typically 
represented as a family tree showing how species are related. 

Primer - See DNA primers; a short DNA sequence that marks where DNA copying should 
begin. 

qPCR - Quantitative Polymerase Chain Reaction; a technique that copies DNA while 
simultaneously measuring how much is being produced in real-time. 

ResNet18 - A machine learning model with 18 layers used for image recognition and 
analysis, often applied to classify patterns in genetic data visualizations. 

ResNet50 - A more complex machine learning model with 50 layers, providing greater 
pattern recognition capability than ResNet18 for analyzing complex genetic data. 

rRNA - Ribosomal RNA; a type of genetic material that forms part of ribosomes (the cell's 
protein-making machinery) and is often used for species identification because it's highly 
conserved. 



Sanger sequencing - A traditional laboratory method for reading the exact order of 
nucleotides in a DNA segment, considered the gold standard for determining DNA 
sequences. 

Universal primer - DNA primers designed to bind to genetic regions shared across many 
different species, allowing a single test to work for identifying multiple related organisms. 

Vision Transformer - An advanced machine learning model originally designed for image 
analysis that can recognize complex patterns in visual data, including genetic test results. 
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The Enforcement Challenge

150+ shark and ray species
now listed under CITES

Species-level ID required
to keep vulnerable shark
parts out of trade

Rapid, accurate identification of shark products at-sea and 
in-port is critical for effective enforcement



Molecular Monitoring Solution
High-Resolution Melt (HRM) Assays - Cardeñosa et al. (2025)

Rapid Results
Enables timely enforcement action

Cost-Effective
Low-cost per sample analysis

Field Deployable
Portable platform for at-sea
and in-port operations

High Coverage
90 shark and ray species
99.2% accuracy



Project Overview
Four-Stage Approach Over Two Years
This project evaluates and refines emerging portable molecular assessment tools to strengthen 
at-sea and in-port enforcement for shark and ray conservation.

By evaluating each stage before advancement, we can implement necessary methodological 
refinements and lessons learned to optimize standard operating procedures (SOPs), ensuring 
operational effectiveness while preserving chain-of-custody, evidentiary reliability, and integrity 
of enforcement investigations.

Initial stages: Robust research in operational settings
Final stage: Analysis and regional training workshops



Project Objectives

1. Molecular Tool Validation - Nearshore
Test 100 samples in nearshore operational settings with lab-based validation

2. Molecular Tool Validation - Offshore (HSBI)
Test 100 samples during at-sea enforcement operations with lab-based validation

3. Protocol Development
Develop SOPs for sample collection, processing, chain-of-custody meeting evidentiary standards

4. Capacity Building
Execute two regional workshops training 20+ enforcement officers from 5+ countries

5. Monitoring and Evaluation
Track implementation, assess outcomes, ensure scientific robustness and legal defensibility



Project Stages
Two-Year Implementation Timeline

STAGE 1: Operational Readiness
May 2026 - December 2026
Nearshore sensitivity analysis of HRM technology with lab-based controls

STAGE 2: Operational Effectiveness
January 2027 - June 2027
Offshore testing during HSBI operations and SOP refinement

STAGE 3: Training the Tools of the Trade
July 2027 - February 2028
Two Indo-Pacific regional training workshops with enforcement authorities

STAGE 4: Monitoring and Evaluation
February 2028 - March 2028
Track implementation, assess outcomes, ensure accountability



Stage 1: Operational Readiness
May - December 2026

Objective: Validate HRM technology in nearshore operational settings
Key Activities:

• Procurement of 4 portable DNA toolkits (MIC qPCR thermal cyclers)
• Develop protocols for nearshore and lab-based controls
• Coordinate with participating countries and institutions
• Test 100 shark product samples in nearshore operations
• Validate samples against lab-based sequencing
• Analyze 10% of samples in duplicate for precision testing

Deliverable: Briefing document with results and lessons learned



Stage 2: Operational Effectiveness
January - June 2027

Objective: Validate HRM technology in offshore HSBI operational settings
Key Activities:

• Deploy technology during representative at-sea enforcement operations
• Test 100 shark product samples collected during HSBI operations
• Validate samples against controlled laboratory environment sequencing
• Analyze 10% of samples in duplicate for repeatability
• Refine methodologies based on at-sea operational experience

Deliverable: Briefing document and refined SOPs for at-vessel operations



Stage 3: Training the Tools
July 2027 - February 2028

Objective: Build regional capacity through hands-on training
Key Activities:

• Organize two regional workshops in Indo-Pacific
• Train 20+ enforcement officers, port inspectors, observers per workshop
• Include participants from at least 5 WCPO and SE Asia countries
• Hands-on training in sample collection, handling, qPCR operation
• Workshop locations: MCS Working Group (Honiara) and WCPFC Scientific Committee

Deliverable: Published SOPs and training materials for distribution



Expected Outcomes

200+
Samples validated

in operational settings

40+
Trained enforcement

personnel

Validated
SOPs

For HSBI & port ops

Legally
Defensible
Chain-of-custody

Regional
Scale-Up Plan

SE Asia expansion

Enhanced
MCS

Strengthened rules

Operationally feasible, scientifically robust, and legally defensible 
enforcement tools



Why This Approach Matters
Rigorous Evaluation Before Scale-Up

Testing in both nearshore and offshore operational environments ensures the technology works 
in real-world enforcement scenarios before wider deployment.

Legal and Scientific Integrity

Establishing proper chain-of-custody and evidentiary standards from the outset ensures results 
can be used in enforcement actions and legal proceedings.

Lessons Learned Approach

Each stage informs the next, allowing for methodological refinements and optimization before 
training personnel and wider implementation.

Building Regional Capacity

Training follows validation, ensuring participants learn proven protocols and best practices based 
on actual operational experience.



Strengthening Maritime Rules-Based 
Order

This project delivers:

• Validated molecular monitoring tools for shark 
enforcement
• Legally defensible protocols and chain-of-custody 
procedures
• Trained enforcement personnel across the Indo-Pacific
• Evidence-based pathway for regional scale-up

Keeping vulnerable shark and ray species out of illegal trade



Contact Information

Sharks Pacific

Dr. Jessica Cramp, Executive Director
jess@sharkspacific.org

+1-858-344-4116

Alfred 'Bubba' Cook, J.D., Policy Director
bubba@sharkspacific.org
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