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Rivers Sampled at MelimoyuPatagonian Freshwater Systems 

eDNA Detection Methods

Results Summary: Brown Trout

Research questions:

Can environmental DNA detection methods be used to determine fish presence in isolated and inaccessible 
freshwater systems?

What is the distribution of invasive salmonids in the rivers surrounding Mount Melimoyu?
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Conclusions and Next Steps

Preservation Techniques for Remote Sampling

DNA Extraction
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Patagonian Rivers:

• Fish populations are generally uncharacterized due to remote setting1

• Invasive salmonid species introduced into these systems for sport and aquaculture1 (of particular 

interest: brown trout and Atlantic salmon)

• Critical to understand where fish are for fisheries management and conservation2

• System of interest: Melimoyu

Volcano Melimoyu :

• Stratovolcano in South Chile that feeds many rivers and home to the Melimoyu Ecological Reserve

• Traditional sampling difficult due to high flow and debris

• Possible solution: Environmental DNA

Figure 1. Volcano Melimoyu and surrounding rivers. (A) Location of the stratovolcano Mount 
Melimoyu in Chilean Patagonia and (B)  the mouths of 6 rivers fed from the volcano (Bing Maps, 2020)

Environmental DNA:

• An organism’s DNA collected indirectly from the environment (e.g. water, soil)3

• Detection methods becoming increasingly popular for the detection of aquatic species2

• Collect water, condense and extract the DNA, analyse to determine species presence indirectly4

• Potentially very useful in systems where traditional species sampling is hard or impossible

Pros and Cons of eDNA sampling:

• Advantages: eDNA detection is sensitive, non-invasive, cost effective, and sometimes easier than 

traditional species sampling4,5 (such as backpack electrofishing, boat electrofishing, or netting)

• Limitations: There are knowledge gaps with respect to best practices, and samples can be prone to bias 

due to PCR inhibition (i.e. prevention of amplification in PCR due to naturally occurring chemicals), 

contamination, or DNA degradation6,7

Figure 2. Steps for detecting eDNA in Patagonian rivers. Steps 7 and 8 are ongoing. 1. Method validation was done to 

compare techniques for preserving eDNA samples and find the method best suited for remote sampling. 2. Water samples 

were collected from rivers. 3. Water samples were condensed onto a filter using a peristaltic pump assembly. 4. Filtered 

samples were preserved in silica desiccant and transported back to Canada for processing and analysis. 5. DNA is extracted 

from sample filters. 6. Extracted samples are subject to quality control assays to ensure DNA in intact and the samples are 

uninhibited. 7. Samples undergo quantitative PCR to amplify fish DNA. 8. Amplification data is analyzed to determine the 

distribution of fish species in rivers draining from Mount Melimoyu. Images generated with Biorender.

Sample Desiccation:

• eDNA sampling often require the preservation of samples to be extracted at a later 

date, freezing samples can be impractical or costly in remote settings so an alternative 

method was tested

• Water samples were collected from a first order stream, filtered, then randomly 

assigned to a treatment

• Filters containing eDNA were either frozen in a tube at -20°C, or desiccated using self 

indicating silica desiccant (Figure 4)

• After 2 months there was no significant difference in PCR amplification between the 

two treatments, therefore samples collected in Patagonia were preserved using the 

preferred desiccation method (Figure 5)

• Due to COVID collected samples were desiccated for 5-6 months before being 

extracted, however most samples were intact despite the delay (Figure 6)

Figure 4. Integrity of DNA in frozen and desiccated samples. DNA integrity was determined by 
PCR targeting chloroplast ribosomal RNA (The EPLANT assay8). Results are represented by 
the Ct of a sample (the cycle where it amplified in PCR) which is inversely related to the 
amount of DNA in the sample. A sample with a Ct value less than 30 is considered to be 
intact. Sample bars represent 4 replicates with 3 technical replicates. Blank and NTC bars 
represent n=1 with 3 technical replicates. A two-way ANOVA was completed (significance of 
P < 0.05), there were significant differences due to time (P = <0.001) and but not treatment 
(P = 0.207), as well as significant interaction between time and treatment (P = <0.001)
.

Figure 5. eDNA filter preservation. After filtration, filters were folded in half with sterile 
forceps and placed in a coin envelope. Envelopes from each site were stored in a plastic bag 
filled with self-indicating silica desiccant until undergoing eDNA extraction in the lab. Image 
generated with Biorender.

Figure 3. Map of sites sampled in Chilean Patagonia. Six rivers draining from Mount Melimoyu were sampled for eDNA, Rio Marchant was sampled at three different locations. The 

Marchant and Colonos were sampled in Fall of 2018, and all rivers were sampled in January 2020. Each site was sampled in triplicate and a field blank was included to ensure samples 

were not contaminated during travel or collection. Rivers were also electrofished where feasible (Marchant, Añihue, Colonos). 
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Figure 6. Patagonian sample DNA integrity. DNA integrity was determined by PCR targeting 
chloroplast ribosomal RNA (The EPLANT assay8). Results are represented by the Ct of a sample (the 
cycle where it amplified in PCR) which is inversely related to the amount of DNA in the sample. A 
sample with a Ct value less than 30 (red bar) is considered to be intact. Each bar represents the 
average of 3 samples from each site with 3 PCR replicated each. Error bars are standard deviation. 
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Table 1. Detection of brown trout using traditional sampling and eDNA. Brown trout were 
successfully detected in both sampling years in the Colonas and Marchant rivers. Brown 
trout were captured at all sites on the Marchant in 2020, however eDNA amplification was 
not achieved at all sites, likely due to high flow conditions.

Brown trout eDNA detection:

• PCR assay was optimized to use little sample (2 μL per well) and maximize efficiency (>90%)

• To date, brown trout has been successfully detected in the Marchant and Colonos samples from 2018 

and 2020. Analysis is not yet complete on the remaining rivers

• eDNA signal was weaker in 2020 samples, likely due to higher flow and seasonal differences

Can eDNA sampling be used in remote systems?

• Yes!  A method was generated to detect eDNA in non-optimal sampling conditions

• Can successfully detect brown trout in low discharge conditions, in high flow it may be prudent to filter a 

larger volume of water for a higher concentration of DNA on filters

Next steps:

• Complete PCR analysis for brown trout in remaining rivers

• Optimize assays and analyze samples for Altlantic salmon (Salmo salar) and puye (Galaxias maculatus) 

eDNA

• Atlantic salmon are a species of interest since they may have escaped from local aquaculture 

facilities

• Puye are a widely distributed native species that can serve as a positive control for eDNA detection 

• Identify relationship between flow and PCR success

Figure 6. Species of interest. A) Brown trout, 
established invasive salmonid (Photo: Burton 2020). 
B) Atlantic salmon, not yet fished in sampled rivers 
but farmed in nearby aquaculture facilities ). (Photo: 
oceana.org). C) Puye (Galaxias maculatus), a native 
freshwater species ubiquitous in rivers in the 
sampling area (Photo: Burton, 2020).


