Lake ecosystem monitoring using environmental DNA (eDNA):
ecological relevance and temporal persistence
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Introduction
Biomonitoring is an important process for the protection of freshwater ecosystems, traditionally supported by regular taxonomic ID of
biota, such as macroinvertebrates. The Chironomidae (non-biting midges) are widely used for lake monitoring, due to their high
diversity (>4Kspp.) and ease of collection (Chironomid Pupal Exuviae Technique (CPET)). Nevertheless, they are notoriously difficult to
identify to species level, which seriously limits monitoring efforts.
Using environmental DNA (eDNA) collected directly from water samples and metabarcoding of chironomid exuviae communities can
help revolutionise biomonitoring by increasing speed, accuracy and information content.
AIMS:
1. Test the use of eDNA for lake monitoring using the non-biting midges (Diptera; Chironomidae) as target group. 2. Investigate
the decay rates of eDNA in the wild. 3. Alpha & beta diversity temporal patterns through metabarcoding.

Methods - Workflow
• Workflow: Water samples, chironomid exuviae (skins) and water chemistry data
collected every 3 weeks, between Sept. 2013-Sept. 2014 in Lake Padarn, N. Wales
(Figure 1). Three COI amplicons, 16S and RbcL were sequenced on 2 MiSeq lanes.
The simultaneous collection of exuviae is used here as an external indicator of
physical presence of the organism.
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• Chironomid Pupae Exuviae
Technique (CPET): collection of
exuviae (shed skins) left on the
surface of the water after adults
emerge (Figure 2).
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Figure 1:
Main experimental
workflow
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Figure 2: Life cycle of the Chironomidae.
Circled life stage collected for analysis.

Results – Discussion
 Illumina MiSeq: >17.7M quality filtered sequences for 3xCOI
amplicons and 16S.
 Estimating persistence of eDNA in
the wild, as the number of days
that eDNA remained detectable in
the water, after the last
documented presence (physical
presence indicated by the
community samples). The majority
of observations suggest eDNA
persistence <36 days.
 Chironomidae emergence is known to present a periodical pattern with
highs in summer and lows in winter (temperate zone). Shannon diversity
from invertebrate community samples corresponds to this pattern, and
also matches yearly temperature variation.

 Bray – Curtis dissimilarity index for eDNA samples, indicates
that differences in community composition relate to season of
collection. Most characteristic grouping is presented by samples
collected during the winter months.
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 Conclusions: eDNA was successfully amplified throughout the
year and corresponded to the simultaneously collected
invertebrate community samples. Findings indicate the
potential of eDNA as a future application for applied
biomonitoring in lakes. Seasonal patterns detected underline
the importance of seasonally timed sampling.
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