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Genetisk miljöövervakning

• DNA finns överallt – möjligheterna är oändliga
• I ett milligram färsk vävnad finns cirka 4 miljoner genom-kopior, 

vilket motsvarar cirka 14 miljoners miljarder DNA-baser!



Artidentifiering

Asp
• Asp är en rödlistad art
• Insamlad rom kan visa var det finns lekplatser



eDNA - MiljöDNA

Detektion av Strandpadde-DNA i vattenprover
• Förekomst, icke förekomst
• Relativ kvantifiering
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Metagenomiska analyser
• DNA-analysera ”allt” i ett blandningsprov tex miljöprov
• Kvalitativ, relativ kvantifiering inom prov
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Metagenomiska analyser

Fryst material Spritlagt material

• DNA-analysera ”allt” i ett blandningsprov tex miljöprov

Filtrerade vattenprover
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Metagenomiska analyser
• DNA-analysera ”allt” i ett blandningsprov tex miljöprov

Marine evertebrates

Amphiura filiformis Heteromastus filiformis Aphelochaeta sp. Heteromastus sp.

Pista cristata Diplocirrus glaucus NereididaeGEN sp. MC Rhodine loveni

Amphicteis gunneri Amphiura chiajei Scalibregma inflatum Spiophanes kroyeri

Laonice bahusiensis Prionospio fallax Melinna cristata Phylo norvegica

Leucon nasica Coccolithus sp. Pista lornensis Phylo norvegicus

Polycirrus plumosus Neoleanira tetragona Paramphinome jeffreysii Pholoe sp.

Skeletonema marinoi Brissopsis lyrifera Levinsenia gracilis Nereis elitoralis

Abyssoninoe hibernica Scutopus ventrolineatus Galathowenia oculata Echinocardium cordatum

14% av sekvenser är 
oidentifierade
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Metagenomiska analyser
• DNA-analysera ”allt” i ett blandningsprov tex miljöprov
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DNA i sediment

both DNases and DNA molecules (Levy-Booth et al., 2007;
Pietramellara et al., 2009). Chemically driven DNA degradation
(e.g., depurination) also appears to be reduced in aquatic sedi-
ments compared to terrestrial environments (Corinaldesi et al.,
2008). Experiments measuring the degradation rate of aquatic
macrofaunal eDNA in surficial sediments are needed to estimate
the temporal window of eDNA persistence for diverse species
and environments.

The concentration and persistence results collectively suggest a
strategy for how aqueous and sedimentary eDNA from aquatic
macrofauna should be used for biological conservation. First, sedi-
ment sampling may provide higher detection probability if water
sampling – which is far easier to conduct – proves inadequate. A
recent eDNA survey for invasive crayfish sampled mixtures of
intentionally resuspended sediment and water, suggesting that
more convenient surface water sampling failed for this benthic
species (Tréguier et al., 2014). Interestingly, in our data the relative
standard error (RSE = SE/mean) of within-site eDNA concentration
estimates was high for both sediment and water in spite of the sig-
nificantly higher average concentrations in sediment (Table 1). As
discussed by Pilliod et al. (2013), RSE values over 20% indicate high
spatial heterogeneity for both types of eDNA and recommend the
use of larger amounts of water/sediment per sample and/or more
than three samples per site. Taberlet et al. (2012) describe a spa-
tially-integrated approach for sampling terrestrial soil eDNA that
may be transferable to aquatic sediments. However, our persis-
tence results present a major caution for sedimentary eDNA sam-
pling in many conservation applications: surficial sediment
provides detection of current-or-past occupancy (at least 132 days)
whereas surface water provides detection of current-or-recent
occupancy (up to 25 days). Conservation programs requiring data
on recent occupancy should avoid sediments in favor of water
sampling. Aqueous eDNA capture methods such as portable filtra-
tion (Goldberg et al., 2011; Pilliod et al., 2013) or continuous flow
centrifugation (Zuckerman and Tzipori, 2006) can increase water
sampling effort (i.e., water volume processed) relatively easily,
which may mitigate the slightly lower detection probability we
observed from water compared with sediment.

The high concentration and long persistence of fish eDNA in
surficial sediments creates an opportunity for sediment resuspen-
sion to influence both the temporal and spatial scales of inference
from aqueous eDNA (Bloesch, 1995; Douville et al., 2007; Graf and
Rosenberg, 1997; Leff et al., 1992). We saw no evidence of resus-
pension-derived aqueous eDNA in the three CERC ponds where it
could have been identified after dewatering and refilling. However,
since resuspension occurs when shear stress on the sediment bed
exceeds a critical threshold value (Vanoni, 2006), studies monitor-
ing for very recent occupancy should avoid sampling shallow lakes
or ponds experiencing high bed shear stress conditions. For exam-
ple, increased resuspension of sediment particles has been
observed during or immediately after high wind events (Evans,
1994), in areas with significant wave action (Mian and Yanful,
2004), and in areas with substantial bed loads (the surficial sedi-
ments that are transported along the bed; Debnath et al., 2007).
Similarly, results from a natural stream experiment with tracer
bacteria seeded in sediments (Jamieson et al., 2005) suggest that
water sampling in rivers during unusually high flow events would
increase the chance of collecting old eDNA resuspended from sed-
iment beds that are stable at lower flow. Testing this resuspension
hypothesis may be useful when monitoring seasonally occurring
species, such as anadromous salmon, in rivers with large seasonal
flow variation (Laramie et al., 2015). Human disturbance and trans-
port of aquatic sediments should also be considered, including that
caused inadvertently by scientists collecting eDNA samples. For
example, cleaning mud from gear and footwear between sites
appears to be particularly important given high sedimentary eDNA

concentration and the detection of wetsuit-derived amphibian
DNA reported by Spear et al. (2015).

The low temporal resolution of sedimentary eDNA may be
appropriate for conservation programs that can use information
about current-or-past occupancy, such as retrospective genetic
monitoring (Schwartz et al., 2007) of aquatic macrofauna for spa-
tial distribution and historical range studies concerned with
long-term site occupancy (Fernández et al., 2010; Provan et al.,
2008; Wandeler et al., 2007). The abundance and persistence of
sedimentary eDNA could benefit monitoring for species introduc-
tions or range shifts where the target species has no prior occu-
pancy (Tréguier et al., 2014). Retrospective monitoring of
macrofauna using sedimentary eDNA is well established for terres-
trial sediments (Andersen et al., 2012; Haile et al., 2009), but anal-
ysis of aquatic sediments for macrobial eDNA has largely been
limited to plants (Anderson-Carpenter et al., 2011; Boessenkool
et al., 2013; but see Giguet-Covex et al., 2014; Matisoo-Smith
et al., 2008; Naviaux et al., 2005). Our results suggest that fish
eDNA in aquatic sediments may be a promising source of historical
genetic material, although further research is needed to evaluate
the generality of our small study. Monitoring and managing biodi-
versity during the course of human population growth and ecosys-
tem modification is a central goal of conservation biology, and
aquatic animals are particularly vulnerable to extinction and diffi-
cult to monitor (Xenopoulos et al., 2005). The different temporal
windows provided by sedimentary and aqueous DNA should facil-
itate, for example, determination of historical native range from
sediment and seasonal occupancy from water, thereby enabling
more effective conservation actions.

The positive correlation between sedimentary and aqueous
eDNA likely represents a relationship with both downward and
upward processes (Fig. 2). Suspended particles (i.e., aqueous eDNA)
may eventually sink downward and accumulate in the surficial
sediment layer (i.e., sedimentary eDNA). Alternatively, large pieces
of DNA-rich fish ejecta (e.g., feces; Caldwell et al., 2011; Corse et al.,
2010) which have rapidly settled to the substratum (Robison and
Bailey, 1981; Saba and Steinberg, 2012), may slowly disintegrate
(Wotton and Malmqvist, 2001) and release smaller DNA-
containing particles upward back into the water column through
resuspension by turbulent flow and bioturbation (Bloesch, 1995;

aqueous
eDNA

organismal

shedding

dow
nw

ard transport
(settling)

sedimentary
eDNA

horizontal transport
(advection and diffusion)

hydrolyzed
oligonucleotides

and nutrients

hydrolyzed
oligonucleotides

and nutrients

aqueous

degradation

sedimentary

degradation

upward tra
nsport

(resuspension)

Fig. 2. Conceptual diagram of the processes affecting eDNA released into the water
column by aquatic macrofauna. Because sedimentary eDNA persists longer than
aqueous eDNA resuspension of sediments could influence the temporal resolution
of inferences about organism presence made from aqueous eDNA. Horizontal
transport of resuspended sediments could also influence the spatial resolution of
inferences from aqueous eDNA.
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Provtagning

L.S. Epp et al. / Quaternary Science Reviews 117 (2015) 
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Provtagning

• Ett representativt prov – beror på lokalen och målorganism

• Vattenprov, storlek, djup, in- och utlopp

• Årstid omrörning

• Rinnande vatten

• Sediment vilket djup



DNA-analys –
ett verktyg i miljöövervakning

På nrm.se:

• Korta informations- och 
instruktionsfilmer 

• Praktiska handledningar att ladda ned
• DNA-ordlista för miljöövervakare 
• Exempel på genomförda projekt och 

forskning inom miljöDNA
• ”Jourhavande genetiker”, inklusive FAQ 

(Frequently Asked Questions)
• Fördjupningsmaterial: Framtidsspaning 

och länkar till vetenskapliga artiklar



DNA-analys –
ett verktyg i miljöövervakning

8-9 November, på NRM: 
Kurs om DNA-teknikens möjligheter och 
begränsningar i miljöövervakning 



Genetisk miljöövervakning

Tack för uppmärksamheten


