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Abstract 

Environmental DNA in the Atacama Trench reveals changes in Pelagic biodiversity in the 

world’s most productive marine fishery 

Diego Elihú Rivera Rosas 

With the sampling limitations for the study of the hadopelagic environment, an alternative 

in the use of sediment eDNA is utilized in one of the world’s most productive ecosystems: 

The Atacama Trench. Having a history of overfishing events and effects of ENSO of 

differing intensities, five sites were sampled through sediment cores at depths going from 

2400 to nearly 8000m. As layers of sediment are formed over time, within each layer are 

fragments of eDNA deposited by the pelagic fauna that inhabited at that time. For this 

study, the sediment layers were dated and the community composition for the years in 

which they inhabited was determined utilizing metabarcoding with the Euka02 and 

18SMini primers. The communities identified for both primers are mainly composed of 

chordates and members of the recently established Chromista kingdom, and through 

further beta-diversity analyses, are shown to not be too distinct from one another. Alpha-

diversity was calculated for all sites in intervals of 15 years, and it became clear that there 

was a drop in biodiversity from 1977 to 2002. This is attributed to human influence, as 

the extensive fishing efforts in this period of time combined with the escape of salmonids 

from farms and adverse ENSO events contributed to the reduction of diversity, warning 

that although diversity is currently back at previous levels, anthropogenic impacts must be 

limited for conservation purposes.  
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Overall, it is shown that sediment eDNA is a valuable emerging tool not only for research 

on the current state of communities in pelagic environments, but also as a snap-shot of 

the past that allows for comparisons within an ecosystem. 

 

Keywords:  eDNA, hadal, Atacama Trench, pelagic, sediment eDNA, community, time-series. 
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Environmental DNA in the Atacama Trench reveals changes in Pelagic biodiversity in the 

world’s most productive fishery 

1. Introduction 

 

The world’s ecosystems are ever under more pressing environmental issues from 

growing anthropogenic pressures, with most of the ocean experiencing increasing 

cumulative human impacts (Duarte, 2014; Halpern et al., 2019). However, we lack the 

necessary baselines to understand how some of the earlier pressures, such as 

overfishing, impacted on marine ecosystems, which then challenges our capacity to 

develop appropriate metrics of recovery. 

Within the deep-sea, hadal trenches have remained understudied and there is little known 

information about the diversity of organisms in this environment. Such is the case of the 

Atacama Trench area, a zone between Peru and Chile known for its high productivity 

(Daneri et al., 2000). The Atacama Trench would be able to provide highly valuable 

information pertaining to the fauna inhabiting the area throughout an ample amount of 

time due to it acting as a depocenter for organic material and their expression of early 

diagenetic activity (Glud et al., 2021). 

The upwelling area off the Pacific coast of South America supports the most productive 

fishery of the world, a main source of income in Ecuador, Peru, and Chile (Montecino & 

Lange, 2009), with landings from Chilean fisheries being among the highest of the world 

(FAO, 2007). With the introduction of neo-liberal reforms in 1973, Chilean fisheries 
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reached an all-time high of landings up to 1988, when the overexploitation and decline of 

fish stocks resulted in a total closure (bans) of the fishery across multiple species (Yanez 

et. al, 2017). However, the fishing effort in the area has remained high, until a recent 

regulation between Chile and Peru (UNDP, 2016). As of 2019 however, the percentage of 

species considered to be in non-sustainable levels for fishing pressure was nearly 70% 

according to the Environment Status Report by the Chilean government 

(https://sinia.mma.gob.cl/iema-2020/). 

This decline of fish stocks in the Chilean fishery is not due to overexploitation alone, but is 

also affected by climatic oscillations, specifically the El Niño-Southern Oscillation (ENSO), 

involving changes in circulation affecting sea surface temperature conditions in the 

tropical Pacific and upwelling and productivity patterns (McPhaden et al., 2006). In the 

case of Chilean species specifically, they are affected by direct and indirect effects due to 

the large-scale changes in sea surface temperature, salinity, coastal upwelling, among 

others (Cai et. al, 2020). Another important climatic factor for the zone is the Pacific 

Decadal Oscillation or PDO, which mainly affects sea surface temperatures being a sum of 

several processes with different origins that also directly impacts ENSO events (Cerda et 

al., 2019). 

While FAO curates data on reported fish catches, fishing and bycatch is likely to affect, 

along with climatic oscillations, biodiversity patterns across the pelagic ecosystem, for 

which baseline data is lacking. However, biodiversity patterns may be captured in the 

sedimentary record, where environmental DNA, hereafter referred to as eDNA, can help 

retrieve both present and past biodiversity states. eDNA is based on the detection of short 

https://sinia.mma.gob.cl/iema-2020/
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DNA fragments that organisms release in the environment, mainly epithelial cells released 

to the environment or extracellular DNA (Ferguson & Moyer, 2014). With a sample taken 

from a given environment such as soil, air or water, these DNA fragments of target 

organisms are detected using high-throughput sequencing and bioinformatic processing 

(Deiner et al., 2016). As eDNA is a relatively new technique, many studies have focused 

on its application mainly for the estimation of diversity and abundance of individuals 

present in an ecosystem.  

eDNA approaches have been successfully applied in marine sediment environments, such 

as in the detection of deep-sea octocoral and fungal communities difficult to identify 

visually in the field (Everett et al., 2018; Yang et al., 2020), and examination of the 

resilience and recolonization dynamics of benthic fauna inhabiting hydrothermal vents a 

year prior and after an induced disturbance (Cowart et al., 2020). However, one of the 

potential uses of this technology when applied to environmental matrices that maintain a 

record of the past, such as sediment cores or ice samples, is the ability to retrieve a 

record of past biodiversity.  

Sediment eDNA offers, when coupled with sediment geochronologies, great potential to 

detect both extant and past biodiversity, thus allowing to reconstruct past biodiversity 

trajectories in the absence of observational records and baselines (Geraldi et. al, 2019). 

eDNA chronologies of past biodiversity allow to test hypotheses on the long-term 

dynamics of populations, species, communities, and ecosystems (Bálint et al., 2018). The 

Chilean coast present exceptional possibilities for eDNA sediment chronologies, due to 

the presence of the Atacama Trench, the longest deep-sea trench in the ocean, extending 
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along the coast, along with low oxygen concentrations that enhance organic preservation. 

Here we build eDNA chronologies of community composition of pelagic fauna from 

sediment records retrieved from the Atacama Trench. Specifically, we examine whether 

the onset overfishing and climatic oscillations are reflected in changes on the community 

over time.  

 

2. Methods 

2.1 Study Area 

 

The Atacama Trench is a part of the Peru-Chile Trench, being one of the deepest sectors 

of this trench, having a maximum depth exceeding over 8000 meters, a length of 5,900 

km and a mean width of 100 km, making it the world’s largest trench (Jamieson, 2015; 

Danovaro et. al, 2002). It is the closest trench to a continent, being only about 160 

kilometers away from the coast of Peru and Chile (Lemenkova et. al, 2019) and thus 

possibly reflecting records of biodiversity from both coastal and open ocean ecosystems. 

Most importantly, it underlies the productive upwelling zone associated with the Humboldt 

current that flows south along the coast from Peru to Chile, creating an upwelling plume 

that impacts on ocean productivity on a province and does not only create upwelling near 

the coast, but also extends to about 1000 km offshore (Blanchette et al., 2009) creating a 

productive ecosystem supporting some of the world’s most abundant fisheries. Third, this 

ecosystem is subject to the effects of annual, inter-annual (El Niño and La Niña) and even 
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multi-decadal (El Viejo and La Vieja) climate oscillations that cause high variability in the 

ocean ecosystem. And lastly, this trench features a quite slow sedimentation rate in its 

depths, allowing for a good dating of sediment cores. However, as the trench was formed 

by the Nazca plate and due to other specific geologic, geomorphic and climatic settings, 

the region where the Atacama Trench is located is exposed to many hazardous processes 

like earthquakes, tsunamis and volcanic activity (Lemenkova, 2019) that have effects not 

only on the surface but on the sediment deposition in the hadal trench as well (Oguri et 

al., 2013). Hence, sediment slumping may occur during earthquakes, affecting the 

sedimentary records. 

 

Fig 1.- Study area and sample sites where sediment cores were taken in the Atacama Trench. Image by 

Glud et. al (2021). 
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2.2 Sampling and sample processing 

 

The collection of sediment cores was performed in March 2018 on RV Sonne (BMBF, 

Germany, SO261 from 2/Mar to 2/Apr/2018). Sediment was collected by a multiple core 

sampler, where nine cores in total were obtained, with water depths ranging between 

2560 and 8085 m. Positions of the sampling sites along the Atacama Trench are provided 

in Figure 1. 

The cores were then sliced on board at an interval of 1 cm for the upper 10 cm 

sediments, 2.5 cm for 10 – 20 cm depth sediments, and 5 cm for > 20 cm sediments (Xu 

et al., 2021). Afterwards, they were freeze-dried until DNA extraction.  

eDNA records were retrieved from cores 1, 2, 4, 5 and 6 were analyzed. Core 1 was 

sampled at a water depth of 2560 m, Core 2 at 7995 m, Core 4 at 8085 m, Core 5 at 7770 

m and Core 6 at 7720 m. 

 

2.3 Metabarcoding analysis 

 

DNA was extracted from the sediment samples utilizing the DNA extraction protocol from 

Lever et. al (2015), which targets specifically extracellular DNA using the extraction 

method with a carbonate removal treatment (Geraldi et. al, 2020). Along with this, an 

extraction blank which was nuclease-free water was included to be able to identify which 

DNA might have come from contamination by the extraction methods.  
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Two separate primers, Euka02 and 18SMini, were used for the amplification and 

sequencing of DNA, targeting eukaryotes and amplifying sections in the 18S rDNA gene 

(Ficelota et al., 2020). An Illumina adapter was included in each primer, and further PCR 

reactions were then conducted and five replicate PCR assays were independently run and 

pooled afterwards to reduce the risk of PCR bias. For every relevant procedure, blanks 

and controls were included, with positive blanks consisting of relevant DNA extracted 

from the organisms targeted by the primers. PCR products were then visualized with the 

use of gel electrophoresis and cleaned. 

Afterwards, the extracted DNA was sent for sequencing through Illumina at the KAUST 

Core Labs. 

 

2.4 Sequencing analyses 

 

For the analysis of sequences, CUTADAPT was first used to remove the primers. 

Further analyses were conducted in R version 3.5.1 following the DADA2 workflow to 

correct the data by the filtering of forward and reverse reads, the modelling of errors, the 

de-replication of amplicons and the removal of chimaeras using the filterandtrim, 

learnerrors, derepfastq and removeBimeraDenovo functions respectively. Afterwards, 

unique reads named Sequence Variants (SVs) were determined using DADA2 and 

identical pair reads were merged with the mergePairs function. Taxonomy was then 

assigned to the SVs utilizing the RDP classifier (Lan et. al, 2012). 

The reference libraries were created from the SILVA database (version 132 SSU Nr99) for 
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the 18S primer pairs. Furthermore, additional filters were then used to reduce the 

likelihood of false positives. 

Afterwards, with the acquired PCR and extraction blanks, further cleaning of the data was 

performed using the decontam package to remove possible DNA from contamination 

(v1.10.0; Davis et al., 2017). For a more accurate depiction of marine pelagic diversity 

across time, all sequences that were not assigned to at least the taxonomic level of Order 

were excluded from further analyses.  

 

2.5 Environmental data 

 

Climatic data was obtained as precisely as possible for each of the different core locations 

at the respective time periods indicated by the dating of the cores through the use of the 

ArcGIS software analyzing an array of raster data from different sources. 

Sea Surface Temperature (SST) data was obtained from the ICOADS gridded dataset, 

available by NOAA (https://psl.noaa.gov/data/gridded/tables/sst.html), spanning a period 

from 1800 to the present worldwide. As for the Oceanic Niño Index or ONI, defined as the 

three-month running mean of SST anomalies in the Niño 3.4 region, data was obtained 

from NOAA’s Climate Prediction Center 

(https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php) and 

it is the main measure commonly used for the predicting, monitoring and assessing of 

ENSO events. In the case of the Interdecadal Pacific Oscillation (IPO) index, based on “the 

difference between the SSTA averaged over the central equatorial Pacific and the average 

https://psl.noaa.gov/data/gridded/tables/sst.html
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php
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of the SSTA in the Northwest and Southwest Pacific” (Henley et. al, 2015), the data was 

obtained from NOAA as well (https://psl.noaa.gov/data/timeseries/IPOTPI/), spanning from 

1854 to the present. 

The chlorophyll-a concentration was obtained from NASA’s SeaWiFS public global dataset 

spanning from 1997 to 2010 and from NASA Earth Observations having data from 2002 to 

the present, as well as the database compiled and offered by Boyce et al. (2012), which 

attempted to combine both the most recent observations as well as those made from the 

1880’s with more basic tools. It is important to note the lack of chlorophyll measurements 

in the area until recent years, which limits the impact of this variable. In the case of 

Organic Carbon and Nitrogen present in each of the different sediment layers, data was 

procured from Kazumasa et. al (in prep.). To estimate for the impact of human activity in 

the area, catches in the Exclusive Economic Zone of Chile as well as Aquaculture 

production by year from 1950 to the present were obtained from FishStatJ, the software 

provided by the UN (FAO, 2011), which provides the total amount of tons obtained per 

year for each country. We then matched the information on specific diversity and 

abundance of operational taxonomic units (OTUs) to the retrieved environmental 

conditions at the time these communities were deposited. 

 

2.6 Core dating 

 

The dating of the vertical cores, indicating the time of their respective sediment layers in 

intervals of one centimeter each was derived from Kazumasa et. al (in prep.). 

https://psl.noaa.gov/data/timeseries/IPOTPI/
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Assessments for the approximate dates were based on 137Cs and 210Pb dating. As the 

particle reactive 210Pbex is produced from decay of elements in the water column and the 

accumulates of sediment surface, it makes it possible to identify layers deposited during 

mass wasting events as the ones having constant 210Pbex. Activities of these elements 

were analyzed at the Japan Agency for Marine-Earth Science Technology (JAMSTEC) and 

at Edith Cowan University (ECU), where radionuclide activities were quantified by gamma 

spectrometry.  

The rate of sediment accumulation and then age of deposition was then estimated by the 

210Pbex activities and checked against known earthquakes in the area to confirm the years 

when mass wasting events could have taken place. Sediment layers which were 

determined to originate from mass wasting were removed from further analyses, as they 

carry not only sediment from upper parts of the Trench slope, but also different eDNA 

that could cause bias on our results. 

 

2.7 Diversity analysis 

 

A thorough literature revision for each of the species was performed to accurately 

determine the main habitat type of adult specimens and classify them as either living on a 

benthic or pelagic habitat. Afterwards, only the OTUs that fit the pelagic criteria were 

selected.  

All of the following analyses were repeated separately for the Euka02 and 18SMini eDNA 

findings. 



21 
 

We used the phyloseq R package, to plot the total abundance of the different phyla for all 

of the groups together and for the animalia and chromista kingdoms individually, so as to 

understand their main contributors to the community composition in each of the sample 

sites. Diversity was calculated for (a) the location of each of the cores, displaying how 

different the different zones within the Atacama Trench are and (b) the time period they 

inhabited, combining all cores to resolve how diversity has changed over time. Diversity 

was calculated and plotted with the total amount of unique OTUs observed along with the 

Chao, Shannon and Inverse Simpson indexes. Then beta diversity was calculated through 

the Bray-Curtis distance method and used for the plotting of ordination and cluster 

analysis showcasing how dissimilar each of the communities are from each other, both 

from time and space analyzing the core and the time periods separately. 

 

2.8 Statistical analyses 

 

All further statistical analyses were performed with the use of the mvabund package 

(Wang et al., 2012) in R. With the use of the manyglm function, a generalized linear model 

is fit to each response variable with a common set of predictor variables, with this, it is 

possible to test for significant community level responses to said predictors thought to be 

affecting the composition of the communities in the Atacama Trench area. The community 

composition in these analyses is determined as the counts of each unique OTU in each 

sample.  
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These analyses were run separately for the communities described by the Euka02 and 

18SMini. Prior to running them, a correlation matrix was performed to remove variables 

highly correlated between each other. 

The variables then used for these multivariate analyses were the year to which each 

community belonged to, the 15-year period of time in which they were in, the sea surface 

temperature, the percentage of organic Carbon found in the sediment layer, the 

Interdecadal Pacific Oscillation index for the year, the clorophyll-a concentration and the 

reported catch and aquaculture production per year for the region. Furthermore, the 

reported catch was compared against the filtered OTUs pertaining to the Actinopteri, 

Chondrichtyes and Cnidaria taxonomic units through linear regression to understand the 

effect of fishing in the region against the individuals that it is possible are affected the 

most. 

Finally, the DeSeq2 package (Love et. al, 2014) was utilized for identifying differentially 

abundant OTUs over time to understand which OTUs are the main factors responsible for 

change in abundance and diversity over the years. 

 

 

 

 



23 
 

3. Results 

 

After eliminating possible contaminated reads, quality control and filtering the data to 

extract only pelagic species, a total of 509,948 reads from 1,479 different taxa were 

generated for the Euka02 primer, while 514,727 reads from 2,115 different taxa were 

generated for 18SMini, from 48 sediment samples in 5 different sample locations (Table 

1). The metabarcoding data assigned 24 phyla, 46 classes, 126 orders, 187 families, 252 

genuses and 282 species overall (Table 1), implying that only one in every 10 distinct 

OTUs could be resolved to species level, reflecting limited barcoding library resources for 

this ocean ecosystem.  

When observing the natural and anthropogenic changes that could affect the pelagic 

community in the Atacama Trench, it was found that fluctuations in the sea surface 

temperature as measured by the Oceanic Niño Index tend to follow a specific pattern of 

two to three years of hotter temperature followed by one or two years of colder water 

temperature (Fig. 2). In the case of fishing, a notable increase is observed since 1976, 

continuing exponentially until 1995, when it then starts decreasing (Fig. 3), and when 

looking at the aquaculture, the tons of fish produced are low until a sudden increase from 

1987 onward, continuing to increase every year (Fig. 4). 

 



24 
 

 

Fig. 2.- Oscillation of the Oceanic Niño Index through time.  

 

Fig 3.- Tons of fish caught per year in the Chile region (Data by FAO’s FishstatJ). 
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Fig 4.- Tons of fish produced through aquaculture in Chile over time (Data by FAO’s FishstatJ). 
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Table 1.- Summary of the calculated years of the deposited sediment in all sample sites and the 

amount of unique OTUs found according to both primers. 

Sample 
Site 

Sample 
ID 

Sediment 
Layer 

Approximate 
Year 

Number of unique 
OTUs-Euka 02 

Number of unique 
OTUs-18sMini  

1 0-1 cm 2018 302 175  
2 1-2 cm 2006 84 151  
3 2-3 cm 1995 197 170  
4 3-4 cm 1982 126 254  
5 4-5 cm 1987 266 276 

1 6 5-6 cm 1946 224 217  
7 6-7 cm 1912 142 150  
8 7-8 cm 1933 116 148  
9 8-9 cm 1921 176 213  
10 9-10 cm 1908 286 257  
13 15-17.5 cm 1891 275 407  
14 17.5-20 cm 1900 248 381  
 

    

 
15 0-1 cm 2018 399 420  
16 1-2 cm 2012 477 561  
17 2-3 cm 1982 351 2  
18 3-4 cm 1961 400 387  
19 4-5 cm 1933 303 318 

2 21 6-7 cm 1935 306 371  
24 9-10 cm 1934 296 385  
25 10-12.5 cm 1931 297 250  
26 12.5-15 cm 1898 193 229  
27 15-17.5 cm 1863 183 195  
 

    

 
31 0-1 cm 2018 146 66  
32 1-2 cm 2007 371 324  
33 2-3 cm 1989 393 497 

4 34 3-4 cm 1964 443 523  
35 4-5 cm 1913 357 412  
36 5-6 cm 1936 317 334  
37 6-7 cm 1924 357 403 
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Sample 
Site 

Sample 
ID 

Sediment 
Layer 

Approximate 
Year 

Number of unique 
OTUs-Euka 02 

Number of unique 
OTUs-18sMini  

48 0-1 cm 2018 300 369  
49 1-2 cm 2000 209 357  
50 2-3 cm 1994 83 147  
51 3-4 cm 1990 88 152 

5 52 4-5 cm 1997 194 285  
53 5-6 cm 1983 165 228  
54 6-7 cm 1958 286 209  
55 7-8 cm 1921 280 192  
56 8-9 cm 1893 245 201  
57 9-10 cm 1881 234 151  
 

    

 
65 0-1 cm 2018 400 635  
66 0-2 cm 2005 380 407  
67 1-2 cm 1970 346 413  
68 2-3 cm 1995 361 311 

6 69 3-4 cm 1933 353 448  
70 4-5 cm 1907 332 419  
71 5-6 cm 1880 340 436  
72 6-7 cm 1867 221 428  
73 7-8 cm 1847 23 309 
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3.1 Community composition. 

 

The eDNA presented a higher number of reads for the Animalia and Chromista Kingdom, 

the most predominant taxa found both in the Euka02 and 18SMini primers in all sample 

sites and across time (Figs. 2 and 3). Within these, chordates and cnidarians for Animalia 

and radiolarians, ciliates and ocrophytes for Chromista represent the most abundant phyla 

(Figs. 2 and 3). Plants however, present only a small fraction of the eDNA found in the 

sites, and all correspond to the Chlorophyta phylum. This pattern is consistent across 

sites, except for site #6, where the abundance of cnidarians was much higher, and a 

higher dominance of radiolarians and ciliates ocured across time, and with the 18SMini 

primer no chordates were detected.
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Fig. 5.- Total abundance of number of reads identified to the different Phylum for each year separated by the sample site for the Euka02 

primer. 
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Fig. 6.- Total abundance of number of reads identified to the different Phylum for each year separated by the sample site for the 18SMini 

primer. 



31 
 

The Actinopteri and Chondrichthyes classes were examined separately from the rest for 

the Euka02 primer, since the 18SMini primer failed to identify groups other than 

Salmonidae (Fig 7a). Most of the reads assigned to bony fish belonged to the Salmonidae 

order, while most reads assigned to Chondrichthyes, pertain to the Pristiformes Order, 

the saw sharks, and both show an abundance decline from 1951 to 1976 to then increase 

greatly from 1977 to 2002 (Fig 7b). In the case of the Cnidaria phylum, three major 

classes were present in the eDNA. These showed a similar pattern as fish and sharks, 

being affected in their abundance in the 1977 to 2002 period. While more hydrozoans are 

found from 1847 to 1898, a shift to dominance from scyphozoans is maintained from 

1899 until 2018, with only the 1951 to 1976 period showing a similar abundance of both 

groups (Fig. 7c). 

a) 



32 
 

 

b) 
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Fig 7.- Total abundance for the a) Actinopteri and b) Chondrichthyes classes and the c) Cnidaria 

phylum along the different time periods for the Euka02 primer. 

 

 

 

 

 

 

c) 
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3.2 Species richness and B-diversity. 

 

In the case of Euka02, the highest richness of OTUs was found in Sample Site 4 (340 ± 

87), followed by Site 2 (320 ± 86) and Site 6 (307 ± 111). The lowest number of unique 

taxa was recorded from Site 1 (203 ± 71), the sample obtained at the shallowest depth 

(2560 m) and closest to shore (31.84 km). This pattern was consistent with that retrieved 

using the 18SMini, which assigned the highest richness to Sample Site 6 (423 ± 89), 

followed by Sites 4 (366 ± 140) and 2 (312 ± 144), with once again Site 1 presenting the 

lowest richness (223.5 ± 84). Overall, there was a higher richness detected across all 

sample sites with the 18SMini primer (Fig. 8b).  

 

 

a) 
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Fig 8.- Diversity as measured by different indexes in each of the sample sites in the Atacama 

Trench for a) The Euka02 primer and b) The 18sMini primer. 

 

We binned the data across 15 year intervals to increase the robustness of the 

reconstructed biodiversity time series, which revealed a consistent pattern for both 

Euka02 and 18SMini. Diversity increased from the earliest year considered, just before 

the industrial revolution (1847), to a peak between 1951 and 1976, and then experiences 

a sharp decrease in diversity to initiate a pattern of recovery from 2003 to 2018 (Fig. 9). 

Statistically significant differences were found in the richness among the different time 

periods using the Euka02 primer (ANOVA test: F-value=2.43, df=6, P=0.0415), but such 

differences were not as distinct in the case of 18SMini (ANOVA test: F-value=0.89, df=6, 

P=0.515). 

 

b) 
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Fig 9.- Diversity as measured by different indexes along the different time periods across the 

Atacama Trench for a) The Euka02 primer and b) The 18sMini primer. 

 

a) 

 b) 
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NMDS analyses based on beta-diversity for both Euka02 and 18sMini showed that 

although the alpha-diversity of sites may differ, the OTUs present do not conform 

different communities. This indicates a very similar composition of species along the 

Atacama Trench, albeit for Site 6, which still shared many of its unique OTUs with Site 1 

(Fig. 10). This is once again repeated when analyzing the differences between the 

communities in all cores through time. When looking at Euka02 as well as at 18SMini, 

there is an important overlap of OTUs, indicating that even when diversity changes over 

time, a core community composition is maintained (Fig. 10).  
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Fig 10.- Non-Metric Multidimensional Scaling analysis showing the relatedness of communities 

along time based on beta-diversity for a) The Euka02 primer and b) The 18sMini primer. 

 

The cluster analyses show that the different samples tend to group together based more 

on space rather than time in the case of both primers, as they are more closely related to 

communities within the same sample site than they are to others of the same time period, 

with a few exceptions (Fig. 11).  
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However, when analyzing the differential abundant OTUs in the 1977 to 2002 period, 

when the decrease in diversity occurs, a total of eight OTUs were identified as being the 

most influential to the fluctuation in observed abundance (FDR corrected p-value > 0.05). 

From these eight OTUs, six pertained to the Chromista kingdom identified up to different 

taxonomic levels: OTUs from the Stichotrichida, Euplotida and Philasterida order, as well 

as those from the Pleurosigmataceae, Bacillariaceae and Collosphaeridae families were 

the groups that changed the most during this period of time. The two remaining influential 

OTUs pertain to the Animalia kingdom and are identified to the species level: Tetraplatia 

volitans and Pyrosomella verticillata. 
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Fig. 11.- Cluster analyses based on Bray-Curtis dissimilarity index for the differences between sample sites based on the beta-diversity 

for a) The Euka02 primer and b) The 18SMini primer. Each sampled layer is marked for a color of the year said layer was calculated to be 

deposited.  
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3.3 Elucidating environmental and fishing effects on pelagic communities. 

 

Most of the environmental variables examined did not show a consistent relationship with 

the changes in community composition. The fish aquaculture production since 1950 

proved to be the only significant predictor (Table 2), showing growth every year with a 

marked increase since the 90’s (Fig. 3).  

Although it did not seem to be significant for all the community, when analyzing the tons 

of fish caught and the abundance of OTUs found for specific groups, an increase in the 

number of cnidarians can be seen as the fishing pressure increases (Fig. 12). 

 

 

Table 2.- Significance values based on the Wald Chi-squared test to determine if explanatory 

predictors affect the community composition, here taken as the abundance of every unique OTU. 

 EUKA 02  18S MINI  

Predictor Wald Value Pr(>wald) Wald Value Pr(>wald) 

Year 57.99 0.09 64.74 0.207 

Sea Surface Temperature 61.63 0.481 76.7 0.407 

Organic Carbon % 58.14 0.187 64.56 0.324 

Interdecadal Pacific 
Oscillation Index 

52.59 0.197 59.77 0.38 

Clorophyll-a concentration 39.87 0.41 47.19 0.528 

Tons of fish by fishing  45.8 0.185 52.38 0.307 

Tons of fish by 
aquaculture  

42.81 0.011* 47.76 0.048* 
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Fig. 12.- Total number of OTUs found for cnidarians, bony fish and sharks and their relationship 

to fishing pressure in the Atacama Trench region.  
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4. Discussion 

 

As one of the world’s most productive ecosystems, receiving an important deposition 

from the productive surface waters (Angel, 1982), its high diversity and abundance led to 

it being called a hotspot of meiofauna (Danovaro et. al., 2002; Gambi et. al., 2003; Grzelak 

et. al., 2021). Yet, an extensive study or inventory of biodiversity utilizing either 

conventional taxonomy or eDNA has not been performed in the area, thereby limiting the 

capacity to compare our results, which present a first comprehensive assessment of 

pelagic biodiversity in the Atacama Trench.  

The eDNA reads and the observed abundance of OTUs reveal a highly diverse, species-

rich community, composed mainly of animals and chromistas, demonstrating the 

prevalence of unicellular algae in the region, as is to be expected with the high primary 

production in the surface waters. For Chromista, the reads in the Atacama Trench consist 

primarily of skeleton-forming unicellular organisms: Bacillariophyceae and Polycystinea. 

Indeed, diatoms are the main primary producers in upwelling regions (Irwin et. al., 2012), 

while Pollycistinea are the largest and most common groups of radiolarians that can be 

found throughout the water column (Krabberød et. al., 2011). 

In the case of the identified animals, eDNA showed the dominance of chordates and 

cnidarians across all years and in all the sampled sites. Within these, the Scyphozoa, 

Actinopteri and Thaliacea classes were the most abundant. A large abundance of fish was 

expected as they are known to be dominant in pelagic environments and studies have 

proven their high presence in sediment eDNA (Turner et. al., 2015; Sakata et. al., 2020).  
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Scyphozoa although not usually associated with deep-sea sites, have been seen and 

proven to inhabit in hadal depths (Jamieson & Linley, 2021), and earlier reports have 

noted the presence of polyps as deep as 10,000 m (Beliaev & Brueggeman, 1989), 

although they are considered rare in these environments.  

Interestingly for Thaliacea in similar deep-sea sites, it has been reported that these salps 

are mainly collected through traditional zooplankton and micronekton methods in the 

epipelagic and upper mesopelagic layers, rarely being found at depths beyond 150 m and 

did not overall comprise a significant part of the zooplankton found (Weikert & Godeaux, 

2008). The results of this study then prove that their high abundance may have been 

previously underestimated, as they experience blooms and burst dynamics (Deibel & 

Paffenhöfer, 2009). Hence, eDNA may prove a valuable alternative for further sampling 

and research for this group and other groups that may show such bloom and burst 

dynamics, which is difficult to capture in conventional time series sampling. 

Indeed, these results showing a high dominance of gelatinous individuals that rise 

throughout time in the eDNA are in line with what is known from these groups. Although 

being an important component in highly productive regions, their abundance has risen in 

recent blooms to the detriment of other organisms with overfishing as the main factor. A 

previous study by Roux et. al (2013) demonstrated that in two areas of the same 

upwelling region in the Benguela Current with different fishing pressures, the number of 

jellyfish has only increased in the region without fishing management measures. Fishing 

not only decreases predation and competition on jellyfish, but also introduces more 

individuals through ballast water exchange (Richardson et. al, 2009), and therefore should 
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be looked at and managed more tightly in the Atacama Trench region to avoid a turnover 

of species from fish to gelatinous individuals. However, while a perceived increase in 

jellyfish abundance based on degraded oceans has been suggested, a study by Condon 

et. al (2013) recently demonstrated that this increase in abundance is not due to 

deteriorating conditions in the global oceans, but rather, an effect of worldwide 

oscillations of about 20 years periodicity, specifically showcasing a rising phase during 

the 1990’s. Indeed, this trend is noted in this study as well, where the abundance of 

jellyfish does not seem to increase over time (Fig. 12, Fig. 13), but rather shows signs of 

increase and decrease, and matches with the 1990s increase in abundance (Fig. 13), 

further supporting the idea of a global oscillation in jellyfish populations. 
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Fig.13.- Total abundance of number of reads identified to the three classes of Cnidaria for each 

year for the Euka02 primer.  
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4.1 Community differences along the Atacama Trench over time. 

 

Beta-diversity analyses proved that the communities have maintained a core identity 

across time. Over the 171 years covered by this study from the earliest sample dated in 

1847 until its most recent in 2018 the pelagic composition of the Atacama Trench 

biodiversity has remained mostly uniform, despite having undergone through different 

ENSO events of different intensities and increasing anthropogenic pressure. This could be 

attributed to the type of environment. As an ecosystem characterized by important 

upwelling events that lead to high primary production (Fossing et. al, 1995), it has a 

constant supply of resources throughout the food chain that can support the diversity that 

lives in it despite the variability in pressures over time. Indeed, eastern boundary 

upwelling systems such as the Atacama Trench area can be characterized as being 

resilient (defined as having a quick recovery from disturbances), and resistant (defined as 

being able to maintain its state after a disturbance) to natural climate variability and the 

effects of fishing (Bakun et. al, 2015), thus facilitating the community composition 

through time to remain mostly the same. 

The results, presented reveal, however, a decline in biodiversity between the 1977 to 

2002 period. In these 25 years, diversity reached its lowest point in the Atacama Trench 

in all sampling sites and in both primers. An analysis of the changes leading to this 

decline reveal that the decline was attributable mainly to the individuals in the Chromista 

kingdom, the taxa that declined and drove this pattern. While this may be a result of the 

overall abundance of algae, diatom, dinoflagellate, oomycete and protozan DNA over the 
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others, this decrease in diversity proves that it is not only the larger groups of eukaryotes 

that are affected by the environmental and anthropogenic pressures. To the writing of this 

document, no studies focusing on the changes in diversity at such a small scale were 

found, proving that it may be essential to study the patterns in a time scale in the 

Chromista kingdom to fully understand the communities, particularly in a pelagic 

upwelling environment where they are abundant and are able to dictate the community 

composition through top-down ecological effects. However, the two animal species that 

fluctuated in their abundance the most in this period are members of the Thaliacea and 

Cnidarian groups, and while they have not been exhaustively researched, it is known that 

they inhabit the world’s oceans. Not much is known about these two species, but this 

study then reveals that their abundance in the Chile-Peru waters could be more influential 

than previously thought and could be some of the more easily affected species during a 

disturbance such as the one theorized in the 1977 to 2002 period.  

The period of time when diversity decreased coincides with the dramatic increase in 

fishing pressure in Chilean waters (FAO, 2018). Starting from 1977, fishing catches in 

Chile rose exponentially hitting its highest point in 1994 (7,837,699 tons), and then rapidly 

decreasing to 1/3rd of the maximum (Fig. 3). The Fishing and Aquaculture General Act 

(FAGA) introduced in Chile in the 1990’s aimed at the regulation of extractive fishing 

activity and the preservation of hydrobiological resources among other goals (Bernal et. 

al., 1999). This legislation established differential access regimes for industrial and 

artisanal fishing. Regulation was further strengthened following overexploitation and the 

occurrence of an El Niño event in the 1997 and 1998 years, which caused the largest 
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fishing crisis of the decade. A maximum capture limit was firmly established in 2001 in 

order to avoid further depletion of fisheries resources, leading to a great decrease in the 

captures of jurel and anchoveta (Soto & Paredes, 2018). These limitations in overfishing 

in Chile, reduced the anthropogenic pressures on the ecosystem allowing biodiversity 

recovery (Smith, 1994; Boehlert, 1996). 

Our results show that most of the identified Actinopteri are of the Salmonidae family. 

Indeed, the introduction of salmonids in Chile might have been one of the most important 

factors to change the seascape, its diversity and abundance. First introduced in 1907 

(Golusda, 1907), salmonids have proven to be a threatening invasive species for the 

Chilean ecosystems. A study by Soto et. al. (2006) examined the lakes and streams of 

southern Chile, finding that trout accounted for more than 60% of the total fish abundance 

and suggesting a high impact of these suppressing native species. The salmonid invasion 

of Chilean waters has been further exacerbated by aquaculture. Indeed, it has been 

reported that in 1994 and 1995, major storms caused a great number of escaped 

salmonids from aquaculture farms, leading to major impacts on native species, which 

biomass and overall diversity were reduced, with a high dominance of salmonids in both 

freshwater and marine ecosystems (Sepúlveda et. al., 2013). This is further supported by 

the pattern of increase in eDNA reads of the Euka02 primer attributed to salmonids over 

the years, specifically in 1994 and 1995 (Fig. 14).  
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Fig.14.- Total abundance of number of reads identified to the three orders of Actinopteri for each 

year for the Euka02 primer.  

 

High fishing pressure together with displacement of native species by invasive salmonids 

are the likely drivers of biodiversity decline between 1977 and 2002, with a subsequent 

recovery facilitated by regulation conducive to reduce fishing pressure.  
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Aquaculture production emerged as the single predictor, among the environmental and 

anthropogenic variables evaluated here, with a significant effect in the community 

composition found in the Atacama Trench for both primers (Table 2). Aquaculture has 

been increasing in Chile from 29,000 tons produced in 1990 to 1,043,000 by the end of 

2020, largely corresponding to Salmo salar, Oncorhynchus kisutch and Oncorhynchus 

mykiss, with an average annual growth rate of 117% (González, 2021). With such a 

dramatic increase and limited regulations, aquaculture leads to eutrophication and 

changes in biodiversity downstream of the farms (Quiñones et. al., 2017). Aquaculture 

activity is expected to increase further (Klinger et. al., 2017), suggesting further pressures 

on pelagic biodiversity. While salmon aquaculture in Chile is concentrated in Puerto Montt 

located in southern Chile, it is known that salmon is harvested mainly from the Araucania 

region until Tierra de Fuego (Couyoumdjian, 2009), therefore confirming that the Atacama 

region is prone to the effects of aquaculture. 

 

4.2 The limitations of eDNA in the study. 

 

One of the most prevalent issues found in this study was the lack of good taxonomic 

resolution in reads. While originally a total of 11,558 and 19,101 taxa were identified for 

Euka02 and 18SMini respectively, only about 10% of these could be used in the analysis, 

as the rest did not support enough resolution up to the minimum taxonomic unit of Order, 

and within those who did, only a few of them pertained to the pelagic environment. 
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Indeed, one weakness of eDNA is its reliance on metabarcoding libraries that, in turn, 

require direct DNA information for the species present in the study area. As universal 

markers for Eukaryotes, there were a great number of detections that could not be 

matched to the minimum taxonomic cut-off that was at the Order level because no prior 

reference from an identified genome had been deposited in the libraries. Although 

genome sequencing of new individuals and the size of libraries keep expanding, efforts 

need be enhanced so that eDNA can eventually allow accurate determinations of the 

entire composition of the community in the Atacama Trench. However, libraries can only 

be produced for species that have been formally named, and it may be that many of the 

taxa reflected in the eDNA inventories correspond to species yet to be formally described 

and named. In addition, eDNA does not provide information on life stage, as reads may 

derive from all possible life stages, from larvae to mature individuals, and cannot, 

therefore, used to assess population status. 

It is also important to recognize the possible impact of mass-wasting, sudden delivery of 

sediment due to earthquake-associated slumping on sediments, in the amount and 

differences of the OTUs and reads found. Sample sites 2 and 4 had mass-wasting events 

from earthquakes in 1934 and 1924 respectively, and it is likely they introduced not only 

sediment but also an input of eDNA from the slopes from where it came from to their 

respective layers (Oguri et. al, 2013). While layers considered to have been a product of 

mass-wasting events were removed altogether for the sake of a better understanding of 

change over time, Chile is a very active seismic region due to the subduction of the Nazca 

plate beneath the South America plate (Métois et. al., 2012). Yet, smaller tremors that 
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could not be identified to produce mass wasting may have delivered sediment and with it, 

eDNA, which could add error to our analysis.  

The two markers utilized are used for the amplification of all Eukaryotes. Accordingly, they 

do not provide enough taxonomic resolution for most of the OTU reads to be resolved to 

species level, which would require taxon-specific markers. Both Euka02 and 18SMini each 

have their own limitations and target certain organisms better than others. For example, 

both primers showed an opposite abundance in Chromista groups: while Euka02 shows a 

dominance of Ocrophyta in all sample sites, except site 6 where radiolarians were 

dominant, 18SMini shows the opposite pattern, with radiolarians being the most abundant 

in all sample sites except #6. As the most universal marker, Euka02 has been shown to 

have high average amplification success when sequencing across all taxa, yet also shows 

a lower performance for the identification of sequences at genus and family levels and a 

higher performance for specific phyla such as molluscs, annelids and plathyhelminthes 

(Ficetola et. al., 2021). These universal markers are good for an assessment of diversity 

and can be useful for explorations and descriptions of communities, yet their power for 

taxonomic resolution is limited when studies target specific taxa.  
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5. Conclusions 

 

The Atacama Trench pelagic community hosts a diverse composition of plants, animals 

and chromists in its productive ecosystem. Although the identity of the species found 

throughout time (beta-diversity) does not seem to vary, alpha-diversity is severely 

impacted from 1977 to 2002, a time period known for the highest fishing intensity in 

Chile, marked escapes of non-native Salmonidae and adverse and intense ENSO events.  

While the effect of these pressures to the environment were not studied during that time, 

this study provides a window to the past, demonstrating the impact that human activities 

can have over pelagic communities in one of the world’s most productive marine 

ecosystems, providing evidence that even though they may be resistant and resilient 

systems, they can still be affected through anthropogenic pressures. 

Overall, it is proven that through sediment dating in marine environments, it is possible to 

determine the community that inhabited the sea and how it has changed over time, 

demonstrating that it is possible to do time-series comparisons despite not having 

sampled during relevant times.  

Even given the limitations that eDNA has, it is an emerging and solid alternative to deep-

sea sampling that may unlock the secrets of some of the Earth’s deepest environments. 
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