Lake sediment core analysis dates the expansion of anatoxin-producing
Anabaena/Dolichospermum in Anderson Lake, WA
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Core sample phytopigment composition

Anderson Lake is a 25 ha lake with mean depth of 3.7 m situated in a semi-rural setting. Land
adjacent to the lake was developed for agricultural use in the early 1900s until it became a state
park in ~1970. The lake has suffered cyanobacterial blooms since monitoring began in 2006.

Pigment analysis by HPLC indicated that cyanobacteria have been present since
the 1700’s, but the highest depositional flux occurred during the farming years.

Anderson Lake

Genetic analysis of the core sample
Anderson Lake is eutrophic: 40-80 µg/L total P and 1-1.3 mg/L total N in the period 2011-2014 (1).
Anatoxin-a levels typically peak around June, and have exceeded 100 µg/L in most years since
2009; maximum recorded = 7,640 µg/L. Lake closure occurs when anatoxin-a levels exceed 1.0
µg/L. Microcystins are sometimes detected.

DNA yields from core slices ranged from 100-150 µg/g OM dry-wt since 1995 to <10 before 1950, suggesting that DNA survival
declines strongly over time in the sediment. Droplet-digital quantitative PCR (ddPCR) analysis of extracted DNA showed an
increase in cyanobacterial 16S rDNA after about 1970, after farming had ceased. Gene copies of anaF, indicative of anatoxin-a
biosynthetic capacity, were detectable after 1980 and increased sharply after 2000. The copy number of the mcyE gene for
microcystin synthesis increased to a lower degree over the same period.
Cyanotoxin gene copy numbers from PCR
Major increase after 2000

Anabaena sp. WA102 has
been shown to be the
anatoxin-a producer and
its complete genome
sequence is known (2).

Sequencing reads mapping across the entire 5.7 Mbp genome
show that Anabaena sp. WA102 was present in 1995

Anabaena sp. WA102
5.7 Mbp

Core sample dating and organic matter content
A 73-cm long sediment core sample was taken from the deepest point of
the lake and divided into 72 slices, spanning the period 2018 to the early
1700’s. Slices were dated using the activity and modelled decay of
radioisotopes (210Po-210Pb).

16S rDNA amplicon deep sequencing confirmed the presence of Anabaena sp. WA102, the modern anatoxin-a producer, since
1995 (not shown). Metagenome sequencing reads (Illumina) derived from the 1995 core slice mapped evenly across the
Anabaena sp. WA102 genome, confirming that Anabaena sp. WA102 has been present in Anderson Lake since 1995.

16S rDNA genes amplified from core slices were deep sequenced using the
Illumina Miseq platform. Sorting into bacterial/chloroplast families shows that
a major shift in the bacterial community occurred after the cessation of
farming in 1970.
Note that cyanobacterial families are a minor component
in the sediment, represented under “Other.” Many of the
taxa present indicate anaerobic or microaerobic
conditions.
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The sediment is ~60% organic matter, with a C:N ratio of 14 ± 0.5 suggesting predominantly inlake production with limited delivery of organics from the watershed. Combining the rate of
sediment accumulation and organic matter concentrations gives a flux of organic matter
(gOM/cm2/yr) to the core site (above). There was a steady increase in OM production in the
lake during the period of farming and then a decrease following acquisition as a State Park.

Marked and abrupt switch in bacterial composition of sediment after
cessation of farming.
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Conclusions

Sediment core analysis indicated that the period of farming adjacent to Anderson Lake (~1900-1970) coincided with an increase of sediment organic matter that continues
to serve as a source of nutrients to this eutrophic lake. The accumulation of phytoplankton pigments, including those considered to be derived from cyanobacteria, also
increased during this period. A variety of DNA sequence-based analyses showed that the current producer of high levels of anatoxin-a, Anabaena sp. WA102, has been
present in Anderson Lake since at least 1995. Its levels have risen rapidly since ~2000.
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