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Understanding the population dynamics of invasive processes has become a pressing
concern in a highly connected world faced with ongoing climate change and increased
exotic species introduction. In Chile, the invasive freshwater benthic diatom
Didymosphenia geminata (Lyngbye) Schmidt has become widespread, expanding across
multiple river basins spanning over 3000 km in three years. Here we evaluate the
phylogenetic and phylogeographic relationships of D. geminata samples collected
throughout the invaded range in Chile, using specific rbcL gene sequence previously
published. Genetic sequences for this marker were generated for 19 sample sites, and
were compared with available freshwater diatom sequences, as well as with previously
published rbcL gene sequences for D. geminata. We find that all genetic sequences
collected within Chile present phylogenetic divergences from D. geminata samples
collected in Siberia, as well as from samples of the genera Gomphonema, Cymbella and
Encyonema. Thus, we validate the invasion by D. geminata, in agreement with existing
morphological taxonomic criteria. In addition, a haplotype analysis showed a total of 13
haplotypes, two of which (halpotypes I and IX) found in 12 and 3 populations respectively,
while each of the remaining haplotypes presents a single population. Thus, these results
are consistent either with the introduction of multiple lineages, or with a rapid genetic
differentiation in this invading freshwater diatom. Further genetic sampling, both within
Chile and in countries that may have been potential sources of the invasion are needed to
test these alternative hypotheses.
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Figure 1

Phylogenetic relationship of Dydimosphenia geminata and other related diatom species
based on the rbcL gene.
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Figure 2

Phylogenetic relationship of Dydimosphenia geminata and other related species of
diatoms based on the rbcL gene.

The results obtained on the basis of cladistics algorithms of maximum parsimony are

illustrated. For each branch, the percentages of bootstrap obtained are indicated. The value

to the right of each branch indicates the later probabilities. The represented diatom genera

are identified by the colors of the corresponding branch. In orange trees the species of the

genus Encyonema are highlighted, whereas the species of Gomphonema are shown in green.

Blue shows those sequences that correspond to species of Cymbella, and in red those

sequences that correspond to species of the genus Didymosphenia.
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Figure 3

Phylogenetic relationship of Dydimosphenia geminata and other related species of
diatoms based on the rbcL gene.

The results obtained are based on the probabilistic cladistics algorithm of maximum

likelihood. The percentages of bootstrap obtained are indicated for each branch. The value to

the right of each branch indicates the later probabilities. The represented diatom genera are

identified by the colors of the corresponding branch. In orange trees the species of the genus

Encyonema are highlighted, whereas the species of Gomphonema are shown in green. Blue

shows those sequences that correspond to species of Cymbella, and in red those sequences

that correspond to species of the genus Didymosphenia.
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Figure 4

Population genetic diversity of Dydimosphenia geminata in Chile.

Variation at the basin level for the diversity of haplotypes of the rbcL gene of Dydimosphenia

geminata in Chile is illustrated. The number of haplotypes (A) and Shannon diversity (B) are

illustrated for the 8 basins studied.
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Figure 5

Median binding network of the haplotypes of the rbcL gene of Dydimosphenia geminata
in Chile.
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Figure 6

Phylogeographic variation of the genetic diversity of the rbcL gene of Dydimosphenia

geminata  in Chile.
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Table 1 (on next page)

Sampling sites, where samples were taken, including region, basin, river and geographic

coordinates.

Each sample was designated with a Final Name for identification.
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Region Basin River Final Name Latitude Longitude

Araucanía R.Biobío R.Lonquimay Lonquimay_010 38º 26' 31,349" S 71º 15' 40,3" W

Araucanía R.Biobío R.Biobío Biobío_050 38º 30' 12,141" S 71º 12' 11,803" W

Los_Ríos
R.Valdivia R.Llanquihue Llanquihue_030 39º 49' 21,318" S 72º 5' 12,217" W

Los_Ríos R.Valdivia R.Fuy Fuy_030 39º 49' 27,674" S 71º 59' 48" W

Los_Ríos R.Valdivia R.Huahum Huahum_020 40º 2' 0,401" S 71º 42' 49,713" W

Los_Ríos R.Bueno R.Caunahue Florín_020 40º 7' 15,662" S 72º 12' 6,251" W

Los_Ríos R.Bueno R.Currine Currine_020 40º 12' 49,913" S 72º 0' 8,715" W

Los_Lagos R.Puelo R.Puelo Puelo_040 41º 43' 5,95" S 72º 4' 44,418" W

Los_Lagos R.Puelo R.Puelo Puelo_020 41º 56' 4,477" S 71º 55' 36,428" W

Los_Lagos R.Yelcho R.Espolón Bellavista_020 43º 10' 44,384" S 71º 53' 15,687" W

Los_Lagos R.Yelcho R.Espolón Espolón_010 43º 11' 35,324" S 71º 52' 14,516" W

Los_Lagos R.Palena_y_Costeras_Li
mite_Décima_Región

R.Palena Palena_050 43º 38' 57,546" S 72º 1' 17,528" W

Aysén_del_Gral
._Carlos_Ibanez

_del_Campo

R.Palena_y_Costeras_Li
mite_Décima_Región

R.Pico Pico_020 44º 11' 55,105" S 71º 51' 1,25" W

Aysén_del_Gral
._Carlos_Ibanez

_del_Campo

R.Aysén R.Norte Norte_010 45º 14' 2,294" S 71º 43' 19,44" W

Aysén_del_Gral
._Carlos_Ibanez

_del_Campo

R.Aysén R.Coyhaique Aysén_050 45º 20' 41,333" S 72º 27' 13,656" W

Aysén_del_Gral
._Carlos_Ibanez

_del_Campo

R.Aysén R.Coyhaique Coyhaique_010 45º 32' 24,866" S 71º 55' 3,102" W

Aysén_del_Gral
._Carlos_Ibanez

_del_Campo

R.Aysén R.Simpson Arroyo_Cea_010 45º 40' 14,788" S 72º 13' 40,66" W

Aysén_del_Gral
._Carlos_Ibanez

_del_Campo

R.Aysén R.Pollux Pollux_010 45º 41' 30,309" S 72º 3' 25,297" W

Aysén_del_Gral
._Carlos_Ibanez

_del_Campo

R.Baker R.Cochrane Cochrane_010 47º 15' 19,08" S 72º 32' 53,49" W

2

3
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Table 2 (on next page)

Location of the genetic sequence samples used to characterize the genetic diversity of

Didymosphenia geminata  in Chile.

<!--[if !supportAnnotations]--> <!--[endif]--> The names of the basins and rivers and the

geographical location of each sampled population are detailed. In the corresponding case,

access masters are indicated for the Genbank database ( rbcL gene) for each sample. The

code of each population identifies the samples represented in Figures 1 to 4. Samples are

sorted according to the results of haplotype analysis performed using the Pegas module

(Paradis, 2010), indicating the haplotype corresponding to each one of them.
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Basin River Final Name Lat (ºS) Long 
(ºO) Haplotype

Biobío Lonquimay Lonquimay_010 -38.44 -71.26

Valdivia Llanquihue Llanquihue_030 -39.82 -72.09

Valdivia Fuy Fuy_030 -39.82 -72.00

Bueno Florín Florín_020 -40.12 -72.20

Puelo Puelo Puelo_040 -41.72 -72.08

Puelo Puelo Puelo_020 -41.93 -71.93

Palena y C. 

Costeras, Límite X 

Región Palena Palena_050 -43.65 -72.02

Aysén Norte Norte_010 -45.23 -71.72

Aysén Coyhaique Coyhaique_010 -45.54 -71.92

Aysén

Cea

Arroyo_Cea_01

0 -45.67 -72.23

Aysén Pollux Pollux_010 -45.69 -72.06

Baker Cochrane Cochrane_010 -47.26 -72.55

I

Aysén Aysén Aysén_050 -45.34 -72.45 II

Yelcho Espolón Espolón_010 -43.19 -71.87 III

Palena y C. 

Costeras, Límite X 

Región Pico Pico_020 -44.20 -71.85 IV

Biobío Rahue KR066785* -38.41 -71.25

Valdivia Fuy KR066779* -39.83 -71.94

Aysén Pollux KR066781* -45.69 -72.06

IX

Yelcho Espolón Bellavista_020 -43.18 -71.89 V

Biobío Biobío Biobío_050 -38.50 -71.20 VI

Valdivia Huahum Huahum_020 -40.03 -71.71 VII

Bueno Curriñe Curriñe_020 -40.21 -72.00 VIII

Biobío Caracoles KR066780* -38.34 -71.29 X

Bueno Curriñe KR066782* -40.21 -72.02 XI

Biobío Tucapel KR066783* -38.59 -71.14 XII

Biobío Lollen KR066784* -38.47 -71.24 XIII

1 *Sequences reported by Jaramillo et al. (2015)
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