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Abstract: Integrative taxonomy is necessary for advancing the field of phycology and understanding
regional algal diversity. Collection-based studies for the purposes of providing descriptive voucher
flora of living algal communities inform future long-term monitoring and genetic barcoding studies.
In this study, littoral composite samples were taken from eight sites (Center Lake, Emerson Bay,
Freda Haffner Kettlehole State Preserve, Millers Bay, East Okoboji Lake, West Okoboji Lake, Big
Spirit Lake, Upper Gar Lake) in Dickinson County, Iowa, for the purposes of fine level taxonomy.
This region has a history of eutrophication, and algal blooms have caused Iowa water resource
issues in the past. Micrography for these voucher floras was conducted for taxa representing at
least 10% or more of the total estimated algal biomass of evaluated slides. Our voucher floras
comprise micrographs of living cells across nine different algal groups and 54 unique taxonomic
entities. Unique taxa from these sites include Glaucocystis nostochinearum Itzigsohn, Draparnaldia acuta
(C.Agardh) Kützing, and Chaetophoropsis elegans (Roth) B. Wen Liu, Qian Xiong, X.Dong Liu, Z. Yu
Hu & G. Xiang Liu. We also document species belonging to toxin-producing Cyanobacteria genera
Mycrocystis and Dolichospermum.

Keywords: voucher flora; freshwater algae; Iowa algal communities; Kettlehole; Okoboji; taxonomy;
biodiversity research; Charophyta

1. Introduction

Documenting algal biodiversity for water quality studies has long been important
for ecologists and conservationists. Understanding the communities of aquatic biota aids
in policies aimed at providing potable water to surrounding communities. However,
over the years, there have been taxonomic challenges and disagreements on how species
are interpreted and documented [1–3]. To overcome these obstacles, there has been a
technological trend of using molecular work or genomic information to document algal
species. Although this technique has proven to capture cryptic species [4,5], information
about the species’ living environment, cell physiologies, and aspects of natural history is lost.
Another limitation to currently using genomic information to document freshwater algal
diversity is the lack of published freshwater genome sequences compared to the number
of algal species [6]. An emerging solution is providing voucher flora or micrographs to
standardize species identifications [7–12]. These vouchers provide consistency in taxonomic
identification for long-term studies and help avoid misrepresentation, which is possible
when only lists or tables of species names are provided. Many of these published vouchers
contain micrographs of non-living cells and are often of one algal group (diatoms) as their
silica cell wall preserves them well. In fact, few publications aimed at assessing aquatic
communities document diatoms and other algal groups [13]. Collecting freshwater algal
taxa from other groups for the purposes of providing descriptions and voucher flora is not
without its own impediments: funding and support. In “The Silent Extinction of Species and
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Taxonomists—An Appeal to Science Policymakers and Legislators,” the authors describe
this issue and the paradox it creates: there is a lack of support and funding for taxonomic
baseline research and collection-based approaches when it is needed most [14]. This issue
has been ongoing for decades [15].

In this collection-based study, we use composite samples from eight sites in Dickinson
County, Iowa (Center Lake, Emerson Bay, Freda Haffner Kettlehole State Preserve, Millers
Bay, East Okoboji Lake, West Okoboji Lake, Big Spirit Lake, Upper Gar Lake) for the
purposes of fine level taxonomy. With voucher flora, we document algal communities,
describe algal species, and record information about these species’ living environments.
Our voucher flora provides micrographs of living cells across different algal groups. We do
not make assumptions about these sites as a whole, nor do we claim to document all algal
species in these communities. We chose these sites for a variety of reasons: (1) Iowa waters
have a history of eutrophication and documented aquatic community changes [16–20],
(2) algal blooms have caused issues with surface water resources in Iowa in the past [21–23],
(3) with the exception of paleo research and Ambient Lake Monitoring program through
Iowa State University, species-specific ecology and distribution records from Iowa and
the region remain sparse [24–27], and (4) students from Iowa Lakeside Laboratory visit
these sites with their summer courses on diatom and algal ecology and systematics most
years providing an avenue for training taxonomists for future long-term studies. The goal
of this study is to provide descriptive voucher flora to inform future long-term studies
and provide complementary information to molecular studies documenting diversity at
these sites.

2. Materials and Methods

Composite littoral zone samples, following APHA standard methods and EPA peri-
phyton protocols [28–30], were taken from all eight sites (Center Lake, Emerson Bay, Freda
Haffner Kettlehole State Preserve, Millers Bay, East Okoboji Lake, West Okoboji Lake, Big
Spirit Lake, Upper Gar Lake) during the months of June and July 2017 (Figure 1). All GPS
coordinates for our sampling sites are located in Table 1. According to the Iowa Department
of Natural Resources, the descriptions of these sites are as follows [31,32].
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Figure 1. Dickinson County, IA algal sampling sites (Center Lake, Emerson Bay, Freda Haffner
Kettlehole State Preserve, Millers Bay, East Okoboji Lake, West Okoboji Lake, Big Spirit Lake, Upper
Gar Lake) for summer 2017.
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Table 1. GPS coordinates of algal sampling locations for summer 2017 sites.

Site Latitude Longitude

Center Lake 43.406908◦ −95.140512◦

Emerson Bay 43.356369◦ −95.174774◦

Freda Haffner Kettlehole State Preserve 43.346369◦ −95.221853◦

Millers Bay 43.378333◦ −95.181111◦

East Okoboji Lake 43.376111◦ −95.126111◦

West Okoboji Lake 43.379920◦ −95.141378◦

Big Spirit Lake 43.445810◦ −95.102304◦

Upper Gar Lake 43.364444◦ −95.125000◦

2.1. Sampling Site Descriptions

Center Lake—This lake has a surface area of 257 acres, a mean depth of 3.7 m, and a
maximum depth of 5.5 m. Center Lake is found in the Des Moines Lobe ecoregion, and its
surrounding land is predominantly grassland, followed by urban development, agriculture,
and forest cover.

West Okoboji Lake—West Okoboji Lake has a surface area of 3847 acres, a mean depth
of 11.6 m, and a maximum depth of 40.8 m. This lake’s surrounding land use is predom-
inantly grassland, followed by agriculture, forest, and urban areas. This lake is located
274.3–457.2 m above sea levels and is also within the Des Moines Lobe ecoregion. Millers
Bay and Emerson Bay are located within West Okoboji Lake: Millers Bay is on the south-
western side of the lake, and Emerson Bay is east of Millers Bay. Emerson Bay is open to
the public for boat ramp access.

Freda Haffner Kettlehole State Preserve—sampling was conducted in a glacial kettle hole
found in the Freda Haffner State Preserve. The land around this site consists of mainly
native prairies, of which this State Preserve protects 110 acres.

East Okoboji Lake—This site is located at elevations of 274.3–457.2 m above sea levels
within the Des Moines Lobe ecoregion. The surface area of East Okoboji Lake is 1835 acres,
with a mean depth of 3 m and a maximum depth of 6.7 m. This lake’s surrounding land
use consists mostly of agriculture, followed by grasslands, forest cover, and urban areas.

Big Spirit Lake—comprises the largest surface area of all eight sites (5684 acres). This
lake has a mean depth of 5.18 m and a maximum depth of 7.32 m. Big Spirit Lake and its
surrounding watershed are located in the Des Moines Lobe ecoregion, which is character-
ized by bluestem prairie, mollisols, and plains. The elevation of this ecoregion ranges from
274.3–457.2 m above sea levels. Surrounding land use of this site consists predominantly of
agriculture, followed by grasslands, forest, and urban development.

Upper Gar Lake—This lake and its surrounding watershed are located in the Des Moines
Lobe ecoregion. Upper Gar Lake comprises a surface area of 36.1 acres, a maximum depth
of 1.5 m, and a mean depth of approximately 1 m. The surrounding land use of this lake
consists mostly of agriculture, followed by grassland, forest, and urban development.

2.2. Taxonomic Evaluations

Live algal units were evaluated from samples within two days of sampling. Preser-
vation changes the shape and color of chloroplasts. Therefore, after observation, the
representative sample was preserved for further analysis and deposited in the Georgia
College Natural History Museum Algae Collection.

Identification of algal units and micrography were conducted at 100X–1000X magnifi-
cation using a Leica DM2000 microscope and Leica DFC295 camera (Leica Microsystems,
Wetzlar, Germany). For each collected sample, a biomass estimation of physiologically
active algae was made by scanning at least two entire slides for algal taxa that repre-
sented at least 10% or more of the total estimated algal biomass (relative abundance of
the taxa documented per 100 units times cell biovolume). Species richness was docu-
mented for each site. An opportunistic approach was taken for algal taxa micrography,
as it was not conducted for all taxa present at sites, but rather only for those that rep-
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resented at least 10% or more observed biomass and which clearly displayed key iden-
tification characteristics like reproductive structures, pyrenoids, etc. Species identifica-
tion was conducted using morphometrics for all documented populations by measuring
15 cells where possible. The nomenclatural status for all species was verified by using
AlgaeBase [26].

While conducting taxonomic evaluations, handwritten archives from 1915 by Lewis
Hanford Tiffany were found at Iowa Lakeside Laboratory. These archives document
algal species collected from sites in our study. Critical evaluation of the document is
valuable for knowing if any species have persisted for over 100 years at the same loca-
tion because G. W. Prescott reported no studies of Iowa algae prior to 1920 [33]. The
1915 archives provide specific dates and locations for reference collections sampled by
Lewis Hanford Tiffany (Ohio State University) during his visit to Iowa’s Lakeside Lab-
oratory by the invitation of the then director, Dr. R. B. Wylie. Because collection meth-
ods and frequency are unknown, we do not compare our samples to the past written
archives, but we do note if any species have persisted for over 100 years at these locations
(Supplemental Materials Table S1 and Figure S1). Our review of Tiffany’s 1915 records
was conducted through a current taxonomic perspective (i.e., all nomenclatural changes
were considered).

3. Results

Overall, the taxa we collected represented nine different algal groups: Charophyta,
(Zygnematophyceae), Cyanobacteria, Bacillariophyta, Ochrophyta, Chlorophyta, Dino-
phyceae, Euglenophyceae, and Glaucophyta and 54 unique taxonomic entities were doc-
umented in this study (Figures 2–9; Supplemental Materials Table S2). Only 49% of the
taxa were identified to species and variety level (reproductive structures were rarely en-
countered). Overall, 35% of these species were green algae, 26% were diatoms, 15% were
cyanobacteria, 9% were euglenoids, and 7% and less were desmids, yellow-green algae,
dinoflagellates, and glaucophytes. The Center Lake sample had the highest species richness
(n = 13), followed by the kettle hole (n = 11). The kettle hole and Center Lake samples had
the most desmid species (n = 3). However, the kettlehole sample had the highest number of
Euglenoid algal species recorded (n = 5) and was the only site where Euglenoid genera were
found to be dominant in the collected sample. Cyanobacteria were found in all site samples
except East Okoboji Lake and Upper Gar Lake. Diatoms were present at all sites. Species
richness for diatoms was highest in the Center Lake sample (n = 4), followed by East Okoboji
Lake, West Okoboji Lake, and Big Spirit Lake (n = 3). Filamentous green algae were present
at all sites but were not found in the kettle hole sample. Big Spirit Lake and West Okoboji
Lake samples had the highest species richness for green algae (n = 4), followed by those for
Center Lake and Emerson Bay (n = 3). One dinoflagellate and one Glaucophyte species were
documented at the kettle hole. Big Spirit Lake and Emerson Bay comprised the only yellow-
green algae found in these samples. The kettle hole sample was the most diverse in species
richness across algal groups, with representatives of desmids, dinoflagellates, diatoms, glau-
cophytes, and Euglenoids. However, we did not find green algae in the kettle hole sample.
Fifty percent of sites were dominated by green algae species, 25% by diatoms, and 12.5% by
Euglenoid species.
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Figure 2. Algae found in Center Lake, Dickinson County, Iowa. (A). Dolichospermum circinale
(Rabenhorst ex Bornet & Flahault) Wacklin, Hoffmann & Komárek 2009 [34], (B,C). Dolichospermum
viguieri (Denis and Frémy) Wacklin, L.Hoffmann and Komárek 2009 [34], (D). Spirogyra sp. 1, (E).
Closterium ehrenbergii Meneghini ex Ralfs 1848 [35], (F). Diatoma vulgaris Bory 1824 [36] girdle view
chain, (G). Cosmarium subcrenatum Hantzsch 1868 [26], (H). Scenedesmus quadricauda (Turpin) Brébisson
1835 [37], (I). Melosira varians C.Agardh 1827 [38] chain, (J). Gomphonema sp. girdle view, (K). Spirogyra
sp. 2, (L). Stigeoclonium lubricum (Dillwyn) Kützing 1845 [39], (M,N). Woronichinia naegeliana (Unger)
Elenkin 1933 [35] scale bar 20 µm, (O). Fragilaria sp. chain. Scale bars equal 10 µm if not otherwise
indicated.
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Figure 3. Algae found in Emerson Bay, Dickinson County, Iowa. (A,D). Cladophora sp. scale bar 40 µm,
(B,C). Cladophora sp. scale bar 20 µm, (E). Spirogyra sp. 3, (F). Spirogyra sp. 4, (G). Spirogyra sp. 5, (H,I).
Microcystis aeruginosa (Kützing) Kützing 1846 [35] scale bar 20 µm, (J). Cymbella mexicana (Ehrenberg)
Cleve 1894 [37], (K). Tribonema sp., (L). Gloeotrichia echinulata P.G. Richter 1894 [40], (M). Quadrigula
chodatii (Tanner-Füllemann) G.M.Smith 1920 [39]. Scale bars equal 10 µm if not otherwise indicated.
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Figure 4. Algae found in the Freda Haffner Kettlehole State Preserve, Dickinson County,
Iowa. (A,C). Glaucocystis nostochinearum Itzigsohn 1866 [40], (B). Phacus acuminatus A.Stokes
1885 [35], (D). Xanthidium uncinatum (Brébisson ex Ralfs) Stastny, Skaloud and Neustupa
2013 [41], (E–G). Pleurotaenium cf. ehrenbergii (Ralphs) De Bary 1858 [26,41], (H). Monomorphina sp.,
(I). Closterium parvulum Nägeli 1849 [42], (J). Closterium cf. dianae var. minus Hieronymus 1895 [35],
(K). Closterium gracile Brébisson ex Ralfs 1848 [35], (L). Phacus orbicularis Hübner 1886 [25], (M,N). Tra-
chelomonas armata (Ehrenberg) F.Stein 1878 [35], (N). flagellate cell leaving broken lorica, (O). Eunotia
bilunaris (Ehrenberg) Schaarschmidt 1880 [26], epiphytic, (P). Cystodinium cf. cornifax (A.J.Schilling)
G.A.Klebs 1912 [35]. Scale bars equal 10 µm, except in F scale bar equal to 20 µm.



Diversity 2024, 16, 21 8 of 20
Diversity 2024, 15, x FOR PEER REVIEW  8  of  20 
 

 

 

Figure  5.  Algae  found  in Millers  Bay,  Dickinson  County,  Iowa.  (A–C).  Gloeotrichia  echinulata 

P.G.Richter 1894 [40], (B). entire colony, scale bar 40 μm, (A,C). heterodiametric trichome tips not 

thinning to a hair (D–F). Cladophora glomerata (Linnaeus) Kützing 1843 [40], short branches, scale bar 

20 μm, (G). Gomphonema sp., (H,I). Chamaesiphon incrustans Grunow 1865 [25], (J). Encyonema sp. in 

tube, (K). Oedogonium sp., initial 2‐cell filament, epiphytic on Cladophora sp. Scale bars equal 10 μm 

if not otherwise indicated. 

Figure 5. Algae found in Millers Bay, Dickinson County, Iowa. (A–C). Gloeotrichia echinulata
P.G.Richter 1894 [40], (B). entire colony, scale bar 40 µm, (A,C). heterodiametric trichome tips not
thinning to a hair (D–F). Cladophora glomerata (Linnaeus) Kützing 1843 [40], short branches, scale bar
20 µm, (G). Gomphonema sp., (H,I). Chamaesiphon incrustans Grunow 1865 [25], (J). Encyonema sp. in
tube, (K). Oedogonium sp., initial 2-cell filament, epiphytic on Cladophora sp. Scale bars equal 10 µm if
not otherwise indicated.
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Figure 6. Algae found in East Okoboji Lake, Dickinson County, Iowa. (A,B). Draparnaldia acuta
(C.Agardh) Kützing 1845 [40] scale bars 40 µm, (C). Cladophora glomerata (Linnaeus) Kützing 1843 [40]
with epiphytic Cocconeis pediculus Ehrenberg 1838 [43] and Gomphonema sp. scale bar 20 µm.
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Figure 7. Algae found in West Okoboji Lake, Dickinson County, Iowa. (A). Spirogyra sp., (B).
Spirogyra cf. borgeana Transeau 1916 [35,44], (C). Oedogonium sp. 2, (D). Cladophora sp. with epiphytic
Cocconeis sp. scale bar 20 µm, (E). Cymbella mexicana (Ehrenberg) Cleve 1894 [37], (F). Navicula sp., (G).
Leptolyngbya sp. Scale bars equal 10 µm if not otherwise indicated.

Two species were found in our samples and 1915 records in the same location: Melosira
varians in Center Lake and Cladophora glomerata in Millers Bay. Five taxa from our study
were recorded in the 1915 archives, but in different lakes: Chaetophoropsis elegans (Roth) B.
Wen Liu, Qian Xiong, X. Dong Liu, Z. Yu Hu & G. Xiang Liu 2019, Cladophora glomerata (L.)
Kützing, Gloeotrichia echinulata P. G. Richter, Hydrodictyon reticulatum (Linnaeus) Bory 1824,
Microcystis aeruginosa (Kützing) Kützing. In the 1915 records, filamentous green algae were
documented in all locations, and cyanobacteria were recorded in all locations except East
Okoboji Lake and the kettle hole.
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Figure 8. Algae found in Big Spirit Lake, Dickinson County, Iowa. (A–C). Stephanodiscus reimeri
Theriot and Stoermer 1992 [45], (D,E). Chaetophoropsis elegans (Roth) B.Wen Liu, Qian Xiong, X.Dong
Liu, Z.Yu Hu & G.Xiang Liu 2019 [26,40], scale bar 20 µm, E. scale bar 40 µm, (F,G). Aulacoseira
sp. 1, (H). Micractinium sp., (I). Coelomoron cf. pusillum (Van Goor) Komárek 1988 [46], (J–M).
Klebsormidium cf. mucosum (J.B.Petersen) Lokhorst 1985 [35] scale bar 20 µm, (N). Characiopsis sp.
epiphytic on K. cf. mucosum, (O). Aulacoseira sp. 2, (P,Q). Diatoma vulgaris, chain, (R). Monactinus
simplex (Meyen) Corda 1839 [26,39]. Scale bars equal 10 µm if not otherwise indicated.
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Figure 9. Algae found in Upper Gar Lake, Dickinson County, Iowa. (A,B). Hydrodictyon reticulatum
(Linnaeus) Bory 1824 [40]. (A). scale bar 20 µm, (B). scale bar 40 µm, (C). Oedogonium sp., scale bar
10 µm.

3.1. Common Taxa

Cladophora glomerata (Linnaeus) Kützing 1843

Figure 3A–D; Figure 5D–F; Figure 6C; Figure 7D;

References: [40] (p. 138), Pl. 20, Figures 8 and 9; Pl. 21, Figures 1 and 2.

Documented from: Millers Bay, Emerson Bay, East and West Okoboji Lakes.

Cell sizes in our population vary, with cylindrical cells in main and side branches
gradually decreasing in diameter and length-to-width ratio. Filaments profusely branched
and attached by rhizoids, dark green, branching pseudodichotomous with insertion of side
branches generally oblique to horizontal; cells cylindrical; chloroplast filling the volume of
the cell parietal net-like with numerous pyrenoids; main axis up to 300 µm in diameter;
cells of side branches 21.9–35.9 µm wide, 1.5 to 10 times longer than wide (41.4–100 µm
in length).

Closterium parvulum Nägeli 1849

Figure 4I

References: [42] (p. 38), Pl. 6, Figure H.

Documented from: Freda Haffner Kettlehole State Preserve, Dickinson County.

Cell sizes in the current population fit the available literature. Cells strongly curved,
outer margin with arc of 102–158◦, inner margin sometimes straight, attenuating to acutely
rounded apices; girdle bands absent; chloroplasts with 5–6 longitudinal ridges and 3–6 axial
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pyrenoids; wall smooth, colorless; terminal vacuoles containing 2–8 ovoid gypsum crystals;
cells 14.4–19.4 µm wide, 137.4–146.2 µm long.

Closterium cf. dianae var. minus Hieronymus 1895

Figure 4J

References: [35] (p. 623), Pl. 153, Figure L.

Documented from: Freda Haffner Kettlehole State Preserve, Dickinson County.

Cells strongly curved, inner margin slightly tumid, attenuating to acutely rounded
apices; girdle bands absent; chloroplasts with longitudinal ridges; wall smooth, colorless;
cells 15 µm wide, 145 µm long.

Cocconeis pediculus Ehrenberg 1838

Figure 6C

References: [43] (p. 240), Pl. 15, Figures 3 and 4.

Documented from: East Okoboji Lake

Cell sizes in the current population vary, with cells ranging in sizes from 12–22 µm in
breadth and 18.5–31.7 µm in length.

Cymbella mexicana (Ehrenberg) Cleve 1894

Figure 3J; Figure 7E

References: [37], vol. 2., Pl. 12, Figures 1 and 2

Documented from: Emerson Bay and West Okoboji Lake

Cell sizes in the current population vary, with cells ranging in sizes from 35.8–37.8 µm
in breadth and 111.9–174.9 µm in length with striae 8 in 10 µm.

Dolichospermum circinale (Rabenhorst ex Bornet & Flahault) Wacklin, Hoffmann
& Komárek 2009

Figure 2A

References: [34] (p. 703), Figure 867;

Documented from: Center Lake

Trichomes are coiled, usually solitary, embedded in diffluent colorless mucilage. Cells
spherical, slightly bent, 10.4–12.4 µm wide, 7–11 µm long, filled with aerotopes. Heterocyst
spherical, 10–11 µm in diameter. Akinete was not observed. In the collection from 1923,
this taxon was reported as common in West Okoboji Lake [47].

Gloeotrichia echinulata P.G.Richter 1894

Figure 3L; Figure 5A–C

References: [40] (pp. 557–558) Pl. 134, Figures 1 and 2

Documented from: Emerson Bay and Millers Bay

Colonies are spherical, free-floating, yellow to brown, soft, and bullate. Colonies
visible macroscopically. Trichomes are slightly bent, usually ending in a distinct hair
radiating from a common center. Cells 2.1–5.2 µm wide, 2.9–23.23 µm in length, barrel-
shaped, becoming quadrate or cylindrical in the apical area, sometimes thinning to a hair.
Heterocyst basal, more or less spherical, 6–12 µm in diameter. Akinetes solitary, adjacent
to heterocyst, cylindrical, straight or bent, with a thick, smooth wall, 10–18 µm wide,
40–250 µm long. In the collection from 1923, this taxon was reported as abundant in West
Okoboji Lake and rare in Little Spirit and Spirit Lakes [47].

Hydrodictyon reticulatum (Linnaeus) Bory 1824

Figure 9A,B
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References: [40] (p. 219), Pl. 47, Figure 1

Documented from: Upper Gar Lake

Coenobia contains cylindrical cells, which form colonies of a mesh or a net-like appear-
ance. Cell arrangement forms pentagonal-shaped spaces with three to five cells connected
by their edges throughout. Cell sizes in the population vary greatly, with small cells ranging
in size from 11.3–12.5 µm in diameter and 47.5–62.5 µm in length to large cells ranging from
32.5–37.5 in diameter and 230–315 µm in length. Chloroplast parietal with many pyrenoids.

Klebsormidium cf. mucosum (J.B. Petersen) Lokhorst 1985

Figure 8J–N

References: [35] (p. 556), Pl. 138E.

Documented from: Big Spirit Lake

Cell sizes in the population vary, with cells ranging in size from 21.9–35.9 µm in
diameter and 41.4–61.7 µm in length. Ours are slightly larger than what is in reference.

Microcystis aeruginosa (Kützing) Kützing 1846

Figure 3H,I

References: [35] (p. 69), Pls. 4C, 11K.

Documented from: Emerson Bay

Colonies are microscopic, mucilaginous, irregular, and clathrate with distinct holes or
composed of subcolonies with irregularly and densely packed cells. Mucilage colorless.
Cells spherical to slightly elongate, with numerous aerotopes 4.3–4.6 µm in diameter and
4.6–10.3 µm in length. In the collection from 1923, this taxon was reported as rare in East
Okoboji Lake, Welch Lake, and Pleasant Lake [47].

Phacus acuminatus A. Stokes 1885

Figure 4B

References: [35] (p. 206), Pl. 50S.

Documented from: Freda Haffner Kettlehole State Preserve

Cells ovate to oval in outline with greatest width below middle, thin, shallow dorsal
furrow extending half to ¾ cell length, short cauda at posterior end, shallow incision at
anterior end; numerous parietal disc-shaped chloroplasts; 1–2 ring-like paramylon bodies;
visible pellicle strips longitudinally striated, flagellum approximately length of cell. Cell
size 22.8 µm wide and 24.5 µm long. An eye spot is evident at the base of the flagellum.

Spirogyra cf. borgeana Transeau 1916

Figure 7B

References: [35,44] (p. 589), Pl. 147F.

Documented from: West Okoboji Lake

Cell sizes in the population range in sizes of 27–27.3 µm in diameter and 70.8–72 µm
in length. Size fits reports from North American populations, with cell length about two
times the diameter. Chloroplast in the form of a spiral band spiraling around five times.
Several pyrenoids in a linear row. Gametangia and zygospores were not observed.

Woronichinia naegeliana (Unger) Elenkin 1933

Figure 2M,N

References: [35] (p. 77), Pls. 6B, 13 C, D.

Documented from: Center Lake
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Spherical or irregular microscopic colony, with densely arranged cells at the periphery
of the colony with numerous aerotopes, up to 96- 165 µm in diameter and 155.2–177.7 µm
in length. Cell obovoid/ellipsoid of 5.2–7.25 µm in diameter and 4.7–7.9 µm in length. This
taxon was reported by Smith [47] as Coelosphaerium Naegelianum Unger and was reported
as rare in Center Lake, Upper Gar Lake, and several sampling locations of East and West
Okoboji Lakes.

3.2. Unique Ttaxa

Chaetophoropsis elegans (Roth) B.Wen Liu, Qian Xiong, X.Dong Liu, Z.Yu Hu &
G.Xiang Liu 2019

Taxonomic synonym: Chaetophora elegans (Roth) C. Agardh 1812

Figure 8D,E

References: [40] (p. 118), Pl. 14, Figures 3 and 4; [26]

Documented from: Big Spirit Lake

Thallus globose, with irregular light or dark green mucilaginous masses. Attached by
rhizoids. Colonies are continuous and intertwined, most often with uniseriate, dichotomous
branching, which radiates from a common center. The uppermost branches of the thallus
are more numerous and densely arranged than those branching near the center, ending
infrequently with pointed cells. Cells 10–11.6 µm in diameter near the center of thallus,
21.6–37.12 µm long in the main axis. Chloroplast is a parietal band with 1-more pyrenoids.

Draparnaldia acuta (C.Agardh) Kützing 1845

Figure 6A,B

References: [40] (pp. 119–120), Pl. 15, Figure 5

Documented from: East Okoboji Lake

Filaments branched under a right angle from the main axis, attached by rhizoids,
and enclosed within a soft mucilaginous envelope. Primary branches bearing oppositely,
alternatively or in whorls tufts of richly divided and smaller-celled secondary branches
lateral branching under sharp angles. Small branching terminal cells end in a fine hair-like
structure. Cells of primary branches 37.8–47 µm in diameter and 59.4–84.4 µm in length,
square-shaped without constrictions. Chloroplast is a parietal band in the cells of the main
axis with several pyrenoids; secondary branches alternatively divided and with a distinct
main axis, 25.9–37 µm in diameter and 27.3–38.8 µm in length. This taxon was attached,
and the filaments were enclosed in a soft mucilaginous envelope.

Glaucocystis nostochinearum Itzigsohn 1866

Figure 4A,C

References: [40] (p. 473); [48].

Documented from: Freda Haffner Kettlehole State Preserve

Cell sizes vary from 29.64–35.74 µm in length and 17.8–20.7 µm in width. Cells were
observed solitary and in 8 cell colonies. The documented colony in Figure 4 measures an old
mother cell with visible nodules, which was 73.71 in length and 54.72 in width. Important
taxon from soft water habitats [40] showing round, potentially coccoid cyanobacteria,
endosymbionts with bright blue coloring due to phycocyanin and allophycocyanin [49].

4. Discussion

Authors’ description-based voucher flora is important for informing long-term moni-
toring and future technologies, especially with current issues of harmful algal blooms in
surface water resources. We observed cyanobacteria genera at four sampling locations:
Millers Bay, Emerson Bay, West Okoboji Lake, and Center Lake. One species known to po-
tentially produce toxins, Microcystis aeruginosa, was found in Emerson Bay. In Center Lake,
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we observed Dolichospermum, which is a genus also associated with toxic algal blooms [50].
Records from the summer of 1915 of the same locations sampled in our study document
potentially toxin-producing cyanobacteria in all sites except for the kettle hole and Emerson
Bay. Although uncertainty exists when referring to historical archives, such as unclear
sampling methodology and proximity of location, they provide rare historical evidence of
gamma diversity that contributes to a complete understanding of the aquatic ecology of
the region. Due to these challenges and the taxonomic nature of our study, the abundance
or changes of cyanobacteria populations at these sites is unclear and would require more
in-depth sampling. Because a significant increase in cyanobacteria might not cause systems
to collapse but could yield lower gamma biodiversity, which could go unnoticed [51], we
recommend continued monitoring of these sites.

In the 1915 archives, many green algal species were documented to occur at the kettle
hole. However, in our kettle hole sample, no green algae were documented. This could
potentially be due to the higher precipitation during our study year [52] or sampling effort,
given the nature of this study. Representatives of Zygnemataceae (phylum Charophyta),
filamentous or coccoid algal family with potential for sexual reproduction by conjugation,
which produces large amounts of biomass, require high light availability [53], and prefer
standing water with minimal mechanical disturbances as they are holdfast-challenged [54].
It is interesting that the sample from the kettle hole (recognized as a protected site) would
comprise more euglenoid taxa than any of the other samples, given its formation occurred
from glacier melting and there is no boat traffic as observed at other sites. Studies have
shown that species of class Euglenophyceae are found in sewage water and have been used
as biological indicators for pollution and acidic peat bogs [55]. With high evaporation, the
kettle hole preserve site gets shallower, and macrophyte vegetation might shade representa-
tives of Zygnemataceae leading to the proliferation of euglenoid representatives. The kettle
hole and Center Lake had the highest species richness for desmids. Desmids are usually
found in mostly acidic soft water wetlands, Sphagnum bogs, or shallow pools with poor
aeration [56]. Another algal group known to occur in Sphagnum bogs is Glaucophytes [57].
We document a Glaucocystis species in its living environment at the kettle hole. This taxon
is especially unique given it is a primitive genus that has been indicated in the primary
endosymbiosis event, making it the closest relative to green plants and red algae [58].

The value of historical documents is rarely critically evaluated by ecologists. However,
the value that historical data provide cannot be overlooked [59–61]. When examining
biodiversity, there is value in understanding what biota survive and persist over time.
A diatom species, Melosira varians, was found at the same site (Center Lake) 100 years
later. This is not surprising since this species is common in North America and is found in
pristine or poor water quality environments [45,62]. Another alga occurring at the same site
100 years later is Cladophora glomerata from Millers Bay. C. glomerata was found at two of our
study sites and six of the 1915 sites. C. glomerata can be found in oligotrophic environments,
but blooms are usually associated with eutrophic conditions from human activity and
a pH ranging from 7 to 10 [63,64]. The presence of C. glomerata at most of the sites in
1915 could suggest nutrient enrichment of these waters, but without species abundance
data, it remains unknown. C. glomerata is considered sensitive to heavy metals and should
be absent in conditions of heavy metal contamination [65]. Interestingly, a unique taxon
from Big Spirit Lake, Chaetophoropsis elegans has the ability to remove pollutants like heavy
metals from water via biosorption [66,67]. Chaetophorales have also been shown to develop
hairs in P-limited conditions [68]. In our East Okoboji Lake sample, we observed another
unique taxon belonging to the genus Draparnaldia, which has the ability to form hairs in
P-limited conditions.

Benthic and littoral algal community analyses of the northwest region of Iowa have
not been completed recently, and little is known about the history of the algal species that
are present in Iowa’s great lakes. With the exception of extensive paleo research from
cores [69] and monitoring and recording of phytoplankton to genus level [27], there are
no current natural history studies from the area that use cell physiology and community



Diversity 2024, 16, 21 17 of 20

composition. Taxonomic data with micrographs of seven hydrologically related aquatic
habitats and a nature preserve provide valuable insight into community composition and
diversity in this region. Our paper is one of the few documenting and describing these
algal communities. A continued long-term composite sampling of these sites is crucial as
higher biodiversity may be found in niche partitioning [70,71] and, still to be uncovered,
molecular diversity, as shown for a Zygnematophyceae community [72]. Although it is also
difficult to draw conclusions about these sites as a whole from one “snapshot” sampling
event, focusing on fine-level taxonomy is a valuable tradeoff.

5. Conclusions

In the field of phycology, there remains a gap between technological advances and
publicly available reference information to use these advanced tools accurately. As the
authors point out, there is a lack of support for collection-based taxonomic approaches that
would provide this necessary reference information [14]. Literature on algal taxonomy is
often difficult to access, out of print, or outdated, relying on hand drawings for species
descriptions. Therefore, providing descriptive voucher flora with micrographs is essential
when documenting and monitoring biodiversity and for the advancement of the field of
phycology.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/d16010021/s1, Figure S1. Image of L.H. Tiffany’s handwritten algal
records; Table S1. Algal taxa from nine sites in Dickinson County, Iowa, transcribed from archives of
L.H. Tiffany’s handwritten documents from 1915. Taxa with an asterisk (*) were found in current
samples from the same site. Taxa denoted by a cross (†) were found in current samples from a
different site; Table S2. Algal taxa were documented in a 2017 study at eight sites in Dickinson
County, Iowa.
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