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Introduction 

 

The Tenth NAWQA Workshop on Harmonization of Algal Taxonomy was held 

at the Academy Natural Sciences of Philadelphia (ANSP) on June 13-15, 2003.  

Workshop participants were Kalina Manoylov from Michigan State University; Dr. Rex 

L. Lowe from Bowling Green State University; William R. Cody, environmental 

consultant based in Ohio; Paul B. Hamilton from the Canadian Museum of Nature, 

Ottawa, and Dr. Evelyn E. Gaiser from Florida International University, Florida.  Dr. 

Marina G. Potapova, Dr. Eduardo A. Morales, Dr. Donald F. Charles, Diane M. Winter, 

Karin C. Ponader, Frank W. Acker, and Mark Schadler from the Patrick Center for 

Environmental Research’s Phycology Section at ANSP also participated in the workshop 

and/or collaborated in its organization. 

The First, Second, and Third NAWQA taxonomy workshops had the overall 

objectives of harmonizing taxa names used in the ANSP and University of 

Louisville/University of Michigan laboratories, identifying reference images for each 

taxon, and agreeing on up-to-date nomenclature to use when analyzing NAWQA 1994 

and 1997-Start samples (See Clason and Charles, 1999; 2000; Morales and Potapova, 

2000).  The Fourth workshop dealt with the taxonomy of some problematic Navicula and 

Gomphonema species (Morales, 2001 a), the Fifth workshop with additional problematic 

species in the genus Navicula (Morales, 2001 b), and the Sixth workshop with many 

problematic taxa in the genus Gomphonema (Morales, 2002).  The Seventh workshop 

concentrated on problematic species of the genus Nitzschia (Morales and Hamilton, 

2002).  The Eighth workshop focused on the production of an updated taxonomic list, the 
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2001-Start Taxa List (Morales, 2003).  The Ninth workshop dealt with the taxonomic 

review of lists and some groups of soft algae, including a review of taxa lists and 

consideration of cyanobacteria and red-algae groups (in prep.). 

The Tenth workshop focused on the taxonomy of Achnanthes-like taxa that are 

difficult to identify under the light microscope.  The following complexes were covered: 

 

Complex 1 (Presented by K. Manoylov) 
Psammothidium bioretii and allies 

Complex 2 (Presented E. Morales) 
Planothidium daui and allies 

Complex 3 (Presented by R. Lowe and W. Cody) 
Planothidum rostratum and allies 

Complex 4 (Presented by D. Winter) 
Achnanthidium exiguum and varieties 

 

An electronic version of the list of complexes was sent to workshop participants 

before the workshop.  They were asked to choose a complex and prepare a presentation 

covering the historical background of the taxa, different views in the literature as to their 

taxonomic position, relationship with morphologically similar entities, critical issues 

regarding identifications, diagnostic features, and relevant ecological information that 

might be helpful in the characterization of the taxa.  Workshop presentations lasted 

approximately one hour, including a question and answer/discussion session.  Morning 

presentations were followed by afternoon laboratory sessions in which NAWQA and 

ANSP Diatom Herbarium material were analyzed and literature was reviewed.  Summary 

sessions took place at the end of each laboratory session.  In these sessions, participants 

agreed on taxonomic criteria and useful tips for identifying the examined taxa. 
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In addition to the complexes listed above, Dr. E. Gaiser gave a presentation 

covering Achnanthes-like taxa present in samples from the Everglades.  Her presentation 

was followed by a discussion and observation of some of Everglades material. 

Unlike previous reports, one or more participants were in charge not only of 

preparing a presentation about a taxonomic complex, but also of writing a report after the 

event.  These reports were reviewed by ANSP Phycology Section staff.  Workshop 

participants intend to publish the sections presented in this report as separate scientific 

papers in peer reviewed journals. 

 

The format of this report 

The report is divided into sections, one for each of the complexes treated during 

the workshop.  Each section is organized according to the following topics: 

- Definition and background of taxonomic issues.  In this part, the reasons for choosing 

the complex and additional species. 

- Material.  This is a summarized version of the slides and samples analyzed before, 

during and/or after the workshop 

- Observations and literature review.  Here, results of observations are reported as well a 

literature review of the history and other aspects of the taxa within a complex. 

- Resolution of taxonomic issues.  This part has three components: 

1. Names to be used for analysis of NAWQA samples.  Here the accepted (by 

agreement during the workshop) names of taxa within the complex are listed 

accompanied by references and illustrations presented in each section. 
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2. Criteria for identifying taxa at the LM level.  This component contains criteria and 

guidelines to be used for identification of the different taxa. 

3. Correction to counts in NADED NAWQA-related records.  Here specific changes 

to NAWQA-related databases are listed. 

 

 In an effort to document properly all samples used during the workshop and to 

facilitate future crosschecking, the following format has been adopted to report sample 

identification numbers: 

Name of ecosystem, State, NAWQA study unit, Year, (ANSP Phycology Section internal 

identification number, ANSP Diatom Collection identification number). 

For example: 

Withlacoochee River, GA, Georgia-Florida Coastal Plain study unit, 1996 (ANSP 

Phycology Section GSL00894, ANSP G.C. 105774a). 

Only the ANSP Phycology Section internal identification number is reported if a 

sample has not been accessioned into the ANSP Diatom Collection yet.  The equivalency 

of Phycology Section and Diatom Collection identification numbers can be found in the 

ANSP Phycology Section's databases. 
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Psammothidium bioretii (Germain) Bukhtiyarova et Round and allies 

(Bacillariophyceae) from rivers in the United States 

 

By Kalina M. Manoylov 

 

Definition and background of taxonomic issues  

The monoraphid diatoms covered in this work are distributed widely and have 

similar ecological requirements.  Recognizing and distinguishing these taxa is difficult 

especially when two or more of them are present in a single sample and frustules become 

disaggregated after acid digestion.  The lack of clear guidelines in the literature for the 

identification of these taxa prompted their study in NAWQA material with the main goal 

of characterizing each taxon and recognizing clear diagnostic features that NAWQA 

analysts can use during routine analyses. 

 The following species were originally included in this study: 

Psammothidium bioretii (Germain) Bukhtiyarova et Round 

Psammothidium chlidanos (Hohn et Hellerman) Lange-Bertalot 

Psammothidium grischunum fo. daonensis (Lange-Bertalot) Bukhtiyarova et Round 

 Two other species were added later based on the resemblance of their features 

with the three species listed above and because they co-occurred in the same samples: 

Psammothidium helveticum (Hustedt) Bukhtiyarova et Round 

P. subatomoides (Hustedt) Bukhtiyarova et Round 
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Material 

 Six NAWQA samples from different regions of the U.S were selected for studies 

under LM and SEM.  Locality names and identification numbers of these samples are 

included in the figure legends.  Recounts of 600 valves were done to assess whether the 

original analysts had used the appropriate names for Psammothidium taxa in these 

samples.  These recounts were not done along the same original transect.  Measurements 

of valve dimensions and striae density were done during these recounts.  Considerable 

amounts of cleaned material from these samples were analyzed under SEM. 

 

Observations and literature review 

There are eighteen species of Psammothidium in the NAWQA 2001-Start taxa 

list.  In general, all have rounded ends, the striae reach the sternum, and raphe fissures lie 

inside a channel along the axial area of the raphe valves.  Ecologically, Psammothidium 

taxa are generally attached to substrata (commonly sand grains) by the raphe-valve face 

(Bukhtiyarova and Round, 1996) and are present mainly in oligotrophic conditions.  

Several characters distinguish Psammothidium from other closely related achnanthoid 

genera such as Achnanthidium.   First, the shape of the valve is oval to elliptic 

(sometimes slightly capitate) in Psammothidium as opposed to linear to capitate in 

Achnanthidium.  Second, the curvature of the raphe valve is usually convex in 

Psammothidium as opposed to concave in Achnanthidium.  Third, the striae reach the 

sternum in Psammothidium, but are marginal in Achnanthidium.  Finally, in 

Psammothidium the raphe fissures are filiform and lie within a channel-like axial area 
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and the proximal raphe ends are not expanded.  In contrast, channels are absent in 

Achnanthidium and the proximal raphe ends are expanded in a pin-hole fashion. 

 

- Psammothidium bioretii (Germain) Bukhtiyarova et Round 

The description of Psammothidium bioretii has been revised several times and 

numerous synonyms exist in the literature.  Therefore a review of these is needed.  

Originally, Psammothidium bioretii was described as Achnanthes Bioreti (Germain, 

1957, Fig. 21).  This description was later expanded by the same author (Germain, 1981 

Pl. 42, Figs. 6, 7).  The additional characters highlighted by Germain were the 

obliqueness of the pseudoraphe valve and the deviation of the terminal raphe fissures in 

opposite directions.  The species epithet was later changed by Lange-Bertalot and 

Krammer (1989, p.30 and Fig. 21: 19-35, SEM Fig. 20:7, 8) from Bioreti to bioretii.  The 

same authors synonymized Navicula roteana var. excentrica Grunow et Van Heurck 

(1880, Fig. 14) with A. bioretii. 

Patrick and Freese (1961) described a new taxon from North America, which they 

called Achnanthes alaskana (1961, Pl. 1, Figs. 5 a,b).  My observations of the type 

material (ANSP G.C. 8217a, Utukak River, Alaska) confirmed that A. alaskana (length 

13-18 µm, breadth 3-8 µm and striae density 20-28 in 10 µm) is the same species as A. 

bioretii.  The synonymy of these two taxa is also suggested by Lange-Bertalot and 

Krammer (1989), but they did not note whether they had examined the type slide. 

The features included in the description of Navicula vanheurckii Patrick and 

Reimer (1966, Pl. 46, Fig. 22) are very similar to those of A. bioretii.  The descriptions of 

both taxa overlap as pointed out by Bukhtiyarova and Round (1996).  The synonymy of 
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N. vanheurckii was confirmed also by observation of type material of Navicula 

vanheurckii (ANSP G.C. 2142, Pennsylvania, Monroe Co., Tobyhanna Creek).  

The potential variability of A. bioretii was addressed in another paper dealing 

with North American material (Hamilton et al., 1994).  Besides A. bioretii the latter 

authors reported a smaller morph, which they consider to be a variety of A. bioretii 

(Achnanthes bioretii var.1).  The separation was based on size and striae density.  

Specimens of the nominate variety found in samples analyzed by these same authors 

were longer (17-20 µm) and with lower striae density (21-28 striae in 10 µm).  

Achnanthes bioretii var.1 was smaller in size, less than 17 µm in length, and with a striae 

density of more than 28 in 10 µm. 

Bukhtiyarova and Round (1996) transferred Achnanthes bioretii to 

Psammothidium and gave all taxa mentioned thus far as synonyms. 

Psammothidium bioretii (Figs. 1-10) is relatively easy to recognize by its elliptical 

to linear elliptical valves with rounded ends.  The valves of this taxon have a distinct 

axial area and the terminal ends of the raphe are turned to opposite directions giving the 

entire raphe a sigmoid aspect (Figs. 1 and 6).  The central area is large, transversely 

widened and nearly reaching the margins due to presence of shortened striae.  The striae 

are somewhat parallel at the central area, where they are evenly or unevenly shortened, 

and become radial toward the valve apices (Figs. 5, 7-8).  Both raphe and pseudoraphe 

valves are markedly asymmetric (Figs. 1-2, 4-5). 

 Psammothidium bioretii is rarely dominant in any sample.  It is usually found in 

samples from wet walls, but it is also abundant in shallow circumneutral to moderate, 

oligotrophic freshwaters.  It is rarely found in periphyton of temperate or cold climate 
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streams and having medium electrolyte content (Lange-Bertalot and Krammer, 1989).  In 

North America, P. bioretii is widely distributed and has been found in Delaware, the New 

England states, New Jersey, New York, Pennsylvania, Colorado, and California. 

 

- P. chlidanos (Hohn et Hellerman) Lange-Bertalot 

Psammothidium chlidanos was described as Achnanthes chlidanos by Hohn and 

Hellerman (1963) from La Vase River, Canada.  This taxon was transferred to 

Psammothidium by Lange-Bertalot (Lange-Bertalot, 1999). 

The valves of P. chlidanos are usually elliptical with nearly parallel sides.  The 

striae are radiate, straight, with barely visible punctae that become more visible in the 

center of the valve (Figs. 11-22).  The central area is usually transversely rectangular.  On 

the pseudoraphe valve, the axial area becomes very narrow toward the apices, widening 

toward the center of the valve to form an elliptical or rectangular area (Figs. 18 and 20).  

Striation on both valves is fine and slightly coarser in the center.  Psammothidium 

chlidanos is very similar to Psammothidium helveticum, but according to the original 

description in P. chlidanos there are no visible punctae on the pseudoraphe valve and the 

central area is usually smaller and irregular. 

Psammothidium chlidanos was also reported from an extremely oligotrophic lake 

in Finland (Lange-Bertalot and Metzeltin, 1996).  The lake was moderately acidic (pH 

6.5), buffered by humic material, brown-colored, and low in inorganic nutrients.  Also, 

Fallu et al. (2000) reported it from a lake having low DOC, medium color, and high 

alkalinity. 
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- Psammothidium grischunum fo. daonensis (Lange-Bertalot) Bukhtiyarova et 

Round 

 Psammothidium grischunum fo. daonensis was described as Achnanthes 

daonensis Lange Bertalot (Lange-Bertalot and Krammer 1989, Fig. 19).  Bukhtiyarova 

and Round (1996, Fig. 38-39) transferred A. daonensis to Psammothidium as a form of P. 

grischunum.  Following the rules of the ICBN, when the status of a species is changed, a 

basionym should be provided and synonyms can also be presented, although the latter are 

optional.  When Round and Bukhtiyarova (1996) provided the combination P.  

grischunum fo. daonensis, they did not present a basionym.  Instead, they provided 

several synonyms and references to images published by Krammer and Lange-Bertalot 

(1991) under the name A. marginulata Grunow.  Yet, it is unclear why Figs. 1-8 

presented by Krammer and Lange-Bertalot (1991) should be named with the new 

combination, whereas Figs. 9 and 10 should be assigned to a different taxon, especially 

when Figs. 8 and 9 seem to depict valves of the same frustule (!).  In addition, the 

Bukhtiyarova and Round (1996) publication contains some further inconsistencies.  The 

caption under Figs. 36-39 states that the first two figures represent the form daonensis, 

but in the text the authors wrote that it is Figs. 38 and 39 the ones that depict this taxon 

and Figs. 32-37 depict the nominate variety of P. grischunum. 

Lange-Bertalot (1999) also trasferred P. daonensis to the genus Psammothidium, 

but at the species level (as P. daonense, notice the change in spelling).  Lange-Bertalot 

does not discuss the transfer by Round and Buktiyarova, thus it is difficult to assess 

which of the transfers better expresses the taxonomic status of A. daonensis.  For now, 
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analysts have momentarily adopted the transfer by Round and Bukhtiyarova, but taking 

into account that there is a possibility for a change in these authors’ decision. 

Psammothidium grischunum fo. daonensis (Figs. 23-32) can be distinguished 

from the nominate variety by its wider sternum on both raphe and pseudoraphe valves, 

and the uninterrupted striae near the mantle on the raphe valve.  P. grischunum and the 

form daonensis do not overlap in width and striae count, P. grischunum being smaller 

(length 6-18 µm, width 4-5.5 µm, striae density 18-27 in 10 µm).  In contrast, the form 

daonensis has a length of 10-26 µm, width of 5-8 µm and striae density of 27-32 in 10 

µm.  The somewhat rhombic axial area of the pseudoraphe valve appears to be the best 

character for separating these two taxa (Figs. 23, 25, 27, 29, 31-32).  Bukhtiyarova and 

Round (1996) state that P. grischunum fo. daonensis has a striae density intermediate 

between Psammothidium marginulatum and P. helveticum.  This is an unrealistic 

observation since there is an overlap between the striae density of P. marginulatum and 

P. grischunum fo. daonensis.  

 Psammothidium grischunum fo. daonensis was mostly found in NAWQA 

material from Georgia, Massachusetts and New Hampshire. 

 

- Psammothidium helveticum (Hustedt) Bukhtiyarova et Round 

Psammothidium helveticum was originally described as Achnanthes austriaca var. 

helvetica (Hustedt, 1933, Fig. 31 g-k).  This taxon was raised to the species level as 

Achnanthes helvetica (Hustedt) Lange-Bertalot (Lange-Bertalot and Krammer, 1989).  

Bukhtiyarova and Round (1996) transferred A. austriaca var. helvetica to the genus 

Psammothidium as P. helveticum and gave several synonyms: Achnanthes kenyae 
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Cholnoky, Achnanthes helvetica fo. minor Flower et Jones and Achnanthes helvetica var. 

alpina Flower et Jones. 

 Psammothidium helveticum has elliptical to linear elliptical valves with round 

areolae and uninterrupted striae near the mantle.  The proximal ends of the raphe are 

accompanied by ridges and grooves.  Terminal fissures of the raphe are simple, long, and 

curved in opposite directions.  The pseudoraphe valve sternum is narrow and linear. The 

central area is round, occupies half the valve breadth, and is flanked on both sides by 4-7 

striae.  The punctae along the striae are coarse and easy to distinguish. 

 This taxon is reported in the literature as cosmopolitan and occurring in 

oligotrophic waters.  In North America (NAWQA material), it has been found in large 

numbers in the coastal drainages of Long Island, NY, and New Jersey and the Santee 

River Basin, South Carolina. 

 

- Psammothidium subatomoides (Hustedt) Bukhtiyarova et Round 

Psammothidium subatomoides was described as Achnanthes subatomoides 

(Hustedt) Lange-Bertalot et Archibald in Krammer and Lange-Bertalot (1985).  Navicula 

subatomoides Hustedt was given as basionym along with two synonyms: Achnanthes 

occulta Kalbe (Kalbe, 1963, Fig. 2 a, b) and Achnanthes detha Hohn et Hellerman (Hohn 

and Hellerman, 1963, Fig. 2. 7, 8).  Bukhtiyarova and Round (1996) transferred this 

taxon to Psammothidium. 

Psammothidium subatomoides (Figs. 33-47) also has elliptical valves, is usually 

smaller than the taxa treated thus far, and is rarely more than 13 microns long 

(Bukhtiyarova and Round, 1996).  The areolae are transapically elongated with a clear 

interruption on the striae located near the mantle (more noticeable at the apices).  There is 
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a bow tie-like clear central region in the valve center (Figs. 36, 41, 45-46).  The raphe 

sternum is narrow and linear.  The central area narrows in the middle and occupies half 

the width of the valve, and is outlined by 4-5 striae.  The proximal raphe ends are drop-

like and have ridges (elevated silica rims around the raphe) and grooves (depressions on 

the wall).  On the pseudoraphe, the sternum is also linear with rectangular central area. 

Psammothidium subatomiodes has been reported in NAWQA in large numbers 

from the Little Miami River Basin, Ohio and the White River, Indiana. 

 

Resolution of taxonomic issues 

Names to be used for analysis of NAWQA samples  

 The following names should be used for the identification of organisms in 

NAWQA material. 

Psammothidium bioretii (Germain) Bukhtiyarova et Round 

Psammothidium chlidanos (Hohn et Hellerman) Lange-Bertalot 

Psammothidium grischunum fo. daonensis (Lange-Bertalot) Bukhtiyarova et Round 

Psammothidium helveticum (Hustedt) Bukhtiyarova et Round 

Psammothidium subatomoides (Hustedt) Bukhtiyarova et Round 

 

Criteria for identifying taxa at the LM level 

Usually, the raphe valve is of limited value for identifying the taxa treated herein.  

The pseudoraphe valve, in contrast, has a wide central area and usually finer striae; the 

variation of these features tends to be species specific.  Table 1 illustrates some of this 

variablity, which can be used to identify the mentioned taxa. 
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Table 1.  Some salient features of the 5 Psammothidium species treated in this work.  

More emphasis is given to the pseudoraphe valves because the variation of their features 

tends to be species specific. 

PR-valve Taxon Valve shape 

Central area Striae 

Raphe 

Psammothidium 

bioretii 

Elliptical/linear 

elliptical 

Large and nearly reaching the valve 

margins 

Parallel at the center of the 

valve and radiate toward 

apices.  Shorter intercalary 

striae present 

Sigmoid with terminal ends bent 

in opposite directions 

Psammothidium 

chlidanos 

Linear elliptical Elliptical or rectangular Radiate with areolae becoming 

more visible toward the center 

of  the valve 

Straight, filiform, with terminal 

ends bent in different directions 

Psammothidium 

grischunum fo. 

daonensis 

Elliptical/linear 

elliptical 

Rhomboid central area Radiate with shorter striae 

present toward the middle of 

the valves. 

Straight, filiform, with terminal 

ends bent in opposite directions 

Psammothidium 

helveticum 

Elliptical/linear 

elliptical 

Round, occupying half the valve 

breadth, and flanked by 4-7 striae 

Composed of clearly visible 

areolae 

Proximal ends expanded and 

accompanied of ridges and 

depressions on the axial area.  

Terminal ends deflected in 

opposite directions 

Psammothidium 

subatomoides 

Elliptical Rectanglar central area Composed of transapically 

elongated areolae and clear 

interruption near the valve 

mantle 

Proximal ends expanded and 

accompanied of ridges and 

depressions on the axial area 

 

Corrections of counts in NADED NAWQA-related database records 

After having carefully reviewed a great number of existing counts, no changes 

should be made.  The taxa reported in counts are in fact present in permanent 

preparations though a few random recounts of some of those slides yielded slightly 

different abundances than those reported originally.  Because the recounts were not done 

along exactly the same transect, it is reasonable to that the count differences were due to 



 

Patrick Center for Environmental Research                 16                              Academy of Natural Sciences

the random distribution of specimens on the slides, and to conclude that  the results 

presented in original counts are acceptable. 

 

References: 

Bukhtiyarova, L. and Round, F. E. 1996.  Revision of the genus Achnanthes sensu lato.  

Psammothidium, a new genus based on A. marginulatum.  Diatom Research 11: 

1-30. 

Fallu, M. A., Allaire, N. and Pienitz, R. 2000. Freshwater diatoms from northern Quebec 

and Labrador (Canada). Bibliotheca Diatomologica 45: 1-200. 

Germain, H. 1957. Achnanthes Bioreti n. sp. diatomee nouvelle in Corillion Bulletin 

Societé Botanique de France 104: 1-142. 

Germain, H.  1981.  Flore des diatomées (Diatomophycées) eaux douces et saumâtres du 

Massif Armoricain et des contrées voisines d'Europe occidentale.  Collection 

Faunes et Flores Actuelles.  N. Boubée ed., Paris.  444 pp. 

Hamilton, P. B., Poulin, M., Prévost, C., Angell, M. and Edlund, S. A.  1994.  

Americarum Diatomarum Exsiccata: Fascicle II (CANA), voucher slides 

representing 34 lakes, ponds and streams from Ellesmere Island, Canadian High 

Artic, North America.  Diatom Research 9: 303-327. 

Hohn, M. H. and Hellerman, J. 1963.  Taxonomy and structure of diatom populations 

from three eastern North American rivers.  Transactions of the American 

Microscopical Society 82: 250-329. 

Hustedt, F. 1933. Die Kieselalgen Deutschlands, Österreichs und der Schweiz mit 

Berücksichtigung der übrigen Länder Europas sowie der angrenzenden 



 

Patrick Center for Environmental Research                 17                              Academy of Natural Sciences

Meeresgebiete.  Rabenhorst Kryptgamenflora Band 7. Teil 2: 1-845 (1931-1959). 

Leipzig, Germany.   

Kalbe, L. 1963. Beitrag zur Kieselalgenflora der Tatragewässer.  Österreichisches 

Botanisches Zeitschrift 110: 489-497. 

Krammer, K. and Lange-Bertalot, H.  1985. Naviculaceae, Neue und wenig bekannte 

Taxa, neue Kombinationen and Synonyme sowie Bemerkungen zu einigen 

Gattungen. Bibliotheca Diatomologica 9: 1-454. 

Krammer, K. and Lange-Bertalot, H.  1991.  Bacillariophyceae. 4. Teil: Achnanthaceae.  

Kritische Ergänzungen zu Navicula (Lineolatae) und Gomphonema.  In Ettl, H., 

Gärtner, G., Gerloff, J., Heynig, H. & Mollenhauer, D. (Eds.).  Süsswasserflora 

von Mitteleuropa.  2(4): 1-437.  Gustav Fisher Verlag, Germany. 

Lange-Bertalot, H.  1999.  Neue Kombinationen von Taxa aus Achnanthes Bory (sensu 

lato).  Iconographia Diatomologica 6: 276-289. 

Lange-Bertalot, H. and K. Krammer. 1989.  Achnanthes.  Eine Monographie der Gattung.  

Bibliotheca Diatomologica 18: 1-383. 

Lange-Bertalot, H. and Metzeltin, D.  1996.  Ecology-Diversity-Taxonomy. Indicators of 

oligotrophy - 800 taxa representative of three ecologically distinct lake types.  

Iconographica Diatomologica 2: 1-390. 

Patrick, R and Freese, L. R.  1961.  Diatoms (Bacillariophyceae) from Northern Alaska. 

Proceedings of theAcademy of Natural Sciences of Philadelphia. 112:129-293. 

Patrick, R. and Reimer, C. W.  1966.  The Diatoms of the United States.  Vol. 1.  

Monographs of the Academy of Natural Sciences of Philadelphia 13:1-688. 



 

Patrick Center for Environmental Research                 18                              Academy of Natural Sciences

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 1-10. Psammothidium bioretii.  LM and SEM photographs by K. Manoylov.  1-

6. Worchester Mill River, Massachusets, New England Coastal Basins, 2000 

(ANSP Phycology Section GSN23403). Scale bars: 10 µm. 7-10. Salem Maurice 

River, New Jersey, Long Island-New Jersey Coastal Drainages study unit, 1998 

(ANSP Phycology Section GS028733).  7-9. Scale bars: 5 µm, 10. Scale bar: 2 

µm. 
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Figures 11-22.  Psammothidium chlidanos.  LM and SEM photographs by K. Manoylov. 

11-17.  Big Thomson River, Colorado, South Platte River Basin, 1996 (ANSP 

Phycology Section GS007701). 18-19, 23.  Worchester Mill River, 

Massachusetts, New England coastal basins, 2000 (ANSP Phycology Section 

GSN23403).  20-21.  Warren, East Hickory Creek, Pennsylvania, Allegheny-

Monongahela River Basin study unit, 1997 (ANSP Phycology Section 

GS026171). 11-21. Scale bars: 10 µm.  22. Salem Maurice River, New Jersey, 

Long Island-New Jersey Coastal Drainages study unit, 1998 (ANSP Phycology 

Section GS028733). 22. Scale bar: 2 µm. 
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Figures 23-32.  Psammothidium grischunum fo. daonensis.  LM and SEM photographs 

by K. Manoylov. 23-25, 30-32. Big Thomson River, Colorado, South Platte River 

Basin, 1996 (ANSP Phycology Section GS007701). 26-29. Tift Little River, 

Georgia, Georgia-Florida Coastal Plain Drainages study unit, 1995 (ANSP 

Phycology Section GSL00869). 23-29. Scale bars: 10 µm. 30-32. Scale bar: 2 µm. 
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Figures 33-47. Psammothidium subatomoides.   LM and SEM photographs by K. 

Manoylov.  33-40, 45.  Big Thomson River, Colorado, South Platte River Basin, 

1996 (ANSP Phycology Section GS007701).  41-42, 46-47. Tift Little River, 

Georgia, Georgia-Florida Coastal Plain Drainages study unit, 1995 (ANSP 

Phycology Section GSL00869).  43-44. Worchester Mill River, Massachusetts, 

New England coastal basins, 2000 (ANSP Phycology Section GSN23403). 33-44. 

Scale bars: 10 µm. 45-47. Scale bars: 2 µm. 
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DISCARD 

 

(insert Manoylov plate 4) 
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Figures 48-67.  Psammothidium helveticum. LM and SEM photographs by K. Manoylov. 

48-57, 67.  Worchester Mill River, Massachusetts, New England coastal basins, 

2000 (ANSP Phycology Section GSN23403). Scale bars: 10 µm.  58-65. Tift 

Little River, Georgia, Georgia-Florida Coastal Plain Drainages study unit, 1995 

(ANSP Phycology Section GSL00869).  48-65. Scale bars: 10 µm. 66. Big 

Thomson River, Colorado, South Platte River Basin, 1996 (ANSP Phycology 

Section GS007701). 66-67. Scale bars: 2 µm. 
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DISCARD 

 

(insert Manoylov plate 5) 
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Small Planothidium Round et Bukhtiyarova taxa related to P. daui (Foged) Lange-

Bertalot from the United States. 

 

By Eduardo A. Morales 

 

Definition and background of taxonomic issues 

The taxa treated in this work are difficult to identify due to their small size, valve 

outline and the close resemblance of their morphological features (striae characteristics 

and orientation, raphe structure, etc.).  There have also been nomenclatural and 

taxonomic confusions in the literature, which have resulted in a non-uniform use of 

names for specimens in NAWQA material. 

 The following are the primary species treated herein: 

Planothidium daui (Foged) Lange-Bertalot, 

Planothidium granum (Hohn et Hellerman) Lange-Bertalot, and 

Achnanthes lanceolata var. minutissima Krasske 

 P. daui and P. granum are morphologically very closely related.  It has been 

suggested in the literature that the degree of capitation of the valves could be used to 

separate both taxa, but the range of variability of this diagnostic feature has not been 

illustrated and, therefore, a clear boundary between both taxa has not been drawn.  This 

lack of a defined taxonomic boundary has created confusion among NAWQA analysts 

who are hesitant to apply either name to specimens from North America.  In addition, it is 
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not clear if there are other diagnostic features that can be used to separate the taxa.  A 

goal of this study was to find such features. 

In the case of A. lanceolata var. minutissima, inconsistencies in the literature have 

led to the misapplication of this name to specimens in NAWQA material.  In the 

literature, the name refers to taxa that are closely related to Achnanthes conspicua Mayer 

(see later), but recently, analysis of the type material from Krasske’s collection revealed 

that A. lanceolata var. minutissima is morphologically different from A. conspicua and, 

therefore, they should be recognized as separate entities.  NAWQA material contains 

both A. lanceolata var. minutissima and A. conspicua, but these names have been used by 

different analysts to identify members of the same species from different geographical 

areas.  Additionally, A. lanceolata var. minutissima has been identified under two 

different unknown designations, which should now be corrected in NAWQA databases. 

Study of several populations of the above taxa present in NAWQA material from 

different geographical areas revealed other taxa that are morphologically similar to those 

listed above.  Their taxonomic features also need to be clarified.  These additional taxa 

are: 

 Achnanthes conspicua Mayer, 

Achnanthes lemmermannii Hustedt, 

Achnanthes aff. lemmermannii Hustedt, 

Achnanthes cf. daui CLASON Foged, and 

Achnanthes cf. grana ROBERTS Hohn et Hellerman. 

 Achnanthes conspicua has been identified in NAWQA samples under three 

different names by three different analysts, which may be due in part to the lack of a 
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detailed analysis in the literature.  The name A. lemmermannii has been used for two 

different organisms present in NAWQA samples.  Finally, the three undescribed taxon 

designations listed above were used for organisms that are morphologically closely 

related to P. daui, thus, their taxonomy also needs to be clarified. 

 

Material 

A total of 70 samples from different geographical locations throughout the 

continental United States were analyzed for this work.  Eight of these samples, which 

contain large populations of the taxa treated here, were used for measurement of at least 

25 individuals to determine ranges of valve dimensions and striae density.  For each 

taxon, populations from different geographical regions were taken into account.  

Additionally, 9 samples were used for LM and SEM detailed morphological analyses.  

Measurements and other morphological data were compared with literature reports and 

original descriptions and graphic material of the taxa in question. 

 

Observations and literature review 

Planothidium was erected by Round and Bukhtiyarova (1996) to include taxa 

related to Achnanthes lanceolata Brébisson ex Kützing, and was intended by Round and 

Bukhtiyarova as the type of the new genus.  However, their transfer of A. lanceolata to 

Planothidium was invalid because they did not include a reference to the publication in 

which the basionym had first appeared (Achnanthidium lanceolatum Brébisson ex 

Kützing).  Apparently (the ICBN code does not specify this), failure to properly transfer 

the type of a genus does not invalidate the creation of the genus itself, and thus, 
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Planothidium is still attributed to Round and Bukhtiyarova (Fourtanier and Kociolek, 

1999), but Planothidium lanceolatum is attributed to Lange-Bertalot (1999). 

 Among the most salient features of this genus are the multiseriate striae on both 

the raphe and pseudoraphe valves and the characteristic hoof mark present in the central 

region of the pseudoraphe valve of many species.  The function of the hoof print is 

unknown.  Which of the four Planothidium groups represents the ancestral condition and 

which groups the derived conditions is also unknown. 

The species currently assigned to Planothidium can be divided into four groups 

based on the characteristics of the central region of the pseudoraphe valve.  Taxa in the 

first group have continuous striae with no interruptions in the central region.  P. daui 

(Foged) Lange-Bertalot belongs to this group.  The second group is characterized by a 

variable clear space in the central region and no depressions or raised portions are visible 

in this region.  This group is represented by A. lanceolata var. minutissima.  A depressed 

central region devoid of striae characterizes the third group, which is represented by 

Planothidium lanceolatum (Brébisson ex Kützing) Lange-Bertalot.  Finally, the fourth 

group also has a clear depression on one side of the central region, but this depression is 

capped to form an internal cave like structure.  This group is represented by Planothidium 

biporomum (Hohn et Hellerman) Lange-Bertalot. 

 

- Planothidium daui (Foged) Lange-Bertalot 

Basionym: Achnanthes daui Foged, 1962, Danmark Geol. Undersoegelse 84, p. 14, Plate 

1, Fig. 10. 
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 Planothidium daui was first described by Foged (1962) as Achnanthes daui based 

on material collected from East Jutland.  Krammer and Lange-Bertalot (1991) report 

several synonyms of this taxon, many of which were simply the product of 

misidentification and misinterpretation of Foged’s taxon by subsequent authors.  Lange-

Bertalot (in Lange-Bertalot and Genkal, 1999) transferred A. daui to the genus 

Planothidium.  The valves of P. daui have an inflated central region and capitate to 

rostrate apices (Figs. 1-10).  The raphe valve has strongly radiate striae with a variable 

number of shorter striae on both sides of the central region (Figs. 1, 3, and 6-8).  The 

pseudoraphe valve has mostly parallel striae with a narrowly lanceolate axial area (Figs. 

2, 4, 5, 9, and 10).  Although in some cases the striae at the central region tend to be 

slightly shorter, the striae are generally of equal length throughout the length of the valve 

leaving a narrowly lanceolate axial area.  Krammer and Lange-Bertalot (1991) report that 

the dimensions of this taxon are: length: 7-12 µm, width 3.8-6 µm and the striae density 

as 14-16/10 µm.  North American populations fall within these ranges, but the striae 

density has a slightly wider range of variation: 13-17 striae/10 µm. 

 Under SEM, the raphe valves of this taxon present striae composed of 2-4 rows of 

areolae, which start at the valve face-mantle junction and end acutely at a distance from 

the raphe (Figs. 67-69).  The striae at the central region are notably more reduced and 

sometimes are composed of a few or even one areola (Figs. 67-69).  The striae are 

restricted entirely to the valve face (Figs. 68 and 69).  The costae, central nodule, and 

axial area are much thicker and raised when viewed from the inside (Fig. 72).  The raphe 

slit has widened proximal ends on the outer surface and are opposite to each other even 
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on the inner surface of the valve (Fig. 72).  The distal ends of the raphe are bent toward 

the same side and continue onto the valve mantle (Figs. 67-69). 

The pseudoraphe valve presents an irregular surface on which the striae are raised 

and the costae depressed (Figs. 70 and 71).  The striae are composed of 5 of more rows of 

poroids (Figs. 70 and 71).  The striae extend to the valve mantle and continue toward the 

axial area, which is also a depression on the valve surface (Figs. 70 and 71).  Only 

occasionally the striae have more or less acute ends on the valve face.  There are no clear 

areas, depressions, or hoof prints in the central area.  The girdle bands have not been 

clearly observed, but they seem to be closed as evidenced by the valvocopula shown in 

Fig. 72.  The valvocopulae have finger-like projections (fimbriae) on the pars interior, 

which enhance the attachment of the girdle elements to the valves (Fig. 72). 

 Planothidium daui is similar to A. lemmermannii (Figs. 56-66 and 90-95), but 

there are several differences regarding the degree of capitation of the valves (very strong 

in A. lemmermannii), the pattern of striation in the pseudoraphe valve (much coarser in A. 

lemmermanni), the axial area of the pseudoraphe valve (much narrower in P. daui), and 

the characteristics of the striae under SEM (compare Figs. 67-72 with 90-95). P. daui is 

also morphologically closely related to P. granum (see next). 

 Examination of slides that were reported to contain P. daui showed that 

identifications are correct.  However, there are two other names that have been used for 

this taxon, A. cf. grana ROBERTS Hohn et Hellerman and A. lemmermannii.  These 

should be changed to P. daui accordingly (see later). 
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- Planothidium granum (Hohn et Hellerman) Lange-Bertalot 

Basionym: Achnanthes grana Hohn et Hellermann, 1963, Trans. Amer. Micr. Soc. 82, p. 

285, Plate 2, Figs. 9 and 10. 

 Planothidium granum was erected by Hohn and Hellerman (1963) as Achnanthes 

grana based on material collected from North American rivers.  Krammer and Lange-

Bertalot (1991) suggested that this taxon could be conspecific with P. daui.  However, 

Lange-Bertalot has recently transferred A. grana to Planothidium, thereby recognizing it 

as a separate taxon. 

 The valves of this taxon have a rhomboid outline with blunt apices, which can 

assume a slightly rostrate shape in some populations (Figs. 11-20).  The raphe valve has 

strongly radiate striae, a variable number of which become shorter on both sides of the 

central region (Figs. 11, 13, 16, and 8).  The pseudoraphe valve has parallel striae, which 

can become slightly radial toward the apices (Figs. 12, 14, 15, 17, and 20).  The central 

sternum is narrowly lanceolate or reduced to a narrow line.  Krammer and Lange-Bertalot 

(1991) report that the dimensions of this taxon are: length: 7.4-9 µm, width: 3.6-4.2 µm; 

and striae density: 15-17 per 10 µm.  This agrees with Hohn and Hellerman’s 

measurements of specimens in the type material, except that North American individuals 

seem to have a lower striae density (13-14 per 10 µm).  Measurements taken from several 

NAWQA populations show that the density of striae is 12-16 per 10 µm. 

 Under SEM, the raphe valves of this taxon have striae composed of three to four 

rows of areolae (Figs. 73-76).  The striae are mostly positioned on the valve face and only 

a few areolae are located on the valve mantle (e.g., Fig. 74).  Only a few striae (especially 

those in the central area) end acutely as they approach the raphe.  The costae, central 
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nodule, and axial area are raised in the valve interior.  The raphe slit has widened 

proximal ends on the outer surface.  They deviate slightly in opposite directions in the 

inner valve surface (Fig. 78).  The distal ends of the raphe are bent toward the same side 

and continue onto the valve mantle (Figs. 73-76). 

The pseudoraphe valve presents raised striae, costae, and axial area situated on 

depressions giving as a result an irregular relief (Fig. 77).  In the valve interior, the relief 

is exactly the opposite, with raised costae and striae lying in depressions.  The striae 

possess 4 or more rows of areolae (Figs. 77 and 78).  The striae extend slightly onto the 

valve mantle (Fig. 77).  Only occasionally the striae have slightly acute ends on the valve 

face.  There are no clear areas, depressions or hoof print in the central area.  The girdle 

bands have not been clearly observed, but they seem to be closed and the valvocopulae 

have fimbriae on the pars interior (Figs. 74-76, and 77). 

Planothidium granum is similar to P. daui, but there are differences in valve 

outline and characteristics of the striae, especially on the raphe valve.  While P. granum 

has valves with a rhomboidal shape and blunt (or slightly rostrate) apices, P. daui 

presents a lanceolate outline with strongly capitate head poles.  Identification of small 

representatives of P. daui remains a problem because the capitate apices are so reduced 

that they appear as rostrate instead.  In these cases, it is advisable to analyze more 

individuals to get a more accurate identification. 

In addition to valve outline, the central nodule, as seen in an inner view, is more 

robust in P. granum, but this is a feature that is only recognizable under SEM. 

The valve outline of P. granum is also similar to that of A. conspicua.  The main 

difference between these taxa is the structure of the raphe.  The distal ends are not bent in 
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A. conspicua.  Additionally, there is a great difference in the construction of the 

pseudoraphe valves of both taxa.  In A. conspicua, the striae have a fewer number of 

areolae, but the openings are much larger.  Also, the central sternum in the pseudoraphe 

valve is much wider in A. conspicua. 

Lange-Bertalot (1997) presented SEM photographs of several Planothidium 

species (under the superfluous genus name Achnantheiopsis Lange-Bertalot).  He 

identified Figs. 16 and 17 in the mentioned publication as A. grana.  However, we 

believe that both images in fact correspond to A. lanceolata var. minutissima (see later). 

Rumrich et al. (2000) presented photographs of South American specimens of P. 

minutissimum (=A. lanceolata var. minutissima) under the name P. granum (p. 293, Plate 

26, Figs 42 and 43).  This is obviously a mistake since three pages forward (p. 296, Plate 

28, Figs. 17-19) the authors use the correct name P. minutissimum for specimens that 

look almost identical to those in Plate 26 of the same publication. 

Examination of records of P. granum (reported as Achnanthes grana) in NAWQA 

material show that in some cases this name was misapplied to representatives of A. 

conspicua.  Records should be changed accordingly (see later).  

 

- Achnanthes conspicua Mayer 

Basionym: Achnanthes conspicua Mayer, 1919.  Kryptogam. Forschungen 1, p. 212, 

Plate VI, Figs. 9 and 10. 

 The valves of this species are broadly elliptical with acute or rounded apices 

(Figs. 31-55).  The orientation of the striae on the raphe valve varies from parallel in the 

central region to strongly radiate toward the apices of the valve.  The striae in larger 
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specimens tend to be slightly more separated at the central region leaving a narrow clear 

area on both sides of the central nodule (Fig. 32).  In smaller valves, at least one stria in 

the central region is shorter (Figs. 34, 39, 40, 42, 44, 45, 48, 49, 52, and 55).  The 

pseudoraphe valves have slightly radial striae, which in larger specimens are slightly 

more separate in the central region (Fig. 31).  The central sternum is lanceolate with an 

expanded region at the center of the valve (e.g., Figs. 31 and 33).  The dimensions given 

by Mayer (1919) are: Length 10-12 µm, width 5.5 µm and 13-14 striae per 10 µm.  North 

American populations are 3.5-13 µm in length and 3.5-5.5 µm wide.  The striae density 

varies between 13 to16 per 10 µm on both valves. 

 SEM reveals that the striae of the raphe valve are composed of 2-5 rows of 

areolae (Figs. 79, 80, and 84).  The striae are almost entirely restricted to the valve face 

with only a few areolae positioned on the valve mantle (Figs. 79 and 80).  The striae are 

either acute or blunt toward the axial area.  The striae in the central region are shorter 

(Figs. 79 and 80).  The costae are slightly raised with respect to the striae at the valve 

interior (Fig. 84).  The proximal ends of the raphe are not widened and end directly 

opposite each other on the outer valve surface.  The characteristics of the raphe on the 

inner surface could not be clearly observed.  The distal ends of the raphe end at the valve 

face/mantle junction and do not bend. 

The axial area in the pseudoraphe valve corresponds to a longitudinal depression 

(Figs. 81-83).    Pictures presented by Loseva (1982) show that the costae are 

considerably thicker and raised with respect to the striae.  The interior of the pseudoraphe 

valve could not be observed.  The striae are composed of 2 or more rows of areolae, 

which are almost entirely restricted to the valve face (Figs. 81-83).  Many of the striae 
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have acute ends toward the axial area (Fig. 83).  In some cases there is a clear area of 

variable width on one side of the central area (Fig. 83).  The girdle bands have not been 

clearly observed, but they seem to be closed. 

Achnanthes conspicua has a distinctively elliptical valve outline.  The separation 

of the striae at the central area varies greatly, and thus, can only be used to identify larger 

specimens, in which the striae are thinner, and hence, appear to be less dense.  The raphe 

valves present a shorter stria on one side of the central nodule, but this character seems to 

vary, so it should be used only in support of other features.  Some of the smaller raphe 

valves can resemble Staurosirella pinnata (Ehrenberg) Williams et Round (Fig. 43).  

Examination of several valves (frustules if possible) is required to identify such small 

specimens. 

 Achnanthes conspicua was created by Mayer (1919).  It has not been transferred 

to the genus Planothidium, probably due to the lack of detailed LM and SEM studies.  

Based on the resemblance of this taxon to other species currently allocated to 

Planothidium, A. conspicua also belongs in this genus.  Gaul et al. (1993) report several 

references containing SEM pictures of this taxon, yet the specimens depicted vary from 

reference to reference and, in other cases, the resolution of the images is not sufficient to 

permit any conclusive statement regarding the affiliation of the specimens.  Krammer and 

Lange-Bertalot (1991) suggest the possibility that this taxon is synonymous with 

Achnanthes pinnata Hustedt and Achnanthes conspicua var. brevistriata Hustedt.  

However, these author’s decision was not based on examination of type material of A. 

conspicua and, hence, the synonymy can not be confirmed.  Reports of A. pinnata from 
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NAWQA material, however, refer in fact to representatives of A. conspicua, as shown by 

examination of specimens identified as A. pinnata. 

 

- Achnanthes lanceolata var. minutissima Krasske 

Basionym: Achnanthes lanceolata var. minutissima Krasske, 1938.  Arch. Hydrobiol. 33, 

p. 513, Plate 6, Figs. 18-22. 

 This taxon was first described by Krasske (1938) based on samples collected from 

a thermal spring.  This taxon was later transferred to Planothidium at the species level by 

Lange-Bertalot (in Lange-Bertalot and Genkal, 1999) (but see later).  There has been 

much confusion regarding the identity of this taxon.  A great deal of this confusion has 

been triggered by inconsistency in its treatment by Lange-Bertalot and collaborators.  

Krammer and Lange-Bertalot (1991) suggested that the taxon is conspecific with A. 

grana and a mixture of two different elliptical morphs is depicted in LM photographs 

presented by these authors.  In 1996, investigation of the type material of A. lanceolata 

var. minutissima revealed that this taxon has a rhomboidal valve outline and in some 

cases even subrostrate apices (Lange-Bertalot et al., 1996).  Thus, the elliptical morphs 

considered by Krammer and Lange-Bertalot are left without any clear affiliation.  

Subsequently, Rumrich et al. (2000) present specimens of A. lanceolata var. minutissima 

from South America, but included valves with and without the hoof print.  Unfortunately, 

the reasoning behind the amalgamation of such disparate morphologies is not discussed 

and/or justified by the authors. 

 Lange-Bertalot (1999) transferred A. lanceolata var. minutissima to the genus 

Planothidium, but unfortunately his combination is invalid since he did not give a correct 
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reference to the basionym of the taxon.  He mistakenly referred to Plate 6 as “p. 6” and 

did not give a reference to the page on which the protologue appeared (p. 513).  The error 

has been perpetuated in subsequent publications and the combination has been used 

frequently by other authors (Kusber and Metzeltin, 2001, Kusber and Jahn, 2003). 

 Valves are rhomboidal with blunt or slightly rostrate apices (Figs. 21-30).  The 

raphe valve has strongly radiate striae with some shorter striae in the central region (Fig. 

23).  The pseudoraphe valve has slightly radial striae and a clear area on one side of the 

central region, which seems to be a consistent feature in all North American populations 

analyzed for this work (Figs. 21, 22, and 24-30).  The central sternum is narrowly 

lanceolate.  The dimensions given by Krasske (1938) are: length 7-8 µm, width 3-3.5 µm.  

Krasske did not report the density of the striae in the original description.  Observed 

valves in North American populations are 8-9 µm long and a have consistent width of 4 

µm.  The striae density varies between 14-16 per 10 µm on both valves. 

 SEM reveals that the striae of the raphe valve are composed of 2-3 rows of 

areolae (Figs. 85 and 86).  The striae are almost entirely restricted to the valve face with 

only a few areolae positioned on the valve mantle (Fig. 85).  Many striae end acutely at 

the axial area (Fig. 86).  The striae in the central region are shorter (Figs. 85 and 86).  The 

proximal ends of the raphe are widened and directly opposite to each other on the outer 

valve surface (Fig. 86).  The characteristics of the raphe on the inner surface could not be 

observed and additional SEM photographs could not be found in the literature.  The distal 

ends of the raphe are bent toward the same side and continue onto the valve mantle (Figs. 

85 and 86). 
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The relief of the pseudoraphe valve is not as irregular as that of P. daui and P. 

granum and in many cases only the axial area corresponds to a longitudinal depression on 

the valve face (Figs. 87-90).  The valve interior shows thicker and raised costae and 

central area (Fig. 90).  The striae are composed of 2 or more rows of areolae and continue 

only slightly onto the valve mantle (Figs. 87-90).  Many of the striae have acute ends 

toward the axial area.  There is a clear area of variable width on one side of the central 

area (Figs. 87-90).  The girdle bands have not been clearly observed, but they seem to be 

closed (Fig. 89).  The valvocopulae present fimbriae on the pars interior (not shown 

here). 

Achnanthes lanceolata var. minutissima has a distinctive valve outline, but the 

most characteristic feature is the presence of the clear area in the central region of the 

pseudoraphe valves.  There are other taxa that have this clear area (e.g., Planothidium 

lanceolatum (Brébisson ex Kützing) Lange-Bertalot, Planothidium dubium (Grunow) 

Round et Bukhtiyarova, etc.), but none of them have the same valve outline or the same 

characteristics under SEM.  Planothidium daui can be easily distinguished from A. 

lanceolata var. minutissima by the absence of a clear area on the pseudoraphe valve and 

the outer relief and valve interior features of both raphe and pseudoraphe valves.  

Although A. lanceolata var. minutissima has a valve outline similar to that of P. granum, 

the clear area on one side of the pseudoraphe valve is absent in the latter taxon. 

 Lange-Bertalot (1997) presented SEM photographs of A. lanceolata var. 

minutissima, which he incorrectly identified as Achnantheiopsis grana.  Achnantheiopsis 

is a superfluous name for Planothidium and its use has been completely abandoned (even 
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by Lange-Bertalot and collaborators).  The mentioned photographs show specimens with 

features very similar to those from North American populations. 

Rumrich et al. (2000) included specimens with a well-developed hoof print under 

the name A. lanceolata var. minutissima.  North American populations do not present a 

hoof print, which is a rather constant feature in all the analyzed populations.  Likewise, 

images of type material presented by Lange-Bertalot et al. (1996) show specimens with a 

clear area only on one side of the pseudoraphe valve central region.  The protologue of A. 

lanceolata var. minutissima does not include the hoof print as a feature of this taxon.  

Therefore, Rumrich et al.’s determination is not correct and the name A. lanceolata var. 

minutissima should be applied only to their Figs. 17-19 in Plate 28 (p. 296, but also to 

specimens shown in p. 293, Plate 26, Figs. 42 and 43, see discussion for P. granum). 

Confusions in the application of the name A. lanceolata var. minutissima in the 

literature led to a misapplication of this name to specimens in NAWQA material.  An 

extensive analysis of slides from which this taxon was reported showed that A. lanceolata 

var. minutissima is not present on the slides and that the misidentified specimens should 

be identified as A. conspicua instead. 

 

- Achnanthes lemmermannii Hustedt 

Basionym: Achnanthes lemmermannii Hustedt, 1933.  L. Rabenhorst’s Kryptogamien-

Flora von Deutschland, Österreich und der Schweiz 7 (2).  p. 390, Fig. 837. 

 Achnanthes lemmermannii was first described by Hustedt (1933).  LM pictures of 

type specimens have been presented by both Krammer and Lange-Bertalot (1991) and 

Simonsen (1987).  However, the former authors also included at least two other discrete 
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morphs side by side with type specimens from Hustedt’s collection.  This has led to some 

confusion regarding the ranges of variation of this taxon, which has also been clouded by 

the lack of detailed LM and SEM studies. 

 The valves are lanceolate with capitate to rostrate apices (Figs. 56-66).  The raphe 

valve has radiate striae with one or two shorter striae on each side of the central region 

(Figs. 58-60, 63, and 65).  The pseudoraphe valve has slightly radial to parallel striae and 

a clear area on one side of the central region is absent.  The central sternum is widened at 

the central region of the pseudoraphe valve (Figs. 56, 57, 61, 62, 64, and 66).  The 

dimensions given by Hustedt (1933) are: length 10-15 µm, width 4-5 µm, and the density 

of the striae: 16-18 per 10 µm for both valves.  Some specimens observed in North 

American populations are slightly smaller (8 µm) and some other are slightly wider (5.5 

µm).  The striae density of North American specimens fit within the ranges given by 

Hustedt. 

 Under SEM, the striae appear as elongated inverted triangles starting with two 

rows of areolae at the base (toward the central sternum) and ending with 3 rows of 

areolae toward the valve face-mantle junction (Figs. 91-94).  The striae curve only 

slightly toward the valve mantle (Figs. 91 and 92).  One or two striae in the central region 

are shorter (Figs. 91-94).  The proximal ends of the raphe are widened and directly 

opposite to each other on the outer valve surface.  The characteristics of the raphe on the 

inner surface could not be observed.  The distal ends of the raphe are bent toward the 

same side and continue onto the valve mantle (Figs. 91-94). 

The relief of the pseudoraphe valve shows a slight depression along the axial area 

(Fig. 95).   The valve interior could not be observed.  The striae are composed of 2 rows 
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of areolae, which begin as a single row near the axial area.  Each stria is restricted to the 

valve face (Figs. 95 and 96).  The girdle bands are closed (Figs. 92-94).  Fimbriae were 

not observed on the valvocopulae. 

Achnanthes lemmermannii has a distinctive valve outline with the rostrate apices 

being a feature that makes identification much easier.  The valves with rostrate apices can 

be confused with P. daui, but the latter has a narrow sternum in the pseudoraphe valve.  

The differences between these two taxa are obvious under SEM especially in the 

characteristics of the striae in both the raphe and pseudoraphe valves (compare Figs. 67-

72 with Figs. 91-96). 

An extensive analysis of the slides from which this taxon was reported showed 

that A. lemmermannii seems to be geographically restricted to the Central Nebraska 

basins.  All other records of this taxon in NAWQA should be changed to P. daui. 

 

- Achnanthes aff. lemmermannii Hustedt 

This taxon was recorded from a single sample (Cheat River near Mount Nebo, 

GSM00066, ANSP G.C. 104684a) in the Allegheny Monongahela Basins NAWQA study 

unit (1996).  The characteristics of this taxon are the same as those of A. cf. daui, and 

thus, records of this taxon should also be changed to A. lanceolata var. minutissima (see 

next). 

 

- Achnanthes cf. daui CLASON Foged 

This unknown designation was used during analysis of Southern Florida 1996 and 

1997 NAWQA material to depict specimens that did not fit the description of A. daui, but 
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resembled this latter taxon in a number of features.  This taxon was subsequently found in 

the Central Nebraska Basins 2003 study unit.  There are a number of characteristics that 

set this taxon apart from P. daui.  The ends of the valves are subrostrate and not capitate 

as they are in P. daui.  The fascia is narrower in A. cf. daui and the pseudoraphe valve 

has a narrow clear area on one side of the central area, which is not present in P. daui.  

Achnanthes cf. daui is more closely related to P. granum, since the valve shape and the 

orientation of the striae on the raphe valve is similar in both taxa.  However, the clear 

space on the central area of the pseudoraphe valve is not present in P. granum. 

Analysis of slides for the Southern Florida 1996 and 1998 NAWQA study units 

showed that this taxon is in fact A. lanceolata var. minutissima (Figs. 21-30). 

 

- Achnanthes cf. grana ROBERTS Hohn et Hellerman 

This taxon was used during analysis of several NAWQA study units.  Several 

samples reported to contain this taxon were examined, but no specimens resembling P. 

granum were found.  Rather, the specimens identified as A. cf. grana are conspecific with 

P. daui.  A. cf. grana has rostrate apices and the characteristics of the axial and central 

areas, as well as the striae ornamentation of both raphe and pseudoraphe valves, are the 

same as those of P. daui. 

 

Resolution of taxonomic issues 

Names to be used for analysis of NAWQA samples 

 The following names should be used for the identification of organisms in 

NAWQA material: 
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- Planothidium daui (Foged) Lange-Bertalot (Figs. 1-10, and 67-72), 

- P. granum (Hohn et Hellerman) Lange-Bertalot (Figs. 11-20 and 73-78), 

- Achnanthes lanceolata var. minutissima Krasske (Figs. 21-30, and 85-90).  This 

taxon has been invalidly transferred to the genus Planothidium.  Until the transfer is 

validated, the combination as a variety of “lanceolata” within the genus Achnanthes 

should be retained. 

- Achnanthes conspicua Mayer (Figs. 31-55 and 79-84).  Transfer of this taxon to the 

genus Planothidium is recommended, but official publication is required before the new 

combination can be used. 

- Achnanthes lemmermannii Hustedt (Figs. 56-66 and 91-96).  Transfer of this taxon to 

the genus Planothidium is also recommended, but official publication is required before 

the new combination can be used for analysis of NAWQA material. 

 

All of these taxa can be readily identified using LM and SEM plates presented 

herein.  Any other morphological variation encountered in NAWQA material should be 

reported as an unknown category if necessary. 

 

Criteria for identifying taxa at the LM level 

 Table 1 shows the criteria to be used to identify the organisms treated here.  More 

emphasis is given to LM features.  Further details of valve structure can be found in the 

“Observations and literature review” section (see above). 
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Table 1.  Distinguishing characteristics of the 5 Planothidium taxa treated in this work. 

 

 

 

 

Axial Area (LM) Central Area (LM) Taxon Valve shape/apices 
(LM) 

R-Valve PR-valve R-Valve PR- valve 

Raphe structure (SEM) 

Planothidium daui Lanceolate/rostrate Narrowly 

lanceolate 

Narrowly 

lanceolate 

Wide, bow-tie 

fascies 

No clear 

area 

Filiform, proximal ends 

externally expanded and 

opposite to each other from 

inner and outer views, distal 

ends deflected in the same 

direction 

Planothidium 

granum 

Rhomboid/subrostrate Narrowly 

linear 

Narrowly 

linear 

Narrow, 

irregular 

fascies 

No clear 

central area 

Filiform, proximal ends 

externally expanded and 

internally bent in opposite 

directions, distal ends 

deflected in the same 

direction 

Achnanthes 

conspicua 

Elliptical/broadly 

rounded 

Narrowly 

lanceolate 

Broadly 

lanceolate 

Minute fascies 

due to a 

shortened stria 

on one side 

No clear 

central area 

Filiform, proximal ends not 

expanded and directly 

opposite to each other, distal 

ends do not deflect 

Achnanthes 

lanceolata 

 var. minutissima 

Rhomboid/subrostrate Narrowly 

lanceolate 

Narrowly 

lanceolate 

Small, bow tie 

fascies 

Clear 

central area 

on one side 

of the valve 

Filiform, proximal ends 

expanded and opposite to 

each other, distal ends 

deflected in the same 

direction 

A. lemmermannii Lanceolate/capitate to 

rostrate 

Narrowly 

lanceolate 

Broadly 

lanceolate, 

wider 

toward the 

center of the 

valve 

Small, 

rectangular 

fascies 

Wide 

central area, 

but flanked 

by 

shortened 

striae 

Filiform, proximal ends 

expanded and opposite to 

each other, distal ends 

deflected in the same 

direction 



Correction of counts in NADED NAWQA-related database records 

 The following changes are recommended based on extensive observation of NAWQA 

slides under both LM and SEM. 

Changes to all NAWQA counts: 

- Planothidium minutissimum (NADED 155023) to Achnanthes conspicua (NADED 2098). 

- Achnanhes aff. lemmermannii (NADED 2259) to Planothium minutissimum (NADED 155023). 

- Achnanthes cf. daui CLASON Foged (NADED 2190) to Planothidium minutissimum (NADED 

155023) 

- Achnanthes cf. grana ROBERTS Hohn et Hellerman (NADED 2136) to Planothium daui 

(NADED 155008) 

- Achnanthes lanceolata var. minutissmima (NADED 2205) to Achnanthes conspicua (NADED 

2098). 

Changes to samples from specific study units: 
KANA 1998, LTEN 1999, MIAM 1999, 2001, DELR 2000, MOBL 1999, MOBL 2000:  

Achnanthes grana (NADED 2220) to Achnanthes conspicua (NADED 2098). 

SPLT 1993, 1994, TRIN 1994, CCPT 1994: 

Achnanthes lemmermannii (NADED 2259) to Planothidium daui (NADED  155008). 
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Figures 1-66.  LM images of taxa presented in this work and occurring in North America.  1-10.  

Planothidium daui.  Withlacooche River, GA, Georgia-Florida Coastal Plain study unit, 

2002 (ANSP Phycology Section GSN94126).  11-16.  Planothidium granum.  

Withlacooche River, GA, Georgia-Florida Coastal Plain study unit, 1993 (ANSP 

Phycology Section GSL00813, ANSP G.C. 105707b).  17-20.  Planothidium granum.  

Peace River, FL, Southern Florida study unit, 1998 (ANSP Phycology Section 

GS027601, ANSP G.C. 103605a).  21-27.  Achnanthes lanceolata var. minutissima.  

Kissimee River, FL, Southern Florida study unit, 1996 (ANSP Phycology Section 

GS027001, ANSP G.C. 102893a).  28-30.  Achnanthes lanceolata var. minutissima.  

Peace River, FL, Southern Florida study unit, 1998 (ANSP Phycology Section 

GS027601, ANSP G.C. 103605a).  31-42.  Achnanthes conspicua.  Wolf Creek, OH, 

Great and Little Miami River Basin, 2001 (ANSP Phycology Section GSN82807, ANSP 

G.C. 105462a).  43-55.   Achnanthes conspicu.  Passaic River, NJ, Long Island-New 

Jersey Coastal Plain study unit, 1996 (ANSP Phycology Section GS028193, ANSP G. C. 

102808a).  56-66.  Achnanthes lemmermannii.  Loup River, NE, Central Nebraska Basins 

study unit, 1994 (ANSP Phycology Section GS012061, ANSP G.C. 103164a).  All scale 

bars: 10 µm. 
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DISCARD 

 

(insert Morales plate 1) 
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Figures 67-72.  SEM images of Planothidium daui.  Norwalk River, CT, Connecticut, 

Housatonic, and Thames River Basins study unit, 1998 (ANSP Phycology Section GSN 

93948, ANSP G.C. 106191a).  67-69.  Outer view of raphe valve showing details of the 

raphe, stria, and central and axial areas.  70-71.  Outer view of pseudoraphe valve 

showing details of  axial and central areas and striae.  Notice raised striae.  72.  Inner 

view of raphe valve.  Notice raised costae, axial area, and central nodule.  Fimbriae can 

be seen as a wavy border of the valvocopula.  All scale bars: 2 µm. 
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Discard 

 

(insert Morales plate 2) 
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Figures 73-78.  SEM images of Planothidium granum.  Norwalk River, CT, Connecticut, 

Housatonic, and Thames River Basins study unit, 1998 (ANSP Phycology Section GSN 

93948, ANSP G.C. 106191a).  73-76.  Outer view of raphe valve showing details of the 

raphe, axial and central areas and striae.  See also some details of girdle bands in Figs. 

74-76.  77.  Details of axial area, costae and striae of the pseudoraphe valve.  Notice the 

raised striae.  78.  Detail of the valve interior of the raphe valve showing raised costae, 

axial and central nodule.  Fimbriae can also be seen on the valvocopula.  All scale bars: 2 

µm. 
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Discard 

 

(insert Morales plate 3) 
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Figures 79-84.  Achnanthes conspicua.  79, 81, 84: Norwalk River, CT, Connecticut, 

Housatonic, and Thames River Basins study unit, 1998 (ANSP Phycology Section GSN 

93948, ANSP G.C. 16191a).  80, 82, 83: East River, WI, Western Lake Michigan 

Drainages study unit, 1994 (ANSP Phycology Section GSN004343, ANSP G.C. 

100108a).  79 and 80.  Outer view of the raphe valve showing details of the raphe, axial 

and central area, and striae.  Notice that distal ends of raphe are not bend and are 

positioned on the valve face.  81-83.  Outer views of the pseudoraphe valves with details 

of the axial area, striae and girdle bands.  84.  Partial inner view of raphe valve showing 

slightly raised costae and axial area.  All scale bars: 2 µm. 
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DISCARD 

 

(insert Morales plate 4) 



 

Patrick Center for Environmental Research                 59                              Academy of Natural Sciences

 

 

 

 

 

 

 

 

Figures 85-90.  SEM images of Achnanthes lanceolata var. minutissima.  Peace River, FL, 

Southern Florida study unit, 1998 (ANSP Phycology Section GS027601, ANSP G.C. 

103605a).  85-86.  Details of the outer surface of the raphe valve.  Notice structure of 

raphe with bent distal ends and the wide central area with short striae.  87-89.  Outer view 

of pseudoraphe valve showing axial area, clear central area on one side of the central 

area, striae and some features of the girdle bands.  90.  Inner view of the pseudoraphe 

valve showing depressed striae and wide space on one side of the central area.  A wavy 

portion of the pars interior can be barely noticed on the bottom right part of the valve.  

More studies are needed to determine the nature of the fimbriae in this taxon.  All scale 

bars: 2 µm. 
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(insert Morales plate 5) 
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Figures 91-95.  Achnanthes lemmermannii.  Loup River, NE, Central Nebraska Basins study 

unit, 1994 (ANSP Phycology Section GS012061, ANSP G.C. 103164a).  91-94.  Detail 

of outer surface of the raphe valve showing raphe characteristics, axial and central areas, 

and striae and girdle band features.  95 and 96.  Outer view of pseudoraphe valve 

showing details of the axial area and the striae.  All scale bars: 2 µm. 
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(insert Morales plate 6) 
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Planothidium rostratum (Østrup) Lange-Bertalot (Bacillariophyceae) and related species 

from North American streams and rivers. 

 

By Rex L. Lowe and William R. Cody 
 

Definition and background of taxonomic issues 

Due to their often similar appearance, several of the taxa with a distinct or double type of 

hoof-print on the pseudoraphe valve have often been confused and placed in varieties of 

Achnanthes (Brébisson) Grunow.  Historically, the general opinion was that the “horse-shoe” 

shaped clear area (hoof-print), as depicted in numerous drawings of Achnanthes lanceolata-like 

taxa was a unique structure (Patrick and Reimer 1966).  Recent detailed studies, however, have 

shown that the hoof-print is composed of one of at least three structures, 1. A depressed 

unilateral central region devoid of striae, 2. A tunnel-like structure called a cavum, or 3.  A 

cavum with a hood. 

Planothidium rostratum (Østrup) Lange-Bertalot, Planothidium frequentissimum (Lange-

Bertalot) Lange Bertalot and Planothidium haynaldii (Schaarschmidt) Lange-Bertalot have been 

elevated to species rank from varieties of Achnanthes lanceolata.  Since the cells often appear 

superficially similar, there has been some confusion among NAWQA analysts as to which names 

to apply for the different morphological variants encountered in analyses of samples.  

Planothidium biporomum (Hohn et Hellerman) Lange-Bertalot had not previously been studied 

in detail and its morphological features were unclear.    
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 Another taxon present in NAWQA samples is Planothidium dubium (Grunow) Round et 

Bukhtiyarova. It will be discussed briefly here to clarify the distinction of species in this group as 

a whole. 

Material 

 Six NAWQA samples from different streams and rivers of the U.S were studied under 

LM and SEM.  Locality names and identification numbers of these samples are included in the 

figure legends. 

 

Observations and literature review 

- Planothidium rostratum (Østrup) Lange-Bertalot 

Basionym: Achnanthes rostrata Østrup, 1902, Preliminary Rept. Bot., Results Can. Exped. to 

Siam (1899-1900), Vol. 25 (Botanisk Tidsskrift, Band 25, p. 253, Plate 1, Fig. 11.    

 Planothidium rostratum was first described by Östrup in 1902 as Achnanthes rostrata and 

was subsequently transferred into a variety of Achnanthes lanceolata by Hustedt (1911).  

Czarnecki (1987) then transferred this taxon to Achnanthidium rostratum (Østrup) Czarnecki.  

Round and Bukhtiyarova (1996) later transferred it to Planothidium rostatum (Østrup) Round et 

Bukhtiyarova, but misspelled the species name, invalidating the transfer.  The taxon was finally 

transferred by Lange-Bertalot and Genkal (1999) to Planothidium rostratum.   Moss and Carter 

(1982) compared Achnanthes lanceolata and A. rostrata with the aid of LM, SEM, and drawings 

and concluded that both should have the rank of species. 

 Planothidium rostratum (Figs. 1-8) is characterized by broadly protracted, rostrate ends 

and by the horseshoe-shaped cavum on one side of the central area on the pseudoraphe valve, 

which bears an internal hood (Fig. 8).  The valves are 8-16 µm in length and 3.5-5 µm in 
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breadth. Cells as short as 8.3µm still retain the slightly protracted ends (Fig. 5).    

 The distal ends of the raphe curve in the same direction towards the valve margin.  There 

are about 13 multipunctate striae in 10 µm on the valves we examined.  Krammer and Lange-

Bertalot (1991) report striae density as 10-13.5 in10 µm.  Observed with SEM, valves have striae 

composed of 3-4 rows of aerolae.  Striae are restricted to the valve face.  The pseudoraphe valve 

contains a distinct cavum with a hood that is the same width as the cavum (Fig. 8).  The rim of 

the hood creates the appearance of a double hoof print when observed with LM (Figs.1-7).        

 Planothidium rostratum overlaps in shape with P. frequentissimum but is distinguished 

by its coarser striae and more broadly protracted rostrate ends.  This taxon might also be 

confused with P. biporomum (see below), which differs by having more distinctly defined ends 

and the broadly flared hood associated with the horseshoe-shaped unilateral central area on the 

pseudoraphe valve.   Planothidium rostratum has a very similar cell outline and looks similar to 

Planothidium dubium.  However P. dubium is easily distinguished with LM because it lacks a 

hooded cavum.  It lacks the appearance of having a double hoof print. 

 

- Planothidium frequentissimum (Lange-Bertalot) Lange-Bertalot. 

Basionym: Achnanthes lanceolata v. dubia fo. minuta Grunow In Van Heurck 1880-1887.  

     Planothidium frequentissimum was first described by Grunow as a form of Achnanthes 

lanceolata var. dubia and was later transferred to A. lanceolata var. frequentissima Lange-

Bertalot.  It was elevated to species status by Lange-Bertalot (1999) from Achnanthes lanceolata 

var. dubia fo. minuta; a taxon named by Grunow.  Rumrich et al. (2000) presented light 

micrographs of Planothidium frequentissimum with. 

 Planothidium frequentissimum is variable in shape but with most individuals being 
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narrowly rostrate (Fig. 9-15).  Smaller specimens approach an elliptical shape, but retain a hint of 

a rostrate end (Fig. 15).  The valves we examined were 7-16 µm in length and 4-5 µm in breadth.  

There were 13-17 multipunctate striae in 10 µm.  Krammer and Lange-Bertalot (1991) report 

that dimensions of this taxon are: length 4-30 (40) µm, width 3.5-7 µm; and striae density: 13-20 

per 10 µm.   They depict some small cells of P. frequentissimum as having obtuse to rounded 

ends.    

 SEM reveals the striae on the raphe and pseudoraphe valves are composed of three to four 

rows of aerolae (Figs.16, 18).  The costae, cavum, and axial area are raised in the valve interior 

(Figs.17, 18).  The raphe slit has very slightly widened proximal ends on the outer surface (Fig. 

16).  The unilateral central area on the pseudoraphe valve bears an internal cavum and hood as in 

Planothidium rostratum (Fig. 17, 18).  The cavum is shaped very similarly for P. 

frequentissimum and P. rostratum (Fig. 18 and 8).   The distal ends of the raphe curve in the 

same direction (Fig. 16).   

 This species is distinguished from Planothidium rostratum by its generally finer striae and 

less rostrate, less protracted ends that sometimes become obtusely rounded (Figs. 9-15). 

 

- Planothidium biporomum 

Basionym: Achnanthes biporoma Hohn et Hellerman 1963.  Trans. Amer. Micros. Soc. 82, 

p.273, Plate 2, Figs. 5 and 6. 

 Planothidium biporomum (Hohn and Hellerman) Lange-Bertalot was originally described 

from the Savannah River and found in other softwater rivers in North America.  Hohn and 

Hellerman (1963) thought this taxon resembled several varieties of Achnanthes lanceolata, 

particularly A. lanceolata var. haynaldii.   Lange-Bertalot (1991) considered this taxon to be a 
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subspecies of Achnanthes lanceolata.  No detailed LM or SEM studies have been previously 

published for this taxon.   

 Valves of P. biporomum are lanceolate and ends rostrate, subcapitate (Figs. 19-25).    Cells 

are 13-23 µm in length and 5.5-7 µm in breadth (Figs. 19-25).  The striae are radiate throughout 

the valve and number 13-14 in 10 µm in the center of both raphe and pseudoraphe valves.  The 

original description reported length as 20.8-22.8 µm, width as 6.8-7.0 µm and striae density as 

14-16 in µm.  Measurements reported here augment the original description.  The ends of the 

valve are rostrate (Figs. 24, 25) to almost capitate (Figs. 19-22).   

 SEM reveals the striae on the raphe valves of this taxon to be composed of 3-4 rows of 

areolae that start at the valve face-mantle junction and end acutely near the axial area (Figs. 26 

and 28).  Each side of the central area contains one or two shortened striae.  Striae are restricted 

to the valve face.  The raphe slit has slightly widened proximal ends on the outer surface and are 

deviated and even slightly bent toward opposite sides on the inner surface of the valve (Figs. 26-

28). The distal ends of the raphe curve in the same direction toward the valve mantle (Fig. 26).  

In the original description (Hohn and Hellerman, 1963), the authors report the raphe to possess 

"sigmoid distal raphe pores".  However, we saw no specimens with that feature. 

 The striae of the pseudoraphe valve are composed of usually two and rarely one or three 

aerolae that start at the valve face-mantle junction and end with one or two aerolae at the axial 

area.   Externally on the pseudoraphe valve, the unilateral central area is structureless and does 

not have pores, depressions, or hoof-prints (Fig 27).           

 A very characteristic internal feature of the pseudoraphe valve of this taxon is the nature of 

the horse shoe-shaped central area that is composed of a cavum covered by a broad hood that 

flares out at the valve margin (Fig. 29).  We found this feature to be consistent in all specimens 
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that we observed from the type material.  This feature can easily be seen in the light microscope 

at the proper level of focus (Figs. 20, 23, 24).  The original authors reported the axial area as 

"distinctly lanceolate rather than linear".  We did not find this feature to be distinct in 

comparison to other species in this genus (Figs. 19-25).  The most distinctive characteristics of 

this taxon are the broadly rostrate to capitate ends and the unilateral, horseshoe-shaped central 

area with flaring hood.  VanLandingham (1967, p.10, 40) considered A. biporoma to be a 

synonym of A. lanceolata fo. capitata. The structure of the hoof prints of these two taxa places 

each in separate groups of Planothidium and they should not be considered synonymous. 

 

- Planothidium haynaldii 

 Basionym: Achnanthes haynaldii Schaarschmidt, 1881.  Klausenberg. Referat: Hedwigia 

21, p.20. 

 Planothidium haynaldii was first described by Schaarschmidt (1881) as Achnanthes 

haynaldii and was transferred to a variety of Achnanthes lanceolata by Cleve (1894) and named 

A. lanceolata var. haynaldii.  Achnanthes lanceolata var. capitata O. Müller was considered to 

be a synonym of A. lanceolata var. haynaldii by Patrick and Reimer (1966) and VanLandingham 

(1967).  The taxon was finally transferred by Lange-Bertalot and Genkal (1999) to Planothidium 

haynaldii (Schaarschmidt) Lange-Bertalot.   No detailed LM or SEM studies have been 

previously published for this taxon.   

 The type specimen or type material was not examined.  Cleve-Euler (1953) reported seven 

varieties of Achnanthes haynaldii and none of them have shapes that closely resemble the 

illustration of Achnanthes lanceolata var. haynaldii (Schaarschmidt) Cleve presented in Patrick 

and Reimer (1966).   Hustedt (1933) considered A. haynaldii var. vulgaris Schaarschmidt and A. 
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lanceolata var. haynaldii Cleve as synonyms of A. lanceolata fo. capitata O. Müller.     

 Patrick (in Patrick and Reimer, 1966, p. 271) stated that “I do not see the direct connection 

between it (A. lanceolata var. haynaldii) and the nominate variety as Hustedt (1933, p. 411) does 

and therefore elect to retain it as a variety and not a form”.   The shape of A. haynaldii var. 

vulgaris is depicted by Cleve-Euler (1953) as one with somewhat narrow, rostrate, subcapitate 

ends. However the size, shape, and striae density of A. lanceolata var. capitata in Cleve-Euler 

(1953) are very similar to those of A. lanceolata var. haynaldii as depicted by Patrick and Reimer 

(1966).  The listing by Krammer and Lange-Bertalot (1991) of A. lanceolata var. haynaldii sensu 

Patrick and Reimer (1966) have question marks in front of the synonomized names (?Achnanthes 

haynaldii, ?Achnanthes lanceolata var. capitata).  This problem warrants additional study.   

 We question the relationship of P. haynaldii and the basionym Achnanthes haynaldii.  

Range in breadth of A. haynaldii was reported as 7-14 µm by Cleve-Euler (1953) whereas the 

range in breadth of A. lanceolata var. haynaldii was reported as 4.5-5.5 µm by Patrick and 

Reimer (1966).  This wide discrepancy in width is not a normal occurrence when dealing with 

synonymous taxa.     

 Valves of P. haynaldii that we examined from NAWQA material were elliptic-lanceolate 

with wide protracted subcapitate to capitate ends (Figs. 30-37). Ends were noticeably capitate on 

valves as short as 15 µm and became more rostrate on shorter specimens (Fig. 37).  Specimens in 

NAWQA samples were 9.5-28 µm in length and 5.5-6.8 µm in breadth compared to length of 

15-28 µm and breadth of 4.4-5.5 µm reported by Patrick and Reimer (1966).  Striae on both 

valves are radiate, indistinctly quadripunctate, and number 12–14 in 10 µm. Fine punctae of 

striae are not visible with LM. 
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The filiform raphe is straight with slightly enlarged proximal ends often extending 

slightly into the central area (Fig. 39). The distal ends are unilaterally bent toward the mantle. 

The axial area of both valves is narrow, but widens slightly toward the central area (Figs. 38-39). 

The central area on the raphe valve has a broad transverse fascia bordered by two to four 

shortened coarser striae on each side.  The pseudoraphe valve’s central area is unilateral with an 

indistinct "horseshoe"-shaped area (Figs. 38-39). 

The breadth of the valve ends is 53% to 60% of the valve breadth.  The capitate feature of 

ends progressively decreases on valves shorter than 12 µm, but the valve end breadth to valve 

breadth ratio is retained.     

P. haynaldii is most similar to cells of Planothidium lanceolatum that possess rostrate 

ends.  However the rostrate ends of P. lanceolatum are never as wide and as capitate as those of 

P. haynaldii.  The unilateral central area on the pseudoraphe valve of P. haynaldii and P. 

lanceolatum always appears as a marginless thickened clear central area rather than the distinct 

outline of a double hoof print and one that lacks a hood as in P. biporoma.  P. haynaldii is most 

easily distinguished from other Planothidium species by the presence of wide capitate ends, 

coarse striae, and a marginless, unilateral clear central area. 

Raphe valves of P. haynaldii appear similar to capitate raphe valves of P. biporomum; 

both taxa, when capitate, have 12 striae in 10 µm.  However, striae of P. haynaldii appear 

slightly wider, especially near the axial area.  These striae are closer together and slightly more 

radiate than those of P. biporomum.  The pseudoraphe valves easily separate these two taxa; P. 

haynaldii possesses a unilateral, indistinct, depressed, central area whereas P. biporomum 

possesses the horseshoe shaped central area composed of a cavum with a flared hood. 
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- Planothidium dubium (Grunow) Round et Bukhtiyarova 

 Planothidium dubium was first described by Grunow (in Cleve and Grunow, 1880) as 

Achnanthes lanceolata var. dubia.  This taxon was transferred to Planothidium by Round and 

Bukhtiyarova (1996).  Krammer and Lange-Bertalot (1991) present LM photographs of the 

lectotype specimen of Achnanthes lanceolata var. dubia.  These micrographs indicate that the 

unilateral hoof print is composed of a depressed, central region that lacks the distinct outline of a 

cavum.  This single feature allows one to separate this taxon from similarly shaped taxa with 

protracted, rostrate ends and a cavum such as P. rostratum. P. frequentissimum, and P. 

biporomum. 

 

Resolution of taxonomic issues 

Names to be used for analysis of NAWQA samples 

 The following names should be used for the identification of organisms in NAWQA 

material: 

Planothidium rostratum (Østrup) Lange-Bertalot (Figs. 1-8), 

Planothidium frequentissimum (Lange-Bertalot) Lange Bertalot (Figs. 9-18), 

Planothidium biporomum (Hohn et Hellerman) Lange-Bertalot (Figs. 19-29), 

Planothidium haynaldii (Schaarschmidt) Lange-Bertalot (Figs. 30-39). 

 

Criteria for identifying taxa at the LM level 

 All of these taxa can be readily identified from LM and SEM plates presented herein.  

Any other morphological variation of cells encountered in NAWQA material should be reported 

as an unknown category when appropriate.  
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 Planothidium rostratum can be distinguished by its coarser striae and distinct, broadly, 

rostrate ends.   Valves as small as 8µm long will still display very slightly rostrate ends.  The 

pseudoraphe valve has a cavum on one side of the central area.  The cavum is best observed with 

LM. focusing on the inner valve surface.  This species lacks the broadly flared hood possessed 

by P. biporomum.   

 Planothidium frequentissimum has slightly rostrate to rounded ends on larger cells.  

Shorter cells have acute or acutely rounded apices.  The cavum with an internal hood is present 

on all sizes of cells.  It is readily apparent with careful focusing, appearing as a “double” hoof 

print. 

 Planothidium biporomum has an outline similar to that of P. rostratum, however the ends 

of P. biporomum tend to be slightly broader and more rostrate than those of P. rostratum.  The 

cavum on pseudoraphe valves of P. biporomum contains a broad flaring hood that is readily 

apparent with careful focusing using LM.   This hood appears in LM as a widened or expanded 

portion of the hood near the valve margin (Figs. 20, 23, 24).  P. biporomum has been observed 

only from waters with low total hardness.  Its occurrence with densities of greater than one 

percent should be suspect in waters with total hardness greater than 80 mg/L.   

 Planothidium haynaldii is easily recognizable by the absence of a cavum and presence of 

a widened structureless hoof print that lacks distinct margins.  This feature places it in the 

Planothidium lanceolatum group.  The rostrate ends of P. lanceolatum are never as wide and as 

capitate as those of P. haynaldii. The wide capitate ends are a distinctive feature even on valves 

as short as 12 µm long.  Individuals often occur regularly in NAWQA samples that are collected 

from cooler, clear water of the northern US and, when present, they usually co-occur with 

Planothidium lanceolatum. 
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Correction of counts in NADED NAWQA-related database records 

 Some valves of P. haynaldii were reported as P. lanceolatum (= Achnanthes lanceolata) 

in the Green River Puget Sound Drainage study unit 1996 (Phycology Section Id.: GS030301 

DT1A).  Three random recounts of slide B indicated that 36% to 40% of the valves identified 

previously as P. lanceolatum were P. haynaldii.  Some of the valves of P. haynaldii on slide B 

were as small as 9.5 µm long.  It is recommended that slide A is reexamined and that the data 

from the Puget study unit should reflect the presence of P. haynaldii in the Green River. 
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Figures 1-8.  Planothidium rostratum.  1-7.  DIC light microscopy images.  Specimens are from 

ANSP G.C. 103208b, Caloosahatchee River, 8/6/97. 8.  SEM image. 
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Figures 9-18.  Planothidium frequentissimum.   9-15.  DIC light microscopy images.  Specimens 

are from Van Heurck slide number 236.  16.  SEM image.  External view of valve with 

raphe.  17.  SEM image.  Internal view of pseudoraphe valve illustrating "hooded" 

unilateral horseshoe-shaped central area.  18.  SEM image showing "hooded" unilateral 

horseshoe-shaped central area on pseudoraphe valve.  16-18 specimens found in ANSP 

Phycology Section GSN24721, Great Salt Lake. 
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Figures 19-25.  DIC light microscopy images of Planothidium biporomum.  Specimens are from 

holotype collection material from the Savannah River below Steele Creek. 
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Figures 26-29.  Planothidium biporomum.  Specimens from holotype collection material.  26.  

SEM of exterior of raphe valve.  27.  SEM of exterior of pseudoraphe valve.  28.  SEM of 

interior of raphe valve.  29.  SEM of interior of pseudoraphe valve. 
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Figures 30-37.  Bright field light microscopy images of Planothidium haynaldii.  All bars = 

10µm. Specimens from ANSP G.C. 103858b, Green River, Washington. 
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Figure 38 and 39.  Planothidium haynaldii specimens from ANSP Phycology Section 

GSN92001. 38.  SEM of interior of pseudoraphe valve.  39.  SEM of exterior of raphe 

valve of Planothidium haynaldii. 
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Achnanthidium exiguum (Grunow) Czarnecki and related taxa (Bacillariophyceae) 

from streams in the U. S. 

 

By Diane Winter 

 

Definition and background of taxonomic issues 

As part of a continuing series of taxonomy workshops centered around solving problems 

and inconsistencies with taxa reported in NAWQA data, Achnanthidium exiguum (Grunow) 

Czarnecki and a group of related taxa were examined.  The slides and material used in this study 

came primarily from the extensive collection of NAWQA samples that have been processed and 

are currently housed in the Academy of Natural Sciences, Philadelphia, in the Patrick Center for 

Environmental Research.  Several varieties of the A. exiguum complex have been previously 

reported from NAWQA samples: the nominate variety A. exiguum, Achnanthidium exiguum var. 

heterovalvum (Krasske) Czarnecki, Achnanthidium exiguum var. constrictum (Grunow) 

Andresen, Stoermer et Kreis, Achnanthes exigua var. elliptica Hustedt and Achnanthes ziegleri 

Lange-Bertalot.  Samples reported as containing large populations of each of these species were 

re-examined with the light microscope as well as SEM.  The abundances of these species in these 

samples ranged from 585 out of a count of 600 valves for A. exiguum var. heterovalvum to a 

maximum number of 10 out of 600 valves for Achnanthes ziegleri.  This entire species complex 

is reported in NAWQA from all states of the United States, including Hawaii and Alaska.  A. 

zeigleri was reported (erroneously) only from Arizona and Idaho.   

Species in this complex, while being easily distinguished from other 

Achnanthes/Achnanthidium taxa, are small and often very finely striated, leading to difficulty in 
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assigning species and variety names. In addition to the difficulty discerning between species and 

varieties in this complex is the further complexity that the descriptions of two or more species or 

varieties often overlap slightly or wholly.  As an example, the definition and distinction of the 

variety A. exigua var. elliptica seems to be based entirely on the elliptical valve outline.  

Elliptical valves are not uncommon in large populations of the nominate variety and it is often 

difficult to differenciate between the nominate variety and var. elliptica.  The two most 

commonly interchanged species/varieties are A. exiguum and A. exiguum var. heterovalvum.  

This problem will be discussed in greater detail in the following sections. 

 The following species and varieties are treated here; 

Achnanthidium exiguum (Grunow) Czarnecki 

Achnanthidium exiguum var. constrictum (Grunow) Andresen, Stoermer et Kreis 

Achnanthidium exiguum var. heterovalvum (Krasske) Czarnecki 

Achnanthes exigua var. elliptica Hustedt 

Achnanthes ziegleri Lange-Bertalot 

 

Material 

 Eight NAWQA samples and an additional sample from the Phycology Section Idaho 

project were analyzed under both LM and SEM.  The locality names and the sample 

identification numbers are presented in the figure legends.  Measurements of at least 10 

individual valves were done at 1000X to estimate ranges of variation in valve dimensions. 

 

Observations and literature 

There is some confusion regarding the basionym to be used for the nominate variety (i.e., 

A. exiguum var. exiguum).  In 1844, Kützing described Stauroneis exilis.  Then, in 1880, Grunow 
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transferred this species to Achnanthes, but changed its name to Achnanthes exigua because there 

was a pre-existing Achnanthes exilis described by Kützing in 1833.  Several other names have 

been assigned to this species at various times: Stauroneis exilis Kützing, Stauroneis quadrata 

Héribaud, Stauroneis tylophora Reichelt, Microneis exigua Cleve, Cocconeis exigua Torka, and 

Achnanthes exigua Grunow.  The variety A. exiguum var. constrictum was first described by 

Grunow (1870), A. exiguum var. heterovalvum by Krasske (1923) and A. exigua var. elliptica by 

Hustedt (1938).  Achnanthes ziegleri was described much later by Krammer and Lange-Bertalot 

(1991). 

Following are descriptions of the species from various references.  I have translated those  

originally given in German, indicating this when applicable. 

 

- Achnanthidium exiguum (Grunow) Czarnecki (Figs. 1-20, 23-54, 104, 105, 108-116) 

Kützing , 1844 (original description, translated from German) 

Stauroneis exilis.  S. minutissima, elliptical-lanceolate, briefly rostellate.  Length 1/200. 

 

Grunow in Cleve and Grunow, 1880 (translated from German) 

(Stauroneis exilis, Kützing) Very small, valve outline broadly lanceolate, with rostrate extended 

ends.  Striae 22-25 in 10µm.  Tacarigua Sea.   

 

Patrick and Reimer, 1966 

"Valve broadly linear or linear-elliptical with nearly quadratic valve body and distinctly 

offset, protracted rostrate ends.  Raphe valve with narrow axial area, flaring abruptly into the 

central area.  Central area extending to the valve margins as a flattened rectangle or slightly 

expanding toward the valve margins, stauroid.  Raphe filiform; proximal raphe ends broader than 
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the raphe branch, not extending beyond the striae bordering the central area; distal ends subtly 

curved in opposite directions.  Striae radiate except at the ends where they may be either slightly 

radiate or parallel.  Pseudoraphe valve with narrow, linear or somewhat linear-lanceolate 

pseudoraphe.  Central area either lacking or a small flattened rectangle caused by occasional 

shortening of one or two striae at the center; striae slightly radiate, at the ends either slightly 

radiate or parallel.  Striae 24-25 in 10 µm (RV); 20-22 in 10 µm (PRV).  Length, 7-17 µm.  

Breadth, 4.5-6 µm. 

Distinguished from similar-shaped species of Achnanthes by the sharply defined quadrangular 

valve body and the stauros-like central area on the raphe valve; from its varieties by the shape or 

the striae number as given.   

Type locality – In fresh water on the island of Trinidad.   

US Distribution – Geographical: New England States, Middle Atlantic States, Southeastern 

States, Gulf Coast States, South Central States, East Central States, West Central States, Lake 

States, Plains States; Colorado, California.  Ecology:  A rather widespread lake form, but also to 

be found in rivers and streams.  Occurs frequently in aquarium tanks.  Alkaliphil, eurythermal, 

euryphotic." 

 

Krammer and Lange-Bertalot, 1989 (translated from German) 

Valve outline and size are extremely variable.  Most valves are elliptical, broadly 

elliptical to linear-elliptical or linear, rarely concave in the middle, with quite abruptly rostrate 

extended endings, rarely approximately elliptical to rhomboid-elliptical without or nearly 

without extended endings, 5-17(20) µm long, 4-8(10) µm wide.  Raphe valve: thread-like raphe 

straight at proximal end, the distal end of the raphe bent slightly in opposite directions (often in 
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visible LM, but certainly in SEM).  Axial area narrowly linear to narrowly lanceolate, central 

area more or less narrow, extending to the edge, sometimes one sided with the opposite side only 

partially pronounced.  Striae faint with slight radial pattern, 24- to more than 30 in µm.  

Pseudoraphe valve with small linear or narrow lanceolate axial area, central area lacking or 

variable,one sided to two sided,mostly narrower and of shorter length than on the raphe valve.  

Striae density lower than on the raphe valve, 20-24 in m.  In SEM, the stauroid central nodule on 

the inside of the raphe valve is only slightly visible.  The central area on the pseudoraphe valve is 

not stauroid.  Areolae mostly in single, sometimes in double rows. 

This taxon has been observed widely observed within the United States.  There are 

records in the ANSP diatom database documenting its occurrence in: Alabama, Arkansas, 

Arizona, California, Connecticut, Colorado, Delaware, Florida, Georgia, Hawaii, Iowa, Idaho, 

Illinois, Indiana, Kansas, Kentucky, Louisiana, Massachusetts, Maryland, Maine, Michigan, 

Minnesota, Mississippi, Missouri, Montana, North Carolina, North Dakota, Nebraska, New 

Hampshire, New Jersey, New Mexico, Nevada, New York, Ohio, Okalahoma, Pennsylvania, 

Rhode Island, South Carolina, South Dakota, Tennessee, Texas, Utah, Virginia, Vermont, 

Washington, Wisconsin, West Virginia, Wyoming. 

Figures 3-20, 23-54, 104, 105, 108-116 illustrate the morphology of A. exiguum as 

observed in NAWQA samples.  As can been seen in these figures, there is enormous variability 

within populations of this species.  All specimens fit within the striae count and length/width 

requirements for A. exiguum, yet the length to width ratio varies between specimens, as does the 

general shape of valve apices.  The population observed in sample GSN60597 also contains 

specimens that have asymmetrically bent apices.  Curiously, this bending is opposite to the 
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curvature of the distal ends of the raphe.  The significance of this feature is not known; it does 

not appear to have been previously reported in the literature. 

 

- Achnanthidium exiguum var. heterovalvum (Krasske) Czarnecki (Figs. 21, 22) 

Krasske, 1923  (original description, translated from German) 

Ends capitate, the parallel sides more or less withdrawn.  Raphe and pseudoraphe-valve 

differ strongly in their structure.  Pseudoraphe valve is bigger and has fewer striae (22 in 10µm) 

than the pseudoraphe valve (34 in 10µm).  Observed on the wall of a school aquarium, 

Burgerschule 5, in Massen, in fact for a series of years in spite of frequent cleaning of the glass. 

 

Patrick and Reimer, 1966 

"Raphe valve with finer striae than nominate variety; valve sides may or may not be 

slightly constricted at the center.  Other features as described for variety exigua.  Striae 30 in 

10µm, becoming about 34 in 10µm near the ends (RV); 22 in 10µm (PRV).  Length, 10-15µm, 

Breadth, 5-6µm.   

Type locality – Germany, Hesse, Kassel; the wall of a school aquarium, the Bürgerschule 5.   

US Distribution – Geographical: New England States, Middle Atlantic States, Gulf Coast States, 

East Central States, West Central States, Plains States, Montana, Utah, Arizona, Oregon, 

California.  Ecological: As the nominate variety." 

North American Diatom Ecological (NADED) NAWQA-related records shown that this 

variety has been observed in the following states: Alaska, Alabama, Arkansas, California, 

Connecticut, Florida, Georgia, Idaho, Indiana, Kansas, Louisiana, Massachusetts, Maryland, 

Maine, Michigan, Minnesota, Mississippi, Missouri, Montana, North Carolina, North Dakota, 
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Nebraska, New Hampshire, New Jersey, Nevada, New York, Ohio, Okalahoma, Oregon, 

Pennsylvania, Rhode Island, South Carolina, South Dakota, Texas, Utah, Virginia, Vermont, 

Washington, Wisconsin, West Virginia, and Wyoming. 

A. exiguum is a species most diatomists generally have little trouble identifying.  

However, the varieties constrictum and elliptica are often difficult to separate.  Part of this 

difficulty lies on the fact that there is an overlap in the valve dimensions of these three taxa (see 

Table 2 below).  In fact and as discussed during the workshop, there is a tendency among 

NAWQA analysts to use either A. exiguum or A. exiguum var. heterovalvum. 

The variety heterovalvum has been reported from many NAWQA counts, but the 

frequency with which it is reported is highly correlated with individual counters.  This probably 

reflects more a difference in opinion among analysts than a real distinction from the nominate 

variety.  In an effort to determine whether the variety heterovalvum does indeed exist in 

NAWQA samples, four samples from the ANSP Phycology section collection containing high 

abundances of this variety were re-examined; GS027231, GS027251, GSN60597 and 

GSN94126.  Table 1 gives the values for specimens reported as A. exiguum var. heterovalvum in 

the original count from sample GSN60597.  The average length of specimens in this sample 

ranged between 9-17 µm and the striae density between 26-30 striae in 10 µm.  The 

measurements do not entirely correspond to the original species description for A. exiguum var. 

heterovalvum, as none of the specimens surpassed a striae density of more than 30 per 10 µm on 

the raphe valve. 

The confusion between the nominate variety and the variety heterovalvum may have had 

its origin in the fact that the only line drawing presented by Krasske (Lange-Bertalot et al., 1996) 

to support the protologue of heterovalvum depicted a single specimen with slightly concave 
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sides, when in reality the type population of this same variety shows a wide range of outlines 

from slightly constricted to parallel valve margins as shown in photographs presented by Lange-

Bertalot et al. (1996; also see Figs. 21, 22 in this work). 

 

Table 1.  Valve length and striae density in a population counted as  “A. exiguum var. 

heterovalvum” from Southern California, NAWQA Sample GSN60597. 

 

Length 
(µm) 

Striae 
/10µm # 

9 26 2 

10 26 2 

10 28 2 

10 30 2 

11 28 1 

12 28 3 

13 28 1 

14 28 1 

14 30 1 

15 30 1 

17 30 1 

 

 

- Achnanthidium exiguum var. constrictum (Grunow) Andresen, Stoermer et Kreis (Figs. 

66-91) 

The original description was not located.   

 

Patrick and Reimer, 1966 

"Valve with constriction at the center.  Other features as described for the nominate 

variety except for a tendency of the striae on the raphe valve to become slightly more numerous 
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than in variety exigua.  Striae 25-27 in 10µm (raphe valve), 22 in 10µm (pseudoraphe valve), 

Length 7-17µm, breadth 4.5-6µm.   

Further studies may prove that this taxon varies enough to be a transition bridging the 

nominate variety and the variety heterovalvum. 

Type locality – Im Wahiria-See auf Taïti.   

US Distribution – Geographical – Pennsylvania, Florida.  Ecological – Insufficiently 

known, often found on aquarium walls, etc." 

This taxon was observed in the following states as shown un NADED NAWQA-related 

data: Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Minneapolis, Missouri, 

Mississippi, North Carolina, Tennessee, Virginia, and Wisconsin.  

The NAWQA samples that have been reported to contain A. exiguum var. constrictum 

often contain a large number of individuals of this taxon, which are mixed with representatives 

of the nominate variety.  Figures 66-91 illustrate examples of the variety constrictum from one 

sample.  As can be seen in the depicted size series, the feature of the concave sides at the middle 

of the valve seems to be retained even in smaller specimens, but varies from markedly 

constricted in larger specimens to barely constricted in small representatives.  This supports the 

idea that the extent of central constriction is variable within a population. 

 

- Achnanthes exigua var. elliptica Hustedt (Figs. 55-65) 

Hustedt, 1938  (translated from German) 

The valve outline is nearly completely elliptical and the ends are scarcely rostrate.  Valve 

outline varies greatly with this variety.   
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Not rare in the hot springs of Wai Panas and in the upper reaches of the Musi in South Sumatra 

as well as in swampy areas of the Manindjausees in middle Sumatra. 

 

The following is an excerpt from the discussion of A. exigua in Krammer and Lange-

Bertalot, 1991. (translated from German) 

Cholnoky (1970) made this taxon into a synonym of the nominate variety.  Archibald 

also found argument for this.  If the only criterion for this variety is the elliptical outline, we 

would agree with them unconditionally.  Nevertheless, elliptical specimens, similar to the type 

material Hustedt presented, together with specimens like Fig. 45: 24-31 built a group which 

should perhaps be separated as a special variety from the nominate variety. (Note: the Fig. 45: 

24-31 are the same as those illustrated with Fig. 56 in the second plate of this report.) 

This variety is shown to occur in the following states in NAWQA-related records in the 

NADED database: Colorado, Florida, Georgia, Idaho, Illinois, Indiana, Louisiana, 

Massachusetts, Maine, Michigan, Minnesota, North Carolina, Nebraska, New Hampshire, New 

York, Ohio, Pennsylvania, Rhode Island, South Carolina, Texas, Virginia, Washington, 

Wisconsin, and Wyoming. 

A. exigua var. elliptica is a rare morphological variant.  The description and discussions 

in the literature are vague, but published illustrations serve well for identification of this taxon 

(Hustedt, 1938; Krammer and Lange-Bertalot, 1991).  Simonsen (1987) chose a lectotype for this 

variety because no individual specimen was marked as the holotype on the original slide.  The 

illustrations provided by Simonsen (1987) are from specimens on the type slide, which were 

noted as being common in the preparation.  The smaller valves observed in populations of A. 
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exiguum in NAWQA material fit the requirement of an elliptical valve outline for placement in 

this variety (see Figs. 57-65, 106, 107).   

The population found in sample GSN60597 contains specimens with shortened apices, 

which are not as rostrate as the nominate or other varieties.  The name A. exigua var. elliptica 

seems to be the most appropriate for these specimens. 

 

- Achnanthes ziegleri Lange-Bertalot (Figs. 92, 101, 102) 

Krammer and Lange-Bertalot, 1991 (original description, translated from German) 

Frustule wide, elliptical to linear-elliptical with considerably abrupt wide extended 

rostrate and then wide round ends, 8-14 µm long, 6-8 µm wide.  Raphe-valve with thread-like 

raphe, proceeds in a straight manner to the terminal pores.  Axial area is narrowly linear.  The 

central area creates a narrow to very narrow cross band, because of the wider spacing of the two 

central striae.  This cross band reaches both edges of the valve.  Proximal striae roughly parallel, 

distally faintly radial, 20-22 in 10µm.  Pseudoraphe-valve with narrow to very wide lanceolate 

expanded axial area; also can have a narrow central area here, sometimes only single-sided in the 

same manner as it is developed on the raphe valve.  The raphe is always very straight, which is 

clearly visible in the SEM, but not always in the LM. 

Distribution is not accurately known, probably resulting from confusion with A. exigua.  

It is found rarely to abundantly in calcareous regions with oligo- to mesotrophic waters of middle 

to high electrolyte content. 

This group extends into the very variety-rich group of A. exigua, the distinguishing 

feature being the straight distal ends of the raphe branch.  In Lange-Bertalot and Krammer 

(1989) it was suspected that Foged's A. daui is the same as this species – see there.  After 



 

Patrick Center for Environmental Research                 99                              Academy of Natural Sciences

studying the type material we realized that this is not the case. The problematic case with Foged's 

taxa shows again how difficult the identification of complexes based only on numerical 

diagnostic facts and drawings can be.  Photographs and repeated checking of the type material 

would make this type of speculation unnecessary. 

This species has been reported from Arizona and Idaho as shown in NADED NAWQA-

related records.  Study of these populations led to the conclusion that the assignment of the name 

A. ziegleri was incorrect and that this taxon is not present in NAWQA material. 

The species A. ziegleri was reported in only one NAWQA sample from Arizona.  It has 

also been reported during counts of samples from other ANSP projects (i.e., one Idaho sample 

and three Montana samples).  Closer examination of specimens on these samples leads to the 

conclusion that the name A. exiguum better applies to them.  The description of A. ziegleri states 

that the distal raphe ends have to be straight, but the specimens present in the samples cited 

above all have bent distal raphe ends.  The valve outline is very similar in both taxa as illustrated 

by Krammer and Lange-Bertalot (1989) and this may have been the reason for the confusion in 

reports of both taxa in the samples listed above. 

Figures 93-100 illustrate examples of specimens from the Arizona NAWQA sample 

GSL00801.  Although specimens illustrated in these figures have a valve outline similar to that 

of A. zielgeri, the central area on the pseudoraphe valve is not broadly lanceolate as indicated in 

the type images or description of this taxon.  Rather, the features of these specimens are more 

congruent with those of A. exiguum.  Additionally, the striae density is too fine (22-26 in10 µm) 

to allow placement of this population in A. ziegleri (20-22 in10 µm). 
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Resolution of taxonomic issues 

Names to be used for analysis of NAWQA samples 

The names to be used in subsequent NAWQA counts are as follows: 

Achnanthidium exiguum (Grunow) Czarnecki (Figs. 1-20, 23-54, 104, 105, 108-116) 

Achnanthidium exiguum var. constrictum (Grunow) Andresen, Stoermer et Kreis (Figs. 66-

91) 

Achnanthes exigua var. elliptica Hustedt (Figs. 55-65) 

Achnanthes ziegleri Lange-Bertalot (Figs. 92, 101, 102) 

 

Criteria for identifying taxa at the LM level 

It is recommended that the name A. exiguum is used in place of all previous reports of A. 

exiguum var. heterovalvum (or A. exigua var. heterovalva).  NAWQA analysts must be careful in 

the application of the name A. exiguum var. heterovalvum.  Future identification of this later 

taxon should be based on the striae density on the pseudoraphe valve (Table 2).  It is also 

recommended that the varieties A. exigua var. elliptica and A. exiguum var. constrictum be 

retained because they are sufficiently different from the nominate variety.  Some samples might 

contain representatives of these two taxa mixed with specimens of the nominate variety.  Also in 

cases such as the latter, the varieties should continue to be recognized to guarantee the detection 

of differences in the ecological distribution of these taxa. 

NAWQA taxonomists can use the plates presented herein for identification purposes.  

Table 2 below lists the general descriptive measurements and characteristics of each taxon.  This 

Table includes measurements for A. exiguum var. heterovalvum, which was not found in the 
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samples analyzed for this report (see below).  Therefore, the use of this name should be 

discontinued and all previous reports of this taxon should be changed to A. exiguum.  

 

Table 2.  Valve size and striae density of five Achnanthes/Achnanthidium taxa as reported by 

their original authors (see species descriptions).  R.V. = Raphe Valve; P.R.V. = Pseudo Raphe 

Valve.   

 

 

Correction of counts in NADED NAWQA-related databases 

 Reports of Achnanthes exigua var. heterovalva (NADED ID 2008) and Achnanthidium 

exiguum var. heterovalvum (NADED ID 1026) should be changed to Achnanthidium exiguum 

(NADED ID 1024).  Reports of Achnanthes ziegleri (NADED ID 2165) from GSL00801, should 

be changed to Achnanthidium exiguum (NADED ID 1024). 

 Appendix 1 contains a list of samples for which counts need to be corrected. 

Striae/10µm Taxon Length (µm) Width (µm) 

R valve PR-valve 

Distinguishing Characteristics 

Achnanthidium exiguum 

(Grunow) Czarnecki 

5-17 (20) 4-8 (10) 24->30 20-24 General "exiguum" characteristics, see 

description 

A. exiguum var. 

heterovalvum (Krasske) 

Czarnecki 

10-15 5-6 >30 22 Finer striation on the raphe valve, as compared 

to other varieties 

A. exiguum var. constrictum 

(Grunow) Andresen, 

Stoermer  et Kreis 

7-17 4.5-6 25-27 22 Constricted central portion of the valve 

Achnanthes exigua var. 

elliptica Hustedt 

see A. exiguum see A. exiguum see A. exiguum see A. exiguum Overall elliptical shape, lack of rostrate ends 

Achnanthes ziegleri Lange-

Bertalot 

8-14 6-8 20-22  Straight distal ends of raphe, lanceolate central 

area on PR-valve and wide ends, striae do not 

fine towards the ends as seen in exiguum, R-

valve striae pattern of parallel in center and 

radial at ends - opposite to that of exiguum 
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Figures 1-54:  1-20.  Achnanthidium exiguum.  (1. Figures 1-15 from Krammer and Lange-

Bertalot (1991) of Achnanthes exigua.  2.  Figures a-g from Hustedt (1959) of A. exigua 

(a-x), A. exigua var. constricta (g).  3-20.  Achnanthidium exiguum.  Withlacoochee 

River, GA, Georgia-Florida Coastal Plain study unit, 1996 (ANSP Phycology Section 

GSL00894, ANSP G.C. 105774a)).  21. Figures a, b from Krasske (1923) of Achnanthes 

exigua var. heterovalva.  22. Figures 1-3 from Krasske (1923) of A. exigua var. 

heterovalva.  23-54.  A. exiguum.  (23.  Meadow Creek, IH, 2003-04 Idaho Periphyton, 

2001 (ANSP Phycology Section IH040200).  24-31.  Santa Cruz River, AZ, Central 

Arizona Basins study unit, 1996 (ANSP Phycology Section GSL00801, ANSP G.C. 

110238A).  32-49.  Warm Creek, NE, Santa Ana Basin study unit, 2000 (ANSP 

Phycology Section GSN60597, ANSP G.C. 105354a).  50, 51.  Withlacoochee River, 

GA, Georgia-Florida Coastal Plain study unit, 2002 (ANSP Phycology Section 

GSN94126, ANSP G.C. 106133a).  52-54.  Peace River, FL, Southern Florida study unit, 

1997 (ANSP Phycology Section GS027231, ANSP G.C. 103225a)). 
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DISCARD 

 

(insert Winter plate 1) 
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Figures 55-91:  55-65.  Achnanthes exigua var. elliptica (55.  A. exigua var. elliptica from 

Simonsen (1987).  56.  A. exigua var. elliptica from Krammer and Lange-Bertalot (1989).  

57-59.  Peace River, FL, Southern Florida study unit, 1997 (ANSP Phycology Section 

GS027231, ANSP G.C. 103225a).  60-62.  Peace River, FL, Southern Florida study unit, 

1997 (ANSP Phycology Section GS027251, ANSP G.C. 103237a).  63-65. Warm Creek, 

NE, Santa Ana Basin study unit, 2000 (ANSP Phycology Section GSN60597, ANSP 

G.C. 105354a)).  66. Achnanthes exigua var. constricta from Simonsen (1987).  67-91.  

Achnanthidium exiguum var. constrictum.  Loop Road Wetlands, Everglades, FL, South 

Florida study unit, 1996 (ANSP Phycology Section Sample GS027063, ANSP G.C. 

102902a) 
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DISCARD 

 

(insert Winter plate 2) 

 

 

 



 

Patrick Center for Environmental Research                 108                              Academy of Natural Sciences

 

 

 

 

 

 

 

 

 

Figures 92-103:  92.  Achnanthes ziegleri from Krammer and Lange-Bertalot (1991).  93-100.  

A. exiguum Santa Cruz River, AZ, Central Arizona Basins study unit, 1996 (ANSP 

Phycology Section GSL00801, ANSP G.C. 110238A).  101. A. ziegleri from Lange-

Bertalot and Krammer (1989)  102. Illustrations of A. exiguum and A. ziegleri from 

Lange-Bertalot and Krammer (1989), (Figs. 1, 2. A. exiguum; Figs. 3-6. A. ziegleri).  103.  

A. exiguum from Krammer and Lange-Bertalot (1991).   
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DISCARD 

 

(insert Winter plate 3) 
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Figures 104-116: 104, 105, 108-116.  Achnanthidium exiguum (104, 105, 111, 113, 116.  Edisto 

River, SC, Santee Basin and Coastal Drainages study unit, 2002 (ANSP Phycology 

Section GSN97423, ANSP G.C. 105985a).  108-110, 112, 114, 115.  Warm Creek, NE, 

Santa Ana Basin study unit, 2000 (ANSP Phycology Section GSN60597, ANSP G.C. 

105354a)).  106, 107.  Achnanthes exigua var. elliptica Warm Creek, NE, Santa Ana 

Basin study unit, 2000 (ANSP Phycology Section GSN60597, ANSP G.C. 105354a). 
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(insert Winter plate 4) 
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Appendix 1.  NAWQA samples that require changes: 

- Achnanthes exigua var. heterovalva (Krasske) Czarnecki to Achnanthidium exiguum (Grunow) 

Czarnecki:  

 

SampleID 
SubSample 

ID 
Slide 

ReplicateID 
Count 

ReplicateID 
Taxon 

ID 
Number 
Counted 

GS000273 DT1 a 1 2008 3 
GS000331 DT1 a 1 2008 2 
GS000471 DT1 a 1 2008 2 
GS000501 DT1 a 1 2008 1 
GS000523 DT1 a 1 2008 1 
GS000571 DT1 a 1 2008 1 
GS000611 DT1 a 1 2008 1 
GS001051 DT1 a 1 2008 4 
GS001061 DT1 a 1 2008 2 
GS001071 DT1 a 1 2008 2 
GS001341 DT1 a 1 2008 2 
GS002011 DT1 a 1 2008 1 
GS002013 DT1 a 1 2008 1 
GS002103 DT1 a 1 2008 1 
GS002231 DT1 a 1 2008 2 
GS002243 DT1 a 1 2008 10 
GS002251 DT1 a 1 2008 17 
GS002253 DT1 a 1 2008 4 
GS002263 DT1 a 1 2008 1 
GS002273 DT1 a 1 2008 2 
GS002311 DT1 a 1 2008 2 
GS002313 DT1 a 1 2008 2 
GS002323 DT1 a 1 2008 2 
GS002353 DT1 a 1 2008 1 
GS002363 DT1 a 1 2008 2 
GS002391 DT1 a 1 2008 1 
GS002403 DT1 a 1 2008 1 
GS002511 DT1 a 1 2008 3 
GS002531 DT1 a 1 2008 1 
GS002533 DT1 a 1 2008 2 
GS002583 DT1 a 1 2008 1 
GS002613 DT1 a 1 2008 4 
GS003131 DT1 a 1 2008 2 
GS003151 DT1 a 1 2008 4 
GS003163 DT1 a 1 2008 1 
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GS003393 DT1 a 1 2008 1 
GS004054 DT1 a 1 2008 1 
GS004123 DT1 a 1 2008 1 
GS004273 DT1 a 1 2008 1 
GS004313 DT1 a 1 2008 1 
GS004421 DT1 a 1 2008 2 
GS004594 DT1 a 1 2008 4 
GS006720 DT1 a 1 2008 1 
GS006920 DT1 a 1 2008 2 
GS009553 DT1 a 1 2008 1 
GS009573 DT1 a 1 2008 1 
GS011551 DT1 a 1 2008 2 
GS011683 DT1 a 1 2008 2 
GS013011 DT1 a 1 2008 3 
GS013041 DT1 a 1 2008 2 
GS013043 DT1 a 1 2008 8 
GS013071 DT1 a 1 2008 2 
GS013101 DT1 a 1 2008 2 
GS013141 DT1 a 1 2008 3 
GS013143 DT1 a 1 2008 2 
GS013351 DT1 a 1 2008 1 
GS013353 DT1 a 1 2008 2 
GS016101 DT1 a 1 2008 2 
GS016251 DT1 a 1 2008 1 
GS016441 DT1 a 1 2008 2 
GS017191 DT1 a 1 2008 2 
GS017443 DT1 a 1 2008 1 
GS018733 DT1 a 1 2008 1 
GS019001 DT1 a 1 2008 2 
GS019021 DT1 a 1 2008 2 
GS019111 DT1 a 1 2008 2 
GS019533 DT1 a 1 2008 1 
GS020061 DT1 a 1 2008 2 
GS020093 DT1 a 1 2008 4 
GS020111 DT1 a 1 2008 2 
GS020133 DT1 a 1 2008 2 
GS020263 DT1 a 1 2008 4 
GS020273 DT1 a 1 2008 8 
GS020283 DT1 a 1 2008 1 
GS021563 DT1 a 1 2008 1 
GS021611 DT1 a 1 2008 2 
GS023001 DT1 a 1 2008 35 
GS023003 DT1 a 1 2008 35 
GS023021 DT1 a 1 2008 4 
GS023023 DT1 a 1 2008 15 
GS023023 DT1 a 2 2008 16 
GS023043 DT1 a 1 2008 6 
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GS023053 DT1 a 1 2008 2 
GS023061 DT1 a 1 2008 2 
GS023063 DT1 a 1 2008 6 
GS023073 DT1 a 1 2008 8 
GS023131 DT1 a 1 2008 14 
GS023141 DT1 a 1 2008 1 
GS023143 DT1 a 1 2008 2 
GS023161 DT1 a 1 2008 2 
GS023163 DT1 a 1 2008 1 
GS023201 DT1 a 1 2008 14 
GS023221 DT1 a 1 2008 6 
GS023253 DT1 a 1 2008 2 
GS023253 DT1 a 2 2008 2 
GS023261 DT1 a 1 2008 1 
GS023263 DT1 a 1 2008 9 
GS023281 DT1 a 1 2008 107 
GS023283 DT1 a 1 2008 3 
GS023303 DT1 a 1 2008 2 
GS023351 DT1 a 1 2008 2 
GS023353 DT1 a 1 2008 5 
GS024013 DT1 a 1 2008 2 
GS024021 DT1 a 1 2008 4 
GS024023 DT1 a 1 2008 2 
GS024041 DT1 a 1 2008 2 
GS024061 DT1 a 1 2008 6 
GS024061 DT1 a 2 2008 6 
GS024101 DT1 a 1 2008 39 
GS024111 DT1 a 1 2008 50 
GS024121 DT1 a 1 2008 141 
GS024123 DT1 a 1 2008 20 
GS024131 DT1 a 1 2008 4 
GS024151 DT1 a 1 2008 1 
GS024153 DT1 a 1 2008 3 
GS024161 DT1 a 1 2008 5 
GS024171 DT1 a 1 2008 2 
GS024173 DT1 a 1 2008 2 
GS024215 DT1 a 2 2008 3 
GS024221 DT1 a 1 2008 51 
GS024223 DT1 a 1 2008 50 
GS024231 DT1 a 1 2008 28 
GS024233 DT1 a 1 2008 2 
GS024273 DT1 a 1 2008 6 
GS024281 DT1 a 1 2008 76 
GS024283 DT1 a 1 2008 38 
GS026161 DT1 a 2 2008 6 
GS026173 DT1 a 1 2008 3 
GS026251 DT1 a 1 2008 5 
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GS026251 DT1 a 2 2008 19 
GS026251 DT1 a 3 2008 6 
GS026253 DT1 a 1 2008 3 
GS026291 DT1 a 1 2008 4 
GS026293 DT1 a 1 2008 16 
GS026321 DT1 a 1 2008 2 
GS026323 DT1 a 1 2008 18 
GS027121 DT1 a 1 2008 47 
GS027123 DT1 a 1 2008 2 
GS027133 DT1 a 1 2008 297 
GS027133 DT1 a 2 2008 340 
GS027143 DT1 a 1 2008 4 
GS027173 DT1 a 1 2008 13 
GS027183 DT1 a 1 2008 58 
GS027191 DT1 a 1 2008 320 
GS027191 DT1 a 2 2008 304 
GS027193 DT1 a 1 2008 4 
GS027201 DT1 a 1 2008 15 
GS027203 DT1 a 1 2008 20 
GS027211 DT1 a 1 2008 11 
GS027213 DT1 a 1 2008 9 
GS027221 DT1 a 1 2008 7 
GS027223 DT1 a 1 2008 13 
GS027231 DT1 a 1 2008 17 
GS027233 DT1 a 1 2008 50 
GS027241 DT1 a 1 2008 35 
GS027243 DT1 a 1 2008 10 
GS027243 DT1 a 2 2008 25 
GS027251 DT1 a 1 2008 53 
GS027253 DT1 a 1 2008 28 
GS027263 DT1 a 1 2008 1 
GS027273 DT1 a 1 2008 1 
GS027293 DT1 a 1 2008 1 
GS027303 DT1 a 1 2008 8 
GS027304 DT1 a 1 2008 41 
GS027313 DT1 a 1 2008 7 
GS027323 DT1 a 1 2008 3 
GS027343 DT1 a 1 2008 12 
GS027383 DT1 a 1 2008 46 
GS027384 DT1 a 1 2008 84 
GS027611 DT1 a 1 2008 20 
GS028431 DT1 b 1 2008 1 
GS028493 DT1 a 1 2008 2 
GS028501 DT1 a 1 2008 1 
GS028503 DT1 a 1 2008 1 
GS028623 DT1 a 1 2008 3 
GS028753 DT1 a 1 2008 3 
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GS028763 DT1 a 1 2008 3 
GS028783 DT1 a 1 2008 4 
GS029061 DT1 a 2 2008 7 
GS029171 DT1 a 1 2008 1 
GS029171 DT1 a 2 2008 2 
GS029253 DT1 a 1 2008 24 
GS029254 DT1 a 1 2008 11 
GS029293 DT1 a 1 2008 4 
GS029541 DT1 a 1 2008 2 
GS029551 DT1 a 1 2008 5 
GS029583 DT1 a 1 2008 3 
GS030271 DT1 a 1 2008 2 
GS100718 DT1 a 1 2008 2 
GS100722 DT1 a 1 2008 3 
GS100765 DT1 a 1 2008 1 
GS100775 DT1 a 1 2008 1 
GS100857 DT1 a 1 2008 7 
GS100859 DT1 a 1 2008 5 
GS100866 DT1 a 1 2008 1 
GS100882 DT1 a 1 2008 4 
GS100884 DT1 a 1 2008 2 
GS100901 DT1 a 1 2008 1 
GSN00428 DT1 a 1 2008 7 
GSN00457 DT1 a 1 2008 4 
GSN00487 DT1 a 1 2008 4 
GSN00506 DT1 a 1 2008 4 
GSN00679 DT1 a 1 2008 2 
GSN00681 DT1 a 1 2008 12 
GSN00695 DT1 a 1 2008 2 
GSN00716 DT1 a 1 2008 2 
GSN00718 DT1 a 1 2008 2 
GSN00842 DT1 a 2 2008 1 
GSN00850 DT1 a 1 2008 1 
GSN00858 DT1 a 1 2008 2 
GSN00883 DT1 a 1 2008 43 
gsn00887 DT1 a 1 2008 8 

GSN00968 DT1 a 1 2008 5 
GSN01088 DT1 a 1 2008 1 
GSN01166 DT1 a 1 2008 2 
GSN01268 DT1 a 1 2008 3 
GSN01391 dt2 a 1 2008 1 
GSN17028 DT1 a 1 2008 42 
GSN17043 DT1 a 1 2008 2 
GSN17055 DT1 a 1 2008 2 
GSN17059 DT1 a 1 2008 2 
GSN17090 DT1 a 1 2008 10 
GSN17133 DT1 a 1 2008 2 
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GSN17137 DT1 a 1 2008 2 
GSN17430 DT1 a 1 2008 2 
GSN17439 DT1 a 1 2008 2 
GSN17478 DT1 a 1 2008 2 
GSN17519 DT1 a 1 2008 2 
GSN17521 DT1 a 1 2008 4 
GSN17581 DT1 a 1 2008 9 
GSN21170 DT1 a 1 2008 2 
GSN23024 DT1 a 1 2008 8 
GSN23028 DT1 a 1 2008 3 
GSN23399 DT1 a 1 2008 7 
GSN23403 DT1 a 1 2008 10 
GSN23414 DT1 a 1 2008 3 
GSN23418 DT1 a 1 2008 9 
GSN23435 DT1 a 1 2008 2 
GSN23453 DT1 a 1 2008 8 
GSN23462 DT1 a 1 2008 4 
GSN23519 DT1 a 1 2008 11 
GSN23530 DT1 a 1 2008 4 
GSN23534 DT1 a 1 2008 5 
GSN23541 DT1 a 1 2008 5 
GSN23746 DT1 a 1 2008 2 
GSN23748 DT1 a 1 2008 2 
GSN24016 DT1 a 1 2008 4 
GSN24054 DT1 a 1 2008 1 
GSN24210 DT1 a 1 2008 1 
GSN24299 DT1 a 1 2008 1 
GSN24305 DT1 a 1 2008 9 
GSN24379 DT1 a 1 2008 1 
GSN24379 DT1 a 2 2008 1 
GSN24520 DT1 a 1 2008 2 
GSN24528 DT1 a 1 2008 1 
GSN24564 DT1 a 1 2008 2 
GSN27133 DT1 a 1 2008 2 
GSN28694 DT1 a 1 2008 1 
GSN60597 DT1 a 1 2008 585 
GSN60673 DT1 a 1 2008 85 
GSN60709 DT1 a 1 2008 8 
GSN63892 DT1 a 1 2008 6 
GSN74093 DT1 a 1 2008 142 
GSN74095 DT1 a 1 2008 84 
GSN80090 DT1 a 1 2008 2 
GSN82813 DT1 a 1 2008 2 
GSN87126 DT1 a 1 2008 1 
GSN87126 DT1 a 2 2008 2 
GSN87130 DT1 a 1 2008 2 
GSN87479 DT1 a 1 2008 2 
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GSN87490 DT1 a 1 2008 4 
GSN87496 DT1 a 1 2008 1 
GSN91942 DT1 a 1 2008 1 
GSN94070 DT1 a 1 2008 3 
GSN94078 DT1 a 1 2008 1 
GSN94082 DT1 a 1 2008 3 
GSN95555 DT1 b 1 2008 1 
GSN95746 DT1 b 1 2008 4 
GSN95748 DT1 a 1 2008 1 
GSN95751 DT1 b 1 2008 3 

 
 
- Achnanthidium exiguum var. heterovalvum (Krasske) Czarnecki to Achnanthidium exiguum 
(Grunow) Czarnecki:  
 

SampleID 
SubSampleI

D 
Slide 

ReplicateID 
Count 

ReplicateID 
Taxon 

ID 
NumberC

ounted 
GS100538 DT1 a 1 1026 6 
GS100586 DT1 a 1 1026 1 
GS100904 DT1 a 2 1026 18 
GS100904 DT1 a 1 1026 9 
GS100905 DT1 a 1 1026 3 
GS100909 DT1 a 1 1026 1 
GS103132 DT1 a 1 1026 1 
GS107242 DT1 a 1 1026 4 
GS107248 DT1 a 1 1026 1 
GS107261 DT1 a 1 1026 9 
GS107263 DT1 a 1 1026 2 
GS107285 DT1 a 1 1026 1 
GS107316 DT1 a 1 1026 2 
GS107336 DT1 a 1 1026 2 
GS107363 DT1 a 1 1026 4 
GS107372 DT1 a 1 1026 2 
GS107381 DT1 a 1 1026 5 
GS107390 DT1 a 1 1026 6 
GS107392 DT1 a 1 1026 1 
GS107399 DT1 a 1 1026 1 
GS107403 DT1 a 1 1026 2 
GS107422 DT1 a 1 1026 3 
GS107424 DT1 a 1 1026 1 
GS107443 DT1 a 1 1026 4 
GS107476 DT1 a 1 1026 3 
GS107489 DT1 a 1 1026 4 
GS107520 DT1 a 1 1026 3 
GS107537 DT1 a 1 1026 10 
GS107545 DT1 a 1 1026 8 
GS107552 DT1 a 1 1026 2 
GS107575 DT1 a 1 1026 4 
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GS107581 DT1 a 1 1026 2 
GS107843 DT1 a 1 1026 2 
GS108361 DT1 a 1 1026 17 
GS108372 DT1 a 1 1026 75 
GS109013 DT1 a 1 1026 2 
GS109057 DT1 a 1 1026 27 
GS109563 DT1 a 1 1026 67 
GS109570 DT1 a 1 1026 55 
GS110711 DT1 a 1 1026 72 
GS110716 DT1 a 1 1026 10 
GS111093 DT1 a 1 1026 1 
GS111778 DT1 a 1 1026 2 
GS112221 DT1 a 1 1026 5 
GS112225 DT1 a 1 1026 4 
GS112283 DT1 a 1 1026 47 
GS112294 DT1 a 1 1026 7 
GS112343 DT1 a 1 1026 5 
GS112388 DT1 a 1 1026 30 
GS112396 DT1 a 1 1026 21 
GS112518 DT1 a 1 1026 15 
GS112612 DT2 a 1 1026 2 
GS112612 DT1 a 1 1026 2 
GS112623 DT1 a 1 1026 3 
GS112663 DT1 a 1 1026 4 
GS112754 DT1 a 1 1026 10 
GS113006 DT1 a 1 1026 2 
GS113053 DT1 a 1 1026 2 
GS113136 DT1 a 1 1026 82 
GS114177 DT1 a 1 1026 4 
GS114177 DT2 a 1 1026 2 
GS114188 DT1 a 1 1026 2 
GS115972 DT1 a 1 1026 2 
GS115987 DT1 a 1 1026 3 
GS116069 DT1 a 1 1026 2 
GS117959 DT1 a 1 1026 2 
GS117963 DT1 a 1 1026 2 
GS117996 DT1 a 1 1026 2 
GS118020 DT1 a 1 1026 7 
GS118024 DT1 a 1 1026 20 
GS118075 DT1 a 1 1026 17 
GS118079 DT1 a 1 1026 1 
GS118090 DT1 a 1 1026 2 
GS118094 DT1 a 1 1026 6 
GS118098 DT1 a 1 1026 4 
GS118102 DT1 a 1 1026 2 
GS118201 DT1 a 1 1026 26 
GS118205 DT1 a 1 1026 7 
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GS118822 DT1 a 1 1026 1 
GS118874 DT1 a 1 1026 5 
GS118888 DT1 a 1 1026 12 
GS118994 DT1 a 1 1026 2 
GS119490 DT1 a 1 1026 2 
GS119895 DT1 a 1 1026 4 
GS119901 DT1 a 1 1026 16 
GS119915 DT1 a 1 1026 1 
GS120240 DT1 a 1 1026 4 
GS120452 DT1 a 1 1026 4 
GS120546 DT1 a 1 1026 2 
GS121669 DT1 a 1 1026 2 
GS122289 DT1 a 1 1026 1 
GS126773 DT1 a 1 1026 4 
GS126800 DT1 a 1 1026 2 
GSN94120 DT1 a 1 1026 22 
GSN94122 DT1 2 1 1026 42 
GSN94122 DT1 a 1 1026 35 
GSN94126 DT1 a 1 1026 69 
GSN97121 DT1 b 1 1026 58 
GSN98958 DT1 a 1 1026 2 
GSN99314 DT1 a 1 1026 2 
GSN99322 DT1 a 1 1026 1 
GSN99338 DT1 a 1 1026 1 
GSN99366 DT1 a 1 1026 2 
GSN99374 DT1 a 1 1026 2 
GSN99792 DT1 a 1 1026 13 
GSN99797 DT1 a 1 1026 47 
GSN99817 DT1 a 1 1026 1 
GSN99819 DT1 a 1 1026 3 
GSN99826 DT1 a 1 1026 7 

 
 

- Achnanthes ziegleri Lange-Bertalot to Achnanthidium exiguum (Grunow) Czarnecki:  
 

SampleID 
SubSampleI

D 
Slide 

ReplicateID 
Count 

ReplicateID 
Taxon 

ID 
NumberC

ounted 
GSL00801 DT1 A 1 2165 10 

 

 

 

 


