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INTRODUCTION

In the process of analyzing collections from over 300 
waterbodies along the eastern coast of North America from 
Florida to Ellesmere Island, we identified a substantial 
population of Eunotia fennica (Hustedt) Lange-Bertalot 
from Newfoundland. In North America, confirmed 
populations from the Eunotia denticulata-complex 
(Brébisson in Kützing) Rabenhorst 1864 (including E. 
fennica and E. neoborealis Lange-Bertalot in Werum et 
Lange-Bertalot) have been reported from five lakes in 
northeastern USA (Camburn and Charles 2000, Hamilton 
et al., 1992), eight sites in Alaska (Foged, 1981), one lake in 
Ontario, Canada (Taylor 1986) and twelve lakes/ponds on 
Baffin Island (Joynt and Wolfe, 2001). Eunotia denticulata 
sensu lato has also been reported from Greenland (Foged, 
1973), Eurasia (Werum and Lange-Bertalot, 2004) and 
South America (Metzeltin et al., 1998). Two additional 
varieties (taxa) were recorded by VanLandingham (1969), 
including var. glabra Grunow in Cleve et Grunow, which 
is now considered synonymous with E. lapponica Grunow 
in Cleve, and var. densestriata Berg in Cleve-Euler 1953, 
which was never properly published and illustrated. Taxa 
within the E. denticulata-complex appear to have a wide 
global distribution.  

Eunotia denticulata var. fennica Hustedt (1932) was 
originally described from a sphagnum pond in Finland. 
In the description, Hustedt emphasized the many “small” 

spines (12 in 10 µm) along the dorsal margin compared 
to E. denticulata, and noted the stretched narrow linear 
valve form up to 90 µm long and hardly over 4 µm wide. 
He also mentioned that larger valves tended to be more 
strongly curved. Hustedt made no comparison to the 
other recognized variety, E. denticulata var. borealis A. 
Cleve. The line drawing presented by Hustedt in the 1932 
publication for E. denticulata illustrated small specimens 
(25-34 µm long) with rather long and randomly scattered 
spines along the dorsal margin. These line drawings do not 
match the first line drawing of E. denticulata presented 
by Grunow in Van Heurck (1881, pl. 33: 14), which has 
rounded apices and dense, evenly distributed spines, along 
the dorsal margin. Although these line drawings differ, E. 
denticulata var. fennica can be separated based on valve 
width. Cleve-Euler (1953) correctly presented a line 
drawing of a long valve form which matches the concept of 
E. denticulata var. fennica, while the drawings of Hustedt 
in Schmidt (1933) and Zabelina (1951) are reproductions 
from Hustedt’s original work.

The purpose of this contribution is to further describe 
the poorly recognized Eunotia fennica using light micro-
scopy (LM) and scanning electron microscopy (SEM) 
observations from an acid bog pond in Newfoundland, 
Canada, and discuss the distribution and taxonomy of 
E. denticulata, E. fennica and E. neoborealis in North 
America.
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MATERIALS AND METHODS

Six periphyton samples including the associated 
substrate were collected on 16 June 2006 from Orchid 
Bog Pond, a small pond in the mid-region of the Avalon 
Peninsula, southern Newfoundland. This is a local name 
not recognized officially in the Canadian list of accepted 
place names, therefore geo-referencing using latitude and 
longitude is required to locate this waterbody (N 47º 14’ 
46.1”; W 53º 18’ 18.2”). This small pond is located on 
an extensive sphagnum bog situated on the north side of 
Route 90, 13.5 km SW of the junction with Hwy 1. The 
bedrock is of sedimentary and volcanic origin. The local 
surficial geology is primarily composed of till, sand, gravel 
and accumulated degraded organic matter (Henderson, 
1972). Chemical analyses of water collected at the time 
of sampling followed the procedures of Ahrens and Siver 
(2000). Briefly, in situ water quality parameters were 
measured from surface waters along the side of the pond. 
The pH and conductivity were measured directly using a 
Hydrolab DataSonde 4A. On the same sampling day, pH 
was determined a second time using a Fisher Acument 640-
A pH meter, and alkalinity determined by the Gran titration 
method (Wetzel and Likens, 1991). Total phosphorus 
was measured using the stannous chloride-ammonium 
molybdate colorimetric assay after a persulfate digestion 
(APHA, 1985). Sodium and calcium concentrations were 
measured using flame atomic absorption spectroscopy with 
a Perkin Elmer 2380 spectrophotometer (United States 
Environmental Protection Agency, 1983). 

The samples used for diatom analysis represented a 
series of microhabitats from Sphagnum moss to organic 
mats associated with Gramineae. Approximately 0.5 g 
of mixed material from each microhabitat was oxidized 
with a mixture of sulfuric acid and potassium dichromate 
and cleaned according to Marsicano and Siver (1993). In 
addition, individual microhabitat samples were oxidized 
with an equal mixture of sulfuric and nitric acids and 
cleaned according to Hamilton et al. (1994). Aliquots 
of each resulting clean slurry were air dried onto pieces 
of heavy duty aluminum foil and glass coverslides. 
The aluminum foil samples were trimmed, attached to 
aluminum stubs with Apiezon® wax, coated with a mixture 
of gold and palladium for 1 min with a Polaron Model E 
sputter coater and observed with a Leo 982 field emission 
SEM. The coverslips were mounted onto glass slides with 
Naphrax® and observed with a Leica DMR microscope. 
Light micrographs were taken with a Nikon DXM1200-
F digital camera. All digital images used for this paper 
were cropped with Adobe Photoshop® and the final plates 
prepared using Adobe Illustrator®.  

At least 55 valves were measured to attain a good 
morphometric representation of the population. Length and 

width measurements were made with either LM or SEM, 
while all LM striae density estimates were verified using 
SEM. Areolae densities are all based on SEM observations. 
Subsamples of clean slurries have been deposited at the 
Canadian Museum of Nature, Ottawa (CANA 79905-
79910). 

OBSERVATIONS AND DISCUSSION

Eunotia fennica (Hustedt) Lange-Bertalot in 
Werum et Lange-Bertalot 2004    

Figs. 1-11, 16-29

Valves are dorsi-ventral with clearly differentiated 
apices that are strongly deflected towards the dorsal margin 
(Figs. 1-8). Specimens in the Orchid Bog Pond are 27-62 
µm long (mean = 36 µm, SD = 6 µm), 3.0-4.5 µm wide 
with 17-20 striae in 10 µm, and 40-45 areolae in 10 µm. 
In girdle view the frustules are 6-15 µm deep. The ventral 
margin is concave to almost straight and not parallel with 
the dorsal margin. Apices are constricted, asymmetrically 
rounded, slightly elevated above the valve face and 
deflected dorsally near the point where the raphe extends 
onto the valve face (Figs. 1-8, 16-21). The lower edge of the 
mantle wall, at the apex, is flat to slightly expanded away 
from the mantle. Internally the expanded lip is a thickened 
rim around the apex (Figs. 24, 26-27). In LM, spines may 
or may not be visible along the dorsal margin (Figs. 1-8). 
In SEM, two rows of spines are observed along the dorsal 
valve margin between the striae (Figs. 16-20). A row of 
larger spines is situated on the valve face just above a row 
of smaller spines positioned on top of the mantle. Spines 
are solid (Fig. 20), unevenly distributed along the margin 
(but primarily located on the interstriae), and terminate 
at the apex. At mid-valve the larger spines are separated 
by 2-3 rows of striae, but only by 1-2 rows at the apices 
(Figs. 17-19). The smaller spines are positioned lower on 
the mantle, but not always aligned with the larger spines 
(Figs. 20, 23, 25). In SEM, a row of small more randomly 
spaced spines can also be observed along the ventral 
margin (Fig. 17). In this population, the ventral spines are 
typically blunt and rounded. No linear disruption of the 
striae (hyaline area) is evident along the ventral margin 
of the valve face. The proximal raphe ends form on the 
lower side of the mantle, angle up on the mantle for ~4-5 
µm, bend at approximately 45 degrees and extend slightly 
onto the valve face (Fig. 21). Externally, the terminal raphe 
fissure is positioned within a small hyaline area close to the 
margin; the fissure is not enlarged, although a fine raphe 
slit is positioned within a linear depression, which makes 
the raphe appear larger (Figs. 18-19). Internally, the raphe 
terminates within a thick helictoglossa (Figs. 24, 26-27). 
One side of the helictoglossa continues as a ridge along 
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the lower edge of the raphe terminating near the proximal 
fissure (Fig. 27). One rimoportulae was observed per valve 
and positioned at right angles to the helictoglossa, on the 
apex near the junction of the valve face and mantle (Fig. 
27). The areolae are round to rectangular, recessed from 
the valve face and covered externally with a flat velum 
(Figs. 17-20). Internally the areolae are round to elliptical, 

not recessed from the internal surface, and more or less the 
same size as the external openings. The areolae continue 
uninterrupted onto the mantle and terminate next to a small 
hyaline ridge along the base of the mantle (Figs. 20-21). 
At the apex, the areolae are similar to those on the valve 
face, but denser and separated from the mantle areolae by a 
space on the dorsal mantle and by the raphe on the ventral 

Figs. 1-11.  Light micrographs of Eunotia fennica. 1-8, valve views showing the size reduction series; 9-11, girdle views of the frustule. 
Figs. 12-15.  Eunotia  paludosa sensu lato, valve and girdle views. Specimens of E. fennica and E. paludosa are in the same samples 
from Orchid Bog Pond (CANA 79906). Scale bar = 10 µm.



92 P.B. HAMILTON AND P.A. SIVER

Figs. 16-21(above). Scanning electron micrographs of Eunotia fennica. External views. 16, whole valve; 17, central region showing 
dorsal spines and ventral margin spines (arrow); 18-19, apices showing short extension of raphe onto the valve face, termination of 
marginal spines and mantle expansion. The external opening of the rimoportula is not evident on either apex;  20, valve and mantle views 
showing orientation of large and small spines; 21, frustule apex, valve view (ventral projection), note the formation of the raphe from 
proximal to distal fissures, and the formation of the pores at the apex. Arrows indicate mantle stria midway along the raphe. Scale bars: 
16 = 10 µm; 21 = 5 µm; 17 = 2 µm; 18-20 = 1 µm.

Figs. 22-29(right). Scanning electron micrographs of Eunotia fennica. Internal views. 22, whole valve; 23, 25, central region showing 
internal and external views of the valve. Arrow indicates small occlusions within the foramina; 24, 26, apices showing valve at different 
orientations. Arrow indicates the short side of the helictoglossa; 27, orientation of helictoglossa and rimoportula (arrow). External views; 
28, frustule in girdle view (dorsal projection) showing trapezoidal frustule shape and cingulum construction. Arrows highlight the dorsal 
margins of adjacent valves; 29, frustule apex (dorsal projection) showing two valvocopulae and three copulae bands covered with linear 
rows of pores. Scale bars: 22, 28 = 10 µm; 29 = 5 µm; 23 = 2 µm; 24-27 = 1 µm.
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side of the valve (Figs. 21, 29). These areolae reduce down 
to 2 rows below the raphe on the mantle and finally become 
one row below the proximal fissure. At the mid-point of the 
raphe branch on the mantle there are 2 areolae down to the 
mantle and 4-6 up to the valve face (Fig. 21). The frustule 
is trapezoidal in pervalvar cross-section with a wide ventral 
side and narrow dorsal side (Fig. 28). In girdle view, when 
the frustule lies flat on the wide ventral side, both valves 
can be observed simultaneously from the dorsal side (Figs. 
9-11, 28). The cingulum is composed of 5-7 open copulae, 
each with a series of two or more rows of large pores, 
which are more or less equal in size to the valve areolae 
(Figs. 21, 28-28). The valvocopula is wide and bent inward 
under the valve mantle (Fig. 21). The lower rows of pores 
at the apex of the valvocopula terminate within 5-10 µm 
from the apex (Figs. 28-29).   

The original description of E. fennica (Hustedt) Lange-
Bertalot (as E. denticulata var. fennica) differentiates this 
taxon from E. denticulata primarily by the smaller width of 
< 5 µm, and smaller spines (sometimes not visible in LM 
view). However, until recently, many authors have elected 
to identify all specimens under E. denticulata sensu lato. 
In the original description of Himanthidium denticulatum 
Brébisson in Kützing 1849 (= E. denticulata) valves were 
described as 37-56 µm long, and 15-18 µm wide, but no 
line drawing was included. It was not until 1881, (32 years 
later) that a line drawing was associated with this taxon. 
The line drawings presented by Grunow in Van Heurck 
(1881) of E. denticula (=E. denticulata) illustrated two 
specimens that were 76 and 85 µm long, 8 µm wide with 
a frustule depth of 24 µm. Therefore, confusion about this 
taxon, especially with respect to valve width, was initiated 
by either a poor species description in Kützing (1849) or 
when Grunow made his illustrations of E. denticulata. 
For instance, could it be that the description in Kützing 
was defining a frustule depth of 15-18 µm? Unfortunately, 
the original material for H. denticulatum has not been 
examined. Cleve-Euler (under A. Cleve, 1895) also 
described a similar taxon, E. denticulata var. borealis, with 
valves that are 25-40 µm long (based on line drawings), 
approximately 5-7 µm wide, with teeth-like spines (9-11 
in 10 µm) along the dorsal margin, and apices acutely 
protracted towards the dorsal side. Cleve-Euler suggested 
at the time that this was possibly a transitional form for E. 
nymanniana. Mills (1934), in his index to the genera and 
species of the Diatomaceae, proposed that E. denticulata 
var. borealis was likely a synonym of E. denticulata. 
More recently, Lange-Bertalot (in Werum and Lange-
Bertalot, 2004) proposed a change in status and epithet to 
E. neoborealis. Unfortunately, comparisons of the types 
are presently not possible and based on measurements 
(smaller size) and line drawings (shape of apices) we 
must conclude that E. neoborealis is a distinct form. The 

relationship between E. neoborealis and E. fennica (=E. 
denticulata var. fennica) is not clear, although the reference 
to the acutely protracted apices and the smaller length and 
slightly wider valve would suggest that E. neoborealis is a 
distinct taxon. The use of large versus small spines does not 
appear to be a good character for distinguishing these taxa 
based on our observations. Specimens illustrated by Foged 
(1981, pl. 10: 9-10), Krammer and Lange-Bertalot (1991, 
pl. 157: 21) and Werum and Lange-Bertalot (2004, pl. 3: 4-
6) are examples of E. neoborealis sensu stricto. Published 
SEM micrographs that may represent E. fennica (as E. 
denticulata) by Hasle (1973) and Morrow et al. (1981) 
also illustrate partial specimens with spines, along only 
the dorsal surface (Gaul et al., 1993). A newly proposed 
species, Eunotia vinculi Siver et Hamilton (provisional 
name), from North Carolina is similar in valve outline to 
E. fennica, but distinguished by a higher striae density, and 
formation of a linear row of ridges, not individual spines, 
along the dorsal valve margin. On some specimens of E. 
vinculi the ridges fuse to form one continuous structure.  

Lange-Bertalot (Werum and Lange-Bertalot, 2004) 
proposed a status change for E. denticulata var. fennica to 
E. fennica. In the comments about this proposed change, 
he recognized that a number of “morphotypes” could 
occur and the relationships between them were uncertain. 
Lange-Bertalot further noted size and number of spines, 
and valve width differences between E. denticulata sensu 
stricto and E. denticulata var. fennica. He also indicated 
that the specimens identified in Krammer and Lange-
Bertalot (1991, pl. 157: 19-20, 22-26) were representative 
of E. fennica and not E. denticulata. Although it is unclear 
exactly what characters identify E. denticulata, Germain 
(1981, pl. 33: 16) presents a wide specimen (8 µm wide) 
of E. denticulata from Brittany (type region identified for 
the original taxon) that better matches the line drawings 
of Grunow. Lange-Bertalot (Werum and Lange-Bertalot, 
2004) also indicated that they have some personal 
observations from samples collected in the Brittany region 
with wider valves (7.3-10.0 µm wide). These observations, 
in combination with the northern geographic distribution 
of E. fennica, suggest that species status is warranted. The 
final decision about the defining characters for this taxon 
is still subject to the examination of original type material 
identified by De Brébisson. The line drawing of Grunow 
and the specimen of Germain could all be part of E. 
fennica, and E. denticulata could be a completely different 
form with a valve width >15 µm. 

The trapezoidal frustule in pervalvar cross-section, 
with a wide ventral side and narrow dorsal side, is a rather 
interesting frustule form within the genus Eunotia, but not 
unique. Grunow (in Van Heurck, 1881) clearly illustrates 
this trapezoidal frustule in E. denticula (pl. 33: 14) as well 
as in E. gracilis (Ehrenberg) Rabenhorst (pl. 33: 2), E. 
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pectinalis var. stricta Rabenhorst (pl. 33: 18), E. pectinalis 
f. curta Van Heurck (pl. 33: 16) and E. arcus Ehrenberg 
(pl. 34: 2). In addition, Cleve-Euler (1953) has also 
documented this trapezoidal form in E. glacialis Meister 
and E. alpina Grunow in Cleve et Moller. The significance 
of the trapezoidal form is not known, although it is linked 
to cingulum development and may be significant for the 
identification of subgeneric groups.

In North America, E. fennica is now confirmed 
from an acidic pond associated with a sphagnum bog in 
Newfoundland, Canada. Eunotia denticulata sensu stric-
to has been identified from six lakes in New York State, 
U.S.A. (Camburn and Charles, 2000), and one lake from 
Ontario, Canada (Taylor, 1986, CANA database:www.
nature-cana.ca). Eunotia neoborealis sensu stricto was ob-
served from 12 lakes and ponds on Baffin Island (Joynt 
and Wolfe, 2001, CANA database:www.nature-cana.ca) 
and eight sites in Alaska (Foged, 1981). Eunotia vinculi 

(provisional name; Siver and Hamilton, submitted) is, to 
date, recorded from nine waterbodies in North Carolina 
and New Jersey. Eunotia fennica is consistently between 
25 and 60 µm long, typically 36 ± 6 µm. The width is al-
ways < 4.5 µm and the apices are asymmetrically rounded. 
Valves always have spines or at least the remnants of spines 
on the dorsal margin. The specimens from mountainous to 
subalpine Lago Rebolledo, (Columbia, South America) are 
complementary to our specimens from Orchid Bog Pond 
in NewFoundland, although without SEM examination of 
the spines, these South American specimens (Metzeltin 
and Lange-Bertalot, 2007) could also be aligned with E. 
vinculi (provisional name).  

A summary of the water conditions in the North 
America sites is presented in Table 1. Although water 
chemistry data are limited, E. fennica may be restricted to 
acidic sphagnum bog-like environments with pH < 5, E. 
denticulatata to acidic lakes and ponds (pH 4.7-5.6), whereas 

Table 1. Chemical characteristics for lakes and ponds containing E. fennica, E. denticulata, E. neoborealis and E. vinculi. Details 
on these localities and the analytical methodology used are described in Charles and Whitehead (1986), Taylor (1986), Joynt and 
Wolfe (2001), Lott and Siver (2005).  AK: Alaska; NC: North Carolina; NF: NewFoundland; NY: New York; NJ: New Jersey; NU: 
Nunavut.

Taxon Location Region pH Cond 
µs/cm

TP 
µg/L

Ca2+

mg/L
Na + 
mg/L

Al+ 
µg/L

E. fennica Orchid Bog Pond NF 3.9 29 21 0.1 2.3
E. denticulata Arnold Lake NY 4.84 21 4.2 1.7 0.2

Big Moose Lake NY 5.1 26 1.8 
Deep Lake NY 4.68 29 3 1.3 0.3 1.7
Merriam Lake NY 4.88 20 6.4 0.7 0.4
Queer Lake NY 5.63 23 1.9 0.4 8.9
Moot Lake ON 5.62 28 21 1.9 0.6 30

E. neoborealis Lake 8 (Baffin) NU 6.33 3.3
Lake 9 (Baffin Is.) NU 6.46 3.7
Lake 12 (Baffin Is.) NU 6.62 8.7
Lake 14 (Baffin Is.) NU 6.37 2.4
Lake 57 (Baffin Is.) NU 6.24 1.5
Unknown Pond AK 4.8
Kuziytin Lake AK 7.3 20 2.8

E. vinculi Catfish W. Middle NC 4.4 44 12 0.48 6.1
Debbie's Pond NC 4.2 130 20 0.9 17
Great Lake NC 4.0 94 30 1.3 9.4
Hannah’s Pond NC 4.2 71 28 0.8 7.9
Horseshoe Lake NC 4.0 49 7 0.28 4.2
Kasia’s Pond NC 4.5 82 17 0.48 12
Pilgrim Lake NJ 4.5 28 12 2.4 0.36
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E. neoborealis has a wide pH tolerance (pH  4.5-7.3), but is 
presently limited to boreal and tundra regions. Orchid Bog 
Pond was poorly buffered (low alkalinity readings), low in 
dissolved salt content, with sodium as the most abundant 
base cation.  In the six samples collected from this pond, 
E. fennica was most common in the sphagnum mixed 
with organic matter sample (CANA 79906). Other closely 
related taxa observed in this sample include E. bidentula 
W. Smith, E. bilunaris var. mucophila Lange-Bertalot and 
Nörpel and Eunotia cf. lapponica Grunow in Cleve. In 
addition to Eunotia, the dominant taxon associated with 
E. fennica was Frustulia crassinervia (Brébisson) Lange-
Bertalot et Krammer, with rarer taxa including Tabellaria 
quadriseptata Knudson, Brachysira serians (Grunow) 
Ross in Hartley and Pinnularia neomajor Krammer.

Eunotia fennica can be confused with E. nymanniana 
Grunow in Van Heurck sensu stricto, E. paludosa Grunow 
sensu lato and specimens of E. neocompacta Mayama (= 
E. exigua var. compacta Hustedt 1930). Eunotia nymanni-
ana is taxonomically confusing, but according to Hustedt’s 
concept as presented in Krammer and Lange-Bertalot 
(1991), this taxon is separated from E. fennica by the 
terminal location and shape of the raphe, and the absence 
of spines (Mayama, 1997). In addition, the number of 
areolae halfway along the raphe on the mantle (2 down to 
the mantle ledge and 1-2 up to the valve face) is fewer for 
E. nymanniana than found on E. fennica. Eunotia fennica 
and a morphotype of E. paludosa (tentatively identi-
fied as morphotype 2) are observed in Orchid Bog Pond, 
both overlapping in size and general outline of the valve. 

Eunotia paludosa morphotype 2 differs from E. fennica 
in lacking spines, having more capitate apices, a slightly 
higher striae count (~22 in 10 µm), a hyaline area of the 
raphe that is closer to the apex, and a lower number of 
areolae halfway along the raphe on the upper side of the 
mantle (Figs. 12-15; Siver and Hamilton, submitted). The 
fact that E. paludosa sensu lato, including morphotype 2, 
lacks spines, coupled with differences in the position of the 
hyaline area associated with the raphe, are the best charac-
ters for separating it from E. fennica. Eunotia fennica also 
has a similar valve outline to E. neocompacta, however, 
it is distinguished from the latter taxon by a narrower 
valve outline, shape of the apices, presence of spines, the 
marginal position of the distal raphe fissures on the valve 
face, and the higher number of areolae halfway along the 
raphe on the upper side of the mantle (Mayama, 2001). 
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Charlie has mentored through his career speaks volumes to 
his enthusiasm and dedication in helping students develop 
their future careers in diatom research. It was a privilege 
and an honor to work and publish with Dr. C.W. Reimer.  
We enjoyed working together on his cherished Neidiums. 
We have lost a dear friend.
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