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NEIDIUM PALPEBRUM SP. NOV., A NEW DIATOM FROM 
FLORIDA (U.S.A.): COMPARISON WITH N. SACOENSE 
REIMER, AND SOME REMARKS ON BIOGEOGRAPHY 

Katarzyna Stachura-Suchoples* 
Botanischer Garten und Botanisches Museum Berlin-Dahlem, Freie Universitat Berlin, 

Konigin-Luise-StraJe 6-8, D-I 41 95 Berlin, Germany 

J. Patrick Kociolek 
University of Colorado Museum of Natural History, University of Colorado, 

Boulder, CO 80309, U.S.A. 

Peter A. Siver 
Botany Department, Connecticut College, New London, CT 06320, U.S.A. 

In modem samples from lakes in Florida’s Ocala National Forest, U.S.A., a new species, 
Neidium palpebrum sp. nov. was described. This diatom possesses lanceolate valves with 
protracted, broadly rounded apices and a single, large, rugose longitudinal canal along each 
valve margin. The new species is also characterized by an elliptical central area, external 
proximal raphe ends deflected in opposite directions, areolae organized into regular rows, the 
valve facehantle junction sharply delineated, and a relatively deep mantle. Neidium 
palpebrum is a larger diatom that shares some similarities with N. sacoense. The relationship 
of these two species is discussed, based on morphological features observed with light and 
scanning electron microscopy. Some remarks on the biogeography of these two Neidium 
species are included. 

INTRODUCTION 
The genus Neidium Pfitzer 1871 is recognized as freshwater and primarily benthic, 

having isovalvar, isopolar and biraphid frustules (Hamilton & Jahn 2005). Its description has 
been recently emended with the typification of the generitype, Neidium afJine (Ehrenberg) 
Pfitzer (Hamilton & Jahn 2005). As currently circumscribed, Neidium accommodates species 
possessing linear to elliptical valves with marginal longitudinal canal(s). Many species within 
this genus have proximal raphe fissures on the external surface that deflect in opposite 
directions and a lacina that covers the terminal fissures. Internally, the proximal and terminal 
raphe fissures terminate in helictoglossae. Internal areolae openings are covered by hymenes 
and renilimbi can be associated with each hymen. 

The genus Neidium is represented by more then 500 taxa including varieties and forms 
(Fourtanier & Kociolek 2009). In North America, important contributions have been made 
towards understanding the diversity and taxonomy of the group by Reimer (1 959), Patrick & 
Reimer (1966), Hamilton et al. (1990, 1995, 1996) and Siver et al. (2003). Kociolek (2006) 
listed 23 Neidium taxa new to science described from the USA. To this list at least eight more 
taxa can be added (Stachura-Suchoples et al. 2004, Metzeltin & Lange-Bertalot 2007, Thomas & 
Kociolek 2008, Siver et al. 2009). Some of the new taxa were described from Florida, both from 
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386 K. STACHURA-SUCHOPLES, J.P. KOCIOLEK & P.A. SlVER 

extant (N. jloridanum Reimer in Patrick & Reimer, N. pseudodensestriatum Stachura-Suchoples 
& Kociolek in Stachura-Suchoples et al.) and fossil collections (N. buhrianum Metzeltin & 
Lange-Bertalot, N. hamatum var. septentrionale Metzeltin & Lange-Bertalot, N. sten-enburgii 
Metzeltin & Lange-Bertalot and N. vunlandinghamii Metzeltin & Lange-Bertalot). 

The focus of this paper is on two Neidium species, N. sacoense - a species endemic to 
North America, and N. palpebrum sp. nov., a new species described from Florida. Both 
species are found in samples from lakes located in the Ocala National Forest, though they 
never did co-occur. Details of the valve ultrastructure for N. palpebrum and N. sacoense, and 
their possible inter-relationships, are discussed. 

MATERIALS AND METHODS 
Periphyton samples were investigated from Eaton Lake (long. W 81" 51' 55", lat. N 29" 

15' 18"), Echo Lake (long. W 81" 39' 02", lat. N 29" 06' 16") and Mud Lake (long. W 81" 52' 
04"; lat. N 29" 17' 19") in the Ocala National Forest, Florida, U.S.A. (Table 1; for detailed 
lakes characteristic see also www.silicasecchidisk.conncol1.edu). Samples were cleaned in 
H2O2 and K2Cr207. They were subsequently washed several times and air-dried onto 
coverslips. Slides for light microscopy (LM) were mounted in Naphrax @. Light microscope 
observations were made with a Leica DMRB. For scanning electron microscopy (SEM), 
cleaned material was dried onto coverslips, which were mounted onto aluminum stubs and 
sputter-coated with gold-palladium. SEM observations were made with a Leo 1450VP. 
Samples are archived at the Diatom Collection of the California Academy of Sciences, San 
Francisco (CAS). Subsamples of this material are also archived at the Canadian Museum of 
Nature (CANA) and with PAS at Connecticut College. Terminology related to general valve 
morphology follows Ross et al. (1979) and Krammer & Lange-Bertalot (1986), and for 
terminology relating to the fine structure of Neidium valves Siver et al. (2003) was followed. 

Table 1. The geographic location, chemical and physical parameters of lakes included in this 
study (the Ocala National Forest, Florida, U.S.A.). 

Lake Name Eaton Echo Mud 

Longitude W 81" 51' 55" W 81'39' 02" W 81" 52'04'' 
Latitude N 29" 15' 18 " N 29" 06' 16 " N 29" 17' 19" 

PH 7.37 5.30 8.7 
Alkalinity (meq/L) 1.134 0.042 0.807 
Total Phosphorus (pg/L) 23 17 88 
Total Nitrogen (pg/L) 1021 502 1816 
Specific Conductivity (pS/cm) 23 1 47 435 
Trophic State eutrophic eutrophic unknown 

OBSERVATIONS 
Neidiumpalpebrum sp. nov. (Figs 1-1 1) 
Holotype: CAS slide 540074. The holotype specimen is illustrated in figure 2. 
Zsotype: Deposited in the Collection of the Botanical Garden, Dahlem, Berlin (B). 
Type material: Cleaned sediment, CAS 62 1986, collector P.A. Siver, March 2000. 
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A NEW NEIDIUM SPECIES FROM FLORIDA, U.S.A. 387 

Type Zocaliv: Lake Eaton, Ocala National Forest, Florida, U.S.A. (N 29'15'18.34", W 81'51'54.84"). It 

Descriptio: 
grows ephiphytic on aquatic plants. 

Valvae lanceolatae, apicibus capitatus. Longitudo 53.0-84.5 pm. Latitudo 16.0-20.5 pm. 
Striae 17-19/10 pm, rectae, parallelae ad dilute obliquae ad apicia. Area axialis recta, 
angusta. Area centralis ellipticae. Extrema raphis proximalia in opposites directionibus 
deflexa. Lineae longitudinales marginales, rugose. Valva superfaciei:lateris juncta abrupta. 
Latere relative elatae. Extrema raphis distalia tectis a lacinia, furcata similia ad apicia. 

Valves lanceolate with apices protracted and broadly rounded, length 53.0-84.5 pm, breadth 
16.0-20.5 pm. Striae straight, 17-19/10 pm, parallel to slightly convergent towards the 
apices. Axial area straight, narrow. Central area elliptical. External proximal raphe ends 
deflected in opposite directions. Longitudinal canals marginal, rugose, perforated by a row of 
areolae. Valve face:mantle junction is abrupt. Mantle relatively deep. Distal raphe ends are 
covered by lacinia and appear forked. 

Description: 

Figs 1 4 .  Neidium palpebrum sp. nov., from Lake Eaton, the Ocala National Forest (Florida, U.S.A.). 
Size range series. Fig. 2. Holotype. LM. Scale bar = 10 pm. 

Based on SEM observations, external proximal raphe ends are deflected in opposite 
directions (Figs 5, 7) and the distal raphe fissures are covered with a lacinia (Figs 5, 6 ,  8). 
External openings of the areolae are circular and evenly spaced within a stria. The valve 
face/mantle junction is acute, with the longitudinal canal positioned along the valve margin 
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388 K. STACHURA-SUCHOPLES, J.P. KOCIOLEK & P.A. SIVER 

(Fig. 5) .  The longitudinal canal has a rugose surface, is tube-like, and perforated by a single 
row of areolae (Figs 5-8). The areolae have round external openings along the longitudinal 
canal apart from a few that are found towards the apices. These areolae are bigger and are 
characterized by irregular shapes (Figs 6, 8). Another series of small areolae are positioned 
towards the mantle (Fig. 8). The mantle contains striae composed of about 8 areolae along the 
vertical face (Figs 5,8). The raphe is of the key and slot type (Fig. 7). 

Figs 5-8. Neidium palpebrum from Lake Eaton, Ocala National Forest (Florida, U.S.A.). SEM, external 
views. Fig. 5. Whole valve showing proximal raphe ends deflected in opposite directions, rugose 
longitudinal canal, sharp valve face/mantle junction, and deep valve mantle. Valve mantle contains striae 
each with about 10 rows of areolae. Figs 6,8. Valve terminus showing distal raphe end, siliceous lacinia 
flap and two types of areolae on the longitudinal canal: large, with irregular areolar opening close to the 
apex (white arrows) followed by a row of regular, small areolae. Another series of small areolae is 
directed towards mantle (black arrow). Note regular rows of areolae on the valve face. Fig. 7. Central 
area showing deflected proximal raphe ends, rugose longitudinal canal perforated by a row of areolae, 
cross section of longitudinal canal showing its external and internal perforation, and key and slot raphe 
type (arrow). Scale bars = 10 pm (Fig. 5), 2 pm (Figs 6-8). 

Internally, the central nodule and helictoglossae are prominent (Figs 9-1 1). The central 
nodule is elevated with two abutting helictoglossa at the center (Figs 9, 10). One longitudinal 
canal is visible at each valve margin and possesses a row of internal, elongate areolae (Figs 9-1 1). 
Renilimbi are scattered across the valve interior (Fig. 10). 

With light microscopy Neidium palpebrum resembles N. sacoense Reimer, described 
from Saco Pond; Maine (Reimer 1959). Here, morphological details of a population of 
N.  sacoense are present from Ocala National Forest lakes (Echo Lake). 
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A NEW NEIDIUM SPECIES FROM FLORIDA, U.S.A. 389 

Figs 9-11. Neidium palpebrum from Lake Eaton, the Ocala National Forest (Florida, U.S.A.). SEM; 
internal views. Fig. 9. Entire valve showing marginal longitudinal canal and prominent central nodule 
and helictoglossae. Fig. 10. Raised central nodule with co-axial proximal raphe ends, longitudinal canal 
with a row of areolae, renilimbi and areolae with hymenes (single renilimbus indicated by arrow). 
Fig. 11. Helictoglossa and longitudinal canal with a row of areolae are shown. 
Scale bars = 10 pm (Fig. 9), 2 pm (Fig. lo), 3 pm (Fig. 11). 

Neidium sacoense Reimer (Figs 12-26) 
Neidium sacoense is broadly linear in shape, angular, with distinctive acute apices. 

Valves are 60-97 pm long, 20-28 pm broad (see also Patrick & Reimer 1966). Striae are 
straight, parallel to slightly radiate, 14-1 6/10 pm, but becoming convergent at the apices. 
Areolae number 14-16/10 pm. The axial area is straight, narrow, and widens to form a 
rectangular central area. External proximal raphe ends are deflected in opposite directions. 
The longitudinal canal is marginal, rugose, and a single row areolae is present. External distal 
raphe ends have a forked appearance (Figs 12-14) due to the presence of a lacinia. 

The external valve structure is thick and heavily silicified. Each areola is located within a 
depression. External openings of the areolae are circular. Proximal raphe ends are deflected in 
opposite directions (Figs 15, 17). A lacinia is present at each apex (Figs 15, 19, 20). External 
distal raphe ends extend onto the mantle. The external surface of the longitudinal canal is 
highly silicified and rugose. An irregular series of areolae connects the longitudinal canal with 
the external surface (Figs 15, 16, 18-20). The areolae have round external openings along the 
longitudinal canal apart from a few that are located mostly towards apices. These areolae are 
bigger, located close to the mantle and are characterized by having an irregular shape. Another 
series of small areolae is positioned towards the mantle (Fig. 20). Ribs occur on the internal 
side of the longitudinal canal (Figs 16, 18). The longitudinal canal is laterally connected with 
the valve interior by a single series of areolae. The valve face/mantle junction is acute, with 
the longitudinal canal positioned along the valve margin. The mantle contains striae composed 
of about 8 areolae along the vertical face (Figs 15, 16, 19, 20). Girdle bands have one or two 
rows of poroids (Fig. 19). 
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390 K. STACHURA-SUCHOPLES, J.P. KOCIOLEK & P.A. SIVER 

Figs 12-14. Neidiurn sacoense from Ocala National Forest lakes (Florida, U.S.A.). Size range series. 
Scale bar = 10 pm. 

Internally, each areola is located in a depression surrounded by a single ring of silica 
(Figs 23, 25,26) and covered with a hymen (Fig. 21). Renilimbi are scattered across the valve 
interior (Fig. 24). Elongated areolae are adjacent to the central area. The central area has 
costa-like lateral extentions (Fig. 26). The central nodule and helictoglossae are slightly raised 
(Figs 21,22, 26). The central nodule has the appearance of being comprised of two abutting 
“helictoglossae-like” raised compound structures (Fig. 26). A single row of areolae align each 
longitudinal canal along the interior surface (Figs 21,23). The raphe is of the key and slot type 
(Fig. 24). 

Neidium sacoense seems quite easy to identify, given the description of Reimer (1959, 
Patrick & Reimer 1966) and its characteristic shape. It has been illustrated recently by Siver 
et al. (2005, pl. 50, figs 4-6, pl. 52, pl. 2). Some observed specimens from Florida exceeded the 
size ranges reported by Patrick & Reimer (1966) and Siver et al. (2005). The only previously 
published SEM micrographs of N. sacoense were provided by Siver et al. (2005, pl. 50, figs 4-45), 
Our observations extend those of Siver et al. (2005) by providing observations of valve 
ultrastructure of the exterior and additional details of the interior. 

DISCUSSION 

Specimens of Neidium palpebrum from Ocala National Forest resemble N. sacoense in 
terms of size range (N. palpebrum is, however, more narrow), striae density, organization and 
location of longitudinal canals, and shape of the proximal raphe ends (see also Table 2). Both 
species have siliceous nodules over the areolae openings. Neidium palpebrum has a more 
lanceolate to elliptical-lanceolate valve outline with an elliptical-central area. The two species 
differ in a number of ultrastructural features. The valve exterior in N. sacoense is rugose, 
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A NEW NEIDIUM SPECIES FROM FLORIDA, U.S.A. 391 

while the exterior surface of N. palpebrum is smooth. The arrangement of areolae on the valve 
exterior is more regular in N. palpebrum, versus the irregular nature seen in N. sacoense. In 
the case of N. palpebrum, larger areolae along the longitudinal canal are located mostly 
towards the apices, and there is a continuation of small, regular rows of areolae. The areolae a 
top of the longitudinal canals on N. sacoense valves are larger, more elongate and irregularly 
aligned. 

Figs 15-20. Neidiurn sucoense from Lake Echo, Ocala National Forest (Florida, U.S.A.). SEM, external 
views. Fig. 15. Whole valve showing proximal raphe ends deflected in opposite directions, rugose 
longitudinal canal, sharp valve face/mantle junction, and deep valve mantle. Valve mantle contains striae 
each with about 8 rows of areolae. Fig. 16. Longitudinal canal is an ovoid tube perforated by external and 
internal row of areolae. The valve mantle is deep. Fig. 17. Central area with deflected proximal raphe ends. 
Note, each areola within a depression and siliceous ring. Fig. 18. Cross-section of longitudinal canal shows 
inside ribs and perforation. Note silica granules on the valve face. Figs 19,20. Valve apex with distal raphe 
end, siliceous lacinia flap and two types of areolae on the longitudinal canal: large, with irregular opening 
areolae close the to apex (white arrow) and a row of regular, small areolae. A series of small areolae is 
directed towards mantle (black arrow). Note irregular row of areolae on the valve face and a series of 
poriods on 3 girdle bands. Scale bars = 10 pm (Fig. 15), 1 pm (Figs 16, 17, 19,20), 2 pm (Fig. 18). 
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Figs 21-26. Neidium sacoense from Lake Echo, Ocala National Forest (Florida, U.S.A.). SEM, internal 
views. Fig. 21. Whole valve showing longitudinal canal, central nodule and helictoglossae. 
Fig. 22. Valve apex with helictoglossae. Fig. 23. The longitudinal canal with a row of elongate areolae. 
Fig. 24. Fractured valve showing key and slot raphe. Note renilimbi (arrow). Fig. 25. The valve consists 
of two layers of silica. Fig. 26. Central area with rib-like structure and raised central nodule with two 
interconnected helictoglossa proximal ends. Scale bars = 10 pm (Fig. 21), 1 pm (Figs 22-26). 

Both species are present in lakes from the Ocala National Forest, however, these species 
are rare in abundance and have not been found co-occurring in our samples. Neidium 
palpebrum, found in circum neutral Eaton Lake and slightly alkaline Mud Lake (see also 
Table 1) was associated with species belonging to genera: Achnanthes sensu lato Bory, 
Cocconeis Ehrenb., Eunotia Ehrenb. and Gomphonema Ehrenb. Additionally in Mud Lake 
specimens resembling N. ampliatum sensu lato (Krammer & Lange-Bertalot 1986: fig. 105/5) 
were observed. Neidium sacoense, occurred in acidic Echo Lake, has been associated with 
species representing the genera: Brachysira Grunow, and Frustulia Rabenh. 

Neidium palpebrum shares some resemblances with N. amphiatlanticum Metzeltin & 
Lange-Bertalot, N. hamatum var. septentrionale, N. roland-schmidtii Metzeltin & Lange- 
Bertalot, N. sterrenburgii and N. vanlandinghamii (Table 2). Comparative studies are limited 
to morphometric data and morphology based on LM documentation, as no SEM observations 
are available. With respect to breadth of the longitudinal canal and striae dens$, N. roland- 
schmidtii, N. sterrenburgi and N. vanlandinghamii were found to be the most similar to our 
newly proposed species. However, these taxa are larger in size, have lower striae and puncta 
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A NEW NEIDIUM SPECIES FROM FLORIDA, U.S.A. 393 

density, and usually more linear valve outline than N. palpebrum. Neidium amphiatlanticum 
and N. hamatum var. septentrionale also have larger valves. Compared with N. palpebrum, 
N. amphiatlanticum can be recognized by having higher striae and areolae densities and 
N. hamatum var. septentrionale has more or less oval central area. 

Table 2. Comparison of certain characters in some of species related to Neidium palpebrum. 

Valve shape Striae in Puncta in Central area Neidiurn Length Breadth ~m ~m /References 

N .  palpebrurn 53-84.5 16-20.5 17-19 
this study 

N .  sacoense 60-97 20-28 14-16 
Patrick & Reimer 1966; 
Siver et al. 2005, this 
study 

Metzeltin & Lange- 
Bertalot 2007 

Metzeltin & Lange- 
Bertalot 2007 

Septentrionale 
Metzeltin & Lange- 
Bertalot 2007 

Metzeltin & Lange- 
Bertalot 2007 

Metzeltin & Lange- 
Bertalot 2007 

Antoniades et al. (2008) 

N. sterrenburgii 105-165 30-35 13 

N .  roland-schrnidtii 100-220 20-27 13-14 

N. hamaturn var. 110-130 27-31 18-19 

N .  amphiatlanticum 70-100 15.4-17 20-21 

N. vanlandingharnii 130-185 38-44 15-16 

N. ampliaturn 50-104 17-25 16-17 

N .  statuarium 36-53 12-15 19-23 
Siver & Hamilton (2005) 

ca 18 transapically 
elliptical 

ca 18 rectangular 

12-1 8 transapically 
elliptical 

14-15 transapically 
elliptical 

15- 18 -oval, mostly 
asymmetric 

20-2 1 transapically 
elliptical 

10- 12 -rhomboidal 

large, 
transapically 
elliptical- 
rectangular 

elliptical 
25 transapically 

lanceolate with 
apices protracted, 
broadly rounded 
broadly linear, 
angular, distinctive 
acute apices 

strictly linear 

linear to slightly 
linear-lanceolate 

lanceolate 

linear-elliptical- 
lanceolate, apices 
abruptly protracted 
lanceolate to 
elliptical-lanceolate 

linear to elliptical, 
apices rounded to 
subrostrate 

linear to elliptical, 
apices strongly 
capitated 

Another species that is similar to Neidium palpebrum is N. statuarium Hamilton & Siver 
(Siver & Hamilton 2005). Valve morphometric data and outline differentiating N. palpebrum 
from N. statuarium are given in Table 2. Neidium palpebrum has larger valves, and less dense 
areolae and puncta in 10 pm. The valve exterior of N. statuarium is more rugose and 
sculptured as compared to N. palpebrum. Both species have a regular areolar distribution 
pattern. Additionally, N. statuarium possesses more narrow longitudinal canals, similar to 
those of N. ampliatum (Ehrenberg) Krammer in Krammer & Lange-Bertalot 1985. The species 
concept of N. ampliatum sensu lato has been discussed in Antoniades et al. (2008). The 
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concept of Antoniades et al. (2008: pl. 54, figs 1-3, pl. 55, figs 1,4, pl. 121, figs 1,2 ,6; see 
also Krammer & Lange-Bertalot 1986: pl. 105, figs 3, 6) was followed. Neidium umpliatum 
can be easily differentiated from N. pulpebrum by several features, including valve outline 
(linear to elliptical versus lanceolate in N. pulpebrum), the size and shape of the central area 
(larger in N. ampliutum), having a more narrow longitudinal canal. Otherwise the two species 
overlap with respect to valve morphometric data such as valve size and striae density (see 
Table 2). 

This study reveals a group of relatively large Neidium species possessing a single wide 
longitudinal canal along each margin and striae density below 20 in 10 pm. However, due to 
limited SEM documentation and almost no molecular studies of the genus, our understanding 
of phylogenetic relationships is very limited. 

In a compendium of species from the U.S.A., Kociolek (2005) noted 73 Neidium taxa. 
Now, including species described after his work, the number of Neidium taxa from the USA 
exceeds 80. Krammer & Lange-Bertalot (1986) list less than half that number (39) from all of 
Central Europe. So far N. buhrianum, N. sterrenburgii, N. vanlandinghamii are only known 
from type localities in Florida (Metzeltin & Lange-Bertalot 2007). Kociolek (2006) reported 
that Florida was home to many, if not the greatest number of endemic taxa within the United 
States. Also described from Florida is N. pseudodensestriaturn, which has recently been 
reported from the Atlantic Coastal Plain of the U.S.A. indicating a broader distribution for this 
taxon (Siver et al. 2009). Likewise Neidium sacoense has a broad distribution occuring from 
Florida, U.S.A. to mid-latitude Ontario, Canada (Siver et al. 2005). Some other species are 
known from South America and Florida lor North America (N. hamatum var. septentrionale 
and N. roland-schmidtii, respectively). Neidium amphiatlanticum is reported from both sides 
of the Atlantic Ocean (Metzeltin & Lange-Bertalot 2007). Thus, it is expected hrther floristic 
and taxonomical studies of species in the genus Neidium will contribute to our understanding 
of freshwater diatom biogeography. 
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