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Species of the genus Gomphonema from Haqlan hot springs, Iraq, with the description of two
new species
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This work presents a systematic account of the species of Gomphonema in Haqlan hot springs, Iraq. In diatom-rich material epiphytic on
the aquatic plant Najas minor, 11 species belonging to Gomphonema were encountered, including two species new to science: G. brockiae
sp. nov. and G. hadithaensis sp. nov. These species were described based on light and electron microscope observations. Gomphonema
brockiae is a thermophilic and halophilic species, differentiated from its allied taxa by valve morphology and ultrastructure, including
valve outline and size, stria density and areola shape. Gomphonema hadithaensis is characterized by its naviculoid shape and large
size but can be distinguished from related taxa by its length/width ratio as well as stria density. A detailed morphological description
of valve ultrastructure is provided for all species in this work. Eight of the currently identified Gomphonema species are new records
for Iraq. This work is a documentation of diatoms present in a rapidly changing habitat due to severe shortage of freshwater supply
to Iraq.
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Introduction
Gomphonema Ehrenberg is a largely diversified biraphid
diatom genus characterized by having linear-lanceolate to
elliptical heteropolar to almost isopolar valves. The valves
are apically asymmetric with the head pole usually wider
than the basal pole (Round et al. 1990). According to Koci-
olek et al. (2019), Gomphonema encompasses 2400 taxa
distributed worldwide in a variety of freshwater environ-
ments including oligotrophic, eutrophic and organically
polluted water bodies. This large species number includes
many taxa that have not been critically examined and ver-
ified. Guiry & Guiry (2024) estimated that 461 species of
Gomphonema are of uncertain identities.

Species of Gomphonema are common in benthic
diatom communities and many are of cosmopolitan distri-
bution with varying life forms such as epiphytic, epipelic,
epipsammic and epilithic (Reichardt 2001, 2008, 2015,
Levkov et al. 2016). Such a diversified nature of the
genus representatives with wide morphological and struc-
tural variations creates taxonomic problems (Krammer &
Lange-Bertalot 1991). Morphological variations include
raphe structure (straight or lateral), curvature of the raphe
endings, presence or absence of isolated pores (stigmata),
mono- or biseriate striae, occluded or un-occluded areolae,
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presence and position of pseudosepta, besides other ultra-
structural differences. To overcome part of this problem,
molecular investigations on some of the highly variable
species complexes were implemented and revealed numer-
ous conspecific and wrongly identified species (Abarca
et al. 2014, 2020, Jahn et al. 2017). Based on scanning
electron microscope (SEM) observations and molecular
analyses, certain Gomphonema species were transferred
to other known genera such as Gomphoneis Cleve, and
Gomphonella Rabenhorst (Jahn et al. 2017), or to newly-
erected genera such as Pseudogomphonema Medlin, Gom-
phonemopsis Medlin, Gomphoseptatum Medlin (Medlin
& Round 1986), Gomphosinica Kociolek, Q.-M.You,
Q.-X.Wang & Q.Liu (2015) and Indiconema Karthick &
Kociolek (in Karthick et al. 2023).

In mid- and north Iraq, a large network of freshwa-
ter systems covers the region, consisting of the two major
rivers of Mesopotamia, Tigris and Euphrates, with tens of
their tributaries and branches. Despite such an extensive
river network and wetlands, information on diatom diver-
sity and distribution are rare. The study of diatoms in the
region was initiated by Kolbe & Kreiger (1942) who exam-
ined algal material collected during the Handels-Mazetti
Expedition in 1910 from the Kurdistan area and reported
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only four Gomphonema taxa. Three decades later, Hirano
(1973) investigated the diatoms in samples collected from
small rivers and springs obtained by the Botanical Expe-
dition in 1970. He added two more Gomphonema species
to the list of Kolbe & Kreiger (1942). Gomphonema taxa
reported by these authors were G. acuminatum Ehren-
berg, G. angustatum (Kützing) Rabenhorst, G. constric-
tum Ehrenberg, G. intricatum Kützing, G. lanceolatum
C.Agardh, G. olivaceum (Hornemann) Brébisson and G.
parvulum (Kützing) Kützing. More recent investigations
on diatoms made by Hinton & Maulood (1979a, b) and
Maulood & Hinton (1979) did not add any further Gom-
phonema taxa to the previous list. An additional number
of Gomphonema species appeared in several recent grad-
uate dissertations on the algae of mid- and north Iraq, but
these were not accompanied by proper descriptions or clear
images which make their identification questionable.

The present study is a taxonomic documentation of the
epiphytic Gomphonema species found in a hot spring in
the northern half of Iraq. We report 11 species of Gom-
phonema, most of which were not previously reported
from Iraq, including the description of two species new
to science, G. brockiae sp. nov. and G. hadithaensis sp.
nov. A detailed description with light microscope (LM)
and scanning electron microscope images are provided for
all species. The description of the well documented and
cosmopolitan Gomphonema species found in the present
material is provided here to illustrate minor morphologi-
cal variations between populations in different geographic
locations. The material examined was rich in diatom taxa
exhibiting other new and interesting species of other genera
which will be dealt with separately.

Material and methods
Study site
Haqlan springs (34° 05´ 27´´ N, 42° 21´ 57´´ E) are
small water impoundments located on the west side of
Euphrates River at Haditha Town, 250 km north-west of
Baghdad (Fig. 1). The springs receive underground water
which passes through gypsum rocks giving them their nat-
ural high sulphate content. Water from the springs flow at
25 m3/sec, discharging into the Euphrates River proper and
altering the water quality in that region (Zydan et al. 2007).
The springs are located in the vast Haqlan dry valley, which
occupies an area of 441 km2 and has an elevation of 325 m
above sea level. The water level is rather shallow, not
exceeding 3 m in depth, and the bottom is composed of silt
to sand. The edge of the springs is covered with patches of
filamentous cyanobacteria and macrophytes.

Environmental factors
Determination of some physical and chemical factors in the
study site were either measured in situ or in the laboratory

following APHA (2017). These include water temperature,
pH, conductivity, turbidity, alkalinity, and concentrations
of chloride, nitrate, phosphate and sulphate.

Samples and preparation
Samples were collected in January–March 2018 by cut-
ting parts of the submerged aquatic plants in the shal-
low parts of the spring. The dominant aquatic plant was
Najas minor which inhabits the shallow parts of the
hot springs. The plants were collected by hand, placed
in small plastic bottles and preserved with 4% forma-
lin. Diatoms were cleaned by boiling the samples in
35% hydrogen peroxide for 15 minutes. A few drops of
50% hydrochloric acid were added to remove carbonate.
After several rinses with deionized water, diatom sam-
ples were air dried on coverslips and then mounted in
Naphrax. Light microscope examination and morphome-
tric measurements were performed with a Zeiss Axioplan
2 microscope (Carl Zeiss AB) using differential interfer-
ence contrast objectives (DIC). For SEM observations, a
few drops of the cleaned diatom suspension were left to
dry on an aluminium stub and examined in a Zeiss Ultra
55 FEG SEM (Chalmers University, Gothenburg, Swe-
den). The terminology used in the valve morphological and
structural descriptions follows Ross et al. (1979), Round
et al. (1990) and Levkov et al. (2016). The term ‘Fre-
quent’ used in this study indicates more than 50 cells
observed on each slide examined, ‘Rare’ refers to less than
ten cells.

Results
Average water temperature during sampling period
(January-March) was 31°C, pH values remained on the
alkaline side and averaged 7.85. Electric conductivity
was 4222 μS/cm, turbidity (NTU) 0.6, alkalinity (CaCO3)
140 mg/L. chloride 336 mg/L, phosphate 0.16 μg at P-
PO4/l and sulphate 2040 mg/L.

Gomphonema acuminatum Ehrenberg (Figs 2–7, 78–87)
Krammer & Lange-Bertalot (1986), p. 365, pl. 160,

figs 1–12, Levkov et al. (2016), p. 22, pl. 1, figs 1–14, pl.
2, figs 1–7, pl. 3, figs1–14, pl. 4, figs 1–6.

Morphology. Valves strongly heteropolar, clavate, gibbous
in centre with two constrictions. Head pole wedge-shaped,
widens below apex and terminates in apiculate end. Base
pole narrowly rounded. Valves 41–58 μm long, 10–11 μm
wide at mid-valve. Axial area narrow, linear. Central area
small, irregularly shaped, surrounded by alternating short
and long striae. Isolated pore small, round, located at end
of a long central stria. Raphe lateral, undulated, proximal
raphe endings expanded, slightly deflected towards iso-
lated pore. Striae radiate all over, becoming convergent
near the poles, 11–13 in 10 μm at mid valve, 14–15 in
10 μm towards poles. In the SEM, externally, proximal
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Fig. 1. a, b. Map showing location of Haqlan hot springs in Iraq. c. Photograph of the natural spring with sampling location on spring
bank.
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Figs 2–21. LM images of Gomphonema spp. Figs 2–7. G. acuminatum. Figs 8–15, G. brockiae sp. nov., Figs 16–21, G. commutatum.
Scale bars: 10 μm.



Species of the genus Gomphonema from Haqlan hot springs, Iraq 5

Figs 22–45. LM images of Gomphonema spp. Figs 22–29, G. contraturris. Figs 30–37, G. dichotomum. Figs 38–45, G. exillisimum.
Scale bars: 10 μm.
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Figs 46–55. LM images of Gomphonema spp. Figs 46–49, G. hadithaensis sp. nov. Figs 50–55, G. italicum. Scale bars: 10 μm.

raphe endings slightly expanded (Fig. 84), distal endings
first deflected towards secondary (isolated pore side), then
deflected on opposite side, extending onto the valve man-
tle to the other side (Fig. 83). At foot pole, raphe endings
bisect apical pore field composed of small rounded pores
(Fig. 85). External opening of isolated pore very small,
rounded (Fig. 84). Striae at mid-valve and near head pole
become bifurcate and biseriate near valve margin (Fig. 83).

Areolae bordering the axial area are semi-rounded, become
C-shaped towards valve margin (Fig. 87). Internally, prox-
imal raphe ends hooked towards the isolated pore, distal
endings terminate in small helictoglossae, shortly before
apices (Fig. 79, 80). Isolated pore with slit-like opening
(Fig. 80). Areolae sunk in narrow foraminal elongated
pores separated by strongly silicified vimines (Fig. 86).
Pore field well developed at base pole and located on valve
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Figs 56–77. LM images of Gomphonema spp. Figs 56–69, G. laticollum. Figs 70–73, G. procerum. Figs 74–77, G. pumilum. Scale
bars: 10 μm.



8 Al-Handal et al.

Figs 78–87. SEM images of G. acuminatum. Fig. 78. Valve internal side. Fig. 79. Upper half of the valve internal side. Marginal striae
on the wider valve part below head pole are alternating short and long ones. Distal raphe ending in helictoglossa. Fig. 80. Mid-valve
exhibiting central nodule, short and long striae and the curved raphe proximal endings. Fig. 81 Internal base pole. Fig. 82. Valve external
side. Fig. 83. Enlarged upper half of the valve showing stria structure. Fig. 84. Mid-valve, the raphe proximal endings are expanded, the
isolated pore is small and positioned at the end of a longer stria. Fig. 85. Valve base pole with the apical pore field. Fig. 86. Internal striae
with narrow foramina and deep vimines, areolae C-shaped. Fig. 87. External C-shape areolae. Scale bars: Figs 78, 83: 4 μm. Figs 79–81,
83–85: 2 μm. Figs 86, 87: 0.5 μm.
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Figs 88–97. SEM images of G. brockiae sp. nov. Figs 88–91. External valve side. Figs 88, 88a, 88b. Valve outline of different cells.
Fig. 89. Mid-valve showing short marginal striae, expanded raphe proximal endings and position of isolated pore. Fig. 90. Head pole
with denser striae and weakly curved raphe distal ending. Fig. 91. Base pole with the apical pore field and raphe distal ending. Figs
92–95. Internal valve side. Fig. 93. Mid-valve with the hooked raphe proximal endings, the slit-like opening of the isolated pore and
striae arranged in foramina separated by broad vimines. Fig. 95. Base pole with raphe distal ending in helictoglossa. Fig. 96. Frustule in
girdle view showing perforated cingular bands and striae on valve mantle. Fig. 97. Internal areola shape. Scale bars: Figs 88, 88a, 92, 96:
2 μm. Figs 88b, 89–91, 93–95: 1 μm. Fig. 97: 0.5 μm.
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Figs 98–109. SEM images of G. commutatum. Figs 98–101. External valve side. Figs 99, 99a. Mid-valve, note the five isolated pore,
only one opens into valve interior. Fig. 100. Head pole, striae more packed, raphe distal end curved towards the three isolated pores side.
Fig. 101. Base pole, with the apical pore field bisected by distal raphe ending. Figs 102–105. Internal valve side. Fig. 103. Mid-valve,
the curved raphe proximal endings and the narrow elongated isolated pore opening. Fig. 104. Head pole with narrow but well-developed
pseudoseptum. Fig. 105. Internal rounded areola openings. Fig. 105. Frustule in girdle view. Fig. 107. Frustule head pole, note the discrete
areolae on valve mantle, cingular bands with a single marginal row of elongated areolae. Fig. 109. External valve side of a specimen with
a single isolated pore. Fig. 109. Enlarged mid-valve. Scale bars: Figs 98, 102, 106, 108: 4 μm. Figs 99–101, 103, 104, 107, 109: 2 μm.
Fig. 107: 0.5 μm.
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Figs 110–119. SEM images of G. contraturris. Figs 110–113. External vale side. Fig. 111. Mid-valve showing raphe proximal endings
and position of the isolated pore. Fig. 112. Head pole with weakly curved raphe distal ending. Fig. 113. Base pole, note the stria arrange-
ment and the apical pore field. Figs 114–117. Internal valve side. Fig. 115. Mid-valve showing curved raphe proximal endings and the
elongated opening of the isolated pore. Fig. 116. Head pole with raphe distal ending in helictoglossa. Fig. 117. Base pole with narrow
pseudoseptum. Fig. 118. External slit-like areolae. Fig. 119. Internal openings of areolae with irregular shapes. Scale bars: Figs 110, 114:
10 μm. Figs 111–113, 115–117: 2 μm. Fig. 118: 1 μm. Fig. 119: 0.5 μm.
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Figs 120–129. SEM images of G. dichotomum. Figs 120–123. External valve side. Fig. 121. Mid-valve, note the very short stria on one
side of the central area, the isolated pore positioned at the end of the long striae, areolae are sunk into lunar depressions. Fig. 122. Head
pole showing the nearly straight raphe distal ending. Fig. 123. Base pole with a well-developed apical pore field. Figs 124–127. Internal
valve side. Fig. 125. Mid-valve with curved raphe proximal endings. Note the isolated pore is not open on the inside. Fig. 127. Base pole
with well-developed pseudoseptum. Fig. 128. External areola openings. Fig. 129. Internal areolae located in quadrangular depressions.
Scale bars: Figs 120, 124: 4 μm. Figs 121–123, 125–127, 129: 2 μm. Fig. 128: 1 μm.
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Figs 130–137. SEM images of G. exillisimum. Figs 130–133. External valve side. Fig. 131. Mid-valve showing raphe proximal endings,
central area and isolated pore. Fig. 132: Head pole. Fig. 133. Slightly bent protracted base pole. Figs 134–136. Internal valve side. Fig.
135. Mid-valve showing curved raphe proximal endings and narrow elongated isolated pore opening. Fig. 135. Structure of areolae. Fig.
137. Frustule in girdle view. Scale bars: Figs 130, 134, 137: 2 μm. Figs 131–133, 135: 1 μm. Fig. 136: 0.5 μm.
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Figs 138–143. SEM images of G. hadithaensis sp. nov. Figs 138–142. Internal valve side. Fig. 139. Mid-valve exhibiting raphe proximal
endings, and the linear narrow isolated pore opening. Fig. 140. Head pole, note the lateral raphe distal ending in helictoglossa and the
linear openings of areolae. Fig. 141. Base pole showing the lateral raphe distal ending in helictoglossa, the apical pore field with very
small poroids and the narrow pseudoseptum. Fig. 142. External head pole showing the laterally bent raphe distal ending and the irregular
arrangement of the slit-like areolae. Fig. 143. External mid-valve. Scale bars: Fig. 138: 10 μm. Figs 139–143: 2 μm.

mantle (Fig. 85). A narrow pseudoseptum visible at the
base pole (Fig. 81).

Remarks. Gomphonema acuminatum is a cosmopolitan
species inhabiting fresh and brackish water with variable
environmental preferences, from oligotrophic to eutrophic

waters (Reichardt 1999, Chudaev et al. 2014, Levkov et al.
2016, Abarca et al. 2020). Variation in valve morphol-
ogy and stria structure were reported (Reichardt 1999,
Kulikovskiy et al. 2015). Such variation has led to the
description of several varieties. According to Abarca et al.
(2020) based on microscopic observations and molecular
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Figs 144–149. SEM images of G. italicum. Figs. 144–145. External valve side. Fig. 145. Head pole, note the strongly undulated raphe
and curved raphe distal ending. Figs 146–149. Internal valve side. Fig. 147. Striae in narrow foramina separated by well-developed
vimines. Fig. 148. Upper part of the valve showing raphe proximal endings and the isolated pore opening. Fig. 149. Lower part of the
valve exhibiting raphe distal ending and the apical pore field. Scale bars: Figs 144, 146: 4 μm. Figs 145, 148, 149: 2 μm. Fig. 147: 1 μm.

analyses of several strains of the G. acuminatum complex,
many of these varieties may be conspecific. The areolae
on the external valve face in the material from mid-Iraq
are mostly semi rounded, becoming only C-shaped near
the valve margin (Figs 83, 84), compared to completely C-
shaped areolae in this species (Abarca et al. 2020, p. 138,
figs 230–233, Levkov et al. 2016, p. 148, figs 6, 8). Such
areola shape variation may be a result of the cleaning pro-
cess. This species is widely distributed in Iraq and is one of

the common diatoms in the southern water systems of Iraq
(Al-Handal & Al-Shaheen 2019).

Occurrence and distribution. Frequent. Widely distributed
in Iraq (Maulood et al. 2013).

Gomphonema brockiae Al-Handal, Levkov & Wulff sp.
nov. (Figs 8–15, 88–97)

Description. LM observation (Figs 8–15): Valves clavate-
lanceolate with rounded head pole and narrowly rounded,
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Figs 150–159. SEM images of G. laticollum. Figs 150–153. External valve side. Fig. 151. Mid-valve, with the bent raphe proximal
endings and the small rounded isolated pore. Fig. 152. Head pole showing the curved raphe distal ending and areola structure which are
deeply sunk C-shaped. Fig. 153. Base pole, note the curvature of raphe and the apical pore field formed of small, rounded areolae. Figs
154–157. Internal valve side. Fig. 155. Mid-valve showing central nodule, raphe proximal endings and isolated pore opening, the striae
close to the axial area appear biseriate. Fig. 156. Head pole, note the deep foramina separated by strongly silicified and irregular vimines.
Fig. 157. Base pole, note the deflected raphe distal ending, the structure of the apical pore filed and the open narrow pseudoseptum. Fig.
158. Frustule in girdle view. Fig. 159. Enlarged upper part of the frustule showing cingular bands with discrete areolae on valve mantle.
Scale bars: Figs 150, 154, 158: 4 μm. Figs 151, 155, 159: 2 μm, 152, 153, 156: 1 μm. Fig. 157: 0.5 μm.
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Figs 160–166. SEM images of form 2 of G. laticollum. Figs 160–163. External valve side. Fig. 161. Mid-valve showing stria arrange-
ment around the central area and raphe proximal endings. Fig. 162. Head pole, note the striae extend over apical mantle. Fig. 163.
Structure of the C-shaped areolae. Figs 164–166. Internal valve side. Fig. 165. Mid-valve showing the hooked raphe proximal endings
and the small slit opening of the isolated pore. Fig. 166. Narrow stria foramina separated by well-developed vimines. Scale bars: 160,
164: 4 μm. Figs 161, 162, 165: 2 μm. Figs 163, 166: 1 μm.
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Figs 167–175. SEM images of G. procerum. Figs 167–172. External valve side. Fig. 168. Mid-valve. Fig. 169. Raphe proximal endings
and the rounded isolated pore opening surrounded by silica ring. Fig. 170. Head pole. Fig. 171. Areola structure, C-shaped covered with
silica flaps. Fig. 172. Base pole, note the nearly straight raphe distal ending bisecting a pore field. Figs 173–175. Internal valve side. Fig.
174. Base pole. Fig. 175. Head pole with pseudoseptum. Scale bars: Figs 167, 173: 4 μm. Figs. 168, 170, 172, 174, 175: 2 μm. Figs 169,
171: 1 μm.
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Figs 176–181. SEM images of G. pumilum. Figs 176–178. External valve side. Fig. 177. Head pole. Fig. 178. Base pole, note the
C-shaped areolae covered with silica flaps, the well-developed apical pore field formed of rounded areolae. Figs 179–181. Internal valve
side. Fig. 180. Mid-valve showing curved raphe proximal endings and the small, rounded opening of the isolated pore, note the curvature
of striae around the central area. Fig. 181. Head pole. Scale bars: Figs 176, 179: 2 μm. Figs 177, 178: 0.5 μm. Figs 180, 181: 1 μm.

slightly protracted foot pole. Valves 19–30 μm long, 5.5–
6.5 μm wide with broadest part opposite to central area
(n = 36). Axial area moderately broad, lanceolate, opens
to wide rounded central area. Raphe slightly lateral, undu-
late, with tear-like elongated proximal endings. Striae par-
allel at mid-valve, slightly radiate towards poles, central
striae shorter, 9–11 in 10 μm at mid-valve, 11–12 near the

poles. One isolated pore (stigma) located in the central
area, close to raphe proximal endings.

SEM observation (Figs 88–97): Frustule in girdle
view wedge-shaped (Fig. 96). Externally, raphe branches
undulated (Figs 88–90). Proximal raphe endings straight,
expanded, tear drop-shaped (Fig. 89). Distal raphe endings
weakly hooked and extended to valve mantle (Figs 90, 91).
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Well-developed apical pore field located at foot pole and
extends to mantle, composed of small, rounded areolae,
bisected by distal raphe end (Fig. 91). Striae uniseriate,
extending onto mantle (Figs 90, 96). Areolae adjacent to
axial area C-shaped, becoming apical slits towards valve
margin (Fig. 90). Areolae sunk into valve face in elongated
depressions separated by well-developed ribs (Fig. 89, 90).
Isolated pore small, rounded (Figs 88a, 88b) or curved
(Fig. 89), located distantly from central stria and later-
ally between raphe proximal endings (Fig. 89). Three open
bands overlapping each other with marginal apical row
of small poroids (Fig. 96, arrows). Internally, raphe prox-
imal endings hooked on slightly elevated central nodule
(Fig. 93). Raphe distal endings terminate on helictoglos-
sae, shortly before valve poles (Figs 94, 95). Striae weakly
radiate around central nodule (Fig. 93), parallel towards the
head pole (Fig. 94). Areolae arranged in foraminal rows,
C-shaped to slightly elongated openings (Fig. 97). Isolated
pore opening transapically elongated (Fig. 93). Weakly-
developed pseudoseptum located at both poles (Figs 94,
95).

Holotype. Permanent slide containing valves of G. brock-
iae sp. nov. is deposited in the Botanischer Garten und
Botanischer Museum (BGBM), Berlin, Germany under
accession B 40 0045805. Phycobank registration num-
ber: http://phycobank.org/104938. Holotype illustrated in
Figs 8–15.

Type locality. Heqlan springs (34°05’27′′ N, 42°21’57′′ E),
Euphrates River, Iraq.

Etymology. The epithet is in honour of Dr Elisabet Brock
of the Tjärnö Marine Laboratory (TMBL), University
of Gothenburg, because her invaluable contributions to
spreading algal knowledge among students and teachers
have made a significant impact on science education.

Occurrence and distribution. Frequent in all samples.

Gomphonema commutatum Grunow sensu lato (Figs 16–
21, 98–109)

Krammer & Lange-Bertalot (1986), p. 367, pl. 163,
figs 1–12 (as G. clavatum Ehrenberg); Thomas et al.
(2009), p. 216, figs 65–67.

Morphology. Valves heteropolar, clavate to rhombic-
lanceolate, with broadly rounded head pole and nar-
rowly rounded, weakly protracted foot pole. Valves 48–
52 μm long, 9.0–11.0 μm wide with widest part at mid-
valve. Axial area linear, narrow. Central area irregular,
rounded, elliptical to almost absent. Raphe lateral, undu-
lated. Raphe proximal endings elongated, straight, drop-
like. Isolated pore very close to median stria. Raphe distal
endings weakly deflect towards pore-bearing side, and then
deflected to opposite side, extending onto valve mantle.
Striae weakly radiate throughout, 10–12 in 10 μm at mid-
valve, 12–14 in 10 μm towards head pole. In the SEM,

externally, one isolated pore present in the central area
(Figs 98, 99). Areolae near proximal raphe endings slightly
larger, giving impression of isolated pores (Figs 99, 99a).
At foot pole, raphe bisect a pore field composed of small,
rounded areolae (Fig. 101). Areolae rounded to short slit-
like, areolae in the row adjacent to axial area are C-shaped
(Figs 99, 100). Internally. raphe lateral with proximal end-
ings hooked on raised central nodule (Fig. 103). Distal
raphe endings terminate in helictoglossae (Figs 102,104).
Isolated pore opening very narrow, slit-like (Fig. 103).
Striae separated by strongly silicified vimines. Areolae
sunk in narrow foraminal rows (Fig. 105). Small pseu-
dosepta on both valve poles (Fig. 102).

Remarks. Gomphonema commutatum is a variable species
with varying valve outline from a clavate form to lance-
olate with tumid mid-valve, which lead to the descrip-
tion of several taxa regarded now as synonyms, including
G. clavatum Ehrenberg, G. longipes Ehrenberg, G. mex-
icanum Grunow, G. montanum Schumann, G. montanum
var. commutatum (Grunow) Grunow, G. subclavatum var.
commutatum (Grunow) Mayer G. musela Ehrenberg and
G. obliqua (Grunow) O. Muller. The population from
Haqlan hot springs has rounded external areola openings,
compared to typical C-like openings in G. commutatum.
However, such areola shape might be a result of corrosion
during the cleaning process.

Occurrence and distribution. Frequent. Not recorded pre-
viously from Iraq.

Gomphonema contraturris Lange-Bertalot & E.Reichardt
(Figs 22–29, 110–119).

Lange-Bertalot (1993), p. 57, pl. 78, figs 2–9, pl. 79,
figs 1–5.

Morphology. Valves heteropolar, clavate-lanceolate with
widest part at mid-valve. Head pole cuneate-apiculate,
terminating in angular apex, foot pole acutely rounded.
Valves 34–90 μm long, 13.0–16.0 μm wide. Axial area
linear, slightly widens into unilaterally expanded central
area, formed by shortening of central stria. Raphe, slightly
lateral and weakly undulated. Striae weakly parallel at
mid-valve, strongly radiate near poles, 10–11 in 10 μm at
mid-valve, 11–13 in 10 μm towards poles. In the SEM,
externally, proximal raphe endings straight, distant and
drop-like (Fig. 111). Raphe distal endings slightly bent
towards the isolated pore side and extend to valve man-
tle (Figs 112, 113). Isolated pore small, rounded (Fig.
111). At foot pole, raphe ending bisects a well-developed
pore field formed of rounded pores (Fig. 113). Areola
foramina appear as short apical slits, slightly sunk into
valve face (Fig. 118). Internally, proximal raphe endings
hooked, slightly raised on elevated central nodule (Fig.
115). Raphe distal endings terminate in helictoglossae,
shortly before apices (Figs 116, 117). Isolated pore opening
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very narrow, transapically elongated (Fig. 115). Areola
openings elliptical to rounded (Fig. 119).

Occurrence and distribution. Frequent in all samples. Not
recorded previously from Iraq.

Gomphonema dichotomum Kützing sensu lato (Figs 30–
37, 120–129)

Reichardt & Lange-Bertalot (1991), pl. 1, figs 1–14,
Reichard (2018), pl. 320, fig. 23.

Morphology. Valves slightly heteropolar, lanceolate to
linear-lanceolate with narrowly rounded head pole and
slightly protracted rounded foot pole. Valves 48–63 μm
long, 8.0–9.0 μm wide, with broader part near mid-valve.
Axial area narrow, gradually widens towards asymmet-
rical, laterally expanded central area, formed by a short
stria on one side of the central area. Raphe slightly lat-
eral, filiform, weakly undulated. Raphe proximal end-
ings expanded, slightly deflected towards the isolated
pore. Striae weakly radiate throughout, 7–9 in 10 μm at
mid-valve, 11–13 towards poles. In the SEM, externally,
proximal raphe endings, slightly expanded and deflected
towards the isolated pore (Fig. 121). Distal raphe endings
straight and terminate on valve mantle (Fig. 122), bisect-
ing a pore field at foot pole (Fig. 123). Apical pore field
formed of rounded porelli. One strongly shortened central
stria composed of 1–2 areolae on the side opposite to the
isolated pore (primary side) (Figs 121, 125). Isolated pore
with rounded external opening, slightly sunk into valve
face, located at the end of a long stria (Fig. 121). Areo-
lae individually slightly sunk into valve face, formed of
either small, rounded openings, short slits or C-shaped,
positioned in lunar depressions (Figs 121, 128). Internally,
proximal raphe endings hooked, distal endings terminate
in elevated helictoglossae. Isolated pore does not open
internally (Fig. 125). Striae arranged in narrow foraminal
rows, sunk into quadrangular depressions (Fig. 129). Are-
ola openings small, rounded to elliptical (Figs 125, 129).
Valves with short pseudosepta at both poles (Fig. 124).

Remarks. Gomphonema dichotomum observed in our
material appears similar to G. amoenum (Levkov et al.
2016, p. 25, figs 83: 1–28, 84: 1–9) in having a stria
composed of a single areola on one side of the central
area. However, the valves of G. amoenum are less clavate
with more elongated headpoles. Striae are denser (11–
15 at mid-valve and 15–18 in 10 μm near the poles) and
the areolae are more packed. Krammer & Lange-Bertalot
(1986, p. 370) considered G. dichotomum as a synonym
to G. angustum C.Agardh, but the list of synonyms indi-
cate a wide variation of valve outline of this species. Later,
Reichardt & Lange-Bertalot (1991), considered it as a sep-
arate species belonging to the G. angustum-dichotomum-
intricatum-vibrio species complex.

Population of G. dichotomum from Haqlan hot spring
is morphologically similar to G. dichotomum sensu stricto,

but differences can be noticed in the shape of the exter-
nal areola openings. According to Reichardt & Lange-
Bertalot (1991, fig. 1: 13), the external areola openings
in G. dichotomum are typically C-like, while in the pop-
ulation from Haqlan hot spring they have round foramina.
Also, the proximal raphe endings are straight, compared
to teardrop-shaped in the type material. However, all other
morphometrical and ultrastructural features are compara-
ble.

Occurrence and distribution. Frequent in all samples. Not
recorded previously from Iraq.

Gomphonema exilissimum (Grunow) Lange-Bertalot &
E.Reichardt (Figs 38–45, 130–137)

Lange-Bertalot & Metzeltin (1996), p. 70, pl. 62,
figs 23–27, Levkov et al. (2016), pl. 127, figs 1–33, pl. 128,
figs 1–41, pl. 129, figs 1–7, pl. 131, figs 26–47.

Morphology. Valves heteropolar, linear lanceolate to nar-
rowly elliptic, with subcapitate to slightly rostrate rounded
poles. Foot pole in some specimens slightly deflected
(Fig. 39). Valves 19–20 μm long, 5.5–7.0 μm wide. Axial
area linear, very narrow. Central area small, irregular,
may become unilaterally expanded due to a short stria on
one side. Raphe filiform, slightly lateral, undulated. Striae
weakly radiate throughout, 11–12 in 10 μm at mid-valve,
13–14 towards the poles. In the SEM, externally, proximal
raphe endings expanded, drop-like and slightly deflected
towards the isolated pore (Figs 130, 131). Distal raphe
endings first curved towards isolated pore side and extend
on mantle (Fig. 132). Foot pole raphe ending bisects a
well-developed apical pore field formed of rounded porelli,
different from the rest of areolae (Fig. 133). Areolae small,
slightly sunk into valve face, with variable shape (Figs 131,
132). Isolated pore small, rounded, located at the end of
a long central stria (Fig. 131). Internally, raphe straight,
proximal endings strongly hooked, distal endings termi-
nate in helictoglossae (Figs 134, 135). Areolae C-shaped
to irregular, surrounded by thin silica thickenings and
arranged in shallow foramina (Figs 135, 136). Isolated pore
opening slit-like, elongated (Fig. 136). Pseudosepta absent
at both poles (Fig. 134).

Remarks. This species was originally described as a variety
of G. parvulum (G. parvulum var. exilissimum Grunow),
and later erected as a distinct species by Lange-Bertalot &
Richardt (in Lange-Bertalot & Metzeltin 1996). The char-
acterization of G. exilissimum by Jüttner et al. (2013) was
mostly based on valve length-width ratio which does not
seem to be a good feature due to the varying ratio and
valve outline of the species. Levkov et al. (2016) encoun-
tered different valve morphologies such as valve outline
and pole shapes, which led them to consider these as dif-
ferent morphotypes of the species (Levkov et al. 2016, pl.
128, figs 1–41, pl. 129, figs 1–7, pl. 131, figs 26–47). The
observed specimens appeared with narrowly elliptic valves
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and a headpole more subcapitate than the basal pole, which
match the description of G. exilissimum.

Occurrence and distribution. Frequent. Not recorded pre-
viously from Iraq.

Gomphonema hadithaensis Al-Handal, Levkov &
H.Abdullah sp. nov. (Figs 46–49, 138–143)

Description. LM observation (Figs 46–49): Valves isopo-
lar to slightly heteropolar, rhombic lanceolate with largest
valve width at mid-valve. Head and foot poles acutely
rounded. Valves 85–102 μm long, 13.0–15.0 μm wide.
Axial area linear, slightly wide. Central area small, irreg-
ular, laterally dilated towards a short stria, opposite to
isolated pore. Raphe filiform, slightly undulated, lateral.
Proximal raphe ends small, drop-like, weakly deflected to
isolated pore side. Striae parallel at mid-valve, convergent
towards poles, 7–9 in 10 μm at mid-valve, 13–15 in 10 μm
towards poles. Areolae visible in LM.

SEM observation (Figs 138–143): Internally, proximal
raphe ends hooked (Fig. 139). Distal raphe endings at both
poles deflected to the side opposite to isolated pore, ter-
minated in obliquely positioned helictoglossae (Figs 140,
141). Isolated pore opening narrowly elongated (Fig. 139).
Striae arranged in very narrow foraminal rows. Areolae
mostly rounded or slit-like (Figs 140, 141). Apical pore
field on the foot pole formed of very small porelli, dif-
ferent in shape than the rest of the valve (Fig. 141).
Externally, distal raphe endings deflected to the side oppo-
site to isolated pore, extending onto mantle (Fig. 142).
Striae formed of slit-like areolae, apically arranged at mid-
valve and oblique towards poles (Figs 142, 143). A weakly
developed pseudoseptum at foot pole (Fig. 141).

Holotype. Permanent slide containing valves of G.
hadithaensis sp. nov. is deposited in the Botanischer
Garten und Botanischer Museum (BGBM), Berlin, Ger-
many under accession B 40 0045806. Phycobank reg-
istration number: http://phycobank.org/104939. Holotype
illustrated in Fig. 46.

Type locality. Heqlan springs (34°05’27′′ N, 42°21’57′′ E),
Euphrates River, Iraq.

Etymology. The epithet refers to the locality where this
species was found (Haditha Town, Iraq).

Occurrence and distribution. Very rare, encountered only
in one sample.

Gomphonema italicum Kützing (Figs 50–55, 144–149)
Reichardt (2001), p. 202, pl. 6: 1–24; pl. 7: 1–6, pl.

14: 7–13, Levkov et al. (2016), pl. 15, figs 1–16, pl. 23,
figs 6–8.

Morphology. Valves broadly clavate with broadly rounded
to truncate head pole and weakly acuminate rounded base
pole. Valves 18–22 μm long, 8.0–9.5 μm wide at broad-
est middle part. Axial area linear and narrow. Central

area small, irregular, bordered by 1–3 irregularly short-
ened striae. One isolated pore present in the central area
at end of longest central stria. Raphe undulated, lateral.
Proximal raphe endings expanded, tear-drop-shaped. Striae
weakly radiate throughout, 12–15 in 10 μm. In the SEM,
externally, raphe strongly undulated (Fig. 144). Proximal
raphe endings deflected towards isolated pore (Fig. 145).
Distal raphe endings at head pole first curved towards
isolated pore side, then bent to opposite side on mantle
(Figs 144, 145). At base pole, raphe end bisects apical pore
field, formed of small, rounded porelli (Fig. 144). Areolae
C-shaped, slightly sunk into valve face (Fig. 145). Inter-
nally, proximal raphe endings hooked (Fig. 146). Striae
located in narrow foraminal rows between strongly silici-
fied vimines, (Figs 148, 149). Internal openings of areolae
C-shaped (Fig. 147). Narrow pseudosepta present at both
poles (Figs 148, 149).

Remarks. The observed specimens of G. italicum may
represent the smallest valve dimensions reported for this
species. In this study, the largest valve length did not
exceed 22 μm, whereas valves up to 60 μm long have been
documented in the literature (Medeiros et al. 2018).

Occurrence and distribution. Rare. Previously recorded
from southern Iraq (Al-Handal & Al-Shaheen, 2019).

Gomphonema laticollum E.Reichardt (Figs 56–69, 150–
166)

Reichardt (2001), p. 199, figs 5: 1–14, Levkov et al.
(2016), p. 74, pl. 22, figs 1–15, pl. 23, figs 1–5, pl. 24,
figs 1–25, pl. 25, figs 1–8, pl. 26, figs 13–19.

Morphology. Valves clavate, heteropolar, slightly tumid
at mid-valve and weakly constricted towards both poles.
Head pole broadly rounded to trunctate, foot pole nar-
rowly rounded. Valves 28–50 μm long, 10.0–13.0 μm wide.
Axial area linear, narrow, slightly widened between cen-
tral area and poles. Central area small, irregular, located
below widest part of the valve. One isolated pore present
in the central area, located at the end of long central stria.
Raphe lateral, undulated, proximal raphe endings deflected
towards isolated pore. Striae strongly radiate at mid-valve
and weakly radiate towards poles, 11–13 in 10 μm at mid-
valve, 13–14 near poles. Striae bordering central area
alternate between short and long one. In the SEM, exter-
nally, proximal raphe endings expanded (Figs 155, 165).
Distal raphe endings first curved towards isolated pore,
then deflected on the opposite side, extending onto valve
mantle (Figs 152, 162). At foot pole, raphe distal end
bisects a well-developed apical pore field formed of small,
rounded porelli (Fig. 153). Areolae C-shaped, sunk into
rounded depressions (Figs 152, 162, 163). Occasionally,
few isolated areolae do not penetrate internally giving
impression of isolated pores in the central area (Fig. 161).
Internally, proximal raphe endings hooked (Figs 155, 165).
Distal raphe endings terminate in helictoglossae (Fig. 164).
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Raphe end at foot pole deflected to the side opposite to
isolated pore (Fig. 157). Striae partly biseriate adjacent to
axial area at mid-valve and towards margin near the poles
(Figs 155,156). Areola C-shaped, arranged in relatively
deep and narrow foraminal rows separated by strongly sili-
cified vimines (Figs 156, 166). Frustules with six cingular
bands, each band with a longitudinal row of slit-like are-
olae (Figs 158, 159). Valve mantle with scattered small
areolae of irregular shape (Fig. 159).

Remarks. Observed specimens are widely variable in valve
outline from clavate to linear lanceolate. Some speci-
mens with three isolate depressions located on one side
of the central area, but only one represents a stigma
(Fig. 161). The external striae are formed of areolae sunk
into rounded depressions (Fig. 163) which are different
from non-depressed areolae in the type material (Reichardt
2001) or those illustrated by Levkov et al. (2016). This
species, however, is known to have several morphotypes
(Levkov et al. 2016).

Occurrence and distribution. Frequent. Previously
recorded from southern Iraq (Al-Handal & Al-Shaheen,
2019).

Gomphonema procerum E.Reichardt & Lange-Bertalot
(Figs 70–73, 167–175).

Reichardt & Lange-Bertalot (1991), p. 526, pl. 4:
figs 1–12.

Morphology. Valves slightly heteropolar, linear-lanceolate
to slightly isopolar, with narrowly rounded, unprotracted
apices. Valves 36–58 μm long, 6.0–6.5 μm wide. Axial
area narrow, linear lanceolate. Central area almost rect-
angular, bordered with a single short stria on both sides.
Single isolated pore located distantly from central stria,
close to proximal raphe endings. Raphe slightly lateral,
proximal endings straight. Striae parallel at mid-valve,
weakly radiate towards poles, 11–13 in 10 μm at mid-
valve, 13–15 near poles. In the SEM, externally, raphe
proximal endings straight, expanded (Figs 168, 169). Dis-
tal raphe endings slightly deflected, extending onto valve
mantle (Figs 170, 172). Raphe end at foot pole bisects a
well-developed apical pore field (Fig. 172). External open-
ing of isolated pore rounded, surrounded by silica ring
(Fig. 169). Areolae C-shaped, very narrow, covered by
thin silica flaps (Figs 169, 171). Internally, proximal raphe
endings strongly hooked, distal endings terminate in helic-
toglossae (Fig. 173). Isolated pore opening small, round
to slightly elongated. Areolae with internal elliptical open-
ings, arranged in deep narrow foraminal rows, separated
by well-developed vimines (Figs 174, 175). Pseudosepta
present on both poles (Figs 174, 175).

Occurrence. Rare. G. procerum was not previously
reported from Iraq.
Gomphonema pumilum (Grunow) E.Reichardt & Lange-
Bertalot (Figs 74–77, 176–181)

Reichardt & Lange-Bertalot (1991), p. 528, pl. 6: 4–11,
Levkov et al. (2016), p. 110, pl. 151, figs 26–52.

Morphology. Valves linear-lanceolate to narrowly clavate
with broadly rounded head poles and narrowly rounded to
weakly protracted base pole. Valve 13–15 μm long, 3.2–4.0
μm wide. Axial area linear-lanceolate, opens to laterally
transversed central area formed by single short stria from
both sides. Raphe filiform, central to weakly lateral. Prox-
imal raphe endings tear-drop-shaped, slightly elongated.
Striae slightly radiate, 8–10 in 10 μm at mid-valve, 10–12
near the poles. In the SEM, externally, distal raphe endings
weakly curved near the poles, becoming straight at man-
tle (Figs 177, 178). Raphe end at foot pole bisects apical
pore field formed of large and rounded porelli (Fig. 178).
Striae C-shaped, covered with silica flaps (Fig. 177). Inter-
nally, proximal raphe endings strongly hooked (Fig. 180).
Distal raphe endings terminate before apices in helictoglos-
sae (Fig. 179). Isolated pore opening located distantly from
the short striae, with rounded to slightly elongated open-
ing (Fig. 180). Striae bordering the central nodule slightly
curved towards proximal raphe endings (Fig. 180). Are-
ola openings rounded, sunk in foraminal elongated rows
separated by strongly silicified vimines (Figs 180, 181).

Occurrence and distribution. Rare. Not recorded previ-
ously from Iraq.

Discussion
The material from Haqlan hot springs is rich in Gom-
phonema spp. and other diatoms despite its high sulphate
concentration which reached 2040 mg/l. Gomphonema
brockiae, G. commutatum, G. contraturris and G. lati-
collum were found in every sample examined. These
were associated with other common taxa including Creno-
tia thermalis (Rabenhorst) Wojtal, Crenotia angustior
(Grunow) Wojtal, Ulnaria ulna (Nitzsch) Compère, Coc-
coneis placentula Ehrenberg, Cocconeis euglypta Ehren-
berg, Cocconeis pediculus Ehrenberg, Fragilaria spp.,
Tabularia spp., Navicula spp. and Nitzschia spp. Of the
11 Gomphonema species reported here, 8 were not pre-
viously reported from Iraq. All Gomphonema species
reported here were only found epiphytic on the aquatic
plant Najas minor, but this number may well increase if
other substrates such as other macrophytes and sediments
are examined.

The present work includes the description of two new
species, Gomphonema brockiae sp. nov. and G. hadithaen-
sis sp. nov. A comparison of the morphological features
between these two species and the related taxa of the genus
is given in Tables 1 and 2. The most similar species to G.
brockiae is G. incognitum E.Reichardt, Jüttner & E.J.Cox
(in Jüttner et al. 2004). The latter species has a com-
parable valve shape and size (broadly clavate, 17–39 μm
long, 4.0–6.5 μm wide), but differences can be noticed in
the stria density (9–11 in 10 μm vs. 14–16 in 10 μm in
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G. incognitum). Additionally, G. incognitum is a typically
freshwater species occurring in the streams and waterfalls,
while G. brockiae is a thermophilic and halophilic species.
Gomphonema nepalense Reichardt, Jüttner & E.J.Cox (in
Jüttner et al. 2004) has larger valves (18–55 μm long and
6.0–8.0 μm wide), narrower axial areal, more elongated
areolae (almost slit-like) and pores on the girdle bands
interrupted in the mid-valve. Gomphonema chinense Liu
& Kociolek (in Liu et al. 2013) has comparable valve
size as G. brockiae (24.4–31.8 µm long, 4.6–5.1 µm wide),
but difference can be noticed in the valve shape (linear-
lanceolate with slightly protracted head pole in G. chi-
nense). Gomphonema siamense has longer valves than G.
brockiae (25.3–52.0 µm) and narrowly rounded to sub-
cuneate head pole. Although it has a broad axial area,
Gomphonema entolejum Østrup can be easily differentiated
from G. brockiae by its much larger valves (37.6–78.3 µm
long, 6.5–9.4 wide) and different shape of both poles.

Gomphonema hadithaensis is similar to G. navicu-
loides W. Smith (Reichardt 2015). Lectotypification of
G. naviculoides was performed by Van de Vijver et al.
(2020) and the species is characterized by almost navicu-
loid valves 28–65 µm long and 7.5–10.0 µm wide with
11–12 striae in 10 µm. Differences between G. hadithaen-
sis and G. naviculoides can be noticed in the valve size
(length 85–102 μm, width 13.0–15.0 μm vs. length 28–
65 µm and width 7.5–10.0 µm, respectively). Reichardt
(2015) described several new species from this com-
plex, such as G. graciledictum E.Reichardt, G. stagnorum
E.Reichardt, G. disgracile E.Reichardt, G. campodunense
E.Reichardt, but all of them have much smaller valves
than G hadithaensis. Gomphonema guaraniarum Met-
zeltin & Lange-Bertalot (2007) has smaller valves (length
50–90 μm width 10.3–12.0 μm) and, thus, can be easily dif-
ferentiated from G. hadithaensis. Gomphonema vibrioides
E.Reichardt & Lange-Bertalot (1991) has similar valve
shape to G. hadithaensis, but both species can be easily dif-
ferentiated by the valve size (length 47.5–105.0 µm, width
6.7–10.4 µm). Gomphonema archaevibrio Lange-Bertalot
& E.Reichardt (in Reichardt 1995) has comparable valve
length (75–120 µm) and shape (narrowly lanceolate) as G.
hadithaensis, but differences can be noticed in the valve
width (10.5–13.0 µm in G. archaevibrio).

There is a tendency to consider the newly described
freshwater Gomphonema species, particularly in the south-
ern hemisphere, as endemic to the locations where they
were found (Kociolek & Stoermer 2001, Vanormelingen
et al. 2008, Karthick et al. 2011). Such hypothesis should
be carefully applied to freshwater diatoms as some of these
species might appear to be conspecific with certain old taxa
from the northern hemisphere or be found later in a dif-
ferent geographic location. An example of such a case is
presented in Van de Vijver et al. (2008) where a freshwa-
ter species considered as an Antarctic endemic was found
later in Northen Europe. It is well known that there is a

T
ab

le
1.

C
om

pa
ri

so
n

of
th

e
m

or
ph

ol
og

ic
al

fe
at

ur
es

of
G

om
ph

on
em

a
br

oc
ki

ae
sp

.n
ov

.t
o

so
m

e
si

m
ila

rs
pe

ci
es

of
th

e
ge

nu
s.

Sp
ec

ie
s

Fe
at

ur
es

G
.b

ro
ck

ia
e

G
.i

nc
og

ni
tu

m
G

.n
ep

al
en

se
G

.c
hi

ne
ns

e
G

.s
ia

m
en

se
G

.e
nt

ol
ej

um

V
al

ve
le

ng
th

(μ
m

)
19

–3
0

17
–3

9
18

–5
5

24
.4

–3
1.

8
25

.3
–5

2
37

.6
–7

8.
3

V
al

ve
w

id
th

(μ
m

)
5.

5–
6.

5
4–

6.
5

6–
8.

7
4.

6–
5.

1
5.

3–
6.

7
6.

5–
9.

4

V
al

ve
ou

tli
ne

(μ
m

)
C

la
va

te
-l

an
ce

ol
at

e
B

ro
ad

ly
el

lip
tic

,
la

nc
eo

la
te

ap
ic

es
C

la
va

te
,l

an
ce

ila
te

to
el

lip
tic

-l
an

ce
ol

at
e,

cy
m

be
llo

id
ap

ic
es

C
la

va
te

,e
lli

pt
ic

-
la

nc
eo

la
te

,r
os

tr
at

e
ap

ic
es

L
in

ea
r-

la
nc

eo
la

te
,

ro
un

de
d

to
br

oa
dl

y
ap

ic
es

L
in

ea
r-

la
nc

eo
la

te
,

ro
un

de
d

ap
ic

es

A
xi

al
ar

ea
B

ro
ad

ly
la

nc
eo

la
te

B
ro

ad
ly

la
nc

eo
la

te
L

an
ce

ol
at

e
B

ro
ad

ly
la

nc
eo

la
te

B
ro

ad
ly

la
nc

eo
la

te
B

ro
ad

ly
la

nc
eo

la
te

C
en

tr
al

ar
ea

W
id

el
y

ro
un

de
d

R
ho

m
bi

c
la

nc
eo

la
te

R
ho

m
bi

c
A

bs
en

t
In

di
st

in
ct

A
bs

en
t

R
ap

he
la

te
ra

l,
un

du
la

te
Sl

ig
ht

ly
la

te
ra

l,
un

du
la

te
L

at
er

al
,u

nd
ul

at
e

L
at

er
al

D
is

tin
ct

ly
la

te
ra

l
L

at
er

al
,

sl
ig

ht
ly

un
du

la
te

br
an

ch
es

St
ri

a de
ns

ity
/1

0
μm

9–
12

14
–1

6
12

–1
3.

5
10

–1
3

10
–1

3
13

–1
4

A
re

ol
ae

C
-s

ha
pe

d
to

sl
ig

ht
ly

el
on

ga
te

d
M

os
tly

Si
ck

le
-s

ha
pe

d,
so

m
e

ar
e

ro
un

de
d

Si
ck

le
-s

ha
pe

d
ad

ja
ce

nt
to

ax
ia

l
ar

ea
,

ot
he

rw
is

e
el

on
ga

te
d

C
-s

ha
pe

d
Sl

it-
lik

e
Sl

it-
lik

e

R
ef

er
en

ce
Pr

es
en

ts
tu

dy
Jü

ttn
er

et
al

.(
20

04
)

Jü
ttn

er
et

al
.(

20
04

)
L

iu
et

.a
l.

(2
01

3)
R

ei
ch

ar
dt

(2
00

5)
R

ei
ch

ar
dt

(2
00

5)



Species of the genus Gomphonema from Haqlan hot springs, Iraq 25
T

ab
le

2.
C

om
pa

ri
so

n
of

th
e

m
or

ph
ol

og
ic

al
fe

at
ur

es
of

G
om

ph
on

em
a

ha
di

th
ae

ns
is

sp
.n

ov
.t

o
so

m
e

si
m

ila
rs

pe
ci

es
of

th
e

ge
nu

s.

Sp
ec

ie
s

Fe
at

ur
es

G
.h

ad
ith

ae
ns

is
G

.n
av

ic
ul

oi
de

s
G

.g
ra

ci
lid

ic
tu

m
G

.s
ta

gn
or

um
G

.d
is

gr
ac

ile
G

.a
rc

ha
ev

ib
ri

o

V
al

ve
le

ng
th

(μ
m

)
85

–1
02

26
–6

9
23

–6
2

35
–6

5
17

–4
6

75
–1

20

V
al

ve
w

id
th

(μ
m

)
13

–1
5

7.
5–

10
5.

5–
8

7.
5–

8.
8

5.
8–

7.
8

10
.5

–1
3

V
al

ve
ou

tli
ne

(μ
m

)
Is

op
ol

ar
,r

ho
m

bi
c-

la
nc

eo
la

te
,a

cu
te

ly
ro

un
de

d
ap

ic
es

R
ho

m
bi

c-
la

nc
eo

la
te

to
la

nc
eo

la
te

,a
cu

te
ly

ro
un

de
d

R
ho

m
bi

c-
la

nc
eo

la
te

to
is

op
ol

ar
,r

ou
nd

ed
ap

ic
es

N
av

ic
ul

oi
d,

la
nc

eo
la

te
to

rh
om

bi
c

la
nc

eo
la

te
,r

ou
nd

ed
ap

ic
es

R
ho

m
bi

c-
la

nc
eo

la
te

,
ac

ut
el

y
ro

un
de

d
ap

ic
es

N
ar

ro
w

ly
la

nc
eo

la
te

,
ac

ut
e

ap
ic

es

A
xi

al
ar

ea
L

in
ea

r,
sl

ig
ht

ly
w

id
e

L
in

ea
r,

w
id

e
L

in
ea

r,
na

rr
ow

N
ar

ro
w

N
ar

ro
w

L
in

ea
r,

na
rr

ow
C

en
tr

al
ar

ea
sm

al
l,

ir
re

gu
la

r,
la

te
ra

lly
di

la
te

d
Sm

al
l,

in
di

st
in

ct
Tr

an
sv

er
se

ly
el

on
ga

te
d

Sm
al

l,
la

te
ra

l
Sm

al
l,

la
te

ra
l

A
bs

en
t

R
ap

he
Sl

ig
ht

ly
un

du
la

te
D

is
tin

ct
ly

la
te

ra
l

W
ea

kl
y

la
te

ra
l

L
at

er
al

,s
lig

ht
ly

cu
rv

ed
St

ra
ig

ht
,fi

lif
or

m
Sl

ig
ht

ly
la

te
ra

l
St

ri
a de
ns

ity
/1

0
μm

7–
9

at
m

id
-v

al
ve

,
13

–1
5

to
w

ar
ds

ap
ic

es

11
–1

6
13

–1
8

11
–1

3
10

–1
4

9–
12

A
re

ol
ae

Sl
it-

lik
e

R
en

if
or

m
to

C
-s

ha
pe

d
C

-s
ha

pe
d

C
-s

ha
pe

d
C

-s
ha

pe
d

C
-s

ha
pe

d
R

ef
er

en
ce

Pr
es

en
ts

tu
dy

L
ek

ov
et

al
.(

20
16

)
L

ek
ov

et
al

.(
20

16
)

R
ei

ch
ar

dt
(2

01
5)

R
ei

ch
ar

dt
(2

01
5)

M
et

ze
lti

n
&

L
an

ge
-

B
er

ta
lo

t(
19

98
)

great deal of confusion in diatom taxonomy because of
narrow species concepts as well as minor variations in
morphological features (Mann 1999). Phenotypic varia-
tions between populations of the same species in different
geographical regions may lead to the description of new
taxa (Cox 1995). In such circumstances, the diatom ubiq-
uity hypothesis prevails which reduces the possibility of
endemism.
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