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Abstract

A low diversity foraminiferal assemblage inhabits a hyposaline stretch of the Jerdacuttup River, which flows into
Jerdacuttup Lakes near Hopetoun, south coast Western Australia, but is not connected, at least by any surface
flows, to the open Southern Ocean. Among the six species of foraminifera identified is an organic-cemented
agglutinated type (Birsteiniolla gr. macrostoma) that is morphologically like Birsteiniolla macrostoma Yankovskaya
and Mikhalevich known only from Central Asian lakes and interior seas (e.g., Lake Issyk-Kul’, Caspian and Aral
seas). In late 2016 sampling it was very abundant on stems of Ruppia seagrass that form meadows on the river
floor but was very rare in September 2019 when the organic-cemented agglutinated Scherochorella gr. barwonensis
was abundant on the seagrass. Foraminiferal distributions are patchy in the river’s muddy sediment. The calcitic
rotaliine Ammonia haigi is the most abundant species and is morphologically close to Ammonia caspica from
Central Asia, as is the other common calcitic rotaliine species identified here, Cribroelphidium sp. cf. C. revetsi,
which is close to Cribroelphidium caspicum from Central Asia. The other foraminiferal species are Miliammina?
sp. and Trochammina gr. inflata, both with similar morphotypes recognized globally. It is speculated that the
Jerdacuttup River foraminifera were transported via water birds (probably in their digestive tracts) on the East
Asian—Australasian Avian Flyway. The migration pathway may have involved local migration between the isolated
Australian river systems as well as the intercontinental migration, leading to some potential genetic diversification.

A three-point research strategy is outlined that may confirm this hypothesis.

INTRODUCTION

Low diversity foraminiferal assemblages with distinct composition in-
habit estuaries and tidal/saline rivers as opposed to diverse popula-
tions in shallow-marine open-ocean settings along continental mar-
gins (Scott ez al. 2001, Murray 2014). Previous studies on estuarine
and saline-river environments of south-west Australia (McKenzie
1962, Quilty 1977, Revets 2000, Quilty and Hosie 2006, Ostrognay
and Haig 2012, Haig 2020, Tremblin ez 2/. 2021, Tremblin and Walker
2025) have confirmed this general observation and demonstrated
foraminiferal morphotype similarity to other such faunas elsewhere
in Australia and on other continents. Significant questions persist on
how these assemblages, so distinct from the open-ocean inner-shelf
faunas, have migrated to isolated estuarine and saline river systems.
Mechanisms of biogeographic spread of the Western Australian cos-
mopolitan-like estuarine assemblages have been discussed (e.g., Trem-
blin ez al. 2021; McGann ez al. 2025; Tremblin and Walker 2025) and
the biogeography of selected species analysed through molecular stud-
ies (Hayward ez al. 2021, 2025; Tremblin ez al. 2021).

A sample collected in late 2016 downstream from the Springdale
Road crossing of the Jerdacuttup River near Hopetoun in southern
Western Australia (at locality 1, Fig. 1) found an unusual living
foraminiferal assemblage epiphytic on Ruppia seagrass. This included
abundant representatives of the organic-cemented agglutinated
foraminifera genus, Birsteiniolla Mayer 1974, previously identified
with taxonomic confidence solely in interior seas and saline lakes in
central Asia. The discovery prompted more detailed sampling in 2019.
The river was revisited in late March 2026 and photographs taken of

the living Ruppia, and the foraminiferal epiphytes were re-observed to
add more ecological observations.

A preliminary record of the Birsteiniolla occurrence in the Jerda-
cuttup River is made here, together with a record of associated fauna.
Birsteiniolla at the studied site is morphologically compared to the
type species of the genus from Lake Issyk-Kul” in Central Asia (Fig.
1), and other specimens of the species illustrated from the Aral and
Caspian Seas and the nearby cave lake at Kaptar-Khan. Associated
foraminiferal species found alongside Birsteiniolla in the Jerdacuttup
River are compared to those found in the Central Asian localities. Ob-
served environmental parameters are discussed; possible explanations
offered for the biogeographic distribution of the genus; and future
more-detailed studies are suggested.

MATERIAL AND METHODS

An initial 2016 sample was taken with a small pipe dredge from the
riverbank. In 2019, samples (Table 1; Fig. 1) were collected using a
tethered pipe dredge from a kayak. Each sediment sample was placed
in a small plastic jar and covered with ambient river water. Within
hours of collection, the water-covered samples were examined under a
stereomicroscope and specimens picked. This allowed observations on
living foraminifera. Samples were subsequently washed in freshwater
and dried. Representative foraminiferal assemblages were picked and
mounted on gridded micropalaeontological slides. All washed samples
and slide mounts with foraminiferal assemblages and figured speci-
mens are curated in the collections of the Earth Science Museum at the
University of Western Australia.
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Figure 1. Locality maps. (a) Map showing Australia and central Asia localities and avian flyways following distributions described by Bamford
et al. (2008); (b) Jerdacuttup River (Google Earth image); (c) Insert area shown in (b), with sampled localities (1-4; see Table 1).

Table 1. Samples collected for foraminiferal analysis. Samples 183971-183975 were collected in September 2019; sample 183976 was collected

in late 2016.
Loc. UWA °S °E ‘Water Remarks
(Fig.1) No. depth
1 183975, 33.88067 120.223053 <2m Jerdacuttup River about 30 m downstream from road crossing; near
183976 western bank.
2 183971 33.88130 120.22372 1.5-2 Jerdacuttup River downstream from road crossing, dense Ruppia
m megacarpa. Salinity, 24 psu
3 183972 33.88327 120.22504 <2m Jerdacuttup River downstream from road crossing,
4 183973 33.88451 120.22873 <2m Jerdacuttup River downstream from road crossing; muddy sand near
north bank, filamentous and other algae covering sediment
4 183974 33.88451 120.22873 ~2m Jerdacuttup River downstream from road crossing; in mid-stream

opposite 24/9/19-3

RESULTS

River setting and occurrence of Ruppia megacarpa

The Jerdacuttup River originates in cleared agricultural land north
of Ravensthorpe and flows approximately 105 km across the alluvial
catchment before discharging into the Jerdacuttup Lakes, a perma-
nently closed coastal lagoon. The river channel is bordered by a swamp
of dense paperbark trees and samphire. On its end-course, the Jerda-
cuttup Lakes were formerly an estuary that probably developed dur-
ing the mid-Holocene sea-level highstand (8-4 ka in Western Australia,
Lewis et al. 2013). The former tidal inlet is now sealed by sand dunes
12 m above sea level and 60-120 m wide at the narrowest point (Fig.
1b). Due to the permanent closure from the ocean, lake salinities are
highly dynamic and range from approximately 10 to >200 ppt de-
pending on seasonal rainfall, evaporation, and the magnitude of fresh-
water inflow (Lim and Tweedley 2025).

The region is characterised by wet winters and hot, dry summers,
with mean annual rainfall of 424.2 mm near Ravensthorpe and poten-
tial evaporation substantially exceeding precipitation at 1,500-2,000

mm per annum (Department of Environment, DoE, 2005). Water
temperatures across the river system range from 10.0°C to 27.7°C,
varying with season and tidal fluctuation (DoE, 2005). The Jerdacut-
tup River and Lakes support 95 bird species (DoE 2005; Harris ez
al. 2008), including four trans-equatorial migratory waders protected
under the Japan—Australia Migratory Bird Agreement JAMBA), and
two nationally threatened species: the Hooded Plover (Thinornis cu-
cullatus) and the Freckled Duck (Stictonetta naevosa). As foragers,
they substain their nutrition by feeding on the various macroinverte-
brate communities including oligochaete worms, gastropod molluscs,
crustaceans, and insects that inhabit the river and surrounding vegeta-
tion (DoE 2005; Harris ez /. 2008; Steward 2009).

Within the Jerdacuttup River, Ruppia megacarpa R. Mason (Pota-
mogetonaceae) establish large and dense meadow stands within the
shallow river system (DoE 2005, and observations of this study).
Common in the South-West region, Ruppia megacarpa is a thin, long
slendered branching seagrass with filiform like leaves alternating, 5 to
25 cm long, and 0.4 to 1.0 mm wide (Brock 1982a). The genus Ruppia
has the widest salinity tolerance among submerged macrophytes glob-
ally and is broadly distributed across saline coastal lagoons, estuaries,
and inland salt lakes; however, individual species differ substantially
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Figure 2. Habitat context and submerged macrophyte observations in the Jerdacuttup River system, February 2026. (a) Bridge view of the
shallow, rocky river pool habitat showing discrete dark patches of submerged R. megacarpa meadows on the substrate. (b, ¢) Submerged
branching R. megacarpa stems with dense epiphytic biofilm. The thick dark coating is indicative of mature biofilm development under
conditions of elevated nutrient availability. (d) Sediment surface adjacent to R. megacarpa patches showing abundant oxygen microbubbles
produced by the photosynthetically active epiphytic biofilm and macrophyte community.

in their physiological tolerances. In Australian systems, R. megacarpa
is documented from habitats with salinities between approximately
5 and 46 ppt (Brock 1982b), substantially narrower than the annual
R. tuberosa, which persists across a range of 13-230 ppt (Kim ez a/.
2013).

A conspicuous feature of R. megacarpa throughout the Jerdacut-
tup River is the development of a thick and dense epiphytic biofilm
on stems and branches (Figs. 2, 3b—d), with oxygen microbubbles ad-
hered to biofilm-colonised surfaces indicative of active photosynthetic
activity (Figs. 1a, 1c—d, 2d). Based on our observations, living speci-
mens of the organic-cemented agglutinated foraminifera Birsteinolla
gr. macrostoma (in late 2016) and Scherochorella gr. barwonensis (Sep-
tember 2019, February 2026) were recorded inhabiting the epiphytic
biofilm, which probably included diatoms, on R. megacarpa stems.
Living foraminiferal populations suggest the Ruppia stems and their
biofilm represent a functionally distinct niche within the broader es-
tuarine environment, one whose loss would not simply reduce habitat
area but alter the microhabitat mosaic available for certain species.

General composition of foraminiferal assemblage

Four organic-cemented siliceous agglutinated species plus two calcitic
rotaliine taxa have been observed in the sampled stretch of Jerdacuttup
River (Table 2, Figs. 4 and 5). The low diversity, absence of carbonate-
cemented agglutinated and porcelaneous (Miliolida) foraminifera, and
dominance of small calcitic rotaliines such as Ammonia are character-
istic of hyposaline south-west Australian estuaries (McKenzie 1962;
Quilty 1977; Revets 2000; Quilty & Hosie 2006; Ostrognay & Haig
2012; Haig 2020; Tremblin ez a/. 2021; Tremblin & Walker 2025). The
Jerdacuttup River assemblage has no species in common with the di-
verse foraminiferal fauna from the shallow-marine open waters of the
inner-neritic zone (e.g., that reported by Buosi ez /. 2020 off Esper-
ance about 150 km to the east).

Comments on foraminiferal identifications

Within the sampled reach of the Jerdacuttup River, each morphos-
pecies is readily distinguished on morphological grounds. Equating
these with superficially similar forms from other river systems or other
continents is, however, inherently imprecise: molecular studies and de-
tailed morphological comparisons have repeatedly demonstrated that
broadly similar foraminiferal morphotypes frequently represent dis-
tinct phylospecies (Hayward e al. 2021, 2025).

Living specimens of only one of the species, viz. Ammonia haig,
in the Jerdacuttup River have been sequenced (Hayward ez a/. 2021).
The species is conspecific with an assemblage that includes the holo-
type from Walpole Inlet, about 350 km westward along the southern
Australian coast from the study site (see discussion below). This phy-
lospecies belongs to the cosmopolitan 4. tepida morphogroup (Hay-
ward et al. 2021) and was previously referred to as Ammonia gr. tepida
by, for example, Ostrognay and Haig (2012) from tidal rivers in the
Peel district of Western Australia.

The other species recognized in the Jerdacuttup River require
DNA analysis before definitive species identifications can be made.
One of the species is compared to a type molecularly characterised else-
where in a southwest Australian estuary. For others which are close
morphological analogues of species known on other continents a
“group” designation (viz. “gr.”) is made.

Birsteiniolla g. macrostoma Yankovskaya and

Mikbalevich

Loeblich and Tappan’s (1987, p. 53) interpretations of the authorship
of the species described by Yankovskaya and Mikhalevich (1972, p.
1005-1007; and attributed to “Mayer”) and by Mayer (1974, as new
genus and species) are accepted with some reservation. This particu-
larly applies to their selection of the figured specimen of Yankovskaya
and Mikhalevich (1972, pl. 1, fig. la—c) from Lake Issyk-Kul’ as a
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Figure 3. Field observations of Ruppia megacarpa in the Jerdacuttup River, February 2026. (a) Dense submerged stands of R. megacarpa
showing extensive brownish epiphytic biofilm coating on branched stems, with oxygen microbubbles visible adhered to stem surfaces indicative
of active photosynthetic activity. (b) Actively growing green R. megacarpa shoots alongside senescing, biofilm-encrusted material, illustrating
concurrent growth and dieback within the same habitat patch. (c, d) Close-up of heavily biofilm-laden stems with prominent oxygen bubble

formation.

lectotype for Birsteiniolla macrostoma rather than from among the
“type material” designated by Mayer (1974, p. 141; mentioned as be-
ing housed in the collection of the Department of Invertebrate Zool-
ogy, Moscow State University).

The Jerdacuttup specimens (Fig. 4) are very close morphologically
to the type specimen figured by Yankovskaya and Mikhalvich (1972,
fig. 1, la—c) and to the numerous specimens illustrated by Mayer
(1974, figs. 1-3). The species is characterized by compressed milioline
coiling with two chambers per whorl. In the adult stage, these are po-
sitioned apart at almost 180°. Other characteristics are a rounded pe-
riphery, a large broadly arched aperture with the terminal wall bor-
dered by a thickened lip but without a basal apertural tooth, and a thin
agglutinated wall. In the Jerdacuttup specimens, the base of the aper-
ture either lies on the wall of the penultimate chamber (e.g., Fig. 4,
no. 1b) as in the lectotype, or the aperture is slightly raised on a low
neck (e.g., Fig. 4, no. 6a, b) as in many of Mayer’s (1974) figured spec-
imens. There are transitions from a high basal arched aperture with
no peristome (Fig. 4, no. 1b), to an aperture with complete peristome
(e.g. Fig. 4, no. 4b), to an aperture at the end of a short neck raised
above the penultimate chamber (Fig. 4, no. 6a, b). The wall in the Jer-
dacuttup specimens is made of a mosaic of mostly quartz grains of
varying size (e.g. Fig. 4, no. 2) held together by an organic cement. Al-
though Mayer (1974, p. 141) mentioned that Birsteiniolla macrostoma
did not have a “pseudochitinous base” to the wall and was instead
“weakly cemented” (in some areas with carbonate), his observation
that dry specimens deform suggests that organic cement binds the sed-
iment grains (which may include some carbonate grains depending on
their availability). In the Jerdacuttup specimens, rare dark mafic min-
eral grains are also present in the wall. The presence of organic rather
than siliceous cement is shown by disaggregation of the wall when the
test is placed in bleach. In Jerdacuttup River, no carbonate compo-
nent is present in the wall (as shown by the lack of a reaction to di-
lute HCI acid). Among the numerous specimens picked from sample
183876, the maximum test length is 285 wm with maximum width of

this specimen 232 wm. The range of length vs. width dimensions (Fig.
5) shows that the lectotype and most of Mayer’s illustrated specimens
are slightly larger than the specimens in the Jerdacuttup assemblage
but have similar proportional measurements. Mayer (1974) recorded
the largest test length for B. macrostoma in the Aral Sea as 425 um, and
in the Caspian Sea as 350 pm.

Mayer (1974) compared Birsteiniolla macrostoma with Trilocu-
larena patensis Closs from a brackish-water lagoon in Brazil. The lat-
ter species typically has an elongate narrow triloculine test (see Brazil-
ian mangrove specimen figured by Semensatto 2020, pl. 3, fig. 18 in an
atlas of Brazilian mangrove species; and Brazilian lagoonal specimens
figured by Debeney ez al. 1998, pl. 111, figs. 7 and 8). A specimen from
the Rio Grande do Sul (Brazil) attributed to 7. patensis by Leipnitz et
al. (2014, pl. 1, fig. 11) appears to have a similar test shape to some
morphotypes within B. macrostoma but is much larger (650 wm, max-
imum length). As in Birsteiniolla, this specimen lacks a basal tooth-
plate and therefore differs from the type species of Trilocularena (viz.
Miliammina circularis Heron-Allen and Earland) which has a dis-
tinct broad low basal toothplate (Loeblich and Tappan 1955).

Mayer (1974, p. 147) also mentioned the possibility that Birszein-
tolla macrostoma was present in Saharan groundwater in northern
Africa. Gauthier-Li¢vre (1935) reported the occurrence, in an artesian
lake and in canals related to irrigation, of several miliolid foraminifera
which he could not identify. He illustrated, as a line drawing (his fig.
2¢), an agglutinated test with architecture and size comparable to some
typical B. macrostoma.

In Miljacka II Cave in the Dinaric karst region of Croatia, a new
species (Spirolocammina petrae Siemensma, Bakovic and Holzmann)
was described and illustrated in a study by Bakovic et al. (2025). The
species was characterized by planispiral coiling and has a final chamber
drawn out in a long neck with no tooth in the aperture. The illustra-
tions (Bakovic et al. 2025, fig. 5 C-I) show slightly irregular coiling, a
similar siliceous agglutinated wall to that in Birsteiniolla macrostroma,
but a much longer neck. Although DNA was extracted from the only
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Table 2. Foraminiferal distributions in Jerdacuttup River at sampled sites

UWA Sample No. 183876 183875 183871 183872 183873 183874
Locality (Fig. 1) 1 1 2 3 4 4
Species

Abundance*: A = more than 50 specimens picked; C = 20—50; R = 5-20; VR < 5

Organic-cemented agglutinates

Birsteiniolla gr. macrostoma A VR VR VR VR
Miliammina? sp. VR VR

Scherochorella gr. barwonensis VR c* A VR R
Trochammina gr. inflata VR R

Calcitic rotaliines

Ammonia haigi A A A A A A
Cribroelphidium sp. cf. revetsi C VR C VR R

* observed as epiphytic on Ruppia

living specimen found, no sequence was obtained (Bakovic et al. 2025,
p.-9).

Brackish estuarine specimens from Israel figured by Avnaim-Katav
etal. (2016, pl.1, figs. 1, 2) as Birsteiniolla macrostroma difter from the
Jerdacuttup River specimens by having a thicker wall which is finer
grained, apparently calcareous composition, coiling closer to a quin-
queloculine mode, and a possible minute tooth positioned centrally
on the apertural floor. Any relationship between these requires closer
comparison of assemblages and DNA analysis.

In Australia, agglutinated species with milioline/quiqueloculine
chamber arrangements, referred to Miliammina Heron-Allen and
Earland, have been reported from many estuaries (e.g., from Western
Australia by McKenzie 1962, pl. 1, fig. 1 from Oyster Harbour; Quilty
1977, fig. 9 from Hardy Inlet; Revets 2000, pl. 1, figs. 11,12 from
Leschenault Inlet; Ostrognay and Haig 2012, from Collie River).
Among the Australian-wide records, only one may belong within the
Birsteiniolla macrostroma group. Miliammina edens Bell (1995, p.
230, 231, fig 3, nos. 1-3) from Lake Connewarre in the Barwon River
estuary, Victoria (Fig. 1), seems morphologically like Birsteiniolla from
the Jerdacuttup River. Study of morphological variation and DNA
comparisons are necessary before a conspecific relationship can be
confirmed.

Miliammina? sp.

The taxonomy of living and fossil species that have been referred to
Miliammina is confused. Variability in chamber arrangement, the
presence of an apertural neck, the significance of a basal tooth in the
aperture, as well as the presence of siliceous cement binding the agglu-
tinated grains in the wall (rather than organic cement) are key points
that require more detailed investigation particularly in a four-dimen-
sional eco-stratigraphic framework. The type species, Miliammina
earlandi Loeblich and Tappan (originally called Miliolina oblonga
var. arenacea Chapman) from bathyal water depths in the Antarctic
Ross Sea, is quinqueloculine with a siliceous wall (“minute mineral
grains in an excess of siliceous cement”) that is “smoothly finished or
polished” (Loeblich and Tappan 1955, p. 12, 13, pl. 1, figs. 15, 16).
The lectotype of M. earlands has a short apertural neck with a distinct
tooth (Loeblich and Tappan 1955, fig. 15c¢). It seems highly improba-
ble that a bathyal species could also inhabit very shallow-water brack-
ish estuaries and tidal rivers. Many estuarine morphotypes have been
referred to Miliammina fusca Brady which, according to the aper-
tural view originally figured by Brady (1870, pl. 11, fig. 2c), lacks an
apertural neck and a basal tooth.

Western Australian estuarine specimens that are tentatively placed
as Miliammina? sp. (including rare specimens from the Jerdacuttup
River, e.g., Fig. 6, nos. 1a, b) lack a well-developed neck and have a

broad raised basal tooth that sits on the wall of the penultimate cham-
ber. The test wall does not react with dilute 2% HCI but disaggregates
in bleach. This indicates that the siliceous mineral grains are bound by
organic cement. These records include McKenzie (2 1962, pl. 1, fig.1,
as M. fusca, from Oyster Harbour, apertural view not figured); Quilty
(? 1977, fig. 9, as M. fusca, from Hardy Inlet - apertural view not fig-
ured); and Revets (2000, fig. 12, as M. fusca, from Leschenault Inlet,
with distinct apertural tooth); and Ostrognay and Haig (2012 as A1,
fusca from Collie River). In unpublished records, Miliammina? sp. is
widespread in southwest Australian estuaries and tidal rivers.

Based on specimens collected from a brackish-water environment
in Georgia (USA) and attributed to Miliammina fusca, phylogenetic
molecular data (Habura ez a/. 2006) has suggested a relationship be-
tween Miliammina and the calcareous Order Miliolida. A figured
specimen from the analysed population has a distinct apertural neck
(Habura ez al. 2006, fig. 4). The presence of a basal tooth is not il-
lustrated nor described. The morphological-taxonomic affinity of this
specimen is uncertain.

Scherochorella gr. barwonensis (Collins)

Collin’s (1974, p. 8, 9, pl. 1, fig. 1) Reophax barwonensis from the Bar-
won River estuary in Victoria (South Eastern Australia), is reassigned
to the long-ranging organic-cemented agglutinated Scherochorella
Loeblich and Tappan by having a narrowly elongate cylindrical test
composed of closely appressed chambers separated by horizontal su-
tures with the chambers increasing very gradually in size. The holo-
type of S. barwonensis has an initial globular proloculus of wider di-
mensions than the immediately following chambers, and 10 chambers
in a test length of 0.57 mm. The maximum test width is 0.14 mm. Jer-
dacuttup River specimens reach a maximum length of 1.16 mm, with
> 25 chambers and a maximum width of 0.13 mm. The initial cham-
ber is either globular, or the first few chambers are smaller and more ir-
regularly arranged. This suggests that microspheric and megalospheric
tests may be present.

In unpublished records, representatives of this species are wide-
spread in estuaries and tidal rivers in southwest Australia. It may be
the species referred to Protoshista findens by Quilty (1977, fig.8) from
Hardy Inlet; Leptobalysis catella by Revets (2000, pl. 1, figs. 9, 10)
from Leschenault Inlet; and is the foraminifer referred to as “ War-
renita sp.” by Ostrognay and Haig (2012) from the Collie, Murray,
and Serpentine rivers. Based on type species (see Loeblich and Tappan
1987), Protoshista Eimer and Fickett differs from Scherochorella by
having a test with several branches of uniserial chambers; Leptobalysis
Loeblich and Tappan differs from Scherochorella by having a much

more fragile test with flask-shaped loosely embracing chambers; and
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Figure 4. Birsteiniolla gr. macrostoma from the Jerdacuttup River. 1a, b, 3a—6b, lateral (a) and peripheral/apertural views, reflected light
images rendered using Helicon Focus software; 2, lateral view, transmitted light image taken with specimen submerged in water. All specimens

from Locality 1 (UWA183876). Bar scales = 100 um.
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Figure 5. Variation in the maximum width to maximum length
ratio in Birsteiniolla gr. macrostoma assemblage from Locality 1
(UWA183876), compared to the lectotype of the species from Lake
Issyk-Kul’ (yellow triangle; after Yankovskaya and Mikhalevich
(1972) and some of the typical specimens figured by Mayer (1974)
from the Aral Sea (red squares).

Warrenita Loeblich and Tappan differs from Scherochorella by having
a slit-like rather than large circular aperture.

Trochammina gr. inflata (Montagn)

This is a cosmopolitan estuarine group, particularly common in
marshes (Scott ez al. 2001; Debenay and Guillou 2002). DNA analyses
will probably subdivide the group into regional phylospecies. Repre-
sentatives have been reported in southwest Australian estuaries and
tidal rivers by McKenzie (1962, pl. 1, fig. 7, 8) from Oyster Harbour,
and Quilty (1977, fig. 12) from Hardy Inlet. Unpublished records in
the UWA foraminiferal collection, indicate the species is widespread
particularly in marshes in southwest Australia.

Ammonia haigi (Hayward and Holzmann)

The most abundant and widespread foraminiferal species in the sam-
pled stretch of Jerdacuttup River is Ammonia haigi. Representatives
from the Jerdacuttup River population were sequenced by Hayward
et al. (2021) allowing the phylospecies to be distinguished from other
members of the morphologically defined Ammonia tepida group (see
Hayward ez al. 2021, p. 168, 169, pl. 5, figs. 11, 12, pl. 7, figs. 10, 11, pl.
30, figs. 7-9). Other sequenced specimens from southwest Australia
in the Hayward et a/. (2021) study came from the Young River, Kal-
gan River, Walpole Inlet, Hardy Inlet on the south coast of Western
Australia, and from mangroves from New Beach south of Carnarvon.

Hayward ez al. (2021, p. 156, 169) noted that Ammonia caspica
Shchedrina from the Black, Caspian and Aral seas is morphologically
close to A. haigi but differs with a “slightly finer porosity, large folial
flaps extending into the umbilicus, and lower convexity on the spiral
size”. Ammonia caspica has not been sequenced. Ammonia haigi is
also close morphologically to 4. arabica from India and the Maldives
but the latter species has “imperforate folia” and “a pustular umbonal
boss” and is molecularly distinct (Hayward ez a/. 2021, p. 149, 169).
Among known phylospecies of Ammonia recorded by Hayward ez al.
(2021, text-fig. 2), A. advena (Central and southern North America)
and A. kitazatoi (northern Pacific Ocean) have closest evolutionary re-
lationships to A. baigi.

Cribroelphidium sp. ¢f. C. revetsi Hayward and

Holzmann

The Jerdacuttup species (Fig. 6, nos. 8-10) has features that suggest
that it is morphologically close to Criboelphidium revetsi Hayward
and Holzmann (in Hayward ez al. 2025, p. 503, 504, pl. 8, figs. 1-6),
Cribroelphidium knudsenae Hayward and Holzmann (in Hayward
et al. 2025, p. 500, pl. 5, figs. 6-16), and Cribroelphidium lidoense
(Cushman). According to the PhyML phylogenetic tree of Hayward
et al. (2025), these species are closely associated within Clade F of the
elphidiids sequenced. The holotype of C. revetsi was designated from
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Figure 6. Additional foraminiferal species found at Jerdacuttup River studied localities. 1a, b, Miliammina? sp., lateral and oblique-
peripheral/apertural views, note distinct tooth in basal aperture; 2a, b, Trochammina inflata, spiral (a) and umbilical (b) views; 3a, b,
Scherochorella gr. barwonensis, lateral (a) and apertural view (b); 4, Scherochorella gr. barwonensis, lateral view; Sa—7b, Ammonia baigi, spiral (a)
and umbilical (b) views; 8-10, Cribroelphidium sp. cf. revetsi, lateral views, note only moderate development of tubercles in umbilical region
compared to typical C. revetsi. All specimens from Locality 1 (UWA183975); reflected light images rendered with Helicon Focus software. Bar

scale = 100 um.

Walpole Inlet (southern Western Australia; about 350 km west of the
Jerdacuttup River) from where a specimen was also sequenced. The
holotype of C. revetsi has much more prominent tubercles filling the
umbilical area than have the Jerdacuttup specimens. Cribroelphidium
knudsenae has a widespread global distribution but in some places
may be non-indigenous. It differs from the Jerdacuttup species by hav-
ing fewer, less developed tubercles in the umbilical region. Cribroel-
phidium lidoense also has wide distribution. Based on the description
and figures of Hayward ez al. (2025, p. 501, 502, pl. 7, figs 1-20), the
species differs from the Jerdacuttup morphotypes by very weak devel-
opment (almost absence) of ponticuli over the radial sutures. It is like
the Jerdacuttup species in having prominent tubercles in the umbilical
area and in its coarse wall porosity. Among the unsequenced species
described by Hayward ez al. (2025, p. 493, 494, pl. 2, figs. 1-10),
Cribroelphidium caspicum (Mayer) from the Caspian Sea generally has
more depressed sutures and stronger ponticuli than in the Jerdacut-
tup River species, but apparently includes morphotypes (Hayward ez
al. 2025, pl. 2, figs. 4, 5) that have very shallow broad sutures and weak
but long ponticuli (e.g. their pl. 2, fig. 4) that form rudimentary cir-
cular ribs similar to those very faintly shown on the Jerdacuttup speci-
mens.

Distribution of foraminiferal species in studied
river

Only one of the species, Ammonia haigi, is abundant in all studied
samples (Table 2). The others show patchy distribution probably re-
lated to specific microenvironments on the river floor. The sand frac-
tion of sandy mud sample 183971 is mostly composed of
foraminiferal tests (Fig. 7) with 4. haigi the overwhelmingly dominant
species. In other samples fine quartz is the main mineral component,
and the foraminifera (with 4. haigi dominant) are much less conspic-
uous.

In the 2016 sampling near the Springdale Road bridge (around lo-
cality 1), Birsteiniolla gr. macrostroma was observed to be living in
abundance on the stems of Ruppia megacarpa. But during the 2019
sampling and in our 2026 observations it was only rarely encountered.
In 2019, Scherochorella gr. barwonensis was common on Ruppia at lo-
cality 2. An epiphytic biofilm on the Ruppia stems (see Fig. 3) may
have provided a food source (? diatoms) for the foraminifera. During
early 2017, shortly after the 2016 sampling, a major flood occurred in
the river which no doubt disrupted foraminiferal populations, partic-
ularly on the Ruppia stands.

A detailed study of foraminiferal microhabitats on the river floor
and banks still must be undertaken. This should be done in conjunc-
tion with collection of much more detailed environmental data. The
range of habitats and the controlling environmental parameters that
determine the patchy distributions of most of the species should be an
aim of future work.

DISCUSSION

Comparison of foraminiferal assemblage with
central Asian assemblages

As mentioned above, the Jerdacuttup specimens attributed to
Birsteiniolla gr. macrostoma appear morphologically like the typical
forms of the group illustrated from the Caspian and Aral seas, the lake
at the nearby Kaptar-Khan cave and from Lake Issyk-Kul in eastern
Kyrgyzstan about 2000 km east of the Caspian Sea. Determination of
a conspecific relationship will depend on future DNA analysis.

Few detailed foraminiferal studies have been undertaken on these
central Asian localities. There is a lack of high-resolution photo-
graphic images of most of the species known from these areas, and
there is very limited information on microhabitats. From the Caspian
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Figure 7. The sand fraction of riverine sandy mud at Locality 2
(sample UWA 183971). The sand is dominated by tests of Ammonia
baigi. The width of the field of view is 3.5 mm.

Sea, the distribution of Birsteiniolla is apparently patchy. Mayer
(1974) recorded it from the eastern shore of the southern part of the
sea, and the west coast in the Apsheron region. It was not recorded
in Bagheri and Taheri’s (2026) study of the southern coastal
foraminifera. In the Aral Sea, it was found in waters up to 24 m deep
and in the lake in the Kaptar-Khana cave in waters up to 2.5 m deep.
Yankovskaya and Mikhalvich (1972) reported it from Lake Issyk-Kul
at a water depth of 30 m, and in groundwaters at various sites in the
Caspian—Aral Sea region.

It is unclear what species shared the same microhabitat or lived
near Birsteiniolla macrostoma in the central Asian region. Broadly,
from the central Asian localities, Ammonia caspica is usually the dom-
inant species, with other species attributed to the calcareous rotaliines
Cribroelphidium, Elphidium, Elphidiella, Hanzawaia, and Tri-
cholyyalus, the miliolids Cornuspira and Spiroloculina, and to the or-
ganic-cemented agglutinated Ammobaculites, Ammotium, Am-
moscalaria,  Gaudryinella, —Jadammina, Miliammina, and
Trochamminita (Yankovskaya and Mikhalvich 1972, Mayer 1974,
Riedel et al. 2011, Sadough et 2l. 2013, Zarghami et al. 2019, Hayward
et al. 2021, 2025, Bagheri and Taheri 2026). Many of these genera
are known from estuaries and tidal rivers in southwest Australia. As
outlined above, Ammonia caspica is close morphologically to A. haigi
the dominant species in the sampled section of Jerdacuttup River and
in many other estuaries and tidal rivers in southwest Australia. The
Cribroelphidium revetsi group of morphotypes in southwest Australia
(including C. sp. cf. C. revetsi from Jerdacuttup River) seems close to
Cribroelphidium caspicum described from the Caspian Sea.

Migration pathways

Mayer (1974) was puzzled how Birsteiniolla and the other
foraminifera could migrate from the Caspian Sea to the Aral Sea and
nearby underground waters and to isolated Lake Issyk-Kul about 2000
km to the east. He concluded that the latter occurrence ruled out the
possibility that the species and others in these inland waters were refu-
gia from a past broad ocean that closed through Cenozoic tectonism.
After considering foraminiferal distributions in these central Asian in-
land seas and lakes, Riedel ez 2/. (2011) concluded that water birds had
transported the foraminifera between the isolated habitats, and that
this is “a regular process”. Gauthier-Li¢vre (1935) considered such mi-
gration to explain the foraminiferal occurrences in artesian lakes and in
irrigation canals fed by groundwater in the Saharan Desert. Such mi-
gration was also suggested, for example, by Resig (1974) for species in
a landlocked salt lake in Hawaii, Patterson and McKillop (1991) for a

low diversity assemblage in isolated salt ponds in Manitoba, Hayward
and Hollis (1994) for New Zealand brackish-water species, and Milker
et al. (2023) for foraminifera living in saline springs in central Ger-
many.

For southern Australian brackish water foraminiferal occurrences,
Howchin (1901, p. 9) explained the presence of “Polystomella”
foraminifera in the isolated Yorketown Lagoon, South Australia, as
being “introduced at some period by sea birds carrying foraminiferal
spawn on their legs”. After a detailed review of global occurrences
of the organic-cemented agglutinated species Trochamminita irreg-
ularis, Tremblin and Walker (2025) concluded that the presence of
this species in the brackish Hay River, southern Western Australia,
was most likely due to transport by waterbirds that migrated along
the East Asian—Australasian Avian Flyway (Bamford ez /. 2008; Dai
et al. 2026). Water birds, such as the Eurasian Coot (Fulica atra),
Red-necked Stint (Calidris ruficollis), Silver Gull (Chroicocephalus no-
vachollandiae), Fairy Tern (Sternula nereis) and Caspian Tern (Hy-
droprogne caspia), come to southern feeding grounds in the Aus-
tralasian summer after breeding in the Northern Hemisphere
summer. The migratory journey takes several weeks.

Coughlan ez al. (2017) reviewed the ability of water birds to dis-
perse plants, animals, microbes and fungi among isolated habitats.
They showed viable dispersal of plant seeds and some small inverte-
brates (e.g., mussels and crustaceans) attached mainly to bird feathers
but also to feet. A review by Green et al. (2023) found that internal
transport by waterbirds (through their digestive system) was more im-
portant than external transport in dispersing a wide range of aquatic
organisms. They also concluded that waterbirds were more effective in
long distance transport via gut contents, than, e.g., fish. Guy-Haim ez
al.(2017) showed that more than 20% of foraminiferal protoplasm re-
mained viable in fish-gut contents after days in the digestive tract.

The Jerdacuttup River occurrence of morphotypes of Birsteiniolla
gr. macrostoma like typical specimens in central Asian lakes and inte-
rior seas strongly suggests that this species was transported via water
birds along the East Asian—Australasian Avian Flyway. The mode of
transport was probably in the digestive content of the birds. The other
foraminiferal species in the Jerdacuttup River may have been similarly
transported. It is noteworthy that all the species here have an inner
organic lining at least in the juvenile stage of the test or have a test
composed mainly of quartz grains held together by organic cement
and this may have countered decomposition in the birds’ digestive sys-
tems. The linings and cement are glycoproteinaceous in composition,
slow to degrade, and can withstand low pH conditions where cal-
careous tests dissolve (Alve and Nagy 1986, Allen e a/. 2000, Tyszka
et al. 2021). Organic linings of foraminiferal tests survive hundreds
of millions of years in marine/estuarine mud formations (Tyszka ez
al. 2021). Playford (2021, fig. 9L, M) illustrated well-preserved
foraminiferal organic linings that survived about 290 million years, as
well as extraction from mudstone that involved the use of hydrochlo-
ric, hydrofluoric and nitric acids. Minute propagule cysts of benthic
foraminifera such as Ammonia may be abundant in sediment and
may survive under adverse conditions for months (Alve and Goldstein
2003) during which time they could be ingested by water birds and
transported.

As well as intercontinental migration to southwest Australia, mi-
gration among isolated estuarine and saline river systems in this region
may have been facilitated by bird transport. This may have taken place
over many millions of years, at least since the latest Cretaceous when
the main water-bird groups evolved (Jarvis ez a/. 2014) and after the
present-day continental margin and probably river systems around
southwest Australia had developed (Li and Powell 2001).

Future Hypothesis testing

Southwest Australia offers an excellent scientific venue in which to test
the propositions outlined above. The estuaries and saline rivers are ef-
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fectively isolated systems here. Active rivers are few and widely sep-
arated. Only rarely do mud plumes emanate from the rivers during
flood periods, potentially bringing some mud-dwelling estuarine in-
habitants out onto the open shelf. Many rivers remain closed to the
sea by sand banks during the long dry season. The Jerdacuttup River
flows into a large lake (Fig. 1) that has been cut off from the sea for per-
haps six thousand years (Brearley 2005, p. 481). The inner continental
shelf is covered in carbonate sand along the west coast, or quartz-car-
bonate sand on the south coast (Conolly and Von Der Borch 1967,
Collins 1988) and, as mentioned in the Introduction, the estuarine/
saline river foraminifera have almost no species in common with the
open-marine inner shelf fauna, except near the mouths of the estuar-
ies.

Three future research strategies may confirm the importance of
water birds in dispersal of the foraminifera among the southwest Aus-
tralian estuaries and saline rivers:

1. Following methods used by Hayward ez a/. (2021, 2025) ge-
netic relationships should be determined between morpho-
types of the various foraminiferal species both within the
southwest Australian region and with comparable morpho-
types found in central and eastern Asia (probable source re-
gions on the East Asian—Australasian Avian Flyway). Although
complex for those foraminifera that have asexual and sexual re-
productive phases, mapping out the genetic drift among these
morphospecies may provide further insights into migration
pathways.

2. Faecal material of water-bird species, particularly those known
to be involved in the East Asian—Australasian Avian Flyway,
should be microscopically examined to determine whether
foraminiferal tests (including propagules with organic-lined
tests) are present, and if any living individuals emerge during
incubation in control flasks.

3. Following methods used by Briscoe ez /. (2022) to investigate
faecal DNA, determine if sequences corresponding to
foraminifera (e.g., Ammonia and Cribroelphidium species from
southwest Australian estuaries/saline rivers sequenced by Hay-
ward e al. 2021, 2025) and other species sequenced during
strategy (1), are represented in the faecal DNA.

Confirming waterbirds as vectors of foraminiferal dispersal would
transform our understanding of how these remarkable foraminiferal
microorganisms have colonised and connected geographically isolated
aquatic systems across vast intercontinental distances. The confirma-
tion may also provide new insights into the evolution of estuarine and
interior sea foraminifera at least since the Cretaceous.

ACKNOWLEDGEMENTS

Bruce Hayward, Mark Gunson, and Jenny Bevan are thanked for their
assistance and good company on the 2019 collecting trip that included
Jerdacuttup River. David Haig is very grateful to The University of
Western Australia and its Oceans Institute for providing a stimulating
and enjoyable venue for his research in retirement. Clément Tremblin
acknowledges the use of laboratory space in the Oceans Institute for
his continuing foraminiferal studies. This work has been self-funded.
We acknowledge the Wudjari Traditional Owners of the lands where
this study took place and recognise their continuing connection to
Country.

Submitted: May 01, 2026 AWST. Accepted: July 28, 2026 AWST.
Published: August 21, 2026 AWST.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International Li-
cense (CCBY-4.0). View this license's legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at

http://creativecommons.org/licenses/by/4.0/legalcode for more information.

Journal of The Royal Society of Western Australia 9


http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0/legalcode

Dispersal of isolated hyposaline river foraminifera

REFERENCES

Allen, K., Roberts, S., & Murray, J. W. (2000). Analysis of
organic components in the test wall of agglutinated
foraminifera by Fourier Transform Infrared and Pyrolysis Gas
Chromatography/ Mass Spectrometry. In M. B. Hart, M. A.
Kaminski, & C. W. Smart (Eds.), Proceedings of the Fifth
International Workshop on Agglutinated Foraminifera (Vol. 7,
pp- 1-13). Grzybowski Foundation Special Publication.

Alve, E., & Goldstein, S. T. (2003). Propagule transport as a
key method of dispersal in benthic foraminifera (Protista).
Limnological Oceanography, 48, 2163-2170. https://doi.org/
10.4319/10.2003.48.6.2163

Alve, E., & Nagy, J. (1986). Estuarine foraminiferal
distribution in Sandebukta, a branch of the Olso Fjord. Journal
of Foraminiferal Research, 16, 261-284. https://doi.org/
10.2113 gsifr.16.4.261

Avnaim-Katav, S., Agnon, A., Sivan, D., & Almogi-Labin, A.
(2016). Calcareous assemblages of the southeastern
Mediterranean low-tide estuaries — Seasonal dynamics and
paleo-environmental implications. Journal of Sea Research,

108, 30-49. https://doi.org/10.1016/j.seares.2015.12.002

Bagheri, H., & Taheri, M. (2026). Responses of South Caspian
coastal Foraminifera to warming: spatial patterns and

assemblage shifts. Scientific Reports, 16, Article 6863. https://
doi.org/10.1038/541598-026-38207-1

Bakovic, N., Siemensma, F., & Holzmann, M. (2025). Two
new freshwater foraminiferal species (SAR, Rhizaria) from
Dinaric karst caves (southeastern Europe). Enropean Journal of

Protistology, 101, Article 126172. https://doi.org/10.1016/
j-j0p.2025.126172

Bamford, M., Watkins, D., Bancroft, W., Tischler, G., & Wahl,
J. (2008). Migratory shorebirds of the East Asian-Australasian
flyway: Population estimates and internationally important
sites. Wetlands International, Oceania.

Bell, K. N. (1995). Foraminiferans from Lake Connewarre,
Victoria. Victorian Naturalist, 112, 228-234.

Brady, H. B. (1870). Part 11, Analysis and Descriptions of the
Foraminifera. The Annals of the Magazine of Natural History
(Fourth Series), 6, 273-309. https://doi.org/10.1080
00222937008696252

Brearley, A. (2005). Ernest Hodgkin’s Swanland: Estuaries and
Coastal Lagoons of Southwestern Australia. University of
Western Australia Press.

Briscoe, A. G., Nichols, S., Hartikainen, H., Knipe, H., Foster,
R., Green, A. J., Okamura, B., & Bass, D. (2022). High-
throughput sequencing of faeces provides evidence for
dispersal of parasites and pathogens by migratory waterbirds.
Molecular Ecology Resources, 22,1303-1318.

Brock, M. A. (1982a). Biology of the salinity tolerant genus
Ruppia L. in saline lakes in South Australia I. Morphological
variation within and between species and ecophysiology.
Agquatic Botany, 13, 219-248. https://doi.org/10.1016
0304-3770(82)90062-6

Brock, M. A. (1982b). Biology of the salinity tolerant genus
Ruppia L. in saline lakes in South Australia II. Population
ecology and reproductive biology. Aguatic Botany, 13,
249-268. httpS:/ doi.org 10.1016/0304-3770(82)90063-8

Buosi, C., Tecchiato, S., Ibba, A., Cherchi, A., & Bachis, M.
(2020). Foraminiferal biotopes in a shallow continental shelf
environment: Esperance Bay (southwestern Australia). Journal
of Sea Research, 158, Article 101859. https://doi.org/10.1016

j-seares.2020.101859

Collins, A. C. (1974). Port Phillip Survey 1957-63
Foraminiferida. Memoirs of Museum Victoria, 35, 1-61.
https://doi.org/10.24199/j.mmv.1974.35.01

Collins, L. B. (1988). Sediments and history of the Rottnest
Shelf, southwest Australia: a swell-dominated, non-tropical
carbonate margin. Sedimentary Geology, 60, 15-49. https://
doi.org 10.1016/0037-0738(88)90109-1

Conolly, J. R., & Von der Borch, C. C. (1967). Sedimentation
and physiography of the sea floor south of Australia.
Sedimentary Geology, 1,191-220. https://doi.org/10.1016
0037-0738(67)90059-0

Coughlan, N. E,, Kelly, T. C., Davenport, ., & Jansen, M. A.
(2017). Up, up and away: Bird-mediated ectozoochorous
dispersal between aquatic environments. Freshwater Biology,
62,631-648. httpS: doi.org 10.1111/fwb.12894

Dai, W, Chen, J., Zhao, S., Lian, L., Leng, X., & Wang, X.
(2026). Spatial pattern and conservation challenges of
migratory waterbirds in Asian flyways. Avian Research, 17,
Article 100319. https://doi.org/10.1016/j.avrs.2025.100319

Debenay, J.-P., Eichler, B. B., Duleba, W., Bonetti, C., &
Eichler-Coelho, P. (1998). Water stratification in coastal
lagoons: its influence on foraminiferal assemblages in two
Brazilian lagoons. Marine Micropaleontology, 35, 67-89.
https: doi.org 10.1016/S0377-8398(98)00011-5

Debenay, J.-P., & Guillou, J.-J. (2002). Ecological transitions

indicated by foraminiferal assemblages in paralic environments.

Estuaries, 25, 1107-1120. https://doi.org/10.1007
BF02692208

Department of Environment. (2005). Jerdacuttup River Action
Plan as part of Water and Rivers Commission (No. WRM 43;
Water Resource Management Series June 2004).

Journal of The Royal Society of Western Australia

10


https://doi.org/10.4319/lo.2003.48.6.2163
https://doi.org/10.4319/lo.2003.48.6.2163
https://doi.org/10.2113/gsjfr.16.4.261
https://doi.org/10.2113/gsjfr.16.4.261
https://doi.org/10.1016/j.seares.2015.12.002
https://doi.org/10.1038/s41598-026-38207-1
https://doi.org/10.1038/s41598-026-38207-1
https://doi.org/10.1016/j.ejop.2025.126172
https://doi.org/10.1016/j.ejop.2025.126172
https://doi.org/10.1080/00222937008696252
https://doi.org/10.1080/00222937008696252
https://doi.org/10.1016/0304-3770(82)90062-6
https://doi.org/10.1016/0304-3770(82)90062-6
https://doi.org/10.1016/0304-3770(82)90063-8
https://doi.org/10.1016/j.seares.2020.101859
https://doi.org/10.1016/j.seares.2020.101859
https://doi.org/10.24199/j.mmv.1974.35.01
https://doi.org/10.1016/0037-0738(88)90109-1
https://doi.org/10.1016/0037-0738(88)90109-1
https://doi.org/10.1016/0037-0738(67)90059-0
https://doi.org/10.1016/0037-0738(67)90059-0
https://doi.org/10.1111/fwb.12894
https://doi.org/10.1016/j.avrs.2025.100319
https://doi.org/10.1016/S0377-8398(98)00011-5
https://doi.org/10.1007/BF02692208
https://doi.org/10.1007/BF02692208

Dispersal of isolated hyposaline river foraminifera

Gauthier-Li¢vre, L. (1935). Sur une des singularités de ’Oued
Rhir: des foraminiferes thalassoides vivant dans des eaux
sahariennes. Bulletin de la Société d’Histoire Naturelle de
UAfrique du Nord, 26, 142147 .

Green, A. J., Lovas-Kiss, A., Reynolds, C., Sebastidn-Gonzilez,
E,, Silva, G. G., Leeuwen, C. H. A. van, & Wilkinson, D. M.
(2023). Dispersal of aquatic and terrestrial organisms by
waterbirds: A review of current knowledge and future
priorities. Freshwater Biology, 68, 173-190. https://doi.org/
10.1111/fwb.14038

Guy-Haim, T., Hyams-Kaphzan, O., Yeruham, E., Almogi-
Labin, A., & Carlton, J. T. (2017). A novel marine bioinvasion
vector: Ichthyochory, live passage through fish. Limnology and
Oceanography Letters, 2, 81-90. https://doi.org/10.1002
1012.10039

Habura, A., Goldstein, S. T., Parfrey, L. W., & Bowser, S. S.
(2006). Phylogeny and ultrastructure of Miliammina fusca:
evidence for secondary loss of calcification in a miliolid
foraminifer. Journal of Eukaryotic Microbiology, 53, 204-210.
https: doi.org/l(). 1111/4.1550-7408.2006.00096.x

Haig, D. W. (2020). Ammobaculites (Foraminifera): living
fossils in southern Western Australian estuaries. Journal of the
Royal Society of Western Australia, 103, 57-77. https://
doi.org/10.70880/001¢.129680

Harris, R. J., Majer, J. D., Williams, C., Buckley, A., & Stehlik,
D. (2008). Ravensthorpe range and overshot hill-an overview of
biodiversity values, threats and conservation. https://

www.semanticscholar.org/paper/Ravensthorpe-Range-and-

Overshot-Hill-—-an-overview-Majer-Harris
9717819f22¢82082b833cdf48ab510335205af22

Hayward, B. W., & Hollis, C. J. (1994). Brackish Foraminifera
in New Zealand: A taxonomic and ecologic review.
Micropaleontology, 40, 185-222. https://doi.org/10.2307/
1485816

Hayward, B. W., Holzmann, M., Langer, M. R, Parker, J. H.,
& Tsuchiya, M. (2025). Molecular and morphological
taxonomy and biogeography of living Cribroelphidiidae,
Elphidiellidae, Elphidiidae, Haynesinidae and related taxa
(Foraminifera, Rotalioidea). Micropaleontology, 71, 433-803.

https://doi.org/10.47894/mpal.71.5.01

Hayward, B. W., Holzmann, M., Pawlowski, J., Parker, J. H.,
Kaushik, T., Toyofuku, M. S., & Tsuchiya, M. (2021).
Molecular and morphological taxonomy of living Ammonia
and related taxa (Foraminifera) and their biogeography.
Micropaleontology, 67, 109-313. https://doi.org/10.47894

mpal.67.2-3.01

Howchin, W. (1901). Suggestions on the origin of the salt
lagoons of southern Yorke Peninsula. Trunsactions of the Royal
Society of South Australia, 25, 1-9.

Jarvis, E. D., Mirarab, S., & et al. (2014). Whole-genome
analyses resolve early branches in the tree of life of modern
birds. Science, 346, 1320-1331. https://doi.org/10.1126
science.1253451

Kim, D. H., Aldridge, K. T., Brookes, J. D., & Ganf, G. G.
(2013). The effect of salinity on the germination of Ruppia
tuberosa and Ruppia megacarpa and implications for the
Coorong: A coastal lagoon of southern Australia. Aguatic.
Botany, 111, 81-88. https://doi.org/10.1016

j.aquabot.2013.06.008

Leipnitz, I. I, Ledo, C. J., Chitelet, E. A. du, & Frontalini, F.
(2014). Foraminiferal and testate amoeba diversity, distribution
and ecology in transitional environments of the Tramandai
Basin (Rio Grande do Sul, South Brazil). Marine Biodiversity.
hetps://doi.org/10.1007/512526-014-0243-2

Lewis, S. E., Sloss, C. R., Murray-Wallace, C. V., Woodrofte, C.
D., & Smithers, S. G. (2013). Post-glacial sea-level changes
around the Australian margin: a review. Quaternary Science

Reviews, 74, 115-138. https://doi.org/10.1016/
j.quascirev.2012.09.006

Li, Z., & Powell, C. McA. (2001). An outline of the
palacogeographic evolution of the Australasian region since the
beginning of the Neoproterozoic. Earth-Science Reviews, 53,
237-277. https: doi.org/lO.lOlG S0012-8252(00)00021-0

Lim, R., & Tweedley, J. R. (2025). Climate change facilitates
the formation of natural barriers in low-inflow estuaries,
altering environmental conditions and faunal assemblages.
Journal of Marine Science and Engineering, 13(10), 1978.

https://doi.org/10.3390/jmse13101978

Loeblich, A. R., & Tappan, H. (1955). Revision of some recent
foraminiferal genera. Smithsonian Miscellaneous Collections,
128,1-37.

Loeblich, A. R., & Tappan, H. (1987). Foraminiferal Genera
and their Classification. Van Nostrand Reinhold Company.

Mayer, E. M. (1974). [A new genus and species of Foraminifera
from the Aral, Caspian Sea and Lake Ceschery to Kaptar-
Khan]. In A. N. Kosareva & E. G. Maev (Eds.), Comprebensive
research of the Caspian Sea (Issue 4, pp. 140-149). Moscow
University Publishing House.

McGann, M., Holzmann, M., Bouchet, V. M. P., Disaré, S. T,
Eichler, P. P. B., Haig, D. W., Himson, S. J., Kitazato, H.,
Pavard, J.-C., Asteman, I. P., Rodrigues, A. R., Tremblin, C.
M., Tsuchiya, M., Williams, M., O’Brien, P., Asplund, J.,
Axelsson, M., & Lorenson, T. D. (2025). Analysis of a human-
mediated microbioinvasion: the global spread of the benthic
foraminifer Trochammina hadai Uchio, 1962. Journal of
Micropalaeontology, 44, 275-317. https://doi.org/10.5194,

jm-44-275-2025

McKenzie, K. G. (1962). A record of Foraminifera from Oyster
Harbour, near Albany, Western Australia. Journal of the Royal
Society of Western Australia, 45,117-133.

Journal of The Royal Society of Western Australia 11


https://doi.org/10.1111/fwb.14038
https://doi.org/10.1111/fwb.14038
https://doi.org/10.1002/lol2.10039
https://doi.org/10.1002/lol2.10039
https://doi.org/10.1111/j.1550-7408.2006.00096.x
https://doi.org/10.70880/001c.129680
https://doi.org/10.70880/001c.129680
https://www.semanticscholar.org/paper/Ravensthorpe-Range-and-Overshot-Hill-%E2%80%93-an-overview-Majer-Harris/9717819faae8a082b833cdf48ab510335a05af22
https://www.semanticscholar.org/paper/Ravensthorpe-Range-and-Overshot-Hill-%E2%80%93-an-overview-Majer-Harris/9717819faae8a082b833cdf48ab510335a05af22
https://www.semanticscholar.org/paper/Ravensthorpe-Range-and-Overshot-Hill-%E2%80%93-an-overview-Majer-Harris/9717819faae8a082b833cdf48ab510335a05af22
https://www.semanticscholar.org/paper/Ravensthorpe-Range-and-Overshot-Hill-%E2%80%93-an-overview-Majer-Harris/9717819faae8a082b833cdf48ab510335a05af22
https://doi.org/10.2307/1485816
https://doi.org/10.2307/1485816
https://doi.org/10.47894/mpal.71.5.01
https://doi.org/10.47894/mpal.67.2-3.01
https://doi.org/10.47894/mpal.67.2-3.01
https://doi.org/10.1126/science.1253451
https://doi.org/10.1126/science.1253451
https://doi.org/10.1016/j.aquabot.2013.06.008
https://doi.org/10.1016/j.aquabot.2013.06.008
https://doi.org/10.1007/s12526-014-0243-2
https://doi.org/10.1016/j.quascirev.2012.09.006
https://doi.org/10.1016/j.quascirev.2012.09.006
https://doi.org/10.1016/S0012-8252(00)00021-0
https://doi.org/10.3390/jmse13101978
https://doi.org/10.5194/jm-44-275-2025
https://doi.org/10.5194/jm-44-275-2025

Dispersal of isolated hyposaline river foraminifera

Milker, Y., Schénfeld, J., Meng, S., Wrozyna, C.,
Schneppmiiller, M., & Schmiedl, G. (2023). Are They
Everywhere? —Benthic Foraminifera From Saline Springs in
Central Germany. Journal of Foraminiferal Research, 53,
286-304. https://doi.org/10.2113/gsjfr.53.4.286

Murray, J. W. (2014). Ecology and palacoecology of benthic
foraminifera. Routledge. https://doi.org/10.4324;
9781315846101

Ostrognay, D. B., & Haig, D. W. (2012). Foraminifera from
microtidal rivers with large seasonal salinity variation,
southwest Western Australia. Journal of the Royal Society of
Western Australia, 95, 137-153.

Patterson, R. T., & McKillop, W. B. (1991). Distribution and

possible paleoecological significance of Annectina viriosa, a new

species of agglutinated Foraminifera from nonmarine salt

ponds in Manitoba. Journal of Paleontology, 65, 33-37. https:/
doi.org/10.1017 S0022336000020163

Playford, G. (2021). Lower Permian (Sakmarian) palynoflora
from the Woolaga Limestone Member of the Holmwood
Shale, northern Perth Basin, Western Australia. Journal of the
Royal Society of Western Australia, 104, 45-63. https://

doi.org/10.70880/001¢.129575

Quilty, P. G. (1977). Foraminifera of Hardy Inlet,
southwestern Australia. Journal of the Royal Society of Western
Australia, 59, 79-90.

Quilty, P. G., & Hosie, G. (2006). Modern Foraminifera, Swan
River estuary, Western Australia: distribution and controlling
factors. Journal of Foraminiferal Research, 36, 291-314.
https://doi.org/10.2113/gsjfr.36.4.291

Resig, J. M. (1974). Recent foraminifera from a landlocked
Hawaiian lake. The Journal of Foraminiferal Research, 4,
69-76. https://doi.org/10.2113/gsjfr.4.2.69

Revets, S. A. (2000). Foraminifera of Leschenault Inlet. Joxrnal
of the Royal Society of Western Australia, 83, 365-375.

Riedel, F., Kossler, K., Tarasov, P., & Wiinnemann, B. (2011).
A study on Holocene foraminifera from the Aral Sea and West
Siberian lakes and its implication for migration pathways.
Quaternary International, 229, 105-111. https://doi.org/
10.1016/j.quaint.2010.03.009

Sadough, M., Ghane, F., Manouchehri, H., Moghaddasi, B., &
Beikaee, H. (2013). Identification and abundance of benthic
foraminifera in the sediments from Fedeidoonkenar to
Babolsar of southern Caspian Sea. Turkish Journal of Fisheries
and Aquatic Sciences, 13, 79-86.

Scott, D. B., Medioli, F. S., & Schafer, C. T. (2001).
Monitoring in coastal environments using foraminifera and
thecamoebian indicators. Cambridge University Press. https://
dOi.Org 10.1017/CB0O9780511546020

Semensatto, D. (2020). A key to the identification of
agglutinant and monothalamous foraminifera from Brazilian
mangroves. Ocean and Coastal Research, 68, €20297. https://
dOi.Org 10.1590/52675-28242020068297

Steward, B. A. (2009). Two aquatic bioregions proposed for
the South Coast Region, Western Australia. Journal of Royal
Society of Western Australia, 92, 277-287.

Tremblin, C. M., Holzmann, M., Parker, J. H., Sadekov, A., &
Haig, D. W. (2021). Invasive Japanese foraminifera in a south-
west Australian estuary. Marine and Freshwater Research, 73,

328-342. https://doi.org/10.1071/MF21254

Tremblin, C. M., & Walker, J. K. (2025). How did it get here?
First record of Trochamminita irregularis, a cosmopolitan
estuarine organic-cemented agglutinated foraminifer, in south-
west Western Australia. Journal of The Royal Society of Western
Australia, 108. https://doi.org/10.70880/001¢.129191

Tyszka, J., Godos, K., Golen, J., & Radmacher, W. (2021).
Foraminiferal organic linings: functional and phylogenetic
challenges. Earth-Science Reviews, 220, Article 103726. https://
doi.org/10.1016/j.carscirev.2021.103726

Yankovskaya, A. I, & Mikhalevich, V. 1. (1972). [Foraminifera
from Lake Issyk-kul” and ground water of central Asia].
Doklady Akademii Nauk SSSR, 205, 1005-1008.

Zarghami, M., Al-Maliky, T. H. Y., Nazarhaghihi, F., &
Sohrabi, M. (2019). Effect of urban pollutants on distribution
of benthic foraminifera in the southern of Caspian Sea.
Proceedings of the International Academy of Ecology and
Environmental Sciences, 9(2).

Journal of The Royal Society of Western Australia

12


https://doi.org/10.2113/gsjfr.53.4.286
https://doi.org/10.4324/9781315846101
https://doi.org/10.4324/9781315846101
https://doi.org/10.1017/S0022336000020163
https://doi.org/10.1017/S0022336000020163
https://doi.org/10.70880/001c.129575
https://doi.org/10.70880/001c.129575
https://doi.org/10.2113/gsjfr.36.4.291
https://doi.org/10.2113/gsjfr.4.2.69
https://doi.org/10.1016/j.quaint.2010.03.009
https://doi.org/10.1016/j.quaint.2010.03.009
https://doi.org/10.1017/CBO9780511546020
https://doi.org/10.1017/CBO9780511546020
https://doi.org/10.1590/s2675-28242020068297
https://doi.org/10.1590/s2675-28242020068297
https://doi.org/10.1071/MF21254
https://doi.org/10.70880/001c.129191
https://doi.org/10.1016/j.earscirev.2021.103726
https://doi.org/10.1016/j.earscirev.2021.103726

Dispersal of isolated hyposaline river foraminifera

SUPPLEMENTARY MATERIALS

Figure 1

Figure 6

-foraminifera-

rswa.scholasticahg.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_.

Download: https:
fi

Figure 7

Download: https://rswa.scholasticahg.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-
from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358415.tif

Journal of The Royal Society of Western Australia

13


https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358410.tif
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358410.tif
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358411.jpg
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358411.jpg
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358412.jpg
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358412.jpg
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358413.tif
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358413.tif
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358414.tif
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358414.tif
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358415.tif
https://rswa.scholasticahq.com/article/166980-an-isolated-hyposaline-river-occurrence-of-_birsteiniolla_-foraminifera-from-western-australia-previously-known-from-central-asian-lakes-and-interi/attachment/358415.tif

	An Isolated Hyposaline River Occurrence of Birsteiniolla (Foraminifera) From Western Australia, Previously Known From Central Asian Lakes and Interior Seas
	Abstract
	INTRODUCTION
	MATERIAL AND METHODS
	RESULTS
	River setting and occurrence of Ruppia megacarpa
	General composition of foraminiferal assemblage
	Comments on foraminiferal identifications
	Birsteiniolla gr. macrostoma Yankovskaya and Mikhalevich
	Miliammina? sp.
	Scherochorella gr. barwonensis (Collins)
	Trochammina gr. inflata (Montagu)
	Ammonia haigi (Hayward and Holzmann)
	Cribroelphidium sp. cf. C. revetsi Hayward and Holzmann

	Distribution of foraminiferal species in studied river

	DISCUSSION
	Comparison of foraminiferal assemblage with central Asian assemblages
	Migration pathways
	Future Hypothesis testing
	ACKNOWLEDGEMENTS

	References
	Supplementary Materials


