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Abstract: In this study, we examine, identify, and discuss fossil remains of large branchiopod crus-
taceans collected from six sites across the Beringian region (north-eastern Asia and north-western 
North America). Eggs and mandibles from Anostraca and Notostraca, as well as a notostracan telson 
fragment and a possible notostracan second maxilla, were collected from both paleosediment sam-
ples and also from large mammal hair. The remains of large branchiopods and other species that 
are limited to seasonally astatic aquatic habitats (temporary wetlands) could be useful indicator or-
ganisms of paleoecological conditions. Different recent large branchiopod species have very differ-
ent ecological preferences, with each species limited to specific geochemical component tolerance 
ranges regarding various salinity, cation, and gypsum concentrations. Our purpose is to bring the 
potential usefulness of these common fossil organisms to the attention of paleoecologists. 
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1. Introduction 
The Branchiopoda are a class of crustaceans that primarily inhabit seasonally astatic 

aquatic habitats (temporary pools). The class is comprised of Anostraca (fairy shrimps), 
Notostraca (tadpole shrimps), and the superorder Diplostraca, which is further subdi-
vided into Laevicaudata (smooth clam shrimp), Spinicaudata (spiny clam shrimp), Cy-
clestherida (tropical clam shrimp), and Cladocera (water fleas). All of these groups, except 
Cladocera, are collectively referred to as “large branchiopods” [1], although this common 
name has no phylogenetic or taxonomic basis. These large branchiopod crustaceans have 
been found from various fossil strata, with the oldest representatives being putative anos-
tracans reported from Cambrian [2]. The earliest large branchiopod communities, consist-
ing of all three main branches, Anostraca, Notostraca, and Diplostraca, represented by 
spinicaudatan clam shrimps, were reported from the Upper Devonian [3–6]. The earliest 
putative cladocerans fossils come from the Paleozoic; however, these records are dubious 
[7]. Earlier cladoceran fossils may have been missed due to their small size and poor fos-
silization. The earliest confirmed fossil cladocerans come from the Mesozoic and were 
found co-occurring with large branchiopods [7–10]. 

Modern branchiopod crustacean adults are often difficult to collect due to the astatic 
nature of the habitats where they occur; when a given habitat is holding water and adult 
shrimp are swimming, the site may not necessarily be accessible due to mud, snow, ice, 
or inclement weather [11,12]. However, at practically any time, branchiopod eggs can be 
collected from the substrate [11–14] when access to a given site is less problematic. In 
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addition, egg dispersal vectors such as certain insects, birds, or large mammals can also 
be used as sources of branchiopod eggs [11,13,14]. 

Recently, there has been a series of publications on Pleistocene branchiopod fossils, 
focusing on the eggs and ephippia (modified molting exuvia of the anomopod cladocer-
ans bearing resting eggs). Like modern branchiopods, fossilized eggs and body parts were 
found in Pleistocene ponds and lakes [15–19], temporary wetland sediment layers [20,21], 
and in the body hair of large mammal remains (mammoth and woolly rhinoceros) found 
in the Siberian permafrost [22–25].  

These records have been used in efforts to determine and define paleolimnological 
environments. Typically, cladocerans have been used in these endeavors [15,19,20,26–28], 
and large branchiopods have only recently been used in these studies [21,22,25]. This is in 
part due to large branchiopods being primarily found in seasonally astatic aquatic habi-
tats, while most recent paleolimnological studies have utilized large lake sediment cores. 

In support of this approach, we present a brief review of a variety of recently identi-
fied large branchiopod fossilized remains from NE Siberia and NW North America. We 
hope that the material and identifications presented here will aid in future studies of these 
fossil organisms in both paleodiversity and paleoecology studies. 

2. Materials and Methods 
Seven previously collected samples from various Pleistocene localities across NW 

Canada and NE Russia (Figure 1) were studied by our team. These samples’ specific de-
tails are as follows. 

 
Figure 1. Map of NE Eurasia and NW North America with geographic position of study sites: 1—Tom Creek; 2—Allan 
Creek; 3—Bol’shaya Chukochya; 4—Staraya Allaikha; 5—Oyogos Yar (Yuka Baby Mammoth); 6—Churapcha. The base 
map is from the public domain atlas in the desktop app, Marble 2.2.20 (http://edu.kde.org/marble). 

CANADA 
Yukon Territory: 
1. Tom Creek Section. A meander bend of Tom Creek about 5.5 km above its conflu-

ence with Liard River (60.2° N, 129.19° W), with organic rich silts underlying Last Glacial 
Maximum (LGM) till, Late Pleistocene, collected by A. Reyes in 2017; Sample AVR-17TC-
9a. 
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2. Allan Creek Section. North side of the Liard River about 6.5 km below the mouth 
of Allan Creek (60.49° N, 129.73° W), probably Mio-Pliocene gravels, collected by B. Jensen 
in 2017; Sample BJ-17 LR-21. 

RUSSIA 
Republic of Sakha (Yakutia): 
3. Bol’shaya Chukochya Mammoth. Middle reaches of the Bol’shaya Chukochya 

River near Andryushkino village (69.18° N, 154.45° E), Ust-Yansky Ulus: 100+ L of Mam-
muthus sp. hair in alas terrace (a steep-sided depression resulting from thawing of perma-
frost); various Pleistocene ages; collected by I. Khristenko in late 1990s. The samples are 
deposited at the Ice Age Museum, Moscow, F-2362/1 [22]. 

4. Staraya Allaikha Mammoth. Allaikha River near Chokurdah village (70.62° N, 
147.92° E), Allaikha Ulus: Mammuthus sp. hair in Late Pleistocene yedoma glacial complex 
deposits of the Kargin Interstadial, various Pleistocene ages (45,000–28,000 cal BP). The 
samples are deposited at the Ice Age Museum, Moscow, F-4168 [24]. 

5. Yuka Baby Mammoth Skull. Oyogos Yar locality in the upper third of the north-
facing bank of the Kondratievo River (72.68° N, 142.84° E), Ust-Yansky Ulus: mummified 
Mammuthus sp. from hanging melting ledge, composed of loess; radiocarbon date 39,440–
38,850 cal BP (GrA-53289), collected in August 2010 by local Yukagir people and then 
gifted to the Yakutian Academy of Sciences. The samples are deposited at the Academy 
of Sciences of Sakha (Yakutia) Republic, Yakutsk, accession number OYu-01 [25]. 

6. Churapcha Rhino. Churapcha settlement (62.00° N, 132.43° E), Churapcha Ulus: 
woolly rhino (Coelodonta sp.) corpse and hair, MIS-2 (19,500 ± 120 cal BP, GIN-9594). The 
samples are deposited at the Diamond and Precious Metal Geology Institute, Siberian 
Branch of the Russian Academy of Sciences, IGABM № 2114 [23]. 

The samples were stored dry since their original collection. Specific details of sepa-
rating the fossils from the surrounding matrix are presented in the respective publications 
listed above with each locality. Fossil remains were placed in a small Petri dish and exam-
ined in clean water under a Leica MZ7.5 stereomicroscope, and all recognizable branchi-
opod crustacean fragments were collected using a pipette or forceps and transferred to 
96% alcohol. Some branchiopod remains were preliminarily studied with a high power 
Olympus CX-41 microscope. A portion of the branchiopod remains was air dried, attached 
to stubs, coated with gold in an S150A Sputter Coater, and studied under a Tescan Vega 
TS5130MM scanning electron microscope. Individual specimens were identified using rel-
evant literature, references collections, and personal experience. 

The stubs for SEM with extracted branchiopods are deposited at the collection of 
Borissiak Palaeontological Institute of Russian Academy of Sciences (Moscow) as a single 
total collection, collection number PIN 5670. 

3. Results 
Figures 2–7. 

3.1. Tom Creek 
The anostracan eggs (Figure 2a–d) appear very strongly to belong to the chirocepha-

lid genus Eubranchipus (Chirocephalidae). This genus is Holarctic in distribution, with all 
species found in either temperate or subarctic regions. The eggs are most similar to the 
modern species Eubranchipus grubii (Dybowski, 1860) (see Figure 14 in [29] and Figure 6F 
in [30]), which is currently known from much of Europe and east through Ukraine and 
central Russia [31]. The eggs bear a slight resemblance to two of the 11 North American 
species, namely E. oregonus Creaser and E. holmanii (Ryder) (see Figures 3 and 11 in [32]), 
but do not share any overt resemblance to Eubranchipus species from eastern Asia (see 
Figure 8 in [33]). While these eggs are very likely Eubranchipus, they either belong to an 
extinct Eubranchipus species or E. grubii was at one time much more widespread. 
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Figure 2. Anostracan eggs. (a–d) Eubranchipus sp., whole eggs from Tom Creek, Canada; (e,f) Eubranchipus sp. from Allan 
Creek, Canada, whole egg and its detail; (g,h) Chirocephalus sp. from Staraya Allaikha mammoth hair, Russia, whole eggs; 
(i) detail of egg shell in (h); (j,k) whole egg from same locality; (l) detail of egg shell in (k) Scale bars: 0.1 mm. 

3.2. Alan Creek 
The anostracan eggs (Figure 2e,f) were identical to those of Eubranchipus from Tom 

Creek. 
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The single egg (Figure 3c–f) appears to belong to Branchinecta (Branchinectidae) (see Fig-
ure 4 in [30]); see below. 

 
Figure 3. Anostracan eggs: (a,b) Branchinecta sp. from Allan Creek, whole egg and detail of egg shell; (c–e) Branchinecta sp. 
from Staraya Allaikha mammoth hair, Russia, whole eggs; (f) detail of egg shell in (e). Branchinecta sp. from Bol’shaya 
Chukochya mammoth hair, Russia, whole egg. (g–l) Branchinecta sp. from Yuka baby mammoth skull, Russia, variation in 
egg forms. Scale bars: 0.1 mm. 
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3.3. Bol’shaya Chukochya Mammoth Hair 
Both anostracan eggs and both anostracan and notostracans mandibles were found 

enmeshed in the mammoth hair sample. The anostracan eggs represent three separate 
families. First, Figure 4a shows a single egg that belongs to Branchipodidae, most likely 
Branchipus sp. This genus is currently known from five species, with all but one limited to 
the western Palearctic. Only the widespread B. schaefferi Fischer has a range that extends 
east into Russia, as far as the Don River. 

 
Figure 4. Anostracan and notostracan eggs: (a) Branchipus sp. from Bol’shaya Chukochya mammoth hair, Russia, whole 
egg; (b) Chirocephalus sp., broken egg from same locality; (c) detail of egg shell in (b); (d) potential branchiopod crustacean 
egg from same locality, whole “egg”; (e) detail of shell in (d); (f) putative notostracan egg from Yuka Baby mammoth skull, 
Russia. Scale bars: 0.1 mm for (a,b,d–f); 0.01 mm for (c). 

The second anostracan egg appears to belong to Chirocephalidae and appears to be-
long to the genus Chirocephalus (Figure 4b,c). 

The next eggs appear to belong to Branchinecta (Figure 3g). 
The final egg-type item is not clearly a branchiopod egg (Figure 4d,e) but may be a 

compressed egg from a Chirocephalid or Branchinectid anostracan. It is unclear what it 
actually represents at this time. 

We also recovered anostracan mandibles from this site (Figure 5a–i). These mandi-
bles are lacking certain details necessary for determination; however, they do generally 
appear to resemble the mandibles of either Chirocephalus or Branchinecta (see Figure 2 in 
[34] and Figure 5 in [35]). 
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Figure 5. Anostracan mandibles from Bol’shaya Chukochya mammoth hair: (a) mandible 1; (b,c) detail of (a); (d,e) man-
dibles; (f,g) details of (e); (h) mandible; (i) detail of (h). Scale bars: 0.1 mm for (a,d–f,g,h); 0.01 mm for (b,c,g,i). 

The notostracan mandibles (Figure 6i–l) are morphologically similar to species in the 
genus Lepidurus. 
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Figure 6. Notostracan mandibles: (a–g) Staraya Allaikha mammoth hair, Russia; (h) Churapcha woolly rhinoceros hair, 
Russia, mandible fragment; (i–l) Bol’shaya Chukochya mammoth hair, Russia, mandible crowns (i,j) and details of I (k,l). 
Scale bars: 0.1 mm. 
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3.4. Staraya Allaikha Mammoth Hair 
The anostracan eggs belong to two different widespread families. Several specimens 

(Figure 3c–f) appear to belong to Branchinecta (Branchinectidae). They are nearly identical 
to the eggs described above, from Bol’shaya Chukochya mammoth hair. Five or six species 
occur in Russia, with one (B. paludosa (Müller)) being circumpolar in distribution. It is im-
possible to attribute these eggs to any one species because, with few exceptions, Branchi-
necta eggs are variable not only within species but also within individual egg clutches. 

The next eggs (Figure 2g–l) belong to Chirocephalus (Chirocephalidae), the second 
largest genus of extant anostracans [36]. The eggs appears to be identical to the eggs de-
scribed above, from Bol’shaya Chukochya mammoth hair. The 50+ species in this genus 
are primarily found in the temperate and subarctic zones of the Palearctic bioregion. These 
eggs are particularly similar to the extant species C. chyzeri (Daday), C. spinicaudatus Si-
mon, C. shadini (Smirnov), and C. slovacicus Brtek (see Figure 9c–g in [30]). The less eroded 
fossils most closely resemble C. chyzeri, a species that is limited to the Slovak Republic and 
Romania [1]. Chirocephalus spinicaudatus and C. slovacicus are also limited to Europe; how-
ever, C. shadini does range from Europe through to northern and central Russia [1]. Our 
fossils undoubtedly belong to a species that is related to these extant taxa. 

The notostracans mandibles (Figure 6a–g) are morphologically similar to species in 
the genus Lepidurus. 

3.5. Yuka Baby Mammoth Skull 
This skull was found in the remnants of a Pleistocene wetland. Large branchiopod 

eggs and mouth parts were found on the skull. 
Eggs belonging to the anostracan genus Branchinecta (Figure 3h–l) were most com-

mon and displayed a variety of shell morphologies. These morphologies cannot be as-
cribed to any recent species. A potential notostracan egg was also recovered (Figure 4f). 
Notostracan eggs are not discernible between genera or even species. Based on the pres-
ence of Branchinecta sp. eggs, it can be deduced that the egg may belong to the genus Lepi-
durus, as the two genera typically co-occur together in the northern Holarctic. 

Notostracan mandibles were also found (Figure 7a–e). Furthermore, a fragment of a 
notostracan telson was found (Figure 6F), though not enough is present to determine the 
genus, as well as a possible distal end of a notostracan maxilla II (Figure 7g). 
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Figure 7. Mandibles and other body portions from Yuka baby mammoth skull, Russia: (a) notostracan mandible lateral 
view; (b) notostracan mandible distal view; (c) notostracan mandible lateral view; (d) notostracan mandible lateral view; 
(e) detail of (d); (f) notostracan telson fragment; (g) possible notostracan maxilla II fragment; (h) anostracan mandible; (i) 
anostracan mandible. Scale bars: 0.1 mm. 

Anostracan mandibles (Figure 7h–i) were present but with insufficient detail to as-
cribe them to a genus or family. 

3.6. Churapcha Rhino 
Only a partial notostracan mandible was recovered (Figure 6h). The mandible most 

resembles Lepidurus sp. Further determination is not possible at this time. 
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4. Discussion 
Large branchiopods are mostly soft bodied animals that very rarely leave any fossil 

elements behind [4]. Typically, the only fossil remains of anostracans are mandibles [2–4], 
but occasionally, whole animals are preserved [37]. Notostracans are more common in the 
fossil record [38] but have mostly been reported as carapaces only [3] and also as ichnotaxa 
[39]. Clam shrimps, particularly Spinicaudata, are by far the best represented in the large 
branchiopod fossil record [6,40]; however, they are really only known from their cara-
paces, and important morphological characteristics of the animal in the carapace are rarely 
observed [40]. 

Notostracan mandibles were recorded from the Pleistocene strata only a few times 
[26]. The eggs and mandibles of fossil anostracans have only recently been explored as a 
source of paleoecological information [21,25]. This is primarily because no one has spent 
any time looking for them until recently. Recent large branchiopod eggs and mandibles 
have been used in extant taxonomy and systematics for decades (e.g., [29, 30,32,41,42]). 

We found numerous large branchiopod fossil eggs and mandibles in extinct large 
mammal hair, demonstrating that these mammals wallowed in wetlands, much in the 
same way that their recent counterparts do today [43,44]. Numerous studies have demon-
strated that large branchiopod eggs are passively dispersed unwittingly by mammals, 
birds, amphibians, and invertebrates (summarized in [14]). However, dispersal to another 
suitable habitat for the branchiopod is never guaranteed [36]. Hair or other remains from 
other extinct large mammals should be examined for more large branchiopod fossils (in-
cluding those stored at museums for a long time [23,24]), although fossils in hair represent 
multiple time periods and could not be directly used for reconstructions of the water bod-
ies where they lived [22]. Sediment, dust, or debris should be combed or washed as gently 
as possible from the mammal specimen, and the sediment should be captured in 0.1-mm 
sieves. Because most large branchiopod eggs and mandibles are 0.15–0.3 mm in diameter, 
most branchiopod artefacts should be easily captured in the sieve. 

Most large branchiopod artefacts found in our Pleistocene localities belong to taxa 
inhabiting Holarctic steppe water bodies in recent times, except for the Branchipus sp. [21]. 
It may be that this genus was once more widespread than it is now. Although species-
level identifications were not possible for the eggs and mandibles we examined, the dif-
ferences and variation we observed demonstrate that the genera we did identify have been 
around at least since the Pleistocene, supporting the idea that there has been a considera-
ble amount of morphological stasis in these animals [4,21,45–48]. Regardless, any and all 
of these fossils could easily represent taxa that are extant or extinct forms related to mod-
ern taxa. 

Large branchiopod crustacean species are indicator organisms of seasonally astatic 
aquatic habitats and/or hypersaline pools and lakes [14,27]. All species live in wetlands 
with regular wet and dry phases or in hypersaline lakes that may or may not dry up with 
seasonal regularity. In sediment deposits, the fossils of these animals demonstrate that the 
paleoecology was a dry climate with regular to sporadic wet seasons. Large branchiopod 
fossil remains from large mammals demonstrate a similar ecology to what is observed 
today in the African savannahs: warm to hot, generally dry, with sporadic seasonal wet-
lands, where large mammals could drink and either wallow to cool themselves or to ac-
quire a mud coating to protect them from biting arthropods (e.g., biting flies and ticks) 
[43,44]. The presence of these large branchiopod eggs in the hair of these mammals 
demonstrates that these animals were actively dispersing large branchiopods between 
wetland habitats and that they may have been important vectors for these crustaceans 
along migration routes. 

Rogers [13,36] demonstrated that different large branchiopod species have very dif-
ferent ecological preferences, each species with its own tolerance range for salinity, cation 
type and concentration, and % gypsum of the substrate where their pools occur. Thus, 
these fossils may be indicators of particular geochemical conditions of the water body 
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substrates where the fossils were found or (if gleaned from mammal hair) where the vec-
tor had come from to where it was ultimately found. 

Therefore, anostracan and notostracan remains are prospective paleoinformation 
sources, but so far, specific identification is difficult, as the morphology of the fossil resting 
eggs, mandibles, and telsons from the Beringian region (north eastern Asia and north 
western North America) does not exactly correspond to recent forms. The main idea of 
this communication is to attract the attention of paleoecologists to large branchiopod re-
mains, which are quite common in Beringian Pleistocene strata. 

Author Contributions: Conceptualization, D.C.R. and A.A.K.; methodology, A.A.Z.; software, 
A.A.K.; validation, D.C.R. and S.A.K.; formal analysis, A.A.K.; investigation, D.C.R., A.A.Z., A.N.N., 
S.A.K. and A.A.K.; resources, S.A.K.; data curation, A.A.K.; writing—original draft preparation, 
D.C.R. and A.A.K.; writing—review and editing, A.A.K. and D.C.R.; visualization, A.N.N.; super-
vision, D.C.R.; project administration, S.A.K.; funding acquisition, S.A.K. All authors have read and 
agreed to the published version of the manuscript. 

Funding: The study was supported by the Russian Foundation for Basic Research (grants 18-04-
00398a and 20-04-00165a). 

Institutional Review Board Statement: Not Applicable. 

Informed Consent Statement: Not Applicable. 

Data Availability Statement: All material examined in this study are openly available at the facili-
ties listed, and by the catalogue numbers in the Materials and Methods section above. 

Acknowledgments: Many thanks to I.V. Kirillova, F.K. Shidlovsky, G.G. Boeskorov, A.V. Protopopov, 
B. Jensen, and A. Reyes for access to the material. SEM investigations were carried out at the Joint Usage 
Center “Instrumental methods in ecology” at the A.N. Severtsov Institute of Ecology and Evolution. 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the 
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script, or in the decision to publish the results. 

References 
1. Brendonck, L.; Rogers, D.C.; Olesen, J.; Weeks, S.; Hoeh, W.R. Global diversity of large branchiopods (Crustacea: Branchiopoda) 

in freshwater. Hydrobiologia 2008, 198, 167–176, doi:10.1007/978-1-4020-8259-7_18. 
2. Harvey, T.H.P.; Vélez, M.I.; Butterfield, N.J. Exceptionally preserved crustaceans from western Canada reveal a cryptic Cam-

brian radiation. Proc. Natl. Acad. Sci. USA 2012, 109, 1589–1594, doi:10.1073/pnas.1115244109. 
3. Lagebro, L.; Gueriau, P.; Hegna, T.A.; Rabet, N.; Butler, A.D.; Budd, G.E. The oldest notostracan (Upper Devonian Strud locality, 

Belgium). Palaeontology 2015, 58, 497–509, doi:10.1111/pala.12155. 
4. Gueriau, P.; Rabet, N.; Clément, G.; Lagebro, L.; Vannier, J.; Briggs, D.E.; Charbonnier, S.; Olive, S.; Béthoux, O.A 365-million-

year-old freshwater community reveals morphological and ecological stasis in branchiopod crustaceans. Curr. Biol. 2016, 26, 
383–390, doi:10.1016/j.cub.2015.12.039. 

5. Gueriau, P.; Rabet, N.; Du Tien Hat, E. The Strud crustacean fauna (Late Devonian, Belgium): Updated review and palaeoecol-
ogy of an early continental ecosystem. Earth Environ. Sci. Trans. R. Soc. Edinb. 2016, 107, 79–90, doi:10.1017/S1755691017000275. 

6. Hegna, T.A.; Astrop, T.I. The fossil record of the clam shrimp (Crustacea; Branchiopoda). Zool. Stud. 2020, 59, 43, 
doi:10.6620/ZS.2020.59-43. 

7. Van Damme, K.; Kotov, A.A. The fossil record of the Cladocera (Crustacea: Branchiopoda): Evidence and hypotheses. Earth-Sci. 
Rev. 2016, 163, 162–189, doi:10.1016/j.earscirev.2016.10.009. 

8. Smirnov, N.N. Mesozoic Anomopoda (Crustacea) from Mongolia. Zool. J. Linn. Soc. 1992, 104, 97–116, doi:10.1111/j.1096-
3642.1992.tb00918.x. 

9. Kotov, A.A. Jurassic Cladocera (Crustacea, Branchiopoda) with a description of an extinct Mesozoic order. J. Nat. Hist. 2007, 41, 
13–37, doi:10.1080/00222930601164445. 

10. Kotov, A.A.; Korovchinsky, N.M. First record of fossil Mesozoic Ctenopoda (Crustacea, Cladocera). Zool. J. Linn. Soc. 2006, 146, 
269–274, doi:10.1111/j.1096-3642.2006.00204.x. 

11. Rogers, D.C. Branchiopoda (Anostraca, Notostraca, Laevicaudata, Spinicaudata, Cyclestherida); Encyclopedia of Inland Waters; Else-
vier: Amsterdam, The Netherlands, 2009; ISBN 9780123706263. 

12. Martin, J.W.; Rogers, D.C.; Olesen, J. Collecting and processing branchiopods. J. Crust. Biol. 2016, 36, 396–401, 
doi:10.1163/1937240X-00002434. 



Water 2021, 13, 280 13 of 14 
 

 

13. Rogers, D.C. Anostracan (Crustacea: Branchiopoda) zoogeography II. Relating distribution to geochemical substrate properties 
in the USA. Zootaxa 2014, 3856, 1–49, doi:10.11646/zootaxa.3856.1.1. 

14. Rogers, D.C. Larger hatching fractions in avian dispersed Anostracan eggs (Branchiopoda). J. Crust. Biol. 2014, 34, 135–143, 
doi:10.1163/1937240X-00002220. 

15. Frey, D.G. The ecological significance of Cladocera remains in lake sediments. Ecology 1960, 41, 684–699, doi:10.2307/1931802. 
16. Frey, D.G. Cladocera analysis. In Handbook of Holocene Paleoecology and Paleohydrology; Berglund, B.E., Ed.; J. Wiley & Sons Ltd.: 

London, UK, 1986; pp. 667–692. 
17. Korhola, A.; Rautio, M. Cladocera and other branchiopod crustaceans. In Tracking Environmental Change Using Lake Sediments; 

Volume 4: Zoological Indicators; Smol, J.P., Birks, H.J.B., Last, W.M., Eds.; Kluwer Academic Publishers: Dordrecht, The Neth-
erlands, 2001; pp. 5–41. 

18. Kotov, A.A.; Ibragimova, A.G.; Neretina, A.N. Identification of Ceriodaphnia Dana, 1853 (Crustacea: Cladocera) taxa from Euro-
pean Russia based on ephippial morphology. Zootaxa 2018, 4527, 105–123, doi:10.11646/zootaxa.4527.1.9. 

19. Wojewódka, M.; Sinev, A.Y.; Zawisza, E.; Stańczak, J. A guide to the identification of subfossil chydorid Cladocera (Crustacea: 
Branchiopoda) from lake sediments of Central America and the Yucatan Peninsula, Mexico: Part II. J. Paleolimnol. 2020, 63, 37–
64, doi:10.1007/s10933-019-00102-3. 

20. Kotov, A.A.; Kuzmina, S.A.; Frolova, L.A.; Zharov, A.A.; Neretina, A.N.; Smirnov, N.N. Ephippia of the Daphniidae (Branchi-
opoda: Cladocera) in Late Caenozoic deposits: Untapped source of information for palaeoenvironment reconstructions in the 
Northern Holarctic. Invert. Zool. 2019, 16, 183–199, doi:10.15298/invertzool.16.2.06. 

21. Zharov, A.A.; Neretina, A.N.; Rogers, D.C.; Reshetova, S.A.; Sinitsa, S.M.; Kotov, A.A. Pleistocene Branchiopods (Cladocera, 
Anostraca) from Transbaikalian Siberia demonstrate morphological and ecological stasis. Water 2020, 12, 3063, 
doi:10.3390/w12113063. 

22. Kirillova, I.V.; Van der Plicht, J.; Gubin, S.V.; Zanina, O.G.; Chernova, O.F.; Lapteva, E.G.; Trofimova, S.S.; Zinoviev, E.V.; Zha-
rov, A.A.; Fadeeva, E.O.; et al. Taphonomic phenomenon of ancient mammal fur from Glacial Beringia. Boreas 2016, 45, 455–
469, doi:10.1111/bor.12162. 

23. Kotov, A.A.; Neretina, A.N.; Zharov, A.A.; Izyumova, E.I.; Boeskorov, G.G.; Kosintsev, P.A.; Shidlovskiy, F.K. A new glance at 
old samples: Remains of freshwater invertebrates associated with mummified carcasses of large quaternary mammals. Zool. 
Zhurn. 2019, 98, 1247–1255. 

24. Kotov, A.A.; Zharov, A.A.; Chernova, O.F.; Neretina, A.N.; Gololobova, M.A.; Trofimova, S.S.; Zinovyev, E.V.; Izymova, E.I.; 
Zanina, O.G.; Kirillova, I.V.; et al. Crustacea (Branchiopoda) among organic remains from mammoth hair. Biol. Bull. 2020, 46, 
850–863. 

25. Neretina, A.N.; Gololobova, M.A.; Neplyukhina, A.A.; Zharov, A.A.; Rogers, C.D.; Horne, D.J.; Protopopov, A.V.; Kotov, A.A. 
Crustacean remains from the Yuka mammoth raise questions about non-analogue freshwater communities in the Beringian 
region during the Pleistocene. Sci. Rep. 2020, 10, 859, doi:10.1038/s41598-020-57604-8. 

26. Bennike, O. Palaeoecology of two lake basins from Disko, West Greenland. J. Quat. Sci. 1995, 10, 149–155, 
doi:10.1002/jqs.3390100205. 

27. Bos, D.G.; Cumming, B.F.; Smol, J.P. Cladocera and Anostraca from the Interior Plateau of British Columbia, Canada, as paleo-
limnological indicators of salinity and lake level. Hydrobiologia 1999, 392, 129–141, doi:10.1023/A:1003542709450. 

28. Szeroczyñska, K.; Sarmaja-Korjonen, K. Atlas of Subfossil Cladocera from Central and Northern Europe; Friends of the Lower Vistula 
Society: Świecie, Poland, 2007; ISBN 9788392491965. 

29. Thiery, A.; Gasc, C. Resting eggs of Anostraca, Notostraca and Spinicaudata (Crustacea, Branchiopoda) occurring in France: 
Identification and taxonomical value. Hydrobiologia 1991, 212, 245–259, doi:10.1007/BF00026008. 

30. Thiery, A.; Brtek, J.; Gasc, C. Cyst morphology of European branchiopods (Crustacea: Anostraca, Notostraca, Spinicaudata, 
Laevicaudata). Bull. Mus. Nat. Hist. Paris Ser. 4 1995, 17, 107–140. 

31. Vekhov, N.V. Branchiopod crustaceans (Anostraca and Notostraca) of ephemeral water bodies of the steppe zone. Zool. Zhurnal 
1989, 68, 241–250. 

32. Belk, D.; Mura, G.; Weeks, S. Untangling confusion between Eubranchipus vernalis and Eubranchipus neglectus (Branchiopoda: 
Anostraca). J. Crust. Biol. 1998, 18, 147–152, doi:10.1163/193724098X00151. 

33. Takahashi, N.; Kitano, T.; Hatanaka, Y.; Nagahata, Y.; Tshistjakov, Y.A.; Hamasaki, M.; Moriya, H.; Igarashi, K.; Umetsu, K. 
Three new species of the fairy shrimp Eubranchipus Verill, 1870 (Branchiopoda: Anostraca) from northern Japan and far Eastern 
Russia. BMC Zool. 2018, 3, 5, doi:10.1186/s40850-018-0029-2. 

34. Mura, G. Scanning electron microscopic study of the molar surfaces of the mandibles of Chirocephalus diaphanus Prévost (Anos-
traca). Crustaceana 1991, 60, 178–185, doi:10.1163/156854091X00380. 

35. Mura, G. Morphological features of the mandible related to feeding habits of some Anostraca species. Crustaceana 1995, 68, 83–
102, doi:10.1163/156854095X01187. 

36. Rogers, D.C. A conceptual model for anostracan biogeography. J. Crust. Biol. 2015, 35, 686–699, doi:10.1163/1937240X-00002369. 
37. Belk, D.; Schram, F.R. A new species of anostracan from the Miocene of California. J. Crust. Biol. 2001, 21, 49–55, 

doi:10.1163/20021975-99990108. 
38. Schram, F.R. Crustacea; Oxford Univ. Press: New York, NY, USA, 1986. 



Water 2021, 13, 280 14 of 14 
 

 

39. Knecht, R.J.; Benner, J.S.; Rogers, D.C.; Ridge, J.C. Surculichnus bifurcauda n. igen., n. isp., a trace fossil from Late Pleistocene 
glaciolacustrine varves of the Connecticut River Valley, USA, attributed to notostracan crustaceans based on neoichnological 
experimentation. Palaeogeogr. Palaeoclimatol. Palaeoecol. 2009, 272, 232–239. 

40. Hegna, T.A.; Rogers, D.C. The World’s First Clam Shrimp Symposium: Drawing paleontology and biology together. Zool. Stud. 
2020, 59, 46, doi:10.6620/ZS.2020.59-46. 

41. Mura, G. Pattern of egg shell morphology in Thamnocephalids and Streptocephalids of the New World (Anostraca). Crustaceana 
1992, 62, 300–311, doi:10.1163/156854092X00181. 

42. Mura, G.; Thierry, A. Taxonomical significance of scanning electron microscopic morphology of the Euphyllopod’s resting eggs 
from Morocco, Part I. Anostraca. Vie et Milieu 1986, 36, 125–131. 

43. Vanschoenwinkel, B.A.; Vandecaetsbeek, T.; Pineau, O.; Grillas, P.; Brendonck, L. Dispersal of freshwater invertebrates by large 
terrestrial mammals: A case study with wild boar (Sus scrofa) in Mediterranean wetlands. Freshwat. Biol. 2008, 53, 2264–2273, 
doi:10.1111/j.1365-2427.2008.02071.x. 

44. Vanschoenwinkel, B.A.; Waterkeyn, A.; Nhiwatiwa, T.; Pinceel, T.; Spooren, E.; Geerts, A.; Clegg, B.; Brendonck, L. Passive 
external transport of freshwater invertebrates by elephant and other mud-wallowing mammals in an African savannah habitat. 
Freshwat. Biol. 2011, 56, 1365–2427, doi:10.1111/j.1365-2427.2011.02600.x. 

45. Frey, D.G. Questions concerning cosmopolitanism in Cladocera. Arch. Hydrobiol. 1982, 93, 484–502. 
46. Frey, D.G. The taxonomy and biogeography of the Cladocera. Hydrobiologia 1987, 145, 5–17, doi:10.1007/BF02530260. 
47. Fryer, G. Structure and habits of living branchiopod crustaceans and their bearing on the interpretation of fossil forms. Earth 

Environ. Sci. Trans. R. Soc. Edinb. 1985, 76, 103–113, doi:10.1017/S0263593300010373. 
48. Fryer, G. Studies on the functional morphology and biology of the Notostraca (Crustacea: Branchiopoda). Phil. Trans. R. Soc. 

Lond. B 1988, 321, 27–124, doi:10.1098/rstb.1988.0091. 
 


