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Abstract

The Falcon Necropolis at Quesna in the Nile Delta of Egypt is considered to have been
founded by the priest Djedhor, the Saviour, of Athribis (Tell Atrib in modern Benha) at the
beginning of the Ptolemaic Period. Recent excavations here have revealed abundant avian
remains from mummies dedicated to the ancient Egyptian god Horus Khenty-Khety. Among
the few mammal remains from the site are five species of shrews (Eulipotyphla: Soricidae),
including some that we identified as Giildenstaedt’'s White-toothed Shrew, Crocidura guel-
denstaedtii (Pallas, 1811). Discovery of this species at Quesna increases the number of
shrews recovered from ancient Egyptian archaeological sites to eight species. Crocidura
gueldenstaedtiino longer occurs in the Nile Delta, and its presence in a diverse shrew fauna
at Quesna that includes one other extirpated species, Crocidura fulvastra (Sundevall,
1843), supports the hypothesis of a moister regional environment 2000-3000 years ago.
Inadvertently preserved local faunas, such as that from Quesna, can provide valuable infor-
mation about ancient environments and subsequent turnover in faunal communities.

Introduction

Mummification and burial of animals for religious purposes began early in Egyptian history,
culminating in the construction of extensive animal necropoleis during the Late (c. 712-332
BC), Ptolemaic (c. 332-30 BC), and Early Roman (30 BC-AD 250) periods [1-5]. Prominent
among the embalmed animals are canids, felids, ibises, and raptors whose cumulative mummi-
fied remains each number in the millions [6-11]. Among the less numerous mammals deemed
worthy of mummification were shrews (Eulipotyphla: Soricidae), which by the time of the late
New Kingdom (1550-1069 BC), were associated with the dark (nighttime) aspect of the fal-
con-headed god Horus, in contrast to that god’s light (daytime) aspect, represented by diurnal
raptors [2, 4, 6, 11-15].
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Six species of shrews have previously been identified from mummified remains recovered
at ancient Egyptian archaeological sites [16]. They include two Egyptian endemics [Crocidura
floweri Dollman, 1915; C. religiosa (Geoffroy Saint-Hilaire, 1827)], an extinct species (C. balsa-
mifera Hutterer, 1994), a species that no longer occurs in Egypt [C. fulvastra (Sundevall,
1843)], and two wide-ranging species whose distributions include northern Egypt [C. olivieri
(Lesson, 1827); Suncus etruscus (Savi, 1822)]. More recently, Rainer Hutterer identified a sev-
enth species, Crocidura pasha Dollman, 1915, among the animal mummies in the Passalacqua
[17] collection of antiquities from the tomb of Queen Mentuhotep at Dra Abu el-Naga near
Thebes (modern Luxor) [18]. A second record of C. pasha has since been reported [19] from
the Spanish Mission’s excavations of tombs associated with two high court officials named
Djehuty and Hery [20], also at Dra Abu el-Naga. Like C. fulvastra, this species no longer inhab-
its Egypt.

Herein, we report the discovery of an eighth species of embalmed shrew, Crocidura guelden-
staedtii (Pallas, 1811), from a collection of remains recovered from the Falcon Necropolis at
Quesna in the Nile Delta of Egypt [20]. Discovery of this species at ancient Quesna adds to the
evidence for a more diverse Egyptian shrew fauna occupying the Nile Valley in the historical
past. It also has biogeographical implications for the species, which currently reaches its south-
western distributional limit in the Sinai Peninsula.

Materials and methods

Locality

The archaeological site of Quesna (ca. 30° 31’ 54” N, 31° 10’ 18” E) is located approximately
3.5 km east of the modern town of the same name in Minufiyeh Governorate, Egypt (Fig 1).
Texts on mud seal impressions from recent excavations in the Falcon Necropolis link Quesna
with Athribis [11], which is 7 km south and is the site from which Djedhor, the priest of the
cult of the raptor god Horus, is known [11, 21-23]. All small mammal remains studied were
taken from among concentrations of disarticulated bones excavated from the Falcon Necropo-
lis. This collapsed and buried mud-brick structure (hypogeum) was probably founded during
the time of Philip Arrhideaus (332-323 BC) at the very start of the Ptolemaic Period (332-30
BC) and later extended. It was used as a necropolis for animal mummies dedicated to the god
Horus [11, 24]. The majority (98%) of remains from the Falcon Necropolis are from avians,
principally from Falconiformes [11]. The remainder are primarily from small mammals, most
notably shrews.

Identification

Shrew remains from the Falcon Necropolis were identified, measured, and photographed.
Measurements of shrew crania and dentaries were recorded to the nearest 0.1 mm and follow
Carraway [25] and Hutterer and Kock [26]. These include length of lower toothrow, P, to M;
(p4-m3); height of coronoid process of the dentary (HCP); maxillary breadth (MXB); and pala-
tal length (PL) (S1 Dataset). Measurements from remains of smaller shrews (i.e., smaller than
Crocidura olivieri) were compared to those of modern specimens of C. floweri, C. fulvastra, C.
religiosa, C. gueldenstaedtii, and C. whitakeri de Winton, 1887 (S1 Appendix), housed in the
following collections: Field Museum of Natural History, Chicago, USA (FMNH); Natural His-
tory Museum, London, UK (NHMUK); University of Michigan Museum of Zoology, Ann
Arbor, USA (UMMZ); National Museum of Natural History, Washington, USA (USNM); and
Yale Peabody Museum of Natural History, New Haven, USA (YPM). Cranial measurements of
modern C. pasha are values reported by Hutterer and Kock [27].
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Fig 1. Map of Egypt. Locations of archaeological sites mentioned in the text are shown as open triangles. Localities for modern C. gueldenstaedtii appear as
closed circles and are based on Shpirer et al. [30] and Osborn and Helmy [33].

https://doi.org/10.1371/journal.pone.0249377.9001

The taxonomic history of what is now called C. gueldenstaedtii is complex. We follow
Burgin et al. [28] in recognizing C. gueldenstaedtii as a species in the C. suaveolens group
[29-31], rather than as a subspecies of C. suaveolens (Pallas, 1811). As currently constituted,

C. gueldenstaedtii includes several subspecies (C. g. cypria Bate, 1903; C. g. iculisma Mottaz,
1908; C. g. mimula Miller, 1901) from western Europe and the Mediterranean island of Cyprus
that potentially represent distinct species. We focus our discussion on C. g. gueldenstaedtii,
whose geographic distribution extends from western Iran, Azerbaijan, Georgia, and eastern
Turkey, southwest along the eastern shore of the Mediterranean Sea to Israel and the Sinai
Peninsula [28, 29, 31, 32]. This taxon is the modern member of the C. suaveolens group that is
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geographically closest to Quesna. Specimens of C. gueldenstaedtii from the Sinai were previ-
ously identified as Crocidura suaveolens portali Thomas, 1920 [33-35].

Results

We recovered 80 identifiable elements from a minimum of 33 individuals representing four
species of smaller soricids. These included 3 Crocidura floweri, 9 C. fulvastra, 7 C. religiosa,
and 14 C. gueldenstaedtii (Table 1). Specimens identified as C. gueldenstaedtii average larger in
most measurements of the cranium and dentary, and they have more robust dentition than
modern C. pasha, C. religiosa, C. floweri, and C. whitakeri, but they are smaller and have less
robust dentition than C. fulvastra (Figs 2-4; Table 1).

Discussion

We initially expected that the individuals we identify herein as C. gueldenstaedtii would prove
to be either C. floweri or the slightly larger C. whitakeri. In fact, remains of C. floweri were iden-
tified from Quesna, but they were less numerous than those of C. gueldenstaedtii. Crocidura
floweri currently is restricted to the Nile Delta and the Fayum [36]. In addition to our speci-
mens from Quesna, remains of this species have been reported from ancient Egyptian archaeo-
logical sites elsewhere in the Nile Delta, such as Abu Rawash [37, 38], and in the Nile Valley as
far south as Akhmim [16, 38]. Prehistoric records of C. floweri from the South Galala Plateau
in northern part of the eastern desert [39] and from Middle Pleistocene lake deposits at Bir

Table 1. Selected cranial and dentary measurements.

Species PL MXB HCP p4-m3
Crocidura pasha * 5.5 4.2 3.0 -
5.4-5.6 3.8-4.3 2.8-3.2
(n=5) (n=18) (n=18)
C. religiosa 6.2+0.3 4.6+0.1 3.3+0.2 3.5+0.2
5.7-6.7 4.3-4.8 3.0-3.7 3.4-3.8
(n=22) (n=22) (n=05) (n=05)
C. floweri 7.1+£0.2 52%0.1 4.0, 4.0 4.2,4.2
6.9-7.4 5.1-5.5
(n=5) (n=5) (n=2) (n=2)
C. whitakeri 7.1+0.3 56+0.3 4.3+0.1 4.3 +£0.05
6.6-7.4 5.3-6.2 4.2-4.4 4.2-4.3
(n=7) (n=38) (n=3) (n=3)
C. gueldenstaedtii 7.8+0.3 6.0+0.2 4.6+0.1 4.8+0.1
(Quesna) 7.3-8.2 5.6-6.5 4.3-4.8 4.7-5.1
(n=14) (n=10) (n=25) (n=9)
C. gueldenstaedtii 7.9+0.3 59+0.2 4.6+0.2 49+0.2
(modern) 7.3-8.5 5.5-6.5 4.3-4.8 4.3-5.2
(n=23) (n=23) (n=23) (n=23)
C. fulvastra 9.8+0.5 6.8+0.3 53+0.3 5.6+0.3
8.9-10.8 6.4-7.3 4.8-5.7 5.2-5.9
(n=27) (n=27) (n=11) (n=12)

Selected cranial and dentary measurements of ancient Egyptian Crocidura gueldenstaedtii at Quesna compared with those from six modern species of Crocidura.
Abbreviations of measurements are given in the Materials and Methods. Statistics are mean + SD and range. Sample sizes are in parentheses.

* Measurement statistics from Hutterer and Kock [27].

https://doi.org/10.1371/journal.pone.0249377.t001
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Fig 2. Comparisons of smaller shrew specimens at Quesna with those of modern specimens. A, plot of cranial variables; B, plot of dentary variables.

https://doi.org/10.1371/journal.pone.0249377.9g002
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Fig 3. Lingual view of left dentaries of preserved shrews at Quesna. A, Crocidura religiosa; B, C. floweri; C, C.
gueldenstaedtii; D, C. fulvastra.

https://doi.org/10.1371/journal.pone.0249377.9003

Tarfawi in southern Egypt [40] indicate this species once had a much wider distribution in
Egypt than at present.

Crocidura whitakeri is primarily distributed in coastal regions of Western Sahara, Morocco,
Algeria, and Tunisia. Disjunct populations of the species also occur along Mediterranean
coastal Egypt west of the Nile Delta near Marsa Matruh and in the northern Sinai along Lake
Bardawil. Egyptian C. whitakeri were formerly identified as C. suaveolens matruhensis Setzer,
1960 [16, 34, 35]. Although C. whitakeri has not been identified from any archaeological sites
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Fig 4. Palatal view of crania of preserved shrews at Quesna. A, Crocidura religiosa; B, C. floweri; C, C. gueldenstaedtii; D, C. fulvastra.

https://doi.org/10.1371/journal.pone.0249377.9004

in Egypt, its modern distribution suggests that it would not be unlikely for it to have had a
wider distribution that included the Nile Delta in the historical past.

Remains of the somewhat larger Crocidura fulvastra also occurred in some abundance at
Quesna. The modern distribution of this species is discontinuous in dry savanna and mesic
habitats across central Africa from Mali to southern Sudan and western Ethiopia [41].
Although it no longer occurs in Egypt, remains of this species have been recovered from a
number of archaeological contexts, including at Dra Abu el Naga [19] and at Akhmim [16,
42].

The intermediate size of C. gueldenstaedtii between the smaller C. floweri and the larger C.
fulvastra raises the possibility that archaeological remains of this shrew from other sites have
been misidentified as one or the other species. This confusion would be understandable given
the complicated taxonomic history of C. gueldenstaedtii, the limited modern distribution of
this species in Egypt, the relative scarcity of modern comparative specimens from Egypt and
neighboring regions, and the more general difficulties involved in identifying remains of sori-
cids, particularly when they are incomplete or they are wrapped up in mummy bundles.

Dubey et al. [31] modeled the long-term population dynamics of C. gueldenstaedtii based
on their molecular phylogeny of the C. suaveolens group. They hypothesized that southern
populations of the species had expanded from a bottleneck that may have resulted from global
cooling c. 17,300-22,100 yr BP during the last glacial maximum in Europe. Discovery of
remains of C. gueldenstaedtii at Quesna in the Nile Delta indicates that population expansion
had reached its peak in the Middle East and northeastern Africa by the Ptolemaic period and
that the population there has since contracted eastward from the Nile Delta. Crocidura guel-
denstaedtii and the other species of shrews in the Falcon Necropolis represent populations that
inhabited the delta during a moist climatic phase c. 3000-2000 yr BP within a longer-term
regional trend of aridification and desertification beginning c. 5500-5000 yr BP [43-47] that
has made the region less hospitable for soricids [19] and other animals [48, 49].

Particularly in their animal mummy deposits, the ancient Egyptians unknowingly preserved
a partial record of the local small mammal faunas that inhabited the area at that time.
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Documenting mammalian and other faunal assemblages permits researchers to examine how
both individual species and the communities to which they belonged have responded to past
climate change in the region [19]. It is also potentially important for understanding how cur-
rent species and communities may react to future climatic change predicted by current cli-
matic models [50]. Shrews are particularly good for monitoring local and regional conditions,
and we know that among the greater diversity of species present at ancient Egyptian sites, one
is now extinct [16] and two are extirpated from the region [18, 19]. The comprehensive analy-
sis necessary to understand regional faunal turnover in shrew, mammal, and other communi-
ties, however, requires a greater number of ancient sites with accurately and verifiably
identified species.

Supporting information

S1 Dataset. Measurements from shrew remains.
(XLS)

S1 Appendix. Modern specimens examined.
(DOCX)

Acknowledgments

The authors thank the members of the Quesna Team for their assistance in the field, including
P. Popkin and L. Yeomans for zooarchaeological analysis. Thanks to our colleagues from Quift
and at the Ministry of Tourism and Antiquities in Cairo, Quesna, and Shibin el-Kom. Field-
work at Quesna falls under JR’s ‘Minufiyeh Archaeological Survey’ project, which is part of the
Egypt Exploration Society’s Delta Survey. The following curators and collections managers
provided invaluable access to the collections under their care: L. Heaney and B. Patterson
(FMNH), R. Portela-Miguez and L. Tomsett (NHMUK), C. W. Thompson (UMMZ), D. P.
Lunde and I. Rochon (USNM), and E. J. Sargis and K. Zyskowski (YPM). R. Terry Chesser,
Linda Evans, and two anonymous reviewers provided valuable comments on previous versions
of this manuscript. Any use of trade, product, or firm names is for descriptive purposes only
and does not imply endorsement by the U.S. Government.

Author Contributions

Conceptualization: Neal Woodman, Salima Ikram, Joanne Rowland.
Data curation: Neal Woodman.

Formal analysis: Neal Woodman, Salima Ikram.

Funding acquisition: Salima Ikram, Joanne Rowland.
Investigation: Neal Woodman, Salima Ikram, Joanne Rowland.
Methodology: Neal Woodman, Salima Ikram.

Project administration: Salima Ikram, Joanne Rowland.
Resources: Joanne Rowland.

Validation: Neal Woodman, Salima Ikram, Joanne Rowland.
Visualization: Neal Woodman, Salima Ikram, Joanne Rowland.

Writing - original draft: Neal Woodman.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249377  April 7, 2021 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249377.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249377.s002
https://doi.org/10.1371/journal.pone.0249377

PLOS ONE

A new embalmed shrew from ancient Egypt

Writing - review & editing: Neal Woodman, Salima Ikram, Joanne Rowland.

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22,

Kessler D. Tierkult. In: Helack W, Westendorf W, editors. Lexikon der Agyptologie 6. Wiesbaden: Otto
Harrassowitz; 1986. pp. 571-87.

Kessler D. Die heiligen Tiere und der Kénig. Teil I. Beitrage zur Organisation, Kult und Theologie der
spatzeitlichen Tierfriedhdfe. Agypten und Altes Testament 1989; 16: 1-303.

Flores DV. Funerary sacrifice of animals in the Egyptian Predynastic Period. Oxford: British Archaeo-
logical Reports; 2003.

Ikram S. Divine creatures: animal mummies in ancient Egypt. New York & Cairo: American University
in Cairo Press; 2005.

Richardin P, Porcier S, Ikram S, Louarn G, Berthet D. Cats, crocodiles, cattle, and more: initial steps
toward establishing a chronology of ancient Egyptian animal mummies. Radiocarbon 2017; 59: 595—
607. https://doi.org/10.1017/RDC.2016.102

Kessler D, Nur el-Din A. Tuna al-Gebel: millions of ibises and other animals. In: Ikram S (ed) Divine
creatures: animal mummies in ancient Egypt. New York & Cairo: American University in Cairo Press;
2005.

Ikram S. An eternal aviary: bird mummies from ancient Egypt. In: Bailleul-LeSuer R, editor. Between
heaven and earth. Birds in ancient Egypt. Chicago: The Oriental Institute of Chicago; 2012.

Ikram S. Speculations on the role of animal cults in the economy of ancient Egypt. In: Massiera M,
Mathieu B, Rouffet F, editors. Apprivoiser le sauvage/Taming the Wild (CENiM 11). Montpellier: Uni-
versity Paul Valéry Montpellier 3; 2015.

McKnight L, Atherton-Woolham S, editors. Gifts for the gods. Ancient Egyptian animal mummies and
the British. Liverpool: Liverpool University Press; 2015.

Nicholson PT, lkram S, Mills S. The catacombs of Anubis at North Saggara. Antiquity 2015; 89: 645—
661. https://doi.org/10.15184/aqy.2014.53

Rowland J, lkram S, Tassie GJ, Yeomans L. The sacred falcon necropolis of Djedhor(?) at Quesna:
recent investigations from 2006—2012. J. Egypt. Archaeol. 2013; 99: 53-84.

Brunner-Traut E. Spitzmaus und Ichneumon als Tiere des Sonnengottes. Nachrichten der Akademie
der Wissenschaften in Gottingen |. Philologisch-Historische Klasse 1965; 7: 123—163.

von den Driesch A, Kessler D, Steinmann F, Berteaux V, Peters J. Mummified, deified and buried at
Hermopolis Magna the sacred birds from Tuna EI-Gebel, middle Egypt. Agypten und Levante 2005; 15:
203-244.

Ikram S. A monument in miniature: The eternal resting place of a shrew. In: Janosi P (ed) Structure and
significance: Thoughts on Ancient Egyptian architecture. Osterreichische Akademie der Wissenschaf-
ten. Denkschriften der Gesamtakademie 33, Untersuchungen der Zweigstelle Kairo des Osterreichi-
schen Archdologischen Instituts 2005; 25: 336—-340.

Ikram S, Slabbert R, Cornelius |, du Plessis A, Swanepoel LC, Weber H. Fatal force-feeding or glutton-
ous gagging? The death of kestrel SACHM 2575. J. Archaeol. Sci. 2015; 63: 72—77. http://dx.doi.org/
10.1016/j.jas.2015.08.015.

Hutterer R. Shrews of ancient Egypt: Biogeographical interpretation of a new species. In: Merritt JF,
Kirkland GL, Rose RK (eds) Advances in the biology of shrews. Carnegie Mus. Nat. Hist Spec. Pub.
1994; 18: 407-414.

Passalacqua J. Catalogue raisonné et historique des Antiquités découvertes en Egypte. Paris: La Gall-
erie d’Antiquités Egyptiennes; 1826.

Woodman N, Koch C, Hutterer R. Rediscovery of the type series of the Sacred Shrew, Sorex religiosus
|. Geoffroy Saint-Hilaire, 1826, with additional notes on mummified shrews of ancient Egypt (Mammalia:
Soricidae). Zootaxa 2017; 4341(1): 1-24. https://doi.org/10.11646/zootaxa.4341.1.1 PMID: 29245697

Woodman N, [kram S. Ancient Egyptian mummified shrews (Mammalia: Eulipotyphla: Soricidae) and
mice (Rodentia: Muridae) from the Spanish Mission to Dra Abu el-Naga, Luxor, and their implications
for environmental change in the Nile Valley during the past two millennia. Quat. Res. Forthcoming.
https://doi.org/10.1016/j.yqres.2010.11.003 PMID: 26523075

Galan JM. The rock-cut tomb-chapels of Hery and Djehuty on the west bank of Luxor: history, environ-
ment and conservation. In: Saiz-Jimenez C,editor. The conservation of subterranean cultural heritage.
New York: CRC Press; 2014. pp. 3—16.

Sherman EJ. Djedhor the Saviour statue base Ol 10589. J. Egypt. Archaeol. 1981; 67: 82—102.
Vernus P. Athribis. BAE 1978; 74 ( Cairo: IFAO): 193-195.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249377  April 7, 2021 9/11


https://doi.org/10.1017/RDC.2016.102
https://doi.org/10.15184/aqy.2014.53
http://dx.doi.org/10.1016/j.jas.2015.08.015
http://dx.doi.org/10.1016/j.jas.2015.08.015
https://doi.org/10.11646/zootaxa.4341.1.1
http://www.ncbi.nlm.nih.gov/pubmed/29245697
https://doi.org/10.1016/j.yqres.2010.11.003
http://www.ncbi.nlm.nih.gov/pubmed/26523075
https://doi.org/10.1371/journal.pone.0249377

PLOS ONE

A new embalmed shrew from ancient Egypt

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42,

43.

44,

45.

46.

47.

Jelinkova-Reymond E. Les inscriptions de la statue guérisseuse de Djed-her-le-sauveux. BdE 1956;
23; ( Cairo: IFAQ): xi.

Rowland J. The discoveries at Quesna. Popular Archaeology. 2014 December [Cited 2020 March 19].
Available from: https://popular-archaeology.com/issue/december-2012/

Carraway LN. A key to Recent Soricidae of the western United States and Canada based primarily on
dentaries. Occas. Pap. Nat. Hist. Mus., Univ. Kansas 1995; 175: 1—49.

Hutterer R, Kock D. Recent and ancient records of shrews from Syria, with notes on Crocidura katinka
Bate, 1937 (Mammalia: Soricidae). Bonn. Zool. Beit. 2002; 50: 249-258.

Hutterer R, Kock D. Spitzmause aus den Nuba-Bergen Kordofans, Sudan. (Mammalia: Soricidae).
Senckenbergiana Biol. 1983; 63: 17-26.

Burgin CJ et al. Family Soricidae (shrews). In: Wilson DE, Mittermeier RA, editors. Handbook of the
Mammals of the World. Vol. 8. Insectivores, Sloths and Colugos. Barcelona: Lynx Edicions; 2018. pp.
332-551.

Bannikova AA, Lebedev VS, Kramerov DA, Zaitsev MV. Phylogeny and systematics of the Crocidura
suaveolens species group: corroboration and controversy between nuclear and mitochondrial DNA
markers. Mammalia 2006; 2006: 106—119. 10.1515/MAMM.2006.011

Dubey S, Zaitsev M, Cosson J-F, Abdukadier A, Vogel P. Pliocene and Pleistocene diversification and
multiple refugia in a Eurasian shrew (Crocidura suaveolens group). Mol. Phylogenet. Evol. 2006; 38:
635—647. https://doi.org/10.1016/j.ympev.2005.11.005 PMID: 16426868

Dubey S et al. Mediterranean populations of the lesser white-toothed shrew (Crocidura suaveolens
group): an unexpected puzzle of Pleistocene survivors and prehistoric introductions. Mol. Ecol. 2007;
16: 3438-3452. https://doi.org/10.1111/j.1365-294X.2007.03396.x PMID: 17688544

Shpirer E, Haddas-Sasson M, Spivak-Glater M, Feldstein T, Meiri S, Huchon D. Molecular relationships
of the Israeli shrews (Eulipotyphla: Soricidae) based on cytochrome b sequences. Mammalia 2021; 85
(1): 79-89. https://doi.org/10.1515/mammalia-2019-0143.

Setzer HW. The hedgehogs and shrews (Insectivora) of Egypt. J. Egypt. Public Health Assoc. 1957; 32
(1):1-17.

Hoogstraal H. A brief review of the contemporary land mammals of Egypt (including Sinai). 1: Insecti-
vora and Chiroptera. J. Egypt. Public Health Assoc. 1962; 37(4): 143-162.

Osborn DJ, Helmy I. The contemporary land mammals of Egypt (including Sinai). Fieldiana, Zoology
(new series) 1980; 5: i—xx, 1-579.

Jenkins PD, Churchfield S. Crocidura floweri Flower's Shrew. In: Happold M, Happold DCD, editors.
Mammals of Africa. Vol. 4. Hedgehogs, shrews and bats. London: Bloomsbury Publishing; 2013. pp.
78.

Ikram S, Charron A. The animal mummies of Abu Rawash. KMT 2008; 19(2): 34—41.
Charron A. Les musaraignes o’ Abourawash. Egypte, Afrique & Orient 2012; 66: 3—14.

Goodman SM, Hobbs JJ, Brewer DJ. Nimir Cave: morphology and fauna of a cave in the Egyptian East-
ern Desert. Palaeoecol. Afr. 1992; 23: 73-90.

Kowalski K et al. A last interglacial fauna from the eastern Sahara. Quat. Res. 1989; 32: 335-341.

Churchfield S, Jenkins PD. Crocidura fulvastra Savanna Shrew. In: Happold M, Happold DCD, editors.
Mammals of Africa. Vol. 4. Hedgehogs, shrews and bats. London: Bloomsbury Publishing; 2013. pp.
79-80.

Heim de Balsac H, Mein P. Les musaraignes momifiees des hypogees de Thebes. Existence d’'un
metalophe chez les Crocidurinae (sensu Repenning). Mammalia 1971; 35: 220-244.

Butzer KW. Early hydraulic civilization in Egypt: a study in cultural ecology. Chicago: University of Chi-
cago Press; 1976. https://doi.org/10.1001/archneur.1976.00500030062014 PMID: 1252166

Butzer KW. Pleistocene history of the Nile Valley in Egypt and lower Nubia. In: Williams MAJ, Faure H,
editors. The Sahara and the Nile: Quaternary environments and prehistoric occupation in northern
Africa. Rotterdam: Balkema;1980. pp. 253—280. https://doi.org/10.1126/science.208.4445.736-a
PMID: 17771125

Williams MAJ. Late Pleistocene and Holocene environments in the Nile basin. Global and Planetary
Change 2009; 69: 1-15.

Bernhardt CE, Horton BP, Stanley J-D. Nile Delta vegetation response to Holocene climate variability.
Geology 2012; 40: 615-618. https://doi.org/10.1130/G33012.1

Williams MAJ et al. Late Quaternary environments and prehistoric occupation in the lower White Nile
valley, central Sudan. Quat. Sci. Rev. 2015; 130: 72—88. http://dx.doi.org/10.1016/j.quascirev.2015.03.
007.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249377  April 7, 2021 10/11


https://popular-archaeology.com/issue/december-2012/
https://doi.org/10.1515/MAMM.2006.011
https://doi.org/10.1016/j.ympev.2005.11.005
http://www.ncbi.nlm.nih.gov/pubmed/16426868
https://doi.org/10.1111/j.1365-294X.2007.03396.x
http://www.ncbi.nlm.nih.gov/pubmed/17688544
https://doi.org/10.1515/mammalia-2019-0143
https://doi.org/10.1001/archneur.1976.00500030062014
http://www.ncbi.nlm.nih.gov/pubmed/1252166
https://doi.org/10.1126/science.208.4445.736-a
http://www.ncbi.nlm.nih.gov/pubmed/17771125
https://doi.org/10.1130/G33012.1
http://dx.doi.org/10.1016/j.quascirev.2015.03.007
http://dx.doi.org/10.1016/j.quascirev.2015.03.007
https://doi.org/10.1371/journal.pone.0249377

PLOS ONE

A new embalmed shrew from ancient Egypt

48. Yeakel JD et al. Collapse of an ecological network in Ancient Egypt. Proc. Nat. Acad. Sci. 2014; 111
(40): 14472-14477. https://doi.org/10.1073/pnas.1408471111. https://doi.org/10.1073/pnas.
1408471111 PMID: 25201967

49. Hekkala ER et al. The secrets of Sobek—A crocodile mummy mitogenome from ancient Egypt. J.
Archaeol. Sci. Rep. 2020; 33 (2020) 102483. https://doi.org/10.1016/j.jasrep.2020.102483.

50. Fouda MM. Egypt’s fifth national report to the Convention on Biological Diversity. Cairo; 2014.

PLOS ONE | https://doi.org/10.1371/journal.pone.0249377  April 7, 2021 11/11


https://doi.org/10.1073/pnas.1408471111
https://doi.org/10.1073/pnas.1408471111
https://doi.org/10.1073/pnas.1408471111
http://www.ncbi.nlm.nih.gov/pubmed/25201967
https://doi.org/10.1016/j.jasrep.2020.102483
https://doi.org/10.1371/journal.pone.0249377

