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Abstract 11 

Background: Menstruation occurs only in higher primates, some bats, the spiny mouse and the elephant 12 

shrew. Our knowledge of the latter species is due to work by C. J. van der Horst. 13 

Findings: Changes in the uterine stroma are initially similar in fertile and infertile cycles and are confined to 14 

a small area. In pregnant animals, the presence of the conceptus causes further development to an 15 

implantation chamber. In infertile cycles an outgrowth of highly glandular stroma (a polyp) appears. With 16 

decline of the corpora lutea it is shed in a process equivalent to menstruation. Van der Horst described the 17 

further development of the placenta and a decidua pseudocapsularis in pregnant animals. In addition he 18 

built a unique collection that has thrown light on embryonic development and placentation in other South 19 

African mammals.  20 

Conclusions: The changes in endometrial stromal cells during the menstrual cycle appear similar between 21 

primates and the elephant shrew and deserve to be studied at the molecular level.  22 

Key words: Afrotheria; History of Science; Macroscelidea; Menstrual cycle; Placentation; Polyovulation  23 
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Highlights  24 

• C. J. van der Horst was a distinguished marine biologist and an authority on acorn worms 25 

• In later life he turned to the embryology of South African mammals 26 

• An important contribution was his description of menstruation in elephant shrews  27 

• His collection was used to describe early development and placentation in other South African 28 

mammals 29 

• Menstruation in elephant shrews is discussed in the context of recent work on endometrial stromal 30 

cells  31 
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1. Introduction 32 

Human reproduction has many unique features [1]. One is menstruation, the shedding of decidua at the 33 

end of an infertile cycle with accompanying loss of blood. Decidualization involves a change in the size, 34 

shape and properties of the connective tissue cells of the endometrium (stromal fibroblasts) in preparation 35 

for embryo implantation [2]. In most mammals, decidualization does not occur until there is an embryonic 36 

signal. But in humans decidualization is triggered by a maternal signal in the second half of the menstrual 37 

cycle. The decidua will be useful if there is a pregnancy, but otherwise is shed.  38 

Menstruation is known to occur in haplorrhine primates (Old World monkeys and apes) and some 39 

Neotropical primates. It has also been documented in phyllostomid and molossid bats [3] and the Cairo 40 

spiny mouse (Acomys cahirhinus) [4]. However, the best-known example of menstruation in non-primates 41 

concerns a distantly related order, the elephant shrews or sengis (Macroscelidea). In the 1940's, when 42 

human menstruation was poorly understood, Professor C. J. van der Horst of the University of 43 

Witwatersrand proposed using elephant shrews as a model. To this end, he published an impressive body 44 

of research. In the meantime, a breeding colony of rhesus macaques (Macaca mulatta) had been 45 

established at the Carnegie Institution of Washington [5]. It was used to give a detailed description of the 46 

changes in the endometrium during the menstrual cycle and in pregnancy and to explore the physiological 47 

basis for these events in primates [6,7]. This was considered a better model for human reproduction and 48 

work on menstruation in elephant shrews was not pursued after van der Horst’s death.  49 

In addition to describing reproduction in the Eastern rock elephant shrew (Elephantulus myurus), van der 50 

Horst made significant observations on the early development and placentation of South African mammals. 51 

His work was extended by scientists working on his extensive collection. These contributions are reviewed 52 

below and his work on elephant shrews discussed in the light of renewed interest in the decidualization 53 

process and its role in the evolution of placentation in eutherian mammals [8-10]. 54 

2. Brief Biography 55 
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Cornelius Jan van der Horst was born 11 May 1899 in Nieuwer-Amstel (now Amstelveen). He studied 56 

botany and zoology at the University of Amsterdam, where early influences included the botanist Hugo De 57 

Fries and the zoologist Max Weber [11-16]. His doctoral thesis from 1916 was on the motor nuclei and 58 

tracts of the fish brain [17]. In the same vein, he collaborated with the Swedish zoologist Nils Holmgren to 59 

describe the central nervous system of the Queensland lungfish (Neoceratodus forsteri) [18]. He studied 60 

corals under the tutelage of Stanley Gardiner of Cambridge University and in 1920 participated in a marine 61 

biological expedition to the Caribbean island of Curaçao. This led to publications on corals and acorn worms 62 

(Hemichordata: Enteropneusta). In 1925 he became Deputy Director of the Central Institute for Brain 63 

Research in Amsterdam, but in 1928 moved to Johannesburg.  64 

Max Weber, who had visited South Africa in 1894-5, encouraged van der Horst’s interest in its fauna. With 65 

Stanley Gardiner as intermediary, he was offered and accepted a post as senior lecturer in the zoology 66 

department of the University of the Witwatersrand [19]. He succeeded to the chair of zoology 4 years later. 67 

At Johannesburg van der Horst continued his work in marine biology, taking students on field trips to 68 

Inhaca Island off the coast of Mozambique (Fig. 1) and publishing a weighty tome on the hemichordates 69 

[20]. Yet soon he became intrigued by the unique mammalian fauna of South Africa and this led him to 70 

study their reproduction.  71 

George H. Findlay, in an affectionate portrait of his mentor, wrote that van der Horst “looked like a sedate, 72 

benign Hollander, who might be seen anywhere sitting quietly in a church pew” [14]. He was far from 73 

talkative and “students surmised he had lost the habit of speaking through being surrounded at home by a 74 

large and purely female family!” [14]. Van der Horst had married Katherina Jacoba Aletta Vergouwen in 75 

1918 and they had four daughters. C. J. van der Horst died on 10 October 1951 at the age of 62. 76 

3. Reproduction in the elephant shrew 77 

C. J. van der Horst penned as many as 35 papers [21] on reproduction in the Eastern rock elephant shrew 78 

(Elephantulus myurus jamesoni). Many were written in collaboration with Joseph Gillman (1907-1981) 79 
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mentor of the anthropologist Phillip V. Tobias (1925-2012) and Nobel laureate Sydney Brenner (1927-80 

present) [22]. Perhaps due to their exhaustive nature, there has been little follow up on these studies other 81 

than a paper by Tripp [21] and separate studies of placentation. Only the salient features will be mentioned 82 

here. 83 

3.1. Ovulation and corpus luteum formation 84 

E. myurus can carry one fetus in each horn of the uterus. Therefore it is remarkable that many more ova are 85 

discharged from each ovary; van der Horst and Gillman suggested as many as 60 [23] and Tripp calculated a 86 

mean of 49 [21]. Four other species of Elephantulus have normal ovulation rates, while polyovulation 87 

occurs to various degrees in E. brachyrhyncus, E. edwardii, Macroscelides probiscideus and Petrosaltator 88 

rozeti [21]. The only other mammal with such excessive ovulation is the plains viscacha (Lagostomus 89 

maximus) [24]. In E. myurus, luteinization of the granulosa cells commences prior to ovulation and there is 90 

eversion of the mature corpus luteum [23,25]. 91 

3.2. Implantation and decidua formation  92 

Van der Horst and Gillman correlated changes in the uterus with the events of the oestrous cycle [26] and 93 

early pregnancy [27]. Oestrus was characterized by extensive oedema involving the whole thickness of the 94 

endometrium and by leucocyte invasion. Following ovulation, the oedema subsided and the leucocytes 95 

disappeared. Instead there was proliferation of the endometrial stromal cells. There then appeared a site of 96 

localized oedema in a small area on the mesometrial side of each horn. This sequence was common to early 97 

pregnancy and infertile cycles. 98 

Fertilized ova were found to enter the uterus at the one, two or four cell stage. The occurrence of a 99 

vesicular blastula at the four-cell stage is unusual for eutherians, but has been reported in the streaked 100 

tenrec (Hemicentetes spinosus), another afrotherian [28].  101 
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One such blastula localized to the implantation site in each horn and only this developed past the four-cell 102 

stage. A small thimble-like cavity then formed to accommodate the embryo. This was followed by changes 103 

in the uterine epithelium, which started to degenerate, and in the stroma where generalized oedema was 104 

followed by enlargement of the stromal cells to form decidual cells. There was dilatation of the 105 

accompanying glands. Although the implantation site was predetermined, completion of the decidual 106 

reaction required the presence and further development of the embryo. 107 

3.3. Placentation 108 

Within the implantation cavity, the embryo developed to a blastocyst, although it was first after 109 

differentiation of the polar trophoblast that attachment began [29]. At first the syncytiotrophoblast 110 

penetrated no further than the basement membrane of the uterine epithelium. By this time an amniotic 111 

cavity had been formed and endoderm had lined the distended yolk sac (Fig. 2A). Subsequently, 112 

trophoblast invaded the decidua and opened the maternal capillaries. However, uterine glands supplied the 113 

embryo with histotrophe through the first half of pregnancy. Further stages in development of the 114 

chorioallantoic placenta were described in detail by van der Horst [29] and will not be repeated here. The 115 

definitive placenta was discoid, labyrinthine and haemochorial with a substantial spongy zone. A yolk sac 116 

persisted to term though diminished in size after expansion of the allantois and exocoelom. 117 

Initially, the walls of the implantation cavity formed a decidua parietalis, but this did not persist. Instead 118 

outgrowths of the lateral wall formed an extensive “decidua pseudocapsularis” with prominent glands, 119 

which separated the embryo and its membranes from the main uterine cavity (Fig. 2B). The decidua 120 

capsularis later disintegrated bringing the allantochorion in contact with the uterine epithelium to form an 121 

extensive paraplacenta. This interesting arrangement was subsequently described in other elephant 122 

shrews, including M. proboscideus [30], E. rufescens [31], Rhynchocyon chrysopygus [32] and Petrodomus 123 

tetradactylus [33] (Fig. 3).  124 
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Another feature described by van der Horst was the appearance of giant cells with granulated cytoplasm 125 

that formed a sheath around the maternal arteries and penetrated to their lumen. It was later shown for 126 

the four-toed elephant shrew (P. tetradactylus) that the granules were PAS-positive and diastase-resistant, 127 

consistent with glycoprotein [33]. It was suggested the giant cells might be analogous to the uterine natural 128 

killer cells encountered in human and murine pregnancy [33]. 129 

3.4. Decidual reaction and menstruation in infertile cycles 130 

In infertile cycles the corpora lutea did not enlarge as they would in pregnancy. In the uterine horn, 131 

however, there was site of localized oedema and proliferation of the endometrial stromal cells as well as 132 

dilatation of the glands [26]. The stromal cells became enlarged and formed an outgrowth (a polyp) that 133 

was visible as a local swelling at the mesometrial side of the horn (Fig. 4A). This structure was unlike that of 134 

normal pregnancy, where the endometrium formed a niche to accommodate the embryo. Most of the cells 135 

within the polyp resembled the decidual cells of early pregnancy. The polyp was sloughed off in a process 136 

that started with necrosis of the compact stroma and necks of the glands and extravasation of blood. 137 

Finally, the epithelium ruptured and the polyp was shed with loss of blood (Fig. 4B). Regeneration of the 138 

endometrium started immediately after menstruation. 139 

This outline was difficult to reconstruct as there were variations in the cycle dependent on the age of the 140 

animal, the breeding season and whether the cycle followed on a previous menstruation or a previous 141 

pregnancy. Later, menstruation was shown to occur mainly at the end of the breeding season [34]. 142 

Moreover, in young animals, polyp formation could occur without an overt decidual reaction [34]. 143 

4. Reproduction in other South African species 144 

“I have a lot of material of different interesting South African mammals, by far more than I can ever study 145 

myself. Gregory when he was here before the war said I had enough to go on for the next century and I am 146 

afraid I will not live as long as that.” Thus wrote van der Horst to Harland W. Mossman in 1944 [35]. William 147 
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King Gregory (1876-1970) was a renowned American zoologist who studied the evolution of human 148 

dentition and had visited South Africa in 1938 to study the teeth of Australopithecus [36].  149 

Recent advances in mammalian taxonomy include erection of the superordinal clade Afrotheria [37], which 150 

includes many of the species collected by van der Horst, such as rock hyrax, aardvark, elephant shrews and 151 

golden moles (Table 1). This made his collection and the work based upon it of interest in the context of 152 

placental evolution [38,39]. 153 

4.1. Rock hyrax 154 

Van der Horst’s brief report on litter size in the rock hyrax (Procavia capensis) [40] was based on more than 155 

400 specimens from all stages of development. However, this material was first described in detail by Irene 156 

M. Sturgess (1918-1999) [41], who taught at the University of Witwatersrand and established the Irene 157 

Jackson Prize for first year biology students. Her account remains the definitive source on early embryology 158 

and placentation in hyraxes. Of note she described a zonary, haemochorial placenta where the single layer 159 

of trophoblast is cellular in nature as later confirmed by electron microscopy in the yellow-spotted rock 160 

hyrax (Heterohyrax brucei) [42].  161 

4.2. Aardvark 162 

Van der Horst wrote one of the few papers on development in the aardvark [43], describing an early stage 163 

with an elaborate yolk sac placenta and the beginning of chorioallantoic placentation.  The fetal 164 

membranes at term were described by Mossman [44]; otherwise information on this monotypic family 165 

remains sparse.  166 

4.3. Golden mole 167 

Golden moles are an enigmatic group of fossorial mammal from Sub-Saharan Africa. Van der Horst 168 

collected gravid uteri of Grant’s golden mole (Eremitalpi granti).  Placentation in another species, the Cape 169 

golden mole (Chrysochloris asiatica), had been described by De Lange [45] and van der Horst therefore 170 
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focused on the early development of Eremitalpa from the morula to the primitive streak [46]. After his 171 

death, a more complete account of development and placentation in this species, based on 150 of van der 172 

Horst’s specimens, was given by Vivian Gabie [47,48], who described the placental barrier as discoid, 173 

labyrinthine and haemochorial. More recent studies of placental ultrastructure in the Hottentot golden 174 

mole (Amblysomus hottentotus) have described the interhaemal barrier as haemodichorial [49].  175 

4.4. Springhare and gerbil 176 

Harland W. Mossman was intrigued by the possibility that springhares, unlike other rodents, had 177 

endotheliochorial placentation [35]. J. P. Hill had confirmed this to be the case (cited in [50]; letter lost). 178 

After van der Horst’s death, Boris Ivanovich Balinsky (1905-1997) [51], who had succeeded to the chair, 179 

supplied Mossman with fixed material of the South African springhare (Pedetes capensis) for sectioning in 180 

Madison. This led to a publication describing the endotheliochorial placenta of Pedetes [50]. Later 181 

Mossman reversed this interpretation to haemodichorial based on additional material collected by his son, 182 

Archibald S. Mossman [52]. However, Mossman’s original interpretation of the interhaemal barrier as 183 

endotheliochorial in nature has been confirmed by electron microscopy [53,54].  184 

Another rodent collected by van der Horst was the Highveld gerbil (Gerbilliscus brantsii). The early 185 

development and fetal membranes of this species were described by Ann Andrew [55]. 186 

4.5. South African hedgehog 187 

Van der Horst’s study of the South African hedgehog was made during the Second World War. He was 188 

anxious to compare implantation in Elephantulus with Hubrecht’s classical description for the West 189 

European hedgehog (Erinaceus europaeus) [56], where implantation occurs in a deep pocket in the 190 

endometrium (secondary interstitial implantation). Lacking access to Hubrecht’s papers and material, van 191 

der Horst proceeded to collect the local hedgehog Atelerix (then Erinaceus) frontalis. He found similarities 192 

and differences in the implantation process compared to Elephantulus, not least in the role played by the 193 

uterine glands [27]. Although he did not describe the placenta of Atelerix, images from his sections have 194 
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been published subsequently [57]. The van der Horst collection also includes numerous sections from the 195 

lesser dwarf shrew (Suncus varilla), but this work has not been published. 196 

5. Placentation in tree shrews 197 

Van der Horst’s interest in tree shrews (Scandentia) arose from their phylogenetic position. They were 198 

thought to be related to elephant shrews and had once been included in the same taxon (Menotyphla). In 199 

addition, they provided a potential link between elephant shrews and primates since, "It is generally 200 

accepted nowadays that Tupaia is closely related to the Primates” [58]. Indeed, only recently have tree 201 

shrews been toppled from this position in favour of colugos (Dermoptera) [59,60].The largest collection of 202 

tree shrew placentas (Tupaia javanica) was that assembled and described by Hubrecht [61]. Van der Horst 203 

studied Hubrecht’s slides in Utrecht and took a number of uteri back to Johannesburg for sectioning. His 204 

most important finding was that the interhaemal barrier was endotheliochorial in nature. This was 205 

subsequently confirmed at the ultrastructural level for the common tree shrew (T. glis) [62]. As van der 206 

Horst concluded, tree shrews differed in this respect both from elephant shrews (haemochorial) and lemurs 207 

(epitheliochorial) [58].  208 

6. Collection and legacy 209 

In assessing van der Horst’s legacy, one should not lose sight of his contributions as a marine biologist. This 210 

is especially true of his work on hemichordates. There is resurgence of interest in this group because of 211 

genomic evidence in support of a common ancestor for echinoderms, hemichordates and chordates [63]. 212 

This has stimulated taxonomic revisions that build further on the monographs of van der Horst [20] and his 213 

contemporaries [64]. A new genus of acorn worm (Horstia) was named in his honour [64]. In addition, van 214 

der Horst played an important part in establishing the Inhaca Marine Biological Station [65], which remains 215 

a cornerstone of current biological science in Mozambique [66]. 216 

The van der Horst Collection at the Life Sciences Museum, University of the Witwatersrand, comprises 217 

some 41,000 slides of embryological material. Publications based on the material are summarized in Table 218 
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1. Harland W. Mossman visited Johannesburg in 1967 and spent several days at the museum examining van 219 

der Horst’s microscope slides and gross material [67]. He made notes and sketches on site and had a few 220 

dozen slides sent to Madison for further study. Much of the data was summarized in his magnum opus, 221 

“Vertebrate Fetal Membranes” [68]. A selection of slides from the van der Horst Collection is curated at the 222 

University of Wisconsin Zoological Museum. This resource has been utilized by several recent authors, for 223 

example to re-evaluate the decidua of the rock hyrax [69]. 224 

6. Discussion 225 

Elephant shrews tend to be monogamous [70]. E. myurus is a seasonal breeder with breeding restricted to 226 

the wet season and ceasing at the onset of the dry season, when the male becomes inactive [71,72]. The 227 

female may then go directly into anoestrus or have an infertile cycle resulting in menstruation; infertile 228 

cycles rarely if ever occur during the breeding season [34]. Thus, menstruation is a relatively uncommon 229 

event in elephant shrews. Similarly, in the black mastiff bat (Molossus rufus), menstruation was observed 230 

only when females were removed from the breeding colony [73]. The contrast with primates is not as great 231 

as one might suppose. An analysis based on 36 years of observations on wild baboons [74] found that the 232 

main determinant of interbirth intervals was postpartum (lactational) amenorrhea following which most 233 

females became pregnant within 6-8 cycles. Similarly, using data from the !Kung people of the Kalahari, 234 

Short [75] calculated that a woman in a hunter-gatherer society was pregnant for nearly 4 years of her life, 235 

spent 15 years in lactational amenorrhoea and just under 4 years with menstrual cycles. In contrast a 236 

woman in modern society may endure regular menstrual cycles for 35 years of her reproductive life [75].  237 

Conversion of endometrial stromal fibroblasts to decidual cells is observed in all mammals with invasive 238 

placentation [69]. A hypothesis with considerable experimental support is that decidualization in 239 

eutherians is derived from an ancestral inflammatory reaction, which is retained during the short-lived 240 

pregnancies of marsupials [8,10,76]. Transcriptomic analysis supports a scenario with downregulation of 241 

processes detrimental to an implanting embryo and retention of others beneficial to the embryo [9]. In 242 
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primates and elephant shrews the decidualization process is initiated independently of embryonic signals. 243 

However, it is questionable whether the process reaches fruition prior to menstruation. In the rhesus 244 

macaque, the stromal cells enlarge, but they do not reach the proportions of the decidual cells 245 

encountered early in pregnancy [6]. Indeed, Bartelmez et al. [6] state flatly that “true decidual cells” appear 246 

only in pregnancy. In this light, we may approach the ambiguities in van der Horst’s accounts. He did argue 247 

convincingly that Elephantulus underwent a process analogous to menstruation and that the phenomenon 248 

differed from pseudo-pregnancy or the abortion of an early embryo [34].  However, where the original 249 

description emphasized the presence of decidual cells within the polyp [26], he later mentioned that a 250 

decidual reaction was lacking in the polyps of some younger animals [34].  251 

It has been argued that menstruation is a non-adaptive consequence of spontaneous decidualization (for 252 

this and alternative hypotheses see [2]). Evolution of spontaneous decidualization would require that 253 

signalling pathways activated by the fetus (in non-menstruating species) could instead be triggered by 254 

maternal signals. If pregnancy did not ensue, progesterone withdrawal would cause the endometrial 255 

stromal cells to enter an apoptotic pathway [2]. It may be noted that spontaneous decidualization in 256 

elephant shrews, bats, spiny mice and primates are instances of convergent evolution. Whereas the outer 257 

layers of the entire endometrium are shed in primates, bats and spiny mice [4,6,73], menstruation in 258 

Elephantulus is restricted to the small area of the uterus where a polyp has formed [26]. In the rest of the 259 

uterus, the endometrium undergoes cyclic changes, but is not shed at the end of an infertile cycle.  260 

Could Elephantulus yet prove useful in exploring the molecular mechanisms underlying menstruation [77]? 261 

That depends on whether females could be induced to menstruate in a laboratory setting. Van der Horst’s 262 

experience is not promising as captive females entered a state of anoestrous preventing closer study of 263 

menstruation in this animal [34]. Breeding programmes have been established for other species of elephant 264 

shrew, but these are not seasonal breeders, and it will be recalled that menstruation in Elephantulus was 265 

associated with the end of the breeding season. 266 
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In conclusion, van der Horst’s contributions to mammalian reproduction were twofold. Firstly, he described 267 

the occurrence of menstruation in a non-primate species. As the original description [26] is not readily 268 

accessible, I recommend the summary in his posthumous review [34]. Secondly, he established an 269 

embryological collection of South African mammals; many now recognized as part of the superordinal clade 270 

Afrotheria [78].  It is curated at the University of the Witwatersrand with a subset of slides held at the 271 

University of Madison Zoological Museum. Then and later, his collection has been used to describe the 272 

embryology and placentation of the aardvark, golden mole, hyrax and springhare (Table 1). These were 273 

remarkable achievements for a man who had attained pre-eminence through his research on corals, acorn 274 

worms and fish. 275 
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Figure legends 285 

Fig. 1. Professor C. J. van der Horst on a field trip to Inhaca Island, Mozambique in 1938. A. Together with 286 

Mary Ruth McEwan a lecturer from his department. B. With a group of students. Photos courtesy of Dr. 287 

Vivienne Williams, School of Animal, Plant and Environmental Sciences, University of the Witwatersrand. 288 

Fig. 2. Pregnancy in the Eastern rock elephant shrew (Elephantulus myurus). A. Embryo at the early 289 

amniotic cavity stage in the embryo chamber. The trophoblast has differentiated into a thick placental cap 290 

and the thinner yolk sac ectoderm. Amn = amnion. B. Cross-section of a uterus with a 13-somite embryo. 291 

The embryo and its membranes are enclosed by the highly glandular decidua pseudocapsularis. 292 

Reproduced with permission from C. J. van der Horst [29] © 1949 Taylor & Francis. 293 

Fig. 3. Mid-gestation uterus of the four-toed elephant shrew (Petrodromus tetradactyla) showing the 294 

embryo and membranes enclosed by the glandular decidua pseudocapsularis. Reproduced from [33] © 295 

2004 with permission from Elsevier.  296 

Fig. 4. Menstruation in the Eastern rock elephant shrew (Elephantulus myurus). A. Cross-section of the 297 

uterus during the polyp stage of an infertile cycle. Note the abundance of glands within the polyp. B. Cross-298 

section of the uterus during menstruation. The central mass of the endometrial stroma, with glands and 299 

blood vessels, has broken down. Neither the stroma nor the epithelium (arrow) of the rest of the 300 

endometrium and its glands is affected. Reproduced from van der Horst [34] by permission of the Royal 301 

Society.  302 
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Table 1. C. J. van der Horst’s Collection and associated studies on reproduction and placentation in South 303 

African mammals and the tree shrew 304 

Order Species
a 

Common name Remarks References 

Hyracoidea Procavia capensis Rock Hyrax Described by 

Sturgess 

[40,41,69] 

Tubulidentata Orycteropus afer Aardvark  [43] 

Macroscelidea Elephantulus 

myurus jamesoni 

Eastern Rock 

Elephant Shrew or 

Sengi 

35 papers [25-27,29,77] 

Afrosoricida Eremitalpa granti Grant’s Golden 

Mole 

Described by 

Gabie 

[46-48] 

Eulipotyphla 

[Soricomorpha] 

Suncus varilla Lesser Dwarf 

Shrew 

Collection only  

Eulipotyphla 

[Erinaceomorpha] 

Atelerix frontalis Southern African 

Hedgehog 

Description 

embedded in a 

paper on the 

elephant shrew 

[27,57] 

Rodentia Pedetes capensis 

[caffer] 

Spring Hare  Described by 

Mossman 

[50,52] 

Rodentia Gerbilliscus 

brantsii [Tatera 

brantsii] 

Highveld Gerbil Described by 

Andrew 

[55] 

Scandentia Tupaia javanica Horsfield’s Tree 

Shrew 

Based on the 

Hubrecht 

[58] 
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Collection 

a
Species names are valid both in Mammal Diversity Database [78] and Mammal Species of the World Third 305 

Edition [79]. Square brackets give synonyms used by van der Horst.  306 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

18 

 

Reference List 307 

 308 

 1.  Martin RD: The evolution of human reproduction: a primatological perspective. Am J Phys 309 

Anthropol 2007, Suppl 45: 59-84. 310 

 2.  Emera D, Romero R, Wagner G: The evolution of menstruation: a new model for genetic 311 

assimilation: explaining molecular origins of maternal responses to fetal invasiveness. Bioessays 312 

2012, 34: 26-35. 313 

 3.  Rasweiler JJ, Badwaik NK: Anatomy and physiology of the female reproductive tract. In 314 

Reproductive Biology of Bats. Edited by Crichton EG, Krutzch PH. San Diego: Academic Press; 315 

2000:157-219. 316 

 4.  Bellofiore N, Ellery SJ, Mamrot J, Walker DW, Temple-Smith P, Dickinson H: First evidence of a 317 

menstruating rodent: the spiny mouse (Acomys cahirinus). Am J Obstet Gynecol 2017, 216: 40. 318 

 5.  Hartman CG: Studies in the reproduction of the monkey Macacus (Pithecus) rhesus, with special 319 

reference to menstruation and pregnancy. Contrib Embryol Carnegie Inst 1932, 23: 1-161. 320 

 6.  Bartelmez GW, Corner GW, Hartman CG: Cyclic changes in the endometrium of the rhesus 321 

monkey (Macaca mulatta). Contrib Embryol Carnegie Inst 1951, 34: 99-144. 322 

 7.  Corner GW: The reproductive cycle of the rhesus monkey. Am Sci 1951, 39: 50-73. 323 

 8.  Griffith OW, Chavan AR, Protopapas S, Maziarz J, Romero R, Wagner GP: Embryo implantation 324 

evolved from an ancestral inflammatory attachment reaction. Proc Natl Acad Sci U S A 2017, 114: 325 

E6566-E6575. 326 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

19 

 

 9.  Kin K, Maziarz J, Chavan AR, Kamat M, Vasudevan S, Birt A et al.: The Transcriptomic Evolution of 327 

Mammalian Pregnancy: Gene Expression Innovations in Endometrial Stromal Fibroblasts. 328 

Genome Biol Evol 2016, 8: 2459-2473. 329 

 10.  Wagner GP, Kin K, Muglia L, Pavlicev M: Evolution of mammalian pregnancy and the origin of the 330 

decidual stromal cell. Int J Dev Biol 2014, 58: 117-126. 331 

 11.  Anonymous: Prof. C. J. van der Horst. Nature 1951, 168: 1103. 332 

 12.  McKerrow MJ: Professor Dr. C. J. van der Horst. Pamphlet S Afr Biol Soc 1953, 16: 39-41. 333 

 13.  Balinsky BI: Cornelius J. van der Horst. Trans R Soc S Afr 1954, 34: 17-18. 334 

 14.  Findlay GH: C.J. van der Horst (1889-1951) and the Amsterdam biologists of the 1920s. S Afr J Sci 335 

1983, 79: 49-51. 336 

 15.  De Kock MJ: Van der Horst, Cornelius Jan. In Suid-Afrikansee biografiese woordeboek. Cape Town: 337 

1982:725-726. 338 

 16.  Boschma H: Levensbericht C.J. van der Horst. In Jaarboek. Amsterdam: KNAW; 1952:202-206. 339 

 17.  Van der Horst CJ: Die motorischen Kerne und Bahnen in dem Gehirn der Fische, ihr taxonomischer 340 

Wert und ihre neurobiotaktische Bedeutung. Tijdschr Nederl Dierk Ver 1918, 16: 168-270. 341 

 18.  Holmgren N, Van der Horst CJ: Contribution to the morphology of the brain of Ceratodus. Acta 342 

zool 1925, 6: 59-165. 343 

 19.  De Kock MJ: Van der Horst. Unpublished and undated manuscript 1982. 344 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

20 

 

 20.  Van der Horst CJ: Hemichordata. In Klassen und Ordnungen des Tierreichs. 4. Band: Vermes. IV. 345 

Abteilung:Tentaculaten, Chaetognaten, und Hemichordaten. 2. Buch: Chaetoganten und 346 

Hemichordaten.  Edited by Bronn HG. Leipzig: Akademische Verlagsges.; 1939:1-737. 347 

 21.  Tripp HR: Reproduction in elephant-shrews (Macroselididae) with special reference to ovulation 348 

and implantation. J Reprod Fertil 1971, 26: 149-159. 349 

 22.  Brenner S: Sydney Brenner. In Nobel Lectures in Physiology or Medicine 2001-2005. Edited by 350 

Jörnvall H. Singapore: World Scientific Publishing Co.; 2008:90-95. 351 

 23.  Van der Horst CJ, Gillman J: Mechanism of ovulation and corpus luteum formation in 352 

Elephantulus. Science 1940, 145: 974. 353 

 24.  Weir BJ: The reproductive organs of the female plains viscacha, Lagostomus maximus. J Reprod 354 

Fertil 1971, 25: 365-373. 355 

 25.  Van der Horst CJ, Gillman J: Ovulation and corpus luteum formation in Elephantulus. S Afr J Med 356 

Sci 1940, 5: 73-91. 357 

 26.  Van der Horst CJ, Gillman J: The menstrual cycle in Elephantulus. S Afr J Med Sci 1941, 6: 27-47. 358 

 27.  Van der Horst CJ, Gillman J: Pre-implantation phenomena in the uterus of Elephantulus. S Afr J 359 

Med Sci 1942, 7: 47-71. 360 

 28.  Goetz RH: On the early development of the Tenrecoidea (Hemicentetes semispinosus). 361 

Biomorphosis 1938, 1: 67-79. 362 

 29.  Van der Horst CJ: The placentation of Elephantulus. Trans R Soc S Afr 1950, 32: 435-629. 363 

 30.  Starck D: Ein Beitrag zur Kenntnis der Placentation bei den Macroscelididen. Z Anat Entw Gesch 364 

Berlin 1949, 114: 319-339. 365 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

21 

 

 31.  Oduor-Okelo D, Gombe S, Amoroso EC: The placenta and fetal membranes of the short-nosed 366 

elephant shrew Elephantulus rufescens (Peters 1878). Säugetierkundliche Mitteilungen 1980, 28: 367 

293-301. 368 

 32.  Oduor-Okelo D: Histology of the chorioallantoic placenta of the golden-rumped elephant shrew 369 

(Rhynchocyon chrysopygus Gunther, 1881). Anat Anz 1984, 157: 395-407. 370 

 33.  Oduor-Okelo D, Katema RM, Carter AM: Placenta and fetal membranes of the four-toed elephant 371 

shrew, Petrodromus tetradactylus. Placenta 2004, 25: 803-809. 372 

 34.  Van der Horst CJ: Elephantulus going into anoestrus; menstruation and abortion. Philos Trans R 373 

Soc Lond B Biol Sci 1954, 238: 27-61. 374 

 35.  Van der Horst CJ: Letter to H. W. Mossman 17 January 1944. University of Wisconsin Zoology 375 

Department. Unpublished manuscript 1944. 376 

 36.  Gregory WK, Hellman M: The dentition of the extinct South African man-ape Australopithecus 377 

(Plesianthropus) transvaalensis Broom. A comparative and phylogenetic study. Ann Transvaal 378 

Mus 1939, 19: 339-352. 379 

 37.  Murphy WJ, Eizirik E, O'Brien SJ, Madsen O, Scally M, Douady CJ et al.: Resolution of the early 380 

placental mammal radiation using Bayesian phylogenetics. Science 2001, 294: 2348-2351. 381 

 38.  Carter AM, Enders AC, Kunzle H, Oduor-Okelo D, Vogel P: Placentation in species of phylogenetic 382 

importance: the Afrotheria. Anim Reprod Sci 2004, 82-83: 35-48. 383 

 39.  Mess A, Carter AM: Evolutionary transformations of fetal membrane characters in Eutheria with 384 

special reference to Afrotheria. J Exp Zool B Mol Dev Evol 2006, 306: 140-163. 385 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

22 

 

 40.  Van der Horst CJ: On the size of the litter and the gestation period of Procavia capensis. Science 386 

1941, 93: 430-431. 387 

 41.  Sturgess I: The early embryology and placentation of Procavia capensis. Acta zool 1948, 29: 393-388 

479. 389 

 42.  Oduor-Okelo D, Musewe VO, Gombe S: Electron microscopic study of the chorioallantoic placenta 390 

of the rock hyrax (Heterohyrax brucei). J Reprod Fertil 1983, 68: 311-316. 391 

 43.  Van der Horst CJ: An early stage of placentation in the aard vark, Orycteropus. Proc Zool Soc 392 

London 1949, 119: 1-18. 393 

 44.  Mossman H.W.: The fetal membranes of the aard vark. Mitt Naturforsch Ges Bern 1957, 14: 119-394 

128. 395 

 45.  De Lange D: Contribution to the knowledge of the placentation of the Cape goldmole 396 

(Chrysochloris). Bijd Dierkunde Amsterdam 1919, 21: 161-173. 397 

 46.  Van der Horst CJ: Some early embryological stages of the golden mole Eremitalpa granti (Broom). 398 

In Special Publication of the Royal Society of South Africa. Robert Groom Commemorative Volume. 399 

1948:225-234. 400 

 47.  GABIE V: The placentation of Eremitalpa granti (Broom). J Morphol 1960, 107: 61-77. 401 

 48.  GABIE V: The early embryology of Eremitalpa granti (Broom). J Morphol 1959, 104: 181-203. 402 

 49.  Jones CJ, Carter AM, Bennett NC, Blankenship TN, Enders AC: Placentation in the Hottentot golden 403 

mole, Amblysomus hottentotus (Afrosoricida: Chrysochloridae). Placenta 2009, 30: 571-578. 404 

 50.  Mossman H.W.: Endotheliochorial placentation in the rodents, Castor and Pedetes. Proc Zool Soc 405 

Calcutta 1957, Mookerjee Memorial Volume: 183-189. 406 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

23 

 

 51.  Korzh V: Boris Balinsky: transition from embryology to developmental biology. Bioessays 2005, 407 

27: 970-977. 408 

 52.  Fischer TV, Mossman HW: The fetal membranes of Pedetes capensis, and their taxonomic 409 

significance. Am J Anat 1969, 124: 89-115. 410 

 53.  Owiti GE, Oduor-Okelo D, Gombe SG: Foetal membranes and placenta of the springhare (Pedetes 411 

capensis larvalis Hollister). Afr J Ecol 1992, 30: 74-86. 412 

 54.  Owiti GE, Oduor-Okelo D, Gombe SG: Ultrastructure of the chorioallantoic placenta of the 413 

springhare (Pedetes capensis larvalis Hollister). Afr J Ecol 1885, 23: 145-152. 414 

 55.  Andrew A: The early embryonic development of the gerbil, Tatera brantsi. S Afr J Sci 1957, 53: 415 

435-441. 416 

 56.  Hubrecht AAW: Studies in mammalian embryology. I. The placentation of Erinaceus Europæus, 417 

with remarks on the phylogeny of the placenta. Q J Micr Sci 1889, 30: 284-404. 418 

 57.  Carter AM, Enders AC: Placentation in mammals once grouped as insectivores. Int J Dev Biol 2010, 419 

54: 483-493. 420 

 58.  Van der Horst CJ: The placentation of Tupaia javanica. Proc K Ned Akad Wet 1949, 52: 1205-1213. 421 

 59.  Carter AM, Mess AM: Placentation in the colugos Cynocephalus volans and Galeopterus 422 

variegatus (Dermoptera) and the transition from labyrinthine to villous placentation in primates. 423 

Placenta 2017, 55: 47-53. 424 

 60.  Mason VC, Li G, Minx P, Schmitz J, Churakov G, Doronina L et al.: Genomic analysis reveals hidden 425 

biodiversity within colugos, the sister group to primates. Sci Adv 2016, 2: e1600633. 426 

 61.  Hubrecht AAW: Spolia nemoris. Q J Micr Sci 1894, 36: 77-125. 427 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

24 

 

 62.  Kaufmann P, Luckhardt M, Elger W: The structure of the tupaia placenta. II. Ultrastructure. Anat 428 

Embryol (Berl) 1985, 171: 211-221. 429 

 63.  Lowe CJ, Clarke DN, Medeiros DM, Rokhsar DS, Gerhart J: The deuterostome context of chordate 430 

origins. Nature 2015, 520: 456-465. 431 

 64.  Deland C, Cameron CB, Rao KP, Ritter WE, Bullock TH: A taxonomic revision of the family 432 

Harrimaniidae (Hemichordata: Enteropneusta) with descriptions of seven species from the 433 

Eastern Pacific. Zootaxa 2010, 2408: 1-30. 434 

 65.  Rato JM: The marine biological station of Inhaca. S Afr J Sci 1959, 55: 161-162. 435 

 66.  Bandeira SO, Paula e Silva, Paula J, Macia A, Hernroth L, Guissamulo AT et al.: Marine biological 436 

research in Mozambique: past, present and future. Ambio 2002, 31: 606-609. 437 

 67.  Mossman HW: My Life. University of Wisconsin at Madison: Unpublished manuscript; 1990. 438 

 68.  Mossman HW: Vertebrate Fetal Membranes. New Brunswick, New Jersey: Rutgers University Press; 439 

1987. 440 

 69.  Chavan AR, Bhullar BA, Wagner GP: What was the ancestral function of decidual stromal cells? A 441 

model for the evolution of eutherian pregnancy. Placenta 2016, 40: 40-51. 442 

 70.  Rathbun GB, Rathbun CD: Social structure of the bushveld sengi (Elephantulus intufi) in Namibia 443 

and the evolution of monogamy in the Macroscelidea. J Zool 2006, 269: 391-399. 444 

 71.  Woodall PF, Skinner JD: Seasonality of reproduction in male rock elephant shrews, Elephantulus 445 

myurus. J Zool Lond 1989, 217: 203-212. 446 

 72.  Medger K, Chimimba CT, Bennett NC: Seasonal reproduction in the eastern rock elephant-shrew: 447 

influenced by rainfall and ambient temperature? J Zool 2012, 288: 283-293. 448 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

25 

 

 73.  Rasweiler JJ: Spontaneous decidual reactions and menstruation in the black mastiff bat, Molossus 449 

ater. Am J Anat 1991, 191: 1-22. 450 

 74.  Gesquiere LR, Altmann J, Archie EA, Alberts SC: Interbirth intervals in wild baboons: 451 

Environmental predictors and hormonal correlates. Am J Phys Anthropol 2018. 452 

 75.  Short RV: The evolution of human reproduction. Proc Roy Soc London B 1976, 195: 3-24. 453 

 76.  Chavan AR, Griffith OW, Wagner GP: The inflammation paradox in the evolution of mammalian 454 

pregnancy: turning a foe into a friend. Curr Opin Genet Dev 2017, 47: 24-32. 455 

 77.  Van der Horst CJ, Gillman J: A critical analysis of the early gravid and pre-menstrual phenomena in 456 

the uterus of Elephantulus, Macaca and the human female. S Afr J Med Sci 1942, 7: 134-143. 457 

 78.  American Society of Mammalogists: Mammal Diversity Database 2018. www mammaldiversity org 458 

2018. 459 

 79.  Wilson DE, Reeder DM: Mammal Species of the World. Baltimore: Johns Hopkins University Press; 460 

2005. 461 

 462 

 463 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 


