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Peculiarities of Prenatal Development of Lungs in Plain-Nosed (Vespertilionidae) and Horseschoe (Rhi-
nolophidae) Bats. Kovalyova I. M. — For the first time the prenatal development of lungs and their de-
finitive structure were studied in representatives of plain-nosed bats (Vespertilionidae) and horseshoe
bats (Rhinolophidae). The results of this investigation show that in the studied bats the laying of lungs
being at the 14" stage of the embryogenesis, as well as their subsequent development right up to the
18" stage were of the same mode. However after the 18" stage the development of lungs in the studied
plain-nosed bats was sharply different from that in horseshoe ones when forming the structure of these
organs. The explanation of such a phenomenon is given in connection with distinctions in spatial re-
ciprocal location of the thorax organs, the body, and the head during embryogenesis. The supposition
about the probable mediated relation between the bats echolocation (namely methods of radiating sig-
nals) and the peculiarities of lungs structures was suggested.
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Oco0eHHOCTH TIPeHATAJLHOTO Pa3BHTHA JIETKHX Yy HeKoTopbix riaakoHnocbix (Vespertilionidae) u moako-
BoHochIX (Rhinolophidae) neryunx mbmnueii. Kosanesa M. M. — BriepBbie HcCIIeIOBAaHO IPEHATAIIBHOE
pa3BUTHE JIETKUX U UX [e(DUHUTUBHOE CTPOCHHE Y IIPE/ICTaBUTENIEH PYKOKPBUIBIX: TJIAJKOHOCHIX JIETY-
ynx Mbrmeir (Vespertilionidae) m momkoBoHOCHX JieTyunx Mblmeil (Rhinolophidae). YcTtamopieHo,
YTO y HCCJIENOBAHHBIX PYKOKPBUIBIX, HauuHas ¢ 14-if cranuu SMOpUOHAIBHOIO Pa3BUTHS, 3aKjIaaKa
JIETKUX, a TakXe JajibHeiflliee MX pa3BUTHE BIUIOTH A0 18-I1 cTaquu NpOMCXOAMUT OAMHAKOBO. OTHAKO
nociyie 18-i craguy pa3BUTHE JIETKUX [JIaJKOHOCHIX U IIOJKOBOHOCBHIX JIETYUUX MBIIIEH PE3KO pa3ii-
yaeTcsl B YacTU CTPYKTYpPOOOpPa30BaHUs pacCMaTpUBAaeMBIX OpraHoB. OObsSCHEHHE OOHApPYKEHHOMY
(eHoMeHy naercss B CBA3U C Pa3IMUUsIMH B XO€ SMOpPHOTeHe3a IPOCTPAHCTBEHHOIO B3aMMOPACIIO-
JIOKEHUSI OPraHOB IPYIHOHN IIOJIOCTH, TYJIOBHINA U TOJOBHL. BBICKa3aHO NPeNIONIOKEHHE O BO3MOX-
HOI OIlIOCPEIOBAHHON CBSI3M DXOJIOKAIIMM PYKOKPBUIBIX (2 MMEHHO: CIIOCOOOB M3JIyYeHUs] CUTHAJIOB)
C OCOOEHHOCTSIMU B CTPOCHUM JIETKUX.

KnwoueBsie caoBa: Vespertilionidae, Rhinolophidae, pyKoKpslibie, IIpeHaTAJIbHOE pa3BUTHE, JIETKHUE.

Introduction

There was no description of the embryology of bats’ lungs in scientific literature, so the first results de-
voted to this question were published by the author of these work (Kovalyova, 1998 a, b; 1999; Kovalyova,
Melnyk, 2000). The results on studies in the definitive structure of Bats’ lungs showed that the lungs had the
lobeless structure as well as the lobe one (Zhedenov, 1957; Torubarova, 1958; Kovalyova, 1995). V. N. Zhe-
denov marked in bats almost all kinds of transitions from typically lobe lungs to lobless ones, and put for-
ward the hypothesis that the presence of lobeless lungs in horseshoe bats is the secondary phenomenon real-
ized by means of merging lobes. However the proper process of forming lobe and lobeless lungs in bats have
not yet been investigated up to now in comparating aspects.

The present paper is devoted to the research in the prenatal development of lungs in representatives of
two families of bats, taking into account the difference in the definitive structure of their lungs. Namely, the
lungs in the Vespertilionidae representative are known being the lobe structure while those in the Rhinolo-
phidae ones being the lobeless structure.

Material and methods

The material consisted of the ontogenetic series of embryos and fetuses of bats, belonging to the spe-
cies of Rhinolophus hipposideros, Rhinolophus ferrumequinum, Rhinolophus bocharicus, Rhinolophus blasii,
Myotis blythii and Nyctalus noctula (tabl. 1).
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The embryos and fetuses were sectioned in 10 um samples, and the sections obtained were stained with
haematoxylin by the Mellory's method. The material was divided by the level of ontogenetic development
and the Crown-Rump Length (CRL) into 29 groups according to the author's stages classification system.
The system allows to classify materials from both embryonic and fetus periods and is based on the Carnegie
system (O’Rahilly, 1972), the Sterba comparative ontogenetic stages system (1985, 1990) and the Ledenev,
Likhotop system (1988). Also the lungs of 15 adult individuals of Vespertilionidae and Rhinolophidae tamilies
were prepared with a view to carry out the morphometrical analysis.

Results

The primordium of the trachea was formed from the epithelium of the gut ante-
rior wall. At first the primordium looked as a longitudinally situated protuberance in
the level of the most rear pair of pharyngeal pouches (fig. 1, a, b). The protuberance
appeared at the 14™ stage of development (CRL 4.0 mm).

At the 16™ stage the bifurcation of the trachea terminal end took place having ap-
pearance of laterally directed pouches — “bronchial buds” (fig. 2).

At the 17" stage the bronchial buds were transformed into primary bronchi (fig. 3).

Fig. 1: a — embryo Nyctalus noctula CRL 4.0 mm; 14™ stage; sagittal section through primordium of the tra-
chea (tr), oesophagus (oes), cardiac-liver protuberance (clp); b — detail of preceding section.

Puc. 1: a — sm0puon Nyctalus noctula CRL 4,0 MmM; 14-11 cTanuy; caruTTaJbHOE CEUCHUE Yepe3 3a4aTOK Tpa-
xed (tr), mumeBosa (oes), cepAevHO-TIeYeHOUHOro BhIcTyNa (clp); b — HmeTajm3aris mpeablayiero ceYeHs.
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Fig. 2. Embryo Nyctalus noctula CRL 5.9 mm; 16"
stage; sagittal section through the primordia of the
principal bronchi (pbr) covered with dense mesen-
chyme (m).

Puc. 2. ®Bmopuon Nyctalus noctula CRL 5,9 mm; 16-i
CTaJIMM;, CaruTTAJIbHOE CeUeHHUe uepe3 3a4aTKU MepBUY-
HBIX OpOHXOB (pbr), OKpYKeHHBIX IUIOTHON Me3eHXH-
Mot (m).
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Figh. 3. Embryo Nyctalus noctula CRL 6.2 mm;
17™ stage; transversal section through bron-
chus (br), oesophagus (oes). The wall of bronchi
consists of high epithelium (e).

Puc. 3. ®Dmopuon Nyctalus noctula CRL 6,2 mwm;
17-i1 craguum; TpaHCBepcaJlbHOE CeUYeHHE uepe3
oponxu (br), mumeBon (oes). CTeHKa OpPOHXOB
00pazoBaHa BHICOKUM SIHTEEM (€ ).

Fig. 4: @ — Embryo Nyctalus noctula CRL 9.1 mm. The right lung is divided into lobes (1) according primary
bronchi (br); b — Embryo Rhinolophus hipposideros CRL 8.8 mm. The right lung is divided into “lobes” (1).

Puc. 4: a — smo0puon Nyctalus noctula CRL 9,1 mm. IIpaBoe jierkoe pasnesieHo Ha a0y (1), COOTBETCTBEHHO
nepBUIHBIM OpoHxaM (br); b — sMOpuoH Rhinolophus hipposideros CRL 8,8 Mmm. [1paBoe Jierkoe pa3jiesieHO Ha

«rcepaonoim» (1).

At the 18" stage the primordium of the right lung in Nyctalus noctula (fig. 4, a)
was represented by a primary bronchus with 4 bronchial buds, while that in the left

lung had only 2 bronchial buds.
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Table 1. Review of the material examined (prenatal stages)
Ta6nunma 1. IlepeyeHp mcciiel0OBaHHOTO MaTepHaia (MPeHATAJbHbIE CTAJWA PA3BUTHSA)

Species | Stage | CRL, mm | Total weight, mg
Nyctalus noctula 14 4.0 8.0
16 5.9 30.0
17 6.2 39.5
18 8.0 72.0
19 9.5 112.0
19 9.1 123.5
20 11.8 232.0
Mpyotis blythii 22 14.4 393.0
22 15.5 300.0
Rhinolophus hipposideros 18—19 8.8 115.0
20 12.0 363.0
25 15.3 500.0
Rhinolophus bocharicus 15 5.0 10.0
Rhinolophus blasii 17 6.4 31.0

40.0

790
1760.0
2575.0

Fig. 5. Embryo Nyctalus noctula CRL 11.8 mm. The right («) and the left (») lungs are divided into lobes.

Puc. 5. O®mopuon Nyctalus noctula CRL 11,8 mm. [IpaBoe (a) u sieBoe (b) nerkue pasiejeHbl Ha TOJH.

The forming bronchial tree in Rhinolophus hipposideros had 3 broncial buds from
the left and 4 ones from the right (fig. 4, b).

The further developments of lungs in Nyctalus noctula and Rhinolophus hip-
posideros differed sharply. So, at the 19" stage the lungs of Nyctalus noctula kept the
lobe structure (fig. 5, a, b). The subsequent development of the lungs up to their adult
state consisted in branching and lengthening bronchi, enlarging lungs dimensions, as
well as differentiating cells of walls of both bronchi and alveoli.
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Fig. 6. Embryo Rhinolophus hipposideros CRL 12.0 mm. The right («) and the left (b) lungs are the semblance
of symmetrical undivided into lobes structure.

Puc. 6. ®DMOpuoH Rhinolophus hipposideros CRL 12,0 mm. IlpaBoe (a) u jeBoe (b) JieTKue MpeICcTaBIeHbI /11~
HBIMU Hepa3JeJIeHHBIMI Ha JOJM CTPYKTYPaMU.

Fig. 7: a — embryo Rhinolophus bocharicus 20" stage; the head of the embryo turned to the left; & — embryo
Nyctalus noctula 20™ stage.

Puc. 7: a — smopuon Rhinolophus bocharicus 20-i1 craiuu, rojloBa IOBEpHYTa BJIEeBO; b — sMOpuoH Nyctalus
noctula 20-1 ctanuy pa3BUTHA.

In Rhinolophus at the 20™ stage of development the lungs had no lobe structure
being represented as unbroked formations (fig. 6, a, b).

The lungs in adult horseshoe bats individuals had the aspect of symmetrical undi-
vided into lobes structures. The heart occupied the central position in the thoracal cav-
ity. The symmetry of definitive lungs in horseshoe bats was also observed in weight
proportions. So, the left lung and the right one have almost equal weights (tabl. 1).

The lungs of adult plain-nosed bats individuals were found to be divided into
lobes, while the top of the heart displaced noticeably to the left. The left lung and the
right one had very different weights.



90 1. M. Kovalyova

Discusion

Thus, if judging merely by ramifying a bronchial tree, one can decide that at the
18" stage of development the formation of 3—4 lobes of the right lung and 2 lobes of
the left one is predetermined in horseshoe bats.

However, not only the bronchial tree determines the development of lungs. It is
well-known, that only an epithelial cover and glands of bronchi and bronchioles are
developed from the gut epithelial primordium. Forming in a hollow branching bron-
chial tree, the epitelial primordium grows into the mesenchyme (fig. 2). The latter is
condensed around epitelial tubes, being differentiated into the connective tissue and
smooth muscles cells, which form walls of bronchi and bronchiole.

Probably, the formation of a more branched bronchial tree in horseshoe bats,
caused by the process of forming bronchi and bronchioli, accompanies with the active
participation of mesenchyme cells, which fill all kinds of spaces among bronchi of the
I*t and 2" orders, excluding any their division.

Beginning from the 14 stage of their development, embryos of plain-nosed bats
have the head pressed to the cardiac-liver protuberance. The embryos keep such a S-
form curved body up to the 19" stage (fig. 7, b).

Horseshoe bats have the similar position of the head with respect to the trunk.
However, beginning from the 18 stage, the head of the embryo turnes to the left, press-
ing to the left shoulder (fig. 7, a). Such a position of the head keeps by embryos up to
the 21% stage, and then the head takes the symmetrical position with respect to the trunk.

Such relative disposition of the head with respect to the trunk in horseshoe bats
excludes any pressure onto the ventral surface of the trunk, in contrast to plain-nosed
bats. It creates conditions of keeping a middle position by the heart in the thorax and
does not cause the asymmetrical development of lungs.

The lungs in horseshoe bats are not the secondary unlobed structures realized by
means of merging lobes, as other morphologists supposed before.

Diftferences in the head posture with respect to the trunk may be explained par-
ticularly by demands of vocalization during echolocation (Pedersen, 1991, 1993). In
the period of the formation of brain, sensoric capsulas, and pharynx, the dispropor-
tionate growth of these structures takes place, that leed up to turning the cranium with
respect to columna vertebralis in nasal-emitting bats, in particular, in horseshoe ones.
Similar changes does not take place in the animals emitting echolocation signals
through the mouth, for instance, in oral emitting plain-nosed bats.
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