£

wm (V )\/'\/A/‘/( i W2 :

/ k&’%\
G

EECHOBT/IVM

15 mapra 2018: rugpasiayeckad HOKOMOHT/IH




Chapman G. 1958
The hydrostatic skeleton
in the Invertebrates

Biological Reviews 33( 3):338-371
DOI: 10.1111/j.1469-185X.1958.tb01260.x

IIerpouenko Poman

338

THE HYDROSTATIC SKELETON IN
THE INVERTEBRATES

By GARTH CHAPMAN
Oueen Mary College, University of London

(Received 7 November 1957)

CONTENTS
PAGE
L. Introduction . . . . . . . . . 3B
I1. Some essential fearures ofa ﬂ1:1d-musc1e A r.trm . . 330
[11. Functioning of circular and longitudinal arrangement of mus:les in various smlmals . 345
IV. Functioning of other muscle arrangements . . . . . . . . 353
V. Hydrostatic function in parts of animals . . . . . . - . . 3bo
VI. Combination of sohd and hydrostatic skeleton . . . . . . . . 363
VII. Connective tissues and the hydrostatic skeleton . . . . . . . abg
VIIL Conclusions . . . . . . . . . . . . . . a6h
IX. Summary. . . . . . . . . . . . f . . 36y
X. References . . . . . . . . . . . . E . 368
NI, Addendum . . . . . . . . . . . . . . 370

1. INTRODUCTION

The primary function of a skeleton is to provide a means by which opposing
muscles may be antagonized or brought to bear upon each other for the restitution
of their relaxed state. We commonly think of a skeleton as providing protection or
support and these functions are performed, as well as that of muscular antagonism,
by many skeletons such as those of the heads of vertebrates. But the term skeleton
can be applied to any agent which acts as a means of muscle antagenism, and
although body fluids have been known for a long time to provide that means it is
only recently that the term Aydrostatic skeleton has come into general use. A hard
skeleton obviously can act as a support, partly by its intrinsic strength, partly by
its being composed of units knit together by connective tissues and partly by the
action of muscles which are attached to it. Its parts are often found to be arranged
in such a way that only one or two muscles need be involved in any particular
movement, a flexor and extensor for example, but it is clear that very different
properties are possessed by a hydrostatic skeleton because the physical properties
of liquids differ from those of solids,

A hydrostatic skeleton may, therefore, be defined as a fluid mechanism which
in one way or another provides a means by which contractile elements can be
antagonized. Its use in the restoration of the resting state of a contractile unit is
found in many and varied animals from protozoa to vertebrates, and although there
is a common basis in the working of the fluid skeleton throughout a wide range of
animals, it is perhaps surprising to find that there is also a common contractile
mechanism, built on essentially the same molecular plan, from the protozoa to the
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Bo3HHKHOEEHHE UeNOMa B OHTOT&He3e

OIHOCACHHER Map M3 WIETOK {S1aCTyaa) — THIHY-
Had CTATHA SM SPHOHATEHONS PAIRHTHA GHIATEPaNE-
HO-CHMMeTPHYHHE KHBEOTHHX (EHTaTepHA). Bo
MHOTHX CTYYAAX RIVTHECEAA HIH PECHHYHAA SIacTy-
11 — 3TO OEPRAA NTHYHHOMHAA CTAHA, CAMOCTOATENE-
HO MIaBA0mad B TOMge BOAH (pHC 1), BracTynw, co-
CTOAmHE H2 OJHHARCBEX ETVTHEOBHX KIETOE, Xa-
PAETEPHED JM4 PasBHTHA HIAOKG-
FHE, IOMYEOPIOBEX H Jake HH3-
[IHX XOPIOBEX, HAIPHMEp JaH-
HETHHEA ([TPARAA, ¥ HelD HIVTH-
KOBAA SMacTyIa HE NOEHJAET Af-
Hepsx 060a09eK). BaacTynoos-
pasHElE THYHHEH XapakTe PHE 118
HKOMEHATHE 9EpBefl H MOLTIOCEOR,
XOTH ¥ 9THX HHBOTHHE OHH CO-
CTOAT H3 He GONBIOTD SHCNA GTac-
TOMEPOR — 64— 1 28 KNeTOK. CTEH-
K GNACTYIH BOSYHBAETCA, H op-
MHPYETCA NePRHYHE A KHIIEUHHE.
Ha aTof CTaJHH 23 pOJEINT GHAATE-
PHI CXOJEH © 32 PoiRIIEM KHITEY-
HOMOAGCTHEIE: OH COCTOHT H2
JBYE IMHTEIHER (SHTC- H IKTO-
JEPMATEHCOTC ), MEETY ECTOPHMH
HMEETCA NONOCTE — [POHIBOIHE
GracToUens. PasyMeeTcd, ION0CTE
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CoBpeMeHHAA 300N0THA BHAETLeT YeTHPE EPYI-
HHE FPYIIIE GHIATE PATEHO-CHMMETPHYHEE HHBOT-
HHE: BTOPHYHOPOTHE, THHABDMHE, myNaTeleREe
H rTpoxodopHEe (pHC.2). DOpMHPORBIHHE LeTOMH-
YECKOH MEIOEPME IPOHCEOIHT B STHX TPYINAX N0-
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Mbiwubl

Ha nepegHem KoHUe Tena umeloTcs ABa Habopa MbIWL-PETPAKTOPOB, BTAMMBAKOLLMX
X000T, — Hapy)KHble KOPOTKME U BHYTPEHHWNE AJIMHHbIE. DTN MbILLbI TAHYTCA OT CTEHKM
Tesla K OKO/IOINIOTOMHOMY KOJ1bLLEBOMY MO3TY, PacnoJIOXKEHHOMY Ha NepeaHem KOHLUe Tena
NPWU OCHOBaHWW POTOBOrO KOHYyCa. 3aflHME KOHLbl KOPOTKUX PETPAKTOPOB KpensaTtcs K
CTEHKe Tena Ha ypOBHE OCHOBaHWA X000Ta, TOrda KaK AJIMHHble PeTPaKTopbl KpenaTcs
ropasfo Aanbliue K 3agHemMy KOHLY.

Kctatwy, KpoBb npmsoanTCaA B ABUXKEHUNE UCKIHOYUTE/IbHO 34 CYET aKTUBHOCTMU MblLUL,
CTEHKW TeNa.

UcTtouHuK: Pynnept, 2004
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INUTENUN KUNLLEYHUKE

Hactoawmin remouenb. [lonocTb Tena npuanyang OTAeNeHa OT MpuaeXKalmx TKaHeN
6a3anbHOM MNAACTUHKOM U, KPOME TOro, COAEPXUT 3PUTPOLMUTbI, B LUTOMNNA3ME KOTOPbIX
HaXoAMTCA AblXaTe/bHbI 6€N0K — reM3apUTpUH.
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UcTtouHuk: Pynnept, 2004

Por  [epucriie ' Porogoii xonyc
' Cranuasl

XBOCTOBOI
MPHAATOK

A — KpynHbin (8 cm) xonoaHoBoAHbIN Priapulus caudatus; b — menkuit (o1 2 go 3 mm)
potowmnim Maccabeus tentaculatus n3 CpegmsemHoro mopa WCNONb3yeT MNepucTbie
CKa/InApbl KaK JIOBYLIKY ANS MEJIKUX OpraHu3-moB; B — KapamkoBaa npuanyanaa (meHee
2 mm) Tubiluchus corallicola obuTtaet B KopannoBom necke B TPONMUKax

(NepepucosaHo n nsmeHeHo, A — no Theel ns Hyran L. H. 1951. The Invertebrates. Vol. 3. McGraw-Hill Book Co., New York. P. 467; b -
coBmeLeHo m3 Por F.D. 1972. Priapulida. In Parker SP. (Ed.): Synopsis and Classification of Living Organisms. McGraw-Hill Book Co., New York. Pp.
941—944, v Calloway C.B. 1982. Priapulida. In Parker.; B — c pucyHka Brian Marcotte)
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Ancalagon minor

«AHKanaroH 6b11 CUNbHBIM U NOABUMKHBIM XULLHUKOM,
CNOCOOHbIM TaKXe K pbITblo B AOHHOM rpyHTe. Habop
XUTUHOBbIX LWWMOB W KPKOYbEB HA €ro Tene OY€eHb
borat. A BOT X060T y Hero HeboNbWON N TOJIKOM He
BTAMMBAOWMNCA — OYEBUAHO, NMPU NEepPeaBUIKEHUU
aHKanaroH 3a4encTBOBaN He CTONbKO Xx060T (Kak
COBPEMEHHbIE npuanyanabi), CKOJIbKO cBoe
OTHOCUTE/IbHO AJINHHOE TY/I0BULLE.»

(Cepren ActpeboB ana elementy.ru)
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THE ROLE OF THE COELOMIC FLUID IN THE
MOVEMENTS OF EARTHWORMS

By G. E. NEWELL
From the Zoolopy Department, Queen Mary College, University of London

(Received 4 August 1949)
(With One Text-figure)
INTRODUCTION

The manner in which earthworms move on the surface of the soil is now well known,
for a brief but substantially correct account was given as long ago as 1894 by
Friedlander and again in 1gor by Bohn, Further details and an account of the
method by which co-ordination of the muscular movements is brought about have
been given by Gray & Lissmann (19384). Darwin’s (1881) account still remains the
best source of information on the burrowing of earthworms, but he was chiefly
concerned with their habits and only to a lesser degree with the mechanics of
burrowing, He gives, however, some valuable data on the times taken by worms to
burrow into different kinds of soil and confirms an observation of Perrier that the
anterior end of the body of the worm is first attenuated and thrust a little way into
the =0il and then expanded so that the seil is pushed away on all sides. Darwin also
brought forward strong evidence for the view that burrowing into very compact
soils is effected by the worms literally eating their way through it.

In a previous paper (Chapman & Newell, 1947) an attempt was made to describe
the functioning of the body fluid-muscular system of the lugworm, and it was shown
that even in inactive worms the body-wall muscles had a tonus sufficient to maintain
a distinct positive pressure in the coelomic fluids. During movement, particularly
during burrowing, the internal pressures rose to much higher figures, and from these
calculations could be made of the thrusts which could be exerted against the sub-
stratum. It was believed, therefore, that measurements of the internal pressures
developed in earthworms during movement and a knowledge of the way in which
pressure changes are distributed about the body would help in an understanding of
the mechanics of movement not only of these but of other animals with a similar
body plan.

An essential preliminary to an understanding of the role of the coelomic fluid in
the locomotion of the earthworm is a knowledge of the morphological relations of
the coelomic compartments and of the structure of the septa, particularly of their
musculature and of any perforations which may exist in them. In the lugworm,
where septa are absent from the greater part of the body, circulation of the coelomic
fluid is in no way impeded, and during burrowing fluid is driven forwards into the
more active anterior segments, thus increasing the possibility of greater forward
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MeKcermeHTHble NMeperopoakn - Centbl - PasdenstoT KONbLEBYH MYCKYNaTypy, NPOAO/ibHble
MbILLLbI TAHYTCA Yepe3 HECKO/IbKO CEerMEHTOB.
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O6bIYHO Yy 4YyepBen COUHKTEP BEHTPASIbHOIO OTBEPCTUA CXHMMAETCA U obpasyeT 3PPEKTUBHBIN
Gapbep Ha NyTU KUAKOCTU U3 OAHOro cermeHta B gpyroe. COUHKTEPbI AOPCANbHbLIX NOP U
HebpuamonopoB 0ObIMHO He AO0MYCKAKT BbIXOAA LENOMMUYECKOM MKUAKOCTU WU BblAEPMKMBAOT
AaBJIEHME, BbIXOAALLEE 33 Npeaebl HOPMaJibHOro AMana3oHa.

Rad. musc. B.W.

Obl. musc.

Sph. musc. V.N.C. V. for. Cire. musc.

Fig. 1. Diagram to show the arrangement of the septal muscles : B.W., body wall ; Circ. musc., circular
muscles ; Obl. muse., oblique muscles ; Rad. musc., radial muscles ; Sph. musc., sphincter of ventral
foramen; V. for., ventral foramen; V.N.C., ventral nerve cord.



MeperopoAkn OO0XAEBOro 4YepBs MOMOTraloT ABWMKEHWIO, MOTOMY 4YTO OHM obecneymBsatoT
BHYTPEHHEE pa3aeneHne Mexay CermeHTamm Tesla YepBA U He NO3BONAIOT KUAKOCTU NePExXoanTb
B APYro cermeHT. MNOCTOAHHOE COKpalleHWe MbIWL, U pacnpeaeneHue XUAKOCTM B npeaenax
Ka*KkA0oro CermeHTa No3Bo/IAOT A0XKAEBOMY YEPBIO NepeaBuraTbCs.

Cuticle

The earthworm Epidermis |  Coelom
bOdy iS Circular muscle ' I v _ Septum (partition
\ 4 - betwee ts)
fundamentally Longitudinal \ n segmen
segmented. Here is muscle
a typical segment: o
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Each segment is Intestine e E
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Pumping

The segments near B
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~ 8 Mouth ~ S
phySl,o loglcal ” " Ventral nerve
functlons. Subpharyngeal ~ Esophagus  with segmental ganglia

ganglion
£ 1968 Addeon Wesley Longman. Ino

http://www.mun.ca/biology/scarr/142003 Annclida.jpg



M3meHeHMA OAaBNeHUsA B LIEIOMUYECKOM XKUAKOCTM B PasHbIX 4YacTAX Tena YepBs MOMKHO PernctpupoBaTh C
MOMOLLbIO KanuUANAPHOro MaHomeTpa. MaHOMeTpUYeCKMe M3MEPEHUS MOKAsanu, YTo cpegHee AaBleHue B
nepeaHeln 4actTu Tena NPUMeEpPHO B ABa pasa bonblle, YeM gaBneHue B 3aHeN YacTu Tena KUBOTHOro. ITu
pe3ynbTaTbl ewe o6Cy»KAat0TCA, TaK KaK NOKa3aHMA MaHOMETpPA He NPOoABAAIOT BbICTPbIX KoiebaHUI AaBaeHuUs,
KOTOpPbIE NPOUCXOAAT BO BPEMS U3BUBAIOLLNXCS ABUNKEHWNI YEPBS.

s (CONtraction

o e e ) s W
~— Friction area
B ]
==
CW 11 Direction of movement
e
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BbicTpoe aABuKeHUe 3a CHET NPOAO/bHbIX
MbILLIL, 1 Mapanoanm

MeaneHHoe ABUMKeHWe 3a cyeT napanoanii, Nereis sp.



Nereis sp.

MyCKyAucTbin xo60T,
Nephtys sp.



MblWwubl NOAUXET:
M3MEHEeHUA B CBA3M C NOABAEHMEM Napanognu

Aphrodite sp.



CenTbl nonnxeT

(@)

Ophiodromus sp.

Hesione sp.

Hesione sp.



A - Marphysa sp., 3agHUN CErMeHT C

Pa3BUTbIMMU AOPCO-BEHTPANbHbIMMU
BOJIOKHAMM
B - Sigalion sp., pa3BuUTble

rOPU30HTa/IbHble BO/IOKHA
C — Nephtys sp., cenTta peayumpoBaHa 4o
MbIWL, KWWEYHMKA, a OYHKUMA CenTbl
BbINOMHAETCA  rMnepTpodupoBaHHbLIMM
KOCbIMM MblLLLLAMW.

(a) / (b)

Marphysa sanguianae




MpeobpasoBaHue
centbl Yy Ophelia



FiG. 86. Proboscis apparatus of Acanthocephalus, (a) introverted, (b) everted, (¢)

contraction of neck muscles, compressing the lemnisci, forcing fluid into the proboscis

epidermis, and drawing the anterior part of the trunk over the everted proboscis.
(Diagrams based on unpublished observations by R. A. Hammond.)

Yyactue centbl B Bbibpoce
xob6o0TKa y Acanthocephalus
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