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Hemichordata (Gr.. hemi half; chorde, cord). till recently treated as HH,\ J _

a subphylum of the phyvlum Chordata (or Protochordata), are now
regarded to be an independent  phylum of in*w:n_ehrnlm close 1o
Fchinodermata. It includes deuterostome animals with enterocoelous
coelom, pharyngeal gill-slits, a buceal diverticulum iconsidered l:ﬂlrli:r
as ‘notochord” and a vermiform body divisible into three regions !
probascis, collar and trunk, Hemichordates includes a small group of
soft, maring and primitive chordates, commonly called the ‘acom

worms' or CLngue worms'.

BALANOGLOSSUS : TONGUE WORM

SYSTEMATIC POSITION

"yl Chordata

ur byl b Hezmmpe lwordata
1 o Enteropieusia
Family Prvchoderidue
{ simen Mertamapelossns

Most farmiliar hemichordate genus is Balanoglossus which belongs
o the class Enteropnessts. Other closely related genera  are
Yooy loaes { = Dolichoglossis ), Crbossebalanus, Pivehodera,
Spengelia, el

[ Z—F]



Ralanoglossus = A Tonguwe Worm

D |

H 17

S

DERIVATION OF NAME

Balanoglossus clavigerus was recorded and named
by Delle Chiaje in 1829, Is generic name was
derived from two Greck words, balanos  and
glossus, Term balanos means an ‘acorn’ (it of
oak) and refers o the proboscis projecting from
collar looking  like an  acom-nut,  hence  (he
common name “acom worm’. Term glossus means
qongue” and refers 1o the shape of s prohascis,
collar and  genital  wings bearing a  close
resemblance 0 an ox tongue, hence the common

coiled fascal -
rmafier

name  C‘tongue  worm’. Local  fsher-men  call
Balanoglossus by the name ‘ox tongue’,

GEOGRAPHICAL DISTRIBUTTON

Balanoglossus, like all other hemichordates, 15 a
marine animal having a world-wide distribution,
About 120 species ooccur all over the world
especially i the tropical and  subtropical  seas.
However, 12 species occur in India. Some species
are B aiestealicnsty  (Aostralia), B carnosis
(Indo-Pacific), i, misakiensis (Japan},
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Fig. 1, Solerogiomsy clovigenes i U-shaped bunow,
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HABITS AND HABITAT

Bulanoglassus 1s O Warne, IHGOIRE K hLi..I'FD‘*'"]T_ﬁ_
hemichordae inhabiting shallow i:t‘laF_lN “ﬂ""ﬂ:’-"
meridal xone, but a few occur in decper waler

Burrow. The animal may conceal under
qones of sea weeds or oacavale its owWn hUJ'F"—"'“'
in the bottom of sand or mud, B clevigeris lives
inside u U.shaped lube or burrow with the wo
ceriical himbs, 30-75 cm deep and the 1wo
openings 11 i cm apart. In some Species
(Socrnglogsus), body of the animal and tube are
twisted. whereas  the anerior and  posterior
extremitics remam straighi. Anterior opening of
the burrow s funeel-shaped and exposed, Antenor
verlical limb may give out side branches cach
manving  its independent  funmel-like  opening
tFig. 1) Postenor opening of the burow s
roended and concealed below the spirally cotled
foecal matter of the amimal

FProteciive device. Inner wall of the [ramle
tube is smoothly lined by sand particles cemented
together into o tough cast with stcky mucus
secreted by the skin mucows glands of the animal.
This prevemts the vollapse of the bumow and
pritects the delicate amimal from burial in Ionse
sand. Another protective deviee is the secretion
of & leal-smelhing odour sicnlur 1o jodoform. One
species shows phusphorescence

Movements, Worm is slupgish - and  linle
aftected by external stimuli It moves in its bunow
by cilia cowvering s bady surface. Most active
part of the body s proboscis I elongates and
shortens by muscualar activity  and  helps  in
burrswing. When the tide recedes. the Lomge
wWoren protrudes s antenior end ouc of the burrow
1 explore the suroundings, or its posterior end
Sobcast oont faecal matier.

Fecding and brecding. Tt swallows sand or
|T'||..IiJ e obtwin dialoms,  prolozoans,  other
Mcromsinisins and organic detritus on which it
feeds. Bexes are separate. Males and tomales,
213}

Fig. 2. Bedannglosus, Externad lestures 0 dorsal view

living in separate tubes, shed their gametes in
seawater where fertilization oceurs. Life cyule
includes a [ree-swimming planktonic ciliated larva,
the tornaria larva. Tongue worm does nol
reproluce  asexually, but its  fragile body has
considerable power of regeneration.

EXTERNAL MORPHOLOGY

Shape, size and colouration. Body is soft

clongated, worm-like. cylindrical and bilaterally
symmetrical. It measures 10 o 50 em in length.
acvording to spevics. B. pigas attains a length of
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1.8 m (Sawava, 19310 or 2.5 m (Spengel. 1803

Colour s bright or drab with reddish or oranee
Linis. E{'l-.j} 1= LlIl[|U"|'|'|"_.|:- -\.."ilii_lll_"l_'_l i I,I,'i||'||".|_|[ T
exoskeleton or external appendages,

Division of Hod

Body 15 unscgmented but divisible ime  three
disnnct reglons or parts
and (i) trunk

(i) proboscis, (i) collar

M Prolwscis

Proboscis or profoseine i the anteriormos! pan
of the body. Tt s shon. club-shuped or comical
and circular m cross-section. It has thick musculas
wall and s hallow withan, lis CHVITY J|n:ﬂ1|;_'|;3;r_'j5
cocloan communicates with the outside through a
minute proboscis pore situated mid-dorsallv near
its base. In some specics the proboscis pore ends
Bhndly or thers are two pores. Posteriorly, the
proboscis  Mamows  into 3 slender neck  or
proboscis stalk which s attached to the collur,
Below the stalk. the base of proboscis bears a
U-shaped cihated cpidermal depression. called the
prearal cillary organ, which tests the guality of
food and water entering the mouth.

(1] Coliar

Collar or mesosome 15 the muldle, short and
cylindncal part. 1ts 1lap-like or funnel-like anterior
margin, lermed collaretie. completely surmounds
and conccals the proboscis stalk and the posterior
part of prohoscis. WVentrally, below the proboscis
stalk, the collarctie oo
permanently open wide aperturc, the mouth, [f
opens into buceal cavity inside the collar, Posterion
end of collar is well demarcared from the trunk
by a circalar constoctom, Wil of collar 15 thick,
highly muscular and encloses o cavity, the collar
coelom. It opens to outside threugh a pair of
tollar pores into the st pairr of 2ill powches.

coller-mim  encloses 3

[IT] Trunk

Trunk or metasome 35 the postedor and larges)
pan of the bodv, It 15 rather flar and appears
annulated duc to circular constrictions on the
surface. All along it length, trunk bears a
mid-dorsal and a ridpe.  each
accommaodating its corresponding nerve and blood

mid-ventral

J
vessel. Trunk is further differentiated into three
regions : an anterior branchiogenital a mldle
hepatic and a posterior post-hepatic, abdominal
or caudal region.

|. Branchiogenital region. Anterior or
branchiogenital region of trunk 15 marked by &
pair ol lateral, thin, flat and longitudinal tlaps.
the genital wings, contaming Ihe gonads
Gonopores are microscopic and cannot be seen
bv  the  wnaided  cves,  Anterior  hall  of
branchiogenital region hears two longitudinal rows
of small branchial apertures or gill pores. One
row of aill pores is mounted on a prominent
longitudinal ridge on each side of the mid-dorsal
ridge. Number of gill pores incresses with the
age of the animal. Two genital wings can be
curved o meet mid-dorsally so a5 to conceal the
gill pores. In  some  species, @ posterior
prolongation of the collar, called the operculum,
may cover the anterior-mast gill pores.
. Hepatic region, Middle or hepaoc region

of trunk 1 somewhat smaller than the genital
region. 10 is greenish im colowr and s dorsal
surface marked by the presence ol numercus
rresular intestimal socculatiens o hepalic caeca,

3. Post-hepatic region, It is the posterior-
most and the longest part of the trunk slso called
abdomen or caudal region. It s more or less
uniform in digmeter but s posterior end shightly
tapers and bears a terminal anus,

BODY WALL

Body wall 15 composed of cpidermis. musculatne
and peritoncum.

1. Epidermis, Outermast laver or epidermis
consists of a single loyer of mostly all, slender,
columnar and ciliated cells, Three kinds of eland
cells secreting mucos are present. Goblet gland
cells  are  Nask-shaped  with fine grronules.
Reticulate gland cells have vacuolated cytoplasm.
Mulberry or granular gland cells contain coarse
granules and alse seorcte amylase. Gland <clls are
more  abundant in the collar region.  Besidos,

nenro-sensory  cells,  which  swain darker, are
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Muscles are smooth., weak
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I muscle fibres are present.

Coelom is hncd by the
[ OF PeritoneU which
body  wall

longitudinal i
onfy Tongitudam

Perilomeim.
parictal coglonmc epithe
covers [he inner surface ol the

rrauscu farre.
Fanctions of hody wall. () Body wall shields

the sofi imemal organs from mechanical injuries,
(i) Mucus produced by epidermal gland cells
adheres sand panticles Tor lining the burrow in
-1.lJ'|i-c;h the worm lives, (i) Foul smell of mucus
i protective, (iv) Neuro-sensory cells serve 10
receive the external stimuli, (v Musculature helps

m by move menis
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Hu!u-'m.ﬂ""“-‘-"“"' has @ .a-p.nr:iuuri coelonm _“"‘:"j by
t_me,,“'ﬂ_- ._-pﬂhehum and 1= umll_-m.n}clnuﬁ in gy,
el oImie cavitics of proboscis, collar and (ryp,
L ._'nnl;*"-‘hi'!r' _-:::r.--.trnmr.l lmrn. One  Hnothe,
px the original coelom

powever, 10 the  adull,
greatly obliterated hy connective Lissue and s,

fibres derived Frosm I-.‘-l.'IIEIIZIII'IfIL' epithelivm whic,
hecomes inconspicuous and irregular. P-i.int Coeliy,
|-|:p|"3-‘"3"1 hy hve separate u:wm;.;_-.;, whict,
% independent pouches from g,

Jf the embryo. These include on,
pwo in collar and two in ip,

s
ariginale
4rehenteron & :
cavity in proboscis.

runk _
| |'r|_|.|"}b,|;i,h sl Unpmn:ul

or protocoel is greatly obliterated
five Lissuc and muscle strands except tur .
« which is occupicd hy b
fatter includes the buegy)
diverticulum. central  SINUS. heart  vesicle gy
,'-__',Iﬂmﬂrl.]lllﬂ. Proboscis coelom cammunicates wil,

the outside through d proboscis canal and
proboscis pore immated mid-dorsally at the base

of the proboscis stalk (Fig. 4).

Jpri il Masy ;-l"\.

oo

cOnnNee
amall central  spac

probos cis complex.

2. Collar  coclom. Collar coelom or
mesocoel 15 represcnted by two narmow latery|

ach side between the collar wal)

Two cavities are partitioned by

incomplete mid-dorsal and mid-ventral mesenteries

Collar coelom does not communicate with thé

proboscis coelom, but posteriorly, its each cavity

opens into the first gill sac of its side by a collar

canal and a collar pore, Collar coelom Is greaily
nh]i[cratled by the collar musculature  apd
conneclive tissue (Fig. 5).

| 3, Trunk coclom. Trunk coclom or metacor|
is represented by o pair of closed cavities between
the body wall and gut wall. Two cavities are
separated by an incomplete dorsal and a compler

ventral mesentery. In the branchiogenital 11.:;:;

cavities, one on €
and buccal tube.
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Fig- 5, Pulunccheses TA Unowaeh collar negion.
cach cavity 15 further divided by a lateral septom
e a dorsal-lateral and ventro-lateral compartment.
Trunk coclom is partitioned from the collar coslom

obliterated by the tunk musculatnee,
Coelomic Fluid

Proboscis and collar cvelom communicate with
the exterior and arc largely fillad with sea wWatcr
which keeps them wrgid. Trunk coclom is Filled
with a watery coclomic NMuid containmg amochoid
coelomocvees, cach with o single large vacuale.
Coslomocytes  origimate  from  the  coelomic
epithelium. According 1o Spengel, they behave like
leucecvies by secreting a membrime arcungd any
forcign body that may invade the animal,

ENDOSKELETON

Bedgnestossas has no delinie endoskeleton of
bome o cartilape. However, the following tour

sttt structurcs  une  preseat (i) Buoceal
diverticulum, (1] proboscis skeleton,
(iii) hranchial skeleton, and vy pygochord
(Fig. A).

. Buccal diverticulum, From the roof of
buceal covity (heing inside collar regionl, o shorl
siff. thick-walled, hollow  projeclion  extends
forward throush the proboscis sk
probosers coelom, s wall s composed of o single
layer of tall. slender. vacuolated endodermel cclls,
For @ long time il was considered » notochord
iBatesom, [RR5) or stomochord (Willey, [R99
and DawvdolT, [948). Histolepically as well as
developroentally, 3t 15 guite different from the wue
nilochord of other chordates, bul nesembles the
wall ot the bucenl covity, To most ewslem workers
i i only & preoral extension of buceal cavite, so
that, MHyiman preferred  t0 wse the nom-commitial
term  buccal  diverticolum  for  this  wobular
outgrowth of bucesl eaviry,

L. Probuoscis skeleton. Proboscis or nuchal
sheleton is 3 Y shaped chitinous siructare Formed
by the thickening of the basement membrane. N
comsists af @ broud, Far roughly  rectanaular
median plate produced venually inlo 2 keel gnd
pesteriorly int two diverging borns, Median plate
lics below the buceal divestivulum in the prohscis

inley  the
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" supported throughoul its |I:Il:.._1lh by the dorsg) iy

f,__-\i med al'-l- f ventra ventral mesentcries, s wall is made up of ciligy,

s YA AN] e L kel cpithelium  covered - extemally by 2 basemey,

' -\‘u |/ \‘l )U membrane,  but - peculiarly,  muscle Lavers are

( I| trné-lr:ig:*:e g —hiins absent, Alimentary camid comprises < 40 Moy,
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ventral
— NEIVE

Hraehial

aalk while the twir horns extend backwards nto
the roof of the buccal cavity, Median plate remains
embedded in a reticulum of stft chondrowd Tissue
which resembles vertebrate ennilage.

3. Branchial skeleton. It is also formed by
the thickening of the bagement membrane. N
consists of numerous M-shaped chitinous skeletal
rods that lic in the wall of the pharynx and
support the U-shaped gill-slits that perforate it
Middle arm of the skeletal rod s thicker than the
others and  hiturcated at the free end
indicates that it is formed by the Tosion ot two
arms of two adjacent “inverted  U-shoped”™  oods
that join tw form the Me-shaped rod.

4. Pyvpochord. In the post-hepais region of
the trunk, mid-ventrally betwesn the intesting ond
body wall, develops o rod-bke thickening called
preschord. Ts cells are vacuolated. 1o supports
the pest-hepatie region of the hody bt probably

alsue pertorms function  nol yet
sberstonsd,

swlich

sontve olher

DIGESTIVE SYSTEM

] Alimentary canal
Almeniary camal s g complete wnd stroght (whe

|-.j_|-||I|'|-,:_"' P R ] -I|||-' |'|'||.'l|.||.|'| i'.“d WL I[ ”\

(i) buecal cavity, (u) pharynx, (iv) oesophagyg
(v intestine, and (vib anus |Fig. )

1. Mouth. It s wide and cicular OpeRing
situpted  ventrally ina groove  between  |he
proboscis slalk !'.Lnd collarette.  According
Kmight-Jomes | 1932% it can be closed or upengy
and  does not remain permanemly  open
previously supposed. 11 has two o sets of musele
[bres, the radial Tihres o open 0 and  the
concentrie fibres o close il Mowth leads inig
haccal cavity.

3. Buccal cavity. Shott huceal cavity OCCUPIes
the collar repion. I epithelial wall - contuing
glandular goblet cells. Anteriorly its dorsal wall
forms o short,  sutl and  hollow bucesl
diverticulum that projects  iole  the proboscis
coclom, Posteriory it extends upy to the collar-tunk
septum hehind which it continues mio the phaya,
3. Pharyny, It lies in the branchial region
of the Externally  its wall  bears g
longitudinal constoction along eoach lateral side,
These lateral constrictions project inte s lmen
as ridges, called parabranchial ridges. consistng
of tall columnar cells. These ridges incomplately
divide the pharvnx into a dorsal respiratory or
hranchial portion and a ventral digestive portion.
Dwrsal  branchial  portion 15 performed  dorso-
laterally by two rows of U-shaped gill-slis, and
5 concerned with respiration, Yentral digesive
portion. lined with cilinted epithelium with gland
cells, helps in food concentration (Fig. 8.

4. Oesophagos. Behind the last pair of
gill-shts the pharvns  continues mio the  shor
oesophagns.  Dorsal and  ventral
pharvns  continae for o osovme distanee ol
oesuphagus. In this region, the dorsal part s called
posthranchial canal which possesses thick, folded
andd  alandular Posterior  part
pesophagus reduces in diameter and has deepl
furroweed epitelnm (Fig. o

(rorek.

clivisions o

epithelingm,

—
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5. Imtestime. It occupies the hepatic and

post-hepatie regions of trunk. Hepatic region of

are durk green or dark browsen
the intestine 15 highly vascular. Its epithelial cells

. and 1 dorsal wall
forms numerous succulations called hepatic caeca

Incestinal wall les moclose contact with the body
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wall. s that the intestinal sacculations correspond  anus at the tip of the trunk. It is often surmoundey

with those of the body wall, Post-hepatic region
of intestine is connected with the ventral body
wall by the pygochord described earlier, It is a
simple and straight tube bearing a pair ol
dorso-lateral grooves lined by all epithelial cells
with long cilia (Fig, 100,

6. Anus. Posteriorly, the inlestine opens 1o
the exterior by a terminal circular aperfure, the

n Lo / - apidermis
A iy
;;, fi T lzngitudinal
B Ty muscle layer
T o
wentral Li— e
Lilonid waneal - - "‘.I- o veniral nerve card

Fip, W Holweoghoisan 1% through prost-hiepulin regivn |
L mle st

by o sphincter muscle.

[11] Food, feeding and digestion
Bolanoglossus 15 o Ceiliary feeder”. i food
comprises of microscopic organisms and organi
particles present in water and the bottom sand in
which it makes its burrows. Lateral eilia lining the
gill-slits set up # current of water which enters
through the mouth, takes its course through the
buccal cavity, pharynx, gill-slits and branchial sacs.
and leaves through the gill pores, This s the
respiratory-cum-food  corrent.  Some  food
particles directly enter the mouth with this current
while some come in contact with the proboscis and
pet entangled in the mucus that covers it Muews
in secreted hy the gland cells of the proboscs
epithelium. Cilia covering the proboscis direct the
[ COUSCIS

stalk cut
ACMES

pracral

ciliany

Organ
prohosia

|Fbg. 1. Mafuncplessgy. Posterior vielw ol prooscs

—
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[1] Branchial pharynx

already  described,  wo latcral
Tevrerntuncd il parabranchial ridges divide
the pharyngeal cavity o a  ventral

purtion i

- Te:id} i?" .i"** digestive portion and a dorsal respiralory
— ﬁ/ e "'"'_JI. s “* gl pores  or branchial portion, Dorsolaterally, on
Ly cach side, the brunchial

— -.
.-'-".'I_I‘n__.. . =

T —

preoral ciary organ mucous sking

rajeciad lood parsies

perforated by o longitudinal - senes ol
numerous U-shaped openings, the gill-
slits, Their number varies and increases
as the animal grows older. To  star

Fig. 12, Bafanoglnenes. Anterior end of body showing feeding currend
in Eaterad view. Arrows indicate the direction of the witer current. |

mucous string, containing food particles, towards
the pre-oral ciliary organ at the base of the
pmhn:-‘-::is. From here the miicons :-ih‘il:‘lg_ is p:l!-i.*il.':d
buck o the mouth by the action of the proboscis
cilia, aided by the main water curren! entering the
mouth. Organic particles present in the sand are
ingested dircctly along with the latier at the time
of burrowing.

U-shaped pre-oral ciliary organ, at the base
af probuscis stalk. tests the quality of food and witer
emtering the mouth, Undesirable substances are
prevented from entering the mouth by the ventral
part of the collaretic which does so by covening the
mouth. Thus, the rejected particles, instead of
entering the mouth, pass back over the collar.

Backward movement of food through the
alimentary canal is maintained by the cilia lining
its walls. In the pharynx. the food moves through
the veniral digestive portion, Digestion is brought
ibaut by enzymes secreted by pland cells of the
pharynx, ocsophagus and hepatic region of the
Exact  process  of  digestion  in
Balanoglossus 15 not Known, L ndigested
substances, along with sand and silt. pass oul
through the anus as “castings’

anleshine,

RESPIRATORY SYSTEM

Hespiratory apparatus af Balanoglassis
comprises © (i) branchial portion of pharynx
bearing gill-shits and (ii) branchial sacs that Open
ol through  gill-pores

development a gill slit 15 a broad oval
slit, Later. a hollow projection of dorsal
pharyngeal wall, called tongue bar, prows

into the slit making it U-shaped. Hollow tongue
bars enclose coclomic cavity and do not louch
the wveniral side of gill-slits. Portions ol the
pharyngeal wall between two adjacent gill-slits are
termed  gill septa  They are solid, without
enclosing coelom. A tongue bar is connected with
adjacent gill septa by shor transverse or horizantal
connections, the synaplicula, Development and
arrangement of gill-slits 15 identical with that found
in Branchiosiome.

As described carlier, the tongee bars and sepla
are supported internally by a chitinous skeleton
forming M-shaped rods. A sepium contains the
middle arm of a M-rod which is bifurcated at its
lower free end. Lateral arms of M-rod lie

body wall coslom  dorsal gill pose
— ﬂ"‘"‘.__ll\.
R o v .. branchial sac
N, il ; ;

L il @il septum
L
) jongues [iar
Fig. 13. Aalunogleois. Thagramimatc - diymerdpandl 70
of twer gillsshis and peo bl s
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zhizletal rwis

gill pare pharvngeal wall

Dranchial 1l."--
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Fig. 14 fobmopiouu. Development of ongue bars, |
|

—

adjscent tongue bars so that each bar contans
BLOOD VASCULAR SYSTEM

two arms of two adjacent sheletal mods. Gill-slits

are richly lined by cilia, called lateral cilin

[11] Branchial sacs
Gill-slits do net open direcily  ourside, Each  open or lacunar iy

pe. I consists

Blood vaseular system of Balanoglossios is ol ()
ol oy

gill-sht opens ot a @il pouch called branchial colourless blood, (i) a contral sinus and a hepr
. whu']] ies between the body wall and the vesicle, ¢(inh distributing vessels or arteries gl
pharyny. Each branchial sac in tum opens to the  sinuses, and ik colleching vessels or veins,

extenor by o small, independent gill  pore
However. in one species (8 misakiensis) the firs
four pouches become united 1o open by a commaon
gl pore w oouside. Collar coclom  also
communicates with the commaon branchial sac of
it side through a collar canal Gill-

i

pores are visihle externally - '
1 Yy m two collar coalom
wongitudingl rows one on cach side of by

(1] Blavined

L!]'. . “'Illj'l..ll,'lnil.u ]'i-llgl" in lhi." oolar Cﬂ”'i"’flﬂ’ﬁ@
TR TRTATS 1 ]
anchisgenital region of the rrunk o - ]

Wiy hamism of n'h.p|r“||'”|-|_ I.-i!llf'nll II':E ¥ =
s g the gill-slits seq up a food- fiest gl pere \ @"‘
SUM respir oo . : g M| y —
Cniers ;}HI- pONX CUITEnt of weter. [t - IIl|| )
A W I"h.l.r'hl'l'l. II"”“EII Il”-“-“.”.h 1'.":" . | | TP
Passes thromgh ol slirs into thy THns: slom ] 1| " Ijlﬁ.—---u----\lI
Mranchl wges x =

=L amd  fimally  Jegve Wl S |
1h il ';.I'Il.' , RN secong I;l" e i | Eoyar

! :__||j I‘H'”I:"w. ||'|||l||_|" ’ " | g,
nehly  vgeeql gue bars e ‘ ||'| E.- :j\}

i Ascttar - angd e p I My TR
S enclonge . Blivsd g then N
MUY merwork, | R fr——y

! abe . - ;
il ANES P the oxygen  skedetal rods TN
bowte T md et |-'II|'I-|'-|| .

e by |
Fig. 1%, Bitkamwogiswaus o

B sha |
sl
Toier @il wljys spening by

Al T WL.% oi brisiselilal

&

e ']‘ii"-"ll I

doavmaman gl poee

Earrtiom el pluiyis

Blood 1x colourless fuid cetbaining  few  whie
compuscles which are possibly detached enduthelial
vells A respiratory pigment s rrobably absen,

i _:.‘Ir--mllnr

aill slit
il soglum
fongue bar

coslorm ol
largue bar
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postirancnial canal dorsal blood vessel collar and s
[ . II . . I
hepatic sacculations | commissural vessel VENDLS SinLs probosuis artory
dorsgl trunk narva / Jlalera’ langiludinal caniral sinus J..-'r
L L §

' / vassel " heart vesicle / lateral
= |I TN / proboscis
ﬂll 3! i - WBin
gy ‘\':l_.-"'

i e I | o= o WL L
-r# J __:—\'-—' glemaruivs
lacunar —= M
network b —— e B i
body wall Pum ot
R e i am == ] ) R | joee o T vahilral
ELE ) =+ probuscis artany
— e — | — :
veritral nerve cords” / J buczal divertculum
veniral blood wassal / Fetibuccal artary
lacunar reheark tihg vessel
lateral pharengeal vessel 1 digestive tuba af saplum vantral collar vessal

Fig. 1. Bafooogdoses, Blood-vascular svstem i anderior ensd m Bireral witw,

Functioning  of the cireulatory system is oot of it In glomerulus the Blaod gees rid of s
properly understood, CHRUTELONY Wastes,

[11] Central sinus and heart vesicle [111] Distributing vessels or arteries

Contral sinus s o small elongated non-contractile  Blowl fram the plomerulus is carnied away by
sinus sitwated in the proboscis just above the  four aneries. OF these. twi arencs, o mhl—ilul‘h?I
buccal diverticulum, Just above it is o closed  probescis artery and a mid-ventral proboscis
iriangular cardiae sac or heart vesicle. Tis ventral  artery, supply the proboscis. Other two, called
wall is muscular and contrcts rythmically thereby  efferent glomerunlar arferies, run backward along
arcducme mlsatiuns in the central sinus that elp  the 1wa sides of buccal diverticulum, encirele the
in the virculation of blosd, Central sinus receives  buccal tube ax peribuccal vessels (which are
blood from collecting vesscls that open into s actwally of the nature of blood plexuses) and wnite
aosterior end. Anteriorly, 31 pumps its blood imta in a single longitudinal ventral vessel that runs
several afferent vessels which form a plexus in - up to the posterior end of the body through the
the proboscis gland or glomerulus. lying in frent ventral mescniery. On its way, the veniral vessel
gives out a ventral collar vessel to the collar, a
ring vessel 1o the collar-trunk septum and an

corsal blood vesse!

EE‘:EE;M afferent branchial artery to cach gill seplum in
R which 11 hifurcates w supply two adjacent ongue

bars, All these branches broak wp mnto o system
afaran: ol siuses in their respective stroclures. All along

'-=':==' 7 branchisl

e s length, the ventral vessel also supplies the hody

. wall and gut wall by wn elaborate network of
"+ B gill septum sinuses, Ventral vessel hos muoscular contractile
walls and the blood W flows hackwands.

Wl orque bar

A1 gilshi [TV] Collecting vessels or veins
Biood from body wall, put wall and hranchial
latezi pharyngeal-vessel apparatus (efferent branchial vessel) s collected
S by a single median dorsal vessel which runs
I Fig, 17, Bolomsgiossus, Lymph sinuscids o through the dorsal mesentery, from posterion e

prntion of the hramchial wall.

upte the collar. It has moscolar and contractile
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aall amd the Blood Mows m forwards. AL the
all = ' | L
amieror end of collar. the dorsal vessel dilates
Latier recemnves @

litthe o form a velous SIHUS

lateral proboscis vein from cach side of proboscis
and then opens o the central sinus

EXCRETORY SYSTEM

Excretory organ is glomerulus or I""'““"-"“*_ E'-‘_“'!
Wing 0 fromt of the central sinus and projecting
:|.|1||.|h1]'|._‘ probscs coclom. It 1s made up of several
blind tubular projections formed by the pentoneam
covering the buccal diverticulum, central sinus and
heart vesicle. Tubular prjections contain  blood
confluent with that of central sinus. Excretory
peritoneal cells of glomerulus contain yellow or
brown granules, probably of excretory substances.
From glomerulus the excretory subsiances pass on
mto the proboscis coelum and finally 10 the
extenor through the proboscis pore.

NEURAL SYSTEM

Neural (neérvous) system s of pnimitive type
resembling that of coelenterates and cchinoderms.

msd-ciarsal J subssdiary longitudimal
harel Cord — cords of proboscis
ol proboscis
fan-like "'Jf-.:ﬂ anlarar
neural |/ ere g
nxu.nns-:rnl'

circumentenc
~' / nemre ring

riiral
cofar cord i
= X _~nerve cord
- ~ of trunk
rErva cond—
of frunk qifl pores

Flg. 18, Balanoglosus. Nerve cords i the anterior
eprn of the hedy

Throughout the body a plexis O layer of nervy
cells and  nerve fihres  lie  jusl below  the
epidermis.  Nenve fibres are l_"ﬂ"':“'i'-‘ll' by the
filamentous basal portions of “F“'J“m_“"' celbs, any
form synapses with the processes of nerve cell,
Nn‘.‘ltrﬂl- laver is thickened along l.iElI.I'I.II.I:“.‘ strinds
o form l;ul.u M nerye cords, one mid-dorsa)
and other mid-ventral which run along  the
entire length of the wunk, "l-'-'llll'l'a'fII 1_'**"‘-' extetuls
upto collar-trunk septum wh::re 1S connected
with the dorsal cord by a circular strand, called
circumenteric nerve ring Daorsal cord extends
anteriorly upto the base of proboscis where it i
connected  with another circular  strand  called
anterior nerve ring In collar region, dorsal
cord leaves the epidermis and traverses the
collar coelom as collar cord, It is supposed to
be the neural centre of the animal. But unlike
brain, it has no concentration of nerve cells and
also does not give omt nerves. However, il
contains some giant nerve cells which help m
rransportation of impulses over the body and in
reflexes. Collar cord contains a cavity called
neirecoel.

Sense organs of Balanoglossus are simple and
comprise | (i) neuro-sensory cells in the epidermis
of proboscis and anterior part of collar, sensitive
to touch and light; and (i) preoral ciliary organ

sttuated ventrally ar the base of proboscis, which
15 a chaemoreceptor.

REPRODUCTIVE SYSTEM

1I|"'|{"'l.,“i|| l'|.'|:|rrH_'|ul_'l1'|-|r|, f"l-ﬁ-f'!‘.l]ﬂ Ile.prmlu‘:l'im i‘!.,
e in

enteropneusts.  Gilchrist  (1923)  hes
dl:z‘n:nh::d ILIn - one  species, Balanoglossid
capensis.  which  lacks  hepatic caeca, During

summer the young worms (juveniles) cut oft small
pleces from tail end, each regeneraling  into 2
complete sexual adult in winter

Regeneration. Balanoglossus  shows  greal
power ol regeneration. Proboscis, collar and
isolated pieces from trunk can regenerate the lost
part of the body completely,

Sexual  reproduction.  Sexes are  scpardle
Males and females cannot he wentified externally
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except for the difference n colow of the ripe
gonads in the living specimens. Testes of male
and pevaries of female are similar. They arc sac-
like hodies occurmng in several longitudinal rows
in the gemital wings, on either side of the
qlimentary canal. Each gonad has a narmow neck
ar duclule that opens out throwgh a gonopore.
All gonopores are situated outer o the gill pores.
Ova are small with poor yolk content.

DEVELOPMENT

Development of Balanoglossus is described in
Chapter 42 in  the
Embryvology’.

seclion CYerleheate

AFFINITIES & SYSTEMATIC
POSITION OF BALANOGLOSSUS
(HEMICHORDATA)

Group  Enterapreusta, 1 which Baloroalagsus
belongs, was established by Gegenbau in 1870,
Bateson (1885) proposed the name Hemichordata
in place of Enteropneusta. Since then, due to their
peculiar anatomical organisation and embryology.
the Hemichordata (or Baloneglossus) have been
considered closer to the Chordata as well as most
non-chordate phyla by ditferent workers from time
to time, Some of these views regarding the
phylogenetic rclationship (affinities) and taxonomic
position of the Hemichordua are surmmari zed
below.

1] Affinities with chordata

Some eardier workers, such as William Bateson
(1885), proposed closer  affinities  hetween
Nemichordata and Chordata. Their resemblanc
was based on the presence of the three
fundamental chordate characieristics in

Hemichordata, that is, {1} a notochord. (i1 a dorsal
hollow nerve cond and (i) the  pharyngeal
aill-slits [pharyngotremy .

Affinities with Urochordata. Hemichordates
are nearest o Urochordata, as they cxhibit many
close resemblances with them, The struciure andl
function of pharyns and branhial apparatis in
hemichordates are similar to those of urechordates.
Also, the development of the central part of newral
syslem is quite similar in bhoth,

Affinities  with Cephalochordata. Besides
similaritics in the structure and function of the
hranchial apparaius, the hemichordates also show
similarity with cephalochordates in the amangement
of coelomic sacs and in development.

Due to these simibarities Hemichordata had
been considered us a subphylum of the phylum
Chordata till recently, representing  its  lowes!
group, und prohably having # common ancesicy.

(Mhjection. However, the hemichordates are no
longer included under chordates becauss thiy o
nat possess  chordate  characters in a Ly pical
condition. The main objections are
(1) A truc nowchord  does  nob o ocour in

hemichordates, Unlike that of the chordates,

the so-called “notochord’ 15 wvery  sheat,
confined to  proboscis  and  withoul  any
supporting function. It is ventral o the main
idorsall blowd vessel and oot covered by
sheaths. Instead of being solid and made of
vacuolated cells, it is hollow and lined by
epithelial cells, It does not ongmate from

the roof of larval archemteran but as a

forward hollow projection of the foregut

Instead of being called notochord (Bateson,

1885 it is now termed the stomochoerd

(Willy, 189, Hyman prefers to name it

buccal diverticalam,

{2} Meural svstem is distinctly of the invertebrale
type being imtra-epidermal i position and
having a ventral nerve cord and a circumenteric
nerve ring which are absent in chondates. In
Ralanoglosses, the dorsal wbolar nerve cord
15 confined to the collar region only
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inn higher chordates.
Hemichordates turther

dorsal
and lateral
i M dilTerenees.
differ from the chordates 0
(11 Lacking melameny

aire adases,  postanal
cephalization. paired appendages. |

il. exoskeleton, living endoskeleton. d"'m“ﬁ_‘
liver, haemoglobin, red blood corpuscles, ele.
/1y Having rrfl'.'illi.i.ﬂ division of body and ':';j"t.ll'“n
. (ipto proboscis. collar and lmr'll-:}'- single-
lavered ciliated epidermis, hepahic  Caccid.
,_],.'11'5;'] heart,  open neurocoel,  colourless
mlood, numerous gonads, elc.

segmentation,

ji1] Affinities with
Rhyvnchocephalia | Nemertinea)

F':tding. and burrowing habits  are simmilar i.n
Balanoplossies and Nemertinesd. Body in both s
elongated, vermiform, without external
metamerism, with terminal anus, with smooth skin
containing umicelbular glands and ectodermal nerve
plexes, and having metimerically arranged simple
gomads. Byl Memertinea differ in lacking a dorsal
nerve cord and in having lateral nerve cords and
i oprotrusible proboscis,

(L] AMinities with Phoronida

Some zoologists like AT, Masterman (1897)

advocated  relationship of  Balenoglossus  with

Plavaniy on the following grounds

th Similar nature of up.v?tluh:'nml neural system.

v Paived gastnoe diverticula of Phoronis, like
the buceal diverticulum of Balanogiossus,
fomming so-called notechord,

Ph Actinoiroch larve of Phoraniy has  several
enleropnens]  features of tomara such  as
sitifiar ahspositon of  coelom, anus
surtasnded hy o ciliary ring, presence ol a
|I!':.l|‘ﬁ.l‘~-.'l-. Pore and i sensory apical plate with
Claa sl ewve spaiils,

& ] ELTE] ;
e Both hive great power of regeneration.

Cifjection. B

i the  chordate  Teatures ol
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Marcus (19381 Ined to relate Henichorga, wilh

Pogonophions due to lollowing  simalariies 3

i1 Enterocoelous formation of coelom.

(21 Body and coelom devided e three e pinn,

(31 Mesosome  and  metasome separated |y
sCpllam,

(41 Neural system intra-epdermal

(5) Pericardial sac i some poponophores

i1 Gonads found m trunk.

Opection. Bul pogonophores difter in having
protocoelic nephrdial coclomoduets and Iau.'};ir.L[
an alimentary canal. Moreover, newral svstenm s
concentrated in protosome 0 Pogonaphora, by
m mesosome in Hemichordata.

[V] Affinities with Annelida

spengel (1893 first  suggested  affinilies  of

Annclida and Hemichordata as tollows

(10 Body vermiform and coelomate,

(21 Burrowing habit, tubicolous lite and ingesting
mucl which is passed out as castings through
anus,

(31 Collar of Balanoglossuy similar to clitellum
of earthworm.

(41 Proboscis  and  prostomium  similar and
precral.

(57 Similar arrangement of blood vessels with
blood flowing anteriorly in dorsal vessel and
posteriorly in ventral vessel.

(6} Dorsal position of hear

(77 Tornaria  larva  of  Bolaneglossus  shows
several structural  resemblances  with e
truchophore  larva of  Annelida in being
pelagic, ciliated, with apival plate, eye spels.
sensory cilia and well developed wlimantan
canal with similar paris.

Objection. However. the two groups shirw
striking differences us follows

(1% Annelids do not have pharyngeal gill-sls.
stomochord or buccal diverticulum and dorsil
wbular nerve cord Tound 0 H‘”I""'r”-i‘r'lri'ﬂm'.

(21 Balanmoslossus does not have double .-.n.:
solid venteal nerve conds amd nephridia fadits
i anmelils.

131 In ternacia larva of  Boloacgdiossio -
pephiidi 48
il

prevhd

or proboscis coelom s present,
: - i [N il
ahsent and hlastopore hecomes it

e Bl
qdult 1Dewterstomi I o lwoplore
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of annelids, preoral coelom s akwent.

pephridia present and the blastopore hecomes

the mouth @ Proterostomial.

Thus, compared 1o their great fundamental
differences, the similarities of the [wo proups arc
oty superficial and guite nsignificant ihicating
probably o convergent evolution due w similar
habits and habitat.

(V1| AfMinities with ¥ chimiodermata

Adult Adult hemichordates  and
cchinoderms are structurally quite different and it
o difficult to suspect any phylogenetic relationship
hetween  them. They  show  few resemblances
hﬂk'lrl F L

reseniblances.

(11 Enterocoelic origin of coelom and 15 division
mte three successive parts filled with sea
water Lo serve a hydraulic mechanism.

(21 Heant vesicle and glomernlus of enteropneusts
are considered homologous 1o the dorsal sac
and axial gland of echinoderms. Both the
structures are related and combine vascular
and excretory functions.

(31 Neural system is poorly developed and forms
epidermal nerve plexus.

i1y Proteins  and  phosphagens
hemichordates  closely
echipoderms.

present  im
resemhble  those  of

(%) Commen habits and ecalogical niches and
remarkable power of regeneration.

Larval resemblances, Two groups show o
stromg affinity on embryological ground as the
wrnaris larva of Balanoglossus has a striking
sruciural similarity with an echinoderm larva, in
particular the hipinnaria larva of asteroids. In fact,
the tornaria was regarded an echinoderm larva
for a long time by Johannes Muller {1850}

Krohn  (1854), Agassiz (1864, ew., till
Metschnikoff (1870) proved &t to be an
enteropneust larva, Larvae of the two groups

possess the Tollowing commen leares

by Small, pelagic, transparent and oval.

(1 Wentical ciliated bands taking up @ similar
twisted Course,

(31 Enterocoelic origin and similar development
al coelom.

)

4] Proboscis  coelom ppening 10 outside by
proboscis  pore of tornaria comparable 10
hydrocoel of echinoderm dipleurula.

(51 Blastopore becomes the ants { Deuterosteni
andl dipestive tract 18 complete with maouth,
anus and same patts.

i Mbjection. However, the wornaria larva sl
presence of apical plate with sensory hairs :mfd
eye spots and elotroch  which are  absent
echinoderm larvae. Protocoel 15 single in tormara
bt paired  n echinoderm  larva,  This r:q'lli-:h.
doubts  about  the  echinederm affimties o
nemichordates.  Fell (1963) and others believe
that their Jarval similarities are only beeause of
convergenl  cvalution due to same mode of
hahits and habiai,

(V] Systemabic position and phviogeny
Peculiar anatomical arganisation of Balanoglossus
or hemichordates makes their systematic position
uncertain and  comtroversial.  Farlier workers
(Bateson, |885) placed them as 2 subphylum
under the phylum Chordata representing its lowesl
group. But the anly chordate feature shown by
them is the presence of pharyngeal gill-slits,
Theretore, some recent workers like Van der Host
{1939}, Dawydoff (1948), Marcas (1958) and
Hyman (19590  have chosen o remove
hemichordates from the phylum Chordata and treat
them a5 an independent invertebrate phylum.
Since the group comprises only about B species,
it is included n the category of o miner phylom.

The name Hemichordata (Gr. hemd,  hall:
chorde, cord) means they are hall” or “part’
chordates, a fact that is undisputed. Therefore, in
the present work, Hemichordata has been retained
as g subphylum ol Chordata o avoul  any
I.,!I:'I'|1'|I'-I.!l"|'E!".':\.'_'|-'.

Resarding phylogeny. the close  affinities
of  Echinodermata,

Phoronida,  Pogonophora,
Hemmichordata

and Chordata have led 1o the
conclusion that they have ansen from & common
ancestral - stock, probably  the  dipleurula Tarva
(Bather, 1900). Buwt Berril {19551, Whitew
(1957), Carter {1958), Marcus {1958). Hyman
{1939, Bowe (19007 and many others do not
contribute 1o this view, Barrington (1965 has

2. f£-3)
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