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Abstract: The alimentary tract of barnacles is made up of cuticle-lined foregut and hindgut with an
intervening  U-shaped  midgut  associated  anteriorly  w'ith  a  pair  of

a#i£3::==:as:tp:::::i::::i:gag:eanofasbescorre::i::i:hTcuhc:sP:i:::ec:
glands

by the

and perhaps

anterior midgut
and caeca.  Midgut cells of .Ba/4"us de/a#oi.deS (L.) show a seasonal variatio-n i.n -th-e--a-i-s-t~r-i-b-u;-i;:-;;
intracellular  Ill)id  droplets.  Midgut cells  rest  on  an  elastic  basal  lamina  and  secrete  a peritrophic
membrane  which  contains  mucopolysaccharide  and  protein.  Cells  of  the  stratum  peril]testinale
comect  with  the  midgut  epithelial  celts  ui.a  cell  processes  which  probably  translocate  absorbed
materials.   Glycoprotein   globules   and  lipid   droplets   accumulate   in   the   body   parenchyma   of
a.6a/a„oi.degandaretransportedtotheovariestoformyolk(glycolipovitellin).T±g_pancreaticgland
^allA  ^,  r,I,  I--___,__   ___   __-.__

/     _.::1£::s;.Il barnacl:s are active secretory cells secreting prot:-±a€eo-us ~material a6=r66-a-6i;-:a-g;;ife-.-
a,.---1.I_----.----;-=

INTRODUCTION

In  1948_ T6rnava published a detailed account  of the structure  of the  alimentary
tractLofB¢/¢#%;.mprot7i.£#Sandgaveafullreviewofallearlierworkonbarnacletracts.
Although  studies  have  since  been  published  on  specific  aspects  of the  alimentary
system  of barnacles.  sucb  as  the  salivary  glands  (see
structure  of the  cell  layer  beneath  the  midgut  epitr
n6  single  study  has  examined the  functional  morphology of

1967)  and the  ultra-
3RE=   HEm=   ELE=nEEE

modern  techniques.  Such a  study involving  both  histochemical  and  ultrastructural
techniques  has  been  made  on  the  British  sessile  barnacles  8.  b¢/¢#oj.des  (L.)  and
8. AonerJ. (Ascanius), with briefer comparative studies on a range of other barnacle
species.InitialstudiesconfirmedmanyofT6rnava'sfindingsfor8.j.owproDi.Swsandhis
description of the gut of this barnacle has been used as a basis of comparison in this
study.

MATERIALS AND  METHODS

LIGHT  MICROSCOPY

8.  ba!/b#oz.deS  were  collected  monthly  from  the  Menai  Strait,  and  jB.   AowerJ.
attached  to  horse  mussels  Mod;.a/wS wod;.a/ws  (L.), were dredged up off Langness,

I   Present  address:  I)epartment of Zoology  and  Comparative  Physiology,  Queen  Mary  College,
University of London, London, England.
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TABm I
Histochemical tests on wax sections.

Significance Reference

Bromphenol Blue
(deamination control)

Diazotizatjon coupling
(Diazo.)

p-Dimethylamino benzaldehyde
®MAB)

2,2'-Dihydroxy-6,6'-
djnaphthyl djsulphide
a)DI))

DI)D  (thioglycollate reduction)
DDI)  (nrethylmaleimide

block and  -CN reversal)
Baker's

Periodic Acid-Schjff
(PAS)/acetylation
control

PAS/diastase
Best's carmine
Mucihematein
Hale's dialysed iron
A]cian Blue pH  1.0

A]cjan Blue pH 2.5
RNAase control

Methyl-Green-Pyronin
(M-G-P)

M-G-P/RNAase control
M-G-P/DNAase control
Feulgen

Per]s' method
Alizarin Red S
Calcium Red
Djthizone
Benzidine
Rubearic acid
Molybdate method I
To]uidine Blue
Azure A

Ferric chloride
Basic fuchsjn/Fec13

Spirit Blue

Oxidation for elastic stain
Hejdenhai.n's Azan

Proteirls and amino acids
-NH2 groLlps

Tyrosine

Tryf)tophan

-SH groups alone

-SH and -SS groups
-SS groups alone

Tyrosjne

Carbokydrates
1  : 2-glycol groups  (general•carbohydrate)

Glycogen
GJycogen
Mucin
Acid mucopolysacchari des
Su]pl]ated mucopo)y-

saccharides
Acid mucopolysaccharides
Nucleic acid

Nueleic acids

RNA. and DNA

DNA
RNA
DNA

Irorgarlic const it uents

Ferric iron
Calcium
Calcium
Zinc
copper
Copper
Inorganic phosphate
Metachromasia
Ac id mucopolysaccharide?

a     Phenols
`Elastic' tissue

•Elastic' tissue

General stain

Ma2:ia et al.  (19S3)

Pearse (1960)

Chayen et al.  (1913)

Casse]man (1962)

Pearse  (1960)
Laskey (1950)
Pearse  (1960)
Pearse  (1968)

Kramer &
Wjndrum (1955)

Lison  (1936)
Horobin a/ a/.

(1974)
Elder & Owen

(1967)
Gabe  (1953)
Gray (1954)



Reference

Mazia ct a/.  (1953)

Pearse  (1960)

=hayen et al.  {1913)

:asselman  (1962)

'earse  (1960)

askey (1950)
earse  (1960)
earse  (1968)

arse  (1960)

lamer  &

Windrum  (1955)
)On  (1936)
robin et al,
:1974)
Ler  & Owen
1967)
be  (1953)
|y (1954)
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TABI.E 11

Histochemical tests on fresh-frozen sections.
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Test                                                                     Si gnificance                                            Reference

Sudan Black 8 jn
triethylphosphate

Sodium oc-naphthyl
phosphate with Fast
Violet 8 coupler

Naphthol AS-BI phosphate
with Red-Violet LB coupler

Naphthol AS acetate with
Fast Garnet GBC coupler

L-leucyl P-naphthyl-amide
with Fast Blue 8 coupler

6-bromo-2-naphthyl«-I)-
glucopyranosjde with Fast
Blue 8 coupler

Catechol

General lipid

Enzymes

Alkaline phosphatase

Acid phosphatase

Non -specific estel.ase

Leucine aminopeptidase
®rotease)

oc-g[ucosidase

(carbohydrase)

Polyphenol oxidase

Pearse  (1968)

Pearse  (1960)

Gomori  (1952)

Pearse  (1960)

Smyth  (1954)

Point, Isle of Man, in March and in November. The bodies of these barnacles  were

a:::kLyjt:i::etctcehd[ofrr:f:rLh,e::es[:sa.awnadte:x:do::nE#\¥j:;szeE,k;:;:.;ScL%_£:;s,„tsc3ranrowyj,:
wasalsocollect`edfromtheMenaiStra`itandCfifAa"¢/#gffe//¢f%£(Poli)atAberffraw,

±_ngLesfy:   Lepas  anatifera (L.),  Chelonibia testudinaria (L.)  and  Octolasmis  lowei
(Darwin) were all collected near Beau fort, N.  Carolina,  U.S.A.  The bodies of these
five barnacle species were fixed in sea-water Bouin only. Po//!.cz.peg ml./a//4 (L.) vyere
collected from Big Wave Bay, Hong Kong and their bodies fixed in Suza. In all cases,
the bodies were dehydrated after fixation, embedded in ester wax, and sectioned either
transversely  or  longitudinally  at  5  or  7 4m.  A  range  of  histochemical  tests  (see
Table  I)  was  applied  to  sections  of jB¢/¢#"s  ba!/¢#o!.deS  and  jB.  Aa!"cr!.,  and  fewer
comparative tests on the other species.

Furthermore, fresh bodies of B. ba!/a#oj.dew and 8. Aanerz. were supported in sodium
carboxymethyl  cellulose,  quenched  in  liquid  nitrogen  and  sectioned  at  lo #m in  a
cryostat.  These fresh-frozen sections were used in histochemical tests to detect lipid
andcertainenzymes(seeTablell).Cpntrolsectionsinthetestforlibidweredippedi~n
I  : I Chloroform : methanol before staining, and control sections for the enzyme tests
were incubated in a medium lacking the enzyme substrate. Fresh-frozen sections were
also used in histochemical tests for inorganic constituents (see Table I).

ELECTRON  MICROSCOPY

Alimentary  tracts  were  dissected  from  jB.  ba/a#oi.deS  collected  from  the  Menai
Strait during July, and fixed in 2 % Os04 in veEoj2±jfflgSj2± for 1.5 h at 4 °C.
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Thematerialwasthenwashedindistilledwater(30min),dehydrated,andembedded
inAraldite.Thinsectionswerecutwithglassknives,doublestainedwithuranyland
lead citrate (Pease,  1964) and examined in a GEC-AEI Corinth 275 electron micro-
scope.Thick(1ffm)AralditesectionsstainedwithToluidineBlue(1%in1%aqueous
borax solution) were examined in the light microscope.

FaecalpelletsofjB.4¢/¢mo!.de5werefixedandpreparedforultrastructuralexamina-
tion as above.

RESULTS

As in  the  case  of j}.  I.xprocii.5%S (T6rnava,  1948),  the  alimentary tracts  of all  the

t:ei:in:,¥C!;,t:h:eea:rfu::esdd::;j¥i::;:c't::d::::;:c}::=r::n::i]::::a;:A:o"f#!osh:gi:
i::;;:=%'yg;n°sfo¥.adi:tot:r]j:I:'aJ;Sane:n::::ec::tn°gt::dsg::I;::c:nat[esr;°cro:::tc't°:,:i:i:

anteriorregionofthemidgut(T6rnava,1948).BarnacleshaveavarietyofepidermaI

{#:;]epyr'o:::I);Tadyt:n°.I:rp8:rtg:tu:Sar°tf,:u:£e8;¥=±hp=i:?::i(aGnrduvt:,:

SALIVARY  GLANDS

Salivaryglands(Gruvel,1893a)aregroupsofepidermalglandswhichreleasethejr,
A+:__-+1-__--_1_ecretions through pores in the c-uticl;

cell has a laf85iiHs and
(see _I _ _-__   ___--a-_'t`-

5Fi6|piasmOasally,whilstapicallytherearemany

with non-granular contents  (Fig.  1)'. T

Walley,  1967).  In all species each gland

discrete granules  (I-3 #m diameter) -and- a few

glands - the labial

¥?3Pi¥f:TaE¥:
glands in the labial

glands consisted of

large vacuoles, (20-30 #m  diameter)
tw~Q~gunpLQL

iEe=±tiigLfifl_a;ran`aJbi_ _-`---^._ ----
first cirri, secretin

a single

ase of the oral cone and
contrast T6rnava (1948)

glands) in a.  ;.%ptooj.SwS.  In the  st.alked ba-rna-cles,+the'
labial glands were the larger of the t'wo groups of glands.I  _  _ _ __,._.  _ ....- y  u .-.. `-`..  |i-Liiauico,   llLc

The  histochemical characteristics  of the secretions  (apicai granules) pro9uced  by
the two glands of 8.  AamerJ. were different /see Table TTT`.  tha labial ttlanla  /.+a:-^|

(see Table Ill): the labial glands J(stai_ne_i` ---I _ -_ -s::rej::%aetahnedtt::sgi::`::o£::e-Blue in Fj
geal r6tein.

See Table Ill) both being glycoprotein in natu-re as in the_  _   __e  0_,  _-I--' --.,., I  A,I+,I+|\,   (+0111   ||Lt=
caseofthesuboesophagealglandof8.foa"er!..Fig.3showstheapicalgranulesofthe
lat)ialglandsofiB.Ga/a#o!.deSstainedpositivelybytbediazomethod.Inallglandcells
tbecontent;ofthelargevacuoleswerehistochemicallyidenticaltotheapicalgranules.

or     «opuledrtycow rJ#  aecjacu`  BQLwr
"  Pta"ifdytidS '    quL@ifapchi;a-

if y2Jue pe ers>edr rfeo` a;jco _
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Fig.  1.  iBa/a#i/a Aa"eri.:  suboesophageal  salivary  gland  showing  basal  cytoplasm  a.c.)  and  apical
secretion granules (sec.); s.g., suboesophageal ganglion~, scale bar, 400 "in: inset, cells open through

cuticular pores  (cut. p.); scale bar, 70 #m.
Fig.   2.   jBa/a»«s  Aame`ri':   a,   part   of  a   labial   gland   stained   with   Alcian   B]ue   ®H   1.0);   a.g..
apical granules, v., vatuo]e; scale bar, 80 "in: b, low power showing both labial glands stained with

Alcian Blue  (pH 2.5); scale bar, 300 «m.
Fig.  3.  -B¢/aHws ba/aJioi.des:  labial gland stained for tyrosine  (diazo method)  showing positive apical

granules (a.g.}: scale bar, 40 #m.
Fig.  4. £apas a"a/I/cm:  section through  a labial palp  with enclosed labial gland  cells  stained with
Azure A: gland cells in groups of four, two of the four staining darkly (purple) and two cells faintly
(turquoise);  cut.,  cuticle;  p.g.,  purple  granules;  s.,  seta;  t.g.,  turquoise  granules:  scale  bar,  70 „m.



188b

Bfi`    F;`-`i,v€{hi.;     D[    Dp,  prsh   ?:"`   'a,a

P.  S. RAINBOW AND G. WALKER

fat 'b

TABLE Ill

Histochemical characteristics of the apical granules of barnacle salivary glands: -negative reaction;
+   weakly  positive;   + +  positive;   + + +  strongly  positive;   + + + +  very strongly positive;

* P metachromasia.

Test Balanus haneri

Labial glands             Suboesophageal

gland

Bromphenol Blue
Diazo
DMAB
DDD (SH)
I)DD  (SH/SS)
DDD  (SS)
Baker's
PAS
PAS/diastase
Mucihematein
Hale's
Alcian Blue pH I.0
Alcian Blue pH 2.5
Toluidine Blue

Azure A
Azan

+

+++
+++
++
+

++++
++++

Balanus balanoides

Labial and suboesophageal
glands

++++
+
+

+++
+

++
++
++

+

Purple *                        Turquoise
Purple *                        Turquoise

Turquoise
Turquoise

B lue                      Bl ue/ Red/B ro wn                          B lue/Bro wn

Theapicalgranulesofthesuboesophagealglandoffep¢s4#afj/erastainedstrongly

::tnhd,t:led:ar:°nuTeestho°fdth(:y[ra°;i:,e);,i::£Ccaet,i,:go¥rr°i±~e::`::,;:ruasJfi:I:t,::::I.tfonctahteeg°otr:::
- those stained purple (P metachromasia) by Azure A and those stained turquoise,
as  shown  in  Fig.  4.  A  proportion  of these  gland  cells  stained  for  tyrosine  (diazo
method) and a proportion (presumably the remainder) for acid mucopolysaccharide

(Alcian Blue at pH 2.5). The ap'ical granules of both glands of Crfee/o#i.bj.a /eJ/wdJ.#a!r!.a
gave a positive reaction for the presence of tyrosine (protein).

The salivary glands of both B¢/anwS species gave negative reactions for the enzymes

given in Table 11, with the exception of slight alkaline phosphatase activity.

Fig. 9.  iBa/a##S ba/awol.des: electron micrograph showing the basal region of anterior midgut epi-
thelium:  b.I.,  basal ]amina; in., muscle cell;  n., nucleus of epjthelial cell:  scale  bar,  10 #m.

Hg.10. iBa/aHwS ba/a#oi.dos: electron micrograph showing mature cells  (in.c.) in process of extrusion
from epithelium of anterior midgut: b.c.,  basal cell; e.I.v., electron-lucent vaucoles; mic., microvjlli:

scale bar, 5 "in.
Fig.11. Ba/a#us 6a/awoJ'des: electron micrograph showing a mature cell in the apical region of anterior
midgut epjtheliun:  e.d.v.,  electron-dense  vacuoles;  e.I.v.,  electron-lucent  vaucoles;  mic..  microvjlli;
nit.,  mitochondrja;  n.,  nucleus;  sph.,  spherule;  t.j.,  tight junction;  v.,  vesicles:  scale  bar,  I.5  Pm.
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Fig. 5. Ba/a#wf ba/aHoi.deS: sagittal section through foregut showing the relationship of the mandjple
(in,) to the paragnathe (p.): a.in.g., anterior midgut; o., oesophagus; ph., pharypx: scale bar, 300 /ch.
Fig. 6.   Ocfo/asml.s /owei.:  longitudinal section of the `Magen';  mg., the region 6f the foregut leading

into the anterior midgut (a.mg.); o., oesophagus: scale bar, 60 «m.
Fig.  7.  Ba/a«J/S Aamcri.:  highly folded posterior midgut epithelium:  b.I., basal lamina;  n., nidi;  pin..

Perit`rophic membrane: scale bar, 30 "in.        f~ -

----::i_----------I:---:i---=-::-=::--_:---:-:--i-:-:i--::--:i--i-:-----:I:---
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FOREGUT

The cuticle-lined foregut of both 8. b¢/¢#oz.des and 8. ¢¢"eri. is very similar to that

;£;ha:rT#::+::dhf;:neli£¥iiii::ib:en;A:nyd^::elf;;:`;:;°j;h:r::,:ti:etr'£n:¥Sni:to:;"-_ - -  -

:T¥=¥r:,accu:=g=ncs:ttf:tffi=::;:I:roefg:::foofrte%eutw::[a:::::E±::=:=:#{
barnacles  examined  is  siinilar to  that  of B¢/¢»ws but  is  different  in  all  the  stalked
barrLaches.TnLepasanatifera,Pollicipesmitai=doctolasmisloweiposter.iortotha

~iehseor:h£:gnu;;::tap anded  to  give the
asin

into the midgut by way of a very wide opening, (Fig. 6). A
each,of the stalked species but the pharynx is very
material almost directl into the

In both B¢/¢n%s speci?§ the histochemical

short and

rind-    104n\/JFT

foregut passing

iidRERlnEEEi#E=RTrdHiHidrdprH=±NH#EmHEr

of the cells of the foregut
Which .il§J2€tdrr_in_a±ip;£:igiq (T6mava, 1948), are closely correl?ted with the charac-
teristics  of the  hypoderinal  cells  underlying  the  generall body  cuticle.  The  cells  at
tires ££±S±i±84jE]![£ggsg, (PAS-diastase)  and   were  usually  positive  for  alkaline+`qul ~~   .   .

phospHatase  apicHly. iBoth esterase  and  acid phosphatase were us.ually localized in
discreteareasapicallyinthecells.TheforegutcallsofjB.b¢/a#oj.des,butnotiB.AamGr;.,
sometimes gave a positive reaction for leucine aminopeptidase,  but no cx-glucosi~dase
activity was detected in the foregut cells of either species. The cuticle itself was usually
stained  by  carbohydrate-specific  stains  and  showed  enzyme  activity  on  only  one
occasion - the  cuticle  of the  foregut  of a jB.  A4wer!. giving esterase-positive region's.

MIDGUT,  MIDGUT  CAECA,  ANI) UNDERLYING TISSUES

The  mid ut  is  the ortion  of  the  cirri ede  alimentary  tract  and,  as  in
z.mproz)z.s#f (T6rnava, 1948), in both ]8. ba/a«o!.dos and 8. A4w€r/.

to seven mid8ut caeca or diverticula
rlse anteriorly

(coeca hepatica, T6rnava,  1948) and a p±!i,o£
). The midgut itself is often

separated  into `two  parts  (see  T6rna`Va,1948,` fo-rliferatinre  review) -tne  anterior
midgut  (the swollen anteriof portion) and the posterior midgut.  T6rnava separated
thetwomidgutregionsbecause,1)th-rioLmiifetulone`is._rEQLn_nLicted.to!he_Cag§±

#e±s:±±!is±!±±€9S(gland.ula,epa¥::ea.ii,C.?e..T9nFe€::£j!£|8

and the ;:;;;;a;;:a;:n:;,c::sde2;'ti?###t#:e¥iEgr:-Li::::::;or::;;::::-
Fig.  8.  Ba/a»z/s  ba/anol.dos:  diagram of the  anterior  midgut epithelium showing  a  basal  nidus  cell
(mid.  C.) which divides to  give rise to cells which pass apically but do not lose their connection with
the basement membrane (b.in.): these cells eventually extruded into the tract lumen: basement mem-
brane lies on a thick basal lamina a.  lam.) beneath which there are longitudinal  (I.in.) and circular
(C.in.)  muscle  zones:   specialized  cells  of the  stratum  perintestinale  (s.p.c.)  protrude  through  the
muscle layers and send processes through the basal lamina  to  make contact with the epithelial Cells:
e-d.b.,  electron-dense  body;  e-I.  vac.,  electron-lucent vacuole;  e-I.vs.,  electron-lucent  vesicle; ex.C.,
extruding  cell;  lip.,  lipid;  lys.,  lysosome,  in.,  microvilli;  mlm.  sph., multilamellate spherule; rn.v.b.

multjvesicular  body;  n.pr.,  neural  process;  nuc.,  nucleus  of epithelial  cell;  sph.,  spherule.

Nalau
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logical  evidence  of secretion.  No  evidence was  found in  any
second  criterion,  but the division  into anterior and posterior
for convenience.

:easeuc:a::;easa%:

DL.   Df`.,  Ptfa`  `L?ifo ``93.    Fdyl®

species  for T6rnava's
midgut is  maintained

Themidgutcaecaareblind-endi.ngtubulespassingt]othanteriorlyandposteriorly

Eg=n&t„%1(I,xi€;£%ornBn.e,?#Dornosv=,i't`hfE=-hi-i:-eirfffo.r5fffi.I£.tu.uTc_ann:oe[rltohriycaa=cdapno==re`dor:yyTES%n&:uas(%o4d8e)s:u°sr.Bi.:=.P:°"V,fs.u.S.m^:i_i_i_-_;S:e._fl6rLEhuGBnai°a.n:=s==annELdmae\=obfyn
E'minius  modestus.  CaeiE± wt`.. n; _-.-. ::_-:`=._':= 1:L UUU].

balanoides thirty days  after

five and possibly seven I)ranching caeca.
Theepitheliumliningboththeanteriorandposteriormidgutandthemidgutcaeca

isofonecommontype.Atthelightrfu.croscopeleveltheepithelialcellsareseentorest
onatbickbasallaminabeneathwhichtherearesmalllongitudinalmuscleswithinan
Outerringofcimiilarmno^la /T2!__p   -.^._`    £1_

Eg:_gRE:.midgut its-elf,  and =I

settlement  and  so  presumably

-__   ----  u'LJL'JJl  1`,11€

t°h:;erc:1::a°rfe:£r::t':rtFoussec]aer!:::n:::'::d498,!tfg:,fm¥:Cje£
external

byMonterosso(1923)forthemidg-i-;-;.Ii;

epitheliaofallspecjesexaminedbuti

ring of muscle blocks.

ofB.per/oraJ#S.CellsareforLedin-;;-nTr-e;.~ ,-,-.- v. -. I;t"/t"¢f#S. tells are I-ormed in centresofproliferation(nid*passtoeithersideascolumnarcellsandabutagainstmature
cellsfromadjacentnidi.Maturecellsareejectedfromtheepithelfumtot)ereplaced
bynewlyformedcells.Themidgutepitheliumof8.A¢mae„oftenappearedfolded

(Fig.7),thenidicontainingyoungcellspresentinthecryptsandthematurecellsat
the  Crests  0f the  folds.  The  same  cycle  of cell  formflt..nn  `17aa  f^ii.-i  :-  +` --..
-__=L,_      1 .-,-

'e  of cell  formation  was  found  in  the  midgut

omespecl.es(a.g.,j}.Ga/¢ngo;.JeS)theepithelium
_,----

there is, therefore, no separation into

and  the

was rarely folded.  In 8.
theepithelium,ofuniformheight,appearsstratified.Thematurecellsformadarkly

_.__  ...,.....,. iicit;lure,  no  separation into Crests  and

staining area apically.
Thestructureofthemidgutepitheliumof,B.6¢/a#o;.d€Sismoreeasilymadeoutat

the   electron  microsc,ope  level,   and  Fig.  8  is  a  schematic  representation   of  the
finestructure.Smallbasalcellsdivideandgiverisetocellswhichpassapicallyso
forminganapparentlystratifiedepithelium.Thesecellsdonot,However,Iosetheir
connection  with+he  haaA-,a_+  _____.

regions  between  adjacent  nidi-----. u. .ilvoLly ul closely appressed membranes (Fig. 9).-Tbe more i;iu~r:u;;|'|`s`.c;`iu:
tooccupytheapicalareaoftheepitheliumandarelinedwithmicrovilliwhichare
lostbeforethecellsarefinallyexpelledintothemidgutlumen(Fig.10).Therewere
manysmallvesicles(0.5#mdiameter)witbelectron-lucentcontentsclosetothebases
ofthelong(2.5#m)microvilliofthematurecells.Similarvacuoleswithelectron-
Iucentcontents(seeninFig.I1)werealsopresentthroughoutthecellsandrangedin
diameterfrom0.1to1.0#m.Tbemostapicalvacuoleswerethesmallestandthere
wasaprogressiveincreaseinsizebasally,suggestinguptakeofmaterialsintothecell.

consist mostly of
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The mature cells also contained further vacuoles, either with heterogeneous contents

(lysosomes,  0.2 4m  diameter) or with  compact electron-dense contents  (0.21).5 #m
diameter),  many  mitochondria,  multivesicular  bodies  (0.2|).6 #m)  and  free  ribo-
somes.  On  rare  occasions,  these  cells  also  contained  small  vacuoles  with  a  single
electron-dense spherule (0. Ire.3 pen diameter). Tight junctions were present between
the apical mature cells. As the calls continue to mature they come to contain a large
number  of lysosomes  and  before releasing  the  contents they become packed  with
vacuoles which finally coalesce (Fig.  10). At times the more basal cells in the epithe-
lium contained lipid droplets and Golgi bodies which appeared to be giving vacuoles
withelectron-lucentcontents.Nucleiwerenotusuallypresentinsectionsoftheapical
cells but were always present more basally, especially in the nidi where they were at
times fixed during the state of division. There was a limited infolding of the basement
membrane.

The  cells  of the midgut epithelia  of both 8.  b¢/4#oz.deS and  8.  ¢ameri. contained

TB¥t/a#;eGS-tpb)eeapni:hes,:aT::i,:eosfg;ytch°£e£:g{::::'tsoncsa::intehe°:jdpg::::I:acs:aastet)i.in::
contained lipid droplets but their size and distribution varied seasonally. The midgut
contained  no  lipid  droplets  in  March  1974 but  a month later the epithelium  of all
regions contained large droplets up to 35 #m diameter  (fig.  12).  In May and June
lipid droplets were still  present  in  all  regions but were much reduced in size (June,
maximumdiameter5#m).InJuly,August,andSeptemberdroplets(I-2#mdiameter)
were found only in the anterior midgut and caeca, and by October the midgut was
freeofalllipid.Droplets(upto6#mdiameter)re-appearedinthecellsoftheanterior
midgut  and caeca in  November,  but no  lipid  was present between  December  1974
and February  1975.  Lipid droplets  (up to 5 #m diameter) were again present in the
epithelium of all midgut regions in March  1975.  When 8.  ¢¢mcrz. were collected in
MarchandNovemberthemidgutcellsofallregionscontainedlipiddroplets(Fig.13).

In the epithelia of the anterior midgut and midgut caeca of both jB¢/a!#wJ species,
there were discrete regions  (lysosomes) positive for the hydrolytic enzymes esterase
andacidphosphatase.Weakalkalinephosphataseactivitywasusuallypresentapically
in these epithelia which were,  however,  negative for both c€-glucosidase and leucine
aminopeptidase. Discrete regions of acid phosphatase and esterase activity were also

present  in  the posterior midgut  epithelia  of both species  and which  also  contained
strong,  diffuse  esterase  activity  apically.  Alkaline  phosphatase  activity  was  again

present apically and the posterior midgut epithelia of both species were negative to
leucine  aminopeptidase.  On  rare  occasions  the  general  cytoplasm  of the  posterior
midgut epithelium of 8. b¢/4#oj.dos gave a positive reaction for a!-glucosidase.

hic men-
positively  for  both  mucopoly-brane  (Fig.  7).  In  jB¢/a#ws  this  membrane  stained

saccharides  and  protein  as  did  the  microvillous  region  of the  ebitheli;I  cells.-The

peritrophic membrane was not however readily visible with the electron microscop5.

univ®rsidade  d®  Sao  Paulo
ln.llluto  Oc3anogr4flc®

BIBLl?TECA
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TABI.B IV

Histochemical  characteristics  of the  apical  granules  in  barnacle  posterior  midgut   cells:  -negative
reaction;  + weakly positive;  + + positive;  + + + strongly positive;  + + + + very strongly positive.

Test                                                                  B. hameri                           B. balanoides

Bromphenol Blue
DMAB
Diazo
I)DD (SH/SS)
DI)D  (SH)
DDD  (SS)
Baker's
PAS
PAS/diastase
Hale's
Mucihematein
Alcian Blue pH  I.0

Alcian Blue pH 2.5 .

Methyl-Green-Pyrohin
M-G-P/RNAase
M-G-P/DNAase
Feul8en
Perls'

Alizarin Red
Azan Light Blue Light Blue

Faecal  pellets  which  are enclosed  by the membrane were,  therefore,  examined and
Fig.  14  shows  the  electron-1ucent  nature  of the  membrane,  a  feature  that explains
its apparent absence from sections of the midgut.

The  cells  of the  most  posterior  regions  of the  midgut  of both  jB¢/¢##J  species
contained apical granules, 0.5-I qm diameter (Fig.  15). The histochemical character-
istics  of these  granules  (Table  IV)  indicated  thay  they  consist  of  acid  mucopoly-

Fig.  15.  Ba/a##S Aamerl.:  transverse  section of the posterior midgut  showing peritrophic  membrane
(p.in.)  and  apical  granules  (arrowed)  within  the  epithelial  cells:  P.A.S.  stained:  b.I.,  basal  ]amina;

I.,  lumen of posterior midgut:  scale bar 70 «m.
Fig.  16.  £epas &72afJ./era:  midgut  epithelium  cells  with  positive  apical  granules  (PAS  stained):  b.I.,

basal lamina; I., lumen of midgut; mic., microvilli: scale bar 30 4m.
Fig.  17. Irt?par arm/J./era: midgut epithelial cells showing granules throughout the cytoplasm, stained

with Hale's reagent: I., lumen of midgut; mic., microvilli: scale bar,15 4m.
Fig.  18.  iBa/a##s  ba/a#oides:  anterior  midgut:  electron  micrograph'  showirig  processes  (arrows)  of
Stratum  perintestinale,  cell  (s.p.)  passing through the  basal lamina  (b.I.):  c.in., circular muscle Cell;

e., epithelial cell; n., nucleus of circular muscle cell:  scale bar,  3 „m.
Fig.   19.  iBa/¢#wS  ba/cr#oi.des:  electron  micrograph  showing  neural  processes   (n.p.)  between  basal
epithelial Cell  (b.c.) and basal lamina  (b.I.) in anterior midgut epithelium:  c.in., circular muscle Cell;

n., nucleus of epithelial cell:  scale bar, 3 #m.

i
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saccharide.   Similar   acid  mucopolysaccharide  granules   were   also  present  in   the

?:.s.`.:I:i::==!idg.I:_ceH=.o£Lep?:anqtifera(F.ig.1i),pollicip;;-mi-t;ira,r=i:.8h;i`;;;;attehs.t^u`::nha^r`i`=. :^he^`=±±S~u_t_ ce,l±  o£. ±`epa; akatifi;a  atsi` ==;;ii-==-: -:i*er-'.£av=3|=
throughout  the  cytoplasm  (Fig.   17);  these  granules  stained  strongly  with  Perls'

(indicatingferriciron)andHale'sreagentsbutwerenegativetobothPASandAlcian
Blue.  The positive  reaction  here  to  Hale's  reagent probably does  not indicate acid
mucopolysaccharide since this  method involves the initial attachment of ferric iron
to  the  mucopolysaccharide and the subsequent localization  of this iron.  The Perls'

positive granules were also present in other barnacles such as Po//!.cjpeJ „j.fe//4 and
Bdra#% ha%erj. Out were absent from the midgut cells of a. 6a!/anoj.deS when viewed
under the light microscope.

?=3=QatnhFfhher^=:dT:ae.P^£:+eE`:=T.o\th=.ba.Sol:an:na(.0.6.rmthickinB.balanoides)consistsoffibrousmaterial(Fig..18).Thelaminahastbehistochemicalcharacteristics

TABLE V
Histochemical  characteristics  of parasoma of the stratum perintestinale cells of .a.  Aa"erJ.,  and  of

globules in the prosomal parenchyma of summer .8. 6a/areol.deS.

Test

Bromphenol Blue
DMAB
Diazo
DDD (SH/SS)
DDD (SH)
Baker's
PAS
PAS/diastase
Best's carmine

Hale's
Mucihematejn
Alcian Blue pH I.0
Alcian Blue pH 2.5
Alcian Blue pH 2.5/RNAase
Methyl-Green-Pyronin
M-G-P/RNAase
M-G-PPNAase
Feulgen
Basic Fuchsin-FecJ3
0xidation/Basic Fuchsin-Fecl9
Toluidine Blue
Azure A
Azan

8. hameri
Parasoma

•     B. balanoides
Prosomal parenchyma

globules

+

++++
+++

++++
+

+++
+++

No metachromasia
No metachromasia

Red
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8. balanoides
Prosomal parenchyma

globules

spT± cell layer - the stratum

of  invertebrate  `elastic.  tissue  (Elder  &  Owen,   1967)  taking  up  vertebrate  elastic
stains only after strong precoxidation. Neural processes (0.6 #m diameter) containing
electron-dense vesicles were occasionally fouiid between the basement membrane and
the basal lamina and are shown in Fig.  19.

Beneath the circular muscle layer surrounding all regions of thej!±i4g!±±j±g£§jstl-
(T6rnava,  1948).  As  described  by

Koulish  (1971,  1976) ayer send processes through the basal lamina
to make contact with the hidgut epithelial cells (Fig.18). These cell processes could be
detected  with the light microscope  and stained positively for mucopolysaccharides,

probably  a  feature  of the  closely  adjacent  cell  membranes.  In  8.  fe¢"erJ.,  but not
8.  44/¢#o!.c7es, the cells of the stratum perintestinale contained glycogen in the spring,
and the cell contents  of both species  stained strongly with mucihematein.  The  cells
also contained globular bodies  (parasoma, see Monterosso,  1926,  1927) which were

particularly common in jB! hawcri.. These parasoma gave a positive reaction to histo-
chemical tests for sulphur{ontaining proteins and nucleic acids (see Table V). FrQsh-
frozen sections, Araldite sections of Os04 fixed material, and rinstained wax sections
of material fixed in Clarke';, all contained spherules (0.5-5 #m diameter) in the cells
of  the  stratum  perintestinale  as  well  as  in  the  adjacent-parenchyma  cells. .These
spherules remained unstained when tested for zinc, calcium, ferric i.ron, copper, and
inorganic phosphate in both wax and fresh-frozen  sections.  In oblique fresh-fro
sectionsthecytoplasmofthestratumperintestinalecellstookupalizarinred(calciu

The parenchyma cells of the prosoma of .a. b¢/a;Ioj.des were positive for glycogen!
deposits being built-up during the spring and summer. Fig. 20a shows a section of the

prosoma  stained  for  glycogen  whilst  Fig.  20b  shows  an  adjacent  section  similarly
stained but after digestion with diastase. The same parenchyma cells also store lipid
droplets, the amount varying seasonally.  Lipid is absent in the winter (November to
March) and particularly prevalent in spring and early summer (April to June). During
the summer the droplets  became progressively restricted to the regions  of the body
nearest  to  the  mantle tissues  (containing the  ovaries)  before  being  lost  altogether.
No lipid droplets were present in the prosomal parenchyma of 8. fe¢werJ. collected in
November, although a few were present in March. In addition to glycogen and lipid,
the prosomal parenchyma of ,a. b¢/a#oi.des contained glycoprotein globules,1-15 #m
in diameter (see Table V): their presence varied seasonally, being present from March
to mid-summer and like the lipid droplets-, being lost from the body - apparently to
the mantle tissues.

PANCREATIC  GLANDS

All the species studied have a pair of pancreatic glands,

9_n±:riLOLr`:mj.dL±:±L_biqgeLnsofaE±±sr_ei=t±~±::±£:#;.(see`Fi;
+- _- _=r__I_ ------.-- `

gerie#:¥#j,,!suetesi-:igt.h:I:an?;ca'o,'a¢tJe:;J;;:swae,:'i.,-|aT£-`\

each being connected to the---- \ ---` -------
'haiarius`tEihade'ra=[`ir.ri;wieffit

times also overlapping the caeca lateroventralia norienclature affe; r T6rnav&-,  1948)

::-:,L,i.::.3C--
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Theglandsarebran#

=='ag:.2£=.Ba.`3nn¥_b?En^o:d_e.S_...?..=e_5:}onth:ou.g9apFoso"&t!erstathingtorgivcogen(Bee(scanmine).,
2::'e„bma:.:?yoc:gme;b;rceos::rto't£::tj::os::i:£:;Orro8o±=~L¥ppa:ef;ecrh;Le;tr(ep:tpT)enbtuT£;:nds'p¥ctuasoeu;s:;a:eb:eanr:

from the stratum perintestinale  (s.p.): a.in.g., anterior midgut; p.in.g., posterior midgut. `    `
Fig. 21.  OcJo/aS"..S /owe..:  section Showing the duct  (d.) connecting the pancreatic gland, a.g.) and

anterior midgut (a.in.g.): s+cale bar,  120 #m.
Fig.  22.  jBaJan% Aameri.:  pancreatic gland cells: I., lumen of gland; vac.. vacuoles: scale Oar,  40 #m.

ular organs composed of large columnar epithelial cells_____    -I ---- `-`_-   --=``{

£Tshe£]Cfr#hs:nt:::::::hned::I:hcey:i]iat'r:?caryosdceosj:i:::::]r[st|-ea;:i:hdej]::i:c;°::Fcea#:`s|t
border,largcOasalnuclei,andrestonathinbasementmemdranebeneathwhich|here
arethinlongitudinalafidcircularmuscles.Thelum`en`ofea6hglandcon'tainsmaterial

app::::n;:ycudoe]:'sve(3_fi;°„=t:,:a£::::}efe:ep£:::dreen8t[°,:St::t:[eah[im:ei,sepj;h;I.[a;;C:I;:;.
(fig.22)andtheseapparentlycontainacedmulatiodsofsecreto~ryria+tefial.Pancreatic
duct cells, although smaller, resemble the cells of the glands.themselves.            'I

Fig.23isanelectron-riicrographofatypicalpancreaticglandcellof8.b¢/a#oJ.deJ.
Shortmicrovilliaresparselydistributedattheapicalsurface.Eachcellispackedwith
roughendoplasmicreticulumwhichishighlyswollenapicallyowingtotheaccumula-
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Fig.  23.  iBa/aus ba/a„ol.dos: electron micrograph of pancreatic gland cell showing apjcal microvilli
(mic.), large nucleus (n;), and rough endoplasmic retjculum (r.e.r.);` lys.`, lysosome: Scale bar, 6 #m.
Fig. 24. .Ba/a#us ba/a#oi.dos: high power electrori micrograph of a lysosome (lys.') within a pancreatic
gland cell:  in.v.b.,  multivesicular. body; n., nucleus; r.e.r.,  rough endoplasmic reticulumi  scale..'bar,

0.15 prm.
Fig. 25. Ba/a%us ba/a*oi.deS: electron micrograph showing the  `cytoplasmic'  masses  (cyt.  in.)  in the
lumen of the pancreatic gland: h.g.c., homogeneous granular contents: scale bar,  10 "in.
Fig.  26.  ,Ba/aRus  Aameri.:  a`,  pancreatic  gland  cells  stained  with  MethylLGreen-Pyronin  (M-G-P);
scale bar.  70 #m:  b.  control section after pretreatment  With  RNAase:  e.;` epithelium`df pancreatic

gland; I..  Iumen of pancreatic gland; n., nuclei: scale bar, 70 „m.



B
ffi   ffiE

er®
€    8[,   rp{!"\  S

pr,   `ofl   O
j.   F

4£

P. S. R
A

IN
B

O
W

 A
N

D
 G

. W
A

L
K

E
R

-+
+

+
I  ,  +

+
i i  ,  I  ,   ,  Z

++
I
+

I
+

+
+

+
+

+
  ,  +

  ,,,,,,  I  ,  I  ,  I  ,
+

+

+
+

5
+

+
+

  I  +
.+

+
  ,  +

  ,  I  ,  I  ,  I  ,   ,   ,  f
+        +          --       a

I
I
I
f
 
+

 
 
,
 
 
+

+
 
 
,
,
,
,
,
,
,
,
,
,
,
.
f
 
a

I+
+

+
+

IIII  ,

If i ,  +
+

+
 , +

 --

200



-i   :    ,   :

BR   SHC*}a     D|.,  Dp.  PP,  04.  03.   F`q9

THE BARNACLE ALIMENTARY TRACT                                        201

tion  of  secretory  material.  The  cells  also  contain  multivesicular  bodies   (0.3 #m
diameter)apically,Golgibodies,lysosomes,anddarkbodies.Thelys`osomes(14#m
diameter)areirregularlyshapedwithheterogeneouscontents(Fig.24).Darkbodies

(0.4#mdiameter)containsmalldenselypackedvesicleswithelectron-densecontents.
Nucleiarelargeandoftenlobulated.AsmayOeseenfromFig.25theglandlumen
contents  consist  in  part  of  cytoplasmic  masses whi'gh  are  the  b'udded  dff  apical

:::I:sn:a?,fyt::cekpe[:h:I,'tah[:::[£,;asRE`E#uggi`;;a?:,rc°=utTcji,'u9£[a);dT::::ummaas3:;
disintegratetogivetheremainingcontentsofthe`glandlumen(Fig.25).

The  histochemical  reactions  of the  pancreatic  glal!ds  of a.  A¢meri. are  given  in
Table  VI.  Tbe  cytoplasm  of the  cells  contains  much  RNA.  (Fig.  26).  The  ajical
vacuolescontainproteinaceousmaterialasdoestheglandlumen.Itappears,therefore,
thatpancreaticglandcellsarehighlyactiveprotein-secretingcells.Theidentificartion
attheelectronmicroscopeleveloftheirregularlyshatiedcellorganellesaslysos'omes
isconfirmedbyenzymehistochemistry.Thepancreaticcellsofboth,Ba/a!##Sspecies
contain  smaH  discrete areas positive for acid phosphatase and non-specific esterase

(alsoforleucineaminopeptidaseinjB.Aa!%en.).Discretealkalinephosphataseactivity
wasalsolocalizedinthecytoplasmwithattimesaweakgeneralactivityapically.The
glandcellshowevershowedlittleevidenceforthepresenceofdigestivecarbobydrases
orproteases.Bothspeciesgavenegativeresultsforoc-glucosidaseandtheglandcellsof
8.  A¢merJ.  alone  showed  leucine  aminopeptidase  activity,  and  that  inconsistently.
Thecytoplasmofthepancreaticglandcellsof8.ba/¢#o!.defshowedaweakgeneral
positive reaction to esterase.

HINDGUT

T6rnava (1948)
but the hindgut of

osterior

(the

leadstoamuchfolded
::VtjhdeB:I:;¢%uot,.i;;:-;i::d8%?sf£;::::°n";.:::efnntt,;:i:[rd:ed8!:tnos/v
___,     ,                 I    ,                  ,

muscular re
acts  as  a  s

anal chamber) from which t
region  leads

eaeo(stebeoTe6rfl|:pvaa;u]gH4a:i

ion of the
posteriorly  into

e slit-like anus opens.  The

hindgut which
a  wide  chamber

and the histochemical characteristics of the
iilliqgui are slmilar t`o tbose already described for the foregut.  Tlie folded epithe.Iial
layeroftheanterior'regig.nofthehindgutistqllcomp`aredwiththenon-foldedthin
ar`;+Lal:n--^fLl__   _        1     .          .

_ .__-  __  ,i--  ,TL,LL,,wL,u  wi.ii.  lilt;  iiuiL-iuiuea  tnln
epitheliumoftheanalch;mber.Thecuticularliningisnotsimpleandint.heanterior
f°',due:a:eLg'L°,n+Ltpe_I+:.:re.?ftenS¥allSetules(3-5#mlong)extendingintothelumen.

In each of the stalked

i:=:::===:E=:£=:£E£3=±=¥SsiE£Jz8s±sdenei±ee±in
finalw`decELa\ehamber,ea:\;Bat:n_i

that o[ Balanus.
nd  this  is  small

The hindgut has a



202

BR``    Ft3tf<,Qfj*t=      g,\,i      DP¢   PP`  9fl    ®g`   F`+tr:~*3,

P. S. RAINBOW ANI) G. WALKER

DISCUSSION

The  secretions  of barnacle  salivary glands  birid  foo'd  material prior to  ingestion

(Gruvel,  1893a).  The  suboesophageal gland is  in  such  a position  that its  secretion
wouldcomeintocontactwithmaterialbeingpassedforwardfromthesecondand]ater
pairs of cirri to the oral cone and first cini. The labial gland secretion mixes with the

.,jc.,J~

food as it reaches the mouthparts. The secretions of the
common  chemical composition.  The

secrete

glands do not have
gland  of 8.  Aa7#eri. and  both

aglycopideH6TufiEEiffi=rglandsof]B.A¢werz.secrete

scribed  intermediate  he

::soa;idag=:::S£:gsfih#=„:,:;eh„g[s=deste°;r:t#e:i°a"c'.::4us'e:'a"tg'#:i'.'.€na:fditt|:nsThb:
s,a_l}vary  secFch?ns  o[ Lepas  hilli ul Balanus perforatus .contain tyrosine  (prote.in)\>

(Thomas,  1944) and the histochemical characteristics of the salivary gland secretions
of Crfe/Aan¢/#F S/a//a/#s (Bocquet-V5drine & Ovechko,  1960) indicate a glycopr.otein.
The  labial  glands  of fepali ¢#¢fi/€ro distinctively  produce  two  different  secretions
- one  proteinaceous  and  the  other  an  acid  mucopolysaccharide - apparently  in  a
fixed pattern in each group of four cells.

Both glycoproteins and mucopolysaccharides may be major constituents of mucous
secretions (Gottschalk & Graham,1966; Hunt,  1970) and so either would be able to
carry out theTfofetrl-tJod-binding. 1tfippears surprising that two chemically different
secretions would perform an identical role in a single species such as Ba!/¢##S A¢mer!. or
Zrfe'p¢s a!#¢/}/er¢. It is possible, therefore, tbat in these species at least the secretions do
not act solely as food-binding material. The glycoprotein secretions may be digestive
enzymes  as  found  by  Got  &  Marnay  (1968)  for the  snail  fie/j.x poma!f!.¢.  Another
possibleinterpretationisthatthesituationfoundinthelabialglandsoffepasfl!ro/j/e"
represents an ancestral crustacean cycle of mucous secretion and that the production
of a single secretory product  (either glycoprotein or acid mucopolysaccharide) is a
secondary specialization. Evidence for this second interpretation is found in the work
of Gabe (1960) on three groups of epidermal  salivary glands in the  isopod, i4#i./ocro
pkyJodeLs, where two of these groups of glands produce both acid mucopolysaccharide
and glycoprotein as part of one secretory cycle.

The  cells  of the  pancreatic  glands  of all  the  barnacle  species  investigated  were
histologically  distinct  from  those  of the  midgut  and  midgut  caeca  when  present.
This  may not represent the situation in  all  barnacles  since  Gruvel  (1893b)  has  de-

.g.,  in  Conchoderma  uirgatum.  T.he
epithelium of the caeca of B¢/4#ws is identical with that of the rest of the midgut and
the caeca probably represent simple extensions of midgut surface area. As reviewed

ler  aut ors `have  interpreted  the  histology  of'the .midgut
epithelium in several ways.  Monterosso
in the midgut of ,a.

(1923) described the cyc.Ie of cell. formation
per/or4/#S and this cell cycle agrees Well with the situation in the

midgut, midgut caeca, and pancreatic glands. T6r'nava (1948) `described two kinds of
epithelial cells in the midgut of 8.  I.wprooz.sws -those showing balloon secretion and
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cellswithoutit.Thisinterpretationcouldnotbeappliedtoanyofthespeciesexamined
here and T6rnava is inconsistent when illustrating balloon secretion. One illustration

(Fig.  41,  Plate  VI,  T'6rnava,  1948)  shows  extrusion  of mature  epithelial  cells  as
described  by  Monterosso  (1923}  and  the  following  illustration  (Fig.  42,  Plate  VI,
T6rnava,1948)  shows  material  emerging  from  a  regular  columnar ,epithelium -

e secretion of the
in all midgut reedons

peritrophic membrane.
typicalofabsorptive

cells. riere are many long microvilli at the base of which are small vesicles (probably

pinocytotic  vesicles)  which  coalesce  and  continu`e  to  increase  in  size  (possibly  by
combiningwithprimarylysosomes)inthecell.Thecellscontainlysosomesinaddition,
to accumulations of intracellular lipid and many mitochondria. asiiREunctions
ensure that there is no direct uptake into the intercellular space. The bastment men-
brane  shows  some  infolding.  The
accumulation indicates that

histochemical  evidence
occurs in

accumulation suggest that

for  glycogen  and  lipid
regions_9_f

the anterior midgut and caeca are the major
absorbing regions, althougb absorption by the posterior midgut may also be signifi-
cant. The midgut also secretes the hic membrane and

enzymes, which are released when

may be th?  -
mature cells disin`tegrate

on  being  extruded  from  the  epithelium.   This  appears  to  be  the  situation  in  the
posterior midgut where the high apical concentration of esterase in the epithelium
(as seen under the light microscope) appears to be related to the presence of mature
apical  cells  laden  with  lysosomes just  before  extrusion  (as  seen  with  the  electron
microscope).

rjd`=-:ea:I:.r;=rQ9::-:i:==ei.:s`:ri:s:o°cfL`:-::jE;i`:'=as#a::Cs±:::rc::i;I:i::t3;en:i-iQ;°t'shiTj:::9n::`|:ts;:;-:3-;--^-
o found that certain insect peritrophic membranes consist of between 21 -and 47 %

protein and b-etween 3.7 and  12.9 %  Chitin,  and also  contain mucopolysaccharides.
Similarly  Peters  (1968)  has  found  that  peritrophic  membranes  consist  of  chitin-
Containing  microfibrils  in  a  mucoprotein  ground`  substance;  Richards  &  Richards

(1971) described the peritrgphic membrane of 4edes aegj/pfl. as containing a chitin-.
protein complex.

The  cells  of the  most posterior  region  of the  mi.dgut  of barnacles  contain  acid

ng:;g=:::::::F::+i;dc:[£::a:t[e:na:;Ct::?;oann:htr:eus:hwt::nh:::rge;:.doE£?r`;:¥e'c:::

:aj:£E££::i:i::„ne,a;ea::S::;i:et::a:i:[€:tt::[[tsh:ff:£#c"t::':?:::'s::;'ic:.:::e:i'.;e:'h¢:
midgut epithelium of 8. ba!/z}#oi.des. Walker ef 4/. (1975a) have dete.Cjg4,i.r=gE±nLm;±8±±i+

ranules of I. bLrxL¥y-
All regions of the midgut epithelium rest on an elastic basal lamina, so that it is

surrounded by an  elastic envelope which in.aintains its  shape and acts against Con-
tracting  circular  muscles.  Mabillot  (1954)  found  similar  elastic  tissue  in` the  basal
membrane of the midgut of the amphipod G4mw¢rwS pw/e#.
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The ultrastructure  of tissue directly beneath the midgut basal  lamina  of balanid
~---1^^   I__   1__  _   _    ..,--ated in#iffis,¥jof the  processesthe

1971,1976).  He has described

midgut-;i=:ieiYiLi--anrjvc-;;.ci:a'::u:::tJ::emy[anr:::rva;rv:d~Pjenrftnrtae£:;noar[::I::et:a:::
amounts  of glycogen  are  present  in  the  adjacent  parenchyma,  jt  was   surprising
that  no  glycogen  was  found  in  the  stratum  perintestinale  of  8.  G¢/¢#oj.def. .The
cytoplasm  does  stain  strongly  with  mucihematein  and  this  might  represent  cart)o-
hydrate material in transit to parenchyma cells. Furthermore, carbohydrate  may I)e
translocated across the stratum perintestinale cells in the form of free sugars before
beingconvertedtoglycogenintheparenchymatoustissue.Suchsugarswouldbelost
during processing.  The parasomal  corpuscles  have  similar histochemical  character-
istics  to  the parasomes  (`Nebenkern') of the gland  cells  of salamanders  and  snails

(Gabe,  1958)  and  probably  contain  nucleoprotein,  the  `Nebenkern'  being  closely
associatedwiththeergastoplasm(rougbendoplasmicreticulum)ofthecell(Hague-
nau,   1958).  The  large  spherules  in  the  stratum  perintestinale  cells  and  prosoma

parenchymacellsofbarnacleshav60eendescrit)edt)yWalkereJ¢/.(1975a,b)who
foimri   that  +1io`,  ^^..:^+  ___I.__      ^    .           .          _

________,_  v ,,,-. L`,IL   tH   w..   \I.77ja,   L7/  w[lo

;:a;t::bhft:ht:.t:i;;jfac:a::;.s_.;so:`==±=¥±§:::::=±=:hg£:a,na:kesof,s:a:n:tn,ghsou¥:::tr:that  the  granules  are
accumulations of waste material.

and may  reflect  a  possible  role  as  non-toxic

The  parenchyma  cells  in  the  prosoma  contain  seasonally  varying  amounts  of

g¥:a°6g:]=:]i:::=aensdtg'yoce°3;::tej:pg'o°n°='eens=£ea:nfeese'dpna:n]enss%rT::]aaynsd°:a(Ill;6:!£°=:r:
and  lipid  and  glycogen  levels  increased  slightly in  the  autumn  after  the  release  of

gametes,perhapsinresponsetoanau[umnalplanktonicbloom.Barnes&Blackstock
(1975)  furthermore  found  an  increase  in  alkaline  phosphatase  activity in  I)arnacle
tlody tissue,  apparently  associated with metabolic processes  induced  by the  spring
increase.  Lipid droplets and glycoprotein globules are accumulated in the same cells
andinlatesummerbotbarelostfromthebodypossiblytothemantlesurrounding
the ovaries.  Eggs  and first stage nauplii  later contain this  lipid and glycoprotein as
constituents  of the yolk  (Rainbow  & Walker,  unpuol.)  which is probat)ly a glyco-
lipovitellin as in many other crustaceans.

ThecellsofthepancreaticglandshavelargenucleiandRNA-righcytoplasmand~
the  ultrastructural  characteristics  of  active  secretory  cells.  Prdteinaceous  inaterial
accumulatesapicallybeforebeingreleasedintotheglandlu'men.The`discr;telocaliza'-
tionofacidphosphatase,esterase,andoccasionalleucineaminppeptidaseactivjtyin
thepancreaticglandcellsmay6einterpretedaslysosomal,andalkalinephosphratase.I
activityisproba6lyindicativeofri6osgmalproteinsynthesis.Rainbow(unpubl.)has
foundhighconcentrationsofamylaseandproteaseinthepancreaticglands,andsoit
would appear that the pancreatic glands secrete digestive enzymes.

Theforegutandhindgutplaylittlepartindigestionandabsorpti8n.Histochem,ical
evidenceinthisstudyisconsistentwiththeot)servationthattheepithelialcellssecrete
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a cuticular lining, part of which is later resorbed  (see Davis,  Fyhn  & Fyhn,  1973).
The variability of the histochemical results is probably a result of the metabolism of
these cells relative to the moulting cycle.

ACKNOWLEDGEMENTS

We wish to thank Professor D. J.  Crisp, for his help and encouragement during
this work,  and Drs  Ll.  G.  Gruffydd,  L. J.  Rees,  and J.  A.  Nott for advice on the
manuscript. We are grateful for much editorial assistance. We also thank Mr D. C.
Williams for photography,  Mrs S.  C.  Walker for ultramicrotomy, and Mr D.  A.
Davies for technical assistance with the electron microscope. One of us (P.S.R.) held
a N.E.R.C. studentship during this work.

REFERENCES

BARNEs. H., M. BARNEs & D. M. FINLAvsoN, 1963. The seasonal changes in body weight, biochemical
composition,  and oxygen uptake of two common boreo-arctic cirripedes,  ]Ba/anz/S ba/awol.des and
8. balanus. I. mar. biol. Ass. .U.K., Vol. 43, pp. \8S-2\l.

BARNES, H.  & J. BLACKSToCK.  1975. Seasonal changes in the non-specific phos|)hatase activities  and
their  relation  to  other  metabolic  activities  in  ,Ba/alaels  ba/anoi.deer  (L.)  and  ]8.  ba/adzey  (L.).  In,
Proc. 9lA Ewrop. mar. bl.a/. Symjp., edited by H. Barnes, Aberdeen University Press Ltd. Aberdeen,
pp. 287-298.

BoCQUET-V£DRINE.  J.   &  N.  OvECHKo,   1960.   Contribution  a  l'etude  des  "glandes  salivaires"  de
Chthdmalus  stellalus  (Pail).  Bull.  Soc.  Iinn.  Normandie, I.  10, pp.  106-\18.

CASsELMAN,  W.  G.  8..  1962.  fftsfocheml.ca/ /echHI.qwc.  Methuen,  London,  pp.  3144.
CHAyEN,  J.,  L.  BITENSKy  &  R.  G.  BUTCHER,  1973.  Pracfi.ca/ Ai.ffochemi.S/r);.  John  Wiley  &  Sons,

London, 271  pp.
DAVIS, C.  W.,  U.  E.  H.  FyHN & H. J.  FyHN,  1973.  The intermolt cycle of cirripeds:  criteria for its

sta\ges arid its du\atton in Balanus amphitrite.  Biol.  Bull.  mar.  biol. Lab.,  Woods  Hole, Vol.  14S,

~DEPpwl:i:Ti:2&C.JEUN]AuxW62.Surlessubstancesorganiquescoustituantlamembraneperitro-
phi\que des inseetes.  Archs tnt. Physiol. Biochim., I. ]0, pp. 93-96.

ELDER, H.  Y.  & G.  OwEN,  1967.  Occurrence of "elastic"  fibres in  the invertebrates.  J.  Zoo/. £oHd.,
Vol.152' pp.  ,-8.

GABE, M., 1953. Sur quelques applications de la coloration par la fuchsine paraldehyde. Bw//. MI.crosc.
app/., T.  3. pp.153-162.

GABE,  M.,  1958.  Caracteres  histochimiques  des  parasomes  de  certaines  cellules  glandulaires.  C.r.
hebd. Sednc. Acad. Sci., Paris. D, I. 241, Dp.1901-1909.

GABE,  M.,  1960.  Donnees  histochimiques  sur  les  glandes  exocrines  cephalothoraciques  d'4#i./ocra
physodes Leach. Annls  Histochirn., I. S, pp. 55rf3.

GOMORI, G.,1952.  Histochemistry of esterases. J„f.  ,ReD.  C'j;/a/., Vol.I. pp.  323-335.
GOT, R.  & A.  MARNA¥,  1968. Isolement, purification, et quelques caracteristiques physicochimiques

de deux ¢-hexosidases du sue digestif d'He/i.x poma/I.a. E«rap. /. Bi.ochem., Vol. 4, pp. 240-246,
GOTTSCHALK, A.  & E.  R.  8.  GRAHAM,1966.  The basic structure of glycoproteius.  In,  r#e pro/el.us,

edited by H. Neurath, Academic Press, New York and London, Vol. IV, Ch.  19.
GRAY, P.,19S4. The microtomist'sf iormulary and guide. Corista|ble imd Co., London, 794 PP.

~  GRUVEL,  A.,  1893a.  Sur  l'armature  buccale  et  une  nouvelle  glande  digestive  des  Cirrhipedes.  C'.r.
hebd. S6anc. Acad. Sci., Parisr`T.Ill, Dp. 8S8-86l.

4¢ GRuvEL,  A.,  1893b.  Contributiori a  l'etude  des  Cjrrhipedes.  Archs  Zoo/.  ejcp.  ge#.,  3e  serie,  T.  I,
pp.  401-610.

HAoUENAU,  F.,   1958.  The  ergastoplasm:   its  history,  ultrastructure,  and  biochemistry.  /»/.  Jieo.
Cy/a/., Vol.  7, pp. 425483.



Br`  RJcoC~   BL    npn  PP,  Llio 0

206

X

P. S. RAINBOW AND G. WALKER

HOROBIN. R. W.,  L.  FI.EMMING  & I.  M.  REvll.L-DAvlEs,1974.  Basic fuchsinferric chloride: a simplifi-
cation of Weigert's resorcin-fuchsin stain for elastic fibres.  S/ai.n  rech#o/.,  Vol.  49.  pp.  207-210.

•,`5u_:.:...3:.:9].O=:olT.==C_4ariqe-Protei?c?mpl.exes_ininD?rtebrates.Aicaderhic.Press,i:;I:i[;;-32;i-;.
`KouLlsH, S.,1971. Fine structure at the basal surface of intestinal epithelium in the midgut region of

the  Balanidae,  with  special  reference  lo  "neural-like"  processes.  J.  "orpfr.,  Vol.  135,  pp.  I-12.
Koul.ISH,  S.,  1976.  Organization of `special' parenchymal cells  underlying the  midgut in  some  bar-

nacles. I.  exp.  mar.  Biol.  Ecol., Vol. 23, pp.155-110.
`r~;±;£g%g,';#;.,. :, :;.¥i7Y2.3N7?RUM.  1955. The metachromatjc Staining reaction.  J.  H/.g/ochem.  c}p/a.f KRUGER, P.,1940. Dr H.  G. Bronn's Klassen und Ordnungen des Tierreichs. Bd V,I. Abt., 3. Buch,

Tell Ill;  Cirripedia.  I-560 pp.  Leipzig.
KURosuMI,  K.,1961.  Electron  riicroscopic  analysis  of the  secretion  mechanism.  J#/.  iReo.  C'};/a/.,

Vol.  I I. pp.I-124.
LASKE¥,  A.  M.,  1950.  A  modification  of Mayer.s  Mucihematein  technic.  Sfai.#  rechwo/.,  Vol.  25,

pp.  33-34.
Ll¥_N,.I:  :?36.  His[ochimie  anlmale.  Melhodes et probl6mes.  Gouth.ie[-Villa.rs, PzLris, 320 pp., see

pp.139-160.
MABILLOT,   S.,   1954.   Particularjtes   histologiques   de   la   membrane   basale   du   mesent6ron   chez

GammTus_Pu!ex_(L). C.r_. 4e!d.  S6anc. Acad  Sci., Paris, D, I. 238, pp.1318-1315.
MAzlA, D.,  P. A. BREWER  & M.  AI.PERT. 1953. The cytochemjcal staining and measurement of pro-

tein  with mercuric bromphenol blue. iBi.a/. ,8#//. mar.  6i.a/. Leo.,  WoodS jro/€,  Vol.  104, pp.  57-67.
MONTERoSso,  8.,   1923.  Rinnovamento  dell.epilelio  e  significatio  delle  peighe  nella  mucosa  dell'-•l_I._±3=ti=?_9e`Bal.a^n.u,sp_erforq.tusBrugulere.irchoital.-Anal.Embriol.,.i:-idr,i;-2ii=iili

MONTERoSSo, 8.,1926. Contributo alla conoscenza del parasoma. Bo//. Sac. Bi.a/. Spgr., T.I, pp. 318-

/y3Mi2::En:::.sO;„:.£!:z;..„sauz.d£,::e,pfrct.]c(%`c¥eF:;.I,a:#ac,e':u#::):sis.te2:tiaastctokn;,ap]pT:32:t3e:t.nod3'
PBt33.E._ A:±€_._E:.^l^9h60.  Histochemistry, theoretical and applied: 'Vol. i.I. in i.-CL==ihil-1-L;i,-London,

2nd edition,  1008 pp.
PE::==B:]£:_S.=.:  1968.  Hislochemistry,  lheorelical  and  api)lied.I.  &  A.  Churchill  Ltd,  Londori,

3rd edition,  759 pp.
PB£S_B= F!].,.€_.:  I.9.T.  Histochemical  techniques f tor electron  microscopy.  Aca.demic Press, New York,

2nd edition,  381  pp.
PETERS, W.,  1968. Vorkommen9  Zusammensetzung  und  Felnstruktur  perltrophischer  Memt)ranen

A,

the mgsq_uite,_ 4.ed€s aegypti.  I.  insect Physi;I., Vol.  11, -pp. 22S3~221S.
SM¥TH. J. D.,1954. A technique for the histochemical demonstration of polyphenol oxidase and its

application to  egg-shell formation in helminths  and  byssus formation  in  "y/I./us.  a. J/ mJ.crosc.
Sci..,  Vol.  95:  pp.139-152.

THOMAS,  H.  J.,  1944.  Tegumental  glands  in the  Cir[ipedia Thoracica.  0.  JJ in..croSc.  Slci..,  Vol.  84,

im Tierreich. Z. MorpA.  Okd./.  ri.ere, Bd 62, S. 9--57.
RlcHARDS, A.  G.  & P. A.  RICHARI)S,  1971. Origin and composition of the peritrophic membrane of

PP. 257-282.          I
/y T6RNAVA, S. R..1948. The alimentary canal of Ba/anwS I.mprooi.Jug Darwin. .4c/a zoo/. /em., Vol. 52,

pp.  1-52.

z/;/:i:!§{l:O::.:?a:S..B£,;:TBB:°g'3PO.FF:°:SfR;¥&5:.LJ.::`LSLP;::;:;7::r::;'cesphpo:;S::::'gnr:nc:::sr:n°:,s:::
surrounding the midgut of the barnacle Ba/a"#s ba/a#oj.deS. "ar. B/.a/., Vol. 33, pp.161-166.

WALLET,  L.  J..  1967.  The  cirral  glands:  a new type  of epidermal  gland  in  cirripedes.  Cr&SJ¢ccana,
Vol.12,  pp.151-158.


