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INTRODUCTION 

In 1939 Yonge published a paper describing the anatomy and 

currents of the ma.ntle cavity and gills of the chitons Lepidochitona 

cinereus, Tonicella marm0rea, Aca nthochitona crinitus and 

Lepidopleurus asellus, and the histology of the same systems of all 

except Tonicella marmorea. This was the first paper that correlated 

anatomical and histological features together with the currents within 

th e mantle cavity. 

The anatomy, general histology and structural relationships 

within the mantle cavity of chitons are well described by several 

authors, (Plate 1897, 1899, 1901; Hoffmann 1930). Previous to 

Yonge I s work, Arey and Crozier (1919) had observed and described 

currents in the mantle cavity, but they did not mention how these 

currents originated or functioned. Hyman (1967) has given a review 

of what is known about the anatomy, histology and currents of the 

mantle cavity and gills. 

There has been limited work published concerning the rela-

tions hip of the mantle cavity with the distribution of chi tons. 

Ricketts and Calvin (1968) described the intertidal zones where 

chitons of the West Coast of the United States dwell. Barnawell 

(195 4) worked on the distribution of the chi ton family Mopaliidae 
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in San Francisco Bay, California, t?ut did not consider the impact of 

the mantle cavity on this distributiono Arey and Crozier (1919) 

showed that the structures within the mantle cavity constitute the 

most sensitive area of the chiton body in response to stimuli such as 

touch 1 local osmotic disturbances, chemical and temperature. This 

fact would suggest that the mantle cavity and its contained structures 

are quite adept at sensing the environment and possibly aid in con-

trolling the range of the chiton within its environment. 

Mopalia lignosa (Gould, 1846) and Mopalia rnuscosa (Gould , 

1846) are two related chitons from the West Coast of North Amer i ca 

which have adapted to different habitats within the intertidal area e 

Mopalia lignosa is limited to the outer rocky coast where the 

concentration of suspended particles is relatively low when compared 

to the bay environment .. Mopalia muscosa ranges from the outer 

coast to the bay environment. The bay environment is subject to 

high concentrations of suspended particles. Mopalia hindsii 

(Sowerby, 1847) has a range similar to Mopalia muscosa but 

according to Barnawell (1954) is more successful at inhabiting the 

bay environment. In this study I will explore the structure and 

function of the mantle cavity in an attempt to elucidate the factors 

enabling Mopalia muscosa (and Mopalia hindsii) to successfully 

adapt to the problem of increased suspended sediments encountered 

in the bay environment. 



MATERIALS AND METHODS 

Specimens of the chiton Mopalia lignosa were collected 

from Boiler Bay, Oregon and Mopalia muscosa from Tamales Bay 

and San Diego, California. Mopalia hinds ii specimens , used for 

comparison were collected at Tomales Bay, California . Chi tons 

used for histological preparations were relaxed in a 7. 5% solution 

of Magnesium chloride (MgClz) and placed in Bouins fixative for at 

least 24 hours, then transferred to 70% ethyl alcoho l. The foot was 

cut lengthwise to insure complete fixation of all tissues O Some of 

the specimens of Mopalia lignosa were fixed in 10% formalin and 

several individuals of Mopalia muscosa were fixed in Maximov's 

variation of Zenker's solution. Chitons fixed in Maximov 's fluid 

were not iodized until the staining process. 

De hydration and infiltration with paraffin of specimens for 

histological observation were accomplished using a Fisher Dua l Unit 

Tissuematon. Specimens were then embedded in "Tissuemat" (Fisher 

Scientific Company). The tissuemat blocks were then sectioned on 

a microtome at 5, 8, 10, 15 or 2 0 microns and affixed on t o the slid es 

using an albumin-glycerine solution. The procedure involved placing 

the slides on a slide warmer at 40°c after the affixative was applied. 

Distilled water was added to the slide and the sections were then 



floated on this water to remove paraffin section wrinkles ,, Slides 

were left on the slide warmer until the water evaporated, allowing 

sections to affix to the albumin solution~ During the sectioning 

every other ribbon of 35-50 sec ti ons was kept and 3 to 5 slides 

of 7 to 10 sections each were made from these ribbons 4 

The majority of the slides were stained using Ehrlich's 

haematoxylin and 1% a lcoholic eosin . Other stains used included 

toluidine blue, Ma ll ory's triple stain, thionin, and alcian blue . 

"Permount 11 (Fis her Scientific Company) was used as the mounting 

medium. 

Some specimens were kept alive in a weU aerated 

aquarium for observation of ciliary currents in and about the mantle 

cavity. Half of these spec imens were kept in fresh sea water at 
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12 to 16°c while the others were kept in artificia l sea water main -

tained at 18 to 21 °c During t he observation , severa l were placed 

on thin glass lantern slides within their aquaria and allowed to 

at t ach . They were then observed, ventral side up, in a large 

photographic print tray. The glass slide supporting the chi ton was 

held in place by four anchored corks . Wa ter level was such that 

it just covered t he glass slide with the chiton ' s ventral surface 

showing through the glass slide. Water used during observations 

was the same that the chiton was maintained ino A suspension of 

carmine red and starch was then introduced to the area around the 

chiton and, using a dissecting microscope, the currents t hroughou t 



the mantle cavity were traced by observing the particle pathways. 

Solutions of methylene blue, toluidine blue and aniline blue were 

injected around the specimen in an attempt to determine where the 

mucus originated. Ill umination was kept to a minimum during the 

observation period so as to minimize any abnormal behavior wh i ch . 

the heat from the i ll uminator may have produced . 

Individual gills from Mopalia lignosa and Mopalia muscosa 

were placed in the following stains to observe dis t ri bution of 

mucous cells: methylene b l ue, alcian blue, thionin-aqueous , 

anil i ne blue and toluidine b lue . The s t ains were diluted to a 10% 

solution. Gi ll s were allowed to remain for several days i n the 

stain before being moved to 70% ethyl alcohol for 15 minutes prior 

to observat i on. 

Pho t omicrographs of the hi stolog i cal sections were taken 
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on a Zeiss Photom i croscope II using bright field i ll umination . Kodak 

Panatomic- X was used for the photographs . 

Sediment samples were collected from Boiler Bay, Oregon 

and the north exposure of Mission Beach Tetty in San Diego , 

California. These were analyzed to determine sizes and relative 

percentages of particles. Sediment samples were dryed, weighed 

and then seived through a seive series. The particles remain i ng 

on each seive were then weighed to ca lcu la t e t heir mass percent 

composition. 



Anatomy of the Mantle Cavity 
and Gills 

RESULTS 

The mantle cavity is a distinct groove found on the ch i ton 1 s 

ventra l side between the girdle, foot and head regions O It houses 

the gills, nephridiopores, gonopores, various sensory and mucous 

tracts and the anus. The anatomy of the visible structures will be 

described first. Descriptions of histology of the mantle cavity and 

gills will follow. The mantle cavity of Mopalia lignosa and Mopalia 

mus cos a is not unlike that described by Yonge (19 39) for Lepidochitona 

cinereus. The multiple gills form a linear sequence running anterior 

to posterior, effectively dividing the mantle cavity into two chambers 

(Fig. l, 2, 5). The inhalant chamber extends from the area anterior 

to the first gi.11 down the length of the gill series to the last gill on 

the distal side (Fig. 1, 2, 5). The exhalant chamber is located 

between the gills and foot and includes the area around the anus 

(Fig. 1, 2, 5) . 

The gill series is of the holobranch type, extending 

through most of the mantle cavity length (Fig. 1, 2, 5). The series 

starts near the edge of and just behind the foot's anterior margin 

and extends back to the posterior margin of the foot (Fig. 1, 2, 5). 



Fig. 1. Lepidochitona cinereus, ventral view, showing mantle cavity 
currents (after Yonge, 1939). Inhalant currents (solid lines) and 
exhalant currents (dotted lines). 
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The posterior portion of the gill series angles toward the girdle 

(Fig. 1, 2, 5). The anterior-most gill is the smallest and youngest, 

and gills gradually increase in size up to the last several gills 

which are the largest in the series. Gills are oblong-shaped in 

cross-section (Fig. 9) and are arranged with their long axis either 

perpendicular to or with a slight anterior acute angle to the main 

body axis. In the transverse plane gills are triangular-shaped 

(Fig. 6) and are oriented with the broad lateral surfaces facing 

anterior-posteriorly. The edge of the gill near the girclle possesses 

a conspicuous vessel, the efferent branchial vessel (Fig. 6). The 

afferent branchial vessel (Fig. 6) is found facing the foot. Gills 

are quite flexible in life but are usually oriented with the tips 

facing posteriorly, and the entire gill curves slightly over the 

exha la nt chamber. 

Gills are - attached to the mantle cavity roof below the 

afferent and efferent branchial sinuses~ Blood-swollen sinuses 

form a prominent ridge; which in most of the specimens examined, 

extends into the mantle cavity and effectively increases the 

separation of the inhalant and exhalant chambers. This ridge 

structure is transitory, and when present increases the area of the 

exhalant chamber at the expense of the inhalant chamber. 

The portion of the mantle cavity that is found around the 

head is shallow. Near the anterior edge of the foot the cavity 

deepens noticeably and quite abruptly. The cavity widens to 

9 



Fig . 2 . Mopalia lignosa, ventra l view , showing general mant le 
cavity currents O Inhalant curren t s (solid lines) and exhalant 
currents (dotted lines) . 

Fig . 3 . Mopalia lignosa, enlarged view of in current area showing 
dispersal of currents . 

Fig . 4 . Mopa li a lignosa, en larged view of posterior area showing 
exhalant curre nt (solid lines) and other observed cu rrent pathways 
(dotted lines) .. 
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accomodate the gills. It gradually widens toward the . middle of the 

body and remains somewhat constant in width throughout the rest of 

the body length. There is a · shallow groove that extends laterally 

between the foot and head. This is not considered to be a part of 

the mantle cavity proper. 
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A fold of tis sue on the inner edge of the girdle completely 

surrounds the mantle cavity (Fig. 2, 5). This fold lacks the spines 

present on the rest of the girdle, and ther~ is usually a narrow 

groove present which also acts to differentiate this region from the 

rest of the girdle. The fold is very thin anteriorly and broadens in 

the area lateral to the mouth. In the area of the last gill it dilates, 

then narrows noticeably near the anus (Fig. 2, 4, 5). This ridge of 

tissue is termed the girdle fold (Yonge 1939). The gonopore is 

located between the bases of the second and third from last gills in 

the exhalant chamber and the excretory pore is located between the 

bases of the last and next to last gills (Fig. 5). 

The anus is located posterior to the foot on the tip of a 
I 

conelike structure which extends into the mantle cavity from the 

dorsal area of the mantle cavity and foot. There is a narrow dark 

streak located on each side of this cone. The two streaks extend 

from the side of the anal cone forward, about halfway to the last 

gill. They have been classified as osphradia (Fig. 2, 4, 5) by 

various authors (Plate, 1897, 1899, 1901; Hoffmann, 1929-1930; 

Yonge, 1939). Yonge (1939) suggests the use of the term osphradium 



Fig. 5. Mopalia lignosa and Mopalia muscosa, ventral view, com-
parative anatomy of mantle cavity. 
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should not infer homology to a similarly named structure found in 

Gastropoda and Bi val via. 
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Each gill consists of a series of flat lamellae on each side 

of a central axial structure. The opposed lamellae alternate in their 

attachment to this axial structure on either side (Fig. 7). In cross-

section the gill has an oval outline with the thin axis running 

between two branchial vessels (Fig. 9). The two branchial vessels 

form the narrow edges of the lamellae (Fig. 9). Lamellae gradually 

decrease in size from the broad base to the free-end of the gill, 

giving the gill a triangular shape in transverse view (Fig. 6). 

Individual lamellae are attached on their narrow sides to 

the branchial vessels and on their third side to the central axial 

structure (Fig. 6). The free edge of the lamellae is dilated and 

clothed with cilia. An area of dense, long cilia, termed the lateral 

cilia zone, is located near the efferent branchial vessel (Fig. 6, 9). 

This zone extends from the free-end of the lamellae to the axis. 

The free lamellar edge dilates slightly more in this area and clearly 

marks the lateral cilia zone. 

Several specimens possessed gills with an abnormal gill 

growing from the efferent branchial vessel (Fig. 8). There were 

other abnormal gill growths noted, but close observation showed 

these gills undergoing regeneration. 



Fig. 6. Mopalia lignosa, transverse view of gill. 

Fig. 7. Mopalia lignosa, portion of gill, view of efferent branchial 
vessel, showing alternating pattern of lamellae. 

Fig. 8. Mopalia lignosa, abnormal gill growing from the efferent 
branchial vessel of normal gill. 

Fig. 9. Mopalia lignosa, cross-section of gill showing two opposing 
lamellae. 
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Mantle Cavity and Gill Currents 

The general ciliary current patterns · observed in Mopalia 

lignosa and Mopalia muscosa are similar to those observed by Yonge 

(1939) for several species including Lepidochitona cinereus (Fig. 1) 

and those described by Arey and Crozier (1919) for Chiton tubercu-

latus. A current is produced within the mantle cavity whereby water 

is drawn into the cavity over the gills and exits behind the anus. 

The region of current intake is usually anterior but can be found any-

where along the body length anterior to the last several gills. Intake 

is accomplished simply by local liftings of the girdle. There may be 

more than one inhalant opening per side. The exhalant opening is 

created by a single lifting of the girdle behind the anal area. In · 

general water is pulled through inhalant openings into the inhalant 

chamber, through the gills into the exhalant chamber and finally out 

the exhalant opening (Fig. 1). 

Currents in both Mopalia lignosa and M·:)palia muscosa are 

similar. The major inhalant currents enter the inhalant chamber via 

distinct raised areas of the girdle (Fig. 2, 3). Weaker inhalant 

currents are present under broad, slightly elevated girdle areas 

adjacent to - the main opening. A current is then drawn through the 

interlamellar spaces on the gills and into the exhalant chamber 

(Fig. 2, 3). These currents are created by the lateral cilia (Fig. 

6, 9) and movements by the gills themselves. Gills of the specimens 
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studied are active, continually extending and contracting creating a 

jet-like effect upon the currents. These currents are strong as 

verified by the speed of the particles in the exhalant current as they 

exit in the anal area. The exhalant opening did not change its 

position directly behind the a nus (Fig. 2, 4). 

The last gill is situated so as to effectively form a posterior 

partition of the inhalant chamber. Gills are active, and in conjuc-

tion with the dilated girdle fold (Fig. 1, 2, 4) can form an effective 

seal facilitating the separation of the two chambers and increase 

the jet-like effect upon the currents. 

Gills form effective filters of suspended particles within 

the respiratory currents. As the water is drawn through the inter-

lamellar spaces, large suspended particles are excluded due to size 

restriction imposed by intetlamellar spaces. Filtered particles are 

sent by ciliary action to the furrows between adjacent gills, either 

out to the tip, or in a few cases to the base, then into the exhalant 

current and out the exhalant opening. Smaller particles that are 

permitted to enter through the interlamellar spaces are released into 

the exhalant · current and then out the exhalant opening. Cilia on 

the roof of the exhalant chamber move out any particles that happen 

to drop out of the exhalant current when the chiton is upside down. 

This is apparently an important cleansing mechanism. Particles that 

have dropped out of suspension are moved posteriorly along the 

mantle cavity roof, then up across the osphradium and anal cone, 
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and are finally released into the exhala nt current. Particles falling 

out of suspension from the inhalant current are also moved posteriorly. 

Posterior to the last gill the two rejection currents meet with the 

particles being moved to the anal cone area before release into the 

exhalant current. Particles in these rejection currents are seldom 

observed in noticeable mucous accumulations. However, as the 

concentration .of suspended particles increases, so does the frequency 

of mucous accu-mulation. Short spines found on the ventral girdle 

act as a passive filter of large suspended particles as the current is 

drawn in through the inhalant opening. 

Particles in the exhalant current are very seldom observed 

consolidated into mucous accumulations when using dilute solutions 

of carmine red and starch. However, when a saturated solution is 

added to the inhalant current of Mopalia muscosa copious amounts of 

mucus is secreted, accumulating the suspended particles into a loose 

mucous accumulation. This accumulation of mucus and suspended 

particles is then flushed out in the exhalant current. This phenomenon 

occurs immediately upon contact of large concentration of ·suspended 

particles with the anterior gills and mantle cavity. If the saturated 

solution is continuously introduced the chiton restricts the inhalant 

opening to broad, slightly elevated areas of the girdle. Mopalia 

lignosa does not display a similar reaction. It will simply limit its 

inhalant opening in response to any increase in suspended particle 

concentration. This suggests that Mopalia lignosa is inept at 
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handling sudden increases in suspended particles or a high concentration 

of suspended particles over a period of time. 

The use of mucus to cleanse the mantle cavity of particles 

entering with the respiratory currents is probably a primitive function, 

as suggested by Yonge (1939), with the ciliary currents in holobranch 

chitons taking over as the chief means of cleansing the mantle cavity. 

The function of mucus is still retained and used when the concen-

tration of suspended particles is such that the normal ciliary currents 

are inadequate. This is especially true of Mopalia muscosa which 

has the capacity to survive in a bay environment where it would be 

subject to high concentrations along with sudden and rapid increases 

in the concentration of suspended sediment particles. 

Normal respiration currents move at a constant rate -. _ When 

various dyes such as methylene blue, toluidine blue and aniline blue 

are introduced into the inhalant current in an attempt to determine 

where mucus originates within the cavity, chi tons react initially by 

reversing their currents. Normal respiration then ceases. The 

inhalant currents become weak, just seeping under the flatten 

girdle. These weak currents originate away from the direction of 

chemical sources in the water. When moved to fresh sea water this 

"testing" type of respiration continues for a short time before normal 

activity resumes. The mantle cavity is sensitive to chemical stimuli 

(Arey and Crozier, 1919) even in dilute solutions. This reaction to 

chemical stimuli along with the aforementioned sensitivity to 

fr. 
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suspended particle concentrations illustrates the apparent sensitivity of 

the anterior mantle cavity and gills to the environmental conditions 

and its importance in regulating the activity of the chiton. 

Close observation of the inhalant currents indicate most of 

the water is pulled directly in or posteriorly (Fig. 3). · There is 

also a weak anterior current operating at the same time which pulls 

water through the gills anterior to the opening (Fig. 3). Mopalia 

lignosa and Mopalia muscosa both exhibit tpe ability to regulate not 
I 

only the speed of the exhalant current but the dir?ction also. They 

will create rapid currents in one exhalant chamber and weak currents 

in the other at the same time. They both demonstrate the ability 

to reverse current flow in one exhalant chamber and thereby draw 

the exhalant · current from the other chamber around the posterior 

portion of the mantle cavity and then anteriorly instead of allowing 

the current to exit normally (Fig. 4). Exhala nt currents also eject 

the products of the excretory, genital, and anal pores. 

Histology of the Mantle Cavity 

The greatest comparative differences are manifested in the 

histology of the mantle cavity and associated structures of the 

species studied herein. The distribution of cilia and the structure, 

distribution and secretory behavior of the mucous glands are the 

areas showing the greatest differences between Mopalia lignosa and 

Mopalia muscosa. This section is concerned with the lining of the 



mantle cavity only~ The osphradium, gills and mucous glands will 

be discussed separately. 
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The basic epithelial cell types found lining the mantle cavity 
I 

do not differ between Mopalia lignosa and Mopalia muscosa. The 

epithelium of the mantle cavity adjacent to the head is composed of 

columnar cells with oval nuclei and scattered goblet cells (Fig. 10). 

On the ventral side of the head the epithelium is composed 

of narrow, columnar cells and scattered goblet cells (Fig. 11). The 

concentration of goblet cells is higher than in the region adjacent 

to the head. · Tall, narrow columnar cells and scattered goblet cells 

make up the epithelium of the ventral surface of the head (Fig. 12). 

The ventral surface of the girdle possesses spines and a 

cuticle. Near its border with the distal edge of the mantle cavity 

there is a fold of tissue termed the girdl~ fold (Fig. 5). In the 

region of this fold the cuticle ends abruptly and an epithelial layer 

of tall, narrow columnar cells and goblet cells originates (Fig. 13). 

This layer is confined to the girdle fold and adjacent region of the 

mantle cavity. The epithelium of the mantle · cavity adjacent to the 

distal edge . changes gradually to columnar cells of moderate height. 

Posterior to the head the foot forms the proximal region of 

the mantle -cavity. The epithelium of the ventral side of the foot 

within the cavity is composed of tall columnar cells and numerous 

goblet cells (Fig. 14). The two ventral edges of the mantle cavity 

are remarkably similar in structure. The identity of both is retained 



Fig. 10. Mopalia muscosa, dorsal mantle cavity epithelium in head 
region showing scattered goblet cells. Ehlich 's haematoxylin and 
eosin. 205x. 
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Fig. 11. Mopalia muscosa, mantle cavity epithelium on ventral side 
of head showing accumulations of goblet cells. Ehrlich's haema-
toxylin and eosin. 205x. 



Fig. 12. Mopalia muscosa, ventral surface of head. Ehrlich's 
haematoxylin and eosin. 205x. 

Fig. 13. Mopalia lignosa, girdle fold, shows junction between 
cuticle and mantle cavity epithelium. Ehrlich's haematoxylin 
and eosin . . 205x. 
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Fig. 14. Mopalia muscosa, mantle cavity epithelium on ventral side 
of foot showing accumulations of goblet cells. Ehrlich's 
haematoxylin and eosin. 205x. 

Fig. 15. Mopalia muscosa, dorsal mantle cavity epithelium in 
foot region overlying lateral nerve cord. Ehrlich's haematoxylin 
and eosin. 160x. 



27 

throughout the length · of the mantle cavity. The epithelium between 

the two edges of the · mantle cavity is composed of columnar cells 

with goblet cells rarely found (Fig. · 15). The ventral surface of the 

foot (Fig. 16) is similar to the ventral surface of the head. The 

. histology of the ventral surface of the foot is basically similar to 

that described by Cowden (1963) for Chiton tuberculatum. 

The region of the mantle cavity along the gills changes 

little in basic histology except for the presence of mucous glands. 

Posterior to the last gill the histology outside the mucous glands 

and osphradium changes little. · Goblet cells are rarely found on the 

distal wall but become more numerous on the proximal wall. The 

histology of the anal cone is an extension of the basiC histology 

of the mantle cavity. 

The distribution of cilia in the mantle cavity is one of the 

areas where Mopalia lignosa and Mopalia muscosa differ appreciably. 

Long cilia, 12-16 microns in length, are present throughout the 

mantle cavity of Mopalia lignosa originating near the anterior margin of 

the foot and extending the rest of the mantle cavity length. Cilia, 

however, do not extend onto the two ventral regions of the mantle 

cavity (Fig. 13, 14). Cilia in Mopalia muscosa are very short and 

hard to see -using the light microscope. Cilia are present on the 

cells of the exhalant chamber throughout its full length and collec-

tively appear as a "fuzzy" border. The exact distribution of cilia 

in Mopalia muscosa is conjectural at this time but is believed to 



Fig. 16. Mopalia muscosa, ventral surface of foot. Ehrlich's 
haematoxylin and eosin. 160x. 

Fig. 17. 
cells. 

Mopalia muscosa, pallial mucous gland showing goblet 
Ehrlich's haematoxylin and eosin. 160x. 
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be similar to Mopalia lignosa. 

Mucous Gland Histology 

This section describes the histology of the mucous glands 

and the distribution of the various mucous tracts. Mopalia lignosa 

and Mopalia muscosa differ from one another distinctly in structure 

and disposition of mucous glands. The terms 'tract' and 'gland' 

are used interchangeably in this paper with both referring to the 

specialized aggregation of secretory cells into a unicellular layer. 
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Plate, as described in Yonge (1939), listed and classified 

four tracts of unicellular mucous glands in the mantle cavity of 

chitons. These tracts were named the neural, located on the roof 

of the mantle cavity; pedal, on the side of the foot; pallial, on the 

inner wall of the girdle and the branchial on the inner axis of the 

gill. Yonge (1939) further states that Plate did not find more than 

three of these tracts in any one chiton, and the number of tracts 

varied with the species studied. 

In each lateral portion of a chiton's mantle cavity mucous 

tracts are found. Mopalia muscosa possesses a pallial mucous 

gland and a neural mucous gland whereas Mopalia lignosa possesses 

only a neural mucous gland. 

The pallial mucous gland of Mopalia muscosa extends along 

the middle of the dis ta 1 wa 11 of the mantle cavity from the anterior 

margin of the foot to the third or fourth gill (Fig. 5). This tract is 
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composed mainly of tall columnar goblet cells (Fig. 17). The nuclei 

of these cells are flattened in the basal portions of cells (Fig. 18). 

In between the goblet cells there are thin cells termed neurosensory 

cells by Hoffmann (1930). 

The neura l mucous gland of Mopalia muscosa is located 

proxima l to the gill bases and extends from the anterior most gills 

posteriorly to the anal cone (Fig. S). Posterior to the last gill this 

tract expands and surrounds the osphradium (Fig . S) . The histo l ogy 

is similar to the pallial mucous gland. Tall columnar cells are the 

most conspicuous with flattened basal nuclei (Fig. 19) . Thin 

neurosensory cells, and wedge-shaped ciliated cells (Hoffmann , 

1930) are also present (Fig . 20). 

The neural mucous gland of Mopalia lignosa can be divided 

into two regions. The inhalant portion (Fig . 5) is located in the 

inhalant chamber near the base of the gills. This portion is narrow 

and extends along the entire gill series. The exhalant portion (Fig . 5) 

is located in the exhalant chamber near the base of the gills. This 

region extends from the gill base to the dorsal side of the foot and 

runs the full length of the gill series . Behind the last gill both 

port i ons coalesce and extend posteriorly to the anal cone (Fig. 5) . 

The osphradium is surrounded by the neural mucous gland with the 

greatest portion between the osphradium and foot. The mucous tract 

is composed of tall columnar cells possessing medium to coarse 

secretory granules (Fig. 21). Wedge-shaped ciliated cells are 



Fig. 18. Mopalia mus cos a, goblet cells of pallial mucous gland 
showing basal, flattened nuclei. Ehrlich's haematoxylin and 
eosin. 640x. 

Fig. 19. Mopalia muscosa, neural mucous gland showing goblet 
cells and wedge-shaped ciliated cells. Ehrlich's haematoxylin 
and eosin. 205x. 
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Fi g . 20. Mopalia muscosa, neural mucous gland showing wedge-
s hap ed ciliated cells and goblet cells. Ehrlich's haematoxylin 
and eos i n. 640x. 
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Fig. 21. Mopalia lignosa, neural mucous gland with ciliated cells 
and se cretory granule-containing cells. Ehrlich's haematoxylin 
and e os i n . 256 x . 
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present near the surface of the tract with thin basal portions extend-

ing to the base of the tract (Fig. 22). Thin neurosensory cells are 

also present. Immediately adjacent to the osphradium the re is a 

band of cells similar in structure to the goblet cells of the mucous 

glands of Mopalia muscosa (Fig. 2 3). 

The staining reaction and · inferred secretory behavior is 

different between the goblet cells and the granule-containing 

secretory cells. A majority of the goblet cells appear empty when 

stained with Ehrlich's haematoxylin and eosin (Fig. 17, 19) Staining 

with Mallory triple . stain and toluidine blue, however, shows small 

irregular shaped secretory globules to be present (Fig. 24). The 

secretory product, when present, appears somewhat agranular. This 

product stains violet with toluidine blue and Mallory triple stain 

which suggests that the product is mucus. In the region of the 

osphradium in Mopalia muscosa the goblet cells are shown either 

empty, in the process of secreting their product or completely full 

(Fig. 25). This occurrence along with the demonstration of secretory 

globules leads to the conclusion that these cells exhibit rhythmic 

activity. Gabe and Arvy (1961) describe cells exhibiting rhythmic 

behavior as those where secretion .and formation of products occur 

at different t}mes as opposed to continuous activity where extrusion 

of the product, its formation and absorbtion of material from the 

environment all take place at the same time. Continuous secreting 

cells show no difference in appearance, whereas rhythmically active 



Fig. 22. Mopalia lignosa, neural mucous gland showing wedge-
shaped ciliated cells. Ehrlich's haematoxylin and eosin. 640x. 

Fig. 2 3. Mopalia lignosa, osphradium showing narrow band of 
goblet cells surrounding it. Ehrlich's haematoxylin and eosin. 
256x. 
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Fig. 24. Mopalia muscosa, secretory globules in goblet cells. 
Toluidine blue . 640 x . 

Fig. 2 5. Mopa li a muscosa, cells of neural mucous gland near 
osphradi um in stages of secretion. Ehrlich 1s haematoxylin and 
eosin. 5 12x. 
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cells reveal considerable differences in appearance (Gabe and Arvy, 

1961). The goblet cell accumulates its product as globules which 

then extruded as a whole. Since the function of the mucous glands 

is to consolidate particles of sediment brought in with the inhalant 

current (Yonge, 1939) the restoration period in these rhythmically 

active goblet cells is, out of necessity, short, especially when the 

chiton inhabits environments with high concentrations of suspended 

sed iment particles. 

Secretory cells possessing granules as found in Mopalia 

lignosa exhibit continuous activity. These cells are taller than the 

goblet cells. The granules are medium to coarse and are densely 

packed in the cells. These cells stain violet, using to luidine blue, 

suggesting that their product is mucus. ·when stained with Ehrlich ' s 

haematoxylin and eosin the two portions react differently. The 

inhalant portion stains pink while the exhalant portion stains purple 

with isolated pink staining cells. This reaction is probably due to 

the pH of the cells. These secretory cells are continually secreting 

and restoring and all appear similar in section. The continually 

active secretory cells are merocrine type. Goblet cells are listed 

as being merocrine but may approach the apocrine type (Gabe and 

Arvy, 1961). 

The function of these mucous glands is similar to the func-

tion of the hypobranchial glands of the prosobranch gastropods. They 

are thought to be analogous to the hypobranchial gland (Yonge, 1939, 



37 

1947) whUe the pallial mucous tract may be .homologous with hypo-

branchial glands due to its position in the inhalant chamber (Yonge, 

1939). 

Histology of the Osphradium 

In chitons the osphradium is located in the posterior area 

of the mantle cavity. In Mopalia lignosa and Mopalia muscosa 

the osphradium lies next to the anus and extends halfway to the 

la st gill . (Fig. 2, 4, 5). It is visible . as a thin brown line on the 

roof of the mantle cavity. The use of the term 'osphradium' should 

not denote homology as compared with prosobranch gastropods 

(Yonge, 1939). The osphradium in the Polyplacophora is located in 

the exhalant chamber, while it is in the inhalant region in the 
! . 

prosobranch Gastropoda (Yonge, 1939). It is present in a majority 

of the Polyplacophora (Yonge, 1939). 

The histology of the os phradium in the chi tons studied 

herein is similar to that described for other chitons (Plate, 1897, 

1898, 1901; Yonge, 1939; Purchon, 1968). · The osphradium is 

composed of tall, thin, · columnar cells with long, · narrow nuclei (Fig. 

2 6, 2 7). There are thin neurosensory cells interspersed between 

these cells and scattered cilia · cells. There is a well-defined 

cuticle covering the entire osphradial cell layer through which sensory 

hairs penetrate (Yonge, 1939). The lateral nerve cord inervates the 

osphradium and lies dorsal to it. 



Fig. 26. Mopalia lignosa, osphradium. Ehrlich's haematoxylin 
and eosin. 256x. 

Fig. 2 7. Mopalia mus cos a, osphradium. Ehrlich's haematoxylin 
and eosin. 256x. 
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Histology of the Gills 

Gills of the studied · chitons are similar to one another in 

histological structure. All gills in any one specimen are essentia.lly 

identical in histological structure. 

The base of the gill is a transitory ridge formed by the 

branchial sinuses. In cross-section the distal sinus is the efferent 

branchial sinus while the afferent branchial sinus is proximal (Fig. 

6). The lateral nerve cord is located dorsal to the sinuses. It 

inervates the gills, neurosensory cells of the mucous tracts, 

osphradium and other structures. Longitudinal muscles are found 

running lengthwise, paralleling the branchial sinuses. 

Gill lamellae are semi-hollow structures with pillars of 

connective tissue extending between the two outer surfaces (Fig. 28). 

The outer layer is one cell thick with the epithelial cells being low 

and columnar With short cilia and oval nuclei (Fig. 28). The 

epithelium is underlain with connective tissue which forms the afore-

mentioned pillars. · The remainder of the inner area is one large 

blood sinus. 

The edge of the lamellae is dilated and contains long cilia 
.______. . 

(Fig. 29). The epithelium is composed of columnar cells and 

scattered goblet cells which are taller than those found in the rest 

of the lamellae. In the area of the lateral cilia zone the lamellar 

edges are slightly more dilated, . clearly outlining the zone (Fig. 6). 



Fig. 28. Mopalia muscosa, transverse view of lamellae showing 
connective tissue pillars and enlarged blood sinus. Toluidine 
blue. 256x. 

Fig. 29. Mopalia muscosa, transverse view of dilated lamellar 
edges with cilia. Toluidine blue. 256x. 
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Cilia in the zone are dense and measure up to 25 microns long 

(Fig. 30). The base of the gill on the transitory ridge also contains 

a lateral cilia zone with its histological structure essentially 

similar to the surface of the lamellae prdper. 

The epithelium extending around the branchial vessels con-

tains columnar cells, scattered goblet cells and cells with short 

cilia. The branchial nerve from the lateral nerve cord runs along 

the outer margin of the branchial vessel while the longitudinal 

muscle fibers extend into the gill along the inner margin of the 

branchial vessels (Fig. 9). There are fibers extending between the 

two vessels through the central axial structure (Fig. 9). 

Staining of the entire gill demonstrated that the lamellar 

edges and the epithelium about the branchial vessels contain mucous 

cells. This is confirmed by histological observation. These areas 

stained purple using methylene blue, toluidine blue and alcian blue. 

The rest of the lamellae stain very light, if at all, except for the 

pillars of connective tissue which appear as dark spots on the 

lamellar surface (Fig. 9). The lateral cilia zone appears as a 

fuzzy, lightly stained area. 

Histology of Mopalia hindsii 

The histology of the mantle cavity, gills and osphradium is 

the only histology investigated in this study. Mopalia hinds ii is 

used in comparison because of its success at exploiting the bay 



Fig. 30. Mopalia muscosa, transverse view of lamellae through 
lateral cilia zone. Toluidine blue. 256x. 

Fig. 31. Mopalia hinds ii, girdle fold at junction of cuticle and 
mantle cavity epithelium. Ehrlich's haematoxylin and eosin. 
205x. 
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environment (Barnawell, 1954). Although Barnawell (1954) bases his 

conclusion on other factors, the ability to handle increased suspended 

sediments in the bay environment is paramount to the success of 

Mopalia hinds ii in its niche. 

The structure of the mantle cavity in Mopalia hindsii is 

different from that of either Mopalia muscosa or Mopalia lignosa. 

The surface area of the chambers, especially the exhalant chamber, 

is noticeably greater than in the other two chitons studied. Begin-

ning with the anterior-most gill the entire mantle cavity either 

develops numerous folds that extend back to the anal area or 

widens to form large, wide chambers. The girdle fold is developed 

into a definite flap (Fig. 31) and the osphradium extends almost to 

the la st gill. 

Mopalia hindsii possesses three of the mucous glands and 

lacks only the branchial mucous gland. Along the length of the gill 

series back to the anal area the cavity is almost entirely composed 

of mucous tracts. The pallial mucous gland originates opposite the 

anterior margin of the foot and halfway up the distal wall of the 

mantle cavity. Along the gill series the pallial mucous gland blends 

into the neural mucous gland which grades into the pedal mucous 

gland. The pedal mucous gland occupies about half of the proximal 

wall of the mantle cavity. In cross-section the mantle cavity along 

the gill region is composed of about two thirds mucous gland. 

The cells of the pallial mucous tract, anterior to the gills, 
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is similar in structure to the cells of the pallia 1 mucous tract in 

Mopalia muscosa. Along the gill series the cells become narrower 

and taller, and the tract becomes wider (Fig. 32). The cells of the 

other two tracts are similar to those found in the neural mucous 

gland of Mopalia lignosa except they are narrower (Fig. 33, 34). 

There is one exception noted in the cells of Mopalia hindsii. 

Located near the tip of the granule-containing secretory cells are 

isolated elongate goblet cells (Fig. 33, 34). These cells are 

similar in appearance to the cells about the osphradium that have 

retained their products (Fig. 25). Their secretory behavior is 

probably similar. The mucous gland cells along the gill series and 

back to the anal cone is about one-third to one-half taller than those 

in Mopa lia lig nos a. 

The osphradial structure (Fig. 35) and gill structure is 

essentially identical to that of Mopalia muscosa and Mopalis lignosa. 

Cells outside the mucous tracts are similar in structure also with 

single goblet cells being more common along the two ventral edges 

of the mantle cavity. 
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Fig. 32. Mopalia hindsii, pallial mucous gland along gill series. 
Ehrlich's haematoxylin and eosin. 205x. 

Fig. 33. Mopalia hindsii, neural mucous gland showing secretory 
cells with granules. Ehrlich's haematoxylin and eosin. 205x. 
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Fig. 34. Mopalia hindsii, pedal mucous gland, showing isolated 
goblet cells near its free edge. Ehrlich's haematoxylin and 
eosin. Photographed with green filter. 205x. 

Fig. 35. Mopalia hindsii, osphradium. Ehrlich's haematoxylin 
and eosin. 205x. 
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DISCUSSION 

The mantle cavity anatomy and currents found iri Mopalia 

lignosa and Mopalia muscosa gives no clue as to why these two 

chitons have different ecological ranges. They are similar to one 

another and differ little from the mantle cavity anatomy and currents 

described and review for other chitons (Plate, 1897, 1899, 1901; 

Arey and Crozier, 1919; Hoffman, 1930; Yonge, 1939). Histological 

observation, however, demonstrated two areas where Mopalia lignosa 

and Mopalia muscosa differ. The length and distribution of cilia, 

and the structure, distribution and secretory behavior of the mucous 

glands are the two areas where the specimens studied showed the 

greatest comparable differences, especially when compared with 

similar structures in Mopalia hinds ii, which help support the 

hypotheses put forth in this paper. These differences attempt to 

relate the investigated structl:).ral differences with the noted distribu-

tional differences. 

Probably one of the key factors in controlling the distribution 

of the species studied is the presence or lack of the pallial mucous 

g_land. The two chi tons that are successful at exploiting the bay 

environment, Mopalia muscosa and Mopalia hindsii, possess the 

pallial mucous tract. The reaction of Mopalia muscosa in 
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experimentation to sudden increases in the concentration of suspended 

particles indicates a high degree of sensitivity. The pallial mucous 

gland is probably responsible for this sensitivity. The ability to 

release copious amounts of mucus in response to increases in sus-

pended particles probably enhances the success of Mopalia muscosa 

and Mopalia hindsii. The lack of the pallial mucous gland in 

Mopalia lignosa in part helps to explain its limited range. 

The efficiency of the two types of secretory cells is pro-

bably another factor helping to · control the distribution of the species 

studied. The goblet cell, as found mainly in Mopalia mliscosa, 

exhibits a wide range of activity. It can release its whole product 

rather quickly as is characteristic of rhythmically active cells and 

the restoration period is short. Tarao (1935) graphed the restitution 

times of cells of the hypobranchial gland of Haliotis japonica after 

secretion. He used a factor derived by dividing the sum of the 

height of glandular cells by the height of the fold of the hypo-

branchia 1 gland. This gave him a measure of activity which he 

plotted against time. His graph showed that secretory cells (with 

granules) have a rather narrow range of activity when compared to 

mucous cells _. The mucous cells exhibited a fairly short restitution 

time and a short secretion time. The mucous cells referred to in 

Tarao's paper correspond to the goblet cells of the chiton. Because 

of the activity of the goblet cell its efficiency is probably greater at 

handling suspended particles than that of the granule-containing 
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secretory cells. Barnawell (1954) while considering Mopalia hindsii 

as the most successful exploiter of the entire bay environment 

indicates that Mopalia muscosa is more successful in areas where 

the concentration of suspended sediment particles is especially high. 

Another observation that tends to support this hypothesis is the 

expanded mantle cavity area exhibited by Mopalia hindsii. The 

neural mucous gland in Mopalia muscosa, composed entirely of 

goblet cells, is apparently more successful at consolidating sediment 

particles than the combined pedal, neural, and pallial mucous glands 

of Mopalia hindsii which are composed primarily of granule-containing 

secretory cells. 

The differences in cilia length and distribution are probably 

due to several factors. The efficiency of the goblet cells at hand-

ling sediments in the mantle cavity probably precludes the presence 

of long cilia in the mantle cavity. The viscosity of the secretion 

is probably greater in the goblet cells. Long cilia would be ineffi-

cient in a highly viscous medium and could also incumber the actual 

release of the secretion. In a less viscous medium the long cilia 

could function properly and would not interfer with secretion, espe-

cially in a cell with continuous activity. 

One area that has not been investigated is the determination 

of particle load capacity of the chi tons studies. This would involve 

subjecting chitons to varying concentrations of known particle sizes 

and observing their ability to handle these loads. Sediment samples 



50 

collected from Boiler Bay, Oregon and Mission Beach fetty, 

San Diego, California, showed considerable differences in percentage 

of the various sizes of particles by weight. · The sample from Boiler 

Bay had 13% of its particles smaller than 60 microns whereas the 

sample from San Diego had 50% of its particles smaller than 60 · 

microns. This indicates that the concentration of suspended particles 

would be higher at the San Diego station than the Boiler Bay station. 

Further study will probably show that the limit in particle size that 

Mopalia lignosa can successfully handle is in the 60-140 microns 

size range. 

The function of the mucous glands is to consolidate sediment 

particles that enter the mantle cavity with the respiratory currents 

(Yonge, 1939). Yonge (1939) suggests that the mucous glands are 

probably primitive in their function of cleansing the mantle cavity in 

chi tons with holobranch gill series. The increased currents produced 

by the added gills would be sufficient to keep the mantle cavity 

clean (Yonge, 1939). The distribution of the mucous glands in 

chitons with a holobranch gill series is probably due in part to the 

environment inhabited. The currents created by the additional gills 

obviously are not sufficient in cleansing the mantle cavity of chitons 

inhabiting environments with high concentrations of suspended 

particles making it necessary for the mucous glands to be retained 

to insure success. This becomes evident when one examines the 

mantle cavity of Mopalia muscosa and Mopalia hindsii. 

·1 
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The role of the osphradium in chitons is another area of 

uncertainty. Plate (1897, 1899, 1901) considered the osphradium of 

chitons to be olfactory as did Arey and Crozier (1919). Yonge (1939) 

suggests that, as in the prosobranch gastropods, the osphradium might 

be used to estimate suspended particles in the respiratory currents. 

Purchon (1968) suggests that the osphradium might be a chemo-receptor 

organ capable of detecting the presence of spermatozoa or ova of the 

same species to insure co-ordination of spawning. From observations 

on the currents of the chitons studied herein, it is apparent that they 

have the ability to sense varying environmental conditions in the 

anterior portio~ of the mantle cavity. The chitons reacted to chemi-

cals and high concentrations of suspended particles before the 

chemicals or particles had reached the osphradium. The pallial 

mucous tract in Mopalia muscosa and Mopalia hindsii is apparently an 

efficient tester of the respiratory currents. Observations on Mopalia 

lignosa indicate that the gills are also sensitive to varying physical 

factors of the environment. The presence of neurosensory cells in the 

mucous tracts also indicate a degree of sensitivity. In chi tons with 

holobranch gill series it is important to detect sediments or adverse 

chemicals before they pass over the gills, not after, when the damage 

could have already been manifested. The structure of the osphradium 

indicates that it is sensory, but because of its position posterior to the 

gills and in the exhalant chamber it is probably a remnant of the 

ancestoral form being retained as a secondary sensory structure. 



SUMMARY 

1. The anatomy and currents of the mantle cavity of the chiton's 

Mopalia lignosa and Mopalia muscosa are similar. 

2. The histological structure of the mantle cavity of Mopalia lignosa 

and Mopalia muscosa differ in the distribution and length of the 

cilia present and also in the structure, distribution and secretory 

behavior of the mucous glands. 

3. Mopalia lignosa possesses long cilia which are present through-

out most of the mantle cavity, whereas Mopalia muscosa possesses 

short cilia. 

4. Mopalia muscosa possesses a pallial and a neural mucous tract. 

Goblet cells principally form these mucous tracts with neuro-

sensory cells being present. 

5. Mopalia lignosa possesses only a neural mucous tract, sub-

divided into inhalant and exhalant portions. Cells of this tract 

are secretory with medium to coarse granules. 

6. Goblet cells are able to secrete ther entire contents rapidly and 

have a short restoration period. Their secretion is probably 

more viscous than the secretion of the granule-containing cells 

and this probably accounts for the relative lack of cilia in 

Mopalia muscosa. Secretion of these cells is efficient at 



53 

accumulating suspended particles and facilitating their exit. 

7. Secretory cells ate of a merocrine type. Their secretion is less 

viscous than the secretion of goblet cells and is easily handled 

by the long cilia. These cells are inefficient at handling high 

concentrations of suspended particles. 

8. Mopalia hindsii possesses both types of cells in its mucous 

tracts. The expanded mucous tracts contain mostly granule-

containing · secretory cells which indicates the inefficiency of 

these cells compared to the goblet cells in handling high con-

centrations of suspended sediment particles. 

9. The pallial tracts, when present, and the gills are efficient 

testers of respiratory currents. The osphradium is secondary 

in importance. 

10. The development of mucous glands in chi tons with a holobranch 

gill series is partly a result of the environment inhabited. 
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ABSTRACT 

The chiton Mopalia muscosa ranges from the open rocky 
coast to the bay environment, whereas the related chitdn Mopalia 
lignosa is restricted to the outer rocky coast. The mantle cavity 
currents, anatomy and histology were investigated. 

Mucous gland cells of Mopalia muscosa are goblet type sec-
retory cells. Their apparent ability to deliver their secretion rapidly 
together with having a short restitution period probably accounts for 
Mopalia muscosa having success at invading the bay environment. The 
mucous glands of Mopalia lignosa consist primarily of cells with medium 
to coarse secretory granules. These cells apparently are not as effi-
cient at handling suspended sediments thereby limiting in part the range 
of Mopalia lignosa. The distribution of cilia in the mantle cavity is 
correlated with secretory cell type. Mantle cavity and gill anatomy 
along with their currents are similar in the two chi tons. 
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