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SHORT NOTE 

Ciliary Movements in Guts of Early Clupeoid and Salangid 
Larvae 
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ABSTRACT: Ciliated epithelial gut cells were studied in 
newly-hatched larvae of the clupeolds Clupea harengus, 
Clupanodon punctatus, Engraulis japonlcus and the salangid 
Salangichthys microdon. Ciliary movements occur mainly in 
the posterior part of the gut; they start shortly after hatching 
and disappear within a few days. Ciliated cells in the gut 
epithelium of early larval stages are interpreted as retained 
features of a more primitive type of gastric epithelium. 

Ciliated epithelial cells in the digestive tract are, in 
general, uncommon in teleost fishes - apart from some 
primitive members of the Actinopterygii (Barrington, 
1957). In larvae of two teleost species, Plecoglossus 
altivelis and Hypomesus olidus, Iwai (1967 a,  b) dis- 
covered ciliated cells in the gut epithelium and sug- 
gested that these provide a means for transporting food 
particles in the gut for a limited period during early 
larval life. Both his observation and conclusion were in 
need of confirmation and extension. This note presents 
further information on ciliary activities in the guts of 
larvae of the clupeoids - herring Clupea harengus, 
gizzard shad Clupanodon punctatus, anchovy 
Engraulis japonica - and of the salangid Salangichthys 
microdon. 

Herring larvae were obtained from artificially fer- 
tilized, laboratory-incubated eggs of Baltic spring 
spawners. Water temperatures during incubation and 
growth were ca 10 "C. Gizzard shad larvae and 
anchovy larvae were raised from fertilized eggs col- 
lected in coastal waters of the Japan Sea. Two series of 
rearing experiments were conducted in full strength 
salinity and at different water temperatures (ca 20 'C 
and 25"-27 "C). Salangichthys microdon larvae were 
reared in the laboratory from artificially fertilized eggs 
obtained from Yoshii River, Okayama Prefecture, 
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Japan. Incubation and rearing temperatures ranged 
from 11.8" to 13.7 "C. 

Ciliary movements in the gut epithelium were 
observed in larvae anaesthetized with MS 222 (0.01 %) 
and placed in a watch glass under an  ordinary light 
microscope. With transmittant light, the gut epithelium 
was visible through the transparent body wall. For 
additional histological studies, larvae at  various stages 
were fixed in 10 % formalin. Serial paraffin sections 
(7 pm) were stained with Mayer's haemalaun and 
eosin. 

Larvae of the 3 clupeoid fishes do not hatch at  the 
same developmental stage. Newly-hatched larvae of 
gizzard shad and anchovy appear to be in a much less 
advanced stage than herring larvae; mouth and gut 
lumen are not yet open, eyes unpigmented. Newly 
hatched herring are far more developed; their mouth 
and gut are functional and their eyes pigmented. How- 
ever, the digestive organs are very similar in all 3 
species at the stage of initial feeding. The gut is a long, 
straight tube reaching almost to the caudal base; it 
consists of foregut, midgut and hindgut. The lining of 
the foregut is composed of cuboidal epithelial cells; 
these cells are stratified near the pharyngeal portion. 
The lining of the relatively long midgut and of the 
short hindgut consists of a simple columnar 
epithelium. The columnar epithelial cells are distally 
covered by the striated border consisting of microvilli. 
The nucleus is located in the basal half of the cells. 
This columnar epithelium (Fig. l a )  harbours ciliated 
epithelial cells. 

In herring larvae (ca 7 mm total length = TL), ciliary 
movements became visible in the posterior half of the 
gut I d  after hatching. Ciliary movements were espe- 
cially vigorous in the posterior portion towards the 
anus; cilia beats were directed backwards. Ciliated 
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fields seem to occur in  patches scattered over the inner 
surface of the gut. This suggests that ciliated cells are 
located among normal columnar cells provided with 
microvilli, as in the larvae of Plecoglossus altivelis. 
Ciliary movements disappeared in herring larvae 

about 2 d after hatching, except in the gut end near the 
anus. 

In gizzard shad larvae (ca 4 . 2  mm TL), weak ciliary 
movements were observed in the posterior half of the 
gut 2 d after hatching. When the larvae were 6 mm 

Fig. 1. (a) Cross section of newly hatched herring larva (7 mm TL) showing ciliated gut epithelium (arrow). (b-e) Cross sectlons of 
larvae of Salangichthys rnicrodon (7.6 mm TL); (b) Mid gut contaming food (rotifer); note the epithelium whlch is composed 
entirely of usual columnar cells with striated border (c) Anterior region of ciliated epithelium with interspersed cillated cells; 
arrows show ciliated cells. (d) and (e) Ciliated epithelium of hind gut. (f) Larva of S. microdon showing fecal lorica of rotifer 

(arrow) protruding from anus. Calibration bars: 50 pm for a-d; 20 prn for e ;  0.2 mm for f 
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long, 3 d after hatching, they displayed conspicuous 
ciliary movements in the same region of gut as just 
described. Thereafter, ciliary movements became 
indiscernible, except in the posterior gut end. Ciliary 
currents were still recognized just in front of the anus 
even in larvae measuring 10 mm. 

In anchovy larvae (3.5-4.8 mm TL), ciliary move- 
ments were seen in parts of the posterior portion of gut, 
ca 2 d after hatching. Ciliary currents were especially 
conspicuous near the anus. Occasionally peristalsis 
was observed in the muscular coat of the gut. All 
anchovy larvae examined died at this stage. 

Newly-hatched larvae of Salangichthys microdon 
(5.3 mm TL) possess a very elongated yolk sac reach- 
ing almost to the anus. Their mouth is still unde- 
veloped, but a straight gut tube runs from the 
pharyngeal region to the anus, situated far back as in 
clupeoid larvae. Within 24 h after hatching, the larvae 
reached an average length of 5.7 mm and their jaws 
became functional. The epithelium of the gut exhi- 
bited, in general, the same features as in clupeoid 
larvae. In well-fed larvae the gut lumen was expanded 
and the columnar epithelium was rather low in the mid 
part of the gut (Fig. lb).  In the anterior region of the 
ciliated epithelium, ciliated cells occurred sparsely 
among the usual columnar cells with microvilli on 
their distal border (Fig. lc) .  In the posterior region, 
especially in the hind gut, a number of ciliated cells lie 
on the epithelium (Fig. Id, e).  

In l -d old larvae (ca 5.7-5.9 mm TL), ciliary move- 
ments were visible along the epithelium of the post- 
erior region of the gut. In 3-d old larvae (6.8 mm TL), 
vigorous ciliary movements were observed in the post- 
erior region of the gut, 2.1 mm anterior to the anus. In 
4-d old larvae (6.9-7.0 mm TL), the transition from the 
mid gut to hind gut was marked by a prominent con- 
striction. Ciliary movements were vigorous in the post- 
erior half of the gut, especially near the anus. The 
rotifers used as larval food and fecal lorica conveyed 
by ciliary currents were often seen at the anus opening 
(Fig. If). In 7-d old larvae (8.8 mm TL), ciliary move- 
ments were still observed in the posterior region of the 
gut including the anus. 

Recently, Wang et al. (1980), reported the occurrence 
of ciliated gut epithelium in larval eels. The function of 
this ciliated epithelium remains to be explained. A 
considerable body of literature deals with ciliated cells 
in the anterior portion of the digestive 'tract (e.g. 
esophageal or gastric mucosa; see for example, M'In- 
tosh and Prince, 1890; Hopkins, 1895; Purser, 1928). 
Based on the fact that fishes with a ciliated gastric 
mucosa are primitive members of the Actinopterygii, 
Barrington (1957) offered the fairly plausible explana- 
tion that ciliated cells represent a retained feature of a 
more primitive type of gastric epithelium. This view is 

supported by the fact that ciliated epithelial cells are 
usually found in the intestine of both larval and adult 
lampreys (Battle and Hayashida, 1965; Yamamoto, 
1965). Phylogenetically, ciliated cells in the gut 
epithelium of clupeoid larvae may be an example of 
retained primitive features. 

The appearance of ciliary movements in the gut of 
clupeoid larvae seems to coincide with a certain part of 
the initial feeding period. Therefore, it cannot be 
excluded that ciliated epithelial cells of the gut are 
partly responsible for transporting food material. 
Engulfed particles are moved towards the end of the 
gut by a combination of ciliary action and peristaltic 
waves of the gut wall. Furthermore, ciliary currents 
near the anus participate in faeces elimination. Hence, 
ciliated cells seem to serve for transporting food and 
faecal material over a limited period during larval 
development. According to Wier and Churchill (1945), 
the lining of the small intestine in adult gizzard shad 
consists exclusively of ciliated columnar epithelial 
cells. 
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