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INTRODUCTION

The young stages of certain species of sand-eels (Ammodytidae) can be
distinguished by differences in their pigmentation. Ford (1920) has described
the post-larvae of Ammodytes lanceolatus Lesauvage and A. tobianus L. The
post-larva of A. marinus* Raitt has been identified by Kindler (1941), and
Fage (1918) has given an account of the post-larva of Gymnammodytes cicerellus
(Rafinesque). In addition to post-larvae of lanceolatus, tobianus and marinus,
a fourth Ammodytes post-larva, with a pigmentation pattern distinct from
those of the above four species, has been found in collections from the Celtic
Sea and Plymouth area.

The occurence of four Ammodytes post-larvae in this area is of particular
interest in relation to the observations of Kéndler (1941), who also found four
Ammodytes post-larvae in the southern North Sea and Baltic. He records
post-larvae of lanceolatus, marinus and two forms of tobianus, a spring brood
form and an autumn brood form, both differently pigmented. These
Kindler refers to two races of fobianus which he is able to distinguish in the

* Duncker & Mohr (1939) do not accept A. marinus as a separate species. The identifica-
tion of the post-larva by Kandler (1941) and the specific scale distribution pattern in the

adult (paper in manuscript, P.G.C.) leave no doubt, however, that it is a valid species, distinct
from A. tobianus.
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adults—the spring spawners and the autumn spawners. The pigmentation
of the fourth Ammodytes post-larva from Plymouth and the Celtic Sea agrees
very closely with the description of the pigmentation of the autumn-brood
tobianus post-larva from the North Sea and Baltic (Kéndler, 1941, p. 66).

The fourth post-larva from the Celtic Sea and Plymouth area is also of
interest in relation to the four species of adult Ammodytidae (4. lanceolatus,
A. tobianus, A. marinus and G. semisquamatus (Jourdain)) recorded by Raitt
(1934, 1935) in Scottish waters. In this connexion, it is to be noted that
Duncker & Mohr (1935, 1939), in their revision of the Ammodytidae, placed
the smooth sand eels in a new genus, Gymnammodytes, and divided the
former single European species, A. cicerellus, into two species, G. cicerellus
and G. semisquamatus. It may be anticipated from this division that specific
differences will be evident in the young stages of these two species, including
differences of pigmentation which would distinguish the post-larvae of
G. cicerellus from those of G. semisquamatus. The young stages of G. cicerellus
described by Fage (1918) were all taken in the Mediterranean, with the
exception of four specimens caught off the mouth of the River Tagus, Portugal.
No other occurrence of a similar post-larvae is recorded throughout the
widespread and detailed investigations on the young fish of European Atlantic
waters. Duncker & Mohr (1939) assign all former records of 4. cicerellus from the
Mediterranean, including the post-larvae described by Fage, to G. cicerellus,
and those from the Atlantic coastline of Europe to G. semisquamatus™.
On the basis of this distribution, the young stages of G. semisquamatus, if
separable by differences of pigmentation according to the above inference,
have not hitherto been captured or identified.

There seemed then at the outset to be two possible interpretations of the
fourth Ammodytes post-larva from the Celtic Sea and Plymouth area. It might
belong to the Atlantic G. semisquamatus which is known from Raitt’s records
of the adult to be abundant in the north-east Atlantic. Or, to judge from its
close resemblance to Kindler’s autumn brood tobianus post-larva, it might
belong to Ammodytes tobianus. In this latter event there would then be two
forms in the south-western area as well as in the North Sea and Baltic.

The present study leads, however, to the conclusion that neither of these
two possible interpretations applies, and that the fourth post-larva from the
Celtic Sea and Plymouth area, although undoubtedly belonging to the family
Ammodytidae, is not attributable to a known species.

Before discussing the evidence which leads to this conclusion, it will be
relevant briefly to review some of the previous literature.

* A strict interpretation of this would ascribe the four post-larvae caught off the mouth
of the Tagus to G. semisquamatus. Fage, however, considered them to belong to the series
of young stages of G. cicerellus taken in the Mediterranean. But it must be recalled that this
was before Duncker & Mohr’s separation of the two species.
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PREVIOUS EUROPEAN RECORDS OF AMMODYTIDAE

In addition to the two commonly known British species, Ammodytes lanceolatus
and A. tobianus, Raitt (1934, 1935) recorded Gymnammodytes semisquamatus
and a new species, 4. marinus. He found marinus to the north and west of
Scotland and in the North Sea in greater abundance than any of the other three
species. It is now also known to occur in the Irish Sea off the Isle of Man*,
in addition to the present records of the young stages from the Celtic Sea
and off Plymouth. Adult marinus have not, however, been taken in the south-
western area. Raitt also found G. semisquamatus in very considerable numbers
to the north and west of Scotland, but less commonly on the east coast and in
the open North Sea. Before this discovery of the abundance of this species
in Scottish waters, it was considered to be restricted, with the exception
of a very few isolated records from northern waters (Shetlands, one specimen
as A. siculus, Glinther, 1867: Southern Norway, five specimens as A. cicerellus,
Collett, 1904 ; Grieg, 1912: Sweden, Lonnberg, 1915), to the St Malo region
in the southern half of the mouth of the English Channel (Jourdain, 1879;
Moreau, 1891), the Atlantic coastline of France (Acloque, 1900), Portugal
and Spain (de Buen, 1935). It has recently been found in the Irish Sea* and
in the English Channel off Plymouth*. It did not occur in the extensive
collections made by Kéndler (1941) in the Baltic and southern North Sea
although it is recorded by Poll (1947) from the latter area. The distribution
of the adults of the European Ammodytidae may be summarized from the
above records and those of other authors:

A. lanceolatus. Iceland':%,} Norway?, Faroes!:2, Baltic*, North Sea*5.°,
west coast of Ireland®, Irish Sea’, English Channel®, France (Biscay)®, Spain
(Biscay)?, Portugal (south to mouth of River Tagus)!?; very rarely found in
Mediterranean®, not recorded from Spanish Mediterranean coast?®.

A. marinus. Greenland!:2, Iceland 2, Norway !, Faroes!:2, Baltic*, North
Sea4:5, Irish Sea!?; not recorded from west coast of France, Spain, Portugal,
or from Mediterranean.

The present distribution records of marinus post-larvae have a southern
limit in the mouth of the English Channel (pp. 307-9), and consequently the
possibility of the species occurring even farther to the south cannot be excluded.

A. tobianus. Greenland (one specimen)!, Iceland':2, Norway'!, Faroes!:2,
Baltic*, North Sea?:%.%, Irish Sea® (marinus not then distinguished), English
Channel® (marinus not then distinguished), France (Biscay)®, Spain?,
Portugal?, Mediterranean (Balearic Islands and Spanish coast from Franco-
Spanish border to Cape Nao)®.

The records of fobianus to the south of the English Channel are included
here since marinus has not yet been identified to the south of the Channel.

* Records to be published in a further communication.
1 For explanation of figures see page 291I.

JOURN. MAR. BIOL. ASSOC. vol. XXVIII, 1949 19
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Day (1880-84) records tobianus as common round the Irish coast. The pre-
ponderance of marinus to fobianus on the west coast of Scotland (Raitt, 1934)
strongly suggests that marinus may occur on the Atlantic coast of Ireland.

G. semisquamatus. Norway!?: ¥, Sweden's, North Sea® 1, Irish Sea'?,
western English Channel'?.17:18, France (Brittany)!®, Spain (not coast of
Galicia)®, Portugal®.

G. cicerellus. Mediterranean®, Black Sea.

The distribution of the young stages of the European Ammodytidae cannot
be so fully outlined as that of the adults owing to the fact that fobianus and
marinus were not distinguished in the earlier accounts* before Kindler’s (1941)
identification of the post-larva of marinus. Only those records, therefore, in
which the possibility of confusion of these two species does not occur, are
included in the following summary:

A. lanceolatus. Baltic%, north and west coasts of Scotland '2, North Seat:12,
Irish Sea?, Celtic Sea??, Plymouth 2?23,

A. marinus. Faroes?, Baltic%, north and west coasts of Scotland 2, North
Sea®?20, Celtic Sea?, Plymouth?? 23,

A. tobianus. Baltic*, north coast of Scotland *?, North Sea '?:20, Celtic Sea 22,
Plymouth??, 23,

G. semisquamatus. Norway, Bergen (3 specimens, 47'5, 600 and
78:0 mm.)!3; Channel Islands (2 specimens, §0-0 and 550 mm.)}; ? this
species, Portugal, off River Tagus (4 specimens, 35:0-45:0 mm.)?*. Fage
(1918) refers these specimens to the series of post-larvae of G. cicerellus
from the Mediterranean although, as previously pointed out (p. 288, footnote),
the locality of capture suggests, according to the distribution of the two
species given by Duncker & Mohr (1939), that they may be attributable to
G. semisquamatus. This possibility is given support by the fact that a detailed
comparison of the distribution of the individual melanophores which make
up the gross pigmentation and of the gross pigmentation itself showed no
differences between the specimens of semisquamatus found in the Channel
Islands and examples of cicerellus of similar size from Sebastopol in the
Black Sea (12 specimens, 47-0-63-0 mm.) and also from the Naples area
(21 specimens, 52:0-68-0 mm.)}. There was, however, no difficulty in
identifying the two species by their respective long (cicerellus) and short
(semisquamatus) ventro-lateral skin fold (Duncker & Mohr, 1939), and all

* See Appendix on pages 3I11-12.

1 The writers are much indebted to Miss Ursula M. Grigg for the two specimens from
the Channel Islands, which, as far as is known, are the only records of any young stages of
G. semisquamatus from British waters. They were both found dead on the sand near low
water (50 mm., Petit Port, Guernsey, 7 September 1948; §5 mm., Beau Port, Jersey,
31 August 1948). )

¥ The writers’ thanks are due to Dr E. Trevawas, British Museum (Natural History), for
permission to examine the Black Sea specimens, and to Dr R. Dohrn, Director of the
Stazione Zoologica, for kindly providing the specimens from the Naples area.
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these juvenile specimens were referable to the genus Gymnammodytes by the
characteristic structure of the lateral line (Jourdain, 1879; Duncker & Mohr,
1939). Concerning the four specimens taken off the mouth of the River
Tagus, Fage wrote “Il est donc impossible de distinguer ces individus de
ceaux a peine plus 4gés (3 specimens, 10-12 cm.) pris le 21 Février 1911
a Messine...”. And of the Mediterranean post-larvae of G. cicerellus, he
observed that the striking melanophore pattern of the earlier stages
(Figs. 5 & 6; 7°5 and 11-0 mm.; Fage, 1918) becomes less pronounced with
increased size (Fig. 7; 250 mm.; Fage, 1918). There is thus, in the late
post-larvae and juveniles of these two species of Gymnammodytes, a similar
difficulty of specific identification (by pigmentation alone) to that found in
the same stages of the three species of Ammodytes (p. 294), although no such
difficulty occurs in the earlier stages of the Ammodytes spp.

G. cicerellus. Western Mediterranean, Alboran Sea, Balearic Islands,
Tyrrhenian Sea, Straits of Messina?*; eastern Mediterranean, off Alexandria®;
? this species, Portugal, off River Tagus® (see above).

1 Bruun (1941). 1 Gongalves (1942). 18 Moreau (1891).

2 Jensen (1941I). 11 Soleim (1945). 1 Aclogue (1900).

3 Wollebzck (1924). 12 Records to be published in 2 Duncker & Mohr(1939).
4 Kindler (1941). a further communication. *' Bal (1944).

5 Raitr (1934). 2 Collett (1904). 22 Present records.

¢ Day (1880-84). U Grieg (1912). 3 Ford (1920).

" Moore (1937). 15 Lonnberg (1915). # Fage (1918).

8 Joubin & LeDanois (1924). ' Poll (1947).

9 de Buen (1935). 17 Jourdain (1879).

PROBLEMS IN' IDENTIFYING THE POST-LARVAE

The pigmentation of the A. lanceolatus and A. tobianus post-larvae in the present
collections is in full agreement with the figures and descriptions given by
Ford (1920), and the pigmentation of the A. marinus post-larvae agrees with
Kindler’s (1941) figure and description. The pigmentation of the post-larva
of G. cicerellus (Fage, 1918, Figs. 5—7) is strikingly different from that of the
above three species and from that of the species IV post-larva occurring in the
Celtic Sea and Plymouth area. It has already been mentioned that the two
post-larval forms of tobianus from the southern North Sea and Baltic are each
distinguishable by a different pigmentation pattern (Kéindler, 1941). The
post-larvae of the spring brood (id., fig. 3¢, p. 64) are more heavily pigmented
in general than those of the autumn brood (id., p. 66), and Kéndler (id., p. 65)
identifies the darker spring form with the Plymouth tobianus post-larva
described by Ford (1920). Ford’s specimens were caught in late summer, July,
August and September (Clark, 1920), and the fobianus post-larvae of the
present collections also show a maximal occurrence in August and September
(Table III, p. 304).

19-2
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As earlier remarked, the melanophore pattern of Kindler’s more lightly
pigmented autumn brood fobianus post-larva, of which he gives a full descrip-
tion, but unfortunately no figure, very closely resembles the pigmentation of
the species IV post-larva which occurs in this area in the spring (Table III,
P- 304).

It is important to emphasize the agreement of pigmentation in the lightly
pigmented pair of post-larvae (species IV, this area; fobianus, North Sea and
Baltic, Kéndler) and in the dark pair (fobianus, this area, Ford ; fobianus, North
Sea and Baltic, Kindler), since the times of occurrence of each member of
the two pairs are exactly opposite in the two areas:

Celtic Sea and Plymouth Southern North Sea and Baltic
- S - A \
Light form Dark form Light form Dark form

Spring Species IV

tobianus (Kindler)
Autumn o

tobianus (Ford) tobianus .(‘Kéndler)

Notwithstanding this inversion in the times of occurrence, the two forms
from each of the two areas might well be considered on the criterion of
pigmentation to be identical. If this were so, a spring brood and an autumn
brood of tobianus post-larvae, similar to the double brood found by Kindler
in the North Sea and Baltic, could be recorded from Plymouth and the Celtic
Sea. This appears, however, to be excluded by the following evidence obtained
from a study of the number of vertebrae in the post-larvae (Table II and
pp. 301-4).

There is a separation of 5-67 + 0-400 between the means of the number of
vertebrae of the tobianus (66-33 +0-360) and species IV (72:0+0°175) post-
larvae from Plymouth and the Celtic Sea, and there is no overlap in their
ranges (fobianus, 64—69: species IV, 70-74). A difference of this magnitude
between the mean vertebral numbers of the two different Ammodytes post-
larvae occurring in the same area, although at different seasons, is considered
to preclude the possibility of their belonging to the same species.

Although Kindler has not examined the number of vertebrae in the post-
larval tobianus of the spring and autumn broods from the southern North Sea
and Baltic, his counts of adult spring and autumn spawners show only a very
small difference of less than 1-0 between their means (Kéndler, 1941, Table 25,

P- 122’): North Sea Baltic
Spring 63-09 6317
Autumn 64-08 63-49
Difference 0'99 032
Error of difference +0'071 +0061

It is noteworthy that the means of the North Sea and Baltic autumn-
spawning adult fobianus (64-08 North Sea; 63-49 Baltic), which give rise to the
autumn brood of post-larvae with the light pigmentation corresponding to
species IV, are considerably lower than the mean of the fobianus post-larvae
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(66-33) from this area. The differences (792, 8-51) between the means of these
North Sea and Baltic autumn-spawning adult fobianus and that of species IV
are thus even greater than the difference (5:67) between the means of species IV
and the fobianus post-larva of this area. It is considered as before that these
wide differences preclude the possibility of identifying the species IV post-
larva with the tobianus post-larvae, in particular the light form, from the
North Sea and Baltic.*

It has already been mentioned that the pigmentation of the post-larvae of
G. cicerellus described by Fage (1918) is very distinct from that of the species IV
post-larvae, and also that no post-larvae have hitherto been found which
can be attributed to the adult G. semisquamatus, which occurs commonly in
Scottish waters (Raitt, 1934). A sample of these Scottish G. semisquamatust
was found to have a mean vertebral number of 68-16 + 0-127 (Table II, p. 302).
This figure is 3-84 + 0-022 less than the mean of species IV (72-0), and although
it is the nearest approach to the species IV mean, it seems highly unlikely that
an adult with a mean vertebral count of 6816 could be related to a post-larva
with a mean of 72-0, even allowing for geographical variation.}:

It is therefore concluded from the above evidence that the post-larval
Ammodytes species IV is not related to the Atlantic Gymnammodytes semi-
squamatus or to A. tobianus from either the Celtic Sea and Plymouth area or
the southern North Sea and Baltic.

It appears then that the species IV post-larva cannot be attributed to
a known adult, and it can only be concluded that it belongs to another species
of Ammodytes. If this interpretation proves to be correct, the number of species
of Ammodytidae in the Celtic Sea and Plymouth area is thus increased to five:
Adult: A. lanceolatus A, tobianus  G. semisquamatus  Not recorded Not known
Post-larva: A. lanceolatus  A. tobianus Not recorded A. marinus Species IV

The description (pp. 299-500) and figures (PL. II, fig, 2) of the species IV
post-larva show that the type of development, the general body form and the
scheme of pigmentation all very closely resemble the same characters in the
post-larvae of lanceolatus, fobianus and marinus, and such conformity is held
to substantiate the inclusion of species IV in the family Ammodytidae,
although no certain distinction between the genera Ammodytes and
Gymnammodytes can be made.

No great numbers of adult Ammodytidae have been collected and examined
from this south-western area. With sufficient search it appears likely that adult

* Kindler’s vertebral counts of adult zobianus from the North Sea and Baltic are here taken
as representative of the vertebral counts of the post-larvae from the area.

1 These specimens, part of Dr D. S. Raitt’s original material, were kindly provided by
Dr R. S. Clark, lately Director of the Marine Laboratory of the Scottish Home Department,
Aberdeen.

1 There are no vertebral count data of Mediterranean G. cicerellus from which a mean can
be calculated. Fage (1918) gives the range as 66-69 and Duncker & Mohr (1939) give the

figure 67 (39+28). It is not stated whether these figures are inclusive or exclusive of the
urostyle.
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marinus will be found. It remains to be seen whether further search will also
bring to light the adult of species IV.

Despite the almost exclusive relation to post-larval stages of the present
data, it is felt that they are worth publication in order that the numerous
questions which call for further study may be brought to the notice of other
workers. Some of the questions awaiting solution are at once apparent.

Vertebral count data of adult lanceolatus, marinus and species IV from this
area are needed for comparison with the present post-larval data.

Further data are required to resolve the anomalous difference between the
number of vertebrae in adult and post-larval fobianus from this area (p. 303).

A search for the adult of species IV must be made and, if successful, its
identification will need to be established.

These problems arise directly from the present study. Others of wider
relevance are also evident. Thus vertebral count data of both adult and
post-larval G. cicerellus from the Mediterranean are required ; while intimately
connected with this is the need for continued search for the post-larva of
the Atlantic G. semisquamatus, and for an investigation of the breeding
habits of this species.

Of rather different character, but none the less important, is the need for
full confirmation of the identification of the known Ammodytidae post-larvae
with the known adults. A. lanceolatus appears to be the only species in which the
post-larvae can with certainty be linked with the adult (pp. 301-3). The available
facts give every indication that the post-larvae of 4. tobianus, A. marinus and the
Mediterranean G. cicerellus are correctly assigned to their respective adults. It
must, however, be admitted that the chain of evidence is not entirely complete.
In none of these three species has it yet been possible fully to apply Schmidt’s
classic method of seriation from early larva to adult or recognizable adolescent.
The frequently encountered difficulty of obtaining a full series of adolescent
stages, intermediate between the late post-larva and the juvenile with adult
characters, may be in part responsible for the gap. Moreover, in lanceolatus,
tobianus and marinus, the specificity of the post-larval pigmentation lessens
with increasing age until it is extremely difficult to separate the late post-larvae
and early adolescents. Rearing from artificial fertilizations of known parentage
should, however, provide material for comparison with the existing descriptions
of the post-larvae of A. tobianus, A. marinus and G. cicerellus. But the difficulty
of rearing a large enough number of young stages to a size suitable for alizarin
staining presents considerable obstacles to the solution of the vertebral count
problems. And were it achieved, it is certain that the laboratory conditions
would greatly differ from the spawning ground conditions which are generally
thought to have considerable influence on the definitive number of vertebrae.
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MATERIAL

The material for the present paper was collected by standard } hr. oblique
hauls of the 2 m. stramin ring-trawl on the 1937-39 mackerel investigation
cruises in the Celtic Sea (Corbin, 1947), and in the weekly plankton collections
of 1930, 1931 and 1935-37 taken near the Eddystone light-house for the
purpose of observing the yearly fluctuations in the abundance of young fish
in the Plymouth area (Russell, 1930—47). More than 6000 Ammodytes post-
larvae from the 1937-39 cruises have been examined together with some
850 specimens from the Plymouth collections. They range in length from
about 5 mm. to about 30 mm. The writers are much indebted to Mr F. S.
Russell for the loan of the Plymouth young fish collections of 1930-37 and
of specimens of G. cicerellus post-larvae from the Eastern Mediterranean off
Alexandria, and to Mr G. M. Spooner for his help with the calculations.
Further acknowledgements occur in the text.

THE PIGMENTATION OF THE POST-LARVAE

The nomenclature used to describe the pigmentation of the post-larvae is
shown in Fig. 1. An identification key is given on p. 300.

Ventral Dorsal
body pigment pigment
O & H_ﬂﬂi;f]ﬁ— Caudal
pigment
—)
Stomach Gut Ventral
pigment pigment fin-membrane
pigment

Text-fig. 1. Diagram showing the nomenclature of the pigment rows.

) Ammodytes lanceolatus (Plate I, fig. 1)
Post-larva 4+5 mm. (a)

The fin-membrane is entire from the head, round the body and tail to the
throat. Ventral body pigment extends from behind the head to the tail; it is
a double line of melanophores in the pre-anal region, a single line post-anally.
The stomach pigment and gut pigment form a single row of melanophores,
but are distinguishable by the closer spacing of the melanophores on the
stomach. Ventral fin-membrane pigment is present as a row of melanophores
extending from the stomach nearly to the tail. There is seldom any indication
of a dorsal pigment row at this early stage.
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Post-larva 7-5 mm. (b)

The fin-membrane is still complete. Ventral body pigment, stomach, gut
and ventral fin-membrane pigment rows are as in the preceding stage. The
first rudiments of caudal fin-rays show ventrally to the tip of the notochord,
and caudal pigment is present as one or two melanophores at the base of the
developing rays. The specimen illustrated has rather heavier caudal pigmenta-
tion than is usual at this stage. Dorsal pigment is represented by two or three
melanophores in the immediate pre-caudal region. The specimen figured is
in this respect also slightly more heavily pigmented than typically.

Post-larva 12°§5 mm. (c)

The dorsal and ventral fin-membranes are still complete, and dorsal and
anal fin-rays are developing post-anally. Caudal fin-rays are well developed.
Dorsal, caudal, ventral, stomach, gut and ventral fin-membrane pigmentation
is similar to the preceding stage. Post-anally the ventral body pigment is
a double row of melanophores almost to the tail. Teeth-like structures (Ford,
1920) are present on the upper jaw. It is of interest to compare this figure
with the specimen illustrated by Ford (1920, Fig. 1, p. 243) which, although
very slightly smaller (12:0 mm.), shows considerably more development of
the dorsal, caudal and anal fin-rays, and almost complete disappearance of the
ventral fin-membrane and loss of its pigment line.

The ventral fin-membrane pigment row is characteristic of the earlier
post-larva of lanceolatus only; it is not present in marinus, tobianus or species IV.

Post-larva 18:5 mm. (d)

The ventral fin-membrane has almost completely disappeared. The anal
fin-rays are fully or almost fully developed. The dorsal fin-rays are further
developed but are still absent pre-anally in the reduced fin-membrane. The
dorsal and caudal pigment is slightly more developed. Pre-anally the ventral
body pigment is very much less distinct than post-anally and is only visible by
transparency through the abdominal walls. It becomes obscured by the
thickening and downward growth of the walls of the abdomen. The stomach
and gut pigment is much reduced at this stage or even absent. Teeth-like
structures are present on the upper jaw.

Post-larva 26+5 mm. ()

Fin-rays are developed throughout the length of the dorsal fin. The dorsal
pigment extends from the tail to just in front of the anus and is considerably
more developed than in the preceding stage. The caudal pigment has increased.
The pre-anal ventral body pigment is further obscured. The gut pigment is
lost and the stomach pigment may be absent (as in the specimen figured) or
represented by one to four small melanophores, seldom more.
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Ammodytes marinus (Plate I, fig. 2)
Larva 625 mm. (a)

The fin-membrane is entire and an oil globule of considerable size is
present. The earliest stages of lanceolatus, tobianus and species IV taken in the
present collections are smaller than this larval marinus, but none has an oil
globule. Dorsal pigment is absent. Ventral body pigment is present as a row
of melanophores extending from behind the head to the end of the notochord.
Pre-anally the row is double, post-anally it is single. The four or five terminal
melanophores are not always as prominent as in the specimen illustrated.
Stomach pigment is present. Gut pigment is lacking.

Post-larva 7-5 mm. (b)

Pigmentation is similar to the preceding stage. The oil globule has been
resorbed. The first indications of the developing caudal fin-rays are present.

Post-larva 11-0 mm. (c)

The dorsal pigment row is present as two or three melanophores. Consider-
able development of the caudal fin-rays is evident, and what will later be the
caudal pigment row is clearly seen at the base of the caudal rays. Other
pigmentation resembles the preceding stage.

Post-larva 14-0 mm. (d)

Dorsal and ventral fin-rays are starting to develop in the post-anal region.
The caudal pigment forms a prominent line of melanophores at the base of
the caudal fin-rays which are now well developed. A slight increase in the
number of melanophores in the dorsal pigment row is usual at this stage,
although not apparent in the specimen figured. The gut pigment develops at
this stage or a little earlier; it shows considerable variation. It may consist of
a well-marked regular line of melanophores from stomach to anus, it may be
completely lacking, or it may be an incomplete and interrupted row (see below.
post-larvae of 18-5 and 19-0 mm.).

Post-larva 18-5 mm. (e)

The dorsal and anal fin-rays are almost fully developed in the post-anal
region. Fin-ray development is not yet complete in the pre-anal region where
the dorsal fin-membrane is reduced. The dorsal pigment is slightly increased
and some gut pigment is present.

Post-larva 19-0 mm. (f)

This specimen which is at the same developmental stage as the above
specimen of 18-5 mm., has generally heavier pigmentation, particularly in
the dorsal row and on the gut.
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Post-larvae 230 and 27°5 mm. (g and k)

A forward extension of the dorsal pigment is seen in these specimens
Other pigmentation remains essentially the same, Fm—ray development in
the dorsal fin is complete.

From about 10 mm. onwards, the pre-anal ventral body pigment of marinus
is very prominent. Although situated on the inner side of the walls of the
abdomen, it remains markedly conspicuous and is not obscured by the increasing
thickening of the developing abdomen wall until a much later stage than in
lanceolatus, tobianus and species IV.

Ammodytes tobianus (Plate 11, fig. 1)
Post-larva 525 mm. (a)

The fin-membrane is entire. The dorsal pigment consists of two melano-
phores situated a short distance forward of the tip of the notochord. The
ventral body pigment extends from behind the head to a point just short of
the tip of the notochord. Stomach pigment consists of a closely spaced row
of melanophores which under certain conditions of expansion give the ap-
pearance of an almost continuous line. The gut pigment line continues on
from the stomach pigment to the anus, but the melanophores are more
openly spaced than in the stomach pigment line.

Post-larva 8-0 mm. (b)

The dorsal pigment row has developed considerably since the preceding
stage. There is a small pre-anal group of melanophores and a fairly well-
developed row post-anally. This interrupted appearance of the dorsal row,
before the development of an unbroken line, is very characteristic of the
earlier post-larvae of tobianus. Kéndler (1941) makes this observation. Caudal
fin-rays have begun to develop, but.no dorsal or anal rays yet.

Post-larva 875 mm. (c)

Dorsal and anal fin-rays have begun to develop in the post-anal region.
The caudal fin rays are well developed. The dorsal pigment line has increased
since the preceding stage; it extends the full length of the body from the nape
of the neck to the tail. It is more pronounced in the post-anal half; the
melanophores are regularly spaced and larger than those in the pre-anal
region where the spacing is somewhat uneven. The pre-anal ventral body
pigment is less prominent than the post-anal section owing to the opacity of
the abdomen walls. The contrast between the close spacing of the stomach
pigment and the open spacing of the gut pigment is more evident here than
in the earlier stage. No caudal pigment is present.

Post-larva 11:0 mm. (d)
Pigmentation is very similar to the preceding stage. Fin-ray development
is further advanced.
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Post-larva 15-5 mm. (e)

Fin-ray development in the dorsal fin is complete. For comparison it may
be recalled that no pre-anal dorsal fin-rays are present in lanceolatus and
marinus post-larvae of 18 or 19 mm. Ford (1920) observed this earlier
development in fobianus. The dorsal pigment is complete from the neck to
the tail, but is still more prominent in the posterior half. Two caudal
melanophores are present. The gut pigment line is slightly broken.

Post-larva 23-0 mm. (f)

Caudal pigmentation is considerably increased. A medio-lateral line has
begun to develop posteriorly. The pre-anal ventral body pigment is entirely
obscured by thickening of the abdominal wall. The gut pigment line is further
broken and reduced, but the stomach pigment is still prominent and charac-
teristically closely spaced.

Ammodytes species IV (Plate II, fig. 2)
Post-larva 55 mm. (a)
The fin-membrane is entire. Dorsal pigment is represented by three
melanophores in the pre-caudal region. Ventral body pigment extends from

the region of the stomach to the tail, but not to the extremity of the notochord.
Stomach pigment is present, but no gut pigment.

Post-larva 9-0 mm. (b)

Considerable caudal fin-ray development is evident. The dorsal pigment
line now extends from the position of the anus to the root of the tail. No
caudal pigment is present.

Post-larva 13-0 mm. (c)

Dorsal and anal fin-rays are beginning to develop in the post-anal region of
the fin-membranes, and caudal fin-ray development is further advanced.
Pigmentation is similar to that of the preceding stage. The dorsal and post-anal
ventral body pigmentation is more pronounced.

Post-larva 17-5 mm. (d)

Caudal and anal fin-ray development is complete. Dorsal fin-rays are
starting to develop pre-anally. A slight forward increment of the dorsal
pigment is evident. A single melanophore is present at the base of the caudal
fin-rays. The pre-anal ventral body pigment is becoming obscured by the
thickening of the abdominal walls.

Post-larva 26-0 mm. (e)

Dorsal fin-ray development is complete. The dorsal pigment row has
extended forward to the neck region, but post-anally it is more prominent.
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Caudal pigmentation is now fairly pronounced. A medio-lateral pigment line
is present in the pre-caudal region.

The foregoing descriptions of the pigmentation of lanceolatus, tobianus,
marinus and species IV post-larvae have been confined to the longitudinal
pigment rows shown in the diagram in Text-fig. 1. Another pigmentation
feature common to marinus, tobianus and species IV, but not found in
lanceolatus, is the presence of a melanophore at the base of each pectoral fin.
This pair of pectoral melanophores is present in the post-larvae of marinus and
species IV from a length of about 10-12 mm. onwards. In fobianus it is
generally present earlier, from a length of about 7-8 mm.

Certain additional differences both of pigmentation and form are also to be
noted. Ehrenbaum (1904) observed that the length of the upper jaw in
relation to the diameter of the eye is greater in lanceolatus than in tobianus.
Ford’s (1920, Table II, p. 245) detailed measurements of these features show
that this difference is apparent at all observed lengths but becomes parti-
cularly marked above a length of 8-10 mm. It was immediately noticeable
in the mixed hauls of the present collections that the snout of the lanceolatus
post-larvae is relatively longer than that of marinus and species IV as well as
that of tobianus. Ford (1920) also noted that fobianus post-larvae are more
advanced in structural development than lanceolatus post-larvae of the same
length, and, it may now be added, than marinus and species IV post-larvae. The
earlier development of the pectoral melanophores referred to above and the
earlier replacement of cartilage by bone (p. 301) in fobianus post-larvae is in
agreement with this observation. It should be further noted that the differences
in the caudal pigmentation of the early and middle post-larvae of the four
species described are lost in the late post-larval stage when the development
of fin-rays is complete in the dorsal fin. The caudal pigment is then present in
each of the four species as a row of melanophores at the base of the caudal
fin-rays (PL I, fig. 1¢, fig. 2/; PL 1I, fig. 1f, fig. 2¢).

Identification key to the Ammodytes post-larvae of the Celtic Sea
and Plymouth area

I (2) Ventral fin-membrane pigment row present. Pectoral melanophores
absent. Teeth-like structures on upper jaw present. Vomerine teeth

present. A. lanceolatus
2 (1) Ventral fin-membrane pigment row absent. Pectoral melanophores present.

Teeth-like structures on upper jaw absent. Vomerine teeth absent. 3
3 (4) Caudal pigment strongly marked from earliest post-larval stage; not

always present in earliest larvae with large oil-globule. A. marinus
4 (3) Caudal pigment absent or very reduced until late post-larval stages. 5
5 (6) Ventral gut pigment present. A. tobianus

6 (5) Ventral gut pigment absent. A. species IV
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THE NUMBER OF VERTEBRAE IN THE POST-LARVAE AND ADULTS

The number of vertebrae was counted in alizarin-stained post-larvae of
lanceolatus, marinus, tobianus and species IV. These data are given in Table I,
together with a count of the number of vertebrae in a sample of adult fobianus
from Exmouth (September 1947)*. Counts were made only from those speci-
mens in which staining revealed that bone had fully replaced cartilage. This
takes place in tobianus post-larvae at a length of about 13 mm., whereas
lanceolatus, marinus and species IV post-larvae will not successfully stain
below a length of 18-19 mm. This difference is in agreement with the pre-
viously noted earlier development of fobianus post-larvae.

TaBLE I. THE NUMBER OF VERTEBRAE IN THE P0ST-LARVAL
AMMODYTES srP. OF THE CELTIC SEA AND PLYMOUTH AREA
Number of specimens

s —A— Al
No. of A. tobianus
vertebrae —_— Ammodytes
(including Adults A. lanceolatus =~ A. marinus species IV
urostyle) Post-larvae (Exmouth) (post-larvae) (post-larvae) (post-larvae)
62 - I .
63 s 12 s i
64 I 23 I L
65 I 10 i -
66 6 6 ¢ o
67 2 5 9 5 o
68 I 24 16 =
69 I 15 18 Ve
70 - 6 2
71 4
72 16
73 4
74 - - n i 2
Total no. of 12 52 52 45 28
specimens
Mean verte- 6633 64°15 68-08 68:56 72:00
bral no.
Standard error +0-360 +0'134 +o0-082 +o128 +0'I75
of mean i
o 1-247 0-969 0997 0857 0926

" Alizarin staining of post-larval lanceolatus clearly showed the denticles on
the upper jaw, a specific recognition character of the post-larva (Ford, 1920),
and also made visible the pair of teeth on the vomer. It is of some importance
to draw attention to the vomerine teeth in the post-larva of lanceolatus. They
are a primary specific character of the adult. But as far as is known, there is
no reference in the literature to their presence in the post-larva, which thus
establishes a complete chain of specific characters in the development of
lanceolatus from the late larva to the adult. The ventral fin-membrane pigment

* The writers are indebted to Mr N. A. Holme for kindly obtaining these specimens.
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TABLE II. THE NUMBER OF VERTEBRAE IN THE NORTH
ATLANTIC SPECIES OF AMMODYTIDAE

The standard deviation (o) and the standard error of the mean have been calculated from the data of the authors
quoted, with the exception of Kindler (1941), who gives values for the latter.

Mean  Standard Range of
No. of no. of error of no. of

Author specimens vertebrae  mean  vertebrae o
A. tobianus
Iceland Bruun (1941) 52 6256 +0°125 60-65 0'902
Faroes Bruun (1941) 22 6445 +0-200 63-66 0:940
Baltic, spring spawners ] 961 6317 +0033 6067 1-035
autumn spawners | Kindler (1941, 566 63°49 +0-051 60—67 1-216
North Sea, spring spawners J table 25, p. 122) 274 63:09 +0'057 61-65 0944
autumn spawners 566 64-08 +0'043 61—68 1'031
Northern North Sea Raitt (1934) 199 63-37 +0-063 60-66 0'984
Denmark Jensen (1941) 82 6337 +0-108 61-65 0982
Exmouth Present records 52 6415 +0°I34 62—66 0-969
Plymouth, post-larvae Present records 12 66-33 +0-360 64—-69 1-247
A. lanceolatus
Baltic } Kiéndler (1941, 126 66°73 +0-076 65-69 0853
North Sea table 23, p. 120) 203 66-85 +0'047 65—69 o-805
Celtic Sea, post-larvae Present records 52 68-08 +0-082 64—70 0997
A. marinus
Greenland Jensen (1941) 38 69:39 +0°195 67-72 1204
Iceland Bruun (1941) 97 71°53 +0112 68-73 1'104
Iceland Kindler (1941, 3I 7I°13 +o-217 69—73 1-208
table 24, p. 120)
| Grense Jakobslev 200 7174 +0-088 6975 1243
17 July 1939 j
North Norway ! Grense Jakobslev Soleim (1945) 168 (170) 72:06 +0-088 69-74 1145
30 Oct. 1939 |
Tana 89 71-88 +o-'119 69—74 I-120.
| 16 Sept. 1939
South Norway Bergen : 200 6953 +0076 67-72 1:074
2 Sept. 1941
Faroes Bruun (1941) 129 69-67 +0-084 68—72 0'950
Northern North Sea Raitt (1934) 205 69-21 +0079 6772 I-131
North Sea, German Bight Kindler (1941, 67 6975 +o0124 67-72 1-015
Central Baltic, Pomerania } table 24, p. 120) 114 68-90 +0-107 66—72 1'142
East Baltic, East Prussia 291% 68-50 + 0066 65-72 1135
Celtic Sea, post-larvae ‘Present records 45 68:56 +0'128 67-70 0858

: Ammodytes species IV
Celtic Sea, post-larvae Present records 28 7200 +o0175 70~74 0926

G. semisquamatus

West Scotland and northern Present records 51 6816 +0'127 65—70 0'901
North Sea
- A. dubius
West Greenland Jensen (1941) 179 75°10 +0-082 73—78 10
West Greenland Jensen (1944, 53 7507 ?-80 =

p. I5, note 5)

* This figure is given, evidently in error, as 191 in Kéndler’s paper.
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row (p. 296) still persists when the denticles on the upper jaw appear (PL I,
fig. 1¢), and these in turn are still present when the adult character of the
vomerine teeth appears in the later post-larvae.

For comparison with the vetebral counts of the post-larvae of this area
(Table I), data obtained by other investigators from other north Atlantic
areas are given in Table II.

Ammodytes tobianus

The number of fobianus post-larvae of stainable size was unfortunately
small. There is, nevertheless, a significant difference between the mean
number of vertebrae of the Plymouth post-larvae and of the adults from

. Exmouth and elsewhere. The excess, 2-18, of the Plymouth post-larvae over
the Exmouth adults is more than five times its error: in fact the two popula-
tions appear to differ by at least 1-40. Until further data from this area are
obtainable on the number of vertebrae in both the adults and post-larvae, this
difference will remain something of an anomaly. The mean of the Exmouth
sample is in keeping with the findings of other authors. But the mean of the
post-larvae suggests, despite the smallness of the sample, that what are here
taken to be tobianus do not in fact belong to the species. On the other hand,
the pigmentation and time of occurrence of the post-larvae are characteristic
of fobianus. The pigmentation of each individual was very carefully noted
before staining and without exception was in full agreement with the figures
and descriptions of Ford (1920) and Kéndler (1941) (dark form, spring brood).

Ammodytes lanceolatus

Kandler’s figures (1941, Table 23, p. 120) are the only published data from
large samples on the number of vertebrae in adult Zanceolatus. Their means
are noticeably lower than the mean of the Celiic Sea post-larvae. As
mentioned above, the identification of the post-larvae was confirmed by the
denticles on the upper jaw and the pair of vomerine teeth.

Ammodytes marinus

The data for this species show the very considerable range of the mean
number of vertebrae.

Mr P. A. Soleim informed us that his original data were not available; they were
unfortunately lost during the course of post-war changes. The data in Table IT relating
to his samples of marinus were therefore calculated from careful measurements (in
hundredths of an inch) of his published graphs (Soleim, 1945 : fig. 7> p. 13 and fig. 10,
p- 16). From the given total of specimens in each sample, the number at each different
vertebral count was calculated, and hence the mean, standard deviation (o) and standard
error of the mean for each sample. In the Grense Jakobslev sample of 30 October 1939,
the total number of specimens calculated from measurement is 168 instead of 170 as
given by Soleim. This small discrepancy is unlikely to make any great difference
in the ensuing calculations. In the other three samples, the totals calculated from
measurement agree with those given by Soleim.
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Ammodytes species IV

The nearest approach to the mean number of vertebrae of this post-larva
occurs in adult marinus from northern Norway (Soleim’s samples from Grense
Jakobslev and Tana).

Data for G. semisquamatus and A. dubius are included for comparison with
the foregoing species.

TABLE III. THE SEASONAL OCCURRENCE OF POST-LARVAL AMMODYTES SPP.
IN PLymouTH WATERS IN 1930-31 AND 1935-37

Owing to loss and damage of some specimens, the monthly totals do not always agree with
Mr F. S. Russell’s original figures. The discrepancies are, however, not sufficient to distort
the general results.

Monthly averages for the five years are shown in parentheses. The number of hauls per
month are given under A. lanceolatus against the total of specimens taken in the month.

* denotes months in which a species occurred on the 1937-39 cruises.

A. lanceolatus A. marinus

1930 31 35 36 17 I930 . 31 35 36 37
Jan. o o a2 2 d o o 4 < foe2)
Feb. ars h T8 i 4% (0'3) i i 5 18 L (1e2)
Mar. s > 5% 4 308 (19) 2 31 21 6 4 (5°1)
Apr. e I® RS xoti. T2t (T:REYE e i e e %
May 4* 2%, "~ 1657 4% 21° (1-86)%
June 4 o LR LR o 58 (2:2)
July Frtes 18t 62, ¢ 1Y 4* (2'5)
Aug. 535 st Lt g (3
Sept. i 34 i1 s B o L)
Qct. oyl e il 1* LA Th)
Nov, ik ik o ;ih
Dec. sk B oL s sk 2 2 - o5

A. robianus Ammodytes species IV

I030:-3Y % ass Tght "l i3y 1930 31 35 36 37
Jan. . s o 2 5 i 3 28 85 (5-0)
Feb. i L =5 5 s G 5 17 26 86 (5°4)
Mar. . .. i .- . 9 35 53 13 37 (7°4)
Apr. o i o Fi i j 1 3 9 5 6 (1-0)*
May ik I i PN .. (005) I 5 .. (0r07)
June o2 1 ) B .. (0or07) . .
July s 1 A 5 2 (0-2)
Aug. T i i 10 .. (06)
Sept. T 1 8 3 o l0s)
Oct. 5 I 5 X < =(0r2) o
Nov. N s iy A 2 (0-10)
Dec.

The March and August averages of A. lanceolatus are high owing to single large catches
of twenty-seven and forty-seven specimens on I March 1937 and 7 August 1930 respectively.
The January average of Ammodytes species IV is similarly weighted by a catch of eighty-two
specimens on 27 January 1937.

THE SEASONAL OCCURRENCE AND DISTRIBUTION OF THE POST-LARVAE

The seasonal occurrence of the four species of Ammodytes post-larvae in the
Plymouth area in the years 1930, 1931 and 1935-37, together with the occur-
rences on the 1937-39 cruises in the Celtic Sea, is shown in Table III. It is
evident that A. lanceolatus has a long spawning period lasting from early spring
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Text-fig. 2. Distribution of post-larval Ammodytes lanceolatus in the Celtic Sea and Plymouth
area in 1937 and 1938. Figures refer to the number of post-larvae caught at each station.
The dotted line in this and succeeding figures indicates the 10o0-fathom contour.

until autumn (February-October) with a maximum in mid-summer. A.marinus
spawns in winter and early spring (January-April). The spawning times of
these two species are in agreement with Raitt’s observations for Scottish
waters (1934) and Kindler’s for the North Sea and Baltic (1941). The com-

JOURN. MAR. BIOL. ASSOC, vol. XXVIII, 1949 20
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Text-fig. 3. Distribution of post-larval Ammodytes lanceolatus in the Celtic Sea and Plymouth
area in 1939. Figures refer to the number of post-larvae caught at each station. No
Ammodytes post-larvae were taken on the March 1939 cruise.

paratively few records of A. tobianus post-larvae point to a spawning period
lasting from spring until autumn (April-October), with a maximum in August
and September. In the North Sea and Baltic, Kindler (1941) found that
tobianus has two pronounced spawning periods, in spring and in autumn.
Ammodytes species IV, like marinus, starts spawning in winter, but continues
rather longer—into early summer (January-May), and it may occasionally
start in late autumn as is indicated by the record of two post-larvae in
November 1937.

The numbers and distribution of the post-larvae taken on the 1937-39
cruises are shown in Text-figs. 2-6. For details of station numbers, positions,
etc. see Corbin (1947), Figs. 1 and 2, pp. 67-8 and pp. 124-32.

No post-larvae were caught more than about 60 miles from land. They
occurred in the eastern part of the Celtic Sea—at the western end of the
English Channel and off the St George’s and Bristol Channels—and not in
the western area towards the edge of the Continental Shelf. The post-larvae
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of lanceolatus (Text-figs. 2 and 3) and Ammodytes species IV (Text-fig. 6)
were present throughout this region extending from south-west Ireland to the
Brest Peninsula. The small number of tobianus post-larvae (ten specimens)

8

8 5 “hmeeae

Text-fig. 4. Distribution of post-larval Ammodytes tobianus in the Celtic Sea in 1937-39.
April 1937, Station 34 (one specimen); April 1938, Station 49 (two specimens); May-June
1938, Station II (seven specimens).
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Text-fig. 5. Distribution of post-larval Ammodytes marinus in the Celtic Sea and Plymouth
area in 1937-39. Figures refer to the number of post-larvae caught at each station.
Station 32 of the April 1937 cruise, at which a single specimen was taken, is marked 4
on both charts of this text-fig. ) 3

were all taken fairly close to land (Text-fig. 4). The distribution of marinus
post-larvae was peculiarly restricted (Text-fig. 5). All specimens, with the
exception of one taken off Plymouth (St. 62, April 1939), were caught in the

20-2
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Text-fig. 6. Distribution of post-larval Ammodytes species IV in the Celtic Sea and Plymouth
area in 1937-39. Figures refer to the number of post-larvae caught at each station.
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north-eastern area—off the St George’s and Bristol Channels. On the April
1938 and 1939 cruises, the species thus appeared to have a southerly limit of
distribution along a line joining south-west Ireland and Land’s End. The
occurrence of only a single marinus post-larva on the April 1937 cruise is in
agreement with this. It was taken about 35 miles north-west of Land’s End
(shown A in both charts of Text-fig. 5), just on the southern limit of the
marinus post-larva area of the April 1938 and 1939 cruises. All other stations
of the April 1937 cruise were outside—to the south and west of—the 1938-39
marinus boundary. The presence each year of marinus post-larvae in the
1930-37 collections from the Plymouth area reveals, however, that they
regularly occur there and confirms the single specimen taken off Plymouth
(St. 62) on the April 1939 cruise. Kindler (1941) states that it may be
concluded that the dispersal area of marinus ranges as far as the western end of
the English Channel. It will be of interest to know from further observations
whether the southern limit indicated by the April 1937-39 cruises should be
continued across the western end of the English Channel from Land’s End
to, say, the Channel Islands. This would include the Plymouth area, but not
the Land’s End-Ushant region of the Channel mouth where none was taken
at the numerous stations worked during the April 1937-39 cruises.

SUMMARY

The post-larval sand-eels (Ammodytidae) occurring in the Celtic Sea and
Plymouth area are identifiable as Ammodytes lanceolatus, A. tobianus, A. marinus
(not previously recorded from the area), and a fourth species of Ammodytes,
the adult of which, it is concluded, is not yet known.

Adult Gymnammodytes semisquamatus (not previously recorded from the
Plymouth area), the young of which are not yet known, increases the number
of species in the area to five. :
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APPENDIX

The earlier work of Ehrenbaum & Strodtmann (1904) and Ehrenbaum (1904,
1909) on the larvae and post-larvae of Ammodytes contains several errors
of identification, due in part to the fact that 4. marinus and its young stages
were unknown at the time. The following notes attempt to correct the mis-
identifications. Corrections already made by Ford (1920) and Kéndler (1941)
are also included.

Ehrenbaum & Strodtmann (1904)

Fig. 8, p. 104 (also Ehrenbaum (1909), Fig. 106¢, p. 298), post-larva
20-5 mm.; ascribed to A. fobianus.
Kindler (1941) points out that the pigmentation and date of capture
(February) of this specimen identify it as 4. marinus.

Ehrenbaum (1904), Taf. VII

Fig. 70 (also Ehrenbaum (1909), Fig. 1074, p. 300), larva 4-2 mm. and
Fig. 71, larva 5-1 mm. ; both ascribed to A. lanceolatus.

The specimens were reared from artificially fertilized eggs. In these
circumstances it seems very unlikely that an error would have occurred
in the identification of the parents of the fertilization had they been
specimens of lanceolatus. Neither of the larvae, however, shows the
ventral fin-membrane pigment row which is specifically characteristic of
the earliest stages of lanceolatus (p. 296), and the ventral gut pigment is
also very much heavier than in early /lanceolatus. The pigmentation is in
all respects characteristic of A. tobianus. Both pigmentation and date
of fertilization (June) rule out A. marinus and Ammodytes species IV.

Fig. 72 (also Ehrenbaum (1909), Fig. 1075, p. 300), post-larva 125 mm.;
ascribed to A. lanceolatus.

Ford (1920) points out, and Kéndler 1941 agrees with him, that the
pigmentation of this specimen identifies it as A. tobianus.

Fig. 80, larva2-2mm. and Fig. 81, larva 4-0mm. ; both ascribed to A. fobianus.
These specimens hatched prematurely from artificially fertilized eggs.
The date of fertilization (September) is therefore likely to be the only
reliable criterion for identification, and indeed supports Ehrenbaum’s
identification.
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Fig. 82, larva 4-§5 mm.; ascribed to A. tobianus.

This specimen evidently resulted from the same artificial fertilization
as those in figs. 80 and 81. Ehrenbaum’s identification is thus supported
by the date of fertilization. This and the lack of ventral gut pigment are
in agreement with Kandler’s (1941) lightly pigmented autumn-brood
tobianus post-larva of the North Sea and Baltic.

Fig. 83, larva 4-7 mm. ; ascribed to A. fobianus.
The specimen is figured from the dorsal side and cannot therefore be
identified by its pigmentation. The date of capture (September) supports
Ehrenbaum’s identification.

Fig. 84 (also Ehrenbaum (1909), Fig. 106a, p. 298), larva 6-:6 mm. and
Fig. 85, larva, anterior end; both ascribed to A. fobianus.

The date of capture (January) of these specimens, their pigmentation,
the noticeably slender form, and particularly the length while still
carrying a large oil globule (fig. 84, 6:6 mm.) are evidence that they
belong to A. marinus.

Fig. 86 (also Ehrenbaum (1909), Fig. 1065, p. 298), post-larva 16-2 mm.;
ascribed to A. fobianus.
Kindler (1941) points out that the pigmentation is clearly that of
A. marinus.

It is of interest that Ehrenbaum and Strodtmann evidently did not procure
any post-larvae of A. lanceolatus.

EXPLANATION OF PLATES I & II

The drawings were made from specimens preserved in formalin. All specimens are drawn
to the same scale (see inset on Plates), with the exception of the specimen in Pl I, fig. 2a.
All specimens were taken in half-hour oblique hauls of the 2 m. stramin ring-trawl in the
Celtic Sea or Plymouth area, with the exception of the specimen in Pl. I, fig. 2a.

Prate I.
Fig. 1. Ammodytes lanceolatus Lesauvage
. Post-larva 4-5 mm. Station L3-L 4, Plymouth, 19. iii. 1937.
. Post-larva 7-5 mm. Eddystone, 26. iv. 1937.
. Post-larva 12-5 mm. Station 48, Celtic Sea, 25. iv. 1939.
. Post-larva 18-5 mm. 4 miles SSE. of Mewstone, Plymouth, 22. vii. 1936.
. Post-larva 26-5 mm. Eddystone, 13. vii. 1937.
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Fig. 2. Ammodytes marinus Raitt
The scale for a is above the drawing. The scale for b-h is below h.

. Larva 6-25 mm. Station 15(1), North Sea, 24. i. 1947, Cruise 3, R.V. Platessa, Hensen
net, vertical.

Post-larva 7-5 mm. Station 46, Celtic Sea, 14. iv. 1938.

Post-larva 11-0 mm. Station 45, Celtic Sea, 14. iv. 1938.

Post-larva 14-0 mm. Station 45, Celtic Sea, 14. iv. 1938.

Post-larva 18-5 mm. Station 48, Celtic Sea, 25. iv. 1938.

Post-larva 19-0 mm. Station 45, Celtic Sea, 24. iv. 1939.

Post-larva 23-0 mm. Station 46, Celtic Sea, 25. iv. 1939.

. Post-larva 27-5 mm. Station 45, Celtic Sea, 24. iv. 1939.
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Fig. 1. Ammodytes lanceolatus
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Fig. 2 Anunodytes marinus
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Fig. 2. Ammodytes species IV
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Prate I1.

Fig. 1. Ammodytes tobianus L.

. Post-larva 5-25 mm. Station 11, Celtic Sea, 2. vi. 1938.
. Post-larva 8-0 mm. Station 11, Celtic Sea, 2. vi. 1938.

Post-larva 875 mm. Eddystone, 11, viii. 1936.

. Post-larva 11-0 mm. Eddystone, 24. vi. 1947.

Post-larva 15-5 mm. Eddystone, 9. X. 1935.
Post-larva 23-0 mm. Eddystone, 7. viii. 1930.

Fig. 2. Ammodytes species IV

. Post-larva 5-5 mm. Bolt Head E. x S.: Stoke Point N., Plymouth, 27. i. 1937.
. Post-larva 9-0 mm. Station 33, Celtic Sea, 20. iv. 1937.

. Post-larva 130 mm. Station 33, Celtic Sea, 20. iv. 1937.

. Post-larva 17-5 mm. Station 40, Celtic Sea, 23. iv. 1939.

. Post-larva 26:-0 mm. Station 51, Celtic Sea, 25. iv. 1939.





