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OS THE SYSTEXYrIC DETERMISATIOS OF CH-ETOGNATII.1. 

CONSIDERING the comparatively small number of species, few animals can be more 
trouhlesome to identify than a large collection of Chtletognntlia. This results not only 
from the inadequate diagnoses liy many of the earlier describers, hut also from the 
scarcity and variability of the external diagnostic characters, the consideralde iliil‘erences 
in the proportions to one another of the various pnrts (produced in the less firm species 
by varying degrees of expansion and contraction), and the difficulties of satisfactory 
preservation. 

Taking these points in a little more detail-Oscar Hertwig reduced to order such 
species as came under his notice, but unfortunately these mere not numerous. Had all 
later observers given equally careful descriptions, our task to-day would have been 
easier ; but, as it, is, cursory descriptions of a few external features, taken apparently, in 
many cases, from only one or two specimens, are the rule in the literature of the 
subject. Almost more trouble has been caused by inadequate drawings * ; considering 
how closely alike at first sight are even such undoubtedly “ good ” species as hexcqtera 
and e;?z$utu, no freehand drawing of the outline of a Sugittn can be trusted, because a 
quite small error in tbe proportions of head, body, tail, and fins may easily give the 
misleading outline of another species. Every reporter on a collection of Chaetognatha, 
who desires to help in placing the genera and species on a proper footing, should give an 

Among recent papers, one author gives 
measurements showing the tail-segment of a species to bo 24 per cent., or nearly a quarter, of the total length, but 
draws it 31 per cent., or nearly a third. Another writer says that  ‘‘ the posterior fins touch the vesiculse seminales,” 
yet draws them for apart ; in another species he describes the tail-segment as a fourth of the whole lcngth, and 
drams i t  ns 35 per cent., or more than a third. When one finds such inaccuracies in easily measurable matters, 
absolutely no reliance can be placed on the figure as a whole. 

* Perhaps this sweeping statement may be held to require justification. 
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66 DR. GI.. H. FOWLER-BISCAYAN PLANKTON : 

outline drawing by cumera Zzccidu of a typical specimen of every species, liowevor well 
known, wherever possible. 

As regards the variability of diagnostic characters, it seems to be very desirable that 
for every species in every collection (however common) a table should be furnished 
showing at least the proportion of tail to total length, with the numbers of jaws and 
teeth at dzyerent Zeitgths, until such time as we sliell have gained some idea of tlie 
variability within the limits of each species. More measurcmeiits \\ o d d  lx desirable, 
but are often impossible owing to the imperfect condition of the specimens. 

As regards preservation, the material from the ' Research ' and from the ' Sibop ' 
Expeditions leads me to believe that thc best method is to preserve each specimen 
separately in formalin, at first weak, then in a stronger solution (5-7 par cent.). Neither 
sublimate, picric acid, osmic acid, nor spirit (alone or in combination with the foregoing) 
gives such good results *. 

Some characters wliicli have becn used in diagnosis seem to require clearing away. 
The projection, size, and shape of the vesicuh seminales appear to depend entirely upon 
the sexual condition of the individual a t  the moment of capture. The size of the ova 
seems to me also to be valueless, since one cannot always tell whether they are ripe or 
not. The extension forwards of the ovaries lms inore significance, but too niucli stress 
must not be laid upon it ; for example, the nwture ovaries reach to t l i e  neck in robzcetn, 
never (so far as I have seen) more than halfway to it in erzJlcrtn, but a developed ovary 
of eizJEutu and a half-grown ovary of ~obtcstn are of the same length and lmve ova of 
nearly the same size. Drawings and iiieasureinents of the liead are diagnostically 
almost valueless-its shape, proportious, atid apparent size alter so enormously 
according to the condition at  death, with the extension forwards, outnwds, or inwards 
of the jaws, with the retrusion into the prepuce, QLc. 

The presence or absence of two diverticula on the alimentary canal in tlic neck llas 
been used diagnostically by recent writers : so far as inp cxpeiience goes, these dcpclid 
on the extent of protrusion or retrusion of the liead; at any rate withiii tlie liiiiits of 
the same species I have found some specimens witli, and some witliout, these diverticula. 

The colour of the body does not appear to be diagnostic : spcciniens from deep wutcr 
are often of a salmon-pink; Imt in the same hauls some specimens of l icorral in and 
mm*oce~ihccZn were pink, others colourlcss. 

I f  specimens were always perfectly preserved, the fins would be i~ good guide to  
species, and in many cases are of some value when present; but t h y  are so often 
shrunken, torn, or rubbcd away as to bc of no help. 'l'lie forin of the C O T O ~  ciliatn is 
useful, when it is retained on a specimen (by no means always tlie case) +. 

* 80 far as ChZtlJgtlath~ wrie concerned, I committed a great error in mahiiig tlic ej~ijiluiikton tl:ilils too h i g  

(gcncrally 0110 hour  : half nti hour would hare  been ~irefcrnble). Spccimeii- which are caiiglit c,lilj i i i  tllc 11:~1ll 
teconic compressed against the sidcu of tho net, atid the 1)roloiigcd pressure flattcu, ;md other\\ isu damngc~s tlien~ 
coiisidcrably (cf. the accouiit of A'. fitr*cntri, p. ti4 ). Uorc numcrous haul5 ot shorter tlui ation n.ould huve J I C . ~ ( ~ L . ( ~  

better specimens a i d  would ultiiuutely 1law saved time, a t  a slightly grentcr cspciidituro oti bottles, C J S ~ ~ ,  ii.C. 
t I n  ordor to  see this, atid to i n a h  outlitie camera drawings of the \stiole nnimcil, I hare fomd notllii~g I)ctter 

than a 1 per cent. solutiori of riieth\l bluc, used for nliout oiic niiiiutc. Ttic colour sonii  fitdcs, ixnd I(l;ires tllc 
specimen uninjured for muwiim l~urlioses. In drawing, I h a r e  tound tlic Giltsch-Zeiss support, used wit I1 all A I ~ ~ L :  
camera, invaluable. 



THE CHXTOGXATHA. 57 

It may, then, be asked, what is left by which to distinguish the species of Chaetognatha ? 
The general outline of the body counts for something ; that is to say, the proportion of 
head to body, the position of’the thickest part of the body, the ratio 1)ctween the lengths 
of the postitid region and the: trunk. Of these only the last one can, as a rule, be 
safely expressed in measurements, as t,he proportions of head and body vary so much 
with tlie extent of the death-contraction. Other fairly fixed characters are the presence 
or absence of a constriction between head and holly to form a “neck” ;  a lateral 
expansion of the ectorlerm at this point * ; a sudden diminution of the body-diameter at  
the anus as contrasted with a gradual tapering, or a marked constriction at the 
septum t. 

The consistency of the body is of some value : those species with comparatively large 
longitudinal muscles and small muscle-free lateral fields (e. g., ~ ~ ~ I ~ C I G C ~ C L ~ C )  have a firmer 
consistency, and in fornialin a more opaque appearance, tlian species with comparatively 
poor iiiusculature and large lateral fields, such as Aexc~ptem ; these seem tlabby and 
transparent in formalin, and often have a wrinkled appearance, if not very carefully 
prcscrved when alive. 

As regards the lateral fins, if well preserved, a coniparison of their width with that of 
tlie I)ody, and a comparison of the widtlis and lengths of the two pairs, are more safely 
expressed by camera drawings than by measurements ; their extension lbrwards a g  

tested by the ventral qanglion, backwards as tested by the vesiculat! serninales, centrally 
as regards tlie anal septum, arc of great value. The tail-fin is less instructive; its 
extension foi*\vards as regards the vesicultle serninales is useful, but its outline is very 
readily damaged, and a truncate f i n  easily splits into an  apparently hilobed one, or wears 
illto 811  ensiforin shi%pe. Too much stress must not be laid, except in perfectly 
preserved niaterinl, on the triangular or elliptical outline of the posterior fins : i t  is 
quite easy to find specimens (e. g., of fici~catc6) with an almost triangular fin on one side 
which liad been rubhed into an ellipse on the other. 

The most stable parts of a Chetopnatli are formed by the cephalic armature-the 
jaws (cisdhi, zcacini) and teeth 5. These are often the onZy characters by which to 
identify a badly preserved specimen, but they must be used with care, since, as I shall 
show later in dealing with the various species captured, they are liable to considerable 
variation. Still, allowing a considerable latitude for these variations, their mere 
numbers afford a fairly accurate criterion when taken in conjunction with the characters 
already cited. If to these be added a cletailed study of the jam-structure, such as 
Dr. Krumbach has recently worked out for several species, the observer may feel 

* For this, which hns been termed a ‘‘ neck-fin,” I have used the nnme “ collarette.’ 
t Dr. Rrumbach writes that he has worked out the form of the tail-segment 8s a diagnostic character for 

Mediterranean species. 
; The counting of these is often troublesome. I use two short slips of glass cut from a alide, lay one across the 

dorsal surface of the specimen jnst  behind the head, and then, bending the head upwards and backwards with a 
needle, prevent i t  from falling forwards ngirin by pushing the second glass slip up against it ; and drop a cover-glans 
on the whole. This enables one to study the armature from the anterior end, and generally to count the teeth and 
jaws readily. 

5 Th. Krumbach: ‘‘ Ueber die Greifhaken der Chiitognathen,” Zool. Jahrb. (Abth. Syst. u. 8. w.) xviii. 579 
(1903). 

10” 
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hiinself on safe ground. As a secondary character, I find the form of the vestibular 
ridge, which lies just in front of the posterior teeth, t o  be of assistance. In  iiinuy 
cases below, the anterior and posterior teeth have been figured, but I doubt whetlier 
such drawings have much value ; the teeth look so different when viewed a t  diff'erent 
angles. 

EXAMINATION OF THE ' RESEARCH ' SPECIMENS. 

The first hauls examined were dealt with very carefully ; the dimensions of every 
specimen taken, and the jaws and teeth counted, until every common species had the 
look of a familiar friend. After that, the epiplanktou hauls mere sorted, chiefly by a 
dissection-lens, measurenient and counting being done only in cases of doubt, or as an 
occasional check on sorting by eye. Of the mesoplankton hauls, on the other hand, 
every specimen (except a few young zetesios) was measured and counted and identified 
with care. When the whole collection had beeu thus sorted into species, every specimen 
was re-examined; and as there were over 2100 specimens, the task has not been 
light. 

It is therefore possible, though not likely, that a few '' h e m p t c m ?  " have been mistakenly 
assigned to fzwcutn. Mistakes are especially likely to occur with very young specimens 
(one species excepted), and they have therefore not been recorded when in the least 
doubtful : small specimens are often impossible of determination in the present state of 
our knowledge, because the numbers of jaws and teeth are then small, and the 
proportion of tail to trunk is generally higher than in older specimens; even the 
character of the jaws alters with age in some species. The one exception referred to 
above is fortunately the interesting hanzata, the hooked jaws of which are recognizable 
even at 5.5 mm. total length ; in young sei*r*atocZeiztatcc the younger (dorsal) jaws alone 
are hooked, and more slightly so than in I8amatn. 

SAGITTA SERRATODENTATA, Krohn. (PI. 4. figs. 1-6.) 
Chnractevs.-Hed small ; body slender, pin-like like biptcnctatn, thickest about the 

middle of its length, tapering gradually forwards and backwards ; a marked neck, but 
no collarette : body firm, retaining its shape. Longitudinal muscles broad, but thin ; 
lateral fields rather narrow ; no marked constriction at  the septum. 

Anterior fin long, extending to ventral ganglion, widest near its posterior end. 
Distance separating the anterior and posterior fins very short. Posterior fin long, 
longer and wider than the anterior, extending to (or very nearly to) the vesiculac 
seminales ; about as much on body as on tail; widest point about midway between 
septum and vesicultx: serninales. 

Corona ciliata long, sinuous, extending 
from between the eyes to about halfway to the ventral ganglion. Jams strongly 
curved ; the younger (dorsal) jaws serrated and slightly hooked at the tip *. Teeth of 

Tail-fin truncate. 
Ventral ganglion of medium size, prominent. 

* For a detailed description, see Hrumbach, Zool. Jahrb. Syst. xviii. (1903) 579. 
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Tail aa p.c. of 
length. 

---- 

both rows comparatively short and triangular. Vestibular ridge with rounded 
prominences fewer than the teeth, ridge about the sanie length as the posterior row. 

teeth. Jaws. 

.- 

Le~gth in mm. 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 
.~ 

25-98 

22-34 

16-29 

27 

31 ca 
27-33 

25-3 1 

28-35 

30 

30-36 
--. 

I 6-6 I 10-11 I 6-i 

' 8-12 
~ 

8-23 6-7 I 4-i  j 8-13 

4 1  I 5-6 

6-7 1 3 4  1 %  I 

r 
1 

8 ! 6 9 

7 4-6 7-10 

I 
6-7 1 3-4 I 2-6 

1 

Gerieid Distrihtioi?.--The geueral table of Chatognath occurrences and the 1,able 
of average specimens following show that this form is essentially epiplanktonic. 
Plentiful at all horizons t o  100 fathoms, it yielded only a single damaged specimen 
below that level in the closing-net ( 2 1 b ,  200 to  100 fathoms). It occurred, naturally 
enough, in the open serial nets lowered to greater depths, but may have entered these at 
any point. The captures with open nets are analysed iu the table following* :- 

It is fairly obvious from the percentages of hauls in which the species occurred 
that the expectation of meeting with sermtodentcctct increases with the depth down to 

This table is to be read nu a sentence from left to right. 
t Throughout the discussion of distributions, the " average Rpecimens " are averaged over aZ2 hauls at the depth 

mentioned ; not merely over thosc in which the species occurred. See also note t 011 nest page. 
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100 fathoms. The average expectation of specimens would seem to be greatest at the 
surface and 50 fathoms, time of day aiicl other variants being neglected. 

From the facts cited above it is obvious that the distribution of this species is 
between the surface and 100 fathoms, possibly but, improbably, a little deeper. 

Reactioit to  Time of Bag, Light,  Baiih, &-c. 

The hauls with open nets in the epiplankton were arranged, so far as circumstances 
allowed, to  test the alleged nocturnal rise and diurnal fall of the fauna of the upper 
strata, and the effect on it of varying physical conditions. I have endeavoured-with 
great elaboration, but very little success-to use seri*atodeittcctu as a test-case, since it 
was fairly plentiful a t  the higher levels. 

I n  the first place, when arranged on the time-depth tables *, the occurrences sliow no 
indication whatever of a nocturnal rise and diurnal fall. 

In the second place, with regard to the reaction of this species to light, I adopted 
Mr. E. W. L. Holt's suggestion of a photographer's actinometer (cf. siy&, p. 6). 

The numbers of specimcns captured t were arranged by light-intensity at the various 
depths clown to 100 fathoms into six groups, according as the sensitive paper of the 
actinometer reached the standard tint at  2") 3" to 6") 7" to lo", 11" to dusk or dawn, 
or as the night was dark or brightly moonlit. The only thing that scemcd definitely 
to come out, of this attempt was the negative proposition tlint se~~mtoclerttccta has no 
special affection for moonlight, since six hauls in bright nioonlight produced in all 
but five specimens. On the other hand, the largest numbers of specimens taken a t  the 
surface occurred in a 2" light (48 specimens) and between 11" and dusk (51 specimens), 
so that the actual light-intensity of the moment in daylight does not seem materially 
to affect its presence at the surface. 

;";ow, although the light-intensity of the moment [it clcrytime does not seem to aflect 
the distributiou of sei.~.citotlen.tccta, nevertheless it would seem that there exists an 
oscillation of this species, but it is the exact contrary of that generally alleged to affect 
the epiplunkton. Dividing the upper hauls into three groups :-(1) daylight, 3 A.M. to 
7 P.M. ; (2) night, 7 P.X. to 3 A.M. ; (3) hauls taken during OF after rain, irrespective of 
the time of day, and not Peckoned uuder (1) and (2) : then we have the following 
table, showing the average, the maximum, and the minimum number of specimens 
captured :- 

* Reproduced on p. 62 : the occurrences of the  species are marked in heavy type. The construction is described 
on p. 7 (sulm3). 

t I n  these calculations, nine surface-hauls made with a net of 180 meshes per inch linear have been omitted, 
as it was obvious from a comparison with other nets of wider mesh out a t  the same time that, its small mouth and 
small filtering area made it useless for catching Saqitta. The numbere actually caught have beeu treated with a 
time-factor to  bring them to the standard one-hour haul, which mas the usual period : for example, the numbers 
taken in a half-hour haul have been multiplied by 2, those taken in a two-hour haul divided by 2, bc. Single 
specimens, however, have not been divided. 
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R. 

D. 

N. 

D. 

N. 

D. 

Depth. 

0.6 

4.6 

1.2 

9.8 

0.6 

4.0 

0 

N. 
D. 
N. 

a3 

50 

1.5 

5.0 

2.6 

76 

100 

R. 

R. 

R. 

R. 

0 

2s 

50 

75 

100 

0.5 

6.6 

‘I 8.3 

130 

Number 
of hallle. 

6 

8 

5 

4 

7 

3 

4 

6 

11 

9 
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--- 

Day, Night, 
or Rain. 

Average 8. 

D. 1 22.1 
I 

I 

Specimms. 

Maximum. 

51 - 

2 

17 

3 

28 

2 

0 

6 

20 

6 

1 

8 

28 

13 

28 

Minimum. 

2 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

6 

11 

13 

The observations are 1)y no ineans so iiu~iicrous as one could wisli, but on 
comparison with the average catch per liaul already given, it will be admitted that this 
table appears to bring out  clearly t n ~ o  points :--E’irstly, that the species secks the 
surface in daylight hours and shuns it at  night ; secondly, that during or after rain it 
descends, being caught in the largest numbers between 60 and 100 fathoms. The two 
rain-hauls a t  the surface wcre in the liriglit hours of dagliylit, when tlic average c:itcli is 
22.1 specimens. 

The average daylight cntclies at all dcptlis except tlic surface a1-e very close to tile 
averages taken over all hauls, w1ierea.s tlie nvernge iiiglit cntches are well below those 
general averages. I caniiot account for  this, escept 011 the nssniiiptioii that the species 
Rhoals a t  the surface bp day aid  scatters below by night. rilthougli I never \yorked 
below 100 fathoms at night, I do not believc that, tliis species sinks helon- that lioi*izoc 
under any conditions of life, otlierwisc. I should dnzost certaiiilp have taken, at any rate, 
accasional specimeiis in tlie daylight of early mornit g or late cveiiiiq in tlie closiilg-net. 

* Avcragcd over all htiuls, wl~ctlicr tlic spccics wvas capturcd or not. 
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SAGITTA SERRATODENTATA, Krohn. 
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SAGITTA FURCATA, Steinhaus *. 
Characfem.-Head comparatively small ; body thick ; neck not well marked in well- 

preserved specimens ; no collarette. Body nearly equally thick throughout the middle 
third, tapering gradually towards the head, very rapidly to the tail ; generally a marked 
constriction at  the septum. Longitudinal muscles broad but thin ; lateral fields large ; 
the body is therefore transparent and flabby, easily compressed in the tom-net. 

Posterior fin oval (elliptical), never quite triangular, about two-thirds on the body, 
one-third on the tail ; its widest part well in front of the septum; it ends at  some 
distance from the vesicultle seminales, but extends anteriorly nearly to the anterior fin. 
Anterior fin widest i>osteriorly, but not so wide as the posterior fin ; it extends nearly to 
the ventral ganglion. 

Corona ciliata resembling that of JAexctptemG, but almost 
entirely on the head, just reaching the neck. 

(Pl. 4. figs. 7-15.) 

Tail-fin rounded and (? always) bilobed. 
Ventral ganglion small, 

Jaws strong and markedly curved. 

Length in mm. 

35 

33 

31 

28 

26 

23 

.21 

19 

17 

15 

13 

12 

Tail BB p.c. of 
length. 

17 
li-18 

18-20 

18-21 

19-21 

10 

18-21 

18-21 

17-23 

20-23 

17-23 

2425 

Teeth long, strong, sharp. 

Antarior 
teeth. Jaws. 

I 5-7 i 6-8 

7-8 

8-0 

i-8 

8-9 

8-0 

7-9 

7-8 

8-9 

8-0 

8-9 

8 

7-8 

6-7 

6 

6 

6 

5 

5-6 

4-5 

4 

4-6 

3 

Poeterior 
teeth. 

11-12 

9-10 

9-11 

9-11 

10 

8-9 

7-8 

6-8 

7-8 

6 

6-7 
5-8 

These characters do not in every respect agree with those given by Steinhaus, notably 
as regards the fins. But from his mention of the “eigenthumliche Runzelung der 
Epidermis,” I gather that his specimens, like the majority of mine, had suffered severely 
in the tow-net. As I was in some doubt as to the identity of my specimens with 
ficrcato, Dr. Krumbach, with some of Steinhaus’s specimens before him, was kind 

* 0. Steinhaus : ‘ Die Verbreituag der Chs&ognathen im siidatlantischen und indischen Ozean.’ 
SECOND SERIES.-ZOOLOGY, VOL. X. 11 
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enough to inform ine that they are specifically identical, even when tested by his new 
critcrion of the cliaructer of the tips of the j i i m .  

No species, to iiry knowledge, alters iiiore from damnye in the tow-net and froin faulty 
preservation than this, J n  transparcut and well-preserved specimens (fig. 7)  t lie lutcral 
fields iiiny sliriiik inwards fio as  uearlg to carry the anterior fins out of sight ; such 
specinleiis are slightly flnttenecl latrrally. But in specinleiis caught early in tlit. liaul, 
wliicli were cruslietl by pressure of the water against tlic net and wcro dead before 
preservation, iiotaldy in sucli slieciniens when preserved with picric acid, tho trunk, or 
the tail, or inore often the whole body, has a corrugated appearance, and the cpidcrmis 
stands out latorally in a broad selvage, clue partly to meclianical dorso-ventral coin- 

pression, partly, I think, to  an actual looselling of the epidermis from the sii1)jacent 
tissue. This compression oftcn makes the lateral fius appear much wider t ha11 they 
really are, and sometimes even produces such a bridge between the anterior nml posterior 
fins as is attributed to lirohn's species Zym +if (fig. 9). 

The lateral shrinkage or dorso-ventral compression made tlic identification so troulJle- 
some that, for the benefit of future workers, I have drawn four strttes of j i r m t t c r ,  of 
which I take fig. 8 to be the normal. 

Disli-ibutioiz.-The qeneral table of Clmtognaths and the figures iminedintely to  be 
given clearly indicate that this is an epiplanktonic species. The following tablc is an 
analysis f of the captures with open nets :- 

At 0 

23 
50 

75 

100 
150 
300 
250 

300 

350 

1 *8 

0.3 

7.8 
16.8 
26.9 

3.0 
1-5 
n 9.0 

1.5 

4.5 

It occurred also in the closing-nets :- 
150-50 fathoms, average specimens 13.0 ; 

200-100 fathoms, average specimens 1.4 ; 

but was not captured below the last zone 1. From the above facts it is fairly apparent 
that the species is distributed from the surface to 100 fathoms, nit11 a maimurn dist1.i- 
bution between 76 and 100 fathoms, a few specimens living between 200 and 100 fathoms. 

* It is quite posaible that thi- name lyra was given t o  some other species comlwessed in  thia fashioil : i f  one 
may judge from the general description and from the number of teeth and jaws, Krohn very likely had fto.cafa 

before him. 
f See note, p. 60. 
$ ITnless the specimens mentioned under iii. (p. 74) are really fureata. 
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The occurrences at 0 and 25 fathoms were so few that no indication of any reaction 
to time of clay, light, or rain could be expected, even if such reaction existed. At  
80 fathoms and down to 100 the specimens are so closely massed that we may regard 
the captures a t  26 and 0 as stragglers from the main body, just as those hetween 200 and 
100 fathoms. 

SAGITTA XACROCEPHAL.L, sp. n. (Pl. 5. figs. 1G-21.) 

This species, coming only f rom considemble depths, presented but few specimens in 
sufficiently good condition for accurate descriptioii. The following points, however, 
will serve for diagnosis until better specimens are recordecl by other observors. 

C‘hctrctctei*~.-Head very large, forniing when fully espancled a truncated triangle. 
Neck narrow and without a ‘‘ collarette.” Body slender, firm, hit much thiclier in the 
middle tlian anteriorly ; lateral fields not large. Tail-segment about one-tliird or more 
of the total lengtli ; tip of tail pnerally bluntly conical. 

Anterior fins small a id  (?) rounded ; posterior fins  large^, rotznded rather than 
triangular, about equillly divided between trunk and tail ; tail-fin often pointed 
posteriorly . 

Teeth 
very dark in colour, borne on an  unusually stout har. Teeth of the anterior row long 
and slender, slightly curved inwards to the niicldle line, their Imes touching, but in 
coll~plete expansion of tiie head they project radially outwards as a half-circlet. Teeth 
of t11e posterior row very niimerous, closely set, long, and slender ; in complete expausion 
of the head they forni a curve which goes completely from the dorsal to the ventral 
surface, so that the dorsnlmost point outwards, tlie ven trillnlost inwards. 

Vestibular ridge covered with a thick cuticle ; it extends 
externally for the whole length of tlie row of posterior teeth, internally somewliat 
further, and carries irregular proniinences fewer in number than the teeth. 

As the generative organs mere 
quite rudimentary in even the largest specimens, it is lwobable tliat only immature 
specimens wcre captured. 

The great size of the head and the large nurnber of teeth, compared with the size of the 
bodv, mark this species off from all others hitherto recorded. 

The following table * covers all measurable specimens captured ; where the per- 
centage of the tail is not given, the total length rvlust be taken as only an approximation. 

Bistribzctioii.--The vertical distribution of this species is conspicuously shown in the 
table p. 84, and the diagram PI. 7. I t  occurred in 63 per cent. of the 19 hauls .\rhich 
closed at  or heiow 400 fathoms ; the only other certain captures were in deep hauls open 
from 1250 fathoms to the surface (27 CL, 27 a’). Six very small specimens from 32 I ,  
38 k, and 36 1 may be larvze of this species (mucrocephula). It failed entirely in the 

Janrs curved throughout their whole length, sliarply so in the distal fourth. 

Corona ciliata not observed. 

Body sometimes salmon-pink, sonzetimes colourless. 

f The six specimens below the transverse line in the table include all the specimens from 32 Z, 35 J,., 36 l-that is, 
I think that they are larcal n~cicrocephala, but they are very small and the number all the shallower occurrences. 

of posterior teeth drops rather suddenly. They are included in the curve mno*ocel,haZn on P1. 7. 

11* 
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Length in mm. 

18.0 
18.0 
17.0 
16-5 
18.0 
155 
15-0 I 

I 

150 
160 
13.0 
13.0 
13-0 
12.0 1 12.0 
12.0 

11.0 

12.0 
11-5 

11.0 
* 10.6 
10.5 
10.0 
100 
10.0 
100 
100 
9.0 

9.0 
9.0 

9.0 
9.0 
8.0 

7.0 
7-0 

7 0  
8.6 
8 0  
6 0  
6.0 

5 0  
- -- 

DH.. 0. H. FOWLEH--I3lYCATAN PLAR’KTOK : 

i Tail BB pa.  of Jaws. Anterior Posterior , 
teeth. teeth. I length, 

i _ _  - 
i 

i 
28 11 8-9 27 
33 10-11 5-7 25-29 
32 9 6-6 32 
33 10 b 27-28 
.. 11 8 
32 11 8 83 
36 11 7 26-27 
33 11-12 7 23-24 
33 11 8 29-32 
.. 12 8 25 
.. 10-11 * 9 21-30 
34 11 7-9 23-21 
.. 9-1 1 7-10 28-29 
.. 10 8 27 

21 33 0-10 I 

10 7 21 

21 

31 I 

1 

c 

30 11-12 9 21-23 
31 9 I 

38 11 9 27 
33 .. 6 21 
.. 11 8 21-22 
35 10-11 9 22-23 
35 10-1 1 6 17-20 
40 11 6 18-20 
33 12 7 22-23 
.. 11 6-6 14-16 
33 9 30 20 
33 11 6 19 
38 10 6 17-18 
33 11 7 19 
43 9-10 6 15 
.. 10 5 12-13 
35 9-11 6-6 14-15 I 

.. 10-11 3 6-? 
38 10 7 6-7 

.. 9 3 5 

.. 10 4 
40 11 4 

c 
37 I 
36 1 10 6 20 

1 

41 9-10 4-6 10-11 , 

8 
7-5 i -~ 
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15 hauls which closed hetween 300 and 50 fathoms, and in every haul with an open net 
i n  which the greatest depth touched was less than 350 fathoms. S. mm*ocephcda mias 
therefore undoubtedly mesoplanktonic. 

SAGITTA ZETESIOS, sp. n. 
Charactem--Head proportionately of medium size, larger than the body immediately 

behind it, thus exhibiting a marked neck. Body fairly stout (stouter than bipnunctcttcc), 
tapering from the middle gradually towards each end ; a collarette present ; lateral fields 
rather narrow, longitudinal muscles well developed ; tail 25 to 33 per cent. of the total 
length. 

Posterior fin triangular, slightly more on the body tlian on the tail, its widest part a t  
or slightly in front of tlie septum. not extending backwards to the vesicultle seminales. 
Anterior fin well separated from the posterior, longer and narron-er than the posterior, 
wider behind than in front, not quite or only just reaching the liiiider end of the ventral 
ganglion. Tail- fin truncate . 

(Pl. 5. figs. 22-27.) 

Jaws very slender and strongly curved. 
Teeth very long and slender, light-coloured (unlike muci*ocepJiaZa) ; the anterior teeth 

increasing in size ventrally ; the posterior teeth a t  first increasing in length inwards, 
then decreasing again in the few innermost. 

Vestibular ridge well developed, but covered by a thin cuticle only, very slightly 
mammillated by numerous small and irregular promiuences, not extending for the 
whole length of the row of posterior teeth. 

Corona ciliata not observed. 
This is a fairly well-marked species. The large numbers of posterior teetii are enough 

to separate it from all but sewalodeidata, bijiwnctata, Bedoti, hispida, and eleguns. 
From swmtodentata the absence of serration on the jaws is enough to distinguish it. 
As compared with b@zcnctata, the head is larger, tlie body stouter, the lateral fins 
wider, the teeth very much longer. Bedoti  (Bekaneck), of which I have specimens 
from the ' Siboga ' Expedition, has a much slenderer outline, and zetesios niay be 
distinguished readily by the larger number of jaws and smaller numbers of anterior 
and posterior teeth in specimens of the same size. 8. elegaizs (Verrill) has been 
insufficiently described and figured, so that it is not easy to point to  salient characters 
for differentiation ; but at  least the proportion of the tail-segment to the total length and 
the number of jaws are easily checked. S. hispida, (Conant) has a quite different form: 
the absence of a neck, the length and shape of the posterior fins, and the slender body 
all mark it off from xetesios, though the numbers of jaws and teeth are almost identical. 

The following table has been summarized from 38 specimens. The smallest specimen, 
8 mm. long, is possibly referable to some other species. 

The specimen of 32 mm., which is at  the head of the table, is represented in fig. 23. 
I have no doubt that it really belongs to this species, but that some curious action of 
the preserving-fluid has swelled out the epidermis in front of the anterior fin in a way 
which is common in my specimens of f u rca ta  and some other species. This was the 
only specimen in which the vesicultle seminales projected noticeably. The vestibular 
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--- 
Length. 

xax. 1 MMin. Average. 

I 

11 9 

Length in mm. 

16 8 

20 8 

32 13 
! 

32 

21 

20 

19 

18 

li 

16 

16 

13 

12 

11 

10 

9 

8 

:: 1 
l2 I 
19 I 

I 
I 

- 
Tail 88 p.c. of 

length. 

25 

33 

25-28 

26-28 

27 

29 

26 

30 

26-30 

25-29 

2 7 4 1  

%?-83 

27-33 

26 

--- 

Jaws. 

8 

8 

8-10 

8 

9 

9 

9 

8 

8-10 

8-9 

8-0 

9 

8-9 

8 

Anterior 
teeth. 

. 8  

9 

7-9 

7-8 

6 

9 .  

6-7 

6-7 

5-7 i 

5-6 

5-6 

4-6 

4-6 

4 

Posterior 
teeth. 

15-1 7 

15-18 

17-10 

15-18 

16 

18 

16 

13-14 

1J-14 

11-14 

11-18 

9-12 

8-12 

5- 6 

ridge was slightly more mniiiinillatcd than in other specimens, in all otlier respects it 
agreed with the cliaracters of the species as given above. 

The vertical distribution of' zelcsios agrees in its general features with that of humutn ; 
and as both the occasions of c:ipture mid the specimens were less numerous in this than 
iu the latter case, it is fortunate that they thus receive corroboration. It failed at all 
depths less than 100 fathoms, and occurred at a11 clept,lis, though sparingly, between 
1000 and 100 fathoms. 

The table following seems to show that, as in ~ C W L U ~ C G ,  only small specimens are found 
near the upper limits of its distribution, the larger specimens arc only found deeper. 

I. Open neta lowered to 100 fathoms .......... 
11. 99 ,, 160,200,250 fathoms . I 

.... 1 Iu ?, ,, 300,560 fathome 
Closing-net ,, 300-200 fathoms .... 

IV. Cloeing-net, v a r i m  deptna between 1000 and 
300 fathom ........................ 

Speoimens. 

6 

41 

15 

c 
I 
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SAGITTA BIPUSCTATA, Quay & Gaimarcl. (1’1. 5. figs. 28-31.) 

Chamcte~*s.-Head siuall ; l)ody slender, t be middle third nearly of the smic thickness 
throughout, tapering slightly to\\nrds the head, more sharply towards tlic tail. Body 
when preserved firm, not ilablq-. Longitudiual muscles broad, but not stout ; lateral 
fields of medium devclopnient ; tlic sides of the body often shrinking inwarcls in 
prescrved material, so as  nclrrly to conceal tlw anterior fius. Tail rery slender. 
Posterior fins fairly long, inorc on tlie body than on tlic tnil, widest nearly opposite the 
septum ; shortel* tliaii in ser.r.rtfoc/eizfnttr, and not  exteudiiig Imckn-ards nearly to the 
vesiculac seminales. Anterior fius well separated f ~ o m  the posterior, very narrow, not 
reachiug to the ventral ganglion, shorter and narrower t liaii the posterior. Tail-fin 
rounded posteriorly. 

Tcetli bi*oad below, closely apposed, 
rather short and stumpy. Vestibular ridge with very slight proniinences, about the 
same length as the posterior row, projecting iiiarkedly at  its external end *. 

Jaws strong, sharplj- curved in tlie distal 11a11’. 

Length in mm. 

20.0 

19.5 

18.0 

16.0 

14.0 

13.0 

120 

11.0 

10.0 

9.0 

- 

Tail aa p.c. of 
length. 

22 

25 

22-15 

21 

21 

23 

25 

22 

20 

22 

Jswe. 

10 

10 

&lo 
10 

B 

9-10 

9 

9 

8 

0 

Anterior 
teeth. 

6 

4 

6-7 

5 

6 

5 

5 

5 

4 

5 

- 
Posterior 

teeth. 

13 

18 

13-17 

15 

14 

10-12 

12 

8 

8 

10 

A curious feature of the collection was the scarcity of this species, although, if the 
determinations of some earlier observers a1.e to be trusted, a plentiful supply niight have 
been expected. The explanation is pi*obably correctly given by Steinhaus f in saying 
that this ‘‘ ist keine rein pelagische Form, ihr Vorkommen beschrankt sicli auf die 
Hasten. VT‘enn sie trotzdern auf hoher See vereinzek angetroffen wurde, so ist dies wohl 
ddurch zu erkliiren, dass sie mit der Strornung so weit vom Lsnde abgetrieben ist.” 

On the other hand, during the homewa1-d voyage, a haul in about 40 fathoms on 

* Only traces of the corona were retained in my specimens. 

t Op. cit. supra, p. 28. 

A good figure is given by Hertwig. Jen. Zeitschrift, 
1880, pl. iv. fig, 20. 
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Tail as p.c. of 

Parsons Bank at the entrance to the Clianiiel produced such hundreds of bipmctuta 
that the contents of the bottle looked more like vermicelli soup than tlie rcsults of n 
tow-net. 

The captures in the Bay of' Biscay were only six in number (seven specimens in all), 
and all occurred a t  less than 200 fathoms in open nets; the liauls were 25y (50-0); 
33 IL (78-0); 32 d ,  32 i, 3 2 p  (100-0) ; 3ciy (200-0). From the Parsons Bank specimens 
I have deduced tlie preceding table, and have given a definition and figures to bring the 
species into line with the others here described. 

\ 10.0 

9.5 

9.0 

SAGITTA DECIPIENS, Sp. 11. (P1. 5. figs. 39-35.) 
C~co.a~te,~s.-Head and body of the proportions of bQiiotctata or se,i,.ntoclei2.tatcc, to 

both of which it bears a strong resemblance ; it carries, however, large ovn at  a very 
much smaller size. Body very slender, thickest behind the middle of its length, 
tapering very gradually tonraids each end. Neck not well marked ; collarette very slight. 
The whole body very trausparent, but firm, and retaining its shape. Anterior fin long 
and narrow, not reaching to the ventral ganglion. Posterior fin about the same length, 
broader, more triangular; itbout equally on trunk and tail, widest part at or just behind 
the septum. Tail-fin truncate. Corona not observed ; ventral ganglion prominent. 
Ovary short and thick, very opaque in the ti*ansparent body, extending when apparently 
ripe as far as the anterior end of the posterior fin. 

Posterior teeth long 
and closely apposed ; anterior teeth shorter, triangular, with 1)road bases. Vestibular 
ridge prominent, with tliick cuticle ; a very strong process, sometimes forked, at the 
external edge, extending further a t  both ends than the row of teeth. 

Ova comparatively very large. 
Jaws curved slightly, slender ; external pillar small or absent. 

The following table bas been summarized from 20 specimens. 

25-30 

31 

33 

Jaws. 

5-6 

6 

5-6 

6 

5-6 

5-6 

6 

6 

I 

Anterior 1 Posterior 
teeth. I teeth. 

fi-i 

i-8 

6-9 

0-1 

5-10 

8-9 

8 

9 

16 

15-16 

1 4 1 i  

13-16 

12-18 

13-16 

14 

16 

Distd)idio?z,-As regards the distribution of this form, the occuiwnces as recorded in 
the general table, although correct so far as they go, must not be taken necessarily to 
indicate the extremes of its habitat upwards or downrvards ; this follows from its small 
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I 

size, which makes the separation of young specimens from young of serratodentata and 
similar forms extremely difficult. The table at least yields positive information of its 
occurrence as high as 100 fathoms or less, between 160 and 50, and between 200 and 
100 fathoms. Below the latter zone it failed in the closing-net, and probably does not 
exist. But it may have reached a higher level than 100, for in three hauls in the open 
nets at 76 and 60 fathoms I took young specimens which I cannot satisfactorily identify. 

I I - -  - 

. 

Length in  mm. 

The foregoing species were for the most part abundant and well-characterized. 
But there remain a few specimens to which I dare not give a definite name, for want of 
sufficient material. As they may help to extend the observations of some future worker, 
I append a few notes on them. 

Tail as pc. of 
length. 

SAGITTA sp. indet. ? juv. 
In open nets lowered to depths between 60 and 250 fathoms, and in one closing-net 

(200-loo), there occurred a number of small and immature specimens of a very slender 
type, which I dare not assign to any species. Their figures, when summarized, are as 
follows :- 

Anterior 
teeth. Jaws. Posterior 

teeth. 
__. 

6-6 

4-6 

4-5 

27-33 

25-31 

28 

8-11 

8-9 

8-9 

6-7 

6-7 
CI 
1 

They occurred in the following hauls :- 
25 e 35 e 36 g 36 i 
35 b 35 m 36 h 36 k 
35 d 36 e 

They rescrnbled young serratodemtala, but showed neither the characteristic hooks nor 
serrations of the jaws. They bore a still strongcr resemblance to  thcipiens, but tlic 
posterior teeth seemed hardly numerous enough for that species. 'l'hey might be young 
decipiem, or zetesios, or possibly a separate species, but they are almost certainly not 
young f urcata or macroctphala. 

SAGITTA ? PLANCTONIS, Steinhaus. 
Under this head I rank three well-preserved specimens of doubtful relation. 

(Pl. 6. fiqs. 36-40.) 
They 

bear a close general resemblance to  zetesios, but differ in that the anterior and 
posterior frns are nearer together, the anterior fins reach further forward (in one to tile 
end, in two to the middle of the ventral ganglion), the widest part of the posterior fin is 

SECOND SERIES.-ZOOLOGY, VOL. X. 12 
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level with or behind the septum, the posterior fin is rather more on the trunk than on 
the tail; the teeth are shorter and thicker, and less closely appressed together; the 
numbers of posterior teeth are much smaller for the length. 

In general characters and in the numbers of the armature they stand closest to 
planctonis, Steinhaus, except for the fact that the anterior fin is rather wider posteriorly 
and a slight collarette is present: of the detailed characters of the jaws and teeth in 
plaizctonis we have no information. 

I Tail as ILC. of 
I 

Haul. Leiigth in mm. 

........ I .$ ( 3 5 n  
E: 
S I  :< 210 . . . . . . . . . .  
S I  ! @? 2 4 e . .  . . . . . . . .  

22 

1 (i 

14 

~. 

planctonia, Steiohnus . . . . . . . . . .  
furcrctrc, Steinhaus . . . . . . . . . . .  
bQnmctata, Quoy ct Gaimard . . .  
neglecta, Aida . . . . . . . . . . . . .  
reyulnris, Aida ............. 
hispida, Connnt . . . . . . . . . . . . .  
jkcrida , Con ant  . . . . . . . . . . . . .  
t t ~ ~ u i ~ ,  Conant ............. 
elegans, Verrill . . . . . . . . . . . . .  
pulchra, Doncasber . . . . . . . . . . . .  

length. 

25 

25 

28 

4 t5 

2 0 

2 .i 

25 

30 

25-33 

1 G  

25 

20 

10 

Jtims. 

S 

9 

S 

8 

7-10 

8-1 0 

3 
c 
1 

7-9 

8-!I 

7 %  

s 13 I 

Anterior 
tceth. 

6-7 

4 

4- 5 

I 6 

1-8 

4-5 

2- 4 

4- 8 

7-8 

4 5  

1 5-7 

0 I 
~ 

- 

Posterior 
t,ueth. 

~ 

9-10 

" 
1 

c 
I 

- - 

up to 12 

8 

10-13 

10-12 

5-7 

S-I7 

10-12 

7- 10 

12-13 

- +10 1 
* Aida's negkrtiz is almost certninly bipimrtuta, Quoy et, Gaim., and his Lipiiictntn = Betloti, Bdrancck. 

It is not worth while to enter into detailed differcnces bctw-een all thesc species * and 
my specimens, but the following rough points will serve to differentiatc thcm :-They 
are stronger in build (i. e. stronger longitudinal muscles and smaller latcral fields) than 
furcata, much broader and less pin-shaped than bipz~zctata. The description and figure 
of negtectlt are so generaliscd and give so little detail that it is impossible to sap whether 
this, if a " good " species, has any relation to our specimens. From regularis they are 
readily differentiated by general outline (cf. Aida's fig. 17). They are too stoutly built 

* It; is hard to believe thnt all tho above are separate species. It is even harder to reduce their number, &icc most 
of t,hem are quite insufficiently dcecribed, and the figures (when they exist) nrc genurally BY inadequate as the 
descriptions. 
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to bejlaccida or tenuis, and the general outline is quite different from that of hispida. 
Elegans is said to be very much like bipunctata, which cannot be said of these specimens. 
The limitation of the corona ciliata to the body sufficiently separates i t  frompulchra. 

There remains a certain number of specimens with more or less hexapterine numbers 
of jaws and teeth, and of the pliant flabby hexapterine type and proportions. These 
may include more than one species, but the examples are either so few or so badly 
preserved that, not having handled as yet large numbers of undoubted hexaptera, I 
prefer to leave them somewhat vague. So far as the numbers of teeth and jaws are 
concerned, most of them can be fitted only into hexaptera (d’Orb.), magna (Langerhans), 
or tricuspidata (Kent). Dr. Krumbach has already expressed his belief that hexapteric 
and magna are synonyms : with this I agree (so far as is allowable without a comparison 
of type specimens), a t  any rate as regards t,he nzaglza of Langerhans ; whether Grassi had 
the same species before him, or not, is hard to say. I incline further to add tricwpidata 
as yet another synonym, having before me large specimens from the ‘ Siboga ’ expedition, 
which by the numbers of the armature are tricuspidatn, but in other respects agree 
sufficiently with hexaptera. Kent’s original diagnosis of tricuspidata was not adequate : 
except for the armature numbers, it might be applied to several species, and his figure 
might stand for an inflated hexaptera ; it has certtinly a more apoplectic look than most 
hexaptera, but the proportions of the body alter at  death in very different directions 
among these less rigid forms, and I have noted a greater difference in general form 
between two Specimens of furcata than exists between Eent’s figure of triczcspidata and 
the ordinary drawings of hexaptera. 

(i.) A few of these specimens are probably attributable to Xagitta ? hesaplera, 
d’Orbigny, itself. They occurred as follows :- 

Haul. 

25 k ........ 
26 c .  . . . . . . . . .  
32 k . . . . . . . .  

Length in mm. 

1‘4 

11 

3 6 

Tail as p.c. of 
total length. 

21 

22 

25 

Jaws. 

7 
c 
I 

6-7 

_ _ _ _ _ ~  -~ ~ - -.. 

Species indeterminate. 

Anterior 
teeth. 

Postrerim 
teeth. 

3 
~ 

3 

3 

4 

(2,) From several hauls came specimens of which the cirrhi were either in excess of 
those recorded for hexaptera, or were present in very small specimens to the 
number of eight, the maximum number in the largest hexaptera as yet recorded 
(if Grassi’s magna be omitted). Some of these were probably young furcata, 
others may be the young of other species. 

They may be summarized as follows :- 
12* 
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Length in  mm. 

_ _  
33 

DR. 0. H. FOWLER-BISCAYAN PLANKTON : 

Anterior I Posterior 
teeth. teeth. Jaws. 1 Tail as p.c. of 

length. 
I I -_ -_ ______ -~ 

li (j j i s  I 8 

Lengkh in mm. 

-- _ ~ _  

22 

20 

19 

1.5 

13 

18 

10 

9 

-_ 

Tail as p.c. of 
length, 

______ 

26 

22 

21-36 

20-31 

23 

25-33 

''5 

27-33 

_._____ ~-~~ 

Jaws. 

10 

8 

8-10 

0 

8 

9-11 

8 

8-1 1 

Anterior 
teeth. 

5 

5 

3-4 

3 

3 '  

3-1 

r) 
d 

2-4 

___~  

Posterior 
teeth. 

______~ 

5 

3 

4 

- ''-4 
4 

2-3 

3 

2-4 

They occurred sparingly between 50 and 500 fathoms. 

(iii.) Three large specimens of hexapterine appearance, much compressed, will probably 
be easily identified by any future observer who takes this species, from the 
remivkable character of the most dorsal (youngest) jaws (Pl. 6. fig. 41). 

These specimens came from 500 and 250 fathoms. 
.. ... ~ .________ ..... ...... ~. 

Haul. 

29 a .  ......... 
29 a . . . . . . . .  
21 In ........ 

The last specimen tiad certainly lost some jaws, of which the sockets were to be seen, 
and probably some posterior teeth. They might possibly be ficrcata, dead arid sinking, 
for the younger jaws in this species resemble those figured in form, but are less strong: 
against this was the length and sharpness of the teeth, nor did thc fins exactly resemble 
those of furcntcc. 

KHOIXNIA HAMATA, Moebius. (Pl. 6. figs. 42-46.) 
Characters.-Head small ; body slender, resembling bipunctata, firm, retaining its 

shape (except when considerably damaged), thickest in the middle third, tapering 
gradually to both ends ; neck fairly well marked ; no collarette. Lateral fins long, not 
extending posteriorly nearly to the vesiculae seminales, but beginning only a little way 
behind the septum ; widest point a t  or just in front of the septum ; fin-rays extending 
about as far in front of the septum as the fin does behind it, but the fin continued 
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forwards* as an expansion of the epidermis up to or to the middle of the ventral 
ganglion. Tail-fin truncate. 

Jaws slender, not strongly curved, the tips bent through nearly 90" into a hook f. 
Teeth broad below : in old specimens very closely set, long, and sharp. Corona ciliata 
not observed $. 

Distribution.-Some years ago, in a most instructive paper, Prof. Chun 0 discussed 
the known occurrences of this species, and utilised them to illustrate the theory that the 
alleged similarity between the epiplankton of subarctic and subantarctic (1 regions 
might be explained by these two cold-water faunas being really continuous by way of 
the cold deep water of the main oceans. 

According to the theory, hamatu, an essentially cold-water form, should at low 
latitudes (high upper temperatures) fail in the epiplankton, but be captured in the 
mesoplankton. 

I n  my Faeroe Channel cruises, ham~tcc was fairly plentiful in the epiplankton, but 
occurred with even greater regularity in the mesoplankton : apparently like some other 
supposed subarctic forms, it showed even at  that latitude a preference for the deep cold 
water, water which in that area was purely of arctic origin. 

It is, therefore, very interesting to find that, even as far north as our positions during 
the 1900 cruise, it failed altogether i n  hauls at the surface or 25 fathoms ; it appeared 
once only at 50 fathoms 7,  twice at 75 fathoms, but regularly at deeper horizons down 
to 2000 fathoms. 

At  0 fathoms it occurred in 0 out of 25 hauls = 0 per cent. 
>J 25 > J  9 )  0 >) 12 3, = J J  

,, 50 9 )  J ,  3J l3 >) = >J 

, I  75 ,¶ >, I¶  l1 J >  =18 ,, 
JY loo )J J ,  14 ,, 22 ,, =63 ,) 

J >  {YE] )) >> 22 >J 30 J> = 7 3  )) 

J J  (:%zz )) >¶ J 9  7 J >  =14 ), 

This table shows clearly that while odd specimens (and, as a matter of fact, tiny 
specimens) may range exceptionally as high as 60 fathoms, it is between 2000 and 100 
fathoms that this species is to be sought. Below 1000 fathoms it was only captured 

* ThiA is so constant in apparently perfectly preserved specimens that I have no doubt that, it  ia a normal 

-f This is less marked in the older (ventral) teeth of old specimens, probably the result of wear. 
2 Figured by Strodtman, Arch. h'aturgeschichte, 1892, pl. xvii. fig. 18. 
0 C. Chun, ' Beziehungen zwischen dem arktischen und atitarktischen Plankton,' Stuttgart, 1897. 
11 In  the discussion of this alleged " Bipolarity," the issue has been obscured to some extent by loosely terming 

the regions under discussion '' arctic " (Labrador, Cfreenlund, Icclund, N. Norway, &c.) and '' antarctic " (Patagonia, 
8. Georgia, the Kerguelen area, kc.). These regions are more correctly classed by temperature as subarctic and 
subantaretic ; between the fauiins of truly arctic and antarctic regions, with a permanent 8ca temperature of 0" C. or 
thereabouts, no real resemblance has been shown. 

structure. 

fl This haul, 23 e, ie under suspicion : it may be a portion of 25 d,  100 to 0. 
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once by the closing tow-net, but large specimens were also captured by the closing trawl 
between 2000-1000 and 1500-750 fathoms. The species, then, in this area is meso- 
planktonic, and certainly ranges as deep as to the zone 2000-1500, probably to deeper 
water still. 

The captures, however, enable another point to  be made, namely :-that older (larger) 
specimens do not frequent even the upper zones of the mesoplankton, but the deeper 
strata only. Specimens more than 17 mm. in length-and this is small for hamata- 
wcrc met with only below 500 fathoms. 

~ _ _  - ____-___.__ 

Closing tow-net . .  

Closing trawl , . . . . 

Number of 
specimens 
measured. 

Horizon iu 
fathoms. 

I - -  
I 

0 I 
I 

25 

50 

75 

100 

150 

200 

250 

300 

350 

500 to 100 

750 to 500 

1000 to 750 

2000 to 1000 

1500 to 750 

2000 to 1000 

9 
.d 

4 

98 

27 

11 

139 

53 

38 

28 

16 

11 

1 

1 

1 

Maximum 
length 
i n  mm. 

- -  

11.0 

13.0 

13.5 

13.0 

13.0 

15.5 

17.0 

16.0 

17.0 

27.0 

28.0 

.... 

.. . .  

. . . .  

Average 
leugth 
in  xnm. 

- 

10.0 

10.3 

10.5 

11.9 

11.4 

13 9 

13.6 

12.7 

11.8 

18.8 

21.3 

20.0 

33.0 

23.0 

We may fairly conclude from this table that in tho area studied the older specimens 
are to be found in the deeper strata of the mesoplankton only, though the young forms 
lnay frequent higher levels. Only small specimens occurred above 600 fathoms, large 
specimens only below 600, but small specimens also occasionally occur below 500. 

This touches a question of great interest, at  which, so far as I know, no connected 
work has been done. The young of epibenthic and epiplanktonic forms mostly spend an 
early or larval life a t  the surface: where do deep-water oviparous forms, whether 
plankton or benthos, spend their early life ? Do they similarly seek higher levels T and, 



THE CHETOQNATHA. 77 

if so, do they range also to  the surface ? The answer for hamata appears to be, that 
they rise higher, but stop short of the surface; zetesios apparently follows the same 
habit. Of course where, as in the subarctic region, the species is epiplanktonic, the young 
are also epiplanktonic. 

The materials are now t o  hand for a fairly complete idea of the distribution of 
K. hainata in the Atlantic. As a n  epiplanktonic and mesoplanktonic form it ranges 
from 81" N. (Romer and Schaudinn) over the Xorth Atlantic, from Greenland and t8he 
Labrador Current in the west to Spitzbergen and Lofoten in the east, occasional drifted 
specimens reaching along the Norwegian coast into the Baltic. I n  the Faeroe Channel 
with comparatively high sur€ace-isotherms, i t  shows a preference for the mesoplankton, 
although also occurring less plentifully in the epiplankton *. Passing southwards-in 
the Bay of Biscay i t  was purely mesoplanktonic. I n  the South Equatorial Current the 
same holds good ; only young specimeus were obtained by the ' National,' and only by the 
closing-net a t  considerable depths f. Still further south, young specimens were obtained 
from a depth not greater than 38 fathoms, at  40" S., by Dr. Schott and Captain Bruhn $ ; 
in other words, the species rises nearer to  the surface a t  high latitudes with a lower ant1 
more suitable surface isotherm. Lastly, I am glad to be able to complete the series by a 
well-preserved and unmistakable specimen captured at or close to the surface by my 
friend Mr. Vallentin at the Falkluncl Islands, well within a subantarctic district. 

KROHNIA HAMATA, Moebius, var. 
Among the humata were a few specimens which could not be quite reconciled with all 

the characters of Moebius's species, although probably only zt variety. There were two 
well-preserved specimens of 23 and 12 mm., the smaller serving to connect with some 
yet smaller larvae. They differ from hamata i n  the possession of a stouter body, with a 
less marked taper, of somewhat more curved jaws which seem longer in comparison 
with the head ; the tips of the jaws are longer and only slightly bent. Fins similar in 
both. 

The specimen figured (30 e, 23 mm. long) exhibited the characters thus described ; 
there were also heads and damaged specimens from some other hauls, of which at any 
rate the jaws aud teeth showed the same or an intermediate variation from hantnta. So 
likewise did the five small specimens in  the table ; these were further characterized by 
a ferocious-looking sagination of the jaws : a similar sagination has been described by 
Strodtmann in some youug specimens of hamata, which I can confirm from Faeroe 
Clrannel material. The 12 mm. 
specimen seemed to suggest that the ultimately smooth outline of the jaw was attained 
by a filling-up of the spaces between the saw-teeth. 
The occurrences of this variety have been reckoned as hamata in the previous calcu- 

lations, in the notes on general distribution (p. Sl), and in the diagram (PI. 7). 

(Pl. 6. figs. 47-49.) 

The saginate jaws are the more ventral (older). 

* The observations on which this statement is based have not yet been published. 
t 0. Steinhaus : or. cit. supra, p. 34. 

0. Steinhaus : op. cit. supra, p. 47. 
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Jaws. 

_ ~ _ _  - -  

7-8 
c. 

7-8 
m 

8 

9 

8 

8 

6 

8 

Haul. 

30 e . .  ........ 
2 6 b . .  ........ 
21k ........ 
361 .......... 
36 2 ,  ......... 
32 I .  ......... 
31 c .......... 

~ - 

Teeth. 

__  ~ ~ 

11-12 

IS 

11 

12 

10-11 

11 

13 

9-10 

10-11 

7 
- 

Total length 
in mm. 

23 

20 

12 

9 

8 

7 

6 

Tail as p.c. of 
length. 

26 

25 

25 

27 

25 

28 

33 

Jaws. 

12-13 

9-10 

10-11,3 saginate 

1 0 ~ 5  9 v  

1196 9 9  

997 9 9  

998 1 9  

Teeth. 

13 

9 

10 

5 

4 

3-4 

2 

K ~ ~ O H N I A  SUBTILIS, Grassi. 
Characters.-Head of moderate size ; body extremely long and slender, transparent, 

not firm and rigid like hamata a t  a corresponding length ; thickest at about the middle of 
its lcngth, but even here only slightly thicker than a t  the neok, the taper extreniely 
qr:idual. Lateral fins 
\-cry long, reaching from the vesicuke seminales to a third of the distance between 

(Pl. 6. figs. 80-62.) 

Neck fairly well marked ; a slight constriction at the septum. 

Total length 
in mm. 

_ _ _ .  .- 

15 

15 

14 

14 

14 

13 

12 

11 

9 

8 

Tail as p.c. of 
total length. 

~ ~~~__.____ 

36 

40 

35 

35 

35 

30 

33 

36 

33 

37 

septum and ganglion, about two-thirds on the tail and one-third on the body, widest at 
or in front of the septum ; fin-rays present throughout its lengtb. l’ail-fin trunmte, 
extending anteriorly to the vesiculae seminales. Jaws strongly curved, very s~iary), 
usually thin when viewed from the outside. Teeth similarly thin plates, bayonet 
shaped *. Vestibular ridge (apparently) absent ; corona ciliata not observed. 

* Compare GmEsi, pl. i. figs. 9, 10. 
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I can find no distinction between this species and Aida's pucificn except in the coronii, 
which in paciJca is confined to the trunk, and in mbtilis  extends also on to the head. 
As, however, it was not figured by Grassi, and is only one out of several characters, it 
seems fairly safe to put the two species together. The teeth are not always so numerous 
as Grassi's number of 18, nor does the head look largo unless the cheeks are thrown out 
and the jaws turned in, in tho death contraction. 

It failed altogether at the 
surface and 25 fathoms, and was taken only six times in all (13 per cent.) at 50, 75, and 
100 fathoms. It failed in all the closing-nets, but appeared in hauls with open nets a t  
200, 260, and 300 fathoms. The only positive evidence therefore of its distribution 
points to  its habitat being between 60 and 100 fathoms; but the species being so scwce 
in the locality, too much weight must not be laid upon this. 

~~sh*ibution.--This species was comparatively scarce. 

GENERAL REMARKS ON THE VERTICAL DISTR~BUTION *. 
I n  handling the captures as a whole, the hauls with open tow-nets can be coinpared 

together with fair accuracy, and the hauls with the mesoplankton nets are similarly 
comparable amongst themselves. But while the former were lowered to a set depth, and 
towed horizontally at  that level for n fixed time (generally an hour), the mesoplankton 
closing-net was opened at  the lowest depth and drawn up vertically through a compars- 
tively small quantity of water before closure t. 

The mesoplankton net therefore cannot be expected to  capture so many specimens as 
the open nets used a t  higher levels. At the same time the hauls were so numerous, that 
only rare species a n  h m o  uniformly escaped. 

I n  the following tables, therefore, -all hauls which could be usefully compared have 
been divided between the open nets and the closing-nets. 

i. Hauls  with open nets. 

At  0 
25 
50 
75 

100 
150 
200 
250 
300 
350 

164 81 
52 75 

339 100 E r 241 cJ ra 100 
881 1 100 

E 21 ! $ 
c 12 1 5. $ , 

101 

37 33 1 i 
Be in dealing with uerratodentatcc and furcata above, nine hauls with a emall-mouthed net and 180 meshe8 

per linear inch have been omitted from the following calculations. The captures in all open nets have been treated 
with a time-factor to  bring them to the standard one-hour haul. The captiires by the closirig-net towed through 
250 fathoms have been divided by 2 5 ,  and through 500 fathoms by 5, to bring them t o  the standard 100-fathonl 
haul. 21 n (open for 50 fathoms only) and 21 a (a clouing-net which arrived open at  the surface, a miss-fire of the 
gear) have aleo been omitted as not being in line with the other mesoplankton hauls. 

SECOND SERIES.--ZOOLOGYy VOL X. 13 
t Compare suprd, p. 4. 
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From this table it may be inferred that Chsetognaths were less plentiful (or more 
migratory) between 0 and 50 fathoms : that the population increased down to 100 fathoms 
a t  least. Below that level the hauls were scanty and the figures therefore are much less 
reiiable: not only so, but it must be remembered constantly that these open nets, 
and especially the deeper hauls, pick up a large quantity of specimens on their upward 
journey which belong to shallower horizons *. The 250-fathom hauls, for example, 
represent not only the captures in an hour’s slow horizontal towing (say a mile and half), 
but also those of 250 fathoms vertical towing at  a greater pace- a very considerable 
addition. Now it  is a fair inference from the above, that if the population below 
100 fathoms were as large or larger than a t  that horizon, the average captures should 
number considerably more, whereas, except in one instance t, they are less than at 
100 fathoms. Hence we may conclude that the population diminishes below 100 fathoms 
or thereabouts. This conclusion is confirmed 
closing-net. 

ii. Hauls with the closing-net. 

Between 150-50 ‘5  

200-100 
250-150 
300-200 
400-300 
500-400 
750-500 
1000-750 
1250-1000 
1500-1230 
2000-1500 , 

16 \ 

42 
5 
6 
9 
10 
16.4 ’ 
11.2 ’ 
1.2 
0 
1.2 = , 

I Number captured divided by 2.5. 

by the more accurate method of the 

6 
2 
3 
3 
3 
4 
3 
3 
0 

1 ,  

1 
7 
3 
3 
3 
3 
4 
5 
3 
2 
2 

16.0 

6.0 
1.6 
2.0 
3.0 
3.3 
4 1  
2.2 

?? 
0.0 
0.6 

Number captured divided by 5.0. 

The sudden drop in the last column after 200 fathoms is most instructive : from 200- 
1000 fathoms the figures are small, but as steady as could be expected from the com- 
paratively small number of hauls. Below 1000 fathoms is apparently another drop ; 
but even at  this deepest stratum there can be no question of the presence of quite large 
numbers of ChEtognzlths even at the lowest depth investigated ; for example, tho three 
hauls 1250 to 1000 fathoms filtered only a cube of about 16 feet each, but produced 
one specimen each. Haul 26 b (2000-1500 fathoms) was towed at about 1900 .fathoms 

* Of course exactly the eame criticism appliee to my hauls with open nets at 25, 50, 75, and 100 fathoms ; but 
with much lees force, for those hauh were only towed upwards through a small fraction of their horizontal tow 
(instead of a large one), and were made in such numbers as practically t o  eliminate error by comparison. Below 
100 fathoms the ratio of vertical to horizontal tow becomes serious, unless very prolonged horizontal hauls be taken, 
which is bad for the material captured. 

Of the two haule ooncerned, the one contained coiisiderably more (72), the other 
considerably lese (29), than the average for 100 fathome. 

t Namely 250 fathome. 
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for an extra twenty minutes, as a steamer collided with us in the middle of the operation 
and stopped proceedings for that period; it produced five specimens belonging to two 
species. 

In the diagram, P1. 7, I have endeavoured to express the comparative distribution 
of Cheetopths  as a whole at all  depths, and also some points in that  of the common 
species. (1) The lines labelled decipiens and zetesios merely record the vertical extension 
of these two species from positive observations (that is, closing and shallow open nets ; 
the deep open nets being regarded as untrustworthy) : they did not occur in sufficient 
numbers to give any indication of a centre of distribution. (2) The three diagrams 
marked sermtodentata, furcata i., and hamccta i. represent, as ordinates to the curves, 
the average number of specimens per hour haul by open nets at  various depths. They 
seem to show that serratoc7entata is most plentiful down to 100 fathoms, furcatn most 
plentiful from 60 to 150 fathoms, and that these upper hamccta (whicli are all very young 
specimens, p. 76) are numerous between 150 and 300 fathoms *. These three diagrams 
are all drawn to one scale, and the ordinates to the curves are placed a t  the lowest or 
towing-depth of the net. (3) The remaining four curves deal with the closing-net, and 
are also all drawn to one scale. They are not to be compared with the foregoing curves, 
because they represent, as ordinates to the curve, the average number of specimens per 
100-fathom haul of the closing-net at various depths. The ordinates in this case arc 
placed in the centre of the zone studied : thus the ordinate for 150-60 fathoms is drawn 
on the 100-fathom line. The curve marked furcata ii. shows that the population, high a t  
160-60, drops suddenly between 200-100 fms.; below this zone the species was not 
captured in closing-nets, and presumably does not occur t. The curve marked hamata ii. $ 
shows clearly enough the influence of a large number of young specimens between 200-100 
fathoms. Both hamata ii. and macrocephala curveB seem to show a rise in population 
between 760 and 500 fathoms, as indicated by the ordinate on the 625-fathom line : this 
is of course repeated in the curve of general capture of all species. Whether this really 
indicates a zone of thicker life here or not, will be more easily seen when other groups 
have been worked out, but I certainly noticed the same rise in population when counting 
the Copepods in a series of typical hauls. The curve marked ‘‘ all species together ” is a 
graphic expression of the last column in the table on page 80. Unfortunately it by no 
means agrees with the only previous attempt to deal with the vertical distribution of 
Cheetogmths as a whole. 

Last year Mr. R. T. Gunther published u paper ‘‘ On the Distribution of Mid-water 
Cheetognatha in the North Ablantic during the Month of November ” (Ann. Mag. N. H. 
(7) xii. p. 334). Of his main general conclusions, the most important-namely, 6i that 
the upper hundred fathoms contain but few individuals as compared with the deeper 

* The drop in this ourve at 200 fathoms, based ou a single observation, would probably have flattened out as 

j. The specimens recorded in open nets below 100 fathoms were thcrofore probably caught in the vertical journey 

4 This includes hamata, var., p. 77. 

iiidioated by the dotted line if more observations had been taken. 

upward : an instance of the deoeptiveness of the method of open nets. 

13* 
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waters of the Atlantic ”-is, to my belief, absolutely deceptive, and must be attributed to 
the faulty method of capture employed and t o  the consequently inadequate evidence laid 
before him. In the first place, if one may argue from his diagram *, no hauls were taken 
at depths between 60 and 200 fathoms. Now, as has been shown above, this includes 
the most populous zone in the ocean, and is well known to be so from the results of other 
expeditions. Apparently it was entirely passed over in these collections. In the second 
place, the species not having been identified, the deduction entirely neglects the fact that 
different species inhabit different depths. Lastly, the conclusion takes no count of the 
weakness of the method of serial open tow-nets at great depths-namely, that it does not 
eliminate the organisms captured in the upward journey at higher levels : this alone is 
enough to vitiate the conclusion. The effect of the upward journey through what 
(according to  my results) are more populous zones can to some extent be gauged from 
the following observations :-My average specimens between 1260-1000 fathoms were 
0 4  ; now hauls 27 a and 27 a‘ missed fire, and the closing-net failed to close, its contents 
therefore represent specimens obtained on the upward journey only. These two hauls 
contained no less than 39 specimens belonging to six Apecies ; ten specimccls belonged 
to serratodentata and f w c a t a ,  of which I was unable to prove the occurrence below 
200 fathoms by the closing-net ! 

The closinp-net brings comparatively little to the surface, but of this little we at  least 
know accurately where it was caught t; and when my curve of r r  all species together ” 
is compared with Mr. Gunther’s result, there can be little doubt that a large proportion 
of his specimens were caught on the upward journey. 

With Mr. Giinther’s second conclusion-that small specimens are more plentiful at the 
higher levels, large specimens are more characteristic of greater depths-I am in entire 
agreement, although I fear we might not agree exactly as to  levels. But, so far as my 
results go, this follows from the presence at higher levels of young specimens which seek 
deeper water when adult (compare pp. 68 and 76). 

The only other attempts to record the vertical distribution of Chtlctognatha as yet have 
been made by Strodtmann and Steinhaus on the materials of the ‘ National’ (German 
Plnnktou) Expedition. Unfortunately the results of the surface and horizontal hauls 
llave not yet been published ; only vertical and closing nets are available, and these only 
for parts of the cruise. It is, therefore, of no value at present to compare the results of 
the ‘ National ’ and ‘ Research ’ in detail ; in so far as they overlap, they agree in the 
main, except in that the ‘ National ’ failed to prove tho existence OF Chzetognaths below 
1500 m. (812 fms.). 

SUMMARY OF THE OBSERVED DISTRIBUTION. 
These conclusions are stated less dogmatically in the foregoing text : a reference to 
* No detailed list of the hauls on this cruim has been publishod. Since the above was in print, I learn through 

BIr. T’. H. Blackman that two hauls were made between the depths meutioned. 
-f BY discounecting port and starboard engines, and usiiig them separatcly as required, we were ablc to keep thc 

wire rope straight up and down : Mr. George Murray's criticism of the uncertainty of the horizon therefore fallv 
(Journ. R. Geog, SOC. xiii. p. 153). 
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the pages cited will give the necessary qualifications and the evidence. It is hardly 
necessary to remark that all these statements refer exactly only to the area studied and 
to  the period of the cruise. They are not necessarily, many of them not even probably, 
true for distant localities under different conditions. 

Sagitta serratodeidata was epiplanktonic, extending from the surltlce t o  100 fathoms, 
with the highest number of average specimens a t  about 50 fathoms (p. 59). It showed 
no indication of a nocturnal rise and diurnal fall (p. G O ) .  On the contrary, although not 
affected during the day by the actual light-intensity of the moment, still on the whole it 
sought the surface by day and deserted it by night (p. 61). During or after rain it 
abandoned the surface even in bright daylight, the largest number of specimens being 
then found from 50 to 100 fathoms (p. 61). 

S. furcata was also epiplanktonic, with a niaximum distribution between 50 and 
100 fathoms (pp. 64,81). Occasional specimens reached the surface and 25 fathoms, but 
it was not taken below 200 fathoms (p. 6%). 

8. rnacrocephnln was purely mesoplanktouic, ranging from 400 (? 300) t o  2000-1000 
fathoms (pp. 65, 67). 

8. retesios was also mesoplanktonic, ranging from 100 to 1000-750 fathoms (p. 68). 
At less than 300 fathoms only small specimens were taken ; tho large specimens were all 
from greater depths. 

S. bipunctata, being apparently a neritic form, occurred very sparingly in the epi- 
plankton (p. 70). 

S. dem$iena belonged to t81ie upper mesoplankton ; it was taken with certainty only 
between 100 and 200 fathoms (p. 70). 

lGohnia Iiamata was mesoplanktonic, never reaching as high as 25 fathoms, but 
extending to the 2000-1500-fathom zone (p. 75). Above 600 fathoms only small 
specimens of 5-17 nim. were found, extending into tlie lower epiplankton (p. 76) ; the 
length of thcse smaller specimens on the wliole increased with thc depth, and 
their maximum distribution was about 150-250 thtliotns (pp. i G ,  81). Only below 
500 fathoms were large specimens to be found, mixed with a few small specimens, possibly 
corpses. 
K, subtilis occurred only in the upper mesoplanliton aud lower epiplankton, in too 

small numbers €or accurate deduction. 
Cli~~tognatha as a whole increased in numbers as onc passed from the surface to  

100 fathoms (p. 79), and diminished again in  numbers between that level and 200 fathoms 
(p. SO). At about 200 fathoms there was a sudden drop in the population, which then 
remained fairly steady down to about 1000 fathoms (p. 80), with a possible indication of 
a slight increase iu  tlie 750-500-fathom zone (p. 81). Below 1000 fathoms was a second 
sudden drop (p. 80). Cht~tognaths occur, however, in considerable numbers even at  the 
lowest zone studied, 2000-1500 fathoms (p. SO). 

In  the following table the first three hauls refer t o  the mesoplankton trawl, the 
remainder to tow-nets of '' comparable " hauls. 
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TABLE OF THE OCCURRENCE OF THE COMMONER FORMS. 

De th in 
fat8oms. 

160-0 
160-50 
160-100 
200-0 

200-100 

250-0 

260-160 

I 
300-0 
300-200 

360-0 
400-300 

GOO-400 

760--A00 

1OOo--i50 

1260-1000 

1wo-I 260 

2000-1600 

21 h 
21 1 
22 n 
24b 
24 d 
24 e 
25 d 

30h 
32 d 
32 i 
32 n 
32p 
33d 
34b 
34 d 
36b 
36 d 

36 5 
30b 
36 e 

30.9 

36f 

3Of 
21p 
21 n 
21 a 
36 !? 
21 b 
21 0 
26 c 
34h 
35 m 
36th 
35 t 
3 6 1  
36 i 
36 0 

35 8 
36k 
21 c 
26f 
36 I 
36 I 
21 k 
32 I 
36k 
21 n1 
36 ?r 
36 i 
22 h 
30 Ic 
34 e 

23 a 
27 c 
31 d 
32 f 
3 Z’k 
24 a 
27b 
31 c 

36P 

34f 

26.f 
30 i 
26 e 
266 
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APPENDIX. 

CHEPOGNATHA FROM THE FBLKLAND ISLANDS. 

MY friend Mr. Vallentin was kind enough to scnd me six specimens which he collected 
a t  Port Stanley in 1896. They included only two species. 

KROHNIA HAMATA, Moebius. 
A well-preserved specimen of this interesting species has been already mentioned 

(p. 77) as completing the chain of occurrences required by Chun’s theory of the con- 
tinuity of the subarctic and subantarctic Plankton through the tropical Mesoplankton. 
The specimen, from between the surface and 6 filth om^, was about 18 mm. long, with 
at least 8 jaws and 11 teeth ; the exact numbers could not be given without damaging 
the specimen, as both jaws and teeth were turned strongly inwards in contraction. 

SAG~TTA SERRATODENTATA, Krohn. 
There were five specimens, from the surface to 6 fathoms, quite indistinguishable from 

the Biscayan specimens and agreeing with them in numbers. 

Anterior Posterior 
mm. total length. teeth. teeth, 

9 33 6 2-3 3 

15 26 7 8 7-8 

Jaws. Length. Tail as PA. of 

This species has already been recorded from the subantarctic region, obtained by 
the Hamb. Magalhaens. Expedition (Steinhaus). 

LITERATURE. 
A list of the literature of Chaetognatha was published by Strodtmann :-“ Die Syste- 

matik der Chzetognnthen,” Archiv fur Naturgeschichte, lviii. p. 333. This was supple- 
mented by Steinhaus, ‘ Die Verbreitung der Choetognathen im siidatlantischen und 
indischen Ozean,’ Imug. Diss. Kiel, 1896. Since then the following papers on the 
system of Chaetognatha have appeared :- 

T. AID.~.-‘~ ChEtognaths of Misaki Harbour.” 
L. DONCASTER.--“ Chsetognatha.” 
T. KRUYBACH.--“ Ueber d.  Greifhaken d. Chatognathen.” 

0. STEINEAUS.-“ Chsetognathen,” in Hamburg. Magalhaens. Sammelreise, Lief. v. (1900). 

Annot. 2001. Japon. i. p. 13 (1897). 
Fauna and Geog. Maldive and Laccadive Archipelagoes, i. p. 209. 

Zool. Jahrb. (hbth. Syst. &c.) xviii. p. 570 
(1903). 
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EXPLANATION OF THE PLATES. 

PLATE 4. . 
14g. 1. Sagitla serratodentata. x 7. 

2. A jaw. x 105. 
3. Tips of two jaws. ~ 4 3 0 .  
4. Teeth of the left side, from the ventral surface. 
5. Vestibular ridge of the left side, from the ventral surface. 

6. Dorsal view of the anterior end, showing the corona ciliata. 

x 210. 
The tips only of the posterior tcetll 

are shown, x 210. 
x 24. 

x 3.5. 
Fig. 7. Sagittafurcata, Steinhaus. Very well preserved, except for a shrinkage inwards of the lateral 

fields, which carries the anterior fins nearly out of sight. 
8. The same, perfectly preserved, representing the supposed living outline. 
9. The same, badly preserved and dorso-ventrally compressed : the epidermis in the posterior two- 

thirds flattened and loosened, making the fins appear too broad, and forming a lyra-like bridge 
between the lateral fins. 

10. The Rame, veiy badly preserved, violently contracted antcro-posteriorly and somewhat compressed 
dorso-ventrally. The epidermis very greatly flattened and corrugated. x 6.  

11 .  Coraua ciliata and eyes. x 60. 
I f ? .  Ajaw. x60. 
13. Anteiior and posterior rows of teeth, from a cleaned specimen. 
14. Vestibular ridge, ventral view. 
15. Vestibular ridge, anterior view with teeth in place. 

x 3.5. 

x 3.5. 

x 106. 
x 106. 

x 106. 

PLATE 5, 

x 24.5. 
Fig. 16. Sugitta macrocepphala, sp. n. x 9. 

17. The head, from the ventral surface. 
18. The vestibular ridge and posterior teeth of the left side, from the vcutrnl aspect. 
19. Ajaw. x49. 
20. The first and last tooth, and four from the centre, of the posterior row, from a cleancd specimen. 

21. a. The teeth of the anterior row, from a cleaned specimen, seen from the anterior end. b. The 

x 103. 

The thickness of the bar b is also indicated. 

smallest tooth, from the dorsal surface. 

x 105. 

x 103. 
Pig. 53. Sayitta zetesios, sp. n. ~ 4 .  

23. Specimen 32 mm. long, probably referable to this spccies, with an (artificial ?) expansion of tlle 

2 1.. Vestibular ridge of the left side. 
25, Anterior teeth, from a cleaned specimen. 
z6. Posterior teeth, from a cleaned specimen. 
27. A jaw. ~ 3 3 .  

29. A jaw. x 140. 
30. Anterior and posterior teeth of the right side. 
3:. Vestibular ridge, showing position of first and last tooth. 

epidermis in front of the anterior fin. x2. 
x 60. 

x 105. 
x 305. 

1:ig. 28. Suyittn b i p n c t a t u ,  Quoy at  Goimarcl. x 3. 

x 140. 
x 140. 
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Fig. 32. S’ugitta deciyi~ns, sp. 11. x 7. 
33. A jaw. x140. 
34. Anterior and posterior teeth of left side, nearly from the anterior aspect. 
35. Vestibular ridge, showing positiou of first and last tooth. 

x 210. 
x 210. The strong cone on the 

external surface is not always so well developed. 

PLATE 6, 
Fig. 36. Sugittu ?plunctonis, Steinhaus. x 6. 

x 17. 
37. Dorsal view, showing relation of corona ciliata to head arid to vciitral ganglion, patches of 

sense-cells, “ neck-fin,” QEc. 
38. Vestibular ridge of left side, ventral view. 
39. Anterior teeth of right side, in situ. 
4.0. Posterior teeth of left side, in situ. 

x 140. 
x 140. 

x 140. 
Three jaws. Pig. 41. Sugitta sp. indet. (iii.), p. 74. 

Fig. 42. Krohnia hamata, Moebius. 
x 19. 

x 4. 
43. A jaw. x 10G. 
44. Tip of a jaw. x 520. 
45. The teeth. x210. 
4.6. Corona ciliata. x 61. 

48. ‘rip of R jaw. x 290. 
49. Saginate jaw of young specimen. 

51. A jaw. x 106. 
.52. The teeth, drawn in place. 

Fig. 47. Krohniii hantcrtn, var. x 4. 

x 290. 
Fig. 50.  Krohnia subtilis, Grassi. x 4. 

x 210. 

All figures have been drawn with the Abbe camera. The letters E and I indicate 
respectively the external and internal aspects of the teeth, the vestibular ridge, &c. 

PLATE 7, 
Table of frequency of species of ChaAogriatha according to depth. 

SECOSI) SEllIES.--ZOOLOGY, VOL. S s  
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(i. 11. Fm1c.r drl. Langley photosc 

BISCAYAN CHIETOGNATHA. 

Figs. 16-21. Sagitta naucrocephalm ; 22-27. Sayitta zetesios ; 128-31. Sugittn bipunctafa ; 
32-35.  Suyiitu dec+iens. 
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