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EKUCALANUS ELONGATUS 

IN THE SAN DIEGO REGION DURING 1909 

BY 

CALVIN O. ESTERLY 

(Contribution from the Laboratory of the Marine Biological Association of San Diego) 

This species is a very common one in the San Diego region, 

ranking next to Calanus finmarchicus in that respect. Hwca- 

lanus is characterized by the remarkable transparency of the 

body; the living animals are practically invisible in a dish of 

water. The body is also almost entirely colorless; the median eye 

may reveal a slight reddish tint and some individuals have one or 

two oil drops in the hinder part of the cephalothorax that are of a 

faint orange or reddish color. In some cases the bristles on some 

of the appendages are of a more or less evident orange. How- 

ever, these copepods are the most difficult to see of any with which 

T am familiar. 

Because of its transparency and lack of noticeable color, 

Eucalanus is highly adapted for its life as a plankton animal 

(Steuer, 1910, p. 275), and on this account, also, it has seemed 

to me that its vertical distribution during day and night would 

be interesting. It does not seem likely that if vertical migrations 

take place they could add much to the protection of the animals 

by leading to their removal from levels at which they would be 

easily visible during the day and so apt to be preyed upon. The 

animals would be practically invisible at any level. 

The collections on which this paper is based were made with 
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an ordinary 000 surface net and with the Kofoid closing net of 

000 mesh. The diameter of aperture of the former was 97.5 cm., 

that of the latter was 18.5 em. I have attempted to make up for 

this difference in area of aperture in the following way. The 

average number of animals taken by several hauls with the clos- 

ing net at a certain depth and within certain time limits, was 

standardised to a haul one hour in duration; this number was 

multiplied by 28 since that represents the ratio between the 

areas of the apertures of the two sorts of nets. It may be said 

that the result gives numbers that seem far too large, and that 

the method of correlation employed is very rough at the most 

since it does not take into account such factors as the rate and 

distance of hauling, filtering capacity and variations in water 

pressure. The following tabular view of the more general data 

for the hauls that are concerned in this discussion may be useful. 

TABLE 1 

GENERAL DATA FOR THE COLLECTIONS STUDIED 

Approximate Distance Number of Depths at which hauls 
direction from statute miles hauls were made. In 

La Jolla from shore Surface Deep fathoms 

i. “Swi 15 0 5 50, 100, 200, 400, 550 
2. Wxs 15.5 1 0 0 

3. Wxs 2.2 i! 0 0 

4. WxS 16 0 1 200 

oO. WxS 14 12 26 (Ok, 25) SUOE S215 105 SKOXO)- 
110, 150, 160, 200, 

220, 250, 300 

6. WNW 2.9 0 1 15 

ile WNW 2.3 0 il 50 

8. Wwxs BO ate 0) 1 200 

9 NWxWw 2.5 1 1 0, 15 
10. WxN 3.5 3 ily 0, 5, 7.5, 10, 15, 25, 30, 

SH5I5 SO, TUCOK0) 

ale WNW ave 0 4 Digs (a a) 

We Wwxs 37.4 0 il 125 

ilps Wxs 17.75 1 0 0 

14. Wwxs 15.79 0 al 250 

15. NW 3 1 4 ONO pO laa: 

16. Wwxs 15.5 0 il 150 

Wie W 13.6 0 1 200 

18. wxs 36 2 if 0, 50 

19: NW x W 3.1 0 4 Al5y5 2755, OS OL ON0) 

20. W 13.25 0 if 100 

21. WwW 13.4 0 1 50 

22. wWwxs 30.1 0 1 25 
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Table 2, which follows, shows the hourly averages which have 

been reckoned in the way already mentioned and arranged 

according to depths and times of day. The fractions in each 

column represent the proportion of hauls in which the animals 

were found, and in all cases the denominator shows how many 

hauls were made at that depth and within the hours indicated. 

The first figure in any of the time divisions is the hour at which 

the earliest: of all the hauls began; the second figure is the time 

at which the latest haul was finished. In other words, all the 

hauls began and ended within the time limits indicated at the 

head of each column. 

The surface hauls were made between June 21 and July 10; 

the deep hauls between June 21 and November 5, with 22 hauls in 

June, 37 in July, 5 in September and 9 in November. There 

seem to be no significant differences between the summer and fall 

collections in the numbers of animals taken. 

TABLE 2 

THE VERTICAL DISTRIBUTION OF Hucalanus elongatus IN HouRLY AVERAGES 

AT THE DEPTHS AND WITHIN THE TIMES INDICATED; 

SURFACE AND CLOSING NETS 

Time within which the hauls were made 

Surface | 6:10a.M.-6:20P.M.| 6P.M.-8:50P.M. | | 3:30 A.M.-6:35 A.M. 

Deep : “6:05. M.-5:55 P.M. ; hese | 11:30 P.M.-12:37 A.M. | 4:25 A.M.-6:03 A.M. 

Danae | (Se is = eS “Hourly averages : 

fathoms A B Cc D 

ih, 0 2 5 Sie ke oreo. | 0/8 0 
2. 5-10 0/5 0 0/2 0 0/2 0 | 0/4 0 

3. 15-25 3/4 616 3/5 308 1/2 420 3/5 308 

4, 30-50 | 6/7 756 | 3/9 84 2/3 280 

5. 100 2/2 792) | 4/4 812 2/3 280 

6. 110-160 3/3 2520 3/4 236 | 2/2 1540 

7. 200-250 | 5/6 2968 | 3/4 236 | 
8. 300-550 3/4 280 | | 

The figures in this table show (line 1) that Hucalanus 1s 

never abundant at the surface, for it was taken there in only four 

out of 22 hauls; but when found it is most abundant from 6 to 9 
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p.m. These surface hauls do not help us to understand why such 

distribution should occur, but it may be said that light does not 

appear to have any influence. 

It is worthy of remark that the surface haul that took the 

largest number of Eucalanus also took more Calanus finmarchicus 

than any other haul; there is thus an indication that the condi- 

tions which are particularly favorable for surface aggregations 

of one species are in some cases favorable for another species. 

This is not always true, because two other very large surface 

collections of Calanus did not contain any Eucalanus. I have 

been unable to find a clue, thus far, as to the conditions that 

favor accumulations of the latter species at the surface. When 

we consider that Hucalanus was uniformly absent from collec- 

tions with the closing net at levels down to ten fathoms (Table 2, 

line 2), it seems strange that the species should have occurred at 

all at the surface. This may be connected with the difference 

between the areas of the two sorts of nets. 

The plurimum for Fucalanus during daylight is at about 200 

fathoms. Though in the table (column A, line 7) it would seem 

to be between 200 and 250 fathoms, five hauls at 200 fathoms took 

3640 per hour during the day and one haul at 250 fathoms did 

not take any; it seems fair, therefore, to conclude that the depth 

at which the animals are most abundant during the day is 200 

fathoms. 

It is plain from Table 2 that Hucalanus does not exhibit any 

well-marked diurnal migration. There are no significant in- 

creases in daily averages at any level after 6 p.m., and if vertical 

migrations really occur we could reasonably expect that fact to 

be indicated somewhere in the amount of data available. If a 

change in the number of animals taken per hour may be regarded 

as showing that there is a movement of the species, Table 2 shows 

that fact most clearly, but the movement does not appear to be 

away from the lower levels at twilight or later in the night. If 

columns A and B of the table and lines 3 to 7 are compared, it 

will be seen that in every case the hourly averages are smaller in 

the early portion of the night than during the day. There is 

hardly any other conclusion to be drawn than that there is some 

movement of the species as a whole ‘which leads to a decrease in 
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the hourly averages at all levels [represented in our collections | 

from 6 to about 9 p.m. At one level (Table 2, column GC, line 3), 

there seems to be an increase about midnight, but this does not 

bring up the hourly average to what it was during the day. The 

hourly averages in line 6 of columns A, B, and D indicate a 

return in the early morning to the daylight plurimum, but in the 

light of the other figures it is difficult to see what significance 

this can have. 

To repeat, Table 2 shows that Hucalanus, as a whole, keeps 

well down during the day (column A), the plurimum being at 

200 fathoms. During the early part of the night (column B, hnes 

3-7), the population at all depths is materially decreased. There 

is no corresponding increase, therefore, at any of the levels and 

accordingly there does not seem to be a vertical migration. The 

fact of the decreased hourly averages, however, deserves empha- 

sis, because the decrease is in evidence at a time when the light 

is much reduced, and also at the time (6-9 p.m.) that collections 

with the surface nets show an increase (columns A and B, line 1). 

It does not seem likely that the smaller opening of the closing 

net can be the reason for this apparent inconsistency, because in 

another species (Calanus finmarchicus) the collections with the 

same kinds of nets bore out each other. Likewise, it does not 

seem probable that collections at other levels would show where 

the animals are at night; there is no reason to think that the 

depths at which collections were made do not give a fair enough 

indication of the vertical distribution of the species. <A third 

suggestion is that the distribution shown in Table 2 may be due 

to horizontal migration, such as described by Juday (1904, p. 

558) for some of the fresh water Crustacea; however, the fact 

that the decrease in hourly averages takes place over the entire 

area does not bear out this idea. Lastly, the animals may spread 

over a wider horizontal area, as night comes on, than that which 

they occupy during the day, on account of active wandering or a 

‘nocturnal habit.’’ Even if this were known to be the case it 

would not add much to our understanding of the movements of 

the plankton organisms. 

A study of the movements or distribution of an organism so 

perfectly adapted on account of transparency and lack of color 
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as is Hucalanus, leads to speculation as to the meaning of diurnal 

migrations. (Compare Morgan, 1903, pp. 391-394, 404-405). 

Here we find that a species which is entirely without need of the 

protection that is probably afforded by the dim light at 200 

fathoms, remains, for the most part, at that depth during the 

day. In a species not very transparent, this behavior would at 

least suggest that protection from predaceous organisms 1s 

secured. It is well known that many fish, for example, feed 

largely upon copepods, but it is indeed difficult to conceive how 

a fish could detect a Eucalanus by sight. This is suggestive of the 

possibility that the degree to which an animal is adapted to a 

life in the plankton through transparency and lack of color has 

something to do with the vertical migrations. In other words, 

it might be possible to show that there is a relation between the 

coloration or opacity of an animal and its vertical movements in 

a body of water. If it should be found that vertical migrations 

are more characteristic of forms that would be easily visible, and 

less so of colorless and transparent forms, it would be an indica- 

tion that the migrations are themselves in the nature of an 

adaptation. This would, of course, be more true of the movement 

to deeper levels for the day. It is suggestive, at any rate, that 

Eucalanus does not appear to have a behavior that would be in 

part protective while, at the same time, protection is secured in 

another way. 

It would be worth while to know whether species that live 

below the depth to which hght penetrates execute the vertical 

migrations. If so, it could not be urged that the movement is 

protective or adaptive. It is not to be expected that the behavior 

of one species will be characteristic of all others, yet it does 

not seem too much to hope that there are some far-reaching funda- 

mental principles underlying the movements of plankton organ- 

isms. We could not expect an adaptive behavior in all cases, for 

diurnal migrations may be of no more use to some organisms 

than the migration of pigment in the eye of a crayfish, under the 

influence of heat. The latter is probably a manifestation of one 

of the general properties of protoplasm, and the same may be 

true in a general way of the movements of plankton organisms. 

In conclusion, while the distribution of Hucalanus as pre- 



1911 | Esterly: Vertical Distribution of Eucalanus. ~] 

sented here does not show that this species exhibits diurnal migra- 

tions, there is a very evident set of movements that are certainly 

as puzzling, and even harder to explain. This behavior is sug- 

gestive that diurnal migrations may be in a measure protective, 

since Hucalanus is adapted in other ways to the conditions of 

existence in the plankton. At any rate, this possibility deserves 

further investigation. 

Occidental College, Los Angeles, California. 

Transmitted February 1, 1911. 
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NEW AND RARE FISHES FROM 

SOUTHERN CALIFORNIA 

BY 

EDWIN CHAPIN STARKS anp WILLIAM M. MANN 

(Contribution from the Laboratory of the Marine Biological Association of San Diego) 

The following report is of a collection of fishes made in the 

vicinity of La Jolla and San Diego, California, by the Marine 

Biological Association of San Diego at various times since 1907. 

The collection also includes a few specimens taken at Cerros 

Island, Lower California, in the summer of 1908. Only that 

part of the collection that is of interest on account of hitherto 

unrecorded characters or distribution is here included. When 

locality is not specified specimens are from the general vicinity 

of San Diego. 

The accompanying drawings are by Chloe Lesley Starks. 

Etrumeus micropus Schlegel 

We may note here the receipt at Stanford University of two 

specimens of this species from San Diego. They were sent by 

Mr. A. V. Pearson, who states the species to be common. From 

the fact that it has not been seen by any collector since it was 

described twenty years ago by Rosa Smith Eigenmann under 

the name of Perkinsia orthonops (American Naturalist, 1891, p. 

153), it is remarkable that it should be at any time common, 

especially in light of the many collections that have been made 
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in the vicinity. It is probably a migratory species common at 

certain more or less infrequent intervals. It is a common 

species in Japan and in the Hawaiian Islands. 

Polydactylus approximans (Lay and Bennett) 

A specimen a foot in length, preserved by the San Diego 

Chamber of Commerce, is included in the collection. This is the 

first record of the occurrence of this species north of the Gulf 

of California. Starks and Morris in their ‘‘ Marine Fishes of 

Southern California’? (Univ. Calif. Publ. Zool., vol. 3, no. 11, 

p. 188, 1907) recorded Polydactylus opercularis from an oil 

painting made by Mrs. Andrews, of San Diego, of a fish she had 

procured in the local market. The painting may have been of 

the species now at hand, or it is possible that both species occur 

on our coast. 

Lepidopus xantusi Goode and Bean 

The second adult specimen known is in the collection. It is 

of the same size as, and entirely agrees with the specimen 

described by Jordan and Starks (Prac. U. S. Nat. Mus., 32, p. 

10; 1907): 

Abeona minima (Gibbons) 

In a young specimen dark vertical bars are very distinct. 

An anterior one commences as a blotch at the first ray of the 

soft dorsal and extends vertically downward two-thirds of the 

height of the body. A posterior one extends only slightly past 

the black band along the axis of the body. In adult specimens 

in alcohol these dark cross bars are quite indistinct. 

Halichoeres semicinctus (Ayres) 

A single female specimen, 7 inches in length, from La Jolla, 

shows color markings not before described. Following the third 

longitudinal row of scales from the dorsal base is a row of round 

black spots, one on the base of each scale. These are frequently, 

but not regularly, duplicated below thus making an irregular 

double row. It is interrupted on the caudal peduncle for 2 or 3 
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scales, but at the base of the caudal it is represented by two pairs 

of spots. A less definite row follows the row of scales at the 

base of the dorsal, and above the pectoral are a few scattered 

spots. 

Sebastolobus altivelis Gilbert 

A specimen taken in the trawl at a depth of 413 fathoms. In 

this specimen no scales can be detected on the branchiostegal 

rays or membrane. 

Sebastodes diploproa (Gilbert) 

One specimen taken off La Jolla in a depth of 160 fathoms. 

It has been directly compared with one of the cotypes with 

which it agrees in all of its characters. 

Orthonopias, new genus 

Top of head between eyes covered with fine ctenoid scales; a 

row of slender cirri back from each eye; the entire course of 

lateral line with a series of enlarged ctenoid scales; sides of 

back with a broad band of fine scales, leaving a narrow naked 

strip above lateral lLne and another below base of dorsal; villi- 

form teeth on jaws, vomer, and palatines; four preopercular 

spines; the upper one trifid; dorsals separate; gill membranes 

united, free from isthmus; no slit behind last gill; ventrals 1, 3. 

This genus is most closely related to Axyrias and Astrolytes. 

It differs from Axryrias in the trifid preopercular spine; from 

Astrolytes in the very much wider band of scales between the 

lateral line and the base of the dorsal, and in the armed lateral 

line. 

Orthonopias triacis Starks and Mann, new species 

Head 384 in length of body to base of caudal; depth 4. Eye 

314 in length of head; maxillary 234. Dorsal IX-17; anal 12. 

Profile very steep from tip of snout to tip of nasal spines. 

Lower jaw included; maxillary reaching to vertical from middle 

of eye. Villiform teeth on jaws, vomer, and palatines. Eye set 

high in head, standing a little above profile; its diameter almost 
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as great as length of snout. Interorbital space a little less than 

half as wide as diameter of eye. A narrow depression running 

midway between the eyes from a point opposite the posterior 

border of the eye to a depression behind the nasal spines. Upper 

preopercular spine slightly over half as long as diameter of eye; 

trifid; its upper two forks strong, its lower fork shorter, close to 

middle fork, and little separated from it; upper fork directed 

upwards and backwards; lower forks nearly straight backwards. 

Fig. 1. Orthonopias triacis Starks and Mann. 

Second and third preopercular spines subequal, and not half so 

long as first; fourth spine short, at lower angle of preoperculum. 

Nasal spines prominent; sharp; nearly as long as diameter of 

pupil; reaching to a level with upper edge of pupil. Top of 

head with cirri among the scales, one at each nostril; a line of 

four extending backwards from each eye; one back of each eye 

opposite the second of this line; two at tip of maxillary; two 

at lower angle of preopercle; one at angle of opercle. 

Fine etenoid scales on interorbital space which become larger 

and more separated on the occiput.. Snout and the space below 

preopercular stay naked. Preopercle above level of upper spine, 

and opercle with small ctenoid scales. Lateral line with a series 

of 38 plate-like scales; their upper posterior edges free and den- 

tate. A naked area just above lateral line about as wide as lateral 

line scales, and a similar narrow naked area at base of dorsal; 

between these two a band of rough scales 5 or 6 scales wide below 

origin of soft dorsal counting vertically; counting the series 

running down and back it is from 10 to 12 scales wide; the band 
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is composed of 36 oblique series counting longitudinally. Seales 

of posterior part of band growing smaller and_ irregularly 

arranged; the band connecting with its fellow of the opposite 

side on caudal peduncle. Body below lateral line naked. 

Dorsal spines slender; weak; those from the 4th to the 7th 

longest. Dorsals not connected; first ray of soft dorsal over 

twice the height of last spine; anterior rays about equal; pos- 

terior growing only slightly shorter; the highest ray twice the 

diameter of eye. Pectoral large; contained 2% times in body ; 

reaching to opposite base of 6th or 7th dorsal ray. Ventrals 

reaching slightly past vent; first ray of anal beneath 3rd dorsal 

ray; last ray beneath 14th dorsal ray; anal rays nearly equal in 

length throughout length of fin; caudal broadly rounded behind. 

Color in alcohol light brown; a dark blotch below the anterior 

part of spinous dorsal; a small blotch below posterior part; three 

blotches below soft dorsal; and one on caudal peduncle. Sides 

below lateral line with irregular dark blotches on anterior half 

of body, and with smaller spots on posterior half. A black blotch 

on front of spinous dorsal; soft dorsal narrowly margined with 

brown, and with some narrow dark oblique bars on its base; 

membrane of anal uniformly brown; the rays somewhat lighter ; 

caudal with a longitudinal streak through its middle; pectorals 

brown with a darker blotch at base; ventrals colorless. 

The type and only specimen of this species is a trifle over 

three inches in length, and was taken at Cortez Banks in a trawl 

at a depth of from 11 to 16 fathoms. 

Rusulus, new genus 

Head naked and with numerous large pores and several small 

cirri; no enlarged external plates along lateral line; anterior 

pores of lateral line with cirri; sides of body covered sparsely 

with one, two, and three-pointed seales or spinules which extend 

below lateral line above anal region; teeth on jaws, vomer, and 

palatines ; upper preopercular spine bifid; lower spines but little 

developed; dorsals separate, or contiguous at extreme base only ; 

gill membranes united, and free from isthmus; no slit behind 

last gill arch; ventrals with one spine and three rays. 
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This genus is most closely related to Clinocottus from which 

it differs in the larger spinules on the body, the absence of cirri 

on the back and at the base of the dorsals, and in having fewer 

and smaller cirri on the top of the head. 

Rusulus saburrae Starks and Mann, new species 

Head 314 in length of body to base of caudal; depth 4. Eye 

4 in head; maxillary 3; highest dorsal spine 234; length of 

ventral 144; pectoral 1144; caudal 1144. Dorsal IX, 17; anal 14; 

pores in lateral line 38. 

Fig. 2. Rusulus saburrae, type. 

Body short, moderately thick, heaviest at shoulders. Profile 

of head precipitous anteriorly ; shghtly concave at occiput; lower 

profile gently curved from chin to ventrals. Lower jaw included ; 

maxillary reaching to below center of eye; fine villiform teeth on 

jaws, vomer, and palatines. Interorbital space shallowly con- 

eave; equal to half diameter of eye. Eye on level with upper 

margin of head; its diameter a little less than length of snout. 

Nasal spines blunt; distance from their tip to mouth a little 

greater than length of eye. Upper preopercular spine bifid; its 

superior spine the shorter, directed upward and backward; the 

inferior directed backward and slightly upward; two shght 

angles on lower edge of preopercle represent the usual lower 

spines. Head entirely naked and with many large pores behind 

and below eye. Three or four cirri on the margin of the preoper- 

culum, and a row behind each eye on top of head. 
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Lateral lhne curving downward to tip of pectoral where it is 

slightly angulated, and thence runs straight to caudal; the part 

anterior to angle with cirri at each pore. Small scattered one, 

two, and three-pointed scales on side of body, becoming more 

numerous posteriorly and opposite soft dorsal extending below 

the lateral line. 

Dorsal fins separate, or only in contact at extreme base. 

Third and fourth dorsal spines the longest; first dorsal ray 214 

times the length of the last dorsal spine; pectoral reaching to 

base of fifth dorsal ray ; ventrals reaching a fourth of their length 

past vent; first ray of anal beneath third ray of dorsal. 

Color in alcohol brown, belly lghter; back, sides, and head 

everywhere with small dark dots arranged in patches; a narrow 

band across occiput; back with 5 interrupted bands, the last at 

tip of last ray; a row of irregular blotches below lateral line; 

dorsals, pectoral, and anal with dark, oblique, dusky bands; ven- 

trals without color. 

The type and only specimen of this species is 15/8 inches in 

length and was taken in a dredge opposite Ballast Point, at the 

mouth of San Diego Bay, in a depth of 10 fathoms. 

Icelinus quadriseriatus (Lockington) 

Many specimens were taken near Cerros Island, Lower Cali- 

fornia, in 40 fathoms of water. Some of them have the branch- 

iostegal membrane black, the ventrals dusky, and the anal very 

dark, appearing black when the fin is closed. Others have these 

parts entirely colorless. All gradations between these extremes 

are represented. Specimens with the lower parts dark may have 

the pectoral variously colored from very dark to almost entirely 

colorless, but the pectoral is always light when the other parts 

are. 

Tarandichthys cavifrons (Gilbert) 

Several specimens of this species were taken at a depth of 

from 46 to 50 fathoms about San Diego. 

Xeneretmus triacanthus (Gilbert) 

Two specimens were taken in water from 50 to 100 fathoms 

deep off La Jolla. It has not before been taken in southern I 

California. 
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This species may be readily known from _Y. latifrons, its 

nearest relative, by the possession of 2 or 3 buckler-hke plates 

below the suborbital ridge (where it is naked in the latter 

species), by its having 6 rather than 7 or 8 anal rays, and by 

its having a free fold posteriorly on the branchiostegal mem- 

brane. But it is most readily known by the absence of a black 

margin to the spinous dorsal posteriorly. In Y. latifrons a black 

margin is always present and conspicuous. 

Rhinogobius nicholsii (Bean) 

A speeimen taken in 50 fathoms of water. 

Porichthys notatus Girard 

The collection contains specimens taken at various depths 

from very shallow water to 40 fathoms. 

Cryptotrema corallinum Gilbert 

A single specimen, 214 inches in length, taken at a-depth of 

50 fathoms. While the seales of the front part of the lateral 

line are very prominent and shghtly larger than those at each 

side of them they are not nearly so much larger in proportion 

as in larger specimens. 

Chilara taylori (Girard) 

A specimen 7 inches in length taken off Cerros Island in 40 

fathoms of water. It does not show the usual spots, being 

uniformly light dusky above, shading to lighter on sides. 

Maynea californica Gilbert. (MS.) 

Three specimens of this species without data, other than 

locality, are in the collection from off La Jolla. The species is 

known only from the type (from off San Nicholas Island) and 

unpublished description by Dr. Gilbert. 

Two species from the north temperate Pacific have been 

referred to this genus, but are now considered under the genus 

Bothrocara, (B. pusilla [Bean], and B. mollis Bean). The 

present species, however, differs from the type of the genus 
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Maynea (M. patagonica Cunningham, from the Straits of Magel- 

len) only in specific characters, and it is the only one of the 

genus known from northern waters. Maynea differs from 

Bothrocara in having the flesh firm, the skin thick, the head not 

cavernous, the eyes small, and the body tapering to a blunt point 

with the dorsal and ventral outlines of the body approaching 

each other in convex curves. Bothrocara has the body loosely 

organized and covered with thin, lax skin, the head soft and 

cavernous, the eyes very large, and the body tapering to a fine 

point with the ventral and dorsal outlnes approaching each 

other in straight lines. 

Maynea californica resembles the picture of M. patagonica 

that was published by Dr. Gunther (Proc. Zool. Soc. Lond. 1881, 

pl. II), but differs in having the front of the dorsal placed much 

more posteriorly, and in the absence of cross bars in the young. 

The largest of the specimens at hand is a little over five 

inches in length, or nearly as large as the type; the others are 

considerably smaller. They differ from the type in having the 

maxillary a little shorter, the interorbital space a little narrower, 

though the width of the interorbital bone is similar, and in being 

darker in color. 

The following description is of the largest specimen. The 

smaller ones agree with it in all essential respects. 

Length of head 714 in length of body to base of caudal; 

depth 121%. Eye 6 in head; maxillary 314; snout 4. 

Snout blunt and rounded, very slightly overhanging mouth in 

large specimen, even with mouth in small ones. Rather coarse 

teeth in bands on jaws, vomer, and palatines. Anterior nostril 

in a short tube extending forward a little beyond the snout ; pos- 

terior nostril a large pore scarcely larger than various other 

pores on head. A line of pores around lower and posterior part 

of eye; a line of four pores running straight back from eye and 

connected with its fellow of the opposite side by a transverse 

line of three pores at nape. The line from eye continued on side 

of body by a few very fine pores which do not reach as far back 

as the tip of the pectoral fin. A line of pores present around edge 

of preopercle and continued on mandible anteriorly to its point. 
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Interorbital space flat and without a longitudinal channel; its 

width a little less than eye. Maxillary reaching a very little 

past front of eye. Guill sht reaching slightly below base of pec- 

toral; its length equal to distance from tip of snout to middle of 

eye. 

Pectoral rather broad and rounded; its width at its base 

contained 5 times in head; its length nearly 2. Origin of dorsal 

a distance behind nape equal to the distance from nape to middle 

of eye; its distance behind base of pectoral equal to length of 

snout. Origin of dorsal from tip of snout a distance contained 

in entire lenth to base of caudal 514 times. Origin of anal 

from tip of snout 235 times in length. Dorsal and anal low, 

and continuous around tail without a notch. The length of the 

anterior dorsal rays barely exceed the length of the eye; the pos- 

terior rays a little longer, at beginning of posterior fourth of fin 

135 times longer than eye. Ventrals entirely absent. Body 

covered with scattered imbedded scales extending onto bases of 

dorsal and anal fins. 

Color in aleohol dark bluish-brown, darker on back and top 

of head, changing to hight dusky below. The sides of body every- 

where with small light spots formed by the scales. Pectoral color- 

less; dorsal and anal with an inconspicuous hghter border. 

Citharichthys fragilis Gilbert 

A number of small specimens of this species were taken off 

Cerros Island at a depth of 40 fathoms in company with Cithar- 

ichthys xanthostigmus. They have been compared directly with 

the type specimens and found to agree in all essential characters. 

The seales in the lateral line vary from 44 to 49 in number, and 

the rays in the dorsal from 80 to 86. The species has been known 

heretofore only from the Gulf of California. 

Citharichthys stigmaeus Jordan and Gilbert 

This species is represented in the collection by a large number 

of specimens, and though reported rare is evidently common off 

southern California. 
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The following key includes all of the west coast species of 

Citharichthys known outside of the tropies. 

A. 9 to 11 gill rakers on anterior limb of arch. 

B. Ventrals longer than head. xanthostigmus. 

BB. Ventrals shorter than head. stigmaeus. 

AA. 16 to 18 gill rakers on anterior limb of arch. 

C. Seales from 65 to 70; dorsal 95. sordidus. 

CC. Seales from 46 to 51; dorsal 80 to 87. fragilis. 

Symphurus atricauda (Jordan and Gilbert) 

This rather common southern California species is represented 

in the collection by a single specimen. <A specimen taken some 

years ago in the San Francisco market by Dr. Gilbert, and 

another recently at Santa Cruz increases the northern range of 

this species. It has hitherto not been recorded north of Point 

Conception. 

From Symphurus leei, with which this species intermingles 

in tropical waters, Symphurus atricauda may be distinguished 

by its finer scales, having from 105 to 108 transverse series rather 

than from 75 to 90, and in having a smaller head, which is con- 

tained 444 to 514 times in the length of the body rather than 

41/, times. 

The following color-description was taken from a fresh speci- 

men. The eyed side is greyish-brown with a series of 7 or 8 dark 

brown cross bars at the bases of the dorsal and anal fins, but 

fading out at the middle of the body. These become gradually 

darker posteriorly, and are brownish-black on the tail. The fin 

membranes are broadly edged with pale orange. The blind side 

is colorless except the fins of the caudal region, which grow grad- 

ually black posteriorly, and the visceral region, which is a deep 

pink. 

Transmitted April 7, 1911. 
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INTRODUCTION 

This paper is based upon material collected by the San Diego 

Marine Biological Station from 1904 to 1909. During this 

‘period the station has explored a region lying, in the main, 

between the parallels of 32° 20’ and 33° 30’ N, and extending 

from the coast to 119° W. In this material we recognize seven 

out of eighteen valid species of Sagitta, two of the three species 

of Eukrohnia (= Krohnia Langerhans), and one of the two 

species of Spadella. The seven species of Sagitta are S. enflata, 

S. hexaptera, S. lyra, S. serratodentata, S. bipunctata, 8S. plank- 

tonis, and S. neglecta. Eukrohnia is represented by FE. hamata 

and EL. subtilis. The one species of Spadella is 8S. draco. Though 

I have spent much time in detailed and critical examination of 

this material, I have failed to discover any indication of new 

species. 

The species of Eukrohnia and Spadella are readily recog- 

nized, but those of Sagitta are more difficult to identify. The 

latter naturally fall into two groups, those with and those with- 

out collarettes. Although, in the species of each group, the diag- 

nostic characters are annoyingly alike, each species has a definite 

and distinctive appearance. 

It is my aim to give (pls. 1, 2) some idea of this distinctive 

appearance, in addition to the usual taxonomic characters. 
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Primarily this depends upon degree of transparency of the 

species. Doncaster (1902b) has represented this appearance, 

but his drawings lack accuracy of measurement, which renders 

them useless for purposes of identification. Most authors, how- 

ever, have published merely outlne drawings and, while accu- 

rate in measurements, they do not suggest the distinetive appear- 

ance of the species. To make this paper more serviceable to 

those unacquainted with the group I have endeavored to com- 

bine the merits of Doneaster’s (1902b) drawings with accuracy 

of measurement. 

Krumbach (1903) has discovered characters of much taxo- 

nomic value in the minute anatomy of the seizing jaws, and I 

have endeavored to extend his descriptions to the San Diego 

species. This author’s contribution merits more attention than 

it has received, for these hard structures offer the only means of 

identification applicable to poorly preserved material. It is 

well to note, however, that to recognize these distinctive char- 

acters requires the most delicate microscopic manipulation. 

In measuring the curvature of the seizing jaws the follow- 

ing method has been employed. A camera drawing (text fig. 1) 

was first made. A _ per- 

pendicular, ab, was then 

erected upon the edge 

of the jaw at the junc- 

tion of the shaft, sh, 

with the ventral column, 

vent. col. A second line, 

cd, was then drawn 

tangential to the point, 

pt. The proportion ab/ 

cd indieates the extent 

of the curvature. 

In preparing the ta- 
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specimens not well preserved some characters are always dis- 

torted, so that measurements based upon such material can not 

be relied upon. I have endeavored to include enough measure- 

ments in these tables to permit a fairly accurate reconstruction 

of the outline of each individual considered. All measure- 

ments, unless otherwise stated, have been made in proportion to 

total length of specimen as measured from tip of tail-fin to 

anterior extremity of head. 

In my ‘‘Notes on the Identification of the Chatoguatha’’ 

(1908) I stated that length and shape of ovaries, together with 

size of ova, could not be depended upon for identification 

because these organs were the last to develop. While this is 

partly true, it is their distinctive appearance, together with 

degree of transparency of the species, that catches the eye and 

affords the first basis of separation. These differences are 

brought out in plates 1, 2,5 and 6. On pages 55 to 64, measure- 

ments of the ovaries are tabulated and discussed. However, 

owing to immaturity of the individuals of some species, it has 

been impossible to make these tabulations complete. 

To facilitate identification, all known species of Chaetognatha 

are here deseribed. Those obtained from the San Diego region 

are considered at some length, and the remaining species are 

briefly described at the close of the systematic part of this 

paper. In addition a few doubtful species of the group, inelud- 

ing Sagitta hispida, S. elegans, S. arctica, and S. tenwis are 

redescribed. 

While most expeditions have scattered their observations 

over a large territory, the Marine Biological Station of San 

Diego has confined its collecting to one locality. Until the pres- 

ent we have depended upon surface nets of various sizes and 

meshes, open vertical nets, the Kofoid closing net (see Kofoid, 

1911), and the Kofoid water bucket (see Kofoid, 1905), for the 

collection of plankton, and on non-registering centigrade ther- 

mometers and the Kofoid water bucket for our hydrographic 

work. While all temperature and salinity determinations made 

in connection with our hydrographic work are as accurate as 

the best apparatus permits when in the hands of an expert 

physicist (see McEwen, 1910), our data could not be made com- 
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plete without more apparatus. However, our explorations have 

taught us much regarding methods of collection and apparatus 

necessary for an adequate quantitative study of plankton dis- 

tribution. We are convinced that direction and velocity of eur- 

rents, temperature and salinity of water, wind, clouds, fog, 

rain, hght, and darkness all affect the distribution of plankton 

even within a very small area. The influence of all these condi- 

tions must be known to solve any problem concerning the 

quantitative distribution of plankton. To increase our facilities 

in meeting this requirement we have recently installed the Ekman 

(1905a) reversing water bottles, the Nansen vertical closing net 

(see Herdman, Scott, and Dakin, 1910, p. 275), Richter self- 

registering deep sea thermometers (see Ekman, 1905a), and the 

Ekman (1905b) current-meter that records the velocity and 

direction of currents encountered in deep water. With this 

apparatus we hope to discover relations in the horizontal and 

vertical movements of plankton which will be valuable not only 

to students of planktology, but to the commercial fisheries as 

well. By strict attention to one locality we have obtained data 

containing significant facts not present in the results of most 

expeditions. Following the systematic part of this paper I have 

discussed these data in so far as they concern the Chaetognatha. 

I desire to express my obligation to Professor Wilham E. 

Ritter, Director of this station, and to Professor C. A. Kofoid 

of the University of California for suggestions and advice con- 

cerning the preparation of this paper. I am further indebted 

to Dr. G. Herbert Fowler, Secretary of the Challenger Society, 

to Dr. Hjalmar Broch of the Zoological Institute of the Univer- 

sity of Christiana, to Dr. Rudolph von Ritter-Zahony of the 

Royal Zoological Museum, Berlin, and to the Smithsonian In- 

stitution for specimens of a number of rare and doubtful species. 
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PART I. SYSTEMATIC 

KEY TO THE GENERA OF CHAETOGNATHA 

1. Two pairs of lateral fins. Two pairs of rows of teeth. Only 

slight epidermal thickening on body...........-.-----.---------- Sagitta. 

2. One pair of lateral fins, partly on body and tail. One pair of 

rows of teeth. No epidermal thickening behind head............ 

Se oer Boe acon eens Sa Zar Caco ERE GEESE RO SESS Eukrohnia. 

3. One pair of lateral fins, entirely upon tail-segment. Two pairs 

of rows of teeth. Prominent thickening of epidermis, ex- 

tending from behind head to tail... =e Spadella. 

KEY TO THE SPECIES OF SAGITTA 

1. Species without OUCH (a tere soe cece ee a eee ae 

TE Species wikis collab ie) oe seen ae 

>: Shaft of seizing: jaw serrated —— 2 Sagitta serratodentata. 

Oo. Shaft of seizing jaw: Not Serrated =e nee eee 

3. At least 50 per cent of posterior fin in front of tail-septum.......... 

3. Less than 50 per cent of posterior fin in front of tail-septum........ 

~] 

= 

(0) 

io a) 

. Less than 50 per cent of posterior fin in front of tail-septum 

Bare PSA eek) Se ok Se es can eek re cnt mae ne a en mee Sagitta bedoti. 

Tail 28 to 40 per cent of total length............ Sagitta macrocephala. 

. Manlell0) toe2b5eper centcort stortalll Wem gt hiss eee eo tee ee eee 

. Vestibular ridge composed entirely of papillae.................-......... 

. Vestibular ridge provided with usual skeletal parts...................... 

. Tail 10 to 14 per cent of total length, mature ovary short, not 

over 7 percent ot total leno ines =e Sagitta gazelle. 

. Tail at least 15 per cent of total length, mature ovary long, 

over 20) per cent of total lenethe ee ee ee 

Anterior fin shorter than posterior fin, with large interval be- 

tween: them <2. 525-0 <n. so eae oat eee a Sagitta hexaptera. 

Anterior fin longer than posterior fin; in the mature specimens 

the finsyareicontluenits.-- 2 Sagitta lyra. 

. Body transparent. Top of shaft and base of point in seizing 

jaws converge toward edge of jaw...........---.-------- Sagitta enflata. 

. Body opaque. Top of shaft and base of point parallel-................. 

eS ecg beset Boch A lo EB CS, Ek ee re Sagitta elegans. 

. At least 50 per cent of posterior fin in front of tail-septum.......... 

. Collarette extending to ventral ganglion.......... Sagitta planktonis. 

. Collarette never extending more than half way to ganglion.......... 

SANtEnION fin! vextendin ey GoM ventralis canciones sme ae ee eee aes 

. Anterior fin never extends to ventral ganglion................-.--.------------- 

Oo bw 

ann On 

~ 
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12. Body transparent. First third of anterior fin without the usual 

LACES) a en ree a ae I A Sees Sagitta pulchra. 

12. Body opaque. Anterior fin with rays throughout.Sagitta sibogae. 

13. Tail 28 to 40 per cent of total length. No constriction at tail- 

SQV UMILLM, pretest sete fevcecn” Sonacce ueereattaceat ne Meee seer Sagitta decipiens. 

13. Tail not over 25 per cent of total length. Constriction at tail- 

SQW CUMERON CCI) © esc ccs-2-. costes eee acs ae eee Sagitta bipunctata. 

WAS Collarettemextend si Go) amiienion firs eee see eee eee eee nee eae 15 

14. Collarette never extends much over half way to anterior fins........ 16 

tojeAniLerion nn longer than posterior finesse Sagitta ferox. 

15. Anterior fin shorter than posterior fin_...........-....... Sagitta regularis. 

GpeAMherionehmrex tends: Gon went realli oer lo nies sees ne ree neeeeee en 7 

16. Anterior fin never extends to ventral ganglion.....Sagitta hispida. 

bo 

. Collarette exceedingly small. Sexually mature at a length from 

SEU OM OP INAII eset 5 eee en ond En yee Wim eh eee Sagitta tenuis. 

. Collarette well developed, extending nearly half way to ventral 

ganglion. Never sexually mature under 10 mm............................ 

Sep OS eee CES ih OMe tes 5 De ie de Ds ele Ma Sagitta neglecta. 

KEY TO THE SPECIES OF EUKROHNIA 

. Lateral fin extends from the region of the ventral ganglion to 

somewhat behind the tail-septum; never reaches to seminal 

vesicles; more than 60 per cent in front of the tail-septum........ 

Fp re ee eer Eee ee Eukrohnia hamata. 

. Cephalic limit of lateral fin never more than half the distance 

from the tail-septum to the ventral ganglion; extends caud- 

ally to the seminal vesicles; more than 40 per cent of fin be- 

WAMTAGL STOOD eee tee eee tee so neces ceneace evo see cou ar cestitaeeee sosdeuce scosaesscecEceoans 2 

. Body width about 4 per cent of total length. Tail 30 to 40 per 

cent of total length. Seizing jaws evenly curved, 6 to 9 in 

mum beremel Cetiny Ob Owl Smee anes ee we eee Eukrohnia subtilis. 

. Body width about 5 per cent of total length. Tail 25 to 41 per 

cent of total length (usually not over 33 per cent). Teeth 

11 to 15. Seizing jaws 6 to 9, with the convex edge made up 

of two curves, the junction of which makes an obtuse angle at 

a point about one-fourth the length of the jaw proximad of 

{OVO ARE 0) beech Ata ee Ea ae cee eos Eukrohnia pacifica. 

KEY TO THE SPECIES OF SPADELLA. 

. Average width of collarette nearly half that of body, widest 

slightly anterior to the tail-septum. Length of fin always less 

than 5 times its width. Anterior teeth 7 to 10. Posterior 

URES Mel TIN ala). TL Shea a ee 8 NN aera Ses Soe an eer eee Spadella draco. 

. Average width of collarette much less than half that of body; 

widest slightly posterior to head. Length of fin always more 

than 5 times its width. Anterior teeth 8 to 5. Posterior 

Ue Malay Ken ey eee sere Spee tec ne Ataeeeeee ces Spadella cephaloptera. 
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Genus Sagitta 

Sagitta enflata Grassi 

Ri iy fics Le pls.) ose pla foe 26 plea Or plan i loee or 

pl. 8, fig. 47. 

Sagitta enflata Grassi (1883), p. 16; Strodtmann (1892), p. 18; 

Béraneck (1895), p. 254; Aida (1897), p. 15; Doncaster 

(1902a), p. 20; Krumbach (1903), p. 682; Fowler (1906), p. 8. 

Sagitta flaccida Conant (1896), p. 85. 

Sagitta gardineri Doneaster (1902b), p. 212. 

Sagitta brachycephala Moltschanoff (1907), p. 208. 

Sagitta inflata, Ritter-Zahony (1908), p. 18; (1909b), p. 5. 

Sagitta furcata, Michael (1908), p. 68. 

General Appearance 

This species is the most transparent of all the Chaetognatha. 

When immersed in formalin and placed on a white background 

the body is very indistinctly seen, appearing like a very thin 

piece of shghtly ground glass. The head and ovaries assume 

a yellowish-cream color considerably more opaque than the rest 

of the body. The tail is likewise more opaque, especially at the 

tip, shading gradually into the transparency of the body. On 

a black background (pl. 1, fig. 1) the head, intestine, ventral 

ganglion, ovaries, seminal vesicles, and tip of tail assume a 

whitish appearance contrasting markedly with the body which, 

though nearly transparent, presents a shght tinge of grayish- 

slate. From tip of tail the white gradually shades into the 

black of the body. The outlines of the fins are barely visible. 

Characters 

Body tumid, retaining its form well. A distinct neck separates head 

from body. Body much the widest at a point from 40 to 50 per cent 

of total length from head. Lateral fields large. Muscles weak and thin, 

being barely perceptible under a hand lens. Pronounced constriction at 

tail-septum. Collarette absent. 

Anterior fin never extends to ventral ganglion. Distance from fin to 

ganglion usually about 20 per cent, but varies from 17 to 26 per cent. 

Position of greatest width always behind center of fin, varying from 

63 to 73 per cent of its own length. Triangular in form with apex 

direeted anteriorly. 

Posterior fin longer and broader than anterior fin. Never extends 

caudally much more than half the distance from tail-septum to seminal 

vesicles. Never less than 50 per cent of fin in front of tail-septum, 

varying from 57 to 70 per cent. Position of greatest width almost uni- 

formly opposite tail-septum. Interval from anterior to posterior fin 
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usually about 10 per cent, but varies from 9 to 15 per cent. Interval 

always less than length of posterior fin. 

Vestibular ridge (pl. 3, fig. 14) provided with low rounded papillae 

having the appearance of a number of irregular semicircles. Number 

of papillae usually the same as number of posterior teeth. Two teeth 

(sometimes one) project beyond wing of ridge, the third (or second) 

barely reaching the wing. Notch covers the first three or four teeth. 

External process from one-half to one-third the length of ridge. It is 

blunt and narrow, its length being about ten times its width. 

Anterior teeth, 5 to 8. Posterior teeth, 8 to 12, somewhat higher and 

broader than corresponding anterior teeth. 

Seizing jaws (pl. 4, fig. 26), 8 to 9 in number. Curvature of jaw about 

55 per cent. Point with an oval base and imbedded from 24 to 27 per 

cent of its height into shaft. Near its base the edge of point is notched. 

Base of point and top of shaft converge in approaching edge of jaw. 

Pulp-canal displaced slightly toward back of jaw. Pulp evenly distrib- 

uted throughout canal. 

Corona ciliata (pl. 7, fig. 45), short and almost entirely on head. It 

was characteristically absent in most of the San Diego material. Accord- 

ing to Fowler (1906) it varies from a ‘‘simple sinuous outline to a 

complex hour glass shape.’’ The same variation has also been noted by 

Ritter-Zahony (1909b). 

TABLE 1 

Measurements of Sagitta enflatat 

is = Anterior fin Posterior fin SS = a 
5 ra = 

S & z = pe) + ~ a z 

# 3 2s 2a ee eae © 
oon ewes) oars a eon) fe! ae ieee se es) ee 
Pe ee ee eee ee eae ee Be 
Se saa Seater baa ee) ee en ra, 

15 12 18 74 8.9 1.9 17 10 15 3.9 6255 7-6 10-9 9-9 

16.5 2 a1 67 13.8 2.4 19 15 nlf SY 57 7-8 10-8 9-8 

16 8 ay 68 12.5 16) 18 ital 16 3.8 63 6-6 11-11 9-9 

18 9 alte 69 8.2 il 68: 23 10 16 Ba) 61 7-7 10-11 9-9 

15 6 18 70 12:0 1.4 19 10 ai Amt 63 6-2? 9-9 9-9 

iT) 8 18 66 Waivaal PAT 17 14 16 4.0 61 6-6 11-11 9-9 

ily 9 18 66 9.3 1S 18 "9 17 AN 5 60 6-6 11-10 9-9 

19 11 Pal 76 13.6 Zoo 21 tet ate 5.3! 59 7-7 11-11 8-9 

17 ait: 18 TZ 9.4 1.4 19 10 18 4.0 66 7-7 11-11 9-9 

16 10 16 68 13.8 1.6 20 13 16 3.9 70 7-7 11-11 9-9 

2 8 16 68 12.8 1G 20 11 17 Bie ith 59 6-6 9-9 8-9 

vil Wot 22 66 13.4 2.2 26 iil 2 Bye 62 6-7 11-12 8-9 

8 8 19 fics 9.0 PI: 21 8 8 4.5 59 7-2 2-2 8-6 

10 9 20 63 1ZES 2.4 17 10 yi 4.9 59 72 7-2? 1-8 

2 9 alle) 70 8.6 1.2 25 11 15 3.0 63 7-? 12-10 9-8 

2 10 15 70 Yin: LO 26 14 15 4.1 65 6-5 11-11 9-9 

20 10 18 al 15.9 2.8 16 8 17 5): 69 7? 10-10 9-8 

10 7 24 67 10.6 2.0 20 16 12 226 61 4—4 8-7 9-9 

2 104 a 70 anes LO 20 11 17 4.4 61 3-2 2-2 2? 

18 8 18 tial 10.7 1.4 29 11 18 4.4 60 6-5 10-9 9-9 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 
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The table above shows more accurately the measurable taxonomie 
features of this species. In nos. 1 and 2 the width appears as 12 per cent, 
but is probably incorrect owing to pressure of the cover glass. Also in 
no. 2 the posterior fin was so torn that the width appears too small. 
Again no. 5 was wrinkled so as to make the width appear too small. 

In comparing this table with that of Fowler (1906) we 

notice several interesting differences. The number of anterior 

teeth averages less than he has obtained, the variation he found 

being from 6 to 10, while the San Diego material varies only 

from 4 to 8. The usual number he found to be 8, while we 

have found but one instance of 8, the usual number being 7. 

We never found an individual with more than 8, while Fowler 

(1906) records some twenty per cent having 10. Again, in 

the number of posterior teeth, Fowler (1906) finds a variation 

often to 17, while the San Diego specimens vary only from 6 to 

12, the usual number being 10-or 11. Rarely the number drops 

as low as 5. 

Sagitta enflata, at first sight, very strikingly resembles S. 

pulchra, S. hexaptera, and S. lyra. This is especially true if the 

specimens are not well preserved. It is, however, readily separ- 

able from S. hexaptera by the tooth-formula, and especially the 

structure of the vestibular ridge. It differs from S. lyra by not 

having confluent anterior and posterior fins, and from S. pulchra 

by absence of the collarette. 

Sagitta hexaptera d’Orbigny 

Pl. 1, fig: 25 pl: 3, fis. 15; pl. 4, fies. 27, 28; pl. 6) fig. 44. 

Sagitta hexaptera d’Orbigny (1848), p. 140; Darwin (1844), p. 2; 

Hertwig (1880), p. 196; Grassi (1883), p. 10; Krumbach (1903), 

pp. 633, 684; Fowler (1906), p. 11; Ritter-Zahony (1908), p. 9, 

(1909b), p. 8. 
Sagitta bipunctata, Krohn (1884), p. 108; Gegenbaur (1856), p. 14; 

Langerhans (1880), p. 135. 

Sagitta tricuspidata Kent (1870), p. 268. 

Sagitta magna Langerhans (1880), p. 185; Grassi (1883), p. 11. 

Sagitta darwint Grassi (1883), p. 19. 

General Appearance 

This species may be recognized as one of the largest of the 

Chaetognatha, sometimes reaching a length of 70mm. When 

placed upon a black background S. hexaptera presents a very 
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translucent, nearly transparent appearance. The general color 

of the body is grayish-white while the tip of the tail, ovaries, 

intestine, ventral ganglion, and head are much more opaque 

(pl. 1, fig. 2). When well-developed the seminal vesicles also 

offer a decided contrast to the body proper. The fins are readily 

seen, appearing as very transparent areas. 

Characters 

Body tumid, but not always retaining its form. Neck fairly evident 

though not so pronounced as in 8S. enflata. Body widest at a point from 

35 to 45 per cent of the total length behind the head. Lateral fields 

large. Muscles weak and thin, but stronger than in 8S. enflata. They are 

barely perceptible to the naked eye. Shght constriction at tail-septum. 

Collarette absent. 

Anterior fin shorter and narrower than posterior fin. Never extends 

to ventral ganglion, the distance from the ganglion being at least equal 

to the length of the fin. Position of greatest width approximately cen- 

tral. Form of fin half-elliptieal. 

Posterior fin always extends more than half the distance from tail- 

septum to seminal vesicles, but never reaches them. More than 50 

(usually about 60) per cent of fin in front of tail-septum. Position of 

greatest width almost uniformly opposite tail-septum. Broadly trian- 

gular in form. Interval from anterior to posterior fin usually less than 

the length of anterior fin. 

Vestibuar ridge (pl. 8, fig. 15) without. the usual skeletal structures 

and composed entirely of a few irregular conical papillae. They appar- 

ently alternate in position with the few teeth that may be present. They 

are broader and much shorter than the teeth. Sometimes there is a 

double row of papillae present, presumably in the older individuals. 

Anterior teeth usually 3 in number, varying from 2 to 4. They are 

long, slender, and diverging distally. The appearance of the anterior 

teeth, together with the skeletal areas upon which they rest, as two 

pronounced triangular spaces, offers an almost certain criterion for the 

identification of this species with the unaided eye. 

Posterior teeth 2 to 4, rarely 5 in number. I have never found a 

specimen with more than 5, and but one with that number. Similar to 

anterior teeth in form but usually longer. 

Seizing jaws (pl. 4, figs. 27, 28) 6 to 9 in number. Curvature about 

75 per cent. Points with oval base, and imbedded from 25 to 30 per 

cent of their height into shaft. Tip of point blunt. Shaft below point, 

in most instances, provided with a short, massive crest which extends 

proximally for a short distance on a line with the edge of the point, 

and then makes an abrupt turn inward toward the shaft. Pulp-canal dis- 

placed slightly toward the back of shaft. Pulp evenly distributed and 

extending into the point from 55 to 66 per cent of its height. 
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TABLE 2 

Measurements of Sagitta hexaptera) 

=| 
: = Anterior fin Posterior fin is! =) 
g 3 z OS SSS et ae @ = =| = £ £ i 
= we Bs aq ‘SH S68 
A=} i) ee H.o fase ime res Hh 

S ¢ S 68 4 gg gf 2 2 By Se 28 
Poo eo) gee tee NR ce | ae Ped eee 
a FE oo 8 4 - &@ = a Bt ee es ee 
27 11.0 26.8 68.8 958 3/16) (92 8.2 22.2 7.0 62.5 3-3 4-4 

247 10'30 (24-2 16550 SlOm Laie Le Tol 1959) 45h 59a 3-3 2-2 

55 ese UOICG- Vibes) likey ete ssa 9.3 20.0 5.2 66.2 —? 3-2 

40 8.3 23.0 69.0 NOC ees Ables 826) (28.0) (459° 164-5 3-3) 4-3 

22 SOM 22 02— sal On Berk TPO O90 Bikey gos S700 es wee 

52 Mao) s22i10) (695 9n9) (25) 14585) TORS 19.5 5.3 59.0 t? 3-2 

52 80) 280" 727.10 les BE) GO B60 Zakg@” 50. Gbis33 3 12 

41 Qe Pale) COs0 UQeal Pagal alyse t2)oe) 22.0 6.0 61.2 3-3 4-4 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

Sagitta hexaptera in general resembles S. enflata, and more 

especially S. lyra. It differs, however, from the former by its 

greater size, tooth-formula, and various proportional measure- 

ments. From the latter it differs radically in the absence of 

confluence of anterior and posterior fins, and in nearly all pro- 

portional measurements. Practically the only similarity between 

the two species consists of size, degree of transparency, and 

tooth-formula, the latter being often identical. 

Sagitta lyra Krohn 

Pl 1, fig. 33 pl. 3, fig. 16; pl. 4 tie, 29; pl. 6) fig. 43: 

Sagitta lyra Krohn (1853), p. 272; Hertwig (1880), p. 61; Grassi 

(1883), p. 11; Ritter-Zahony (1908), p. 10. 

Sagitta heraptera Strodtmann (1892), p. 10; Moltschanoff (1907), 

p. 209. 

Sagitta furcata Steinhaus (1896), p. 26; Krumbach (1903), p. 630; 

Fowler (1905), p. 63. 

Sagitta whartoni Fowler (1896), p. 992; Giinther (1903), p. 336. 

Spadella maxima Conant (1896), p. 212. 

Sagitta gigantea Broch (1906), p. 146. 

Sagitta maxima, Ritter-Zahony (1910), p. 264. 

General Appearance 

When well-preserved S. lyra appears translucent, nearly 

transparent upon a black background (pl. 1, fig. 3). The general 

eolor of the body is grayish-slate, the ovaries and intestines 

seizing jaws 
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appearing more opaque. Tip of tail and especially the head 

and ventral ganglion are much more opaque, presenting a dis- 

tinct contrast to the body proper. Tail fin and lateral fins are 

readily seen with the naked eye. 

Characters 

Body tumid, but does not always retain its form well. It is of much 

the same consistency as S. hexaptera. Neck fairly well marked but not 

so pronounced as in S. hexaptera. Body widest at a point from 50 to 60 

per cent behind the head, usually corresponding in position with the 

widest portion of the anterior fin. Lateral fields large. Muscles rather 

weak and thin, as in S. hexaptera. Slight constriction at tail-septum. 

Collarette absent. 

Anterior fin longer and narrower than posterior fin. Always extends 

anteriorly nearly to the ventral ganglion, sometimes reaching beyond 

the middle of that structure. Form subject to considerable variation, 

but usually, in the San Diego specimens, an elongated acute triangle. 

It is confluent with the posterior fin. 

Posterior fin extends caudally to seminal vesicles, when the latter are 

tumid. Never less than 50 per cent of fin in front of tail-septum. Posi- 

tion of greatest width is exceedingly variable, but is usually at or in 

front of tail-septum. Semi-elliptical in form. Interval from anterior 

to posterior fin is marked by the presence of a fin-bridge that renders 

the two fins confluent. Width at narrowest part of bridge about 1 

per cent. 

Vestibular ridge (pl. 3, fig. 16) consists entirely of papillae of the 

same style as in S. hexaptera. They are high, rounded, and roughly semi- 

circular in form being, in many easeg, provided with a tooth-like pro- 

jection (barb) at the apex. They are more numerous than the posterior 

teeth, extending from beyond the external tooth to the near vicinity 

of the mouth. The nature of the ridge is better shown in the accom- 

panying table. 

TABLE 3 

Measurements of Vestibular Ridge of Sagitta lyra. 

men in mm. 

=, Number of Extent of ridge 2 
= papillae in Microns =e 
2 8 : 
% = ate act 5 Remarks 

H Se se ee Re on 
2 a2 89 78 OS a4 & ie meen 
rs = HOS FY 4 d— = I ee pl. 3, fig. 16 

fr goede 2 fo 22 #2 
a <a 4 = i & & 

4 12 3 5 909 585 169 154 Right ridge, papilla 3 and 6 with barbs 

4 12 3 5 846 523 154 169 Left ridge, papilla 1 and 2 with barbs 

4 14 3 5 831 477 169 184 Right ridge, papillae acutely tipped, no barbs 

3 12 3 6 800 538 154 108 Right ridge, papillae acutely tipped, no barbs 

4 11 2 5 800 462 154 184 Right ridge, papillae acutely tipped, no barbs 

4 11 2 Fy 724 432 108 184 Left ridge, papillae acutely tipped, no barbs 
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Anterior teeth 3 to 7, closely set, conical, and converging distally. 

Posterior teeth 3 to 8, seldom closely set, and usually shorter than anterior 

teeth. There is considerable evidence that tends to show that the older 

specimens very frequently lose their teeth. 

Seizing jaws (pl. 4, fig. 29) 4 to 8. Curvature about 57 per cent. Points 

very blunt, with oval base, and imbedded about 25 per cent of their 

height into shaft. Back of point has greater curvature than back of 

shaft, but edge of point and edge of shaft have the same curvature, so 

that apex of point lies nearer edge of jaw. Near its base the point 

makes an acute angle with both back and edge of shaft. Base of point 

and top of shaft converge in approaching back of jaw. Pulp-canal slightly 

displaced toward back of shaft. Pulp evenly distributed throughout 

canal, extending into the point from 52 to 64 per cent of its height. 

TABLE 4 

Measurements of Sagitta lyrat 

as wv = Anterior fin Posterior fin = = a 

3 3 & SS Ss SSS 2 = EF z 

6) ee Oe OR ee Se a) eee ee ee 
Stee 4 ayn ee ae ee 2 Z 4 
48 7.6 22.9 67.4 39.5 2.9 LD 14 Ae a4 4-4 4-4 4-4 

40 6.3 15.9 73.0 S600 (2:5 0.6 19.0 4.3 83.4 1—7 2-10 8-7 

30 Tso 24.5 70.8 34.4 2.8 1.4 US 9) "45% Voie. 5—5 5-5 6-6 

40 Grid 15.6 70.4 SL 26 0.4 204s All SikeD 6-6 8-8 9-9 

30 333 22.8 6925 oli O, Va ot 4 LOE2 bie (oss. 8 7-71 2-6 5-6 

18 10.1 Withee) WALI 34.9%" 3). 1 0.8 2052) S19) 169 4—? 2-10 8-8 

20 8.4 Lia 73.2 34.5 .2.8 0.7 25-4" A259 7128 4-4 6-8 9—8 

30 Sai 23.4 69.0 (Ge ints) 0.9 LS ewe OOo 4-4 4-4 7-5 

35 Sao 16.2 76.6 34.3 2.8 0.4 25.0 4.8 80.6 5-6 8-6 8-8 

24 8.1 18.8 69.4 32.5 2.5 0.6 22.4 3.8 80.6 5=5 ie 8-8 

44 8.6 27.6 61.0 AAO Bel PA0, UaCy Verde peisel 2? 3-3 4-4 

33 8.4 16.0 Tso 38.0 2.8 0.8 252) aA SIO 2? 7-9 2-7 

30 10.4 22.2 73.3 37.8 3.6 0.4 20.9 4.9 53.2 2-2 4—4 6-6 

30 10.5 23.8 66.5 34.2 3.8 54 2 1G.) osrat 2? 3—4 4-4 

20 Teal DET ET 71.4 oe ene 0.7 250°) i336) ) fel 72 1? 2-2 

33 50) 16.6 les B26) tole 0.6 29.0 4.9 83.1 6-6 7-2 7-1 

36 10.3 26.1 73.6 SOS | cois9) eel 19.9 6.2 59).3 4-4 2-2 2-4 

24 10.0 22.2 73.0 36.1 2.8 at eal 1985) -5).16) 532 2-3 3-4 5-5 

40 10.3 24.8 76.0 42.2 2.7 0.7 2&0) Soll 15456 4-4 4-4 4-4 

1 All measurements made in per cent of total length of animal. 

2The length of the anterior fin is measured from its most anterior 
extremity to the narrowest point of the fin-bridge. The posterior fin is 
measured from the same point, and the width of the bridge is taken at 
its narrowest point. The distance from anterior fin to ventral ganglion 
in every case has been zero. 

3 Per cent of posterior fin in front of tail-septum. 

—_ > a 
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In comparing SN. lyra from San Diego with Fowler’s (1905) 

description and figures of S. furcata, one can not fail to see a 

great resemblance, brought out especially in his plate 4, figures 

9 and 10. Furthermore the structure of the seizing jaws de- 

seribed by Krumbach (1903) for S. furcata, tallies except in two 

points, with the jaws in S. lyra from this region. The two ex- 

ceptions consist, first in the absence in S. lyra of the cucumber- 

shaped area near the base of the shaft in which the pulp is absent 

from the canal, and, second, in the fact that the point, near its 

base, makes an angle with edge and back of shaft. 

Twice Fowler has been on the point of asserting identity 

between the two species. In his report on Biseayan Plankton 

(1905, p. 64) he says of SN. lyra: ‘Krohn very likely had furcata 

before him.’’ Water, in the Siboga Report (1906, p. 33) he says: 

‘* A few specimens with this label [S. lyra Krohn] were received 

from the Zoological Station in Naples. J still think that this 

species is probably furcata Steinhaus. ... But on spirit ma- 

terial it is impossible to feel positive on this point.’’  |Italies 

mine. | 

Finally, through the excellent work of Ritter-Zahony (1908) 

there is practically no doubt left as to the identity of these 

two species. He finds that S. furcata is really a younger stage 

in the development of S. lyra. 

In comparing SN. lyra from San Diego with the description 

of S. whartoni, the similarity of the two species is very striking. 

Below are given measurements of S. whartoni taken from Fow- 

ler’s (1896) original description and drawings. 

TABLE 5 

Measurements of S. whartoni 

(All measurements made in per cent of total length of animal.) 

Length Anterior fin Posterior fin Number of Number of Number of 

in Length anterior posterior seizing 

mm. Width of tail Length Width Length Width teeth teeth jaws 

30-45 6.6-10.5 20-26 44-66 2.8 19-33 stl 3-5 5-7 8-10 

In comparing these measurements with those just. given for 

S. lyra, the only differences consist in the greater length of 

anterior and posterior fins. San Diego material has yielded no 
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specimens with a length of more than 44.5 per cent for the 

anterior, nor more than 29 per cent for the posterior fin. 

Fowler (1896, p. 992) recognized this similarity to S. lyra 

but defined differences on the ground of number of teeth and 

seizing jaws, and of the absence of a constriction at the tail- 

septum in S. whartoni. In the San Diego S. lyra the constric- 

tion at the tail-septum varies, and in many instances is practi- 

cally absent, and the number of teeth and seizing jaws are 

essentially the same as in Fowler’s S. whartoni, as shown by 

comparison of tables 4 and 5. It is to be regretted that Fowler 

(1896) did not describe the vestibular ridge. However, from 

the data at hand, it seems only reasonable to regard S. wharton 

as a synonym of SN. lyra. 

Through the courtesy of Dr. Broch of the University of 

Christiania, I have been enabled to work over three of his speci- 

mens of S. gigantea, the measurements of which are as follows: 

TABLE 6 

Measurements of S. gigantea 

as = = Anterior fin Posterior fin =) 5 
is} b= s ‘ Co) a 

z Ss s_° Mig ea ed 4 
5 es So ae 5 “Su HH 
= ° SoS =f * S | 
Pe) < erate See a og 2 roe hem HR 

; oo 6G Ee a oe alt 

of = Sa oo & of: Ss fe See a oe 
Pa ro g = & es = ks) tH S as) 5 aa IS) 
8) Ss cob) os} ° Cy ad ell ee: 3) ct ar i) 3 e& 
4 = 4 eH 8 an JE = 4 EF «= Z Z 
78 6.4 22 70.6 0 42.3 2. 1.3 LG isi) POlane 2? 4—? 

56 foal 23.2 69.6 42.0 3. 1 14.3 4.4 62.5 5—4 6—4 

69 5.8 23.2 72.0 0 39. 2. 1.4 L6at 4753) 61.750 6-5 5-5 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

In no. 1 the posterior fin is widest at tail-septum, and does not quite 

reach the seminal vesicles. In nos. 2 and 3 the fin is widest behind tail- 

septum and the seminal vesicles are not developed. 

Comparison of this material with S. lyra from San Diego 

presents only a very few differences. Broch’s specimens are 

larger, the smallest measuring some 4mm. more than the largest 

S. lyra from this region. In one instance the width of S. 

gigantea is only 5.8 per cent, while none of our specimens 

measure less than 6.3 per cent. With these two exceptions all 

the measurements of S. gigantea agree with those of S. lyra. 

seizing jaws 
Number of 

ete an > 
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Furthermore, the nature of the vestibular ridge (pl. 3, figs. 16, 

17), while totally different from nearly all other species, is 

precisely the same in the two forms. 

Broch (1906) says that S. gigantea seems to resemble SN. 

whartoni but differs in size, smaller number of seizing jaws, and 

larger number of teeth. Fowler (1896) records 3 to 5 as the 

variation in number of anterior teeth of S. whartoni. In two of 

the three specimens of S. gigantea considered in table 6, the 

teeth are 5-4 and 6-5, a difference of only one tooth from the 

number reported by Fowler (1896). Broch (1906) finds from 

7 to 8 posterior teeth but, in the above specimens, I have been 

unable to discover more than 6. Even if 8 were frequently 

present there would be only one more tooth than is recorded by 

Fowler (1896) for S. whartom. Again, some of the San Diego 

specimens of S. lyra bear 9 seizing jaws on each side of the 

head which otherwise agree perfectly with S. gigantea, except in 

their smaller size. With such similarity the identity of NS. 

gigantea with S. lyra seems quite evident. 

Through the courtesy of the United States National Museum 

I have had the privilege of examining three specimens of 

Spadella maxima Conant. That they are identical with the San 

Diego material there is not the slightest doubt. In fact the 

agreement is so close that I am unable to detect any differences 

except that in S. maxima the vestibular papillae are more uni- 

formly provided with barbs than is true of the S. lyra from San 

Diego. 

Through a letter received from Dr. Rudolph von Ritter- 

Zahony I find that he agrees with me in regarding S. whar- 

toni, S. gigantea, and S. maxima as synonyms (see also Ritter- 

Zahony, 1910, p. 264), but fails to understand how I ean 

identify them with S. lyra. He says: ‘‘Ich begreife nicht wie 

Sie die Species [S. lyra] mit S. whartoni, und S. gigantea ver- 

einigen konnen, da aus dem Beschreibungen Fowler’s und 

Broch’s sich ja schon bedeutende Unterschiede ergeben.’’ The 

only differences mentioned in these two papers by Fowler 

(1896) and. Broch (1906) have already been considered suffi- 

ciently to indicate that the differences are not so significant 

as might at first appear. Furthermore, I have sent three of 
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the San Diego specimens of S. lyra to Ritter-Zahony for ecor- 

roborative identification and I take the liberty to quote his 

reply. He says: ‘‘Sie haben sie ganz richtig als S. lyra_ bes- 

timmt, es kann dariiber gar kein Zweifel sein.’’ I am there- 

fore quite positive that my specimens are referable to S. lyra 

and if so I can detect no appreciable difference between them 

and S. gigantea or S. maxima. It is possible that I may have 

obtained both S. lyra and S. maxima and confused them, but 

such an error is improbable. 

S. lyra also bears a striking resemblance to S. gazelle. In 

regard to the latter species Ritter-Zahony (1909c, p. 788) says: 

‘‘Dureh die Gestalt der Vestibularorgane und die ausserordent- 

liche relative Kiurze des Schwanzabschnittes |itahes mine] ist 

diese Art so gut gekennzeichnet dass die Identifizierung spiter- 

hin mit Sicherheit médglich sein wird.’’ Nevertheless this species 

bears a striking resemblance to our specimens of S. Lyra. While 

in S. gazelle Ritter-Zahony (1909c) records the tail per cent as 

10 to 14, with one possible instance of 19, the San Diego S. lyra 

shows a variation as low as 15.6 per cent, a difference of only 

1.6 per cent from his measurements of S. gazelle. From his 

tabulation for S. lyra (1908, p. 12) in specimens of 27 mm. in 

length he records 4mm. as the tail length, which amounts to 

14.8 per cent, but he describes the tail as 17 to 23 per cent. 

From his tabulations it frequently falls below 16 per cent, which 

means that there is an error somewhere in his data. Surely the 

difference between S. lyra and S. gazelle in this matter of the 

leneth of tail is not great. The vestibular ridge, again, is 

amazingly similar to that of S. lyra, and the nature of the 

posterior teeth in S. gazelle that Ritter-Zahony (1909c, p. 

788) deseribes as ‘‘aneinanderschliessend (d.h. nicht durch 
Ne) 

Zwischenriume getrennt wie bei manchen Arten)’’ is essentially 

the same in San Diego specimens of S. lyra possessing 7 to 10 

teeth. On the other hand, the mature ovary in SN. lyra (see 

p. 59, tab. 18, and pl. 6, fig. 43) extends nearly, if not quite to 

the ventral ganglion, whereas in S. gazelle Ritter-Zahony 

(1909e, p. 788) says: ‘‘Die Ovarien machten trotz ihrer 

Kiirze bei einigen Individuen schon den Eindruck der Reife.”’ 

Inasmuch as a figure of S. gazelle has not been published and 
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as the fins were too damaged for description, it seems best to 

have it remain a valid species until redescription is possible. 

Sagitta serratodentata Krohn 

Pieces plone, 20 ple 4 oies 30 plain, tos) all: 
5 

Sagitta serratodentata Krohn (18538), fig. 2; Hertwig (1880), p. 

64; Strodtmann (1892), p. 17; Krumbach (1903), p. 636; Fow- 

ler (1905), p. 58; Ritter-Zahony (1908), p. 15 (1909b), p. 8. 

Sagitta sp. innom., Gegenbaur (1856), p. 15. 

Sagitta gegenbauri Fol (1879), p. 128. 

General Appearance 

This slender, pin-shaped species, when placed upon a black 

background, appears very opaque (pl. 1, fig. 4). The head, 

ventral ganglion, intestine, and seminal vesicles are readily 

distinguished as slightly more opaque than the body proper. ur I Y Prox 

The seminal vesicles, when fully ripe, stand out clearly as 

extremely opaque areas. The tail is slightly more transparent 

than the body. The tail-fin and both pairs of lateral fins, in 

perfectly preserved material, are barely visible to the naked eye, 

appearing as nearly transparent areas. The ovaries, owing to 

the opacity of the body, are very indistinctly seen. It is to be 

noted that, when sexually mature (pl. 5, fig. 41) S. serratoden- 

tata presents a much greater opacity, owing probably to the 

greater length and opacity of the ovaries. When not mature 

this species is shghtly less opaque than S. planktonis, but when 

fully developed it is more opaque. 

Characters 

Body firm and rigid, retaining its form well. Neck very prominent. 

Body widest at about middle of length, varying from 50 to 55 per cent, 

and tapering very gradually toward head and tail. Lateral fields small. 

Museles broad and strong. No constriction at tail-septum. Collarette 

absent. 

Anterior fin shorter and somewhat narrower than _ posterior fin. 

Extends to ventral ganglion. Position of greatest width well toward 

posterior end. Form approximately triangular. 

Posterior fin extends caudally to seminal vesicles when they are tumid. 

In exception to all the other San Diego species, the proportion of posterior 

fin in front of tail-septum is exceedingly variable, there being some- 

times more and sometimes less than 50 per cent. Position of greatest 

width well behind septum, usually at a point about half the distance to 

seminal vesicles. Interval from anterior to posterior fin small. 

Vestibular ridge (pl. 3, fig. 20) well developed, as long as posterior 
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row of teeth and provided with low, rounded papillae, each one approxi- 

mately representing the quadrant of a circle. They are fewer in number 

than posterior teeth. Three or four teeth project beyond wing of ridge, 

the notch extending to the sixth or seventh tooth. External process 

one-fourth to one-fifth the length of entire ridge. It is from two to 

three times broader at end than at wing. 

Anterior teeth, 6 to 9 in number. They are conical, closely set, and 

slightly diverging distally. Posterior teeth, 13 to 19 in number. Similar 

in form to anterior teeth, but apparently shorter and broader. They 

are very closely set. 

Seizing jaws (pl. 4, fig. 30), according to Fowler (1905), vary from 

6 to 8 in number. In the San Diego specimens the number varies from 

5 to 7. Curvature about 54 per cent. Shaft usually conspicuously ser- 

rated, the serrations, gradually and somewhat irregularly, increasing 

in size proximally, and disappearing entirely somewhat above middle of 

jaw. Point curved toward edge of jaw presenting the variation that 

Krumbach (1903) demonstrated. Point imbedded about 25 per cent of 

its height into shaft. Top of shaft and base of point parallel. Pulp 

evenly distributed throughout canal, the latter being slightly displaced 

toward back of jaw. 

TABLE 7 

Measurements of Sagitta serratodentatal 

E be = Anterior fin Posterior fin = : Bs 

E E ae oeP he acne eee 
- = ao Se f o8 eo eR 

14.0 6.5 28.0 66.0 0 22.0 4.4 27.5 41.0 8-9 18-19 6-6 

Bi.0 Bi 28.0 Grol 0 20.0 Onl 2720) 4420) 9 8=Teeel— Tee —6 

16.0 biG 22.0 58.6 12.5 SS: 18.3 44.5 7-8 16-16 6-6 

10) 8) Seal EOS 27.8 fot 13020))) 6206 .9=8i0) BG —lTe6—6 

11.4 4.8 25.2 73.0 0 PAT (eae 2.4 29.0 Diep 7-7 14-14 6-6 

10 @2 PALO Gs 0 25.0 Ne | Die  AGc0)" ES - ae) a 

14.3 4.5 22.8 63.2 10) 18.2 4.2 29.0 62.4 7-6 13-13 7-6 

1.0 Both Br Bas) ) 16.3 5.4 25.0 56.5 62% 14-14  6—6 

L5o3 4.6 22.7 69.0 0 19.8 igo 22.0 ty 0515) 8-8 16-17 6-2? 

Ws Soh Bok BIC 0 20.4 10.0 22.4 50.0 6-6 14-15 5-5 

15.4 39 23.0 70.5 0 23.0 12.4 24.8 Oiler: 7-71 16-15 7-7 

Pig of 4.3 23.5 72.5 0 23.5 a9 25.6 50.0 8-7 16-17 6-6 

a Lea | 3.8 26.0 70.0 0 21.3 Ch 22.6 58.5 2? 2-2 2-2 

1A 45 ee) Gln: ) 23.3 4x9) (2405 16ie5) Wt) | 68 6—? 

Le ell Sie: 22.1 63.0 0 20.6 6.3 25.3 62.5 6-6 15-15 6-6 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

The action of formalin causes the lateral fields to shrink inward, 
with the result that the fins are nearly hidden from view. As a con- 
sequence, width-measurements of the fins could not be made with any 
accuracy except in the first two specimens, which were measured directly 
after preservation. In no. 1 width of anterior fin was 3.5 per cent, pos- 
terior fin 6.2 per cent. In no. 2 the widths were 3.0 and 6.0 per cent. 



I 

1911] Michael: Chaetognatha of the San Diego Region. 41 

In comparing the San Diego specimens with those which 

Fowler (1905) obtained, we notice a great difference in number 

of anterior and posterior teeth. He records from 3 to 7 an- 

terior and 3 to 13 posterior teeth in individuals ranging from 

5 to 15mm. in length. For a length of 13-14 mm. he finds 5 to 

7 anterior and 8 to 12 posterior teeth. The specimens from San 

Diego, therefore, present a greater number of teeth for the same 

length of individual. 

Sagitta bipunctata Quoy et Gaimard 

Pl. 1, fig. 5; pl. 8, figs. 18, 19; pl. 4, figs. 31, 32; pl. 5, fig. 40. 

Sagitta bipunctata Quoy et Gaimard (1827), p. 232; Busk (1856), 

p- 16; Hertwig (1880), p. 258; Strodtmann (11892), p. 344; 

Fowler (1905), p. 69, (1906), p. 31; Ritter-Zahony (1908), p. 15. 

Sagitta sp. innom., Oersted (1849), p. 26. 

Sagitta multidentata Krohn (18538), p. 271. 

Sagitta germanica Leuckart und Pagenstecher (1858), p. 593; 

Uljanin (1871), p. 77. 

Sagitta setosa Keferstein (1862), p. 1385, 

Spadella bipunctata, Grassi (1883), p. 18. 

Spadella mariona Gourret (1884), p. 103. 

Spadella hamata, Aurivillius (1898), p. 117. 

Sagitta decipiens, Michael (1908), p. 68. 

Sagitta pulchra, Michael (1908), p. 68. 

‘Sagitta bipunctata forma typica Ritter-Zahony (1910), p. 255. 

General Appearance 

This species is only slightly more opaque than S. enflata, 

but appears to the naked eye somewhat narrower, more rigid, 

and of more uniform width from head to tail. When on a black 

background (pl. 1, fig. 5) the head, intestine, ventral ganglion, 

ovaries, seminal vesicles, and tail present a distinct, though 

rather less, contrast to the body proper than is the case with 

S. enflata. 

Characters 

Body rigid, retaining its form well. Neck nearly, if not quite absent. 

Body widest usually behind middle, but varies from 40 to 60 per cent. 

It tapers very gradually forward and backward from this point. Lateral 

fields large. Museles thin and weak but stronger than those of S. enflata, 

the strands being barely visible under a dissecting lens. Constrictioz 

at tail-septum evident. Collarette present but very short. 

Anterior fin never extends forward to ventral ganglion. Interval 

per cent, but varies from 4 id 

between fin and ganglion usually about 7 

to 10 per cent. Fin rather triangular in form. 
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Posterior fin longer and broader than anterior fin, extending to seminal 

vesicles when latter are tumid. Always more than 50 per cent of fin in 

front of tail-septum. Interval from anterior to posterior fin varies from 

4 to 11 per cent, but is usually 6 or 7 per cent, and is never over half 

the length of posterior fin. 

Vestibular ridge (pl. 3, fig. 18) provided with low, blunt papillae con- 

siderably irregular in form. Usually one papilla for every posterior 

tooth. Ridge covers all except the last one or two teeth. External pro- 

cess acute, narrow, and long, being about half as long as the rest of 

the ridge. Certain individuals present the appearance (pl. 3, fig. 19) 

of a double ridge similar to that noted by Fowler (1905) in S. decipiens, 

both parts possessing acute external processes which fork apart at the 

point where the wing of the ridge descends. 

Anterior teeth, 5 to 8 in number. They are closely set and conical 

in form. Posterior teeth 9 to 14, and similar, in form, to anterior teeth. 

They are, however, larger excepting the first and last, which may be 

slightly shorter. 
TABLE 8 

Measurements of Sagitta bipunctatal 

= = Anterior fin Posterior fin eS = 

ee Re 2 3 
: a ou ey 5 ‘ oe Se 
al) a VAST ee Oe Nine BAG, cae ne eae me ng 
Bay Ee ee RR Rr eee es Gh SO eee 
es ee eee pee a SA eet eel ee ie 
12 6 23 Tifa 7 21.6 2.4 ti 22.4 4.5 64 5-5 14-13 

ily/ 5 22 71 1 17.4 2.3 10 21.3 Sek 56 5-5 2-13 

16 6 21 70 15.9 2.0 8 23.2 3.6 Bi 22 12 

iy 6 22 70 7 21.5 2.0 4 23.1 3.7 65 22 12 

9 5 22 69 5 22.5 2.4 4 24.5 3.8 63 22 13-2 

16 6 21 tl 5 22.5 2.3 8 24.9 3.8 62 6-7 13-14 

16 6 24 70 8 20.6 2.0 ri 24.2 3.3 58 2-2 13-13 

17 6 24 70 6 20.0 2.9 6 23.4 Bg 8) 50 6-6 13-13 

17 7 25 73 6 20.4 1.6 7 26.5 4.1 60 5-5 12-2? 

14 6 22 70 8 20.2 alc: ! 9 21.6 3.8 53 6-5 12-2? 

15 6 24 71 7 22.4 1.8 6 23.5 4.1 62 2-6 7-12 

16 6 23 69 7 18.6 a ES 8 22 1 3.8 56 22 12-2 

17 5 24 69 5 20.0 2.1 6 25.3 4.3 58 2-6 2-13 

16 6 23 (fl 8 LOSS iL 5'7/ 6 23.3 3.6 58 22 12 

15 6 23 wal 5 20.8 2.2 4 24.9 3.9 60 5-5 13-2 

17 6 23 fii 8 18.9 2.0 7 26.2 4.0 57 22 22 

15 5 23 70 5 .4 2.2 7 24.8 3.9 60 5-5 13-13 

16 6 23 70 5 20.5 PXeik 7 25.1 4.2 58 5-5 13-12 

LS 6 24 72 5 23.7 2.3 6 26.4 4.1 60 5-5 13-2 

14 6 22 70 5 20.9 2.3 5 23.2 4.2 60 12 22 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

Though obtained by the thousand, the head in nearly every case was 
extremely contracted, thereby making a correct count of the teeth almost 
impossible. 
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Seizing jaws (pl. 4, figs. 31, 32), 7 to 8 in number. Curvature about 

33 per cent. Points of same general form as those described by Krum- 

bach (1903) for S. furcata, the curvature along the back being greater 

than along the edge so that apex of point lies toward edge of jaw. Point 

inserted about 27 per cent of its height into shaft. Base of point and 

top of shaft converge on approaching edge of jaw. Pulp evenly distrib- 

uted throughout canal, the latter being displaced toward back of shaft. 

Pulp-canal extends into the point from 66 to 75 per cent of the height 

of the point. Apex of canal lies very near back of point. Older jaws 

sometimes present a swollen place in the pulp slightly below point. The 

convergence of top of shaft and base of point is more marked in the 

older jaws. 

During the summer of 1907 I had the opportunity of examin- 

ing a large number of individuals of this species alive, and the 

characters presented forcibly remind one of Conant’s (1895) 

description and figure of Sagitta hispida. Covering the body at 

intervals, arranged symmetrically on the two sides forming 

twelve longitudinal rows, are numerous tactile hairs which 

present a remarkably hispid appearance. This appearance 

ceases entirely when the animal is killed and preserved. The 

corona ciliata was also found to agree very closely with that 

figured by Conant (1895) for S. hispida. It is rather broad, 

somewhat sinuous, and roughly resembles a ten-pin in outline. 

It extends from in front of the eyes to a point about half way 

from the head to the ventral ganglion, being more on body than 

head. 

At first I was inclined to think that S. hispida was a synonym 

for S. bipunctata, but careful comparison has convinced me that 

they are not the same species. The tail of S. bipunctata is pro- 

portionally too short, the posterior fins present more than 50 

per cent in front of tail-septum, and the general appearance of 

the body is much different. 

S. bipunctata bears a strong resemblance to S. decipiens. 

In fact the similarity is so great that I made (1908) the mistake 

of identifying my material as S. decipiens. The nature of the 

mature ovaries is much the same, and nearly all the propor- 

tional measurements overlap to a surprising extent. There are, 

however, a few points of difference. The tail in S. decipiens 

varies from 28 to 40 per cent, the seizing jaws are 5 to 6, the 

number of anterior and posterior teeth is somewhat greater, and 
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there is no constriction at the tail-septum. Whether or not the 

two species are in reality distinct I am not sure, but until I am 

enabled to study S. decipiens with care I can not feel positive 

concerning their relationship. 

Sagitta planktonis Steinhaus 

Pl. 4, fig. 6; pl..3; fig. 21 pl. 4, fig, 33 pl. 5, fie. 425 pl. 7, fie. 467; 

pl. 8, fig. 48. 

Sagitta planktonis Steinhaus (1896), p. 39; Ritter-Zahony (1909e), 

105 (ed0) 

Sagitta zetesios Fowler (1905), p. 67, (1906), p. 22. 

General Appearance 

On a white background S. planktonis appears very opaque. 

The body proper assumes a light cream color, while the seizing 

jaws and tail present a light brown tint. The ovaries when im- 

mature are so slender and the muscles so thick that it 1s impos- 

sible to see the ovaries with the naked eye. Even with a micro- 

scope they are usually difficult to discern. On a black background 

(pl. 1, fig. 6) the animal appears nearly white, the body proper 

assuming a very pale bluish tint, while the head and ventral 

ganglion appear somewhat whiter. The tail fin and both pairs of 

lateral fins are readily seen with the naked eye, appearing as A 

transparent areas in decided contrast to the general opacity of 

the body. 

Characters 

Body stout and rigid, retaining its form almost perfectly. Neck evi- 

dent. Body widest behind center, at a point from 50 to 63 per cent of 

its length, gradually tapering toward head and tail. Lateral fields small. 

Muscles strong and thick. No constriction at tail-septum. Collarette 

present (pl. 7, fig. 46; pl. 8, fig. 48), extending posteriorly to anterior 

fins. 

Anterior fin longer and narrower than posterior fin. It usually extends 

to ventral ganglion, but rarely falls short by not more than 0.1 per cent 

of the total length of the animal. Widest point of fin about 80 per cent 

of its length from anterior end. Triangular in form, with the acute apex 

continuous with the collarette. 

Posterior fin never extends to seminal vesicles. From 55 to 72 per 

cent of fin in front of tail-septum. Point of greatest width in front of 

tail-septum. Triangular in form, the obtuse angle being on the line of 

greatest width. Interval from anterior to posterior fin varies from 7 to 

12 per cent. 

Vestibular ridge (pl. 8, fig. 21) well developed, the papillae being 

small and very irregular in form and position. They are not present 
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over the posterior half of the ridge. Wing of ridge covers all but the 

first tooth. In some rare instances two teeth are left exposed, and in 

others all the teeth are covered. External process short and thick, 

about one-third the length of ridge, and from two to three times longer 

than broad. Notch extends inward beyond the fourth and nearly to 

the fifth tooth. 

Anterior teeth 4 to 7 in number. Closely set and increasing in size as 

they approach internal angle. They are narrow in proportion to their 

height. Posterior teeth 11 to 15 in number. Similar in form to anterior 

teeth but higher and relatively narrower. 

Seizing jaws (pl. 4, fig. 33) 8 to 9, rarely 10 in number. Curvature 

about 12.7 per cent. Points with oval base. Tip of point rather blunt. 

Curvature of back greater than curvature of edge of point so that apex 

lies nearer edge. Point imbedded from 20 to 25 per cent of its height 

into shaft. Base of point and top of shaft converge in approaching back 

of jaw. Pulp-canal approximately central with the pulp evenly 

distributed. 

TABLE 9 

Measurements of Sagitta planktonis} 

x = Anterior fin Posterior fin S = = 
= s 2 Ey 2 
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th 3 t 8s tp Sa Our aOR th = Piel Ee "4 =e 
Pa is) q ms Fal as) PS AS q k=) ms aa HO ao 
o = ® ee oo o ic eo oOo: cy = ae Bo ae eae 
See ei sel 4 Boe «& 4 eS Z Zz Zz 
24 7 25 70 23.5 2.5 0 9 (GN) 3.9 60 5-5 12-13 8-8 

25 5) 59 22.3 2.4 0 9 17.4 3.3 60 14 12-13 8-8 

26 a 26 UO Pee} pal 2.6 0 20.5 4.1 56 5-6 12—? 9-8 

24 i 24> 69 G9 2.5 0 11 19.2 Sigal 63 22 2 cat 

26 7 26 70 22.8 2.2 0 NGL Bele 60 5-6 #15 8-8 

15 10 38 63 27.0 36.9) 0 23.6 5.4 62 5=7 13-13 8-8 

17 9 37 6902205 258 0 10 16.3 3.6 59 6—6 1? 8-9 

22 8 27 ©6©50 18.8 Hots 11 UR} Ba HE 7-1 22 8-9 

26 8 25 68 22.8 2.5 0 16.5 4.3 62 T=7 12-11 8-8 

24 tf 27 69 21.2 2.3 0 aUP/ ots) 4.4 62 (=7 12 8-9 

23 8 21. 69) 22-3 2.3 0 17.2 4.3 70 22 a9 Cu 

7p 9 25 66 21.2 224 0 10 18.3 3.3 7 it tay 8-8 

20 8 28 70 21.6 3.0 0) 10 17.6 Bla tf 59 7-6 2-2 9-8 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

In my material none of the individuals was sexually mature. The 
ovaries were slender and the eggs small, notwithstanding the fact that 
the ovaries extended to the cephalic end of anterior fin. Most of the 
specimens show apparent transverse septa across the intestine, as 
described by Doncaster (1902a) for S. minima, and his explanation of 
this fact as due to the drawing apart of the walls of the intestine is 
evidently true in S. planktonis. One specimen still retained the corona 
ciliata (pl. 7, fig. 46). It is skein-shaped with more than three-fourths 
on head, and extending from one-third to one-half» its length anterior 
to the eyes. 
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Ritter-Zahony (1909¢, p. 790) says: ‘‘Zweifellos ist S. zetesios 

mit ihr [S. planktonis] identisch,’’ and I think we must fully 

agree with him. The similarity extends to nearly every point. 

Fowler (1905, p. 71) records three specimens which he doubt- 

fully identifies as S. planktonis, but states that ‘‘they bear a close 

general resemblance to zetesios.’’ He then points out the fol- 

lowing differences: In WN. zetesius the anterior and posterior 

fins are closer together, and the former extends farther forward. 

The widest portion of the posterior fin is level with or behind the 

tail-septum, the posterior fin is more on the trunk than tail, and 

the posterior teeth number less for the same length. In all these 

points the specimens from San Diego are quite variable, except 

that the posterior fin is more on the trunk than on the tail, 

which condition is the same as described by Fowler (1905) for 

S. zetesios. 

S. planktonis at first sight bears a certain resemblance to NS. 

bedoti, and S. feror. It is however readily separable from the 

former by the presence of such a conspicuous collarette, and by 

the fact that the anterior fin is longer than the posterior one. 

From the latter it differs in having a greater number of seizing 

jaws, more than 50 per cent of the posterior fin in front of tail- 

septum, narrower collarette, and in many of the proportional 

measurements. It bears some resemblance to S. robusta, but the 

body of the latter is proportionally narrower, the collarette is less 

extensive, and the anterior fin is shorter than the posterior fin. 

Sagitta neglecta Aida. 

Pl. 2; fis: 7; pl. 3) figs 225 ple 4, fie. 34: 

Sagitta neglecta Aida (1897), p. 16; Fowler (1906), p. 15. 

Sagitta bipunctata, Béraneck (1895), p. 153. 

General Appearance 

In degree of opacity this species bears a strong resemblance 

to S. serratodentata. It is, however, more slender and _ pin- 

shaped. Upon a black background (pl. 2, fig. 7) the head, 

ventral ganglion, and seminal vesicles appear more opaque than 

the body. The intestine and ovaries are only shghtly different 

in opacity from the body. The entire tail segment is slightly 
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less opaque than the body, and the seminal vesicles do not 

present such decided contrast as in S. serratodentata. The 

form, with the comparatively large head and the body gradually 

tapering from the head to a point at the tail, reminds one very 

forcibly of a pin. The fins are barely visible as nearly trans- 

parent areas. 

Characters 

Body firm and rigid, retaining its form well. Neck very pronounced 

but made less conspicuous by the collarette which extends well toward, 

but never reaches the ventral ganglion. Body nearly of uniform width, 

but slightly wider from a point at a level with posterior end of anterior 

fins to a point at a level with anterior end of posterior fins. This point 

of greatest width varies from 52 to 60 per cent. Lateral fields small. 

Muscles rather broad and strong. No constriction at tail-septum. 

Anterior fin shorter and narrower than posterior fin. Extends to 

posterior end of ventral ganglion. In form it is narrowly and acutely 

triangular. 

Posterior fix extends nearly, if not quite to seminal vesicles when 

the latter are tumid. Never more than 50 per cent of fin in front of 

tail-septum. Widest slightly behind tail-septum. Half elliptical in 

form. Interval from anterior fin to posterior fin considerably less than | 

the length of anterior fin. It varies from 8 to 16 per cent. 

Vestibular ridge (pl. 3, fig. 22) with very low and regular papillae. 

Usually one papilla over each tooth. Wing of ridge covers all but one 

tooth. Rarely two teeth are exposed. External process very short, 

barely including the first tooth. It is three or four times longer than 

broad and about one-fourth the length of entire ridge. 

Anterior teeth 3 to 5, closely set, and not diverging much distally. 

Posterior teeth 8 to 11, somewhat longer and proportionally narrower 

than anterior teeth. Like anterior teeth, they do not diverge much 

distally. 

Seizing jaws (pl. 4, fig. 34) 7 to 9. Curvature about 53 per cent. 

Point resembles, in form, that described by Krumbach (1903) for S. 

bipunctata. It is, however, broader for its height and is inserted about 

one-fifth instead of one-fourth of its height into the shaft. Top of 

shaft and base of point parallel. Edge of point at intersection with 

top of shaft, makes an acute angle with edge of shaft. Edge of point 

and edge of shaft diverge proximad of this intersection. Back of point 

and back of shaft parallel. Pulp-canal central, with the pulp evenly 

distributed. 
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TABLE 10 

Measurements of Sagitta neglecta! 

2 = = Anterior fin Posterior fin = : 

5 Se + = 

12 5.1 26 Tal Sait 23 2.5 26 5.0 49 3-3 10-11 

12 5.4 26 69 0 15.6 18 1.8 2 3.0 43 4—4 9-10 

fo) 4.3 27 68 0 AO 20 1.4 22 2.5 40 2-2 8-8 

11 4.2 27 69 0 AO 21 6 23 3.2 47 4-5 9—9 

2 5.3 26 69 0 13.2 19 156 22 2.9 45 4-4 11-10 

10 ». 0 28 73 10.8 19 1.6 22 2.8 49 4-4 S=8 

8 4,2 28 69 10.5 19 1.4 25 3.5 48 4-4 9-8 

11 6.0 28 70 0 9.5 20 2.2 26 3.9 48 4—4 8-8 

13 5.4 26 68 iG 20 1) 24 3.6 45 3-3 10-10 

12 6.3 27 69 AO 20 2.1 21 Bigul dt 4—4 8-8 

10 4.9 30 70 0 Iv 7/ 19 1S, 23 3.1 40 4-3 8-8 

13 6.4 26 68 0 nM er) 21 2.2 22 3.2 44 92 9-9 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

In comparison with Fowler (1906) a number of differences 

in some of the measurements are evident. He finds the tail to 

vary from 26 to 37 per cent in individuals ranging from 7.5 to 

10 mm. in length. In the San Diego specimens the variation 

is only 26 to 30 per cent. The seizing jaws we found to vary 

from 7 to 9, instead of from 5 to 8 in number as recorded in 

the ‘‘Siboga’’ material. Fowler (1906) records the anterior 

teeth as 3 to 7, the usual number, perhaps, being 6, while San 

Diego specimens present 5 as the greatest number. Similarly 

S. neglecta from this region are provided with fewer posterior 

teeth, 8 to 11 as against 9 to 15 recorded by Fowler (1906). 

From Aida (1897), however, we find the variation as fol- 

lows: seizing jaws 8, anterior teeth 4 to 5, posterior teeth 10 to 

12. Aida (1897) describes the tail as 24.3 per cent, but draws 

it 35 per cent, and one is at a loss to know which expresses the 

truth. Nevertheless there is striking agreement between Aida’s 

description and specimens from San Diego. 

I know of no two species more perplexing to identify than 

S. neglecta and SN. regularis, both first described by Aida (1897). 

He defines the following differences. Anterior fin in S. regu- 

{| | Number of 

seizing jaws 

| 

cat iaemriee ee) Ir" NYAynoonw so 

it ie.) 

i @ 
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laris nearly half as long as posterior fin, while the fin in NS. 

neglecta is very little shorter than posterior fin. The posterior 

fin in the latter species extends further in front of tail-septum 

than in S. regularis. Measurements taken from Aida’s (1897) 

drawings of the two species show the following relations. 

TABLE 11 

Measurements taken from Aida’s Drawings! 

= Anterior fin Posterior fin 3 5 
‘S s s 

2 oH S& 

a = ee) iS 2 et i 22 2s 
s y Be eee ee ea ee Bg 

oO D = o-= 3) via ne aS 38 

Ere 4 = = = 2 a Z Z 
5 35 Ve) 2.5 Loe 25 3.8 40 4—5 10-12 

tl 37 16.3 4.5 tie 28 5.6 33 2-4 =U 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

In the matter of relative lengths of anterior and posterior 

fins of the two species the drawings do not show much differ- 

ence. The relative per cent of posterior fin in front of tail- 

septum has more significance, although a large number of 

measurements of both species are necessary in order to definitely 

establish any specific difference in this regard. 

Fowler (1906) has defined certain other characteristics, 

some of which seem invalid. He claims (1906, p. 16) that in 

S. neglecta ‘‘the tail is slightly shorter’’ than in S. regularis, 

which he regards as one of the ‘‘main points of difference.’’ 

[Italics mine.| However, when his data are brought together 

as in the accompanying table, it is seen that for the lengths of 

TABLE 12 

Comparative Lengths of Tail 

Length of specimen S. neglecta S. regularis 
in mm. per cent per cent 

4.5 33 

59.0 30—40 40 

5.5 30-36 36 

6.0 33 33 

6.5 30 

a0) 26-35 28 

7.5 26-33 

8.0 30-37 

8) 5) 31 

10.0 30 

Number of 
seizing jaws 

oO 
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5, 5.5, and 6mm. there is perfect correspondence in the length 

of the tail in the two species, and in specimens 7 mm. in length 

S. neglecta actually oversteps S. regularis. Even if taken in 

their entirety, the total variation Fowler (1906) finds is 26 to 

40 per cent in S. neglecta and 28 to 40 per cent in S. regularis. 

Certainly there is no significant difference in the tail measure- 

ments of the two species. 

Fowler (1906) also finds a difference in the number of an- 

terior and posterior teeth, as indicated in table 13. 

TABLE 13 

Number of Teeth according to Fowler (1906) 

Common Sagitta neglecta Sagitta regularis 
length Anterior Posterior Anterior Posterior 
in mm. teeth teeth teeth teeth 

4.5 2 2 

Bel0) 3-4 7-10 2-3 5-6 

Bin) 4 10-11 2 4 

6.0 3-5 9-1] 2-3 6 

6.5 4—5 9-10 

ao) 4—6 9-12 4 6 

From this table we see that the anterior teeth present a differ- 

ence of only two. The difference in the posterior teeth is 

greater but, on account of a much larger variation in some 

species, notably S. enflata and S. bipunctata, it is impossible to 

feel sure that this difference signifies anything beyond individual 

variation. 

Fowler (1906) regards the corona ciliata as longer in SV. 

neglecta and extending for some little distance onto the head. 

In SN. regularis he finds it is entirely confined to the body. In 

certain instances, however, he finds the corona of S. neglecta 

confined to the body, and in his drawing (1906, pl. 1, figs. 43, 

44) he represents two lengths of the structure. One would 

desire to know the variation in length and exact position of 

this structure before placing much confidence in this criterion 

for separating two such closely allied forms. 

Finally, it was pointed out that the collarette is much wider 

and longer in S. regularis, extending to the anterior fins as in 

S. planktonis. In no instance was this true of the San Diego 

specimens of S. neglecta. 
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Apparently, we have but two fairly sure characters for dis- 

tinguishing between S. neglecta and S. regularis. One consists 

in the per cent of posterior fin in front of tail-septum, which is 

33 in S. regularis and never less than 38 in S. neglecta. The 

other point of difference consists in the width, and especially 

the length of collarette as defined above. Perhaps we have here 

the explanation of the more uniform width of body in S. regu- 

laris. 

S. neglecta also bears’ considerable resemblance to S. 

bipunctata. The following differences, however, exist. In the 

latter species the anterior fins never reach the ventral ganglion, 

there is more instead of less than 50 per cent of posterior fin in 

front of tail-septum, and the general appearance is much more 

transparent. — 

Genus Eukrohnia Ritter-Zahony 

Syn. Krohnia Langerhans 

Eukrohnia hamata (Mobius) 

Pi 2 tors pls Anetion So. 

Rukrohnia hamata, Ritter-Zahony (1909¢), p. 792, (1910), p. 268. 

Sagitta hamata Mobius (1875), p. 158. 

Spadella hamata, Hertwig (1880), p. 73. 

Krohnia hamata, Langerhans (1880), p. 186; Krumbach (1903), p. 

639; Strodtmann (1892), p. 20; Fowler (1905), p. 74, (1906), 

p: 23. 

Krohnia foliacea Aida (1897), p. 19. 

Characters 

Body firm and opaque (pl. 2, fig. 8) as in S. serratodentata. Neck well 

marked. Body thickest throughout middle third, tapering gradually 

toward head and tail. Muscles heavy and thick. Slight constriction 

at tail-septum. 

Lateral fins long, extending from ventral ganglion to some distance 

behind tail-septum. They never extend more than half way from tail- 

septum to seminal vesicles. Widest near plane of tail-septum, sometimes 

slightly in front and sometimes slightly behind. As described by Fowler 

(1905), the absence of fin rays seems to be characteristic. 

Vestibular ridge apparently absent. According to Fowler (1906, p. 

23) there ‘‘exists a very slight ridge with sense bulbs in the position 

of the vestibular ridge in Sagitta.’’ In the San Diego specimens I have 

been unable to determine this with certainty. 

Teeth 10 to 13 in the San Diego specimens. This agrees more nearly 

with Fowler’s (1905) variety of HE. hamata than with the usual species, 

which bears from 16 to 22. 
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Seizing jaws (pl. 4, fig. 35) 8 to 11, similar in form and structure to 

Krumbach’s (1903) deseription. Jaws with oval cross-section, the pulp 

very scantily filling center of canal. In some instances the pulp is 

swollen near the base of the point. Base of point and top of shaft con- 

verge upon approaching edge of jaw. Points sickle-shaped, the amount 

of curvature varying among the individuals and also among the different 

jaws of the same specimen. Pulp-canal approximately central. Unlike 

Krumbach (1903), I have been unable to detect any evidence of sag- 

ination. 

TABLE 14 

Measurements of Hukrohnia hamatat 

= me Lateral fin 4 = D 

5 s a E z S wt 
i 5 S Es S = . a) 

ee ae ee eee er ee ae 
5 8 = 5 Ba Beas 5 3 5 5 & 
A 4 = 4 a A = 4 a Z A 
1 13 5.2 28.2 Eph Tiles 80 12 8-8 

2 14 6. 32.0 Wa oa 25.0 85 10-10 = 11-10 

3 14.5 5. 29.0 Oo Soap) e283 86 10-11 9-9 

4 14.5 5.0 28.0 0 59) 2257 34.0 84 11-? 10-9 

5 15 5.2 29.6 O. 44° 955 77 29 9-8 

6 15 4.0 29.0 6. 963) eee 82 =A. 9-8 

7 15.5 5.6 28.0 0” A76.— (329 46.0 88 13-2 10-? 

8 175 4.3 29.0 0 62 38.8 13.5 80 10-10 10-9 

1 All measurements made in per cent of total length of animal. 

2 Per cent of lateral fin in front of tail-septum. 

In most of the specimens the ovaries were well developed and the 
eggs well toward maturity, but for some unknown reason the upper third 
of the ovaries had burst and the eggs were scattered throughout the 
body-eavity. This made it impossible to determine the length of the 
ovary except in a very few instances. 

Eukrohnia hamata is very readily distinguished from both 

the other species of the genus. To the naked eye it bears con- 

siderable resemblance to Sagitta serratodentata. In fact the 

resemblance is so striking that it is difficult to distinguish the 

two with the naked eye. The microscope, however, readily 

reveals the difference. 

Eukrohnia subtilis (Grassi) 

Ply 2, fie: 9: pl, 3: fic Zoe ple atic. 36: 

Spadella subtilis Grassi (1883), p. 28. 

Krohnia subtilis, Strodtmann (1892), p. 22; Fowler (1905), p. 78, 

(1906), p. 25. 

Characters 

Body, unlike #. hamata, nearly transparent (pl. 2, fig. 9). Extremely 

~~ ee 
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long and slender, the width being about 4 per cent. Body slightly 

widest between ventral ganglion and origin of lateral fins, tapering very 

gradually forward and backward from this point. Neck evident. Con- 

striction at tail-septum nearly absent. 

Lateral fin extends to seminal vesicles. More than 50 per cent of fin 

behind tail-septum. The interval between anterior limit of fin and 

ventral ganglion varies from 17 to 21 per cent. 

Vestibular ridge is apparently absent. Teeth 10 to 14 in the San 

Diego specimens. Fowler (1905) records 7 to 13. Unlike E. pacifica, 

the teeth (pl. 3, fig. 25) are not conspicuously bayonet-shaped. Seizing 

jaws (pl. 4, fig. 36), 7 to 9, very flat, broad, thin, and evenly curved. 

The points are extremely fine and delicate. 

TABLE 15 

Measurements of Hukrohnia subtilis1 

: e Lateral fin = D 

S| = x 2 ® 5 

8 s 3 FI = a 

K, iS S 6 ze Fe 3 = 80 

® = Ss a Sen te iS v oF 

2 Se Sophia ee = ses Soe 2 as 
See ye es er ee a z= z I 3 

Zz S| = 3 3 = | = B Z Zz 

1 1133,5@) 4.0 32 4.9 18 38 4.6 40 12-12 8-9 

2 14.5 3.4 34 3.4 17 36 4.4 42 11-12 8-9 

3 U5 0 4.0 33 6.5 20 35 5.8 36 12-11 7-8 

4 14 3.9 ial 4.8 20 34 3a!) 3d 2-2 7-7 

5 16 334 32 5.9 23 34 Bik) 40 12-2 8-8 

6 ilisy- 4.1 31 bao 18 32 4.6 41 12-12 9-8 

a 5h Byes: 33 6.6 21 33 6.0 44 14-13 8-8 

8 14 3.8 33 5.9 34 4.9 35 10-2? 8-7 

9 12 4.2 30 Bi5Z 20 34 5) 51! 37 10-2? 7-7 

1 All measurements made in per cent of total length of animal. 

2 Per cent of lateral fin in front of tail-septum. 

This species is readily distinguished from all other Chaetog- 

natha except E. pacifica, to which it bears a remarkably strong 

resemblance. The few points of difference are as follows. Teeth 

of E. subtilis not so conspicuously bayonet-shaped. Body thinner 

for its length, and slightly more uniform in width. Seizing jaws 

thinner and more uniformly curved. Whether these differences 

are sufficient to distinguish two otherwise almost identical 

species is doubtful but, owing to the scarcity of material, it is 

impossible to make a positive statement regarding either their 

identity or validity. 
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Genus Spadella Langerhans 

Spadella draco Krohn 

Pl. 2, fig. 10; pl. 3, fig. 23; pl: 4,, fig. 37. 

Spadella draco Krohn (1858), p. 273; Hertwig (1880), p. 71; Lan- 

gerhans (1880), p. 186; Grassi (1883), p. 23; Krumbach (1903), 

p. 628; Fowler (1906), p. 25. 

Pterosagitta mediterranea Costa (1869), p. 55. 

Spadella vougai Béraneck (1895), p. 155. 

Characters 

Body firm and opaque (pl. 2, fig. 10), retaining its form well. Neck 

absent. Collarette very pronounced, measuring in width approximately 

0.5 per cent on either side of the body. It extends from head to tail- 

septum and, in the San Diego specimen, it spreads out over the anterior 

part of the lateral fin. Muscles heavy and strong. Body, ineluding 

collarette, nearly of uniform width from head to tail-septum. Ventral 

ganglion located about midway between tail-septum and head. Corona 

ciliata two-thirds on head, long and elliptical in shape. Lateral fin semi- 

circular in form. 

Vestibular ridge (pl. 3, fig. 23) provided with a very few irregular 

papillae. Notch extends to middle of seeond tooth. Even the tip of 

first tooth is covered by the wing so that none are left entirely exposed. 

External process terminates abruptly just beyond the first tooth. It eom- 

prises about 26 per cent of the length of the entire ridge. 

The seizing jaws (pl. 4, fig. 37) of the single specimen from San Diego 

bear out Krumbach’s (1903) description. The points have an oval base, 

and are inserted about one-fourth or one-fifth their height into shaft. 

They are strongly needle-shaped. Pulp-canal central. Upper third of 

shaft strongly bent. Flat broad-edged crest along edge of shaft. 

But one individual of this species was taken. It offers the 

following measurements : 

bY) 6 flv ere ree ere eee Pree eee oe 7 mm. 

AW Wir gic ote 2c 028 20 2. = Pt ak a ee 12.1 per cent 

Width without collarette........................ 10.9 per cent 

MELA es. Seceee gcoeces Secs neces Seencss nes Sere eee eee 43.6 per cent 

Tail to ventral ganglon 222 66 per cent 

Iatera tints sae) eet eee stot Re ee 21.2x5.4 per cent 

OLZIMO) SRW Ses -nen cose teense eee oe eeteeee nee See 

Amberton: tee bhai sacseceasecee tence eee esac 44 

Posterior teet he: c25 cee nea eee 9-8 

The number of teeth and seizing jaws searcely agrees with 

that reported by Krohn (1853) or Hertwig (1880). They record 

the seizing jaws as 10, anterior teeth 8, posterior teeth 18, while 

our specimen agrees more nearly with Béraneck’s (1895) deserip- 

ee 
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tion of S. vougae, the formula of which is 9, 4-5, 6-7. However, 

the San Diego specimen is very immature, having not the slightest 

trace of ovary or seminal vesicle. 

TABULATION AND DISCUSSION OF THE LENGTH OF OVARIES 

IN SOME OF THE SAN DIEGO SPECIES OF CHAETOGNATHA 

In the following tabulations I have attempted to arrange the 

specimens of each species in several groups according to maturity 

of the ovaries. Such a separation is almost entirely a matter 

of judgment depending upon a combination of characters which 

baffles exact definition. Length and width of ovary, size and 

appearance of eggs, tumidity of seminal receptacles, and size of 

animal are some of the factors that influence judgment concern- 

ing maturity, but it is as impossible to define the value of each 

with respect to the others as it is to define exactly the value of 

each feature, expression, or mannerism that makes you sure of 

your acquaintance with a friend. I have, then, separated the 

stages of maturity, fully realizing the impossibility of stating the 

exact reason for placing this individual as mature and that one 

as only approaching maturity. But, crude as it may be, only by 

such a separation is it possible to consider variations of the 

mature ovary within a single species. 

I have noticed that, in some species, the seminal vesicles and 

ovaries mature at the same time, while in other species their 

development is not parallel. In order to prevent the possibility 

of prejudice in associating the mature ovary with the mature 

seminal vesicle, the method of making tabulations has been as 

follows: The first entry concerned the maturity of the ovary, 

after this was settled, measurements of the ovary were made 

with an ocular micrometer and recorded. The specimens were 

then numbered, isolated, and laid aside for at least a week. 

Having by that time entirely forgotten what the measurements 

were, I entered on another sheet of paper, against the number 

of my specimen, my judgment concerning the maturity of the 

seminal vesicles. The results were then brought together, the 

measurements reduced to millimeters, and the data arranged as 

in the following tables. 
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TABLE 16 

Measurements concerning the Ovary in Sagitta enflata 

Ovary sexually mature 

3 
Cid ae : 

be ts Length of ovary Width of ovary st Nammasosvemms) 

2 = A == 

E a in in in in 2 
Z re} mm. per cent? mm. per cent? A 

1 12.5 1.3 Loew 22 1 2.8 mature 

2 15. 1.0 6.7 0.29 29 To) mature 

3 16 On 4.4 0.22 31 7.0 mature 

4 16 ibeal 6.7 0.34 31 4.3 mature 

5 16. 0.9 5.7 0.40 44 3.8 mature 

6 16.5 1.2 vie 0.35 29 Ae mature 

7 ily 1.2 627 0.34 31 3.7 mature 

8 17 ifs at 6.1 0.33 30 3.9 mature 

9 ihe 1.3 tod 0.33 25 3.9 mature 

10 18 1.0 5.4 0.29 29 6.3 mature 

ila 18 ileal 6.3 0.33 30 Sioul! mature 

12 18.5 Wey) 5.3 0.33 33 3.8 mature 

13 18.5 1.4 Wise 0.33 24 3.4 mature 

14 19.5 1.2 6.2 0.28 23 4.7 mature 

Ovary approaching maturity 

15 15 0.57 3. 0.14 25 5.7 nearly mature 

16 15 0.53 3.5 0.15 28 5.0 nearly mature 

ibe IES 5) Ona 3.7 0.15 26 ao nearly mature 

18 16 0.47 2.9 0.16 34 9.3 nearly mature 

19 16 0.53 3.3 0.26 47 ais) nearly mature 

20 16 0.63 39 0.20 32 4.4 nearly mature 

21 16 0.69 4.2 0.23 33 516 nearly mature 

22 a Uy (et) 0.58 3.3 0.12 21 9.8 nearly mature 

Ovary remote from maturity 

23 8 0.00 0.0 0.00 0 invisible 

24 9 0.28 3.1 0.05 18 2 invisible 

25 10.5 0.31 3350) 0.05 16 9.6 barely visible 

26 11 0.22 2.0 0.06 27 2 invisible 

27 12 0.34 2.8 0.08 24 6.5 barely visible 

28 125 0.38 3.0 0.06 16 9.9 barely visible 

29 2 0535 2.8 0.09 26 9.5 barely visible 

30 13 0.35 2.7 0.09 26 9.0 invisible 

31 TSS 0.34 2.5 0.11 32 Ho barely visible 

32 14 0.39 2.8 0.11 28 6.8 barely visible 

33 115) /5 0.70 4.5 Onaez 24 8.2 barely visible 

[ VoL. 8 

ncn scala ag a were Oe re ee eal 

[+ ar ae ae ». a gn Oe eee es ee ee 

1 Measured in per cent of total length of animal. 

2 Measured in per cent of total length of ovary. 

3 Distance from anterior end of ovary to anterior end of posterior fin 

measured in per cent of total length of animal. 
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From these data we may arrive at the following tentative con- 

clusions: 

1. The ovary commences development first but, as a rule, 

it reaches maturity at the same time as the seminal 

vesicle. 

bo . The mature ovary (pl. 5, fig. 39) varies in length from 

5 to 10 per cent of the total length of the animal, or 

from 0.7 to 1.4 mm. 

3. In width the mature ovary varies from slightly under 

one-sixth to slightly over one-third its length. 

4. In extent the mature ovary never reaches the anterior 

limit of the posterior fin. 

So far as I am acquainted with the literature, Ritter-Zahony 

(1908) has been the only investigator who has attempted to make 

a systematic tabulation of the length of ovary. From his records 

for S. enflata I have extracted the following data: 

Length of specimen Length of ovary 
in mm. in mm. 

Oren beeen eh CL teh de (ce AN Depron ea eee a 0.25 

IN eeeetesasee esate ce vack see aoe eh eae een gener eee Eee: 0.25 

TD eee PRS ree eee Ree i i eae A Ee Sar ne Se IE ED 0.25-1.0 

NE Feapee eee coe ED ree tet Lae OS ts OP Nd eee 0.60 

te oe eee 1.00-1.8 

Dee sca AA Same ee ee ne, ee ae ee en Bea 0.80 

DD ce ocr ee ee Pe eee eee ee 0.50—1.2 

BUG) eet een ae eg eee eee nS pS, 5 8 Te 0.50-1.1 

sie eee dre ace eee Sear eee eel Rea 2 0.70—2.2 

IS) eco Sei ee Eo Be ee A 1.00-1.8 

TA oe Seen tee Sane eee apa ae ie is Rae ee aie et oe 1.00-1.5 

PAO iets Pr Se EN era ert eee 0.90-1.6 

POR  o Boe ccetetaaee eee ee ee epee See 1.50—2.0 

® 
A comparison of these data with the above table shows an 

agreement much closer than anyone would have expected. Taken 

as a whole, the ovary in his specimens attains a greater length 

(2.2 mm.) that those from San Diego (1.4 mm.). 
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TABLE 17 

Measurement concerning the Ovary in Sagitta bipunctata 

Ovary sexually mature 
4 D 

5 a 
a Se 

bs - Length of ovary Width of ovary 35 Naumreset mre) 

2 or — = Se) 
g a in in in ne ue 

7, pS) mm. per cent? mm. per cent? a 

if 10 Ff ile/ 383 0.34 20.0 +4.0 mature 

2 10 1.4 13.6 0.23 16.7 —1.7 mature 

3 AKOVE 13 12.5 0.23 ilef se! 0.0 mature 

4 ia Wtf 14.8 0.23 13.3 0.0 nearly mature 

5) 12 78 15.0 0.30 16.6 0.0 mature 

6 12 pA} Tb sat 0.23 il) 5) +2.8 mature 

7 12 1.9 15.2 (We 15.2 +1.4 mature 

8 12. Zio 16.6 0.2 16.8 0.0 nearly mature 

9 13 ae aepeyen! 0:80) 18.5 —0.9 mature 

10 13 1.8 13.9 0.29 alayat —1.3 mature 

11 13 1.5 11.8 0.23 15.4 —3.2 mature 

12 13 1.5 11.6 0.26 Wi ietee —1.3 mature 

13 13 ibs) 14.4 0.30 15.6 0.0 mature 

14 14 6 11.2 0.24 14.8 0.0 mature 

as) 14 2.0 14.5 0.29 14.3 0.0 mature 

16 14 Qed 19.4 0.29 10.6 +2.5 mature 

Ovary approaching maturity 

uy, 11.5 ib eal 9.5 Orne 15.8 —5.0 immature 

18 TU) 1.0 (Sal 0.14 13.9 —5.1 immature 

19 Ibias 0.98 8.6 0.14 le ery —5.6 immature 

20 12 1.0 Siena 0.11 vatoal —7.3 immature 

21 12 0.94 7.8 0.12 12.5 —6.8 immature 

22 12 ifn 8} 10.5 0.27 20.8 —3.7 nearly mature 

23 12.5 iba: § EO! 0.23 16.6 —5.5 nearly mature 

24 13 1.3 10.0 0.21 15.9 —4.5 nearly mature 

25 13 1.6 12.3 0.17 10.7 —4.0 nearly mature 

Ovary remote from maturity 

26 8.5 0.51 6.0 (O)ealal 22.2 —10.6 barely visible 

a 9 0.44 4.9 0.06 125 —8.0 barely visible 

2 95.5 0.49 Gyaal 0.09 17.6 —6.6 barely visible 

29 10 0.63 6.3 0.12 18.2 —9.7 barely visible 

30 10 0.52 5.2 0.12 22.2 —5.7 barely visible 

31 10.5 0.44 4.2 0.09 20.0 —11.7 barely visible 

32 itil 0.57 Byer 0.09 15.0 —10.5 barely visible 

1 Measured in per cent of total length of animal. 

2 Measured in per cent of total length of ovary. 

3 Distance from anterior end of ovary to anterior end of posterior fin 

measured in per cent of total length of animal. The + sign signifies that 

the ovary is anterior, and the — sign that it is posterior to this point. 

te a eC ee el 
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The table presents the following generalizations: 

i 

i) 

co 

59 

. As in NS. enflata, the ovary and seminal vesicles reach 

maturity at aproximately the same time. 

. The mature ovary (pl. 5, fig. 40) varies in length from 

1.3 to 2.7mm. or from 11 to 20 per cent of total 

length of specimen. 

. In width the mature ovary varies from 0.22 to 0.35 mm. 

or from 10.5 to 20 per cent of its own length. 

. The mature ovary reaches the anterior limit of the pos- 

terior fin, the variation on either side of this point 

being about 4 per cent. 

Ritter-Zahony (1910, p. 256) gives the length of mature ovary 

in individuals ranging from 9 to 12 mm. as from 1.2 to 1.8 mm., 

or from 13 to 15 per cent of the total length of the individual. 

oOoa a oP w w B Number 

ee Se Se He ao fF WwW NY F SO 

16 

He @ -I 

ww Mw Ww we Ww Ww . SP Se NN 8 & engi tka viva, 

ow ow 1 oT 

ao w w wo wo wv 

34 

35 

36 

37 

40 

TABLE 18 

Measurements concerning the Ovary in Sagitta lyra. 

Length of ovary 

mm. per cent?! 

0.00 0.0 

0.38 ae) 

0.70 2.9 

1.92 8.0 

0.00 0.0 

0.00 0.0 

2.20 8.0 

2.20 tol 

3.07 9.9 
1.28 Tos 

2.90 9.0 

2.00 6.2 

5. 70 WT (aes 

3.80 ils 

2.7 7.6 

4.70 1/3).10 

6.10 16.4 

5.80 14.5 

Ovary remote from maturity 

Width of ovary 

mm. per cent? 

0.00. 0.0 

0.06 16.7 

0.06 9.1 

0.06 3.3 

0.00 0.0 

0.00 0.0 

0.06 2.9 

0.06 4.3 

0.19 6.25 

0.09 fet) 

0.13 ASS 

Oet3 6.3 

0.19 3.3 

ORELS ey o(0) 

0.13 4.8 

0.19 4.1 

0.19 3.2 

0.06 iGal 

Ovary to ventral 
ganglion? 

Lil o> 3S 

1 Measured in per cent of total length of animal. 

2 Measured in per cent of total length of ovary. 

> —- F&F COO W OW 

as 

bo 

o © 

Nature of seminal 
vesicles 

not visible 

barely visible 

barely visible 

barely visible 

not visible 

not visible 

barely visible 

barely visible 

barely visible 

barely visible 

barely visible 

not visible 

barely visible 

barely visible 

not visible 

barely visible 

not visible 

not visible 
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TABLE 18—Continued 

Ovary immature 

| = 
= Als 
5 pa 

a & Length of ovary Width of ovary os Nature of seminal 
® J ei vesicles 
2 % SO ae 
E 5 in in in in = & 
Fi J] mm. per cent mm. per cent oe) 

19 45 7.80 17.3 0.19 2.5 —42.5 barely visible 

20 45 1.75 Wes 0.26 3.3 —42.5 well developed 

21 49 5.70 tf 0.22 3.9 —50.4 barely visible 

Ovary approaching maturity 

22 36 15.30 41.8 0.25 eo —4.1 well developed 

23 44 9.90 22.5 0.26 2.6 —25.4 well developed 

24 52 12.00 23.3 0.32 2.6 —27.0 well developed 

Three specimens sent by Broch from the North Sea. 

25 55 4.00 7.3 0.25 6.3 —38.2 not visible 

26 ql 6.00 8.5 0.50 8.3 —36.6 barely visible 

27 75 11.00 14.7 1.50 7.3 —29.4 nearly mature 

In the entire twenty-seven specimens there is none that 

appears to me to be fully mature. No. 22 (pl. 6, fig. 43) evi- 

dently has most nearly attained this condition, and I suspect 

that an examination of a larger series of individuals than the 

San Diego catches afford would show that the ventral ganglion is 

the object about which the maximum length of ovary fluctuates. 

Apparently the seminal vesicles may mature before the ovaries. 

Concerning this Ritter-Zahony (1908, p. 12) says: ‘‘Zur Zeit der 

mannlichen Reife sind die Ovarien noch verhaltnissmassig kurz; 

ihre vollige Reife fallt.’’ This seems to indicate that the ovaries 

attain their complete maturity very rapidly during the last 

period of life. On his specimens of S. lyra Ritter-Zahony 

(1908) makes the following measurements : 

Length of specimen Length of ovary 
in mm. in mm. 

1c pape eee nee eee nes nes eee coer oat ee owen etek > ein eer 0.8 

WS oo secce eT ee ce te ee aoe ee ae 1.0-1.5 

DUS J ee RE, ee A a ae aia eae 1.6 

eta LO RR ea ny Meek i ee Pee ee ee Sears 2.8 

DD Toe Fk 2 6 aad OS eae Re ee ete 0.75 

DO eat ee ee ee EE 0.35-1.8 

AGH oe Pe 0 A SS ee ee ee ae 0.25-0.75 

Diigo Be ae eS enc ek OR te 0.5 

PR 0 yale eel AO UGE PAR Ea a Se aa ew eat A SC Ie alee ce 1.0 

BO scot Bey et ee eae Bah ee Se ee 0.5-2.2 

— 



1911] Michael: Chaetognatha of the San Diego Region. 61 

For the lengths of individual paralleled in the San Diego 

material, the length of ovary corresponds as closely as one would 

expect, but as most of our specimens are very much larger an 

exact comparison is impossible. (Compare also the measure- 

ments recorded by Ritter-Zahony, 1910, pp. 265-6 for S. 

maxima. ) 

TABLE 19 

Measurements concerning the Ovary in Sagitta planktonis. 

Ovary approaching maturity 

: D ac 
E 3 ae 
E re) 

x a Length of ovary Width of ovary 9% 2s Nature of seminal 
® S a6 = oo vesicles 

ir bo a eS eg Ee ei 
5 I mn in in in ae aH 
4 faa mm. per cent? mm. per cent” Qa fe) 

HM! 25 9.9 39.6 0.250 Ziad) +32.0 0.0 well developed 

2 24 11.4 47.5 0.136 1.2 +36.5 —6.8 nearly mature 

3 24 dO 46.0 0.217 2.0 +25.0 0.0 well developed 

4 21 Ti 36.5 0.164 2.1 +23.5 —7.8 well developed 

5 18.5 4.7 25.4 0.193 4.1 +13.4 —1.5 well developed 

6 14.5 4.4 30.0 0.190 4.4 +20.6 —2.1 nearly mature 

Ovary well developed 

24.5 5.0 20.5 0.192 3.8 + 9.0 —20.3 nearly mature 

24 5.3 22.0 0.165 Baal +10.4 —17.3 well developed 

Ovary remote from maturity 

9 19 1.6 8.6 0.027 1.6 —2.9 —33.0 invisible 

10 17.6 akae: 8.1 0.027 1.9 —6.3 —47.0 invisible 

iat 17 a are 10.0 0.085 5)..0 +5.6 —34.6 barely visible 

12 16.5 IETS 10.0 0.116 Gaui +5.5 —28.9 barely visible 

13 13 0.7 Sin 0.027 4.2 —4.2 —38.0 invisible 

14 11.5 0.0 0.000 invisible 

1 Measured in per cent of total length of animal. 

2 Measured in per cent of total length of ovary. 

As in the ease of S. lyra, none of the specimens examined 

appeared to be fully mature. Nos. 2 and 3 (pl. 5, fig. 42) 

approximate most nearly to complete maturity, which fact would 

indicate that the mature ovary extends nearly to the ventral 

ganglion. 



62 University of California Publications in Zoology. (Vou. 8 

TABLE 20 

Measurements concerning the Ovary in Sagitta serratodentata. 

Ovary approaching maturity 

: 2 25 
a c > gerne =e £® Nature of seminal s Length of ovary Width of ovary o Ss ee 

cee (ae ee Se. ee 
5 5 in in in in vi eee 425 

y, =) mm. per cent? mm. per cent? la) faa) 

a 14 6.2 44.0 0.31 5.0 +26.4 0.0 mature 

2 15 Av5 30.4 0.33 he +14.8 —1.8 nearly mature 

3 16 4.5 28.2 0.34 (3) +15.5 —7.0 nearly mature 

4 17 Dee 31.3 0.32 6.0 +14.5 —19.8 invisible 

5 17 4.9 29.2 0.49 10.0 +18.7 —20.8 barely visible 

Ovary well developed 

6 13 3.0 23.0 0.28 9.3 +8.1 well developed ‘ 

7 14 2.2 21.2 0.33 14.8 +8.1 —27.8 barely visible 

8 16 3.5 22.2 0.28 8.0 +10.0 —25 barely visible 

9 18 3 19.3 0.36 10.2 +7.9 —28.6 approaching maturity 

Ovary remote from maturity 

10 12.5 Pagal 16.9 0.28 13.2 well developed 

11 13 Parse 20.6 0.16 6.0 well developed 

12 13 0.8 Be!) 0.11 14.3 —5.5 barely visible 

13 14 0.9 Grad 0.12 ILE / —3.5 barely visible 

14 14 2.4 16.9 0.22 9.8 +5.9 well developed 

15 14.5 19 13.4 0.31 16.4 +7.3 —30.8 barely visible 

16 15 lets} 11.9 0.25 14.0 0.0 well developed 

17 L5imo 1.8 11.4 Ox 6.0 0.0 —32.0 barely visible 

18 L5yD 1.2 8.0 .10 8.6 —2.7 —29.6 well developed 

19 16 Pe) 156 0.28 abe at +3.5 well developed 

20 17 2.3 Loins 0.22 9.8 +4.6 well developed 

21 18.5 1.3 6.9 0.14 UG Ee —4.8 —39.7 invisible 

1 Measured in per cent of total length of animal. 

2 Measured in per cent of total length of ovary. 

But one specimen (no. 1) appeared to be fully mature (pl. 5, 

fig. 41), although the first five seemed to be very nearly so. With 

some allowance I think we may draw the following conclusions : 

1. The ovary approaches maturity when its length hes be- 

tween 28 and 44 per cent of the total length of the 

specimen. 

2. The mature ovary extends very nearly to the ventral 

ganglion. 

3. The seminal vesicles may apparently be in any stage of 

development when the ovary is mature. 
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TABLE 21 

Measurements concerning the Ovary in Sagitta neglecta. 

z g 
a 

5 8% 
a 2 Length of ovary Width of ovary a Nature of seminal 
oO a ae vesicles 

5 Fs) Cae Se 
=| a in in in in pane 
A pea mm. per cent? mm. per cent? A 

1 10 ORS Brew 0.076 133 —9.1 barely visible 

2 10 0.76 Theis 0.076 10.0 —3.8 barely visible 

3 11 1.2 11.3 0.054 4.5 0.0 nearly mature 

4 12 0.9 To® 0.081 6.3 —2.2 barely visible 

5 12 0.9 te 0.081 6.3 —2.5 well developed 

6 12 iL 9.7 0.058 4.8 —1.9 well developed 

a 12.5 0.95 7.6 0.057 6.0 —2.1 well developed 

8 13 1.9 ify al 0.146 Teonl 0.0 nearly mature 

9 14 oan Si 0.074 6.7 —4.3 barely visible 

10 14.5 0.8 out 0.054 6.8 —2.1 barely visible 

11 14.5 Ws Y ales 0.097 57 +2.6 barely visible 

1 Measured in per cent of total length of animal. 

2 Measured in per cent of total length of ovary. 

In the eleven specimens there is not a single instance of any- 

thing approaching maturity. Nos. 388, and 11, according to my 

notes, are marked ‘‘well-developed but scarcely approaching 

maturity.’’ All the others are clearly remote from maturity. 

The probabilites are that no. 8 represents nearly the maximum 

length of the ovary, but of this I can not be certain until I have 

more material with which to work. 

The specimens of other species from this region in our collee- 

tions are too few in number or too immature to allow any sig- 

nificant measurements of the ovary. We may however, in a 

general manner, divide the San Diego Sagitta into two groups. 

1. Ovary long and slender, extending nearly to the ventral 

ganglion. This group includes 8S. planktonis, SN. 

hexaptera, S. lyra, and S. serratodentata. 

2. Ovary short and thick, never extending much beyond 

the anterior limit of the posterior ‘fin. This group 
.) includes S. enflata, S. bipunctata, and probably S. 

neglecta. 

These groups are very apparently different, even at first 
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glance, least so among smaller individuals, but becoming more 

and more apparent as the length of specimen increases. I 

believe an extensive tabulation in this regard would present 

definite differences of much value in classification. 

REDESCRIPTIONS OF SOME DOUBTFUL SPECIES OF 

CHAETOGNATHA 

Sagitta hispida Conant 

Sagitta hispida Conant (1895), p. 78, fig. 7; Aida (1897), p. 18. 

Sagitta robusta Doneaster (1902b), p. 212; Fowler (1906), p. 19. 

After some difficulty I have been fortunate enough to obtain 

one specimen of S. hispida which was identified by Conant him- 

self. The specimen was obtained from Beaufort, North Caro- 

lina, and deposited in the United States National Museum. 

Through the courtesy of that institution I have been enabled to 

restudy the species. 

The specimen is not in the best conditon for extensive study, 

so that there are many points which can not be determined. 

Like many Chaetognatha w@en preserved in alcohol, this speci- 

men has not only shrunken, thereby making the width measure- 

ments appear too small, but it has also turned almost black, 

making it impossible to count the teeth or seizing jaws, or to 

locate the ventral ganglion. However, in connection with the 

literature, I believe the specimen presents enough facts to permit 

us with safety to identify it with S. robusta Doneaster. 

Below is given a table of comparison for the two species, the 

information for which has been obtained from Doncaster 

(1902b), and Fowler (1906) for S. robusta, and from Conant 

(1895), and from the above-mentioned specimen for S. hispida. 

TABLE 22 

Comparison of S. hispida and S. robusta 

Characters S. hispida S. robusta 

beng thytaa man, eer ge oe 5.5-11 10-14 

Width in per cent of length —_.. 4.24.3 5.7 

Wateralifielidis\eesre eee small small 

IMInUrS Cl 6 Seer strong strong 

(COMISTS GTC prenee nee ee firm firm 
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TABLE 22—Continued 

JAW EAT AMC OY, 5 ooo- a2. 2sscce-2aoen-ca-voos 2s. 

@ollarettewet ne 5 ee ee Sera 

Tail in per cent of sength _....... 

Anterior fin, length and width __.. 

Anterior fin, to posterior fin -....... 

Posterior fin, length and width -.. 

Posterior fin, extends caudally -... 

Posterior fin, greatest width -....... 

Posterior fin, per cent in front 

Ombre se not WN eee ee eee 

SS CLUZ a AWS ones eee 

Anterior teeth 

Posterior teeth... 

opaque 

present 

28-33 

13-19 x 3.8 per cent 

6.3-8.7 per cent 

- 23-28 x 4.9 per cent 

to seminal vesicles 

behind tail-septum 
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opaque 

present 

25-33 

20 x 2.9 per cent 

6.8 per cent 

26 x 3.7 per cent 

to seminal vesicles 

behind tail-septum 

35 

5-7 

5-10 

11-14 

In addition to the above characters, others not easily pre- 

sented in tabular form are essentially the same in the two species. 

The form of the body, position of greatest width, and the gradual 

diminution on approaching either head or tail are very similar 

in the two forms. Again, the form of the fins is nearly the same. 

Finally, the extent of collarette and the position and form of 

corona ciliata are greatly alike. 

A careful examination of the above table reveals but five 

points of difference. They consist of width, width of anterior 

fin, width of posterior fin, number of anterior teeth, and number 

of seizing jaws. Let us then look at these differences a little more 

closely. 

1. Width of Body. Owing to inshrinking of the lateral fields, 

my measurement of 4.3 per cent is probably too small to represent 

the width in fresh or living material. Granting, however, that 

4.3 per cent is the true width, an examination of width measure- 

ments of the San Diego species reveals greater variation than 

from 4.3 to 5.7 per cent. S. enflata varies from 6 to 12 per cent, 

S. hexaptera from 7 to 11 per cent, S. lyra from 6.3 to 10.5 per 

Other 

It seems, therefore, that this 

cent, and SN. serratodentata from 3.4 to 6.5 per cent. 

species show as great variation. 

difference between S. hispida and S. robusta is of no specific 

importance. 
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2. Width of Anterior Fin. It was impossible to measure the 

width of anterior fin in the single specimen I had occasion to 

examine. Assuming, however, that Conant’s (1895) measure- 

ment of 3.8 per cent is correct, we find that a variation from 

2.9 to 3.8 per cent is no greater than the individual variations 

in this regard of some of the San Diego species. S. enflata 

varies from 1.0 to 2.8 per cent, S. bipunctata from 1.4 to 2.5 

per cent, and many of the other species show as great variations. 

It is evident that this difference does not signify the existence of 

two species. 

3. Width of Posterior Fin. The width of posterior fin of 

S. robusta is 3.7 per cent and that of S. hispida is 4.9 per cent. 

Nearly every San Diego species, however, presents a much 

greater variation. In S. bipunctata the fin varies from 3.1 to 

4.5 per cent, in S. planktonis from 3.1 to 5.4 per cent, and in 

S. enflata from 2.6 to 5.7 per cent. It is probable, therefore, 

that this difference is only a measure of individual variation 

and not of specific difference. 

4. Number of Anterior Teeth. Conant (1895) records the 

number of anterior teeth as 4 to 5, while in S. robusta there are 

5 to 10. This looks like a more significant difference. Let us 

see how it bears comparison with other species. In individuals 

of S. serratodentata varying in length from 6 to 14 mm., Fowler 

(1905, p. 59) records the variation in anterior teeth as 3 to 6. 

TABLE 23 

Variation in Anterior Teeth in S. serratodentata 

Length of Biscayan report “Siboga’’ report 
specimen, in mm. Fowler (1905) Fowler (1906) 

14 5-6 9-10 

12 4-7 9 

Nel 6 8-9 

10 4—6 8-9 

6-9 3—4 5-9 

In the ‘‘Siboga’’ Report (1906, p. 20), however, he finds a 

variation from 5 to 10 corresponding to individuals of similar 

lengths. Even a careful comparison of the number of anterior 

teeth recorded in the Biscayan and ‘‘Siboga’’ Reports, as given 
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in table 23 does not show a single case of overlapping in the 

entire series. 

Again, Fowler (1906, p. 9) finds the number of anterior 

teeth in S. enflata greater than we have found in San Diego 

specimens of the same lengths. Table 24 shows that, as in the 

TABLE 24 

Variation in Anterior Teeth in S. enflata 

Length of specimen in mm. “Siboga”’ area San Diego region 

20 8-9 5-6 

UY 8-9 6-7 

16 8 6-7 

15 8-9 6-7 

12 9 6 

case of S. serratodentata, there is not a single case of over- 

lapping. 

Finally, in S. stbogae we discover a similar difference between 

those species obtained by Fowler (1906) and those taken by 

Ritter-Zahony (1909b). This difference is illustrated in table 25. 

TABLE 25 

Variation in Anterior Teeth of S. sibogae 

Length of specimen in mm. Fowler (1905) Ritter-Zahony (1909) 

11 7 10-12 

10 7 9-11 

9 8 7-13 

Similar instances might be given, but enough has been said 

to prove that a wide variation in number of anterior teeth 

occurs in individuals of the same species. Furthermore, in the 

cases cited, the difference is greater than that found between 

S. hispida and S. robusta. 

Considerable space has been utilized in this discussion of 

teeth relations because Fowler (1906) saw in this difference a 

reason for not identifying the two species in question. He re- 

marked upon the similarity betwen the two forms and after 

identifying Aida’s S. hispida with S. robusta coneluded (p. 20) : 

“At any rate it is apparent from the marked difference in 
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number of anterior teeth that they [S. hispida Aida] were not 

hispida Conant.’’ It seems, however, that variation in number 

of both anterior and posterior teeth in many species is not 

referable to specifie differences, but probably to some distribu- 

tion factor. 

5. Number of Seizing Jaws. In number of seizing jaws we 

found that S. robusta varies from 5 to 7, while S. hispida has 

only 8 or 9. Shall we claim that this is of specific value? In 

looking over this paper we find the following variations in num- 

ber of seizing Jaws: 

TABLE 26 

Number of Seizing Jaws in the San Diego species. 

Number Comparison with other 
Species of jaws reports 

SCN GCG ee es ee reese 8-9 6-10 Fowler (1906) 

SerLCU UCN Oe eae enn we 5-9 3-9 Fowler (1906) 

Saslymac et ee hes Be ee 4-9 7-9  Ritter-Zahony (1909) 

ISG SIAR OU NALINI eeeenereeeeeceeercee 5-7 6-8 Fowler (1905) 

SEM DUGQIUE LOTUS oe 8-9 8-10 Fowler (1905) 

PS OCA OI A GUCN eee crane nese es 7-9 5-8 Fowler (1906) 

SemOU DUNN CLQUC == ee 7-8 8-10 Fowler (1905) 

A glance at this table shows that, in S. enflata, S. hexaptera, 

S. lyra, and 8. neglecta, a variation of four or more seizing Jaws 

occurs. We ean be sure, therefore, that such a variation may 

be within the range of a single species. Finally, when we con- 

sider Aida’s S. hispida, it becomes all the more probable that 

S. hispida Conant and S. robusta Doneaster are the same species, 

for the reason that Aida’s specimens have 7 or 8 seizing jaws. 

It is to be regretted that there was not more than one speci- 

men of S. hispida at my disposal and that for this reason it has 

been impossible to dissect it and so draw and describe many of 

the features rendered obscure by its long preservation and dis- 

coloration. Nevertheless, I am convinced that the two species 

are identical. S. hispida Conant should, therefore, have prior 

claim and S. robusta Doneaster must take its place in synonymy. 
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Sagitta elegans Verrill 

Pl. 2, figs. 12, 13; pl. 3, fig. 24; pl. 4, fig. 38. 

Sagitta elegans Verrill (1873), p. 332; Conant (1896), p. 84. 

Sagitta arctica Aurivillius (1896), p. 188. 

Sagitta gracilis, Verrill (1883) [see Conant (1896), p. 84]. 

Sagitta bipunctata, Krumbach (1903), p. 628. 

Sagitta bipunctata forma arctica, Ritter-Zahony (1910), p. 256. 

Through the courtesy of the United States National Museum 

I have been enabled to study a few specimens of Verrill’s SN. 

elegans. The specimens were originally obtained from Vineyard 

Sound, Massachusetts. From Dr. Hjalmar Broch, of Christiania, 

Norway, I have also some specimens of S. arctica, obtained 

November 16, 1905, from the Skagerak. Fowler (1906) pointed 

out that these two forms were probably to be identified as a 

single species, and later Ritter-Zahony (1910) synonymized 

them with S. bipunctata. It is, therefore, advisable to redescribe 

them and inasmuch as they are so nearly alike (pl. 2, figs. 12, 13), 

I shall describe S. elegans and then briefly consider the main 

points in which it differs from S. arctica. 

Characters 

Body opaque (pl. 2, fig. 12), but rather flabby. Neck well marked, but 

scarcely so pronounced as in 8S. enflata or S. hexaptera. Body widest 

throughout posterior third, tapering gradually toward head and more 

rapidly toward tail. Lateral fields conspicuous but not large. Muscles 

strong and thick. Diminution at tail-septum rather abrupt. Collarette 

absent. 

Anterior fin situated well forward, shorter and narrower than posterior 

fin. It does not extend to the ventral ganglion, the interval measuring 

about 6 per cent. Approximately triangular in form, the point of greatest 

width being located well toward its posterior end. Interval from anterior 

to posterior fin about 12 per cent. 

Posterior fin extends nearly, if not quite, to seminal vesicles. Always 

more than 50 per cent of fin in front of tail-septum, and usually more 

than 60 per cent. Position of greatest width slightly behind tail-septum. 

Vestibular ridge (pl. 3, fig. 24) provided with low, rounded papillae 

which are rather irregular in height and position. They are not so 

numerous as the posterior teeth. Four or five teeth usually project beyond 

wing of ridge. The external process could not be discerned. 

Anterior teeth 6 to 11. Posterior teeth 13 to 17. 

Seizing jaws (pl. 4 fig. 38) 9 to 12 in number, and of much the same 

form as described by Krumbach (1903) for S. bipunctata. Points needle- 

shaped but with the apex lying slightly nearer edge of jaw. Base of point 
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and top of shaft parallel. Point inserted into shaft about one-fifth its own 

height. Pulp-canal slightly swollen just below point, and located somewhat 

nearer back of jaw. Pulp evenly distributed. 

But two specimens were well enough preserved to permit 

accurate measurements. They are given below, following which 

the measurements of S. arctica are given. 

TABLE 27 

Measurements of Sagitta elegans} 

= 2 = Anterior fin Posterior fin 

: a a8 as ra 

2 P = Ss Bi =e a = a os a Bx 

oe Rh Sea Seo eee eee gee ees 
Ba) AEE Se Ee ao hes = BE Sate ess 
1 23 6.9 22 68 651 13.9 2 13.0 21.8 2 64 

2 21 5 23 69 9. 12.1 2 12.3 20.0 2 63 

Measurements of Sagitta arctica 

24 6.0 21 (ash) gO TRC) 14.5 Le 11.0 21.6 2.8 68 

2 24 6.6 21 74.5 10.3 17.8 1.4 9.9 21.4 2.9 70 

3 26 6.4 21 73.0 14.0 13.2 10 12.5 21.2 2.9 66 

4 27 6.8 22 69.0 12.0 13.9 1.0 11.0 16.0 2.8 61 

5 27 6.1 21 73.0 1 Ip LEXY) 17.4 a D3 | 10.4 20.2 2.8 65 

6 27 6.0 21 fea) 13.2 14.9 1.4 8.6 21.0 2.6 66 

7 27 6.3 22 72.5 9.3 17.4 1.3 10.4 20.8 2.8 63 

8 27 6.3 20 73.5 By f 1657 aL sat 13.6 19.5 2.6 68 

9 28 %e0 21 RAO) 8.8 16.3 1.6 11.9 L825 3.3 70 

10 28 6.3 20 69.0 9.8 L520 bei 11.8 18.9 2.6 66 

itil 29 6.3 21 rin WAt®) TS: 16.2 1.2 10.5 19.0 2.5 65 

12 29 6.1 19 67.5 12.0 13.6 M2 9.6 10.0 2.0 66 

1 All measurements made in per cent of total length of animal. 

2 Per cent of posterior fin in front of tail-septum. 

Anterior teeth in S. arctica 7-8, posterior teeth 13-14, seizing jaws 10-11. 

This table presents a great similarity between the two species. 

The only noticeable difference is that, as a rule, the interval from 

anterior fin to ventral ganglion is larger in S. arctica. However, 

in nos. 7, 8, and 9 we see transition cases. 

The other differences between SN. elegans and S. arctica are as 

follows : 

1. The body of the former is flabby, while that of S. 

arctica 1s firm. 
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2. S. elegans matures sexually at 23 mm., while in none of 

the specimens of S. arctica examined were the ovaries 

even well developed, nor the seminal vesicles evident. 

3. The ovary is shghtly broader and longer in S. elegans. 

Outside of these points the two species are nearly identical. 

Inasmuch as the specimens of S. elegans were preserved in 

aleohol, and those of S. arctica in formalin, the fact that the 

former is more flabby loses most of its significance. The other 

two points are interdependent, for in individuals that are sexu- 

ally mature we should expect the ovary to be slightly longer and 

broader. Finally, as to the size at which specimens mature, we 

have noticed considerable variation in such species as S. enflata 

and S. hexaptera. From this evidence we are compelled to place 

S. elegans and S. arctica in the same species, and as Fowler 

(1906) has pointed out, the former takes priority, and S. arctica 

becomes a synonym. 

Having concluded that the two species are synonymous it 

remains to see whether S. elegans stands as a valid species or 

whether it must, in turn, be placed in the synonymy of another 

species. 

Being without a collarette S. elegans naturally falls into the 

group with S. enflata, 8S. hexaptera, S. lyra, S. bedoti, S. serrato- 

dentata, and S. macrocephala. Being opaque and provided with 

strong muscles it is readily separable from the first three. From 

S. bedoti it is easily distinguished by the fact that S. elegans 

has more than 50 per cent of posterior fin in front of tail-septum, 

by the presence of a considerable interval between anterior fin 

and ventral ganglion, and by the fact that the posterior fin is 

longer than the anterior fin. From S. serratodentata it differs 

in the absence of serrations on the seizing jaws, in an interval 

between anterior fin and ventral ganglion, and in the presence 

of more than 50 per cent of posterior fin in front of tail-septum. 

Finally, it differs from S. macrocephala in having a much shorter 

tail, in the number of posterior teeth, and in the general form of 

the body. 

Fowler (1906) suggested the possible synonymy of S. elegans 

and S. zetesios (which has been identified by Ritter-Zahony 
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(1909c) with 8. planktonis Stemhaus). While the form of the 

body and degree of opacity is very similar, they differ radically 

from one another. In S. zetesios the heavy collarette serves to 

distinguish at once between the two. The anterior fins are also 

longer than the posterior fins, and originate at the ventral 

ganglion in the latter species. 

According to Ritter-Zahony (1910), S. elegans is identified 

as a variety of S. bipunctata. He recognizes two varieties of the 

latter species, one of which he calls forma typica, and the other 

forma arctica. While there is great similarity between them 

there seems to be as much difference as that between some other 

species. In the first place I am unable to discover the least 

trace of collarette in S. elegans, whereas in S. bipunctata that 

structure, while not pronounced, is conspicuous. Then, the 

muscles in S. bipunctata are weak, the body is nearly transparent, 

the seizing jaws are not so numerous, and the general appear- 

ance is decidedly contrasted to that of S. elegans. The pro- 

portional measurements are, however, annoyingly alike, and 

altogether S. elegans resembles S. bipunctata more than any other 

species. However, from the fact that the few differences men- 

tioned are so distinctive and the general appearance so radically 

different, it seems best to let S. elegans remain a valid species. 

Sagitta tenuis Conant 

Jed ee aire ills 
Sagitta tenwis Conant (1896), p. 85. 

The receipt of three specimens of S. tenwis from the United 

States National Museum made it possible to redescribe this 

species. The specimens are labeled as cotypes obtained from 

Jamaica, West Indies. They were all damaged, making it 1m- 

possible to obtain as complete a description as desired. 

Characters 

Collarette present, but exceedingly small, as in S. bipunctata. Body 

semi-opaque and firm (pl. 2, fig. 11). Muscles strong. Body widest at 

about middle of its length. From this point it tapers gradually toward 

head, and more rapidly toward tail. Neck nearly absent. Constriction 

at tail-septum pronounced, as in S. enflata. 

Anterior fin beginning on a level with ventral ganglion. 

than posterior fin. In length it varies from 12 to 13 per cent. 

_ Posterior fin longer than anterior fin with less than 50 per cent of its 

length in front of tail-septum. It extends nearly, if not quite, to 

Shorter 
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seminal vesicles. Interval from anterior fin to posterior fin is rather 

large, varying from 16 to 17 per cent. 

Seizing jaws 8, Anterior teeth 5, Posterior teeth 9. The width of the 

fins could not be determined, owing to the fact that a considerable por- 

tion had been torn away. Furthermore, the vestibular ridge could not 

be seen without dissection, which was impossible under the cireum- 

stances. 

The following measurements were made: 

Tern ts ny Gemeente ee eee wie A 5—5.5 mm. 

INV aCH tila Eee Cee oc Ds ie eae Se eI a een AA Oe 6 per cent 

RE See ee tae Soh, SPR cen get ree eR eae eye eee 29 per cent 

BENGTT Es Tet (Oem Ec 12.7 per cent 

ANTOLIN OLE {HO} POOSWOMUOI TO exe ececececee ses eee ceseer ee eeseeeee 16.3 per cent 

LEQOVSI EME M NS Tat TOA, ISTE TAY aa Sacer erences Been ee 25.6 per cent 

Per cent of posterior fin in front of septum ...... 43 

BN arte ORS We EL Trea Ny eA NOM a a oe ee am Sa 68 per cent 

Conant (1896, p. 85) found that S. tenwis resembled SN. 

hispida very closely. He says: ‘‘Shape of fins, of seizing hooks, 

corona ciliata, accessory longitudinal septa in caudal segment, 

number of tactile prominences, and musculature of body,—as in 

S. hispida.’’? That they are not the same species Conant (1896) 

recognized because S. tenwis attains sexual maturity at such a 

small size. In addition, it differs from S. hispida in that the 

anterior fins originate at the ventral ganglion, and that there 

is less than 50 per cent of posterior fin in front of tail-septum. 

Ritter-Zahony (1910) places S. tenwis in the synonymy of 

S. bipunctata. The fact that there is more than 50 per cent of 

posterior fin in front of tail-septum, and that there is a consider- 

able interval between anterior fin and ventral ganglion in SN. 

bipunctata makes me skeptical of such synonymy. Add to this 

the fact of sexual maturity in S. tenwis at a length of 5 mm., and 

it becomes readily distinguishable from all other species, with 

the possible exception of S. minima. 

BRIEF DESCRIPTIONS OF SPECIES NOT YET TAKEN FROM THE 

SAN DIEGO REGION 

For the benefit of those future investigators who may have 

oceasion to identify the Chaetognatha of this region, I have 

included brief descriptions of the species not yet taken from 

this vicinity. Such species are Sagitta decipiens, S. sibogae, NS. 

feror, S. regularis, S. pulchra, S. bedoti, S. macrocephala, 8. 
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gazelle, Eukrohnia pacifica and Spadella cephaloptera. Owing 

to the inadequacy of descriptions, and the impossibility of ob- 

taining authenticated specimens, S. minima is not considered. 

Sagitta decipiens Fowler 

Fowler (1905), p. 70, pl. 5, figs. 32-35. 

Collarette present, but very short. Body transparent, firm, slender, 

and widest behind middle of length, tapering gradually toward each end. 

Neck not well marked. Anterior fin shorter and narrower than posterior 

fin, not extending to ventral ganglion. Posterior fin widest at or just 

behind tail-septum. More than 50 per cent of posterior fin in front of 

tail-septum. No diminution at tail-septum. Ovary short and thick. Ova 

large. Vestibular ridge prominent, with thick cuticle and long external 

process sometimes forked. Anterior teeth 5-10. Posterior teeth 12-18. 

Seizing jaws 5-6. Tail 25-40 per cent of total length. 

Sagitta sibogae Fowler 

Fowler (1906), p. 12, pl. 2, figs. 66-72. 

Collarette present, but short. Body firm, opaque, and widest at 

middle point, tapering gradually forward and, more rapidly backward. 

Head large. Neck large. Lateral fields medium. Muscles strong. An- 

terior fins longer and narrower than posterior fins, extending to ventral 

ganglion. Posterior fins widest at plane of tail-septum, with slightly 

more than 50 per cent in front of tail-septum. It never extends to 

seminal vesicles. Vestibular ridge with numerous large and fairly 

regular papillae. Anterior teeth 7-11, short with broad bases. Posterior 

teeth 13-23. Seizing jaws 5-7. Tail 21-33 per cent of total length. 

Sagitta ferox Doncaster 

Doneaster (1903), p. 212. 

Fowler (1906), p. 10, pl. 1, figs. 18-23. 

Collarette present, extending to anterior fins, and exceptionally wide. 

Head large. Lateral fields small. Muscles broad and thick. Body firm, 

broad, opaque, and nearly of uniform width from in front of ventral 

ganglion to tail-septum. Anterior fins longer than posterior fins, extending 

to ventral ganglion. Posterior fins about same width as anterior fins, 

extending to seminal vesicles. Less than 50 per cent of posterior fin in 

front of tail-septum. ‘‘ Vestibular ridge strongly mammillated, terminat- 

ing externally in a very blunt process.’’ Corona ciliata long, commencing 

in front of eyes and terminating near ventral ganglion. Anterior teeth 

4-10, closely set, and with broad bases. Posterior teeth 9-14, long, broad, 

closely set, and diverging distally. Seizing jaws 5-6. Tail 26-36 per 

cent of total length. 

Sagitta regularis Aida 

Aida (1897), p. 18, tab. 3, fig. 1. 

Doneaster (1902b), p. 211. 

Fowler (1906), p. 18, pl. 2, figs. 55-58. 

Ritter-Zahony (1909b), fig. 7. 
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The similarity of this species to S. neglecta has already been 

considered in detail. Ritter-Zahony (1909b) says: ‘‘Bei gut 

erhaltenen Individuen ist allerdings die ausserordentlich machtig 

entwickelte Collarette mit den stark vorspringenden Tasthiigeln 

das beste Erkennungsmerkmal, hatifig bemerkt ich jedoch, dass 

sie infolge der Konservierung verloren gegangen oder stark 

geschrumpft war.’’ 

Collarette conspicuous, extending to anterior fins. Head small. 

Muscles broad and stout. Body firm, opaque, and of about the same 

width from ventral ganglion to seminal vesicles. Anterior fins shorter 

and narrower than posterior fins, extending nearly to ventral ganglion. 

Posterior fins widest behind tail-septum, and extending to seminal 

vesicles. Less than 50 per cent of posterior fin in front of tail-septum. 

Anterior teeth 2-4. Posterior teeth 2-7. Seizing jaws 6-9. Tail 28-40 

per cent of total length. 

Sagitta pulchra Doncaster 

Doneaster (1902b), p. 213. 

Fowler (1906), p. 17, pl. 2, figs. 49-54. 

Collarette present. Body very transparent, slender, and firm. Widest 

about one-half to three-fourths distance from head to tail-septum, taper- 

ing gradually forward, and more rapidly backward. Anterior fins longer 

and narrower than posterior fins, the anterior fourth consisting of 

epidermie thickening with but few rays. Posterior fins widest at, or 

behind, tail-septum, barely extending to seminal vesicles. More than 50 

per cent of posterior fin in front of tail-septum. Vestibular ridge with 

sharp, regular papillae, and provided with a very strong external process. 

Corona ciliata long, commencing between eyes and extending one-half 

distance from head to ventral ganglion. Anterior teeth 5-10. Posterior 

teeth 9-15. Seizing jaws 5-7. Tail 18-27 per cent of total length. 

Sagitta bedoti Béraneck 

Béraneck (1895), p. 137. 

Fowler (1906), pp. 6-8, pl. 1, figs. 1-8. 

Collarette absent. Head small. Lateral fields large. Muscles strong 

but narrow. Body firm, transparent, and widest at middle of length, with 

sudden diminution at tail-septum. Anterior fin longer than posterior fin, 

extending nearly to ventral ganglion. Posterior fins broader than an- 

terior fins, widest behind tail-septum, and extend to seminal vesicles. 

Less than 50 per cent of posterior fin in front of tail-septum. Papillae 

of vestibular ridge regular and acute. External process long and sharp. 

Anterior teeth 5-13. Posterior teeth 16-32. Seizing jaws 5-7. Tail 21-35 

per cent of total length. 

Sagitta macrocephala Fowler 

Fowler (1905), p. 65, pl. 5, figs. 16-21. 

Collarette absent. Head unusually large. Neck narrow and promi- 
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nent. Lateral fields small. Body slender, firm, opaque, and widest at 

middle of length. Anterior fins shorter and narrower than posterior fins, 

never extending to ventral ganglion. Posterior fins about equally divided 

between body and tail, but usually with more than 50 per cent in front 

of septum. Vestibular ridge with thick cuticle and provided with 

irregular papillae, which are fewer in number than posterior teeth. 

Anterior teeth 5-10. Posterior teeth 12-33. Seizing jaws 9-12, very 

sharply curved in the distal fourth. Tail 29-41 per cent of total length. 

Sagitta gazelle Ritter-Zahony 

Ritter-Zahony (1909¢), p. 788. 

The characters of this species have already been considered in con- 

nection with the deseription of S. lyra (pp. 32-39). As the description 

given by Ritter-Zahony is incomplete, I can add nothing to my former 

remarks. 

Eukrohnia pacifica (Aida) 

Aida (1897), pp. 19, 20, tab. 3, fig. 11. 

Fowler (1906), p. 24, pl. 3, figs. 81-85. 

Collarette absent. Head medium. Neck fairly evident. Body slender, 

about 5 per cent in width, but broader than in E. subtilis. Widest about 

midway between ventral ganglion and tail-septum, tapering gradually in 

both directions. Lateral fins arise nearly two-thirds distance from ven- 

tral ganglion to tail-septum, and terminate at seminal vesicles. Usually 

slightly less than 50 per cent of fin in front of tail-septum, its point of 

greatest width being behind septum. Corona ciliata short, clove-shaped, 

extending onto head but never reaching eyes. Teeth ‘‘bayonet-shaped”’ 

springing from a narrower neck than in FE, subtilis, the number varying 

from 11 to 16. Seizing jaws, 6-9, with back of shaft made up of two curves, 

the junction of which makes an obtuse angle at a point about one-fourth 

the length of jaw proximad of tip. Tail 25-41 per cent of total length. 

Spadella cephaloptera Busch 

Busch (1851), pp. 98-100. 

Hertwig (1880), pp. 66-67, taf. 1, fig. 6. 

Fowler (1906), p. 34, pl. 3, figs. 95-99. 

Collarette massive, widest just behind head, but less than half the 

width of body. Head medium. Neck evident. Collarette extends to 

tail-septum, where it becomes continuous with lateral fin. Body firm and 

opaque. Lateral fin more than five times longer than wide, extending 

to seminal vesicles. Corona ciliata confined to neck, its long axis being 

transverse to the body and extending over the collarette. Anterior teeth 

3-4, irregularly set and blunt, the innermost being very long. Posterior 

teeth 3-4. Seizing jaws 8-9, slender and slightly saginate. Tail 50 per 

cent of total length. 
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PART II. DISTRIBUTION 

EXPLANATION OF THE TABLES OF DISTRIBUTION 

The data from which the following discussions and con- 

clusions have been derived are printed in full. It is believed 

that, in connection with other plankton investigations, students 

of this Marine Biological Station will find the data advantageous 

for purposes of correlation. It is also probable that other 

students of distribution, after accumulating observations, may 

discover important relations suggested in these data. 

For convenience the data are arranged in four sections. 

First, the surface catches are tabulated; second, those hauls 

made with horizontal closing nets; third, those made with verti- 

cal closing nets, and fourth, those made with open vertical nets. 

Temperature and salinity are not indicated in connection with 

closing net hauls because, till the present, it has been impossible 

to operate the water bottle and closing net at even approximately 

the same time. For records of relation between depth, tempera- 

ture, and salinity see McEwen (1910). Temperature is recorded 

in Centigrade, depth in fathoms, and latitude and longitude 

to one-tenth of one minute measured from Greenwich. 

The following symbols are employed to indicate the various 

nets used in making collections: 

A. Surface net 000 XX mesh silk bolting cloth, orifice 

97.5 em. in diameter. 

B. Kofoid elosing net 000 XX mesh silk bolting cloth, 

orifice 37.0 em. in diameter. 

C. Nansen closing net 1 XX mesh silk bolting cloth, 

orifice 109.5 em. in diameter. 

F. Nansen closing net 000 XX mesh silk bolting cloth, 

orifice 45.2 em. in diameter. 

Method of Counting 

If a haul seemed to contain under three hundred individuals 

of a species they were counted. When the number appeared 
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greater, the following method was employed. After sorting the 

species, from sixty to one hundred specimens were removed 

with forceps and placed on filter paper to allow the fluid to 

drain off. This sample was then accurately weighed and 

counted. Dividing this weight by the number of specimens in 

the sample gave an average individual weight. A second sample 

was then treated likewise. The mean between the two average 

weights thus obtained was considered final, and the weight of 

the entire haul divided by this mean approximated the number 

of individuals contained. The usual error in this method has 

been calculated from twenty-five tests and amounts to about 5 

per cent. In no instance was it over 10 or under 2 per cent. 
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Haul 
number 

1432 

1436 

1478 

1499 

1518 

1588 

1660 

1662 

1667 

1695 

1747 

1759 

1763 

1779 

1796 

1800 

1804 

1810 

1812 

1819 

1823 

1826 

1832 

1837 

1864 

1881 

1906 

1967 

1981 

2039 

2044 

2049 

2054 

2062 

2091 

2114 

1911] Michael: Chaetognatha of the San Diego Region. 

Data concerning Surface Hauls containing no Chaetognatha. 

Date 

1908 

June 15 

June 16 

June 23 

June 25 

June 30 

July 23 

1909 

June 17 

June 17 

June 19 

June 23 

June 28 

June 29 

June 29 

July 1 

July 2 

July 2 

July 2 

July 2 

July 7 

July 7 

July 7 

July if 

July 7 

July 8 

July 9 

July 10 

Sept. 1 

Nov. 3 

Nov. 5 

1910 
Mareh 15 

Mareh 15 

March 16 

Mareh 16 

March 16 

Mareh 17 

April 

TABLE 29 

Time of day 
and 

Duration of haul 

10:30-10:50 a.m. 

9:30— 9:50 a.m. 

4:45— 5:05 p.m. 

3:45— 4:10 p.m. 

9:50-10:05 a.m. 

5:05— 5:30 a.m. 

6:00— 6:45 p.m. 

7:30— 8:00 p.m. 

8:45-— 9:15 a.m. 

4:55— 6:00 a.m. 

6:35— 7:11 p.m. 

4:30— 4:50 a.m. 

5:40-— 6:35 a.m. 

10:52 a.m.—12:40 p.m. 

9:38-10:11 a.m. 

12:45— 1:36 p.m. 

4:23— 4:50 p.m. 

6:15-— 7:05 p.m. 

4:10— 4:45 a.m. 

5:40— 6:35 a.m. 

6:40— 7:36 a.m. 

6:00— 7:00 p.m. 

7:04— 7:50 p.m. 

10:20-11:05 a.m. 

6:15— 7:00 p.m. 

11:35 p.m.—12:45 a. 

40-12:50 p.m. 

05— 5:45 p.m. 

11:50 a.m.—12:42 p. 

112: 

oe 

2:47-— 4:03 p.m. 

4:25— 5:20 p.m. 

1:10— 1:50 p.m. 

2:30— 3:22 p.m. 

4:40— 5:50 p.m. 

5:30— 6:10 p.m. 

9:55-10:45 a.m. 

oO 

water 

18°9 

1625 

1823 

19%5 

18°5 

Ie 

Temperature Salinity 
f oi 0 

water 

33.747 

33.720 

33.630 

33.690 

33.690 

33.733 

33.648 

33.829 

33.865 

33.666 

North 
Latitude 

32° 3973 

32° 4855 

32° 41°4 

32° 5114 

32° 54/4 

32° 5271 

32° 5173 

32° 5173 

32° 3771 

32° 52°50 

32° 5270 

32° 52°50 

32° 52:0 

32° 52°56 

32° 4475 

32° 4172 

32° 4050 

32° 40/0 

32° 5270 

32° 5313 

32° 5373 

32° 5173 

32° 5273 

82° 5273 

33° 010 

32° 54.1 

32° 40/6 

32° 40/4 

32° 40/4 

32° 3972 

32° 4014 

32° 4014 

32° 5056 

32° 2079 

85 

West 
Longitude 

1BWeaniiae 

117° 34%4 

117° 30/3 

GUTS PALS) 

TAPAS) 

117° 20/2 

WANS GE 7 

WA UGE F 

117° 14°5 

117° 30°0 

117° 30/0 

117° 30/0 

117° 30/0 

118° 21°5 

117° 53°55 

117° 32'3 

117° 26°0 

117° 260 

117° 30/0 

117° 30:0 

117° 30/0 

117° 20/0 

117° 20/0 

I/O TEs) 

117° 20/0 

117° 200 

118° 41%2 

Hale axX0KI 

117° 30/3 

117° 3120 

IS GAO) 

NGS Be 

117° 31/2 

Maly Vaile 

ily PAE 

IS ISH) 
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Haul 
number 

1842 

1843 

1856 

1808 

1865 

1841 

1805 

1820 

1840 

1855 

1794 

1801 

1817 

1830 

1884 

1930 

1944 

1911] =Michael: Chaetognatha of the San Diego Region. 

Date 

1909 
July 
July 

, July 
July 

July 
July 
July 

July 
July 
July 
July 

July 

July 
July 
July 

Sept. 
Nov. 

1908 
July 

1909 
Nov. 

1908 
July 
Aug. 

1909 
June 

June 
June 

Sept. 

Nov. 
Nov. 

1908 
Aug. 

1909 
June 

July 
June 
June 

June 

1908 
July 

1909 
June 

June 

1908 
July 

1909 
June 

Sept. 

faa 

wpwonnrtnwnnwnomnnwnowoow © © oo 

22 

TABLE 31 

Data concerning Horizontal Closing Net Hauls containing no Chaetognatha. 
Time of day 

an 
Duration of haul 

12 

ye 

—_— 

Dwr IOrwoanarhngd a or 

ive) 

oO 

:55—- 

:17- 

27-- 

741-11: 

205 p.m. 

:28 p.m. 

740 a.m. 

:05 p.m. 

:08 p.m. 

:00 p.m. 

:25 p.m. 

:55 a.m. 

745 p.m. 

722 a.m. 

:09 a.m. 
:00 p.m. 

:25 a.m. 

745 p.m. 

740 a.m. 

:37 p.m. 
4] a.m. 

:29 a.m. 

730 p.m. 

:00 p.m. 

714 a.m. 

717 a.m. 
:00 p.m. 

:05 p.m. 

:25 p.m. 

:05 a.m. 
735 p.m, 

OG arn. 

:38 p.m. 
:50 p.m. 

745 p.m. 

229 a.m. 

sl Osanna 

2:46 a.m. 

740 p.m. 
:00 a.m. 

:07 p.m. 

5:55 p.m. 

11 a.m. 

lcomloolec) 

-—RD 

HiWoans 

on C2 C2 

DOWD WOW WwW Whew 

Qa 

lef tect lee} esi les} foc) lest les joc) lee} los} ge [ea lee 

Depth 
in 

fathoms 

300 

North 
Latitude 

32° 5215 

32° 5215 

32° 5253 

32° 40/0 

32° 5273 

32° 5272 

32° 4050 

32° 52:0 

32° 52/2 

32° 52°53 

32° 4415 

32° 4172 

32° 5270 

32° 5273 

32° 5370 

32° 53:9 

32° 52/0 

32° 5174 

32° 54/1 

33° 0/2 
29° 8:6 

32° 52/0 
32° 52/0 

32° 5270 
33° 010 

32° 5210 
32° 40/6 

29° 816 

32° 52°50 
32° 5313 
32° 53:0 
32° 52/0 
32° 5220 

32° 5516 

32° 52/8 
32° 5220 

32° 57:6 

32° 52°50 
32° 51/2 

91 

West 
Longitude 

Wales Iss 

ike ale 

117° 20:0 

117° 26/0 

117° 2070 

DLT UOeS 

117° 26:0 

117° 30/0 

Wale eyes) 

117° 20/0 

117° 535 

117° 32°3 

117° 30/0 

117° 20:0 

Il IkeK 

117° 53°2 

117° 30°0 

117° 33°3 

117° 30/0 

118° 3173 

118° 16°8 

117~ 30/0 

117° 30/0 

117° 30/0 

118° 4172 

117° 3020 

117° 30°3 

Wilkes Pgs 

117° 30:0 

117° 20/0 

LS S207 

117° 300 

117° 30:0 

117° 30%4 

117° 3322 

117° 30/0 

117° 28'8 

117° 30!0 

Ie kal 
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TABLE 33 

95 

Data Concerning Vertical Closing Net Hauls Containing no Chaetognatha. 

Haul 
number 

1994 

1995 

2148 

2121 

2135 

2027 

Date 

1910 

Feb. 

Feb. 

April 

April 

April 

March 

Time of day 

7:17 a.m. 

8:07 a.m. 

6:35 a.m. 

3:59 a.m. 

4:47 a.m. 

1:32 p.m. 

Net used 

Cc 

fathoms 

75— 50 

100— 75 

North 
Latitude 

32° 39°6 

32° 40:0 

32° 2315 

32° 4074 

West 
Longitude 

117° 30'5 

117° 3270 

117° 22'3 

Ula Slav 
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GENERAL DISCUSSION OF THE PROBLEMS OF DISTRIBUTION 

Any interpretation of the data contaimed in the above tables 

depends on what we regard as adequate methods of collecting. 

The numerous methods employed may be distinguished accord- 

ing to the purpose in collecting. If we desire to study a single 

species from some morphological, physiological, or other special 

standpoint, or if we desire to study the number and range of 

species over extensive areas, we will employ any apparatus 

adapted to collecting the material. If, however, we desire to 

study quantitative relations among species, or the abundance 

of each in any region, we must employ specially constructed 

apparatus and collect with respect to the conditions affecting 

this abundance. 

Most single expeditions have endeavored to increase our 

knowledge of the number and range of species over extensive 

areas. For instance, the monumental achievements of the ‘‘ Chal- 
? lenger’’ expedition consist in having collected and described an 

enormous number of species representing nearly every class of 

animals. To determine the general environment of the species 

obtained from each locality, the hydrographic and meteorological 

conditions were investigated. The knowledge thus acquired is 

exceedingly valuable but, owing to the immense region explored, 

it is necessarily lacking in detail. The methods of collecting 

employed, while adequate for purposes of preliminary explora- 

tion, did not obtain sufficient data to permit interpretations 

respecting the abundance of each species collected. Such inter- 

pretations depend entirely on more special and detailed methods 

of collecting. 

These special methods have been mainly developed under the 

auspices of the ‘‘Kiel Commission’’ by Hensen, Lohmann, 

Apstein, and other German investigators. They deserve much 

eredit for originating the methods and inventing valuable 

apparatus for collecting plankton and analyzing the chemical and 

physical conditions of the sea. They have calculated filtration 

capacities, and coefficients of correction for a variety of nets, and 

have materially increased our mathematical and experimental 

knowledge concerned in quantitative estimates of plankton. Any 
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one acquainted with Hensen’s (1895) ‘‘Methodik der Unter- 

suchung’’ knows how excellently this difficult and laborious work 

has been done. 

From these important researches the ‘‘Kiel school’’ has 

drawn conclusions of vast significance which, however, are based 

on insufficient data. One illustration is enough. On the basis 

of 167 hauls made during the early spring of 1895 in the North 

Sea, Hensen and Apstein (1897) estimated that the surface 

waters contained 157,000,000,000 fish eggs. From a knowledge 

of the average number of eggs annually produced by each 

species these authors state that the number of mature food fishes 

in the North Sea may be estimated. As pointed out by Herd- 

man (1906) this estimate is based on one successful haul (only 

158 of the 167 hauls made contained fish eggs) for each 3,465,- 

968,354 square meters, or approximately 133,800 square miles, 

of the sea. Concerning this estimate Johnstone (1908, p. 168) 

says: ‘‘Such an investigation presents fewer difficulties than 

are encountered in other quantitative researches.’’? Probably 

Johnstone (1908) has reference to difficulties in calculating 

filtration capacities and various coefficients of correction for the 

nets used, but will even the simplest calculation justify such a 

‘‘eollossal conclusion’? when based on only one haul from each 

133,800 square miles of the sea? 

Obviously the reliability of such results depends on uni- 

formity in distribution of plankton over a large area. Are we 

warranted in assuming that this uniformity exists? Concerning 

this Herdman (1906, p. 35) says: ‘‘On the West Coast of Scot- 

land I have seen large Copepoda so abundant for a mile or two 

that they seemed from the deck of a yacht to be dancing in 

crowds in the water... . in a few minutes we passed out of 

the swarm.’’ Again (p. 36) he says: ‘‘In the Red Sea and on 

several occasions in the Indian Ocean I have seen Trichodesmium 

erythraeum forming a most conspicuous red-brown or tawny 

yellow-brown scum on the surface of the sea for, it might be, a 

few hundred yards up to a mile in width, and several or even 

many miles in length, while the sea at each side of the patch was 
? entirely free from the organism.’’ It is unnecessary to quote 

the numerous similar instances noted by many naturalists. Their 
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significance in relation to the conclusions of the ‘‘Kiel school’’ 

is evident. 

The data in this paper contain numerous examples of this 

lack of uniformity in distribution of the Chaetognatha of the 

San Diego region. Some of these examples are as follows: 

1. On July 18, 1908, two surface hauls, 1559 and 1560, were 

made with the same net in the region of Cortez Banks at 32° 

24:2 N and 119° 6:2 W. Haul 1559 was made at 6:20 am., 

lasted 10 minutes, and contained 2,000 specimens of Sagitta 

bipunctata. Haul 1560 was made at 7:20 a.m., lasted 40 min- 

utes, and contained 527 of the same species. The temperature of 

the water during each haul was 16°5 C. If, as indicated by the 

temperature, the current remained uniform during both hauls, 

then the net filtered four times more water during haul 1560 

than during haul 1559. Consequently the number of 8. bipunc- 

tata varied from 15 at 6:20 am. to 1 at 7:20 am. per unit 

volume of water. 

2. On July 24, 1908, two surface hauls, 1597 and 1600, were 

made with the same net. The temperature during each haul was 

20°5 C., and the salinity varied from 33.549 during the first haul 

to 33.603 during the second. Haul 1597 was made at 4:26 am. 

at 32° 51!4 N and 117° 22:2 W. Haul 1600 was made at 4:58 
oe a.m., and the position of the ‘‘ Agassiz’’ was 0/1 farther north and 

0:4 farther west. Each haul lasted 20 minutes. Haul 1597 con- 

tained 75 and haul 1600, 3 specimens of S. bipunctata. Thus the 

number of specimens varied from 25 to 1 per unit volume of 

water. 

3. On June 17, 1909, two surface hauls, 1659 and 1661, were 

made with the same net while the ‘‘Agassiz’’ was tied to its 

mooring. Haul 1659 lasted from 5:00 to 6:00 p.m. and contained 

13 specimens of S. bipunctata. Haul 1661 lasted from 6:45 to 

7:30 p.m. and contained 550 specimens of the same species. 

Unless the current changed between 5:00 and 7:30 p.m., the net 

filtered one-fourth more water during haul 1659 than during 

haul 1661 and the number of specimens obtained per unit volume 

of water would be in the proportion of about 1 to 56. This differ- 

ence is all the more striking when we consider that two other 

hauls were made with the same net at the same mooring on the 
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same evening, one from 6:00 to 6:45 p.m., the other from 7 :30 

to 8:00 p.m., which did not contain a single Chaetognath, and 

that the temperature of the water was 1824 C. during all four 

hauls. 

4. On June 21, 1909, two surface hauls, 1680 and 1682, were 

made with the same net, the former at 32° 52:0 N and 117° 32:9 

W, and the latter 0:1 farther north and 0:2 farther west. Haul 

1680 began at 7:00 p.m., haul 1682 at 7:40 p.m., and each lasted 

35 minutes. The former contained 3600 and the latter 80 speci- 

mens of S. bipunctata. Thus, within one hour the number of 

specimens varied from 45 to 1 per unit volume of water. 

5. On June 28, 1909, four surface hauls, 1744, 1747, 1751, and 

1754, were made with the same net at 32° 52:0 N and 117° 30:0 W. 

Haul 1744 lasted from 5:00 to 5:20 p.m., haul 1747 from 6:35 

to 7:11 p.m., haul 1751 from 7:15 to 8:00 p.m., and haul 1754 

from 8:10 to 8:50 p.m. The first haul contained 2 specimens 

of S. bipunctata, the second contained none, the third contained 

155, and the fourth contained 1100. The temperature of the 

water was 19°2 during haul 1744, and the salinity was 33.648 

During the other three hauls the temperature was 19.2° and the 

salinity was 33.603. The number of specimens per unit volume 

of water bear the proportion of 1 to 0 to 128 to 1100. 

6. On July 9, 1909, three surface hauls, 1850, 1854, and 1860, 

were made with the same net at 32°52’3 N and 117° 20:0 W. 

The temperature of the water was 18°8 C. during the first two 

hauls and 18°62 during the third. The salinity was 33.690 

during haul 1850, 33.570 during haul 1854, and 33.589 during 

haul 1860. Haul 1850 lasted from 3:30 to 4:15 a.m., haul 1854 

from 4:20 to 5:15 a.m., and haul 1860 from 5:18 to 6:25 a.m. 

The first contained 270 specimens of S. bipunctata, the second 

contained 6, and the third contained 4. From 3:30 to 6:25 a.m. 

the number of specimens per unit volume of water varied from 

135 tod! 

7. This example illustrates the rapid rate with which some 

physieal conditions of the water may change. Surface haul 

1868, made on July 9, 1909, from 7:03 to 7:36 p.m. at 32° 52:3 N 

and 117° 20:0 W, contained 10 specimens of S. bipunctata. A 
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second haul, 1872, made with the same net at the same location 

and lasting from 7:40 to 8:15 p.m. contained 4300 of the same 

species. In this instance. the number of specimens per unit 

volume of water was approximately 1 to 430 but, during the 

first haul, the temperature of the water was 19° C. and the 

salinity 33.589, while during the second haul the temperature 

was 1828 C. and the salinity 33.630. Obviously a change of 022 

in temperature and 0.041 in salinity took place within 37 min- 

utes, and these changes possibly involved an alteration in cur- 

rent and other physical conditions of the water. 

Other instances might be cited, but enough have been given 
u to show that the surface distribution of S. bipunctata is not 

constant for any length of time even in very small areas. The 

objection will be made that hydrographic and meteorological 

conditions change rapidly near the coast but remain constant 

on the high seas. I doubt the validity of such an objection. In 

the first place, owing to variations in wind, rain, hght, baro- 

metric pressure, heat, ete., it 1s very improbable that hydro- 

graphic and meteorological conditions even approach constancy 

on the high seas. In the second place, some of the above 

examples show that S. bipunctata varied in abundance even 

when these conditions, so far as known, remained constant dur- 

ing the period within which the contrasted hauls were made. 

Hydrographic and meteorological conditons of the region in 

which collections are made certainly affect the quantity of 

plankton present, but does this warrant the assumption that 

other conditions do not also affect it? According to Johnstone 

(1908), who has championed the cause of the ‘‘ Kiel school,’’ 

we are justified in making this assumption. He says (p. 157) : 

““The validity of all conclusions as to the general abundance of 

microscopic life in the sea depends on the truth of the postulate, 

that wherever in the sea the physical conditions [italics mine | 

are uniform, there also the composition and abundance of the 

plankton is uniform.’’ 

The truth of this postulate depends upon what is implied by 
‘ the term ‘‘physical conditions.’’ Obviously Johnstone does not 

mean merely physical conditions for, without chemical and 
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bacterial activity in the sea, plankton could not exist. If 

‘“nhysical conditions’? mean all conditons in the sea affecting the 

quantity of plankton, then the postulate, while true, is mean- 

ingless, because it reduces to the statement that if all causes are 

uniform their effects will be uniform. Again, if the term 

includes only those conditions in the sea not due to the behavior 

of organisms, the postulate is not true, for it is apparent that 

rate of growth, rate of reproduction, and food-relations of 

marine fauna and flora do influence the quantity of plankton. 

Furthermore, the term may imply that physical conditions have 

a more significant effect than other conditions on the quantity 

of plankton, and that, consequently, we may disregard these 

other conditions in estimating its abundance. If this is true, the 

postulate rests on the assumption that the effects of these other 

conditions are known, for otherwise we could not distinguish 

more significant from less significant effects. It is, however, 

difficult to believe that all effects on the quantity of plankton 

in an area of 133,800 square miles could be discovered from 

evidence obtained during one haul. Finally the term may imply 

that, owing to a perfect equilibrium between all conditions 

affecting the quantity of plankton, knowledge of the effects of 

some may be regarded as an index to the effects of all. This 

supposition, however, involves the enormous assumption that 

such an equilibrium does exist, and this is certainly not justified 

by the present state of our knowledge. 
‘ Evidently the term ‘‘physical conditions’’ lacks meaning in 

the sense in which it is used, and consequently the above postu- 

late collapses. Therefore, all calculations based upon this postu- 

late necessarily lead to erroneous conclusions. 

Any postulate concerning the abundance of plankton that 

fails to recognize the influence of organisms on this abundance 

is inadequate. This is well illustrated by the investigations of 

Herdman, Seott, and Dakin (1910) who have conducted a very 
‘ 

extensive, as well as ‘‘intensive study of the marine plankton 

around the south end of the Isle of Mann.’’ After very careful 

and excellent investigations they conclude (p. 295): ‘‘Some 

organisms show a remarkable regularity in their time of appear- 

— 
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ance. For example, the nauplii of Balanus began to appear on 

February 22nd in ’07, on February 13th in ’08, and on Febru- 

ary 6th in ’09. This is one of the cases where it is clear that 

the normal sequence of events in the life-history of the organ- 

ism is the dominant factor in determining the constitution of 

the plankton at a definite time and place—the periodic repro- 

duction of the Balanus causes the nauplii to appear in the plank- 

ton at a certain time.’’ Again (p. 296): ‘‘Many other swarms 

of neritic, and especially meroplanktonic, forms (such as crab 

zoeas and fish eggs) are similarly due to the succession of stages 
7? in the life history We are therefore compelled to 

acknowledge a very definite causal relation between rate of 

reproduction and variations in the quantity of plankton. 

The influence of organisms on the abundance of plankton is 

illustrated further, and from quite a different standpoint, by 
? the effects of ‘‘red-water’’ due to Gonyaulax, on various marine 

animals, which is discussed by Torrey (1902) in an article en- 

titled ‘‘An unusual occurrence of Dinoflagellata on the Cali- 

fornia Coast.’ He says (p. 187): ‘‘It was first noticed on July 7 

as a red streak off the mouth of San Pedro Harbor. During the 

next few days it approached the shore, changing its shape and 

dividing into several patches, each many acres in extent. 

The ‘red-water’ extended for two hundred miles at least along 

the coast, from the region of Santa Barbara to San Diego, and 

extended several miles to sea.’’ On July 20 Torrey noticed a 

‘‘sickening odor’’ arising from the ‘‘red-water,’’ and during the 

next few days he found the following animals on the beach, 

which were either dead or debilitated. Several hundred 

Trachostoma arenata, many smelts, Petrolisthes cinctipes, and 

Cancer antennaius, great numbers of Hippa analoga, a number 

of Tevila crassatelloides, and several Mylobatis californicus, 

Urolophus halleri, and octopi. It is also noted that “‘ wherever 

it [red-water] was seen the fishermen reported a scarcity of 
5 

food fishes.’’ While most of the animals known to have been 

affected are not included in what we eall plankton, still it is 

improbable that the plankton was unaffected and, if so, we must 

acknowledge that the abundance of plankton may be influenced 

by the occurrence of large numbers of Gonyaulaz. 
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It may be claimed that, if the physical and chemical con- 
‘ ditions in the ‘‘red-water’’ area had not been what they were 

Gonyaulax would not have occurred in such large numbers and, 

consequently, the effect of Gonyaulax on the abundance of 

organisms was, after all, due to physical and chemical causes. 

However, is it not equally true that the effects of the physical 

and ¢hemieal condition of the water on the abundance of organ- 

isms were due to biological causes? Obviously, had Gonyaulax 

not been present, the physical and chemical condition of the 

water could not have disabled or killed the animals above men- 

tioned. This tendeney so frequently displayed by biologists to 

resolve biological activities into physical and chemical causes is 

based on the assumption that an organism is nothing but a 

physical and chemical complex. While this may be speculatively 

true, we should only be practically justified in saying that the 

effect which Gonyaulax had on the organisms in the vicinity 

of San Pedro was entirely due to physical and chemical causes, 

if we had learned to make this animal out of physical mixtures 

and chemical compounds. 

To adequately estimate the quantity of plankton in a given 

area of the sea we must consider the influence of biological as 

well as physical and chemical conditions. In addition to the 

effects of wind, clouds, fog, rain, snow, ice, light, heat, time of 

day and season, depth, temperature, salinity, gas-content, and 

chemical composition of the water, this involves the effects of 

erowth, reproduction, food-relations, and other activities of 

marine organisms. These factors are more or less correlated, 

but, as demonstrated by Kofoid (1903), there are variations in 

the quantity of plankton which are nearly, if not entirely, in- 

dependent of the particular effects of hydrographic and meteoro- 

logical conditions. Concerning this Kofoid (1903, p. 503) says: 

‘*Somewhat regular alternations of growth and rest, of fission and 

spore formation, or of parthenogenesis and sexual reproduction, 

are fundamentally the basis of cyclic movement in [plankton | 

production. The amplitudes, and to some extent the location 

and duration of the pulses, are plainly affected by the various 

factors of the environment... . by lght, temperature, vegeta- 

ee 

a ne 
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tion, tributary water, various hydrographic factors, and by food 

supply, and possibly, also, by chemical conditions not directly 

concerned in nutrition, but the available data fail completely to 

afford any satisfactory environmental factor or group of factors 

which stands in correlation, even remotely obvious with this 

eyclic movement in production. I therefore class this periodic 

growth, these sexual cycles which cause volumetric pulses, under 

the head of internal factors. The element of periodicity in 

itself does not seem to be consequent upon any known external 
b factor.’’ On the basis of these facts we must agree with Kofoid 

(1903) that ‘‘If this cyclic movement in production be charac- 

teristic of the plankton generally, freshwater and even marine, 

it must follow that scattered and irregular collections, or those 

at intervals exceeding a week or at most a fortnight, may fail 

entirely to give adequate representation of the course of plank- 

ton production or relative fertility of a body of water. Chrono- 

logical series throughout the whole seasonal range of climatic 

conditions and at close intervals—of one week or less—are neces- 

sary for any accurate delineation of production and fertility of 

water by the plankton method.’’ This is obviously a laborious, 

time-consuming, and costly method, but it seems to be the only 

accurate one by which definite conclusions concerning the 

quantitative distribution of plankton can be obtained. 

Before concluding these remarks on the problems of distri- 

bution, it is well to emphasize the importance of closing nets in 

obtaining definite knowledge concerning the vertical distribution 

of plankton. Their importance has been recognized by many 

investigators such as Chun, Peterson, Agassiz, Hensen, Apstein, 

Cori, Bergert, Bruce, Giesbrecht, Albert I of Monaco, and 

Kofoid, through whose researches and inventions the closing net 

has been developed to its present state of efficiency. However, 

excepting the Conseil International, ‘‘Siboga,’’ Biscayan, and a 

few other expeditions, most have depended mainly upon open 

vertical nets for collecting data relative to vertical distribution. 

Important conclusions have been based on evidence thus ob- 

tained, one of which is that the surface Chaetognatha of the 

Arctic seas would be found, if at all, in the mesoplankton of 
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temperate and tropical regions. To test this statement I tabu- 

lated all accessible data, and discovered that it rested mainly on 

isolated observations and collections made with open vertical 

nets. 

Data depending on collections made with these nets are of 

questionable value. This has been noted by Agassiz, Fowler, and 

others. In discussing the methods of collecting employed by 
? the ‘‘Challenger’’ expedition Agassiz (1888, p. 35) says: ‘‘The 

old practice was employed of dragging for animal forms at inter- 

mediate depths by means of a tow-net, which, during the several 

operations of lowering, dragging, and hauling back remained 

open; this cannot be regarded as affording acceptable evidence 

of the habitat of such specimens as were obtained.’’ Again 

Fowler (1905, p. 81), after pointing out that S. furcata was 

obtained abundantly in closing nets from 150 to 50 fathoms, and 

that below 200 to 1C0 fathoms the closing net failed to obtain 

the species, says: ‘‘The specimens recorded in open nets below 

100 fathoms were therefore probably caught in the vertical 

journey upward; an instance of the deceptiveness of the method 

of open nets.’’ To illustrate further the inadequacy of these nets 

I have selected the following instances from our data concerning 

the vertical distribution of the San Diego Chaetognatha. 

1. During a period of four years 14 open net hauls were 

made below 110 fathoms, 15 from a variety of depths between 110 

and 25 fathoms, and 13 from above 25 fathoms. Of the 14 hauls 

from below 110 fathoms 12 contained a total of 668 specimens 

of S. serratodentata. Of the hauls from between 110 and 25 

fathoms, one from 75 fathoms contained 6, and one from 25 

fathoms 2 specimens of the same species, while in the 13 hauls 

from above 25 fathoms no specimens were found. 

2. During a period of four years S. lyra was obtained in 10 

out of 21 open net hauls from or below 75 fathoms. During the 

same period 20 open net hauls were made from above 75 fathoms 

which failed to obtain the species. 

Dare we conclude that S. serratodentata does not exist above 

25 fathoms, or that S. lyra does not exist above 75 fathoms? 

Obviously such a conclusion is based on the absence of the species 
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in open net hauls above these depths. However, how do we 

know that, in the hauls from below 110 fathoms containing SN. 

serratodentata and in those from below 75 fathoms containing 

S. lyra, these species were not obtained from 5 or 10 fathoms, 

or even from the surface? Because they were not near the sur- 

face during 20 or even 10,000 hauls made above 25 or 75 fathoms 

does not warrant the assumption that they were not near the 

surface during hauls made from below these depths. This will 

be readily acknowledged when we learn that S. serratodentata 

was obtained in 25 out of 148 surface hauls, and in closing net 

hauls from 10 and 15 fathoms, and that S. lyra was obtained 

in 3 out of 148 surface hauls, and in closing net hauls from 5, 

25, and 50 fathoms. 

These data mean that conclusions based on open net hauls 

relate only to the usual manner in which each species is vertically 

distributed. The significance of this, however, depends on a 

knowledge of the wrusual manner in which each is distributed. 

In other words, a correlation between the vertical distribution 

of each species and all varying conditions affecting this dis- 

tribution cannot be made unless we know how the vertical dis- 

tribution of each species varies. Herein hes the value of the 

closing net. It enables us to know the exact depth from which 

every specimen is obtained, and thus supplies knowledge con- 

cerning the unusual as well as the wswal manner in which each 

species is distributed. 

The first desideratum, then, for an adequate interpretation 

of the facts of vertical distribution is the frequent use of closing 

nets. Used in connection with Ekman’s reversing bottles, and 

accurate deep-sea thermometers, the closing net supphes data the 

value of which can searcely be exaggerated. However, in order 

to solve the problems of vertical distribution, the following pre- 

cautions are necessary : 

1. The area explored must be as small as possible, or the 

observations will be too scattered for comparison. 

2. All conditions affecting the quantity, composition, and 

distribution of plankton in the region studied must be ascer- 

tained, and their effects determined so far as possible. 
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3. To accomplish this, hauls at all depths should be repeated 

as often, and under as great a variety of conditions as possible. 

4. It is advisable, if not necessary, to plan all collecting with 

respect to one problem at a time; otherwise the data will be too 

indefinite to permit accurate conclusions. 

5. Emphasis should be laid upon method of collecting rather 

than on quantity of plankton obtained, for an ounce of plankton 

collected systematically under known conditions, and with 

respect to definite problems means more than a ton otherwise 

obtained. 

In conclusion, all the significant data concerning the distri- 

bution of the Chaetognatha so far obtained is condensed into the 

accompanying table, from which we may provisionally split the 

order into four groups according to temperature relations. 

These groups are as follows: 

1. Eurythermal species, distributed irrespective of tempera- 

ture. This group includes SN. bipunctata, S. heraptera, S. plank- 

tonis, S. serratodentata, and E. subtilis. 

2. Cold water species, temperature 16:0 to 020 or less. This 

group includes S. sibogae, S. macrocephala, S. elegans, E. 

hamata, and possibly S. lyra. 

3. Cool water species, temperature 1920 to 9°5 This group 

includes S. decipiens and Spadella cephaloptera. 

4. Warm water species, temperature 3420 to 15:0. This 

group includes the remaining species, S. enflata, S. pulchra, 8. 

neglecta, S. regularis, S. bedoti, S. feror, S. minima, S. tenws, 

S. gazelle, S. hispida, and Spadella draco. 

It is to be noted that these groups are not sharply defined. 

S. lyra, for instance, while placed in the second group, might be 

placed in the first, although it has a greater tendency than the 

others to confine itself to cold water. S. planktonis, again 1s 

eurythermal regarding vertical distribution, but seems otherwise 

to be confined to temperate and tropical regions. It is quite 

possible that, after more extensive collecting with closing nets in 

the various latitudes, many of the species will be discovered to 

be eurythermal, with regard to vertical distribution, latitude, or 

both. 

—Se 
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DISCUSSION OF VERTICAL DISTRIBUTION OF THE SAN DIEGO 

CHAETOGNATHA 

In any accurate quantitative consideration of the vertical 

distribution of a species, all factors affecting the abundance of 

specimens obtained must be taken into account. Conditions of 

weather, currents, temperature, and salinity of the water, light, 

and season are some of these factors. In addition, each net used 

in collecting filters the water in a unique manner, and even the 

quantity of plankton obtained in two successive hauls with the 

same net usually varies. These net factors as well as the environ- 

mental factors affect the number of specimens obtained and 

their exact effect ought to be ascertained. 

This problem of quantitative estimates would be much 

simpler if our engines and cables had permitted an earlier use 

of vertical closing nets. Being hauled a known distance at a 

known velocity and against gravitation, the pressure of water 

on such nets may be caleulated and their filtering capacities 

determined. Furthermore the nets may be rapidly hauled so 

that the environmental conditions at each depth might be con- 

sidered constant. These nets have, however, been used for only 

a few days during February, March, and April of 1910, and 

while the data obtained are valuable they are not sufficient to 

permit definite conclusions concerning the vertical distribution 

of the various species of this region. 

Since we are compelled to depend mainly upon data obtained 

with surface nets and horizontal closing nets, it is almost impos- 

sible to estimate the effects of net and environmental factors on 

the number of specimens obtained in each haul. Obviously the 

pressure of water is greater on the lower portions of the net, and 

consequently each area of net surface filters the water at a differ- 

ent rate. The distance the net is hauled and the number, direc- 

tion, and velocity of currents encountered have a marked effect 

on the quantity of plankton obtained, and our data supply prac- 

tically no information regarding these factors. Furthermore, 

ten to twenty minutes is consumed in hauling, so it is question- 

able whether or not the environmental conditions of the water 

can be regarded as constant. For these reasons the amount of 
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the water filtered during hauls made with different nets, or with 

the same net at different times, cannot be determined and con- 

sequently the number of specimens obtained in respective hauls 

cannot be accurately compared. 

Owing to this impossibility of estimating the value of each 

horizontal haul, there is apparently only one practicable method 

of quantitatively considering the vertical distribution of the 

organisms. If hauls in each depth are numerous and distrib- 

uted over considerable time, those environmental factors affecting 

the quantity of plankton obtained will not affect every haul 

alike. In fact their effects will tend to cancel one another. Now, 

if we consider the average number of specimens per haul 

obtained from each depth, we are justified in neglecting the 

effects of these factors. However, the time consumed during 

each haul has varied, so it is necessary to standardize the aver- 

age number of specimens per haul with respect to time. <A period 

of one hour is selected for this purpose. In the following dis- 

cussion, therefore, the average number of specimens per hour- 

haul is regarded as the unit for quantitative comparison. 

Had the same closing net always been used in collecting, this 

method, while not absolutely accurate, would yield a fair aver- 

age estimate of the relative abundance of specimens from each 

depth. However, the Kofoid closing net and the Nansen closing 

net were used and this necessitates standardizing the hauls made 

by one net with those made by the other. While the nets are 

proportionally similar, the orifice of the former is 37.0 em. in 

diameter, and that of the latter 109.5¢m. Since zr? equals the 

area of the orifice, it follows that the portion of a given volume 

of water filtered by the Kofoid net is to that filtered by the Nan- 

sen net as the square of the radius of the former is to that of 

the latter. In other words, if r—the radius of the Kofoid net, 

R = that of the Nansen net, w = water filtered by the Kofoid net, 

and W == that filtered by the Nansen net, then as the nets are 

: ar ; 2 r w7zR?_ wR? 
proportionally similar, w: W::zr?:7R? or W = —— 

aT” re 
io =e 54.75)” 

Now r=—18.5 em. and R = 54.75 em., hence W = i . x w 
O} 40) 

or approximately w X 8. 
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In this calculation it is assumed that both nets have the same 

size of mesh, but this is not true. The mesh of the Kofoid net is 

No. 000 and that of the Nansen net No. 1. Obviously, other 

things being equal, more water will be filtered by the net having 

the larger mesh, which means that W-= less than w X 8. 

However, owing to the fact that the nets are towed horizontally, 

the exact effect of this difference in mesh on the amount of 

water filtered cannot at present be calculated. The number of 

specimens obtained from each depth by each net are, therefore, 

uncorrelated and in the following discussion allowance must be 

made for this fact. 

Finally, it is obvious that a surface net of 000 mesh with an 

orifice of 97.5¢em. in diameter will filter more water than the 

Kofoid net would if hauled in place of the former. Theoretic- 

ally the amount of water filtered during a given surface haul 

would be to that filtered by the Kofoid net as the square of the 

radius of the former is to that of the latter. In other words, to 

standardize the number of specimens obtained by the surface 

net with that.obtained by the Kofoid net the number ought to 

(18.5)? = radius? of Kofoid net 

(48.75)? — radius? of surface net 

is theoretically required, the resulting fraction 1/7 is found 

While this be multiphed by 

empirically to be far too large. Because this calculation is mis- 

leading it seems best to allow for lack of correlation between 

surface and closing net hauls and regard the average number of 

specimens obtained per hour from the surface without attempting 

correction. It will be found that the effects of varying environ- 

mental conditions on the manner in which each species is distrib- 

uted are apparent in spite of this lack of correction. 

Although ten species of Chaetognatha were taken from the 

region of San Diego, lying between 32° 20’ and 33° 30’N and 

extending from the coast to 119° W, the region is characterized 

by an enormous preponderance of one species. Including all 

hauls from all depths the number of specimens of each species is 

as follows: 
SSibipumetata se oes See sae ee te eae tee eee 51,670 

5S PMR 2 01 0 F202 a RRS aA a ge A eee 10,127 

Swiserratode@mtater 2.20 sees weceer ee cote enone 6,575 

Shy eak se eosesce oe ce eset cee i ne 271 

Su Neglect) ss...) se a ea eee see eee 127 
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1B), LaehenGy i, ES a ee oe eee eee eee ne 72 

LOLA UAT ge Bo ae ee a ee Se ED ed oe aE 50 

Sree old ech ONT een. Cre ese eee te A st ee ee 41 

TS Tal LES. OAC or ore een oan ie Rees eee 28 

MRNA COnes = stakes Cio ee oS ee Re i 

Owing to the fact that S. bipunctata is the most abundant, 

it is best to consider its manner of distribution first. 

VERTICAL DISTRIBUTION OF SAGITTA BIPUNCTATA. 

Of the total number of this species obtained, 32,601 were 

taken from the surface, 17,144 in open vertical nets from depths 

varying from 2 to 500 fathoms, 303 in vertical closing nets from 

between 150 fathoms and the surface, and 1,322 in horizontal 

closing nets. Neglecting those obtained with open vertical and 

vertical closing nets, we find that from July 23, 1904, to April 

21, 1910, 148 surface hauls were made, of which 108, or 72 per 

cent, obtained the 32,601 specimens mentioned. The horizontal 

closing nets obtained a total of 283 specimens in 7 out of 11 

hauls made between 4 and 6 fathoms, 71 in 6 out of 15 hauls 

between 7 and 12 fathoms, 683 in 13 hauls between 15 and 20 

fathoms, 128 in 8 out of 19 hauls between 25 and 35 fathoms, 

147 in 6 out of 20 hauls between 40 and 75 fathoms, and 10 in 

4 out of 19 hauls between 100 and 150 fathoms. Although 21 

hauls were made between 160 and 350 fathoms, the species was 

not obtained. These data are shown to better advantage in the 

following table. 

TABLE 36 

Vertical Distribution of S. bipunctata based on Surface and Horizontal 

Closing Net Hauls 

Depth Number of hauls? Number of Number of specimens 
in —— —_, hours of 

fathoms Total Successful hauling Total Per hour Frequency” 

0 136 96 96.7 29,696 307 70 

4—6 11 7 3.0 283 92 64 

7-12 15 6 4.6 ca 15 40 

15-20 13 13 3.5 683 195 100 

25-35 19 8 5.3 128 24 42 

40-75 20 6 5.7 147 26 30 

100-150 19 4 6.5 10 2 21 

0 9.0 0 0 160-350 21 

1 The durations of hauls 216-1416 are unknown, and they are, therefore, 
not included in this table. 

* By frequency is meant the percentage of hauls in which the species 
appeared without reference to abundance of specimens obtained. 
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This table marks a distinction between frequency and abund- 

ance of S. bipunctata at each depth. While it is most frequent 

in 15-20 fathoms it appears most abundant on the surface. It is 

fifth in frequency and sixth in abundance in 7-12 fathoms, 

sixth in frequency and fourth in abundance in 40-75 fathoms, 

and fourth in frequency and fifth in abundance in 25-35 fathoms. 

However, in 4-6 and 100-150 fathoms the frequency and abund- 

ance are parallel. 

We should naturally expect complete parallelism between 

frequency and abundance, but we find it imcomplete. What. 

then, does this lack of parallelism signify? Is it due to an in- 

sufficient number of hauls, to lack of correlation between hauls 

made with surface and closing nets, to an uneven distribution 

of hauls with respect to varying environmental conditions, or to 

a combination of all these influences? 

It is obvious that accuracy of the percentage of successful 

hauls varies with the total number made. Thus the chance of 

error in the frequency of 100 based upon 13 hauls in 15-20 

fathoms is much greater than that in the frequency of 70 based 

on 136 surface hauls. Had 136 hauls been made in each depth 

the frequencies noted in the table would undoubtedly be altered. 

On the other hand, it was previously stated that the surface 

net was larger in orifice than the Kofoid closing net, and that 

the former, therefore, filtered more water per unit length of 

haul than the latter. Theoretically we estimated that the average 

number of specimens obtained per hour from the surface ought 

to be divided by 7 in order to correlate the number with that 

obtained from each depth by the closing nets. If this were done, 

however, the number would be reduced to 44, which is much too 

small to represent the relative number of specimens obtained. 

We can only be sure that the 307 specimens from the surface 

should be smaller. Possibly it should be less than 195. 

Far more important than either an insufficient number of 

hauls or lack of correlation between surface and closing net 

hauls is the fact of their uneven distribution with respect to 

varying environmental conditions. Variations in temperature, 

salinity, currents, and hght have all doubtless affected the 
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number of specimens obtained in each haul. Consequently, an 

average based upon hauls irregularly distributed with respect 

to these factors is necessarily misleading. 

These facts—insufficient number of hauls, lack of correlation 

between surface and closing net hauls, and irregular distribution 

of hauls—will explain the disagreement noted between fre- 

quency and abundance. However, we may safely conclude: 

1. S. bipunctata is typically epiplanktonic,’ occurring be- 

tween the surface and 150 fathoms. 

2. It is rarely found below 75 fathoms. 

3. It is most frequent and abundant between the surface and 

20 fathoms. 

EFFECT OF DAY AND NIGHT ON THE VERTICAL DISTRIBUTION 

OF SAGITTA BIPUNCTATA 

It has just been noted that, owing to irregularity in distribu- 

tion of hauls with respect to varying environmental conditons, 

the average number of specimens per hour obtained from each 

depth is misleading. Because our data regarding day and night 

are more complete than those concerning other environmental 

factors, it is desirable to consider the influence of this factor on 

vertical distribution before undertaking to interpret the effects 

of variations in other factors. 

By separating all hauls made between 6 a.m. and 6 p.m. from 

those made between 6 p.m. and 6 a.m., the general effect of day 

and night on vertical distribution may be considered. Such data 

are supphed in the following table: 

1 Fowler (1906, p. 47) defines the terms epiplankton and mesoplankton as 
follows: Epiplankton includes all plankton above the region of 100 fathoms. 
Mesoplankton includes that between 100 fathoms and to within about 100 
fathoms of the bottom. 
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TABLE 37 

Table showing the effect of Day and Night on Distribution of 

S. bipunctata 

. Daylight, or 6 a.m. to 6 p.m. 

Depth Number of hauls Number Number of specimens 

fathouis Total Successful ee Total Per hour Frequency 

0 78 48 54.4 6,902 108 62 

4—6 5 3 1.8 81 45 60 

7-12 8 2 2.4 20 9 25 

15-20 i 7 9 581 305 100 

25-35 12 5 3.3 121 37 42 

40-75 12 4 3.2 139 44 33 

100-150 8 2 2.5 3 1 25 

Night, or 6 p.m. to 6 a.m. 

0 58 48 42.3 22,794 539 83 

4—6 6 Was 202 136 67 

7-12 if 2.2 51 23 57 

15-20 6 6 LG 102 64 100 

25-35 7 3 2.0 7 3 43 

40-75 8 2 2.6 8 3 25 

100-150 10 2 4. 7 2 18 

This table shows that the ratios between the average number 

of specimens per hour obtained during the day and the average 

number obtained during the night are as follows: surface 1 to 

5.0; 4-6 fathoms 1 to 3.0; 7-12 fathoms 1 to 2.6; 15-20 fathoms 

4.8 to 1; 25-35 fathoms 12 to 1; 40-75 fathoms 14 to 1. Further- 

more, the frequency in each depth during the day is to that 

during the night as 62 to 83 on the surface, 60 to 67 in 4-6 

fathoms, 25 to 57 in 7-12 fathoms, 100 to 100 in 15-20 fathoms, 

42 to 43 in 25-35 fathoms, and 33 to 25 in 40-75 fathoms. To 

sum up, these data show that during the night S. bipunctata is 

more frequent and abundant between the surface and 12 fathoms, 

while it is less so between 15 and 75 fathoms. This probably 

means that the species migrates in greatest number from all 

depths below 15 fathoms toward the surface during the night, 

while during the day it migrates in greatest number from all 

depths above 15 fathoms toward deeper water. 
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That there should be lack of parallelism between frequency 

and abundance in each depth, and why there should be such an 

abrupt drop in 7-12 fathoms is probably due to the following 

factors: (1) insufficient number of hauls, (2) impossibility of 

standardizing the filtering capacities of surface nets with closing 

nets, and (3) irregular distribution of hauls with respect to the 

effects of cloudy and foggy days, and moonht nights. However, 

whatever effects these factors may have cannot offset the fact 

that a very evident difference between day and night distribu- 

tion exists. 

The question nouurally arises, if this species migrates toward 

and away from the surface, at what time of day or night does it 

attain its maximum abundance in each depth? To determine 

this the specimens obtained from each depth have been segre- 

gated into groups according to two-hour periods as indicated in 

the following table: 
TABLE 38 

Number of specimens of S. bipunctata per hour obtained with respect to 

Time of Day. 

Equal intervals of time throughout day and night 
12-2 2-4 4-6 6-8 8-10 10-12 12-2 2-4 4-6 6-8 8-10 10-12 

Depth am. am. am. am. am. am. pm. Pm. Pm. P.M. Pm. P.M. 

0 sp. 24 166 338 S19 169 10 23 19 153 839 383 33 

min. 218 100 646 315 556 420 324 406 852@1154 33 90 

4—6 sp. BO: mere 3 BXOe Beseee Scaeeces Oo ie eee ae ss 254 30 = 

min. 10 0 24 50 0 0 46 0 0) 45 10 0 

7-12 sp. (Oe Saseeeee 41 31 ON F-2- Oy \zaee 3 PAE enbere 

min. 11 0 22 35 17 10) 52 0 40 97 0 0 

15-20 sp. 36 === 96 Pate -BXOe} ASU seeceee 32 52 102 17 - 

min. 10 0 45 20 33 10 0 13 BT 10 39 0 

25-35 SDS eee 3 1 Dyess 138 0 0 Ik Seccee 0 

min. 0 0 35 113 23 0 40 15 10 67 0 15 

40-75 SDs tear Geeroc 0 0 Ot 79 1 7 7 0 

min. 0 0 63 15 22 22 53 52 25 75 20 10) 

100-150 Spe 0). eect, v-teee 1 10) 0 0 4 0) 2 6 10) aise 

min. 0 0 110 14 10 18 17 10 80 50 84 0 

In this table sp. = number of specimens per hour, and min. = number of 
minutes consumed in hauling. Wherever number of specimens is not recorded 
no hauls have been made, but wherever hauls were made and no specimens 
obtained, a 0 indicates this fact. 

From this table we learn that S. bipunctata appears in maxi- 

mum abundance between 6 and 8 ae on the surface and in 

4-6 fathoms, between 4 and 6 a.m. in 7-12 fathoms, between 8 and 

10 a.m. in 15-20 fathoms, between noon and 2 p.m. in 25-35 

fathoms, and between 10 a.m. and noon in 40-75 fathoms. 
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Furthermore, the data show two maxima in every depth above 

20 fathoms. One occurs between 6 and 10 a.m. and the other 

between 6 and 8 p.m. Excepting the depth of 100-150 fathoms, 

only one maximum occurs in each depth below 25 fathoms and 

that between 10 a.m. and 2 p.m. What does this irregular dis- 

tribution of maxima signify? Is it merely the effect of chance 

due to the small amount of hauling, or is some other explanation 

necessary ? 

The small number of hauls may have affected this distribu- 

tion of maxima in some depths, but it will not explain the 

presence of two maxima on the surface. In correlating the 

number of S. bipunctata on the surface with time of day it is 

evident that the species increases in abundance from midnight 

till it reaches a morning maximum between 6 and 8 a.m., and 

after decreasing rapidly to a minimum between 10 a.m. and 4 

p-m., it increases again till it reaches an evening marimum 

between 6 and 8 p.m. It then gradually decreases to a midnight 

miumum. As most of our collecting was done during June and 

July, these data teach us that the positions of these maxima 

approximately correspond to the time of sunrise and sunset. To 

be more exact, the species attains its morning maximum on the 

surface within an hour after sunrise, and its evening maximum 

within an hour after sunset. This indicates that the species 

migrates toward the surface during twilight and away during 

bright daylight and darkness. 

If this is true, we should expect a greater abundance of 

specimens on the surface during evening than during morning 

twilight, for the hght increases in intensity at dawn while it 

decreases during the evening. Consequently, if the species 

migrated to the surface during morning twilght its migration 

would soon be checked owing to the increasing intensity of light, 

while its migration during the evening would remain un- 

checked. The fact that the evening maximum is the larger 

harmonizes entirely with this hypothesis. Why the species 

should leave the surface so soon after attaining its evening 

maximum abundance is puzzling. It may be due to the small 

amount of collecting between 10 p.m. and 4 a.m., to possible 
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cessation of activity or quiescence of the animals which would 

cause them to sink, since their specific gravity is greater than 

that of water, or more probably to the usual relatively high 

surface temperature (see p. 132). 

It is obvious that when light increases in intensity the water 

nearest the surface is first affected, while when it decreases the 

reverse is true. During morning twilight, therefore, we should 

expect the species to ascend first from 4-6 fathoms, later from 

7-12 fathoms, and still later from 15-20 fathoms. During even- 

ing twilight, however, we should expect migrations first from 

deeper water. Again, after the morning light becomes too in- 

tense, the animals ought to leave the surface first and the sue- 

ceeding depths later. While our data are inconclusive owing to 

absence of closing net hauls during many periods of the day, 

still, when we endeavor to ascertain where the increasing number 

of specimens on the surface come from and where those leaving 

the surface go to, the following few facts extracted from table 

38 are significant. 

_ 1. While an increase from 24 to 338 specimens per hour on 

the surface took place from midnight to 4-6 a.m. the number in 

4-6 fathoms decreased from 36 to 3. Evidence of what hap- 

pened in 7-12 fathoms is lacking, but in 15-20 fathoms the 

number increased from 36 to 96. This suggests that the inten- 

sity of twilight between 4 and 6 a.m. was sufficient to cause 

upward migrations from 4-6 but not from 15-20 fathoms. 

2. While the number of specimens per hour on the surface 

increased from 338 between 4 and 6 a.m. to a morning maximum 

of 519 between 6 and 8 a.m., the number in 4-6 fathoms in- 

creased from 3 to 80, while that in 7-12 fathoms decreased from 

41 to 31, and that in 15-20 fathoms from 96 to 27. This indi- 

eates that the intensity of light after sunrise was sufficient to 

cause upward migrations from 7-12 and 15-20 fathoms, some 

specimens reaching the surface while others accumulated in 4-6 

fathoms. 

3. Combined with a decrease from 519 specimens per hour 

on the surface between 6 and 8 a.m. to 169 between 8 and 10 

a.m. and a decrease in 7-12 fathoms from 31 to 0, is an increase 
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in 15-20 fathoms from 27 to 908. Does this signify that the 

intensity of hght above 15 fathoms caused the species to migrate 

downward, while that below 20 fathoms was subdued enough 

to cause them to migrate upward? The data are too incom- 

plete to warrant such a conclusion, but it is suggested from the 

fact that the species attained its maximum abundance in 15-20 

fathoms at this time. 

4. During the next period, 10 a.m. to noon, the number of 

specimens on the surface decreased from 169 to 10 per hour, and 

that in 15-20 fathoms decreased from 908 to 180, while the 

species makes its first appearance in 40-75 fathoms, an average 

of 177 specimens per hour having been obtained. Owing to lack 

of collecting in 4-6, 7-12, and 25-35 fathoms at this time, the 

meaning of this is uncertain. However, it is probable that the 

intensity of light in 15-20 fathoms is much greater between 10 

a.m. and noon than between 8 and 10 a.m., and if so we should 

expect downward migrations from this depth. Similarly between 

noon and 2 p.m. the maximum number of specimens was found 

in 25-35 fathoms and the next most abundant number in 40-75 

fathoms. 

5. From between 2 and 4, 4 and 6, and 6 and 8 p.m., the 

number of specimens per hour on the surface increased from 

19 to 153 to 889. In 7-12 fathoms it increased from 3 between 

4 and 6 p.m. to 23 between 6 and 8 p.m. In 15-20 fathoms it 

increased from 32 to 75 to 102. We should expect this evening 

increase to begin first in deeper water and appear last on the 

surface. Lack of hauling prevents determining this point, but, 

since this species was not taken below 150 fathoms, its occurrence 

in maximum abundance in from 25 to 75 fathoms between noon 

and 2 p.m. and in minimum abundance between 2 and 4 p.m. 

suggests that upward migration from these depths begins early 

in the afternoon. 

These facts, while they do not prove that intense light causes 

downward and subdued hght upward migrations, certainly point 

strongly in this direction. 

Before leaving this question of the effect of light on the dis- 

tribution of this species, it 1s well to consider evidence obtained 
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from collections made at consecutive times during the same day. 

This will enable comparison of actual instead of average numbers 

of specimens obtained. Because our closing nets were rarely 

employed during consecutive times in the same depths, such 

evidence relates entirely to surface collections. Here are a few 

data. 

1. On June 16, 1909, the sun set at 7:10 p.m. Four surface hauls (1650, 

1653, 1655, and 1657) were made with the same net. The first lasted from 

5:10 to 5:55 p.m., the second from 6:10 to 6:45 p.m., the third from 6:55 

to 7:20 p.m., and the fourth from 7:25 to 8:00 p.m. The first haul con- 

tained 15, the second 40, the third 75, and the fourth 5100 specimens of 

S. bipunctata. Expressing these numbers with respect to hour-hauls, they 

are 20, 69, 180, and 8743. In other words, from two hours before until 50 

minutes after sunset the number of specimens on the surface increased 437 

times and, while the number increased only 9 times during the first 2 hours 

and 10 minutes, it increased 48 times during the next 40 minutes. 

2. On the next day, June 17, 1909, sunset occurred between 7:10 and 

7:11 p.m. From 5 to 6 p.m. one surface haul (1659) was made which con- 

tained 13 specimens, and from 6:45 to 7:30 p.m. a second haul (1661) was 

made which contained 550 specimens. Standardizing these numbers with 

respect to hour-hauls, we find that S. bipunctata increased 56 times in abund- 

ance from 1 hour and 10 minutes before till 20 minutes after sunset. 

3. On June 21, 1909, the sun set at 7:12 p.m. One surface haul (1673) 

lasting from 6 to 6:25 p.m. contained 30, and a second haul (1680) lasting 

from 7 to 7:35 p.m. contained 3600 specimens. In other words, the number 

when standardized with respect to hour-hauls, increased 86 times from 47 

minutes before till 23 minutes after sunset. 
- 

4. On June 24, 1909, sunset occurred at 7:13 p.m. Haul 1728 lasting 

from, 5:10 to 6:10 p.m. contained 72, haul 1731 lasting from 6:15 to 7:00 

p-m. contained 50, and haul 1734 lasting from 7:03 to 7:40 p.m. contained 

103 specimens of S. bipunctata. Expressing these numbers according to 

hour-hauls they are 72, 67, and 167. Therefore, the number of specimens on 

the surface increased threefold from 13 minutes before till 27 minutes after 

sunset. 

5. On June 28, 1909, the sun set at 7:12 pm. Haul 1744 lasting from 

5 to 6:20 p.m. contained 2, haul 1751 lasting from 7:15 to 8 p.m. contained 

155, and haul 1754 lasting from 8:10 to 8:50 p.m. contained 1100 specimens 

of S. bipunctata. Expressed according to hour-hauls these numbers are 2, 

207, and 1650. Here the number on the surface increased 103 times from 

52 minutes before till 48 minutes after sunset, while during the next 50 

minutes it increased only S& times. 

6. On July 9, 1909, sunset occurred at 7:10 p.m. Haul 1868 lasting 

from 7:03 to 7:36 p.m. contained 10, haul 1872 lasting from 7:40 to 8:15 

p.m. contained 4300, and haul 1875 lasting from 8:45 to 11:35 p.m. con- 

tained 275 specimens. Expressing these numbers according to hour-hauls 

they are 18, 7371, and 97. Hence between 26 minutes and 1 hour and 5 min- 
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utes after sunset the number of specimens increased 409 times, and during 

the next 3 hours it decreased, which suggests that the species attains its 

maximum abundance within an hour after sunset. 

7. On February 8, 1910, the sun set at 5:50 p.m. Three surface hauls 

(2010, 2014, and 2024) were made. The first, lasting from 2:52 to 4:25 

p-m., contained 55, the second, lasting from 4:50 to 6:15 p.m., contained 

220, and the third, lasting from 6:57 to 7:54 p.m., contained 165 specimens. 

Expressed according to hour-hauls these numbers are 35, 155, and 174. This 

means that from 3 hours before till 25 minutes after sunset the number 

increased fourfold, while it increased but slightly during the next hour and 

49 minutes. 

8. On March 17, 1910, the sun set at 6:10 p.m. Six surface hauls (2070, 

2078, 2082, 2085, 2096, and 2101) were made. They lasted respectively from 

1:30 to 2:18 p.m., 2:20 to 3:34 p.m., 3:40 to 4:30 p.m., 4:45 to 5:10 p.m., 

6:15 to 6:50 p.m., and 6:55 to 7:30 pm. They contained respectively 3, 4, 

13, 7, 125, and 472 specimens. Expressed according to hour-hauls these 

numbers are 4, 3, 16, 17, 214, and 809. Hence, during the period of 4 hours 

before sunset the nwmber of specimens only quadrupled, while an hour after 

sunset found the number 13 times larger, and during the succeeding 40 

minutes the number quadrupled again. 

The following instances (9 to 13) concern variation in 

abundance relative to sunrise. 

9. On June 27, 1908, sunrise occurred at 4:53 a.m. Two surface hauls 

(1509 and 1512) were made which lasted respectively from 5:58 to 6:15 a.m. 

and 6:20 to 6:45 a.m. The former contained 72 and the latter 60 specimens 

of S. bipunctata. Expressed according to hour-hauls these numbers are 306 

and 120, which means that the number of specimens on the surface 1 hour 

and 52 minutes after sunrise was approximately one-third of that present 

30 minutes earlier. In this instance the first haul began an hour after sun- 

rise, so it is probable that the morning maximum occurred before the time 

of hauling. 

10. On July 24, 1908, the sun rose at 5:08 a.m. Two surface hauls (1597 

and 1600) lasted respectively from 4:26 to 4:46 a.m. and 4:58 to 5:18 a.m. 

The former contained 75 and the latter 3 specimens of S. bipunctata. Ex- 

pressed accordng to hour-hauls the numbers are 229 and 9. This means that 

22 minutes before sunrise the animals were 25 times more abundant than at 

10 minutes after sunrise. 

11. On July 2, 1909, the sun rose at 4:55 a.m. Haul 1784 lasting from 

4:50 to 5:11 a.m. contained 618, and haul 1791 lasting from 6:37 to 7:00 

a.m. contained 41 specimens of S. bipunctata. Expressed according to hour- 

hauls the numbers are 1769 and 104. In other words, the number of speci- 

mens on the surface 16 minutes after sunrise was 17 times greater than that 

1 hour and 40 minutes later. 

12. On July 9, 1909, the sun rose at 4:59 am. Three surface hauls 

(1850, 1854, and 1860) lasting respectively from 3:30 to 4:13 a.m., 4:20 to 

5:15 a.m., and 5:18 to 6:25 a.m. were made. The first contained 270, the 
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second 6, and the third 4 specimens of S. bipunctata. Expressed according 
to hour-hauls the numbers are 360, 6, and 4. Thus, from 44 minutes before 
till 16 minutes after sunrise the number of specimens on the surface de- 
creased in the proportion of 90 to 1. 

13. On July 10, 1909, the sun rose at 4:59 a.m. Haul 1888 lasting from 
4:35 to 5:20 a.m. contained 132, and haul 1892 lasting from 5:25 to 5:55 
a.m. contained 15 specimens of S. bipunctata. Expressed according to hour- 
hauls the numbers are 176 and 30. Hence, from 39 minutes before till 56 
minutes after sunrise the number of specimens on the surface decreased in 
the proportion of 6 to 1. 

To emphasize the bearing of the thirteen instances just cited 
I have condensed the data into the following table. 
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While the above instances evidence considerable variation in 

the rates of increase and decrease in abundance, as expressed 

in the column of ratios, the data demonstrate that marked 

decrease occurs about the time of sunrise and marked increase 

directly after sunset. These facts strikingly confirm our former 

inference that S. bipunctata migrates toward the surface during 

subdued hght and away during intense hght and darkness. 

To summarize, the facts and inferences respecting light are: 

1. During the night this species is most abundant between 

the surface and 15 fathoms, while during the day it is most 

abundant below 15 fathoms. 

2. The species appears in maximum abundance on the sur- 

face and in 4-6 fathoms between 6 and 8 p.m., in 7-12 fathoms 

between 4 and 6 a.m., in 15-20 fathoms between 8 and 10 a.m., 

in 25-35 fathoms between noon and 2 p.m., and in 40-75 fathoms 

between 10 a.m. and noon. 

3. In all depths above 20 fathoms the species attains two 

maxima in abundance during the twenty-four hour day, one 

occurring between 6 and 10 a.m., and the other between 6 and 

8 p.m. Below 20 fathoms only one maximum occurs and that 

between 10 a.m. and 2 p.m. 

4. On the surface the species attains its morning maximum 

within an hour after sunrise and its evening maximum within 

an hour after sunset. 

5. It is probable that the species migrates toward that depth 

in which twilight conditions are found. 

VARIATION IN DISTRIBUTION OF S. BIPUNCTATA DUE TO 

TEMPERATURE 

A variation in surface temperature from 13°1 to 2223 C. is 

noted in our data. During February it varied from 13°21 to 

15°5, during March from 14°6 to 15°8, during April from 15°8 

to 16°4, during June from 15:9 to 19°5, during July from 1725 

to 22°3, during August and September from 16°6 to 19°5, and 

during November from 17°25 to 18°25. Hauls were not made nor 

temperatures taken during January, May, October, and Decem- 

ber. The variations noted, however, indicate that a minimum 
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in temperature occurs in the winter months and a maximum in 

June and July. 

These monthly variations in temperature are evidently due 

to seasonal influences. Consequently, unless some definite period 

of the year is selected as a basis for determining the effects of 

variation in temperature on distribution, our interpretations may 

be misleading. Because the greatest number of collections were 

made during June and July I have selected these months for 

this purpose. 

While during these months the temperature varied irregu- 

larly from 1529 to 22°3 the number of hauls made in water of 

known temperature are too few to permit considerations of the 

effects of small changes in temperature on the number of speci- 

mens obtained. I have, therefore, segregated the hauls into three 

groups according to whether the temperature varied from 15°9 

to 17°5, 17°6 to 1925, or 19°6 to 2125. I have not considered the 

only hauls (1568 and 1591) made in water having temperatures 

above 21°5 because, on the basis of two hauls, it is impossible to 

eliminate the effects of light on the number of specimens 

obtained. The following table, therefore, supplies data concern- 

ing the relation between temperature and abundance of S. 

bipunctata with respect to the months of June and July. 

TABLE 40 

Surface Distribution of S. bipunctata with Respect to Temperature 

Temperature Number of hauls Number Number of specimens 

Gebers Total Successful hoes Total Per hour Frequency 

15°9-17°5 21 19 12.4 6818 549 91 

17°6-19°5 53 36 42.8 16274 380 68 

19°6—21°5 12 a 6.4 1422 222 58 

This table shows clearly that the average number of speci- 

mens obtained per hour from the surface is greatest when the 

temperature of the water is least. It also shows that the fre- 

quency is greatest when the temperature is least. 

It may be objected that, on the basis of so few hauls, the 

effect of their uneven distribution with respect to intensity of 

light might account for the results contained in the above table. 
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This objection would be justified if the greatest number of hauls 

in water varying from 1529 to 1725 had been made during morn- 

ing and evening twilight, while those in water varying from 19°6 

to 21°5 had been made during intense daylight. However, as 

frequency means the percentage of hauls in which the species 

appears without reference to number of specimens obtained, its 

parallelism with abundance indicates that the hauls were evenly 

distributed. This is true because, if the species occurred at all, 

uneven distribution of hauls with respect to hght would affect an 

increase or decrease in abundance but not in frequency. To 

demonstrate that hauls were evenly distributed, the following 

table is supplied, which includes only those hauls made during 

daylight. 

TABLE 41 

Surface Distribution of S. bipunctata between 6 a.m. and 6 p.m. 

Temperature Number of hauls Number Number of specimens 

Gditizvade Total Suecessful fetta Total Per hour Frequency 

15°9-1725 17 15 9.7 3033 312 88 

1726-1925 21 12 14.4 395 27 57 

19°6-21°5 | 1 3.0 16 25 25 

These data show that, during daylight, the species is most 

abundant and frequent in water having a temperature between 

15°99 and 17°25. It further shows that the decrease in both fre- 

queney and abundance is significantly greater than that found 

in table 40. This is exactly what would be expected if intensity 

of light affects the distribution of this species. In the former 

table, where twilight hauls are included, the effect of higher 

temperatures in decreasing the abundance of specimens is, to 

some extent, counteracted by the effeet of twilight in increasing 

it. In table 41, however, only a minimum of twilight hauls are 

included, and both the effects of more intense light and higher 

temperatures tend to decrease the abundance. 

Still, this greater decrease in abundance and frequency 

during daylight is possibly affected by an uneven distribution 

of hauls throughout the various times of day. Our data show 

that, while three of the four hauls in water having a tempera- 
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ture between 19°6 and 21°5 were made between 10 a.m. and 

2 p.m., only three of the twenty-one hauls in water having a 

temperature between 17°6 and 1925, and six of the seventeen 

hauls in water having a temperature between 1529 and 1725 

were made during this period. Now we have learned that S. 

bipunctata is on the surface in minimum numbers between 

10 am. and 2 p.m. It will be interesting, therefore, to see what 

effect low and high temperatures have on the abundance of the 

species during this period of greatest light intensity. 

TABLE 42 

Distribution of S. bipunctata during the time of Minimum Abundanee 

(10 a.m. to 2 p.m.) 

Temperature Number of hauls Number Number of specimens 
in ———_ of 

Centigrade Total Successful hours Total Per hour Frequency 

15°9-17°! 6 5 2.4 69 29 83 

17°6-19°5 3 2 2.0 30 15 67 

19°6-21°5 3 1 3.06 16 5 33 

The number of hauls included in this table are too few to 

determine fully the abundance of specimens with respect to 

temperature. These data, however, indicate that, even when the 

species migrates in maximum numbers from the surface, more 

specimens remain when the temperature is low than when it is 

high. However, the effect of higher temperatures in decreasing 

the abundance and frequency of the species is not so great as 

shown in the preceding table. I believe this means that, when 

most intense, hight has more effect in causing downward migra- 

tions from the surface than low temperatures have in causing 

the species to remain. This cannot be proven but, if true, it 

suggests that the reverse is also true, namely, that subdued hght 

has more effect in causing upward migrations to the surface 

than high temperatures have in preventing such migrations. In 

examining the following two tables evidence of this fact is not 

wanting. 
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TABLE 43 

Surface Distribution of S. bipunctata during Night (6 p.m. to 6 a.m.) 

Temperature Number of hauls Number Number of specimens 
in re of —— 

Centigrade Total Successful hours Total Per hour Frequency 

15°9-17°5 4 4 3.05 3785 1241 100 

17°6-19°5 32 24 26.6 15459 581 75 

1976-2125 8 6 29 1404 484 75 

TABLE 44 

Surface Distribution of S. bipunctata during the time of Maximum 

Abundance (6 to 10 p.m.) 

Temperature Number of hauls Number Number of specimens 

Gentiewade Total Successful neue Total Per hour Frequency 

15°9-17°5 4 4 3205 3785 1241 100 

17°6-19°5 19 14 15.1 12208 808 74 

19°6—21°5 8 6 2.9 1404 484 75 

In table 43 all four hauls in water having a temperature 

between 1529 and 17:5 were made betwen 6 and 10 p.m., while 

practically half the hauls in water having higher temperatures 

were made during this period. This means that the 1241 speci- 

mens obtained per hour when the temperature was 1529-1725 

are not strictly comparable with the numbers obtained from 

water having higher temperatures. While the table shows that 

abundance and frequency decreases as the temperature increases, 

the amount of decrease is less than that found during the twelve 

hours of daylight (table 41). Finally table 44 shows that the 

amount of decrease is still less during the time when the species 

migrates in maximum numbers to the surface. In fact, the 

table shows an actual reversal in abundance and frequency rela- 

tive to temperatures between 17°6-19°5 and 19°6-21°5. This 

reversal is probably due to the small number of hauls, but it is 

significant that the effect of high temperature on abundance 

and frequency of this species is less during twilight than during 

any other period of the day. 

It was noted on page 121 that the number of specimens on 

the surface decreases abruptly after evening twilight vanishes. 

The above relations discovered between temperature and dis- 
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tribution leads me to suggest that the species migrates down- 

ward after twilight because, the cause of upward migration being 

removed, it seeks deeper water where the temperature is lower. 

Unfortunately this suppositon cannot be adequately tested 

beeause practically no closing net hauls were made with respect 

to temperature. 

To summarize, it is demonstrated that, whether the data con- 

cern day, night, time of maximum abundance with respect to 

light, or time of minimum abundance, S. bipunctata is more 

abundant and frequent on the surface when the temperature is 

low than when it is high. It is further suggested that low 

surface temperatures retard downward and aid upward migra- 

tions, and that high surface temperatures retard wpward and 

aid downward migrations. 

VARIATION IN DISTRIBUTION OF 8S. BIPUNCTATA DUE TO 

SALINITY 

From June 12, 1908, to April 21, 1910, 101 surface hauls were 

accompanied by water samples of which the salinities were 

computed. The salinity varied mainly from 33.549 to 33.693, 

although our data show a few instances outside these limits, the 

extremes being 33.381 and 34.069. Of the 101 hauls, 31 were 

scattered over the months of February, March, April, Septem- 

ber, and November, while the remaining 70 were made during 

June and July. Now the salinities corresponding to the 31 

hauls just mentioned average above 33.693. It is therefore 

advisable, owing to possible seasonal effects on distribution, to 

confine the following discussion to June and July data. 

In attempting to correlate small changes in salinity with 

variations in the distribution of S. bipwnctata, our data are 

not extensive enough to eliminate the effects of light and tem- 

perature. Consequently I have segregated the 70 June and 

July hauls into three groups according to whether the corre- 

sponding salinities were less than 33.605, between 33.605 and 

33.648, or greater than 33.648. The surface distribution with 

respect to these groups is given in the following table. 
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TABLE 45 

Surface Distribution of S. bipunctata with Respect to Salinity. 

Number of hauls Number Number of specimens Average 
of Fre- tem- 

Salinity Total Successful hours Total Perhour quency perature 

33.604 or less 27 22 19.4 7243 373 81 HN fireatt 

33 ..605-33 . 648 19 16 125 6941 555 84 19°4 

33.649 or more 24 16 21.0 7409 352 67 18°8 

These data indicate that, other things being equal, S. bipwne- 

tata accumulates on the surface in greater numbers when the 

salinity of the water is between 33.605 and 33.648. It may be 

objected that other things are not equal, that the average tem- 

perature corresponding to each salinity group differs, and that 

consequently the variations in abundance and frequency noted 

in the table are due to temperature and not to salinity. How- 

ever, it has already been shown that the species is more abund- 

ant and frequent when the temperature is low. Therefore, if 

salinity has no effect, we should expect, as shown by temperature 

averages given in the table, the species to have been most 

abundant and frequent when the salinity was less than 33.605 

and least abundant and frequent when it was between 33.605 

and 33.648. This is obviously not the case. In fact the rela- 

tions shown between temperature averages and salinity suggest 

that the effect of temperature is antagonistic to that of salinity. 

If this is true, then, by including only those hauls made when 

the temperature varied from 17°26 to 1925 we should expect 

greater difference in abundance and frequency with respect to 

the three salinity groups than that found in the above data. 

The following table demonstrates that this is true. 

TABLE 46 

Effect of Salinity on Distribution of S. bipunctata when the Temperature 

varied from 17°6 to 1925 

Number of hauls Number Number of specimens 

Salinity. Total Successful ease Total Per hour Frequency 

33.604 or less 14 10 HOU sa 2430 219 71 

33. 605-33 . 648 9 8 8.2 6073 753 89 

33.649 or more 18 13 Geel 6781 421 72 

Comparing this with the preceding table, we see that the 

frequency and abundance corresponding to salinities less than 
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33.605 is much less in table 46 than in table 45. Now the 
average temperature corresponding to this salinity group is 
17°7, which means that more hauls were made when the tem- 

perature was below 1726 than when it was above 1925. In fact 
during only two of the 27 hauls was the temperature above 
19°5, while during 11 it was below 17°6. The effect of low tem- 
peratures, then, affords an explanation of why a _ reduction 
occurred in abundance from 373 to 219, and in frequeney from 
SE ito WL, 

Comparison of the two tables also shows that the frequency 
and abundance corresponding to salinities between 33.605 and 
33.648 are much greater in table 46 than in table 45. As the 
temperature average corresponding to this salinity group is 1924, 
we should infer that more hauls were made when the tempera- 
ture was over 19°5 than when it: was under 17°6. In fact the 
temperature during eight of the 19 hauls was above 1925, while 
during only two hauls was it below 17°6. Hence, because high 
temperatures are detrimental to the accumulation of specimens 
on the surface, the reason is evident why the frequency increased 
from 84 to 89, and the abundance from 555 to 753. 

Again, comparison of the two tables shows that the abund- 
ance and frequency corresponding to salinities greater than 
33.648 increased respectively from 352 and 67 as given in table 
45 to 421 and 72 as given in table 46. The temperature during 
four of the 24 hauls was more than 19°5, while during two hauls 
it was less than 17°6. This not only explains why the abundance 
and frequency increased, but also why the amount of increase is 
less than that corresponding to the second salinity group, and 
less than the amount of decrease corresponding to the first salinity 
group. 

Finally, these tables demonstrate that salinity has a marked 
effect on the distribution of S. bipunctata. While the effect is 
evident in table 45, it is much greater when the antagonistic 

effects of variable temperatures are eliminated from the data, as 
in table 46. This means, then, that the species is most abundant 
and frequent on the surface when the salinity of the water varies 
between 33.605 and 33.648, that it is less when the salinity is 
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over 33.648, and still less when the salinity is below 33.605. It 

would be interesting to tabulate data concerning salinity with 

respect to temperatures varying from 15:9 to 1725, and from 

19°6 to 21°95, but the few hauls made under these conditions 

make this impossible. 

In spite of the apparent significance of these data it may be 

argued that the hauls were distributed irregularly with respect 

to light. Consequently, if more night hauls were made when the 

salinity varied from 33.605 to 33.648 than when it was outside 

these limits, the greater abundance and frequency noted might 

be due to the effect of light and not to that of salinity. The 

following tables indicate that this is not so. 

TABLE 47 

Effect of Salinity on Distribution of S. bipunctata with respect to Night 

(6 p.m. to 6 a.m.) 

Number of hauls Number Number of specimens Average 
0 Fre- tem- 

Salinity Total Successful hours Total Perhour quency perature 

33.604 or less 15 12 10.3 6284 610 79 18°9 

33.605-38.648 13 11 9.2 6763-735 85 19°6 

33.649 or more at} 10 iol 7264 600 77 19°1 

TABLE 48 

Including only hauls made when Temperature varied from 17°6 to 19°5 

Number of hauls Number Number of specimens 

of Fre- 

Salinity Total Successful hours Total Perhour quency 

33.604 or less 10 7 Usd 2329 302 70 

33.605-33 . 648 a 6 6.95 5945 841 86 

33.649 or more Hil: 9 10.6 6646 627 81 

From these tables we see that, after day hauls are eliminated 

from consideration, S. bipunctata still persists in being more 

abundant and frequent on the surface when the salinity varies 

from 33.605 to 33.648. Furthermore, after the antagonistic 

effects of variable temperatures are eliminated by tabulating only 

those night hauls made when the temperature was between 17°6 

and 19°5, table 48 shows increased correlation between abund- 

ance and frequency of the species and salinity of the water. 

There is still a possibility that a maximum number of hauls 

corresponding to salinities between 33.605 and 33.648 were made 
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during twilight, and a maximum number corresponding to salini- 

ties outside these limits during darkness. Now of the ten hauls 

corresponding to salinities less than 33.605 and temperatures 

between 17°6 and 1925, four were made during evening twilight 

(6 to 10 p.m.), and six during morning twilight (4 to 6 a.m.). 

Concerning salinities in the second group, all seven hauls were 

made during evening twilight. Finally of the eleven hauls cor- 

responding to the third salinity group, four were made during 

evening twilight, four during morning twilight, and three during 

darkness (10 p.m. to 4 a.m.). 

The distribution of hauls does show irregularity with respect 

to twilight, which may partly explain why the maximum abund- 

ance and frequency corresponds to the second salinity group. 

However, because of the three hauls made during darkness, 

which correspond to salinities more than 33.648, and the fact that 

the species maintains a relative minimum on the surface during 

darkness, we should expect both abundance and frequency to be 

less than that corresponding to salinities below 33.605. This is 

obviously not the case. It would seem, therefore, that while 

irregular distribution of hauls with respect to twilight has prob- 

ably affected the relation between abundance and frequency of 

the species and salinity of the water, the data included in the 

above tables cannot be adequately explained without involving 

the effect of variations in salinity. 

Finally, it is well to consider data based on daylight hauls. 

Such data are tabulated below. 

TABLE 49 

Effect of Salinity on Distribution of S. bipunctata with respect to Daylight 

(6 a.m. to 6 p.m.) 

Number of hauls Number Number of specimens Average 
of Fre- tem- 

Salinity Total Successful hours Total Perhour quency perature 

33.604 or less * 12 10 9.0 949 105 83 iz 

33.605-33 . 648 6 6 Slee) 178 54 100 1829 

33.649 or more ial 5 8.9 145 16 22 18°9 

The distribution with respect to salinity, as shown in this 

table, is not parallel with that shown in the preceding tables. 

However, since the temperature average corresponding to the 
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first salinity group is the lowest, it is certain that the abundance 

of 105 is too large for comparison with the 54 of the second, and 

the 16 of the third salinity group. Again, the hauls were 

unevenly distributed with respect to light. Corresponding to the 

first group, four hauls were made between 6 and 8 a.m., the time 

of morning maximum abundance, two between 4 and 6 p.m., and 

six between 8 a.m. and 4 p.m. Corresponding to the second 

group, five hauls were made between 8 a.m. and 4 p.m., one 

between 4 and 6 p.m., and none between 6 and 8 a.m.- Concern- 

ing the third group, five hauls were made between 6 and 8 a.m.., 

two between 4 and 6 p.m., and four between 8 a.m. and 4 p.m. 

From these facts it follows that the hauls included in the 

above table were so distributed that both effect of light and 

temperature were antagonistic to that of salinity. Therefore, if 

the data were corrected with respect to these factors, the effect 

of variations in salinity ought to be more apparent. By includ- 

ing only data relative to hauls made between 8 a.m. and 4 p.m. 

the antagonistic effect of light may be mostly eliminated. The 

results of such elimination are shown in the following table. 

TABLE 50 

Effect of Salinity on the Surface Distribution of S. bipunctata based on 

Hauls between 8 a.m. and 4 p.m. 

Number of hauls Number Number of specimens Average 
—_— of MAU" F re- tem- 

Salinity Total Successful hours Total Perhour quency perature 

33.604 or less 6 4 2.4 40 16 67 a0 

33. 605-33 . 648 5 5 2.9 Wee 61 100 18°9 

33.649 or more 4 2 3.6 30 8 50 19°05 

Because only four of the entire fifteen hauls were made when 

the temperature of the water was between 17°6 and 1925, it is 

impossible to standardize the data with respect to temperature. 

However, from the average temperatures recorded in the ‘table, 

we can be sure that the abundance of 16 corresponding to the 

first salinity group is larger, and that of 8 corresponding to the 

third salinity group smaller than it would be if the effect of 

temperature could be eliminated. In spite of the antagonistic 

effects of temperature the table shows that, when disturbing 

light factors are eliminated, the maximum abundance and fre- 
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quency of the species is correlated with salinities between 33.605 

and 33.648. 

It is possible that the evidence in all the above data may be 

due merely to insufficient hauling. However, if this is true, it is 

difficult to see why the data in every case indicate maximum 

abundance and frequency corresponding to salinities between 

33.605 and 33.648. This is true whether the data are tabulated 

with respect to temperature and hght or not. Were such results 

due merely to chance or insufficient hauling we should expect 

such a variety of tabulation to introduce contradictions, but it 

does not. Consequently, it seems legitimate to conclude that, 

other things being equal, S. bipunctata is most abundant and 

frequent on the surface when the salinity of the water is between 

33.605 and 33.648. 

What this relation between salinity and distribution signifies 

is indeed puzzling. We know that salinity increases, somewhat 

irregularly, with the depth, and we also know that S. bipunctata 

is most abundant and frequent during the greater part of day and 

night in 15-20 fathoms. Are these facts correlated? Unfor- 

tunately June and July salinities corresponding to this depth 

have not been determined. We do know, however, that, while 

the average of the 70 surface salinities considered is 33.641, 31 

were below 33.605, 14 between 33.605 and 33.648, and 25 above 

33.648, which means that the salinity most characteristic of the 

surface is below 33.605. Now in 50 to 75 fathoms, while the 

average salinity is about 33.964, it is usually below 33.874. It 

is, therefore, obvious that between the surface and 50 fathoms 

a depth occurs in which the salinity is normally between 33.605 

and 33.648. If this depth should prove to be 15-20 fathoms, the 

meaning of the above data would be much clearer. This specula- 

tion, however, proves nothing, but it does suggest a possible 

explanation of the correlation between salinity and distribution. 

SEASONAL VARIATION IN THE DISTRIBUTION OF 

S. BIPUNCTATA 

In discussing this question it is necessary to confine attention 

to surface hauls, for our closing nets were not employed suffi- 

ciently throughout the seasons to warrant adequate interpreta- 
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tions of the data obtained by them. Furthermore, the surface 

collecting with respect to season was so irregular and fragmen- 

tary that the meaning of the data is very obscure. Six hauls were 

made during each of the months of February, April, and Septem- 

ber, 7 during November, 15 during March, 42 during July, and 

53 during June. During August only one haul was made, and 

during January, May, October, and December none were made. 

In the following table the data for each month during which 

collections were made are given. 

TABLE 51 

Monthly Variation in Distribution of S. bipunctata. 

Number of : | Number of | Distribution of hauls with 
hauls 32 specimens S ios eS respect to time of day 

Sue- ac >8e ar) og Blogic : Total | eseta| 2 | Total lee) £ | 28 | <d (SSSR Casas alae 
February ..... 6 6 7.25| 718| 93 | 100} 13°6 | 33.540] 1] 1 Zell WW 
Marche. 15 9 | 12.2") 733), 60) 60) 15:1 33.641) 0) 0+) hpvon) ae0 
ASD Till 6 Dp | Aal)|| 4r0i)) 100), 79)) W6aL 33.700) 40) 23) SOs Ono 
AWWA) at eo 53 40 |35.5 | 10672| 301| 75] 17.9 | 33.608] 4] 5 |19|) 8/17) 0 
A FOUR  ceeicomeconee 42 26 =| 30.3 10357 | 341) 62) 18.9 | 33.641 | 10 {eesTia! Sl eedinn lolle3 8 re 
Auoust==- a 1 1 OFS3)| 35| 105| 100] 18.3 ? PON ON Os Oe we 
September... 6 ees} | 195s} 855 -83:| 18-5) 33.800/sie2 2 Oa re 
November ... 7 4 3.4 | 1444) 404) 57| 17.9 | 33.848) 0] 1 4} 2] 0| 0 

It is evident from this table that the hauls were too unevenly 

distributed with respect to temperature, salinity, and especially 

time of day, to permit any significant comparison of the abund- 

ance and frequeney of the species during the various months. 

Except for one November haul made between 8 and 10 a.m., 

which obtained 1240 specimens, the largest number obtained in 

any one haul during this month was 135. This indicates that 

the November abundance of 424 is too large to represent the 

usual abundance during this month. With this exception the 

months of June and July are apparently those of maximum 

abundance, although this appearance may be entirely due to the 

ereater number of twilight hauls made during these months. 

Until more collecting is accomplished with respect to season it 

will be impossible to determine its effect on the distribution of 

this species. 
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EFFECT OF LOCALITY ON THE DISTRIBUTION OF 

S. BIPUNCTATA 

As in the case of seasonal collecting, our closing nets were 

not employed at all stations. Consequently a consideration of the 

effect of locality, or distance from the coast, on distribution 

hmits us to surface collections. While definite seasonal effects 

on distribution could not be discovered, it is very probable that 

some such effect exists. It seems, therefore, advisable to restrict 

this consideration to June and July data. These data are sum- 

marized in the accompanying table. 

From this table we find that conditions of salinity, tempera- 

ture, and time of day under which the hauls were made varied 

from station to station. With such an amount of variation no 

significant effect of locality on distribution ean be detected. 

From the table we see that those stations where the abundance 

of specimens is greatest are those where the most twilight hauls 

were made. This indicates that very little, if any, difference in 

distribution exists with respect to distance from the coast. At 

any rate, until more definite collecting regarding this problem 

is accomplished, no definite conclusions are possible. 
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SIGNIFICANCE OF THE DATA CONCERNING THE DISTRIBUTION 

OF S. BIPUNCTATA. 

In the foregoing pages it is demonstrated that S. bipunctata 

is most abundant on the surface during twilight when the tem- 

perature of the water is between 1529 and 1725, and the salinity 

between 33.605 and 33.648. Furthermore, we found the species 

confined to the upper 150 fathoms of water, and mainly above 

75 fathoms. Our data also indicate that during darkness and 

intense hght the species is most abundant and frequent in 15-20 

fathoms, migrating to the surface only during the hours of twi- 

light. In other words, the region of 15-20 fathoms is probably 

the center from which the species migrates. Now what do these 

facts taken together signify ? 

Let us assume that the wswal conditions of hght, temperature, 

and salinity occurring in 15-20 fathoms are those which determine 

the migrations of this species. On this assumption, if the inten- 

sity of the hght in this depth during the day approximates twi- 

light, the migration of the species toward the surface is readily 

explained. Again, if the temperature in 15-20 fathoms is norm- 

ally between 1529 and 17°5, or less than 1529, and the salinity 

between 33.605 and 33.648, the tendency of the species to remain 

on the surface in greater numbers when these conditions are 

realized is also readily explained. 

What, then, are the usual conditions of lght, temperature, 

and salinity oceurring in 15-20 fathoms? Concerning light, we 

know its intensity below the surface rapidly decreases as the 

depth increases, and it is generally agreed that it is very subdued 

below 100 or 200 fathoms. Now, since the species begins to 

accumulate on the surface at sundown and sunrise, it is certain 

that the earlier or brighter evening twilight and the later or 

brighter morning twilight initiates the upward migrations. This 

fact, together with the time of day in which we found the maxi- 

mum number of specimens in the various depths, indicates that 

during the greater part of the day bright twilight conditions 

normally oceur in 15-20 fathoms. Again, with respect to tem- 

perature, while observations were not taken in connection with 

closing net hauls, our records show that the usual June and July 

temperature in 15-20 fathoms is approximately 15°-16°. Finally, 
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while salinity determinations for 15-20 fathoms were not made, 

sity it is possible, as pointed out on page 139, that the salinity is 

usually between 33.605 and 33.648. 

Our data, then, seem to justify the truth of the above assump- 

tion. To prove it, however, would require carefully planned col- 

lecting with all conditions of light-intensity in each depth 

recorded, as by an automatic light meter, systematic closing net 

hauls with corresponding temperature observations in each depth, 

and salinity determinations corresponding to each haul in each 

depth. ‘ 

Notwithstanding that these more accurate methods of collect- 

ing were not employed, from what data we have the following 

conclusions may be drawn : 

1. The region of 15-20 fathoms is the center from which the 

species migrates or, in other words, it is the depth in which the 

greatest number of optimum conditions favorable to this species 

are found. 

2. It migrates to the surface at sundown and sunrise because 

the conditions of hght intensity at these times are similar to those 

occurring In 15-20 fathoms during the greater part of the morn- 

ing and afternoon. 

3. Other things equal, it remains on the surface in greater 

numbers when the temperature of the water is between 15°9 and 

1725, because this is approximately the normal temperature oceur- 

ring in 15-20 fathoms. 

4. It remains on the surface in greater numbers when the 

salinity of the water is between 33.605 and 33.648 because this 

approximates the normal salinity in 15-20 fathoms. This, at 

present, is barely suggested by our data; it still remains to be 

proven. 

5. The animals leave the surface at night because the light 

incentive which caused them to migrate upward is absent, and 

they presumably return to the region of 15-20 fathoms where 

optimum temperature and other conditions oceur. 

6. Probably light has more pronounced effect on vertical dis- 

tribution than temperature or salinity because its variations are 

more regular and periodic. 
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7. All individuals do not react toward lhght, temperature, and 

salinity in the same way. While the majority migrate toward 

the surface during twilight hours, and toward deeper water dur- 

ing intense light and darkness, a few almost always remain in 

deeper water during twilight, and on the surface during intense 

light and darkness. Similar individual differences occur with 

respect to temperature and salinity. This means that those 

optimum conditions favorable to the species as a whole are not 

favorable to each individual or, in other words, the characteristic 

organization, constitution, or physiological state of each indi- 

vidual modifies the effect of light, temperature, and salinity on 

its behavior. 

DISTRIBUTION OF 8S. SERRATODENTATA. 

Of the 6,499 specimens of this species obtained, 76 were taken 

from the surface, 676 in open vertical nets from depths varying 

from 500 ‘to 25 fathoms, 5,299 in vertical closing nets from 

between 300 and 10 fathoms, and 448 in horizontal closing nets. 

The 76 obtained from the surface were distributed in 14 or 9.5 

per cent of the 148 hauls made. Of 68 vertical closing net hauls 

46 or 68 per cent obtained some specimens, while of the 118 hori- 

zontal closing net hauls 33 or 18 per cent were successful, and of 

41 open vertical net hauls 14 or 34 per cent obtained the species. 

More complete data concerning the surface and closing net hauls 

are given in the following tables. 

TABLE 53 

Vertical Distribution of S. serratodentata based on Surface and Horizontal 

Closing Net Hauls. 

Depth Number of hauls Number Number of specimens 

fathoms ees ree eae Total Per hour Frequency 

0 136 12 96.7 74 il 9 

4—6 11 0 3-3 0 0 0 

7-12 15 i 4.6 15 3 7 

15-20 13 1 3-5 + 1 8 

25-35 19 5 5-3 15 3 26 

40-75 20 5 5.7 91 16 25 

100-150 19 9 6.5 106 17 47 

160-220 10 9 3-1 174 56 90 

250-3850 11 5 o-4 43 é 27 
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TABLE 54 

Vertical Distribution of S. serratodentata based on Vertical Closing Net 

Hauls. 

she Ae ee Distance Number of specimens 

fauioais Fak" Gucteonel’ | Ain tations’ © CiRAGat, oy mentees Mauer 
0-10 11 0 10 0 0 0 

10-25 5 2 15 33 22 40) 

25-50 10 5 25 27 5 50 

50-75 9 7 25 190 44 78 

75-100 9 4 25 442 98 45 

100-150 10 8 50 773 (ice 80 

150-200 9 9 50 1351 150 100 

200-250 8 a 50 1439 179 88 

250-300 5 4 50 1057 211 80 

It is significant that the data in both tables agree that this 

species is mainly mesoplanktonic, and that the depth of maximum 

abundance and frequeney is below 150 fathoms. They disagree in 

detail but, owing to very different methods of collecting, and of 

different depths considered, this is to be expected. From the fact 

that the frequency and abundance are more nearly parallel in 

the former than in the latter table, the data in the former are 

probably more reliable. 

In arranging the above data with respect to day and night, 

the following table suggests that the species migrates upward dur- 

ing the night. 

TABLE 55 

Day and Night Distribution of S. serratodentata based on Surface and 

Horizontal Closing Net Hauls. 

Daylight or 6 a.m. to 6 p.m. 

Depth Number of hauls Number Number of specimens 
in FFF of 

fathoms Total Successful hours Total Per hour Frequency 

0 78 6 54.4 48 1 8 

4-6 5 0 1.8 0 0 0 

7-12 8 0 2.4 0 0 0 

15-20 7 0 Jeo) 0 0 0 
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TABLE 55—Continued 

Daylight or 6 a.m. to 6 p.m. 

Depth Number of hauls Number Number of specimens 

faeharin Total Successful eae Total Perhour Frequency 

25-35 12 2 ane) 3 1 16 

40-75 12 2 3.2 82 28 16 

100-150 8 4 2.5 59 26 50 

160-220 6 5 1.8 132 73 83 

250-350 9 2 Dell 26 5 22 

Night or 6 p.m. to 6 a.m. 

0 58 6 42.3 30 1 10 

4—6 6 0 16) 0 0 0 

7-12 7 il 2.2 15 a 14 

15-20 6 1 1G 4 2 16 

25-35 ff 3 2.0 21 10 43 

40-75 8 2 2.6 9 3 25 

100-150 ipl 5 4.1 47 11 45 

160-220 4 4 1.3 42 32 100 

250-350 2 if 0.3 We 57 50 

This table shows clearly that the species was practically never 

obtained during daylight above 40 fathoms, while during the 

night it occurred above this depth. While the difference between 

day and night distribution is not so striking as in the case of 

S. bipunctata, the data point in exactly the opposite direction to 

those of Fowler (1905). In the Biseayan plankton he found S. 

serratodentata more frequent on the surface during daylight. He 

has, however, regarded the day as including twilight, while I have 

regarded the night as including it. This, together with the fact 

that in table 55 we find very little distinction between day and 

night surface distribution, and that the number of specimens is 

so small, may explain the difference noted. 

In connection with day and night distribution it is significant 

to discover that, when data obtained with vertical closing nets 

are segregated as in table 56, similar variation is found. 
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TABLE 56 

Day and Night Distribution of S. serratodentata based on Vertical Closing 

Net Hauls. 

Daylight or 6 a.m. to 6 p.m. 

te eh ae ae Distance Number of specimens 

eee Total Successful in ee Total cas si ea 

0-10 7 0 10 0 0 0 

10-25 3 1 15 13 14 33 

25-50 6 2 25 5 1 33 

50-75 6 4 25 103 34 66 

75-100 6 3 25 314 105 50 

100-150 6 5 50 561 93 83 

150-200 6 6 50 1310 218 100 

200-250 if 7 50 1439 205 100 

250-300 3 3 50 1056 352 100 

Night or 6 p.m. to 6 a.m. 

0-10 4 0 10 0 0 0 

10-25 2 1 15 20 33 50 

25-50 4 3 25 22 all 75 

50-15 3 3 25 87 58 100 

75-100 3 i 25 128 86 33 

100-150 4 3 50 212 53 75 

150-200 3 3 50 41 14 100 

200-250 1 0 50 0 0 0 

250-300 2 1 50 il 1 50 

While these data are not strictly comparable to those obtained 

with horizontal nets, they show clearly that during daylight the 

species 1s less numerous above 75 fathoms than it is during the 

night. 

In the data concerning vertical closing net hauls one instance 

is found where two similar series of hauls were made with the 

same net on the same day at approximately the same location. 

One series was made between 1:10 and 3:24 p.m. and the other 

between 4:20 and 7:34 p.m. It will be interesting, therefore, to 

compare the actual number of animals obtained from each depth 

during the afternoon and evening series. Such data are given in 

the following table. 



Haul 
number 

2077 

2076 

2075 

2074 

2073 

2069 

2068 
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TABLE 57 

Two Series of Hauls containing S. serratodentata made with the Nansen 

Closing Net on March 17, 1910, at 32° 5070 N and 117° 30:0 W. 

Hauls made between 1:10 and 3:24 P.M. Hauls made between 4:20 and 7:34 P.M. 
Number of specim’ns Number of specim’ns 

Per 50 Haul Per 50 
Time Depth Total fathoms number Time Depth Total fathoms 

3:24 p.m. 25-10 0 0 2104 7:34 p.m. 25-10 20 66 

3:14 p.m. 50-25 4 8 2100 7:24 p.m. 50-25 12 24 

2:59 p.m. 75-50 12 24 2099 6:53 p.m. 75—50 78 156 

2:37 p.m. 100-75 263 526 2095 6:37 p.m. 100-75 128 256 

2:23 p.m. 150-100 156 156 2094 6:17 p.m. 150-100 165 165 

2:02 p.m. 200-150 400 400 2090 5:58 p.m. 200-150 100 100 

Sie pee 250-200 715 mls 2089 5:37 p.m. 250—200 129 129 

1:10 p.m. 300-250 478 478 2081 4:20 p.m. 300—250 316 316 2067 

This table shows that the species was most abundant above 75 

fathoms during late afternoon and early evening, while below 

this depth it was most abundant during early afternoon. It is 

significant that this result is very similar to that derived from 

consideration of the average number of specimens obtained by 

both horizontal and vertical nets. It is quite certain, therefore, 

that the species migrates toward the surface when hght is sub- 

dued. Owing to the small number of animals obtained it is im- 

possible to determine accurately its center of migration, but the 

data suggest that this center is between 100 and 200 fathoms. 

All our data show that the species was rarely found above 10 

fathoms, which suggests the question: Why did it occur on the 

surface? Of the fourteen hauls in which it appeared, six were 

made between 6 and 10 p.m., one between 10 a.m. and noon, 

three between 8 and 10 a.m., and four between 6 and 8 a.m. It 

seems, therefore, that their occurrence on the surface was not 

correlated with intensity of light, or time of day. Again, fifty- 

four specimens were obtained when the temperature of the water 

was between 15°5 and 17°28, eight when it was between 18°6 

and 19°3, and fourteen when it was between 20°5 and 22°2. 

This possibly means that low temperatures caused them to 

remain in greater numbers on the surface, but it can not explain 

what brought them there. Finally, the salinities corresponding 

to the fourteen hauls varied from 33.563 to 34.069 so that it 

seems impossible that this was a factor. Their occurrence on the 

surface was undoubtedly due to some unusual surface. conditions. 

Low temperature was possibly one, but what the others were is 

not apparent in our data. 
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Considering all the data, the following conclusions may be 

. drawn : 

1. S. serratodentata occurs mainly in the mesoplankton. 

2. It is maximum in abundance and frequency in the region 

of 200 fathoms. 

3. It is rarely taken above 40 fathoms during daylight, but 

occurs above this depth at night. 

4. The species probably migrates toward the surface when 

twilight is very subdued, but rarely ascends above 10 fathoms. 

5. Its center of migration, or the depth in which the greatest 

number of optimum conditions are found, is probably between 

100 and 200 fathoms. 

6. Its exceptional occurrence on the surface is probably cor- 

related with some unusual surface conditions, of which low 

temperature may be one. 

DISTRIBUTION OF S. LYRA 

Of the 272 specimens of this species only four were obtained 

from the surface. Open vertical nets obtained 61 from a variety 

of depths below 75 fathoms, horizontal closing nets obtained 112 

from below 25 fathoms, and vertical closing nets obtained 94 

from below 50 fathoms. All these data agree that the species 

occurs very rarely near the surface. The exact way in which the 

number of specimens obtained with surface and horizontal clos- 

ing nets were distributed with respect to depth is given in the 

following table: 

TABLE 58 

Vertical Distribution of S. lyra based on Surface and Horizontal 

Closing Net Hauls. 

Number of hauls Number Number of specimens 

Depth Total Successful hues Total Perhour Per 10 hrs. oe 

0 136 2 96.7 4 ]— 1— 1.4 

4—6 11 1 3.3 1 1— 3 9.0 

7-12 15 0 4.6 0 0 0 0 

15-20 13 0 3:5 0 0 0 0 

25-35 19 + 5.3 11 2+ 21 21 

40-75 20 2 Die fh 9 2— 15 10 

100-150 20 6 6.5 20 3+ 31 30 

160-220 10 4 Bygill 17 c— 57 40 

250-850 11 3 5.4 54 10 100 27 

The per 10 hour column is supplied in order to eliminate the fractions 
which occur when the number of specimens is expressed according to one 
hour hauls. 



1911] = Michael: Chaetognatha of the San Diego Region. 151 

This table shows clearly that the species rarely occurs above 

25 fathoms, and that it increases in abundance and frequency at 

least down to 250 fathoms. In 25-35 fathoms, however, there is 

an irregularity in the increase and it is interesting to notice that 

when the night hauls are eliminated this irregularity disappears 

This is shown in table 59. 

TABLE 59 

Daylight Distribution of S. lyra (6 a.m. to 6 p.m.) based on Surface and 

Horizontal Closing Net Hauls. 

Number of hauls Number Number of specimens 

Depth Total Successful tous Total Perhour Per 10 hrs. Pee 

0 78 2 54.4 4 1— 1— 2.9 

4-6 5 0 1.8 0 0 0 0 

7-12 8 0 2.4 0 0 0 0 

15-20 if 0 9 0 0 0 0 

25-35 12 2 Sao 2 1— 9 ih 

40-75 12 i 3.2 8 2+ 25 8 

100-150 8 2 2.5 12 5— 48 25 

160-220 6 3 iste: 16 8+ 88 50 

250-350 9 2 5.1 52 10+ 102 22 

TABLE 60 

Night Distribution of S. lyra (6 p.m. to 6 a.m.) based on Surface and 

Horizontal Closing Net Hauls. 

Number of hauls Ruuiher Number of specimens nes 

Depth Total Successful hours Total Perhour PerlOhrs. quency 

0 58 0 42.3 0 0 0 0 

4-6 6 1 1.5 1 1— Uf 17 

7-12 i 0 2.2 0 0 0 

15-20 6 0 1G 0 0 0 

25-35 u 2 2.0 9 4+ 45 29 

40-75 8 1 2.6 1 1— t 13 

100-150 iat 4 4.1 8 2— 19 36 

160-220 1 i356) 1 1— 8 25 

250-350 2 1 0.3 2 6+ 66 50 

Table 59 shows that during daylight the species occurs 

rarely above 40-75 fathoms, and that it increases regularly in 

abundance from nine in 25-35 fathoms to 102 in 250-350 fathoms. 

The increase in frequency is more irregular, but this is to be 

expected because so few successful hauls were made. When 

compared with the night distribution, as shown in table 60, the 
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species is found less abundant above and more abundant below 

40 fathoms during the day. While the data do not prove 

nocturnal migration toward the surface they indicate that such 

migration occurs. 

Of the 94 specimens obtained with vertical closing nets one 

was taken from between 50 and 75 fathoms, five between 75 and 

100 fathoms, seven between 100 and 150 fathoms, 33 between 

150 and 200 fathoms, 26 between 200 and 250 fathoms, and 22 

between 250 and 300 fathoms. Expressing these numbers accord- 

ing to unit distance of haul they are 2, 11, 7, 36, 33, and 55. 

(In this instance, in order to avoid fractions of animals, 500 

instead of 50 fathoms is considered as the unit distance of haul.) 

The frequencies corresponding to these numbers are 11, 33, 30, 

66, 75, and 60. This means that the species did not occur above 

50 fathoms, and that it increased in abundance from two in 

50-75 fathoms, to 55 in 250 to 300 fathoms, and in frequency 

from 11 in 50-75 fathoms to 75 in 200-250 fathoms. 

When vertical closing net hauls are segregated with respect 

to day and night, it appears that only one specimen was obtained 

at night. Now we learn from table 56 that the number of night 

hauls in each depth was very small. This together with the fact 

that the total number of specimens was only 94, will possibly 

explain why the animals were not obtained at night. However, 

whatever the reason may be, it seems certain, from data concern- 

ing horizontal closing net hauls, that the absence of the species 

was not due to hght. 

Hence, when all the data are considered, we find that, while 

the species does not occur abundantly in the San Diego region, 

the following conclusions are suggested : 

1. The species is typically mesoplanktonie. 

2. It oceurs very rarely above 25 fathoms and is most abund- 

ant and frequent between 200 and 300 fathoms. 

3. It occurs in greater numbers within 35 fathoms of the 

surface during the night than during the day. 

4. It is very possible that nocturnal migrations toward the 

surface occur, although their meaning is obscure. 

5. Its center of migration is probably below 200 fathoms. 



1911] Michael: Chaetognatha of the San Diego Region. 153 

DISTRIBUTION OF OTHER SPECIES 

Distribution of S. hexaptera 

Of 28 specimens obtained, 11 were taken from the surface, 

five with horizontal closing nets, three with vertical closing nets, 

and nine with open vertical nets. All our data concerning the 

distribution of these specimens are given in the following table. 

TABLE 61 

Data concerning the Distribution of S. hexaptera. 

Haul 
number Date Time of Day Depth Number of specimens 

Horizontal Net Hauls. Total ee ary 

1904 

275 Sept. 17 7:30 a.m. 0 2 | 

1905 

412 Feb. 25 6:00 a.m. 0 4 | 

1908 \ ibe 

1417 June 19 10:20 a.m. 0 ! 2 | 
1535 July 8 7:30 a.m. 0 2 | 

1909 

1686 June 22 4:00 a.m. 0 1 | 

1908 

1476 June 2 11:00 a.m. 50 1 10— 

1909 

1929 Sept. 3 2:53 p.m. 50 4 

Vertical Closing Net Hauls 

1910 

2038 Mar. 15 3:52 p.m. 75-50 2 

2094 Mian il7, Grale@ psn. 150-100 1 

Open Vertical Net Hauls. 

1905 

468 Apr. 22 6:00 a.m. 45 1 

462 Apr: 5 6:00 a.m. 110 

1908 

1492 June 25 10:10 a.m. 210 ] 

1516 June 30 9:20 a.m. 250 2 

1527 July 2 11:20 a.m. 500 ] 

From these data we see that this species is irregularly dis- 

tributed. So few specimens were obtained that it is difficult to 

tell whether it typically occurs in the mesoplankton or not. 

However, excepting at the surface it has not been obtained above 

45 fathoms, and even those from the surface when expressed in 

terms of number per 10 hours of hauling become insignificant 
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beside those taken in 50 fathoms. It is probable, therefore, that 

the species occurs mainly in the mesoplankton or lower epi- 

plankton. 

Distribution of S. planktonis 

Of the 36 specimens obtained, two were taken from the sur- 

face, six with horizontal closing nets, 15 with vertical closing 

nets, and 13 with open vertical nets. All data concerning this 

species are given in the following table. 

TABLE 62 

Data concerning the Distribution of S. planktonis. 

eee Date Time of Day Depth Number of specimens 

Horizontal Net Hauls. Total Nouther Gere’ 

1907 

1422 Nov. 2 5:00 p.m. 0 1 

1908 Ae 
1560 July 18 7:20 a.m. 0 il 

1476 June 21 11:00 a.m. 50 1 . 18+ 

1927 Sept. 3 1:22 p.m. 125 1 15} 

1926 Sept. 3 12:21) p.m. 200 1 32-++ 

1550 July 16 11:45 a.m. 350 3 56— 

Vertical Closing Net Hauls Per 500 fathom haul 

1910 

2112 Apr. 19 9:55 a.m. 200-150 1 1+ 

2001 Heb. 17 10:06 a.m. 250-200 2 

2031 Mar. 15 2:01 p.m. 250-200 3 7+ 

2052 Mar. 16 2:41 p.m. 250-200 1 

2067 Mar. 17 1:10 p.m. 300-250 2 

2081 Mar. 17 4:20 p.m. 300-250 6 } s 

Open Vertical Net Hauls 

1904 

236 iATTR,  ) 7:10 a.m. 2 i 

1908 

1508 June 27 5:58 a.m. 150 2 

1492 June 25 10:10 a.m. 210 3 

1910 

2088 Mar. 17 5:11 p.m. 250 3 

1908 

1468 June 19 9:35 a.m. 290 2 

1527 July 2 11:20 a.m. 500 2 

These data indicate that this species occurs mainly below 100 

fathoms, although at times it is found on the surface. We may 
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only conclude, therefore, that the species is typically meso- 

planktonic and that it is apparently most abundant in the region 

of 300 fathoms. 

Distribution of 8. enflata 

This species was obtained in only four surface hauls, which 

yielded a total of 6607 specimens. Of this number 6600 were 

obtained in two hauls (411 and 412) made on February 25, 

1905. Six of the remaining seven were obtained on April 26, 

1905, and the other specimen on June 11, 1908. In addition to 

the surface hauls, the open vertical net obtaimed 3520, but both 

horizontal and vertical closing nets failed to obtain a single 

specimen. This may be due to the fact that no specimens were 

obtained since June 19, 1908, before which date very few closing 

net hauls were made. All data regarding the species are con- 

tained in the following table. 

TABLE 63 

Data concerning the Distribution of S. enflata. 

Temper- Number of 

Haul Date Time of day Depth ature specimens 

1905 

411 Feb. 25 6:00 a.m.(?) 0 15°5 3500 

412 Feb. 25 6:00 a.m.(?) 0 15°5 3100 

473 Apr. 29 6:00 a.m.(?) 0 16°5 6 

1908 

1416 June 11 2:25 p.m. 0 2 il 

Open Vertical Net Hauls. 

1904 

234 Aug. 8 9:30 a.m. 5 2 if 

235 Aug. 8 10:00 a.m. 10 2 5 

251 Aug. 27 (0am: 10 2 1 

274 Sept. 17 7:00 a.m. 10 2 3500 

1905 

468 Apr. 22 6:00 a.m. 45 2 10 

1907 

1398 July 3 10:00 a.m. 75 2 1 

1905 

462 Apr. 15 6:00 a.m. 110 g il 

1908 

1468 June 19 9:35 a.m. 290 2 I 



156 University of California Publications in Zoology. [Vou.8 

From these data we may be sure that this species is strictly 

epiplanktonic. It can not be regarded as typical of the San 

Diego region, and since it occurs elsewhere on the surface when 

the temperature of the water is as high as 34°, it seems probable 

that it was carried into this region by currents from the more 

tropical seas. We have, however, found it to occur in midwinter 

when the temperature of the water was as low as 1525, which. 

on the above supposition, makes its distribution decidedly 

puzzling. 

Distribution of S. neglecta 

This species, like S. enflata, can scarcely be considered typical 

of this region. It seems to be confined strictly to the surface, 

for it was not obtained in either open vertical nets or horizontal 

or vertical closing nets. Furthermore, of 127 specimens ob- 

tained, all but five were taken in three hauls made during 

February and April, 1905. Like S. enflata, the species is typical 

of the epiplankton of tropical seas, and its occurrence in the 

region of San Diego during the winter when the temperature 

of the water was 15°25 is likewise puzzling. Were it not for the 

low temperature noted, I should believe the species was carried 

here by currents from the tropics. It is possible, of course, that 

this species, as well as S. enflata, normally occurs here during 

the winter months and that it was not obtained in greater 

numbers because practically no winter collections were made. 

This, however, seems hardly probable. Our data warrant but 

one conclusion, namely: S. neglecta, when it occurs at all in this 

region, is confined to the upper epiplankton. 

Distribution of Spadella draco 

But one specimen was obtained, and that one in surface haul 

411. Like S. enflata and NS. neglecta, this species occurs typically 

in the warmer water of the more tropical seas, and the reason 

why it occurred in this region remains obscure. 

Distribution of Eukrohnia hamata 

Of 61 specimens obtained, six were taken in horizontal closing 

nets below 100 fathoms, 16 in vertical closing nets below 25 
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fathoms, and 39 in open vertical nets below 250 fathoms. None 

were found on the surface. These data agree that this species 

is typically mesoplanktonie, that it occurs occasionally above 100 

fathoms, but not above 25 fathoms. Owing to the small number 

of specimens obtained any further conclusions are impossible. 

Distribution of E. subtilis 

Of 50 specimens obtained, two were taken with horizontal 

closing nets from 160 fathoms, and four from 200 fathoms. The 

vertical closing nets obtained nine from between 75 and 50 

fathoms, two between 200 and 150 fathoms, 25 between 250 and 

200 fathoms, and five between 300 and 250 fathoms. Finally, 

the open vertical net obtained three in a haul from 250 fathoms 

to the surface. From these data it is apparent that this species 

occurs in greatest number between 200 and 250 fathoms. It has 

never been taken above 50 and rarely above 150 fathoms. We 

can be sure, therefore, that this species is mesoplanktonie and 

that its probable center of migration is between 200 and 250 

fathoms. 

GENERAL SUMMARY AND CONCLUSIONS. 

We have taken ten species of Chaetognatha from the vicinity 

of San Diego, none of which are new. They are Sagitta bipune- 

tata, S. serratodentata, S. lyra, S. hexaptera, S. planktonis, SN. 

enflata, S. neglecta, Spadella draco, Eukrohnia hamata, and E. 

subtilis. Of these only S. bipwnctata was obtained in large 

enough numbers and frequently enough to permit extensive 

analysis of its manner of distribution. Concerning it we found: 

1. It is typically epiplanktonic, occurring between the sur- 

face and 150 fathoms. 

2. It is rarely found below 75 fathoms, and it is most fre- 

quent and abundant between the surface and 20 fathoms. 

3. Between 6 p.m. and 6 a.m. the species is most abundant 

above 15 fathoms, while between 6 a.m. and 6 p.m. it is most 

abundant below 15 fathoms. 

4. The species appears in maximum abundance on the surface 

and in 4-6 fathoms between 6 and 8 p.m., in 7-12 fathoms between 
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4 and 6 a.m., in 15-20 fathoms between 8 and 10 a.m., in 25-35 

fathoms between noon and 2 p.m., and in 40-75 fathoms between 

10 a.m. and noon. 

5. In all depths above 25 fathoms the species attains maxi- 

mum abundance twice during the day, one maximum occurring 

between 6 and 10 am., and the other between 6 and 8 p.m. 

Below 25 fathoms only one maximum occurs in each depth, and 

that one between 10 a.m. and 2 p.m. 

6. The species attains its morning maximum on the surface 

within an hour after sunrise and its evening maximum within 

an hour after sunset. 

7. Other conditions constant, the species is most frequent and 

abundant on the surface when the temperature of the water is 

between 15°29 and17°5. 

8. It also tends to remain on the surface in greater numbers 

when the salinity is between 33.605 and 33.648. 

9. No significant correlation between season and variations 

in distribution could be detected. 

10. No significant correlation between locality, or distance 

from the coast, and variations in distribution were found. 

From these facts we concluded: 

1. It is probable that the region of 15-20 fathoms is the center 

from which the species migrates or, in other words, it is the 

depth where the greatest number of optimum conditions favor- 

able to the species are found. 

2. It migrates to that depth in which the intensity of light 

is similar to that occurring throughout a large part of the day in 

15-20 fathoms, and it remains in greater numbers in that depth 

when the temperature and salinity of the water, and probably 

other unknown conditions, are similar to those typical of 15-20 

fathoms. 

3. This explains why the species occurs in maximum number 

on the surface during morning and evening twilight, why the 

evening maximum is the largest, why it leaves the surface so 

quickly after it becomes dark, why it is more abundant on the 
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surface when the temperature is below 17°5, and possibly why 

it is more abundant when the salinity is between 33.605 and 

33.648. 

Concerning NS. serratodentata we found: 

1. It is typically mesoplanktonic, being most abundant and 

frequent in the region of 200 fathoms. 

2. It is rarely taken above 40 fathoms and practically never 

above 10 fathoms, and is obtained from these depths only at 

night. 

3. It is probable that the species migrates toward the surface 

when twilight is very subdued. 

4. Its exceptional occurrence on the surface is undoubtedly 

correlated with some unusual surface conditions, of which low 

temperature may be one. 

5. Its center of migration, or the depth in which the greatest 

number of optimum conditions are found, is probably between 

100 and 200 fathoms. 

Concerning NS. lyra we found: 

1. It is typically mesoplanktonic, rarely occurring above 25 

fathoms, and irregularly increasing in abundance and frequency 

at least to 250 fathoms. 

2. It occurs in greater numbers within 35 fathoms of the sur- 

face during the night than during the day, which indicates that 

nocturnal migrations toward the surface probably occur. 

3. Its center of migration is probably below 200 fathoms. 

Concerning the remaining species we found : 

1. S. planktonis is entirely confined to the mesoplankton 

because it was not obtained above 100 fathoms. Its center of 

migration is probably in the region of 300 fathoms. 

2. S. hexaptera probably belongs in the mesoplankton or 

lower epiplankton, although it occurs to a certain extent in 75, 

50, and 45 fathoms, and on the surface. 
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3. Sagitta enflata, S. neglecta, and Spadella draco cannot be 

regarded as typical of the San Diego region. They were all 

taken from above 10 fathoms, and are, therefore, strictly epi- 

planktonic. 

4. Eukrohnia hamata is typically mesoplanktonic. It has, 

however, been taken above 100 but not above 25 fathoms. 

5. EB. subtilis was not taken above 50 and only rarely above 

150 fathoms. The species is, therefore, mesoplanktonic and its 

center of migration is probably between 200 and 250 fathoms. 

6. Comparison of the distribution of all the species shows 

conclusively that manner of distribution is correlated with the 

organization of the species. In other words, the distinctive man- 

ner in which each species is distributed is as much a specific 

character as is its structure. 

Such evidence as was obtained, especially concerning SN. 

bipunctata, can not be regarded as proving the conelusions ad- 

vanced in this paper. To prove would require much more 

collecting with respect to light, temperature, salinity, gas con- 

tent, season, location, and other factors. It would further 

require special apparatus for determining the amount of lght 

throughout day and night in the various depths, and the number, 

direction, velocity, and alterations of currents in all depths. It 

would also require determination of net coefficients, or better, 

the use of nets of similar size, mesh, and filtering capacities in 

collecting in all depths. To call attention to this necessity for 

improved and more complete methods in collecting is one of the 

greatest values of this paper. However, in spite of the less 

adequate methods employed, the data strongly support the 

conclusions made. 

Marine Biological Laboratory, La Jolla, Calif. 

Transmitted February 11, 1911. 
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PLATE 1 

Fig. 1. Sagitta enflata Grassi. X 3. 

Fig. 2. Sagitta hexaptera d’Orbigny. X 3. 

Fig. 3. Sdgitta lyra Krohn. X 3. 

Fig. 4. Sagitta serratodentata Krohn. X 3. 

Fig. 5. Sagitta bipunctata Quoy et Gaimard. X 3. 

Fig. 6. Sagitta planktonis Steinhaus. X 3. 

ABBREVIATIONS 

col.—collarette. seiz. j.— Seizing jaws. 

int.—intestine. sem. v.—seminal vesicle. 

ov.— ovary. vent. g.—ventral ganglion. 
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PLATE 2. 

Fig. Sagitta neglecta Aida. X 3. ~I . 

Fig. 8. Eukrohnia hamata (Mobius). X 3. 

Fig. 9. Eukrohnia subtilis (Grassi). X 3. 

Fig. 10. Spadella draco Krohn. X 8. 

Fig. 11. Sagitta tenwis Conant. X 8. 

Fig. 12. Sagitta elegans Verrill. X 3. 

Fig. 13. Sagitta arctica Aurivillius. & 3. 

ABBREVIATIONS 

col.—eollarette. seiz. j.—seizing jaws. 

int.—intestine. sem. v.—seminal vesicle. 

ov.— ovary. vent. g.—ventral ganglion. 
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PLATE 3. 

Left vestibular ridge of Sagitta enflata. X 240. 

Left vestibular ridge of Sagitta hexaptera. X 80. 

Left vestibular ridge of Sagitta lyra. X 80. 

Left vestibular ridge of Sagitta gigantea Broch. Specimen 

from Norwegian North Atlantic. 80. 

Fig. 18. Left vestibular ridge of Sagitta bipunctata. X 240. 

Fig. 19. Double vestibular ridge of Sagitta bipunctata. X 240. 

Fig. 20. Left vestibular ridge of Sagitta serratodentata. X 240, 

Fig. 21. Left vestibular ridge of Sagitta planktonis. X 80. 

Fig. 22. Left vestibular ridge of Sagitta neglecta. X 240. 

Fig. 28. Left vestibular ridge of Spadella draco. X 240. 

Fig. 24. Left vestibular ridge of Sagitta elegans. X 240. 

Fig. 25. Teeth of Hukrohnia subtilis. X 240. 

ABBREVIATIONS. 

b.—barbs. n.—notch. 

ext. proc.—external process. pap.—papillae. 

ext. t.—external tooth. w.—wing of ridge. 

int. t—internal tooth. 
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Fig. 26. Upper part of seizing jaw of Sagitta enflata. X 1130. 

Fig. 27. Upper part of seizing jaw of Sagitta hexaptera. Old jaw. 

x 1130. 

Fig. 28. Upper part of seizing jaw of Sagitta hexaptera. Young jaw. 

x 1130. 

Fig. 29. Upper part of seizing jaw of Sagitta lyra. X 1180. 

Fig. 30. Upper part of seizing jaw of Sagitta serratodentata. X 1180. 

Fig. 31. Upper part of seizing jaw of Sagitta bipunctata. Old jaw. 

x 1130. 

Fig. 32. Upper part of seizing jaw of Sagitta bipunctata. Young jaw. 

x 1130. 

Fig. 33. Upper part of seizing jaw of Sagitta planktonis. X 1180, 

Fig. 34. Upper part of seizing jaw of Sagitta neglecta. X 1180. 

Fig. 35. Upper part of seizing jaw of Lukrohnia hamata. X 11380. 

Fig. 36. Upper part of seizing jaw of Eukrohnia subtilis. X 1180. 

Fig. 37. Upper part of seizing jaw of Spadella draco. X 1180. 

Fig. 38. Upper part of seizing jaw of Sagitta elegans. X 1180. 

ABBREVIATIONS. 

b. pt.—base of point. p. can.—pulp canal. 

bk. sh—back of shaft. pt.—point. 

cr— Crest. ser.—serrations. 

eg. sh.—edge of shaft. sw.—swollen place in pulp. 

p.—pulp. t. sh.—top of shaft. 

PLATE 4. 
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Fig. 39. 

Fig. 40. 
Fig. 41. 

Fig. 42. 

ant. f.—anterior fin. 

int.—intestine. 

ov.—ovary. 

PLATE 5. i! 

Posterior end of Sagitta enflata. X 14. 

Posterior end of Sagitta bipunctata. X 14. 

Posterior end of Sagitta serratodentata. X 14. 

Posterior end of Sagitta planktonis. X 14. 

, 

ABBREVIATIONS. 

sem. rec.—seminal receptacle. 

sem. ves.—seminal vesicle. 

sp. c.—sperm cells. 

post. f-—posterior fin. ; t. f.—tail fin. 
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PLATE 6. : 

Fig. 43. Posterior end of Sagitta lyra. X 6. 

Fig. 44. Posterior end of Sagitta hexaptera. X 6. 

ABBREVIATIONS. 

ant. f.—anterior fin. post. f.—posterior fin. 

f. br.—fin-bridge. sem. rec.—seminal receptacle. 

int.—intestine. sem. ves.—seminal vesicle. 

ov.— ovary. ‘ t. f.—tail fin. 

2X 
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PLATE 7. 

Fig. 45. Head of Sagitta enflata. Dorsal view. X 40. 

Fig. 46. Head of Sagitta planktonis. Dorsal view. X 40. 

ABBREVIATIONS. 

ad.—M. adductor uncinorum. ob.—M. obliquus eapitis brevis. 

ant, t—anterior teeth. ol.—M. obliquus capitis longus. 

cl—M. complexus lateralis. os.—M. obliquus superficialis. 

col.—collarette. post. t.—posterior teeth. 

cor. cil.—ecorona ciliata. ri.—M, rectus colli internus. x 

€.— eye. r. pr.—M. retractor praeputil. 

es.—M. expansus superior. seiz. j.— seizing jaws. 

int.—intestine. td.—M. transversus dorsalis. 

: 

. 

: 
: 

P| 
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PLATE 8. 

Fig. 47. Head of Sagitta enflata. Ventral view. X 40. 

Fig. 48. Head of Sagitta planktonis. Ventral view. X 40. 

ABBREVIATIONS. 

ant. t.—anterior teeth. 

cl—M complexus lateralis. 

co. a.—M. constrictor oris alter. 

col.—eollarette. 

co. p.—M. constrictor oris primus. 

dv. e—M. dilator vestibuli ex- 

ternus. 

ei.—M. expansus inferior. 
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es.—M. expansus superior. 

int.—intestine. 

m.—mouth. 

mb.—M. bicornis. 

post. t.—posterior teeth. 

p. pr—M. protractor praeputii. 

seiz, j.—seizing jaws. 

tv.—M. transversus ventralis. 
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A. INTRODUCTION 

The genus Gonyaular is one of the most widely represented 

of the dinoflagellates, occurring in boreal, temperate and tropical 

seas and in both brackish and fresh waters. It is also at times 

exceedingly abundant in coastal waters, appearing in numbers so 

great as to discolor the sea. Gonyaulaxr polyedra is the cause of 

periodical outbreaks of ‘‘red water’’ along the coasts of southern 

California in middle and late summer which are accompanied by 

remarkable displays of phosphorescence. The outbreaks 

occasion the destruction of great numbers of the fish of the shal- 

\ 
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low waters and of the invertebrates such as the holothurians, 

annelids, sipunculids, and some of the mollusks [see Torrey 

(1902) ]. It is cast upon the sands along shore by the breakers 

and its decay there, together with that of the animals killed by its 

abundance, causes a stench which suggests that of the Nile which 

in Hebrew writings is recorded as having turned to blood. It is 

not improbable that the phosphorescence and red water reported 

by Darwin (1871) off the coast of South America and by Streets 

(1878) in the Gulf of California, was caused by this species or 

some related dinoflagellate. 

PRESENT STATUS 

Although widely distributed and at times abundantly repre- 

sented in the plankton, this genus has remained in a state of 

imperfect definition and has been a great source of uncertainty 

and a cause of oft recurring confusion in the matter of its char- 

acters and its limits. Very few of the species assigned to it, 

even in recent years, have been accurately defined in the matter 

of their skeletal morphology, and a number of older species of the 

genus have been variously interpreted by later writers with the 

result that it has become increasingly difficult to determine with 

what species an author is dealing, unless his work is accompanied 

by figures and in some cases not even these relieve the confusion 

which reigns in this genus. Another and very fundamental rea- 

son for this confusion les in the fact that a wide range of 

material is often necessary to determine the limits of variation 

within the species of the genus. This wide range in variation 

coupled with the very dissimilar appearances which even the 

same individual may present from different points of view, make 

the interpretation of the older literature, and some of the more 

recent, exceedingly difficult, and usually force the investigator 

to a re-examination of pertinent material before he can come to 

any conclusion that does not rest all too much upon conjecture. 

B. MATERIAL 

This paper is based primarily upon the examination of the 

plankton collected off the coast of southern California by the San 
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Diego Marine Biological Station during the past ten years, and 

upon certain collections made in Alaska in the summer of 1905 

by the U. S. Bureau of Fisheries Str. ‘‘ Albatross.’’ Permission to 

use the data from the latter source has been kindly granted by 

Hon. Geo. M. Bowers, U. S. Commissioner of Fisheries. 

Grateful acknowledgments are here made to the San Diego 

Marine Biological Association for its continuous interest in and 

support of this work, to the Smithsonian Institution for the privi- 

leges of their research table at the Naples Zoological Station in 

1908, and to Mr. R. W. Harvey, Miss Ethel Abeel, and especially 

to Mrs. Josephine R. Michener for drawings. 

The plankton from the coast of California at my disposal is 

primarily oceanic, but this is supplemented by neritic collections 

from San Diego Bay, San Pedro Harbor, and from San Francisco 

Harbor, while that in the collection from Alaska is primarily 

neritic. The southern oceanic plankton taken off San Diego 

from deeper levels (50-100 fathoms) contains considerable mor- 

ibund plankton of northern (Alaskan) facies. 

In addition to the material above noted the writer has had at 

his disposal, but not included in the scope of the present paper, 

the very extensive collections of the expeditions of the Str. 

‘* Albatross’’ to the Eastern Tropical Pacific of 1904-1905 and to 

the Northern Pacific in 1905-1906, as well as numerous collections 

from European waters made during his tour of the biological 

stations of Europe in 1908-1909. The material upon which this 

study is based is therefore both extensive and representative. 

My especial thanks are tendered to Dr. Andrew Scott of Piel-in- 

Barrow, for a collection rich in Dinoflagellata, from the Faeroes 

Channel. 

The collections of plankton made during the past ten years 

mainly at San Diego and San Pedro and in the California Cur- 

rent off these ports are distributed through all seasons of the 

year, but more especially during the summer and in mid-winter. 

Nearly every collection contains one or more species of 

Gonyaulax. 

In all fourteen species have been recorded. Of these four are 

new, G. alaskensis, G. diegensis, G. sphaeroidea and G. scrippsae. 
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Four are at times fairly common, Gonyaulax polyedra, G. digi- 

tale, G. diegensis and G. polygramma; of the remainder, G. alas- 

kensis, G. kofoidi, G. pacifica, G. scrippsae, G. spinifera, G. tria- 

cantha, and G. turbynei are rare, and G. fragilis, G. birostris and 

G. sphaeroidea very rare. The winter plankton of tropical 

facies brings G. birostris, G. pacifica, G. kofoidi, G. sphae- 

roidea, G. polygramma and G. turbynei to the coasts of southern 

California. G. alaskensis is a northern form drifting southward 

in the deeper plankton. G. scrippsae and G. diegensis were found 

in the neritic plankton, the remainder in both neritic and oceanic 

plankton. Gonyaulax triacantha has thus far been found only 

in neritic plankton from Alaska, and the distribution of G. spini- 

fera (sensu stricto) is imperfectly known at present, not having 

been distinguished from G. digitale during the progress of the 

work. 

C. GENERAL DISCUSSION OF THE GENUS 

I. GENERIC CHARACTERS 

1. HISTORICAL DISCUSSION 

The genus Gonyaular was first defined by Diesing (1866) for 

the single species (Peridinium spiniferum) which Claparéde and 

Lachmann (1858-1861) had previously assigned to the genus 

Peridinium, but in their description placing special emphasis 

upon the helicoidal form of the transverse furrow. No mention 

is made by them of an extension of the longitudinal furrow to 

the apex upon the epitheca. Diesing’s generic diagnosis is like- 

wise based upon the marked displacement of the girdle which 

results in the helicoidal form of the transverse furrow and he has 

embodied the idea in his generic name Gonyaulax (yevv [knee] 

atAa€ {furrow]). Diesing’s diagnosis which follows contains no 

reference to the extension of the longitudinal furrow upon the 

apex. 

Gonyaulax Diesing 

Peridinii spee. Claparéde 

‘“Animaleula solitaria libera symmetrica. Corpus immutabile, ovatum, 

ecaudatum, ciliatum, loriea, tabulata, suleo, hiante transversali in pagina 

dorsali obliquo in pagina ventrali bis geniculato et altero longitudinali, ab 
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anfractu anteriore sulci transversalis ad extremitatem anticam excurrente, 

tripartita inclusum, ciliis e sulecis prominentibus. Os terminale. Flagellum 

unum pone os. Anus... . Ocellus nullus. Partitio ignota. Maricolae.’’ 

In Stein’s (1883) great monograph, the text for which was 

unfortunately never completed, he notes (p. 12) his observation at 

Kiel of ‘‘Perid. spiniferum Cl. Lach., auf welches bereits Diesing 

eine neue Gatt. Gonyaulaxr gegriindet hat, die wohl berechtigt ist, 
? aber ganz anders characterisirt werden muss.’’ The modifica- 

tions which Stein made were (1) a correct orientation with the 

pointed end anterior, (2) designation of a narrow area from the 

proximal end of the girdle to the apex as an extension of the 

longitudinal furrow, (3) an analysis of the thecal plates in two 

species, with three apicals (Frontalien), five precingulars (Basa- 

lien), five posteingulars (Basalien) and two ‘‘Endplatten’’ one 

of which is the antapical and the other the posterior accessory. 

Later monographers, Biitschli (1885b), Schiitt (1896), and 

Paulsen (1908), all follow Stein in his interpretation of an 

extension of the longitudinal furrow anteriorly to the apex. 

Biitschli finds six precingulars (in Gonyaulax polyedra) and later 

discoveries of new species have necessitated some modifications 

in the range in form of body and number of apical plates found 

in the genus. In essential particulars Stein’s diagnosis has stood 

with but minor additions to the present time. 

2. MODIFICATIONS RESULTING FROM NEW DATA 

As a result of my investigations on this genus certain funda- 

mental modifications are necessary in the generic diagnosis of 

Gonyaulax. 

(1) The form of the body is exceedingly varied and affords no 

basis for diagnosis. It ranges from an almost perfectly spherical 

form such as is seen in G. sphaeroidea, to polyhedral species such 

as G. polyedra and G. ceratocoroides, and to elongated types such 

as G. birostris and G. jolliffei. In the development of spines, we 

find conditions ranging from the smooth, spine-free G. sphae- 

roidea to the spinous G. triacantha, and to G. ceratocoroides with 

its long processes resembling those of Ceratocorys. In like manner 

no particular type of surface markings is prevalent. The surface 
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may be smooth or reticulate, and the mesh may be predominantly 

linear, vermiculate, polygonal or irregular. None of these fea- 

tures affords any satisfactory criterion for a genuine diagnosis. 

(2) The displacement of the girdle in a descending spiral 

with the distal end one or more girdle widths posterior to the 

proximal occurs in all species of the genus. It is this character 

primarily which distinguishes Gonyaulax from Amphidoma in 

which the displacement is at the most but slight. 

(3) The longitudinal furrow should not be considered as 

extending, as Stein (1883) supposed, anteriorly upon the 

epitheca to the apex. There is no basis in the skeletal mor- 

phology for this interpretation, and there is no suggestion of 

such an extension of the furrow in the external appearance in a 

number of species which belong in this genus. The midventral 

apical plate (1’ fig. A) in Gonyaulax which is homologous with 

the diamond-shaped ‘‘Rautenplatte’’? of Peridinium, extends 

from the apex posteriorly until it meets an anterior extension 

of the ventral area (v.a., figs. A and B) and thus separates the 

precingular series in the midventral line between precingulars 

1” and 6”. In most but not all species of Gonyaulax this ventral 

apical 7’ is a narrow plate. When suture lines are marked by 

thickenings of the wall, as for example in G. ceratocoroides |see 

Murray and Whitting (1899, pl. 30, fig. 6) ] this plate, in conse- 

quence of these thickenings, lies at the bottom of a depression 

between elevated ridges. This, however, does not occur in all 

species and the trough thus formed is not a part of the furrow in 

which the longitudinal flagellum lies any more than are similar 

depressions between ridges elsewhere on the theeal wall. (See 

Murray and Whitting’s figures). 

(4) There is no trace of evidence whatever that this so-called 

anterior extension of the longitudinal furrow to the apex ever 

functions as a longitudinal furrow; that is, that it serves as a 

trough for the longitudinal flagellum, whose normal position is 

in the furrow running posteriorly from the flagellar pore. 

To regard this plate as a part of the longitudinal furrow is 

thus to assign to it a function which it does not have, and to 

obseure its morphological relations. Furthermore, to make this 
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mistaken interpretation the basis of generic diagnosis as Stein 

and his followers have done is to exclude from the genus species, 

such as G. sphaeroidea, whose skeletal morphology would other- 

wise compel their inclusion in the genus. It is therefore neces- 

sary to eliminate this interpretation, and to confine the designa- 

tion of longitudinal furrow (or the more widely applicable 

term, ‘‘ventral area,’’ which seems desirable on account of con- 

ditions in Ceratium) to that part of the thecal wall in which the 

flagellum is found extending posteriorly between the two ends 

of the girdle. This term ventral area was proposed by me (1909) 

for this region in Peridinium and appears to be widely applic- 

able in other genera. 

(5) The plates of the genus (Figs. A and B) are not as here- 

tofore described, but, in all species which I have thus far 

examined they are as follows: apicals, 3 to 6; anterior inter- 

ealaries, 0 to 3; precingulars, 6; girdle, 6; postcingulars, 6; pos- 

terior intercalary, 1; antapical, 1. The ventral area contains 

one anterior plate indenting the epitheca, in the posterior margin 

of which lies the flagellar pore, a group of about four small 

intermediate plates and a large posterior plate. 

3. SKELETAL PLATES OF GONYAULAX 

The apical plates (1’-6’) are those in contact with the apex. 

This does not have an open pore as sometimes indicated, but is 

closed by a minute closing platelet (cl. pl., fig. A) which often 

adheres to the top of apical 7’ and covers the truncate apex. The 

number of the apicals varies from three to six in different species. 

At least three have been found in all species analyzed. It is 

probable that plate 7’ has been overlooked in cases where two 

apicals have been reported. Bifurcated and trifureated apices 

such as Murray and Whitting (1899, pl. 30, figs. 1-3) have 

deseribed in their inverted figures are due to the parting of the 

apicals, a phenomenon very commonly observed in many species 

of the genus, preparatory to ecdysis or the escape of the contents. 

In some eases as in G. apiculata and G. polyedra one or more 

of the plates in the apical region are crowded away from contact 

with the apex. Such plates I have designated as anterior inter- 
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calaries (17-83%), as well as other plates lying between the apical 

and precingular series. 

The precingular plates (1’’-6’’, fig. A) are invariably six in 

number in the species which I have examined. Stein (1883) 

Figs. A-D. Plates of thecal skeleton of Gonyaulax spinifera (Clap. et 

Lach.) Diesing <X 1000. <A, dorsal view; B, ventral view; C, antapical 

view; D, apical view. 1-6, girdle series of plates; 1’—3’, apical series; 

1”-6”, precingular series; 1’’’—6’’, antapical series; 1? posterior inter- 

ealary; 1””, antapical plate; ant. pl., anterior plate of ventral area; ant. 

sp., antapical spine; cl. pl., closing platelet of apex; f. l., fission line along 

which skeleton parts in cell division; fl. po., flagellar pore; int. pl., inter- 

mediate plates (usually four in number, hidden in constricted region of 

ventral area); post. pl., posterior plate of ventral area; v. a., ventral area 

(‘‘longitudinal furrow’’ of other writers in part); v. po., ventral pore. 
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reported five and though Bitschli (1885b) later reported six in 

G. polyedra, no one has presumed to question the accuracy of 

Stein’s observations, so great has been the confidence placed in 

his work which as a rule is extremely detailed and reliable. Lem- 

mermann (1907) figures and describes six precingular (Prae- 

aequatorialplatten) in Gonyaulax palustris. 

The girdle plates (1-6) are six in number and may be disartic- 

ulated from one another with comparative ease. 

The postcingular plates (1'"—-6"", fig. B) are invariably six in 

number, plate 7” of the series lying immediately adjacent to the 

ventral area (on its left edge) as a slender linear structure. This 

plate has hitherto been overlooked, though Entz (1904, fig. 4a, f) 

delineates it but does not otherwise note its presence or signifi- 

cance. Paulson (1904) indieates it in his figure of G. triacantha 

but does not otherwise note its presence. Lemmermann (1907) 

figures six posteingulars in G. palustris (in his fig. 5) but states 

that there are five ‘‘ Postaequatorialplatten,’’ no one of which ean, 

however, be homologized with the narrow postcingular 7’ of my 

nomenclature. 

The posterior intercalary (1°) and antapical (1’’’, fig. B) 

are invariably present without change in number in the different 

species and the latter constitutes the most ready means of separa- 

tion of this genus from most of the genera of the Peridinidae. 

II. Generic DIAGNOSIS 

Gonyaulax Diesing emend. 

Body variously shaped, spheroidal, polyhedral, broadly fusi- 

form, elongated with stout apical and antapical prolongations, 

or dorso-ventrally flattened. Apex rounded or truncate sym- 

metrically or asymmetrically, never acutely symmetrically 

pointed. Antapex rounded, flattened, or pointed symmetrically 

or asymmetrically. Girdle usually equatorial, descending, dis- 

placed distally one to seven times its own width, and sometimes 

with shght overhang. Transverse furrow impressed or not; longi- 

tudinal furrow usually shghtly indenting the epitheea, often 

flaring distally, well developed, reaching to or approaching the 
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antapex. Thecal wall (text figs. A-D) consisting of one to six 

apical plates (1’-6’), none to three anterior intercalaries 

(1¢—38*), six precingulars (1’-6’’), six girdle plates (1-6), six 

posteingulars, (1'’-6’"), one posterior intercalary (17), and one 

(7’’’’) antapical. The longitudinal furrow occupies the whole of 

the ventral area (v. a.) which slightly indents the epitheca and 

consists of one anterior, about four intermediate and one posterior 

plate. The midventral plate (1’) of the apical series is usually a 

narrow plate extending posteriorly to a Junction with the anterior 

plate of the ventral area, thus parting precingulars 1” and 6”. 

When guarded by lateral ridges it simulates an anterior extension 

of the longitudinal furrow. It bears at its apex a delicate 

extension, the closing platelet which covers the apical region. 

Surface smooth or rugose with major thickenings along suture 

lines and minor ones on plates forming a regular or irregular 

polygonal mesh of varying size, often with vermiculate, longitu- 

dinal elements predominating, sometimes spinulate. Furrows 

with or without lists which in many species are ribbed or spin- 

ulate. One or more antapical spines sometimes present, rarely 

with sheathed spines of the Ceratocorys type. Plates porulate, 

with pores in centers, angles or nodes of the mesh. A pecular 

large ventral pore (v. po.) occurs to the right of the midventral 

line usually near the suture between apical 7’ and the plate to 

its right. _Theca divided obliquely in fission. Eedysis frequently 

seen. Chromatophores yellow to dark brown, often dense. In 

fresh, brackish and marine waters from boreal to tropical 

regions. 

Ill. Comparisons WitH OTHER GENERA 

The presence in Gonyaulax of a single large antapical plate 

separates this genus at once from Pyrophacus and Podolampas (4 

antapicals), Goniodoma, Protoceratium, and Blepharocysta (3 

antapicals), and from Diplopsalis and Peridinium (2 antapicals). 

The hypotheca of Gonyaulax is identical with that of Stecniella 

and Ceratocorys {see Kofoid 1910] in its skeletal elements. 

The epitheea of the latter genus is distinguished by having five 

instead of six precingulars as in Gonyaulax. 
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Steiniella, however, has its epitheca also of the same skeletal 

constitution as that of Gonyaular and should on this ground be 

included therein. The fact that the apex (region of the closing 

platelet) is carried over on the dorsal face scarcely suffices as a 

generic character, as it is almost realized in some species of 

Gonyaular, as for example in G. alaskensis and G. hyalina, and 

the gap between the two genera is practically obliterated. Recog- 

nizing the fundamental identity of the skeletal formula in these 

two genera and finding it difficult to apply consistently any set 

of morphological distinctions between the two as the number 

of species ascribed to them has increased, I feel constrained to 

include Steiniella Schiitt (1895) in the older genus Gonyaulaz, 

according it therein only a subgeneric status. 

The differences between the valid species of Steiniella (S. 

fragilis, S. mitra, and S. inflata) and Gonyaulax are no greater, 

if indeed as great, as those now found between species within 

Gonyaulax itself. A marked tendency to fall to pieces on the 

part of the theca, the predominance of vermiculate-lhnear mark- 

ings, and an elongated apex overlapping the dorsal edge of the 

anterior end of the body are the only available characters upon 

which to found the genus Steiniella, and no one of them affords an 

adequate basis for separation since they are all to be found in 

varying degrees within Gonyaular itself. They are, moreover, 

purely superficial characters such as are subject to great modi- 

fications in many of the larger genera of the dinoflagellates. 

The species of Steiniella thus far deseribed which should be 

transferred to Gonyaulax are the following : 

Gonyaulax (Steiniella) fragilis Schiitt. See Schiitt (1895). 

G. (Steiniella) mitra (Sehiitt). See Schiitt (1895). 

G. (Steiniella) inflata (Kofoid). See Kofoid (1907a). 

Certain other species have been described in the genus Stein- 

iella which have previously been otherwise assigned. Steiniella( ?) 

punctata described by Cleve (1900a) was assigned by me 

(1907a) to the new genus Murrayella, while Cleve’s (1903) 

Sterniella (?) complanata was in the same paper referred by me 

to another new genus Centrodinium. Steiniella cornuta de- 

seribed by Karsten (1907) is identical with the larger forms of 
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Gonyaulax pacifica described by me in the same year (April 13, 

1907), but prior to the publication of Karsten’s paper (Decem- 

ber, 1907). It may therefore be dismissed as a synonym of 

G. pacifica. 

A homonym (in botanical nomenelature) of Steiniella 

Schiitt was established by Bernard (1908) for a single species, 

S. Graevenitzu (Protococaceae) for the reception of which I 

here propose the generic name Steinedesmus nom. nov. 

The relations of Amphidoma and Murrayella to Gonyaular 

are intimate, but our present knowledge of their skeletal mor- 

phology is insufficient for final conclusions as to their standing. 

In so far as our data go they are both generically distinct. The 

apical and antapical regions in both are difficult of analysis on 

account of the small size of the plates and their firm adhesion 

one to another. Amphidoma is distinguished from Gonyaular 

by six apicals and no precingulars, by the form of the apices, 

by the feebly developed longitudinal furrow, equatorial, and 

non-displaced, horizontal girdle; Murrayella by its five post- 

cingulars, the absence of a truncate apex, and by the form of the 

longitudinal furrow. 

The genus Ceratocorys is distinguished by its five precingu- 

lars, three apicals and one anterior intercalary and by the 

anteriorly located girdle. 

The genus Spiraulax Kofoid founded on Gonyaulax jolliffer 

Murray and Whitting differs from Gonyaulax in the shortened 

apical 1’ (rhomb plate of various authors), the junction of pre- 

cingular 1” and anterior intercalary 1¢ across the midventral 

line, in the presence of a ventral notch in apical 71’, and in the 

absence of a ventral pore. See Kofoid (1911ce). 

IV. SKELETAL FISSION 

Cell division in the genus Gonyaulax may take place in 

thecate individuals and in this case it involves the division of 

the enveloping theca. Fission of the cell mass which has rid 

itself of its skeleton by eedysis is possible especially in such 

species as G. polyedra where this phenomenon is often seen, but 

no conclusive evidence of cell division in the naked stage has 
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thus far been observed by me. In the fission of theeate indi- 

viduals the parental skeleton parts along uniformly definite 

sutures as in Ceratium (see Kofoid, 1909a) in an irregular plane 

at approximately right angles to the major axis of the spindle 

of the dividing cell. This plane parts the antero-sinistral moiety 

from the postero-dextral one. Chain formation occurs in con- 

junction with theeal fission, in so far as my own observations and 

the literature indicate, only in Gonyaulaxr catenata (Levander ) 

Kofoid, and in G. series, as I have elsewhere shown (1911e). 

Chain formation of the plasma mass followed by skeletal forma- 

tion de novo oceurs in Gonyaular series (see Kofoid, 1911a). 

The anterior moiety (see text-figures A—D and pl. 10, figs. 9, 

10) receives from the ancestral skeleton all of the apical series, 

and interior interealaries when these are present, precingulars 
4Attt 1” and 2”, girdle plates 1—3, and posteingulars 1’”—4 The pos- 

hs terior moiety receives precingulars 3’’-6”’, girdle plates 4-6, post- 
PEL eingulars 5’’-6’”", posterior intercalary 7”, and the antapical 1”. 

The fission line appears to pass through the flagellar pore and 

the greater part, 1f not the whole, of the ventral area goes with 

the posterior moiety. The path of the fission plane along the 

sutures is clearly shown in text figures A-D. The precise loca- 

tion of the fission line in the ventral area has not been accurately 

determined as yet. The figure of Entz (1905, fig. 58) suggests 

that this line passes through the flagellar pore and separates the 

anterior plate of the ventral area from the intermediates. Since 

he does not distinguish the subdivisions of this area, or indeed 

in his figures the other plates of the theeal wall, he has left the 

matter still in some uncertainty. 

V. SUBGENERA AND SPECIES OF GONYAULAX 

For convenience the species of Gonyaular may be grouped 

in three subgenera based upon the general form of the body. It 

is somewhat difficult to define these groups in such a way as to 

make the assignment of every known species to one of the three 

perfectly evident. A few aberrant species are in consequence 

included in the larger subgenera. As a result of my examina- 

tion of extensive material of this genus and of a eritical review 
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of the literature the following species are recognized as valid 

and are grouped as follows. Pertinent bibliographical references 

are appended in each case. 

1. Subgenus Gonyaulax (Diesing) Kofoid subgen. nov. 

Body spheroidal or polyhedral, not greatly elongated, apical 

closing platelet not carried over upon the dorsal side. This 

includes the non-fusiform species of the genus as heretofore 

defined. Here belong: 

Gonyaulax apiculata (Penard) Entz (1904), p. 11, fig. 4a-i. 

Syn. Peridinium apiculatum Penard (1891), p. 51, pl. 3, figs. 

3-13. 

G. clevei Ostenfeld (1901), p. 138, fig. 2. 

G. apiculata var. clevei Ostenfeld (1908), p. 164, pl. 5, figs. 

59, 60. 

G. catenata (Levander) Kofoid (1911b). Deseribed as Peridiniwm 

catenatum by Levander (1894a), pp. 1-18, pl. —, figs. 1-11. 

7. diegensis, sp. nov. See p. 217. 

7. digitale (Pouchet) (1883), p. 433, pl. 18/19, fig. 14 as Protoperi- 

dinium digitale. See p. 214 of this paper. 

G. kofoidi Pavillard (1909), p. 278, fig. 1, A, B. 

7. pacifica Kofoid (1907b), p. 308, pl. 30, figs. 37-39. 

7. palustris Lemmermann (1907), pp. 296-297, figs. 1—5. 

7. polyedra Stein (1883), pl. 4, figs. 7-9. 

7. polygramma Stein (1888), pl. 4, fig. 15. See G. steini Lemmer- 

mann, in list of indeterminate species on p. 203 for the remain- 

der of Stein’s figures. 

G. scrippsae, sp. nov. See p. 228. 

G. series Kofoid (191la), pp. —, pls. 1-2, figs. 1-6. (In press.) 

7. Sphaeroidea, sp. nov. See p. 206. 

G. spinifera (Claparéde et Lachmann) Diesing (1886), p. 96. Orig- 

inally deseribed by Claparéde and Lachmann (1858-1859), p. 

405, pl. 20 figs. 4, 5, as Peridiniwm spiniferum. 

G. triacantha Jorgensen (1899), p. 35. See Kofoid (1906b), pp. 

102-105, figs. 1-3. 

G. turbynei Murray and Whitting (1889), p. 323, pl. 28, figs. 4a, b. 

2. Subgenus Fusigonyaulax, subgen. nov. 

Body elongated, usually fusiform, often with an elongated 

apical and antapical horn. Here belong: 

Gonyaulax birostris Stein (1883), p. 4, fig. 20. 

G. glyptorhynchus Murray and Whitting (1899), p. 324, pl. 28, fig. 

3a-e. 

G. highleii Murray and Whitting (1899), p. 324, pl. 28, fig. 2a, b. 
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G. jolliffe. Murray and Whitting (1899), p. 324, pl. 28, figs. la, b, 

which might be placed here, is described by me (1911e) as in a 

new genus. Spiraulax. 

3. Subgenus Steiniella (Schiitt) Kofoid, subgen. nov. 

Body rounded, spheroidal or subpolyhedral, exceedingly fra- 

gile, closing platelet of apex carried over upon dorsal side. Sur- 

face markings tending to longitudinal direction. 

Gonyaulax alaskensis, sp. nov. See p. 249. 

Gonyaulax hyalina Ostenfeld og Schmidt (1901), p. 172 , figs. 24 a-d. 

Gonyaulax fragilis (Schitt), described as Steiniella fragilis by 

Sehiitt (1895), p. 6, figs. 26 .-14. 
Gonyaulax inflata (Kofoid). Seer as Steiniella inflata by 

Kofoid (1907a), pp. 168-169, pl. 2, fig. 15. 

Gonyaulax mitra (Schiitt). esened as Steiniella mitra by Sehutt 

(1895), pl. 7, figs. 27,-;. Possibly not a Steiniella. 

4. Subgenus Acanthogonyaulax subgen. nov. 

Characterized by spines upon the hypotheca with axial cores 

similar to those of Ceratocorys. Girdle premedian. Plates of 

apical region numerous (6 in G. ceratocoroides). Contains one 

species G. ceratocoroides (Murr. and Whitt.) Kofoid (1910, p. 

182). 

For convenience in reference I append herewith (1) a list 

of species of Gonyaulax regarded by me as synonyms, (2) a list 

of described species which I regard as indeterminable and there- 

fore invalid, (3) a list of species originally described in other 

genera which are here included in the genus Gonyaulax, and (4) 

species referred to Gonyaulax but belonging to other genera. 

VI. AnnoratTeD List OF SPECIES OF GONYAULAX REGARDED HERE 

AS SYNONYMS 

Gonyaulax apiculata var. clevei Ostenfeld (1908), p. 164, pl. 5, figs. 

59, 60 =G. apiculata (Penard) Entz. 

G. clevei Ostenfeld (1901), p. 133, fig. 2=G. apiculata (Penard) 

Entz (1904), p. 14, fig. 4. 

G. grani Henekel (1909), p. 118, pl. 30, figs. 1-16= G. digitale 

(Pouchet) Kofoid. 

G. globosa Stiiwe (1909), p. 275, pl. 2, fig. 7=G. kofoidi Pavillard 

(1909), p. 278, fig. 1 A, B. Doubtfully listed here. 

G. levanderi (Lemmermann) Paulsen (1907), p. 8, fig. 8=G. spini- 

fera (Clap. et Lachm.) Diesing. See p. 213 of this paper. 

G. mangimt Fauré-Fremiet (1908), p. 230, fig. 16, pl. 16, fig. 19 = G. 

spinifera (Clap. et Lachm.) Diesing. 
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VII. INDETERMINATE SPECIES, NAMES WHICH SHOULD BE 

VATA: 

REGARDED AS APPLIED TO UNRECOGNIZABLE SPECIES 
Gonyaulax caspicus Henekel (1909), pl. 29, figs. 6-15. No deserip- 

tion published. On p. 187 as G. caspicum. 

G. obliqua (Gourret) Lemmermann (1899), p. 368. Figure and de- 

scription of Roulea obliqua Gourret (1883), p. 87, pl. 2, figs. 39, 

39a, too indefinite to permit reidentification. Possibly a 

synonym of G. spinifera. 

7. polygramma var. Stein (1883), pl. 4, figs. 16, 17. 

+. schuetti Lemmermann (1899, p. 367), based on G. polygramma 

Stein var. of Schiitt (1895), pl. 8, figs. 33b,., Probably an 

early stage in the reformation of the theca following ecdysis 

in some indeterminable species. 

G. steini Lemmermann (1907), p. 298, based on part (pl. 4, figs. 

16, 17) of Stein’s (1883) G. polygramma. (‘‘ Hine Varietat mit 

zugespitzer Endplatte.’’) This is plainly different from Stein’s 

figure 15, which is a typical G. polygramma, but the ‘‘ variety’’ 

has been figured in such oblique positions as to render re- 

identification wholly conjectural. 

Roulea spinifera Gourret (1883), pp. 86-87. Assigned by Lem- 

mermann (1907), p. 298, to synonomy of G. spinifera. Specific 

relations indeterminable. 

SPECIES OF Gonyaulax DESCRIBED IN OTHER GENERA, OR 

ASSIGNED TO SPECIES IN OTHER GENERA, WHICH 

BELONG IN Gonyaulax 

Amylax lata Meunier (1910), pp. 51-52, pl. 3, figs. 24-27 = Gonyau- 

lax triacantha Jorg. (1899), p. 35. é 

Amylax nivicola Meunier (1910), p. 53, pl. 3, figs. 35, 36. Probably 

Gonyaulax, Generic and specific status problematical. 

Amylax perpusilla Meunier (1910), p. 53, pl. 3, fig. 37. Probably 

Gonyaulaz. Generic and specific status problematical. 

Amylax catenata Meunier (1910), p. 52, pl. 1 bis, figs. 46, 47; pl. 3, 

figs. 28-34—=Gonyaulax catenata (Levander) Kofoid (1911b), 

pp. 287-294, pl. 18. 

Ceratium hyperboreum Cleve (1900a), p. 14, pl. 8, fig. 14 = Gonyaulaa: 

triacantha Jorgensen (1899), p. 35. Quoted by Lemmermann 

(1907), p. 298, as Ceratium hyperborcum and by Linko (1907), 

pl. 91, as Geratium hyperboreum. 

Ceratocorys spinifera Murray and Whitting (1899), p. 329, pl. 30, 

figs. 6a, b, e=G. ceratocoroides Kofoid (1910), p. 182. The 

remaining figures, 6c, d, are of Ceratocorys. 

C. [eratocorrys!| spinifera, Schroder (1906), p. 329 = Gonyaulax 

spinifera. Lapsus. 

Goniodoma milneri Murray and Whitting (1899), p. 325, pl. 27, 

figs. 2a-d = Gonyaulax milneri (Murr. and Whitt.) Kofoid. 
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Heterodinium triacantha (Jorgensen) Kofoid (1906a), p. 3854= 

Gonyaulax triacantha. See Kofoid (1906b), p. 102. 

Peridinium apiculatum Penard (1891), p. 51, pl. 3, figs. 8-13 = 

Gonyaulax apiculata (Penard) Entz (1904), p. 11, figs. 4a—1. 

Peridinium catenatum Levander (1894a), pp. 1-18, pl. figs. 1-11= 

Gonyaulax catenata (Levander) Kofoid (1911b), pp. 287-294, pl. 

18. 
Peridinium digitale, Lemmermann (1899), p. 369—= Gonyaulax digi- 

tale (Pouchet) Kofoid. See p. 214 of this paper. 

Peridinium levanderi Lemmermann (1900), p. 120, based on Levan- 

der’s (1894a), p. 50, pl. 2, fig. 21, of Peridinium sp.=G. spini- 

fera. 

Peridinium pyrophorum, Lemmermann (1899), p. 369 = Gonyaulax 

polygramma Stein. 

Peridinium spiniferum Claparéde et Lachmann (1858-1859), p. 405, 

pl. 20, fig. 4, 5=G. spinifera (Clap. et Lachm.) Diesing (1866), 

105 GX: 

Protoperidinium digitale Pouchet (1883), p. 483, pl. 18/19, fig. 

14=4G. digitale (Pouchet) Kofoid. See p. 214 of this paper. 

Protoperidinium pyrophorum Ehrbg. See Pouchet (1883), p. 433, 

pl. 18/19, fig. 15=G. polygramma Stein (1883), pl. 4, fig. 15. 

Pouchet’s form is not that of Ehrenberg (1838), p. 133, pl. 1, 

fig. 1, which is fossil. 

Roulea obliqua Gourret (1883), p. 87, pl. 2, figs. 39, 39a = G. obliqua 

(Gourret) Lemmermann (1899), p. 368.  Indeterminable. 

Roulea spinifera Gourret (1883), pp. 86-87, pl. 2, fig. 48. Assigned 

by Lemmermann (1907), p. 298, to synonomy of G. spinifera. 

Indeterminable. 

Steiniella cornuta Karsten (1907), pp. 348, 420, pl. 53, figs. Ta-e = 

Gonyaulax pacifica Kofoid (1907b), p. 308, pl. 30, figs. 37-89. 

Steiniella fragilis Schutt (1905), pl. 6, figs. 26,.,=G. fragilis 

(Schiitt) Kofoid. 

Steiniella inflata (Kofoid) (1907a), pp. 168-169, pl. 2, fig. 15 =G. 

inflata (Kofoid). 

Steiniella mitra Schiitt (1905), pl. 7, figs. 27,-;—=G. mitra (Schitt) 

Kofoid. 

IX. DESCRIBED OR CITED SPECIES OF Gonyaulax WHICH BELONG 

IN OTHER GENERA 

Gonyaulax fimbriatum Murr. and Whitt. See Schroder (1906), p. 

329, lapsus (?) for Goniodoma fimbriatum = Ceratocorys armatum 

(Schiitt) Kofoid (1910), p. 181. 

D. SPECIES OF GONYAULAX FROM THE COAST OF 

CALIFORNIA 

The species of Gonyaulax included in the following key have 

been found along the Pacific coast between southern Alaska and 
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San Diego. Skeletons or moribund individuals of Alaskan species 

may be expected in the deeper plankton (ca. 50-100 fathoms) as 

far south as San Diego and are therefore included in this key. 

It is to be expected that the further examination of the plankton 

of subtropical facies occurring at San Diego during late autumn 

and early winter will bring to hght additional species normal to 

warmer seas. No fresh-water species has as yet been reported 

from California. 

I. Key To SprEcIES oF Gonyaular IN CALIFORNIA WATERS 

1. Body elongated, fusiform, length 1.5 transdiameters or more... 2 

1. Body not elongated, length less than 1.5 transdiameters.......... 3 

hy dNaalnetyovee<, Clrexoucaleeyall yy estan ali eau A OY ae cc  ne 4 

4. Very large, length over 100u, body deeply excavated, antapex 

Tin Wemneall Waly LOROENl Ey TO WNAO KGL ee cee ee pacifica 

4. Large, length less than 100u, not so deeply excavated, antapex 

oollncurellivaattsn, VNC abe lseeceee ater eek os eee ees eae Sere eee cs eo kofoidi 

Ze MMB Nee Tey epee CSM eee a ee re sec eee eee ee 5 

5. Length less than 2 transdiameters........ Spiraulax jolliffei gen. nov. 

Sa eno the more svhan sj) stmamsdiamle ens sees ee G. birestris 

3. Apex extended over to dorsal face 2.2.27 1 Ste Set ee ee Oye 6 

SeeApexemot extended on tondorsalitace sf be ee 7 

Om bodyrclongared ssumrace syermmnl culate eee eer es G. fragilis 

Gop SO diye no muds sunnier cea e tr Cru cit epee ee nee mene eres G. alaskensis 

Ten ASHONOIN7 SLANE CRG Le ee ee a G. sphaeroidea 

fo LIOGKY MOG, CleCucleCllyy STOVE TROM CM a ee cee acts te ce ee eS 8 

She VAM EaHOMGEEM SH OMTANSIS NONE, TOURSIS SNA Se ee ea ans ee ee 9 

8. With one or more antapical spines BEEN Pose kt MIR Neale 10 

Gee odes olyhednallersumetc Cent etl Cult epee eee G. polyedra 

9. Body ellipsoidal, with longitudinal striae predominant —................ iit 

11. Girdle with considerable displacement and overhang ....................... 

ee een EE rd en So Ea ne G. scrippsae 

11. Girdle with little displacement and overhang................ G. turbynei 

10. Apical horn 0.4 transdiameter, 5 antapical spines....G. triacantha 

10. Apical horn not so well differentiated, fewer antapical spines... 12 

12. Surface with longitudinal striae predominant.......... G. polygramma 

ZL HSyunmttenes Waticlal Jorolhycegommneul: srereneri@nuil ey pM aNs) ee eee tere 13 

13. Large species, length 60-100u, apical horn moderately differen- 

PRE CLM ee meee see ee eee eee SO hoe eae eh carne aee ee ose G. diegensis 

13. Medium-sized species, 40—50u, apical slightly differentiated............ 

ee eas Se oe oe es a ats AEE oe a alee Reso G. digitale 

1Sometimes without antapical spines. 
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II. DESCRIPTIONS OF SPECIES OF Gonyaulax Diesina, WitH NOTES 

ON SYNONOMY, VARIATION, AND DISTRIBUTION 

1. Subgenus Gonyaulax subgen. nov. 

The California representatives of this subgenus fall into sev- 

eral groups of species of unequal coherence and content; to wit, 

the spinifera, polygramma, polyedra, and sphaeroidea groups. 

The spinifera group consists of four species, G. spinifera, G. 

digitale, G. diegensis and G. triacantha. The first three form a 

series of increasing size, of closely related species, from which 

the fourth differs widely in form of body, surface markings and 

distribution of the antapical spines, the possession of which 

forms the main character linking it to this group. 

a). The Sphaeroidea Group 

Characterized by spheroidal form, smooth or feebly reticu- 

lated surface, girdle and ventral area scarcely impressed. 

Here belong Gonyaulax sphaeroidea sp.nov. and G. palustris 

Lemm. 

1. Gonyaulax sphaeroidea sp. nov. 

Pl. 16, figs. 41, 42 

Diagnosis—A medium-sized species with spheroidal body, no 

apical horn or with one which is but shghtly differentiated, girdle 

displaced 1.5 to 2 times its width, anterior intercalary plate pres- 

ent, surface smooth or faintly reticulate, rather sparingly 

punctate. Hyaline lists on both sides of longitudinal furrow. 

DeEscrRIPTION: Body spheroidal, major axis slightly exceeding equatorial 

(1.12 transdiameters), no apical horn differentiated in specimen figured. 

Epitheca slightly exceeding hypotheca, each nearly hemispherical. See- 

tion at girdle with only a trace of flattening on ventral face. 

The girdle is equatorial, slightly postmedian, descending, displaced 

distally 1.5 to 2 girdle widths, and has an overhang of less than 0.5 girdle 

width. It is not impressed and has low hyaline, non-ribbed lists. 

The ventral area or longitudinal furrow is slightly curved to the left 

opposite the distal end of the girdle, and flares posteriorly to more than 

a girdle width. It is guarded on either side by salient membranous, non- 

ribbed lists which increase in height posteriorly. Anteriorly the ventral 

area slightly indents the epitheca. 
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ihesplate formula 1s) 3, 105 67, 16, (6'", 12, 127. The apical plates, 1” 

to 3’ surround the apex. Apical 7’ is a slender plate reaching to the 

ventral area, separating plates 1” and 6” of the precingular series and 

bearing at its apex the elliptical closing platelet, a thin seale-like strue- 

ture which covers the so-called apical pore, and when the plates are 

parted often remains attached to the slender midventral apical plate 1’. 

Plates 2’ and 3’ are nearly bilateral and placed saddle fashion upon the 

anterior end. The anterior intercalary is a small plate not touching the 

apical region and lying to the right (of body, left of figure) of apical 1’, 

and between the apical and precingular series. It bears on its median 

margin a conspicuous pore, which is present throughout the genus Gonyau- 

lax, and has not been noted heretofore, which I call the ventral pore. 

The six precingulars 1”—6” are all prominent plates, 6” being quadrangular. 

It is triangular in most species which have widely displaced girdles. The 

girdle plates are normally six in Gonyaulax but were not separated in 

this species as the material at command was limited. The six postcingu- 

lars are typical; posteingular 1’ being, as usual, a narrow plate partially 

hidden on the left margin of the longitudinal furrow. The posterior inter- 

calary 1? is a wide plate at the left of the longitudinal furrow, touching 

neither the girdle nor the antapex. The single antapical 1””, is a large 

pentagonal plate whose ventral margin is slightly indented by the ventral 

area. 

The ventral urea ineludes those plates of the thecal wall which are 

involved in the longitudinal furrow. There are as many as six of these 

in some species of Gonyaulax. Only the most anterior one is to be seen 

in the figure. 

The surface of the San Diego specimen was perfectly smooth and was 

sparsely porulate with rather large scattered pores. There were no sur- 

face markings or reticulations and the lists along the furrows were with- 

out ribs. 

Cell contents unknown. 

Dimensions: Length, 434; transdiameter, 38; dorsoventral 

diameter the same; girdie width, 4.5p. 

COMPARISONS: Its spherical form and smooth surface at once 

distinguish it from all described species of the genus. 

Described from’ an empty theca taken in surface plankton off 

San Diego, November 26, 1904. The composition of the plankton 

in this collection indicates its oceanic and subtropical origin as 

shown by the presence of such species as Pyrophacus horolo- 

gicum, Ceratocorys armatum, C. horrida, Gonyaulax turbynet, 

Ceratium reticulatum and Podolampas palmipes. 

b). The Spinifera Group 

A group of rotund species characterized by the presence of 

one or more antapical spines, more or less widely displaced 
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girdle and slightly differentiated apical horn. Plate formula 

3’ (or 4’), 0 (or 2)4, 6”, 6, 6'", 12, 1””. No longitudinal striae. 

One of the most puzzling cases of confusion which exists 

among the Peridinidae is that which involves Gonyaulaxr spini- 

fera, due, in my opinion, to the defective figure of Claparéde and 

Lachmann (1858-1859) who originally deseribed the species as 

Peridinium spiniferum, to Stein’s (1883) error in failing to 

distinguish between the form he described as G. spinifera and 

that of Claparéde and Lachmann, and to the non-acceptance by 

subsequent writers of Pouchet’s (1883) Protoperidinium digitale 

as distinet from the species originally described as spiniferum. 

The acceptance on the part of later workers of the application of 

the name spinifera to Stein’s species has led to the re-description 

of the minute original form as a new species by Paulsen (1907), 

Fauré-Fremiet (1908), Henckel (1909) and possibly to repeated 

appearance of Gonyaulax spp. in the plankton records of the 

International Commission for the Investigation of the Sea. See 

Ostenfeld (1906, 1909). 

The examination of a wide range of material, and an inspec- 

tion of all published figures have convinced me that there are 

two somewhat similar forms but distinct species of Gonyaulaxr 

widely distributed in the neritic and in the oceanic plankton to 

some extent. These are, (1) the minute form with widely dis- 

placed, overhanging girdle and usually two, rarely several, small 

antapieal spines, and (2) a larger form with less displacement 

and overhang and two larger spines. This first is the original 

G. spinifera, the type species of the genus, known in later litera- 

ture as G. levanderi (Lemmermann) Paulsen, G. mangini Faure- 

Fremiet, and possibly G. caspica Henckel. Doubtless it has some- 

times been confused with and often combined with the other com- 

mon species, G. digitale (Pouchet) (described as Protoperidinium 

digitale). 

The other species is the larger and, it seems from all the evi- 

dence obtainable, is the more abundant one, has less displace- 

ment and less overhang of the girdle, is often more rugose, and 

has two prominent antapical spines. It was first described, as 

above stated, by Pouchet (1883, July-August) and_ several 
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months later referred by Stein (1883, November) to G. spinifera 

(Clap. et Lachm.) Diesing, a reference widely followed by sub- 

sequent workers. The date of publication of Stein’s (1883) 

monograph is stated in a letter to me from the publisher to have 

been the latter part of November. 

To these two forms I here add a third and still larger species 

G. diegensis, distinguished by its still larger size, widely dis- 

placed but not much overhanging girdle, usually three antapical 

spines, by its wide intercalary bands, and by the presence of 

four apical plates. 

These three species form a series of increasing size compar- 

able with that formed in the polygramma group by G. turbynei, 

G. scrippsae, G. polygramma, G. kofoidi, and G. pacifica, and 

as in the case of that series, showing more or less intergradation. 

The possibility that they form merely a growth series is 

excluded by their distribution, for in the case of the polygramma 

series, G. kofoidi and G. pacifica are tropical and oceanic, and 

the other two do not occur together with them in such numbers 

as the growth relation demands. The possibility that they are 

geographical (temperature) species or ‘‘races’’ is suggested by 

the present incomplete data of their distribution, but it is by no 

means conclusively determined. All three, spinifera, digitale, 

diegensis, occur, perhaps together, in the San Diego region. Their 

predominant centers of distribution must be determined to solve 

this problem. In my opinion from data at present available they 

are distinct species. 

The inclusion of G. triacantha in the spinifera group is an 

arbitrary assignment, based primarily on the presence of several 

antapical spines. Here also may be placed G. apiculata (Penard) 

Entz, and its variety clever (Ostenfeld). 

2. Gonyaulax spinifera (Claparéde et Lachmann) Diesing 

Pl. 10, figs. 8-10; pl. 16, fig. 39, and text figs. A—D. 

Peridinium spiniferum Claparéde et Lachmann (1858-1859), p. 405, 

pl. 20, figs. 4, 5. 

Gonyaulax spinifera (Clap. et Lachm.) Diesing (1866), p. 96. 

Peridinium sp. Levander (1894b), p. 50, pl. 2, fig. 21. 

Peridinium vexans Murray and Whitting (1899), p. 327, pl. 29, figs. 

7a, b. See discussion of synonomy below. 
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P. levanderi Lemmermann (1900), p. 120. 

Gonyaulax sp. Van Breeman (1905), p. 42. 

C. [eratocorrys| spinifera, Schroder (1906), p. 329. Lapsus. 

Gonyaulax levanderi, Paulsen (1907), p. 8, fig. 8. 

G. levanderi, Ostenfeld (1908), p. 165, pl. 5, figs. 54-58. 

G. levanderi, Paulsen (1908), p. 30, fig. 38. 

G. mangini, Fauré-Fremiet (1908), pp. 218, 230; fig. 6, pl. 16, fig. 19. 

DraGnosis: A minute rotund species somewhat elongated 

anteriorly, with relatively wide oblique girdle with considerable 

overhang; epitheea with convex sides, with or without two or 

more small antapical spines. Longitudinal furrow not flaring 

much posteriorly, often abruptly widened opposite distal end 

of girdle. Line joining ends of girdle makes an angle of 27°-40° 

with major axis. Surface hghtly marked. Length 24-50xz. 

Description: Body small, length, excluding spine 1.14—1.25 transdia- 

meters; rotund, girdle seetion subcireular. Hpitheca, subeonical, more 

rotund than in G. digitale, apex subsquarely truncate, nearly a girdle 

width across; apical horn not much differentiated or barely suggested; 

sides slightly convex, greatest altitude, 0.6 to 0.7 transdiameter. Hypo- 

theca subhemispherical, greatest altitude, 0.6 transdiameter, antapex 

broadly rounded or sub-truncate between spines, with one, two or more 

usually short antapical spines, rarely with none. The spines shown in 

plate 10, figures 9 and 10, are exceptionally long. 

The girdle is the most striking characteristic of this species. It is 

relatively very wide, one-sixth of the transdiameter across, descending, 

displaced twice its width (2.2-3) or more, with an overhang of 1 to 2 

girdle widths. It is deeply indented, with low ridges, sometimes salient, 

and without lists. 

The ventral area (v.a., text fig. B.) is very oblique anteriorly, slightly 

indents the epitheca, is laterally compressed almost to closure between 

the overhanging ends of the girdle and is nearly straight posteriorly with 

a slight deflection to the left side of the body. It is not expanded pos- 

teriorly as in G. digitale (Pouchet), its distal end being about 1.4 wider 

than at the distal posterior girdle ridge. The most marked and fairly 

constant feature is its abrupt almost rectangular expansion to the left 

just opposite to the distal end of the girdle, a feature not prominent in 

G. digitale or G. diegensis. This expansion is better shown in plate 10, 

figure 10, than in plate 16, figure 39. 

Plate formula is 3’, 0%, 6”, 6, 6’, 1p, 1”. Apical 1’ is curved with 

large ovate or elliptical closing platelet (cl. pl., pl. 10, figs. 8, 9). Apical 

3’ bears a faint trace (pl. 16, fig. 39, and text fig. B) of a curved marking 

resembling a suture line which marks off the apical-median part of the 

plate in somewhat the same fashion in which apical ¢#’ is delimited in 

G. diegensis. I have not been able to separate this as a plate in G. spini- 

fera and the marking is often absent. Ventral pore (v. po.) is on median 

edge of apical 3’, about one-half of the distance from the apex to the 
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apieal-precingular suture. Precingular 1” is vertically displaced anteriorly 

the whole length of 6”, separated by ventral area from plate 6”, which 

is nearly triangular (pl. 10, fig. 10). Postecingular 1”’ is very small, 

linear, overhanging oblique part of ventral area. Posterior intercalary 1s 

1 to 1.3 girdle widths across. 

The plates of the ventral area (v. a., pl. 10, fig. 8) are much obseured 

by the obliquity and overhang of the girdle. The anterior plate (ant. pl.) 

slightly indents the epitheca, is not crossed by the anterior girdle ridge 

and bears on its postmargin the anterior edge of the flagellar pore. The 

intermediate plates (int. pl., pl. 10, fig. 10) must be small as they are 

more or less hidden in the oblique part of the longitudinal furrow. The 

posterior plate (post. pl.) is large and extends anteriorly almost to the 

level of the distal end of the posterior girdle ridge. Its posterior end 

roundly indents the antapical plate. 

The surface is smooth, sparingly porulate with large pores, especially 

near suture lines which are marked by faint lines. A faint reticulum 

about the pores is sometimes developed. Ridges along girdle and ventral 

area heavier, continued on either side in short spinules which are rather 

nearer together than in G. digitale, being about 1.5 girdle widths apart. 

Often but a single spine, the right one, is present, and sometimes none 

at all is found. In the brackish water form of this species described as 

G. levanderi, Paulsen (1907, fig. 8a), has figured these spines as postero- 

dorsal to the end of the ventral area and also finds several small acces- 

sory spinules. The two spines in our material are located near the points 

where the ventral area indents the antapical, a position which the anta- 

pieal spines often occupy in this genus. Lists on the spines are rare in 

this species. Chromatophores often dark yellowish brown. Contents 

dense, occasionally pale and translucent. 

Dimensions: Length, 24 to 50, generally 35 to 40u; trans- 

diameter, 21 to 33u. In the Aral Sea Ostenfeld (19C8) records 

forms referable tentatively to this species, 40 to 504 in length 

and 32 to 44 wide. A few of our marine forms approaching 

this size have been found by me. 

The following table of measurements gives the range in 

dimensions observed in San Diego material and recorded else- 

where. 

Measurements of Gonyaulax spinifera 

(Dimensions in Microns) 

Trans- 
Loeality Date Length diameter 

Nan edro arbor, @alit.eMay. Silo OO ae 44 35 

San Pedro Harbor Calite Many. sill iiG Ojlecs see 35 31 

San Pedro Harbor, Calif., May 31, 1901.................. 40 35 

San edo Harbor. Calit--Miaiy, alll sllO Ole 45 39 

Off¢san Diero, Calut June 28, 1904s see 48 on 

Off San Dieroy Calits Jmmer28. 9k eees eee 41 23 
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Trans- 
Locality Date Length diameter 

Off SaneDiero; Calite Sumnie 2859 04s ece nese eee 40) 30 

Off Sans Diecor Calite Dect 0 eee ees 38 30 

Off SangDireroy Caliite We chy 2ae0 0 Aeneas 38 35 

[Gorinion eA Alsen Gp tage sal O() sy eee eee eee eee 40) 34 

Wrowaiare, AMES) Sieyoits Tia}; TCO}S) ss SS 40 

@lapanédeka nid tare lina yrange cere eee 30-40 20—26(?) 

(1858-1859), p. 405, pl. 20, fig. 4. 
ANA reeanayea cairn aga VW atti ae ee eee eee 39 33 

(1899), pl. 29, fig. 7a. 

Pauréskremiiet: =2 -2.20-s8 Pee. 028 2 ee abe ee errs ase 40 33 

(1908), p. 230, pl. 16, fis. 19. 

Oster Tel ci ee a eee er ee a 40-50 32-44 

VARIATION: Quite variable in amount of overhang (1 to 2 

girdle widths) and displacement of the girdle (2.2-3 girdle 

widths), number and development of antapical spines, from 

none to two main ones with accessory spinules, and in develop- 

ment of surface markings. 

COMPARISONS: Most like G. digitale with which it has been 

more or less confused and not with certainty always separable 

from it. In material from the Faeroes, Irish Sea, Naples, and 

Alaska which I have examined there seem to be fairly constant 

differences between the two species which, however, are in some 

cases difficult to apply. 

From G. diegensis it is distinguished at once by its much 

smaller size, absence of intercalary striae, and its smaller anta- 

pical spines. The table below summarizes the important points 

of difference in the three species. 

Species Characters in Spinifera Group 

Length 

Width 

Antapical spines 

Angle made with ma- 
jor axis by line join- 
ing ends of girdle 

Displacement of gir- 
dle in girdle widths 

Overhang of girdle 
ends, in girdle widths 

Form of longi- 
tudinal furrow 

Apical 4’ 

Spinifera Digitale Diegensis 

24-50 u 45-75 60-100 

20-37 u 34-50u 45-82 

0-2, smal] 2 (4) 1-8, usually 3 

27°—40° 5°=18° (26°) OF=8> (152) 

2.3-3 1.5-2.5 3-5 

1.5-2 0.5-1.25 0-1 

Widens abruptly Not abruptly Not abruptly 
opposite distal widened widened 
end of girdle 

Not separated Not separated Separated 
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Synonomy: The species originally described by Claparede 

and Lachmann (1858-1859) as Peridiniwm spiniferum was 

clearly a small one (40m) with widely displaced overhanging 

girdle, as is evident in both the figures and description. This 

Diesing (1866) made the type (only species) of his genus Gony- 

aulax. It is equally evident that Stein’s (1883) figure is of a 

form with less displacement and overhang and probably (exact 

magnifications are not given) of larger size. An examination 

of extensive material from tropical and northern waters from 

the Atlantic, Pacifie and Mediterranean has convinced me that 

there are two distinct and separable forms confused more or less 

under the name G. spinifera. Others have evidently labored 

under the same opinion and have sought to escape from it by 

renaming either the smaller or larger form according as the 

name spinifera was applied to Stein’s or the original describer’s 

figures. Pouchet (1883), who had Claparéde and Lachmann’s 

paper (1858-1859) at hand distinguished the larger form which 

Stein (1883) a few months later published as G. spinifera, as 

‘Protoperidinium digitale. Later workers finding the smaller 

form with oblique and overhanging girdle have recognized its 

distinctness from the G. spinifera of Stein (1883). Levander 

(1894b) called it Peridinium sp. Lemmermann named it P. 

levanderi: Van Breeman (1905) recognized its distinctness from 

G. spinifera of Stein and left it unnamed and Paulsen (1907, 

1908) and Ostenfeld (1908) have called it G. levanderi, while 

retaining Stein’s name for the larger form, and Fauré-Fremiet 

names it G. mangini. The distinctions between the two forms 

have evidently been widely recognized though Paulsen cautiously 

says of G. levanderi ‘‘Vielleicht eine Hungerform von G. 

spinifera.”’ 

There can be no doubt of the fact that if the two forms are dis- 

tinet the older name spinifera should remain with the small form 

originally described by Claparéde and Lachmann and that the 

larger form figured by Stein should bear another name. Pouchet’s 

(1883) name digitale is the proper one for the larger species. It 

is quite probable that Murray and Whitting’s Peridiniwm 

vecans is Gonyaulax spinifera, for it agrees with it in size and 
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structural features in so far as represented in their figures. The 

only disturbing feature in this interpretation is the overrun of 

the apex upon the dorsal side, perhaps the result of the oblique 

view suggested by curvature of girdle and occlusion of spines 

in their figure. It is plainly a Gonyaulax and evidently close to 

G. spinifera as shown by the size (404), overhang and displace- 

ment of girdle, and flare of longitudinal furrow opposite distal 

end of girdle. The fins on the antapical spines are unusual. 

DistriBuTION: Any discussion of the distribution of this 

species In the present confused state of records of occurrence is 

futile. Statements of occurrences can be based only on figures 

which are plainly G. spinifera sensu stricto or upon records of 

G. levandert. Its distribution in California waters is not as yet 

fully determined since all of our earlier records include G. digi- 

tale and to some extent G. diegensis under the single caption of 

G. spinifera. 

It is known to oceur in San Pedro Harbor, May 31, 1901 

(No. 505) ; in collections made off San Diego, June 28 (Nos. 130, 

133) and December 2 (No. 342), 1904; and at Loring, Alaska, 

September 15, 1905. Claparéede and Lachmann (1858-1859) 

describe it from the western coast of Norway. It is reported as 

Peridinium sp. from the Gulf of Finland by Levander (1894) 

and by Van Breeman (1905) as Gonyaulax sp. from the Zuider 

Sea. It is reported by Paulsen (1907) from the eastern Baltic 

and Iceland, and by Ostenfeld (1908) from the Aral Sea. It is 

deseribed by Fauré-Fremiet (1908) as G. mangini from the Baie 

de la Hougue on the northern coast of France. 

Evidently neritic, and predominantly in northern and tem- 

perate waters. 

3. Gonyaulax digitale (Pouchet) Kofoid 

Pl. 9; figs. 1=5. 

Protoperidinium digitale, Pouchet (1883), p. 448, pls. 18-19, fig. 14. 

Gonyaulax spinifera, Stein (18838), pp. 18, 16, pl. 4, figs. 10-14. 

G. spinfera, Schutt (1887), pp. 366-867, pl. 18, figs. 7-11; (1895), 

ple os fies: 3472s. 

Peridinium digitale, Lemmermann (1899), p. 369. 

Gonyaulax spinifera, Van Breeman (1905), pp. 41-42, figs. 10 a-b. 
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G. spinifera, Entz (1907), pp. 11-19, pl. 2, figs. 5-6; (1909), pp. 247—- 

256, pl. 8, figs. 5-6. 

G. spinifera, Paulsen (1907), pp. 7-8, fig. 6; (1908), pp. 28-29, 

fig. 37. 

G. Granii, Heneckel (1909), p. 118, pl. 30, figs. 1-16. 

DiaGnosis: Larger than G. spinifera, less rotund, with less 

overhang. Epitheca subconical, shoulders often shghtly angled, 

generally two stout antapical spines. Line joining ends of girdle 

makes an angle of 13°-18° with major axis; longitudinal furrow 

not abruptly widened opposite distal end of girdle; surface usu- 

ally heavily reticulated. 

DeEscriIPTION: Based largely on material from the Faeroes. Body sub- 

rotund, sometimes subangular at precingular suture, with short, stout 

apical horn one to two girdle widths in length and 1 to 1.5 widths at apex, 

rising from slightly angled shoulders of the subconical epitheca; its 

length 1.1-1.17 (in Stein’s figure 12, 1.5) transdiameters. Little if any 

convexity in sides of epitheca, except at approaching fission(?), its 

greatest altitude 1.45 transdiameters. Altitude of the hypotheca 0.55 

transdiameter. The latter more rotund than epitheca, contracted to a 

broad antapex somewhat less than 0.5 transdiameter across. 

Girdle equatorial, descending, displaced 2 to 2.5, with an overhang of 

1 to 1.25 girdle widths. Furrow deeply impressed with stout marginal 

ridges bearing a low ribbed fin. Longitudinal furrow slightly sigmoid, 

laterally compressed nearly to closure between girdle ends, oblique to the 

major axis in this region 13°-18°, rarely 26°, expanding posteriorly. This 

expansion is more apparent than real for the left side of the middle part 

of the furrow is encroached upon by the thickened reticulate fin (f., 

pl. 9, fig. 5) arising from the median margin of the posterior interealary 

plate 7?), which simulates the thecal wall in its structure and gives the 

longitudinal furrow of heavily reticulated thecae an appearance of con- 

striction anteriorly or expansion posteriorly which is not found in less 

heavily reticulated individuals such as those from Southern Alaska waters 

(pl. 9, fig. 4). The ventral area slightly indents the epitheca in a small 

angular area. The longitudinal furrow of this species lacks the markedly 

abrupt expansion immediately opposite the distal end of the girdle which 

characterizes G. spinifera. 

The plate formula is 3’, 02, 6”, 6, 6’, 17, 1°”. Apical 1” (pl. 9, fig. 5) 

is very slender with a slight median expansion to the left and bears a 

large closing platelet at its apex. Apical 3’ bears the ventral pore (v. po.) 

on its median margin toward the base of the apical horn. Precingular 6” 

is almost triangular. Postcingular 1’ is very narrow and is curved over 

into the longitudinal furrow. The antapical 1”” is large, and is barely 

indented by the ventral area. The plates of the ventral area (pl. 9, 

fig. 5) are an anterior plate (ant. pl.) crossed by the anterior girdle 

ridge, a large posterior one (post. pl.) reaching to the level of the pos- 
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terior girdle ridge and several intermediate (int. pl.) ones hidden in the 

compressed longitudinal furrow. 

The surface of northern forms (Faeroes, pl. 9, figs. 1-8, 5) is deeply 

and coarsely reticulate with central pores in the mesh, 4 to 6 meshes on 

the side of a precingular plate. Ribs are faintly or strongly marked along 

sutures and those adjacent to both furrows bear lists which along the 

girdle are ribbed. 

widths in length and about 2 apart are often provided with fins which 

In some eases these (pl. 9, fig. 4) become 

as large as the two main spines. In exceedingly rugose individuals 

(pl. 9, fig. 5), the fin and spines (ant. sp.) are converted into a recticulate 

structure resembling the thecal wall. 

Two stout subequal antapical spines 1 to 1.5 girdle 

may bear accessory spinules. 

Dimensions: Length (37) 50-754; transdiameter, 34-50, ; 

width of girdle, 54; length of antapical spines, 3 to 10u. 

Table of Measurements of Gonyaulax digitale 

Length in microns 
Locality Date excluding spines Width 

Faeroe Channel August, 1907 42 35 

Faeroe Channel August, 1907 a7 48 

Faeroe Channel August, 1907 68 48 

Faeroe Channel August, 1907 52 43 

Faeroe Channel August, 1907 7 30 

Faeroe Channel August, 1907 40 37 

Faeroe Channel August, 1907 53 45 

Faeroe Channel August, 1907 56 48 

Faeroe Channel August, 1907 54 44 

Faeroe Channel August, 1907 67 60 

Bay of Naples April 4, 1909 60 48 

Off San Diego June 22,1905 60 50 

Loring, Alaska Sept. 15, 1905 42 35 

Loring, Alaska Sept. 15, 1905 43 35 

Loring, Alaska Sept. 15, 1905 40 3D 

VARIATION: Varies principally in surface markings from 

excessively rugose to nearly smooth forms, in the overhang and 

displacement of the girdle, and overgrowth of the longitudinal 

furrow by its lateral walls which is much greater in rugose speci- 

mens, in the development of spines and fins, and in size (37—75,). 

CoMPARISONS: See G. spinifera. The wide heavy form (com- 

pare pl. 9, fig. 2) figured by Van Breeman (1905, fig. 10b) prob- 

ably represents a condition brought about by an expansion at 

the apical-precingular sutures possibly preparatory to fission. 

Alaskan forms (pl. 9, fig. 4) are smaller, more rotund and 

less rugose than those from the Faeroes. 
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Synonomy: See G. spinifera. It is highly probable that 

G. spinifera of many writers is in reality G. digitale as here 

defined. The possibility also of the inclusion of G. spinifera as 

above defined, together with G. digitale, is excluded only in case 

of those writers, e.g., Paulsen, who have noted the distinctness 

of G. levanderi, or in those papers accompanied by diagnostic 

figures. The sketches published by Henckel (1909) of G. grant 

from the Caspian Sea seem to be referable to G. digitale. In any 

event this supposed new species from the Caspian Sea requires 

a more critical diagnosis before its distinctness from G. digitale 

ean be recognized. 

DistrIBUTION: This species occurred rather frequently in 

plankton taken in the harbor at Loring, Alaska (55° 40° N, hei 

35’ W), September 15, 1905 (see pl. 9, fig. 4), and a few speci- 

mens have been recognized in the plankton of the San Diego 

region taken in early summer (No. 919, June 22, 1905), which 

seem to be referable to this species. They are possibly of north- 

ern origin, carried southward in the California current. Full 

data as to the occurrence of this species in the San Diego region 

are not available since the species was not distinguished from G. 

spinifera during the examination of most of the collections. 

Essentially a northern species but not confined to neritic plank- 

ton though favoring coastal region, Faeroes, Iceland, North Sea, 

Conearneau, Naples, Caspian Sea, coasts of Alaska and Califor- 

nia. In the absence of figures it is wholly conjectural to base 

reports of the occurrence of this species upon records of G. sprn- 

fera, as upon those of Cleve (1901a), though it is extremely prob- 

able that many records of the aforesaid species are, especially in 

northern waters, in reality referable to G. digitale wholly or in 

part. 

4. Gonyaulax diegensis sp. nov. 
Pl. 13, figs. 21-24; pl. 16, fig. 40. 

Gonyaulax spinifera, Schitt (1895), pl. 9, figs. 34,-.. Reference here 

problematical. 

G. spinifera, Wright (1907), p. 5, pl. 1, fig. 14. 

G. polygramma, Meunier (1910), pp. 54-55, pl. 3, figs. 5-13. 

Diagnosis: A large robust species with short stout apical 

horn, elongated apex, two or three antapical horns, widely dis- 
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placed (3 to 6 girdle widths) girdle with lttle overhang, longi- 

tudinal furrow not abruptly widened opposite distal end of 

girdle. Apical 4’ separable. Reticulate surface with wide reticu- 

late intercalary bands. 

DeEscriPpTION: Body elongate-spheroidal, its length nearly 1.2 trans- 

diameters, slightly flattened on ventral face. Epitheca exceeds hypotheca. 

Epitheca contracted to stout apical horn 2 to 4 girdle widths in height 

and 3 to 4 across at the base and 1.1 to 2 at the apex, with broadly and 

regularly rounded shoulders, its greatest altitude 0.85 transdiameter, 

flaring a little at the girdle. Hypotheca also flaring at girdle, its greatest 

altitude 0.6 transdiameters, antapex wide but very broadly rounded bear- 

ing two or three short, stout, close-set spines. 

The girdle is equatorial, descending, displaced distally 3 to 6 girdle 

widths, and with rarely more than 1 of overhang. Furrow very deeply 

impressed with salient heavy ridges of thecal wall. In ventral view 

both portions appear curved, the distal one sweeping in a regular curve 

(pl. 13, fig. 24) from the margin posteriorly so that its distal end lies 

nearly midway between the proximal end and the antapex. It is thus 

one of the most widely displaced girdles in the whole genus. 

The ventral area or longitudinal furrow is spoon-shaped with slight 

irregularities in its course. It is nearly closed by lateral compression 

between girdle ends and flares posteriorly to a maximum width of four 

girdle widths, rounding at the postmargin which indents the antapical 

slightly. It is guarded by fins on either side, each at times (pl. 13, fig. 24) 

with a few heavy ribs. There is no marked expansion as in G. spinifera 

opposite the distal end of the girdle. Anteriorly the ventral area indents 

the epitheca for a distance of about three girdle widths ending in a 

rounded margin, a girdle width across, which abuts directly against the 

posterior end of the midventral apical 7’. 

Plate formula 4’, 0¢, 6”, 6, 6’, 1», 1”. The apical series consists of a 

midventral apical 1’, a very slender plate with sinuous sides to whose 

apex is attached a much elongated, curved, concave, elliptical closing 

platelet (pl. 18, fig. 22, and cl. pl., figs. 283 and 24). This platelet extends 

a trifle beyond the apex upon the dorsal side as in the subgenus Steiniella 

and is marked with a marginal row of pores. Plate 2’ has the upper end 

carried around to the right beyond the middorsal line as in many other 

species (G. triacantha, pacifica, digitale) of this genus. The third plate, 

3’, just barely touches the apex in a point adjacent to 2’, the remaining 

part of the apical margin being occupied by a small plate, ¢@ (pl. 18, 

fig. 23), apparently cut out of the top of plate 3’ by a curved suture. 

This suture line is not prominent and separates with difficulty as do also 

the other sutures on this shoulder of the theca. It has been separated, 

however, several times in my material. A region similar to plate 4’ 

is suggested by surface markings in G. spinifera and is marked off in 

several other species, for example, in G. polygramma, but it is not separ- 

able in them. The median margins of plates 3’ and # are in contact 

with plate 1’ and the anterior angle of the former bears the ventral pore 
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(v. po., pl. 18, fig. 23) which in this species is quite large and often 

elongated. The precingular plates are all large, except plate 6”, which is 

small and triangular in form. In a few cases observed its apex is 

truncated but the length of the fourth side thus formed is not over a 

girdle width. Postcingular plate 1’ is about 1 girdle width across and 

3 to 5 in length. The posterior intercalary, 1?, is an elongated pentagonal 

plate to the left of the furrow. The single antapical, 1””, is relatively 

small, and is not deeply indented by the ventral area. 

The anterior plate (ant. pl., pl. 13, fig. 23) of the ventral area is greatly 

elongated in this species (4 girdle widths), expands anteriorly and is 

deeply notched at its postmargin by the flagellar pore (fl. po.) The 

intermediate plates (int. pls., pl. 13, fig. 21) are obscured in the depths of 

the longitudinal furrow between girdle ends. The posterior plate (post. 

pl.) is a rounded quadrilateral reaching anteriorly nearly to the level of 

the distal end of the girdle. 

The surface of this species is most characteristic, its whole area 

usually being reticulate with subregular polygonal mesh but not uniformly 

so. Polygonal areas in each of the precingular and postcingular plates con- 

tiguous on one side to the girdle are more heavily marked (pl. 16, fig. 40). 

The more lightly marked margins bear the some relation to the plates that 

intercalary bands do, and they are probably of this nature. These inter- 

ealary bands vary in width in different individuals and the contrasted 

markings vary greatly in relative distinctness and in degree of develop- 

ment in different individuals. In the more heavily marked forms (pl. 13, 

fig. 24) the central reticulations are coarse and heavy and are less sharply 

delimited from the lighter margins. In more lightly marked forms the 

interealary bands are very sharply marked off from the more densely 

pitted or reticulate central regions. In some eases (pl. 16, fig. 40) the 

intercalary bands are quite free from all but the faintest reticulations. 

The pores are large, sparsely distributed over the more reticulated central 

parts of the plates and located in the nodes of the mesh rather than in the 

center of the enclosed areas. There are no girdle lists, but those of the 

longitudinal furrow on plates 1’”’ and 1” are heavily ribbed. The spines 

on the antapex arise near the middle of the antapical plate and not from 

the nodes of the sutures. They are usually two, occasionally but one, and 

quite often three, the third being on the right side. The spines are usually 

finned. The girdle is heavily reticulate except where crossed by inter- 

calary bands. 

The contents are prone to escape through the parted apicals as in G. 

polygramma and G. polyedra. There is a centrally located ellipsoidal 

nucleus with moniliform chromatin network. The irregular chromato- 

phores are of a yellowish brown color. The plasma is not especially 

dense. 

Dimensions: Length (60) 75 to 1004; transdiameter (45) 

70 to 824; width of girdle 4.5 to 5u. The following measurements 

apply to material from the San Diego region, and to figures 

referable to the species. 
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Measurements of Gonyaulaxr diegensis 

No. Length in microns Trans- 
Loeality collection Date excluding spines diameter 

Sehitit te Gl905))eNa plies (2) sees nna eeneeeese 65 43 

Wright (1907) Grand River, : 

GHUIBE OIE NSH, ILA ECNCE, keenest i) 45 

Off San Diego, Calif. 62 June 8, 1904 60 43 

Off San Diego, Calif. 73 June 8, 1904 82 65 

Off San Diego, Calif. 73 June 8, 1904 95 74 

Off San Diego, Calif. 120 June 23, 1904 90) 75 

Off San Diego, Calif. 120 June 23, 1904 60 43 

Off San Diego, Calif. 128 June 23, 1904 65 45 

Off San Diego, Calif. 141 June 30, 1904 98 78 

Off San Diego, Calif. 141 June 30, 1904 74 55 

Ten individuals taken in surface plankton June 27, 1905, off San 

Diego, were respectively 70, 75, 75, 80, 80, 83, 87, 90, 92, and 100u in 

length. 

VARIATION: This species varies greatly in size, in girdle dis- 

placement (3 to 6 girdle widths) and overhang (0 to 1.5), in 

the degree to which reticulations are developed and thickened, 

and in the widths of the interealary bands and the distinctness 

with which they are marked out. In all individuals which I have 

examined, however, the bands are definitely discernible. The 

smaller forms (60 by 45) are found in the same collections with 

the largest ones and seems to represent merely the extremes in 

variation, though the most of the individuals are 754 or more 

in length. 

Synonomy: It seems possible but by no means certain that 

the form figured by Schiitt (1895) is this species, since it has the 

size, the general form, the color and the three antapicals char- 

acteristic of it. Wright’s (1907) figure is open to a similar inter- 

pretation. Neither has, however. indicated the intercalary bands 

usually apparent on the less heavily marked specimens of the 

species. 

Meunier (1910) figures as G. polygramma a form which is 

not even remotely like that species, though he comments upon 

the resemblance to G. spinifera. His magnification is unfortu- 

nately not given. In proportions, girdle, and surface markings 

his form is so remarkably like G. diegensis that I am constrained 

to include it in the synonomy of that species. This is the only 

species which he refers to Gonyaulaz. 
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COMPARISONS: This species is a member of the G. spinifera 

group, related to G. digitale (Pouchet), differing from it in its 

size, in its more pronounced rotundity, its broad intercalary 

bands, and in having few pores located sparingly in the nodes 

of the fine reticulum instead of many centrally located in the 

openings of the mesh, and in three finned antapical spines, 

whereas G. spinifera usually has two spines, without fins. It 

differs from G. spinifera in much greater size, less overhang of 

girdle, and absence of expansion of longitudinal furrow opposite 

the distal end of the girdle. 

DIsTRIBUTION: In neritic plankton of spring and summer at 

San Diego. Less abundant in oceanic plankton. Many empty 

thecae were taken in plankton off kelp zone in 1904 with Gonyau- 

lax spinifera, G. polyedra, Dinophysis homunculus and Ceratium 

pentagonum. The abundance of empty thecae in this region may 

be due to the discharge of skeletons in faeces of the abundant 

sessile plankton-feeding fauna of the kelp zone, or to adverse 

local conditions about this zone leading to ecdysis. 

5. Gonyaulax triacantha Jorgensen 

JPL, JDL, saves, II=16), 

Gonyaulax(?) triacantha Jorgensen (1899), no. 6, p. 35. 

Ceratium(?) hyperboreum Cleve (1900a), 1, pp. 14-15, pl. 18, fig. 14. 

Ceratium(?) hyperboreum Cleve (1901a), p. 228. 

Gonyaulax hyperborea (Cleve) Paulsen (1908), p. 90. 

Gonyaulax triacantha, Paulson (1904), pp. 21—22, fig. 5a-d. 

Heterodinium triacantha (Jorg.) Kofoid (1906a), p. 354. 

Gonyaulax triacantha, Kofoid (1906b), pp. 102-105, figs. 1-8. 

Ceratium hyperborcum, Lemmermann (1907), p. 298. 

Geratium hyperboreum, Linko (1907), p. 91. 

Amylax lata Meunier (1910), pp. 51-52) pl. 3, figs. 24-27. 

Diagnosis: A smaitl species (50) with rotund hypotheca, 

epitheca with concave faces, and obliquely truncated apex. 

Girdle slightly displaced, ventral area spreading posteriorly to 

the right, five to seven spreading antapical spines, surface finely 

reticulate. Northern neritic species. 
DESCRIPTION: Body rotund posteriorly, coneave anteriorly, flattened 

ventrally, girdle postmedian. The length (excluding spines) 1.16 to 

1.20 transdiameters, dorso-ventral diameter 0.5 to 0.6 transdiameter, 

girdle section reniform (pl. 11, figs. 11, 12) of empty thecae. The usual 

form is more rotund (see Paulson, 1904, fig. 5d). Hpitheca flaring at the 
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base into the spreading girdle, its altitude 0.75 transdiameters, its sides 

contracted in a sweeping concave curve into the well-developed apical 

horn with a slight hump at the apical-precingular suture. Apical horn 

0.35 transdiameters in height, very obliquely truncated with acute ter- 

mination on its right margin. Hypotheca broadly rounded posteriorly, 

its altitude nearly 0.4 transdiameter, excavated ventrally. Girdle post- 

median, descending. displaced distally one furrow width. Furrow deeply 

impressed with stout ridges of body wall. Ventral area is exceptionally 

wide in this species: it indents the epitheca about a furrow width, flaring 

posteriorly to the left immediately behind the girdle to 2 and at the 

slightly convex post margin to 3.8 furrow widths. 

Plate formula, 3', 2%, 6, 6, 6", 1p, 1°%. Apical region (plz I) figs: 

11-15) consists of a midventral apical (Rautenplatte) 7’ widened in its 

middle to the left to nearly two girdle widths, a short plate on the left 

dorsal face of the apical horn which cuts off the two anterior intercalaries 

(14, 24) from contact with the apex, and the right ventral apical 3’. The 

circular closing platelet (cl. pl., pl. 11, fig. 12) is attached to apical 7’. 

Precingular 6” is quadrilateral and is separated by apical 7’ and the 

anterior plate of the ventral area (ant. pl.) from precingular 7’. Post- 

cingular 1’ is a narrow and sometimes very short plate on the left of 

the longitudinal furrow; postcingular 3’” is narrower than other members 

of the series. Posterior intercalary 1? is coneave on its right margin, ex- 

panding posteriorly. Antapical 1”” is 0.75 transdiameter from right to 

left but narrow dorso-ventrally. The ventral area (v. a., pl. 11, figs. 11— 

13) is composed of a triangular anterior plate (ant. pl.) crossed in the 

middle by the anterior girdle ridge and notched posteriorly by the 

flagellar pore (fl. po., fig. 13). Behind this lie four intermediate plates 

(int. pl.) and the spreading posterior plate (post. pl.). 

The surface is minutely and quite regularly reticulated with a mesh 

which sometimes shows a tendency toward a quadrilateral pattern. 

Pores not demonstrated. Ventral pore (v. po.) near apex on right margin 

of plate 4. Girdle without hyaline lists, a very wide (1-1.5 furrow 

widths) hyaline, faintly reticulated, list on left side of ventral area 

(pl. 11, fig. 13), arising from suture along posterior intercalary, decur- 

rent posteriorly, with an antapical spine (a) on the node where this 

suture joins the antapical suture. The largest antapical spine (f), 0.88 

transdiameter in length, arises from the right antapex from the surface 

of the antapical plate, and a somewhat shorter one (c) from the left 

antapex. Three or four additional spines (b, d, e) arise at or near the 

nodes of the antapical suture. The areolation of the surface of the plates 

extends for a short distance upon the base of the spines. They are, 

however, solid. 

Contents exceedingly dense, obscuring thecal structure; chromatophores 

thickly packed. 

Dimensions: Length, excluding spines, 58 to 60; trans- 

diameter, 34 to 35; dorso-ventral diameter, 204 (diameters 

measured on empty theca, those with contents are less flattened) ; 
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length of longest spine 12 to 154; width of furrow, 4; Paulsen 

(1908) gives length (without spine ?) as 72 to 84. Cleve’s 

(1900) figure is 70u without spines. Alaskan specimens appear 

to be smaller than those of EKuropean waters. 

VARIATION: This species varies in the number of spines. 

Five can usually be found, and as many as seven sometimes 

appear. The surface markings are more pronounced in some 

individuals than in others and linear striae are sometimes more 

evident than in the individual figured (pl. 11, fig. 13). Post- 

cingular 7’” is subject to considerable variation in length. 

COMPARISONS: Gonyaulax triacantha is one of the best defined 

and most isolated species in the genus. It is remarkable both in 

form and in the development of the antapical spines as well as 

in the character of the surface markings. It is not structurally 

nearly related to any other species and its inclusion in the spini- 

fera group is justified mainly on the ground of its antapical 

spines. Two dorsal interealaries still further distinguish it. 

Synonomy: First described but without figures by Jorgensen 

(1899) who questionably referred it to the genus Gonyaulax and 

later by Cleve (1900) as Ceratium hyperboreum. It was first 

figured by Paulsen (1904) who analysed the plates incompletely 

but verified Jorgensen’s conjecture that it belonged in Gonyau- 

lax. It was later referred by me (1906a) to my new genus 

Heterodinium on account of certain structural features found in 

Paulsen’s incomplete figures, but this error on my part was cor- 

rected a few months later (1906b) upon examination of material 

from Alaska, which enabled me to extend the analysis of the 

thecal plates. A fuller knowledge of the genus enables me in 

the present paper to correct and supplement certain interpreta- 

tions and deficiences in my earlier analysis. These are the cor- 

rect analysis of the apical region showing 3 apicals (1’, 2’, 3’) 

and two dorsal interealaries (77, 2") instead of 3 apicals (Kofoid, 

1906b, fig. 1, pls. 1, 2, 3) ; six precingulars (1’’-6’’) instead of 5 

(4-8), and 6 postcingulars (71’’-6’"), instead of 5 (9-13). Paul- 

sen’s figure (1904, fig. 5a) was correct in suggesting the presence 

of the small plate, my postcingular 1”, though it was not de- 

limited therein from the posterior interealary. 
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Judging from the obliquity of the ventral area (longitudinal 

furrow plate) and the loeation of ‘the small postemgular 3”, 
ce Paulsen’s (1904) figure 5d is evidently not an ‘‘antapical view”’ 

of the hypotheca as stated, at least not from the antapex but 

rather from the direction of the apical pole. He shows five post- 

cingulars and a furrow plate, but does not represent in this 

figure the small postcingular 7’” (of my nomenclature). It is 

also evident that the two plates on the ventral side to the right 

of the doubled suture line (in his figure d) both belong to the 

ventral area and that the direction of their boundaries should be 

somewhat modified. In other respects this figure harmonizes with 

my findings. His double suture line is evidently the fission line, 

as will be seen on comparing his figure, as interpreted above by 

me, with the fission line of text figures. A-D. 

Meunier (1910) has created a new genus, Amylax, for this 

species and certain other inadequately defined forms, basing the 

genus solely upon the presence of starch grains in the cytoplasm. 

He includes in this genus a species which he ealls A. lata, which 

is, however, undoubtedly Gonyaulax triacantha Jorg. I cannot 

agree that the species he figures is not triacantha. In girdle, 

spines, surface markings, and dorso-ventral compression it is a 

typical representative of the species. The outline of the epitheca 

of the specimens he figures is more convex than in my figures, 

which are of a skeleton from which cell contents had escaped, 

and hence its sides are more concave than in his figures. The 

generic basis he proposes is also, in my opinion, quite inadequate, 

and might lead to endless confusion if followed. In skeletal 

structure his A. catenata (= Gonyaulax catenata (Levander) 

Kofoid) is also referable to the genus Gonyaulax. Since skeletal 

structure has been generally utilized in generic characters in 

the dinoflagellates, it seems logical and advisable to follow it in 

this instance. I therefore reject his genus Amylax and refer the 

species in it to Gonyaula. 

DistrRIBUTION: Fairly abundant in plankton from Alaska, 

Yes Bay and Loring (55° 40’ N, 131° 35’ W) taken by U. 8. 

Steamer ‘‘ Albatross’’ of the Bureau of Fisheries, September 15, 

1905. It is to be expected in coastal plankton drifting southward 

in deeper levels, along the coast of California. 
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Reported by Jorgensen (1899) from Herlo fiord, by Cleve 

(1900a) from Spitzbergen, by Paulsen (1904) as abundant in 

fiords in Iceland, from Shetland and the Faeroes, and by Paulsen 

(1907) as rare in the North Sea, Skagarak and Cattegat. It 

is plainly a neritic northern species. It appears in the records 

of the International Commission for the Investigation of the 

Sea (see Ostenfeld, 1906, 1909), from the North Atlantic, North 

and Baltic Seas, and the Gulfs of Bothnia and Finland as 

present in small numbers. 

ce). The Polygramma Group. 

This group is represented in the plankton of the San Diego 

region by five species, G. turbynei Murr. and Whitt., scrippsae 

sp. nov., polygramma Stein, kofoidi Pavillard, and pacifica 

Kofoid, which form a series of increasing size, characterized by 

linear markings with a predominantly longitudinal direction. 

In the order named the species represent stages in increase in 

size, elongation of body and increase in antapical asymmetry. 

Owing to the considerable variability in proportions and in sur- 

face markings, a wide range of material and a large series of 

carefully executed drawings are desirable for a critical compari- 

son of the species in this group. Plate formula 3’, 0%, 6’, 6, 6’”, 
7? 5p : : 

6. Gonyaulax turbynei Murray and Whitting 
Pl. 17. fig. 44 

Gonyaulax Turbynei Murray and Whitting (1899), pp. 323-324, pl. 

28, figs. 4a, b. 

G. polygramma Stein (1883), in part, pl. 4, fig. 19 only. 

G. Turbinei, Schroder (1906), pp. 329, 340. 

Glenodinium ovatum Fauré-Fremiet (1908), p. 214-5, pl. 15, fig. 2. 

~ Provisionally referred here. 

Diagnosis: A small ovoid species, with equatorial girdle dis- 

placed 1 to 1.5 girdle widths, without marked overhang, with 

linear markings more or less well developed. 

DEScRIPTION: Body ovoid, length 1.16 transdiameters, girdle section 

circular. Epitheca and hypotheca subequal. Hpitheca a low cone with 

somewhat convex sides, its altitude 0.6 transdiameter. No apical horn, 

apical region elliptical, flattened, sloping ventrally. Hypotheca sub- 

hemispherical with very slight ventral depression. 

Girdle equatorial, descending, displaced distally 1 to 1.5 girdle widths, 

with very little if any overhang, deeply impressed, without lists or 

prominent ridges. 
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Ventral area does not indent the epitheca, its anterior part much 

restricted, the middle region very narrow, and the posterior part ellip- 

tical, the whole having the shape of a short-handled spoon with a sigmoid 

handle. The narrow apical 7’ appears to continue the ventral area to the 

apical region. 

The plate formula is 3’, 04, 6”, 6, 6’’, 1p, 1””. The ventral apical 1’ is 

very slender about 0.3 girdle width across, bent to the right in the 

middle of its course. It bears a median line of pores and earries at its 

apex an elliptical closing platelet. The ventral pore is an _ elliptical 

structure on the median margin of plate 3’. Plates 2’ and 3’ are almost 

bilaterally arranged upon the left and right sides of the apex. Pre- 

cingular 6” is displaced posteriorly nearly to the level of the proximal 

end of the anterior girdle list and is plainly quadrilateral in form. Post- 

cingular 1’ is very short, scarcely a girdle width in length. Posterior 

intercalary 1P widens posteriorly to nearly two girdle widths. Antapical 

1”” is deeply indented by the ventral area. The anterior plate of the 

ventral area is small, not indenting the epitheca and bearing the flagellar 

pore on its posterior margin. The intermediate plates are hidden in the 

constricted part of the area. The posterior plate is elliptical with a 

group of pores at its posterior part. 

The surface, in well-developed thecae, is rather strongly marked by 

prominent longitudinal striae which stand out from the minor mesh work 

most clearly in the precingular series of plates, and less so in the apical 

region and the distal part of the postcingular zone. About ten major 

lines may be counted across the ventral face. Between these lines a 

minor network breaks up the surface into irregular polygons, or areoles 

in a few of which pores of irregular sizes may be detected. The number 

of pores is ten to fifteen in each major plate of the precingular and post- 

cingular series. The girdle plates are coarsely and unevenly porulate. 

Faint traces of intercalary bands may sometimes be detected. There are 

no spines or lists on this species, as a rule. 

Dimensions: Length, 47; transdiameter, 37; width of. 

girdle 5u. Murray and Whitting (1899, pl. 28, fig. 4) figure an 

individual 35 by 28p. 

VARIATION: Varies considerably in the development of sur- 

face markings, in the width of precingular 6’, and somewhat in 

the development of an apical elevation, all features tending 

toward G. polygramma, the next member of the series in this 

group. 

ComMPARISONS: The lnear markings and absence of apical 

horn and of antapical spines distinguish it from members of the 

G. spinifera group, and the last two characteristics and its smaller 

size serve to separate it from G. polygramma. The absence of 

overhang separates it from G. scrippsae. 

SynonoMy: The form described by Fauré-Fremiet (1908) 
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from St. Vaast as Glenodinium ovatum is quite similar in form, 

proportions and size to this species but lacks wholly both sutures 

and surface markings. It possibly bears the same relation to 

this species that Schiitt’s (1895, pl. 8, figs. 33b,-,) G@. polygram- 

ma Stein var. (—G. schuetti Lemm.) does to G. polygramma, 

that is, it is the result of recent eedysis, only taken at an earher 

stage in the growth of the theca. 

The status of the small form with hyaline finely and abund- 

antly striate theea figured by Stein (1883, pl. 4, fig. 19) as a 

‘*Panzer eines sehr jungen Individuums noch ohne Spur von 
9? Tafelung und Seulptur’’ is still somewhat problematical. I find 

it at times in the summer plankton at San Diego. It is uniformly 

smaller than G. polygramma. It differs from G@. schuetti Lemm. 

(=G. polygramma var. Schiitt) in the presence of numerous 

fine striae and in smaller size. In fact @. schuetti appears to be 

only a G. polygramma which has recently shed the thecal wall by 

eedysis, and has acquired an early phase of a new theca. It dif- 

fers decidedly from G. scrippsae in its but slightly displaced not 

overhanging girdle. If not an immature or early phase in thecal 

development following ecdysis it is possibly some as yet unknown 

type of sporulation, in turbynet or some related species. It may 

be designated as forma longistriata forma nova. 

It is obvious that the apical horn in this form is more devel- 

oped than in the typical G. turbynei (compare Stein’s pl. 4, fig. 

19, and my pl. 17, fig. 44). This feature is, however, character- 

istic in the thin theea following eedysis in G@. spinifera and G. 

polygramma (See Stein 1883, pl. 4. figs. 11 and 13, and Schiitt 

1895, pl. 8, fig. 33b, pl. 9, fig. 834) and might therefore be expected 

to find some expression also in the corresponding stage in the 

more rotund G. turbynez. 

DistrRIBUTION: Taken in surface plankton July 12, 1904, in 

California current off San Diego. Probably common but escap- 

ing readily through the meshes of the plankton net. Occurrence 

in other collections of San Diego material not yet determined. 

Reported as yet only by Murray and Whitting (1899) from the 

tropical Atlantic in 16°-44° N and 19°-69° W at temperatures 

of 55°-80°, and by Schréder (1906) from the Indian Ocean 

south of Ceylon. 
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7. Gonyaulax scrippsae sp. nov. 

Dragnosis: A small very rotund species with small apical 

horn, much displaced girdle, surface with fine striations princi- 

pally in the longitudinal direction. 

DeEscRIPTION: Body subspheroidal, its length 1.12—1.15 transdiameters. 

Dorso-ventral diameter equal to transdiameter. Hpitheca subhemispheri- 

cal, contracted abruptly at the apex to a short apical horn whose altitude 

and diameter are each less than a girdle width, with an oblique apex 

tilted toward the ventral face. Its greatest altitude is 0.6 to 0.7 trans- 

diameters. Its sides are regularly convex without trace of angulation at 

the shoulders. The hypotheca is nearly hemispherical, its greatest altitude 

is about 0.6 transdiameter. There is no angulation at the antapex. 

The girdle is equatorial, descending, displaced 2 to 38 girdle widths 

with an overhang of 0.1 to 1 girdle width. The furrow is deeply indented 

with marginal ridges scarcely elevated above the body contour and 

without lists. The ventral area or longitudinal furrow is sigmoid, rather 

narrow. The ventral area makes a shallow rounded indentation into the 

epitheca, is compressed almost to closure in its oblique course between 

the girdle ends and widens beyond the girdle to 1.4 girdle widths. Its 

posterior end is rounded and barely indents the antapical plate. 

The plate formula is 3’, 0%, 6”, 6, 6'", 1p, 1””". Apical 1’ is a slender 

plate expanded toward the apex at the apical-precingular suture and bears 

at the apex the elliptical closing platelet (cl. pl., pl. 13 fig. 27). Apical 

3’ bears the ventral pore (v. po.) very near the apex. Precingular 6” is 

triangular and postcingular 1’” almost linear in form. Posterior inter- 

calary 1? is a relatively small plate in this species. The plates of the 

ventral area in the intermediate region are obscured in the narrow fur- 

row. The anterior plate (ant. pl.) is partially crossed by the anterior 

girdle ridge and notched in its left ventral edge by the flagellar pore 

(fl. po.). There are suggestions of several intermediate plates (int. pl.) 

and a well-defined posterior plate (post. pl.) some distance behind the 

distal end of the girdle. 

The surface is very characteristically marked with fine subparallel 

lines which are mainly longitudinal but in some places are parallel to 

the intercalary bands which are formed in all specimens I have seen 

along the sutures. In cases of lightly marked specimens these lines are 

regularly punctate (pl. 13, figs. 26, 27). In other cases the markings 

are more of the vermiculate-reticulate type of heavier pattern though still 

of delicate tracery and with more of a mesh work developed, especially 

distally and on the hypotheea (pl. 16, fig. 38). Pores are not evident 

except two marginal rows of minute ones just within the girdle ridges. 

Sutures are very faint, marked by interealary bands. No lists or fins 

have been seen though in some cases two minute spinules (pl. 16, fig. 38) 

appear on the antapex at junction points of the ventral area and anta- 

pical plate. The girdle is abundantly marked by numerous parallel ribs 

which connect the pores on its two sides. 
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Drmensions: Length, 29 to 39n; transdiameter, 27 to 34n; 

dorsoventral diameter the same; width of girdle, 4 to 5x. 

VARIATION: Varies in surface markings and in girdle dis- 

placement and overhang as above stated. 

CoMPARISONS: Its small size and peculiar markings combined 

with its considerable displacement serve adequately to character- 

ize this species. It might be easily confused when full of con- 

tents with G. spinifera, in young stages with small spines, but is 

more rotund with characteristic surface markings. It is also 

somewhat similar to G. turbynei but has greater displacement of 

the girdle and much finer markings. 

DistTrIBUTION: Found thus far mainly as empty thecae in 

neritic summer plankton at San Pedro and San Diego, California. 

Named for Miss Ellen B. Scripps whose interest in marine 

biology has made possible the foundation of the San Diego 

Marine Biological Station. 

8. Gonyaulax polygramma Stein 

Well IO), saves 5 18 jal Weh, sive Ley 

Protoperidinium pyrophorum Pouchet (1883), p. 433, pl. 18/19, fig. 

15. In explanation of plates (p. 455) as P. prophorum. This is 

not Peridinium pyrophorum (also as Peridiniwm ? (Glenodiniwm ?) 

pyrophorum in explanation of plates) of Ehrenberg (1836), p. 

1335 pl. Lo figs 2, ive (854), p. 7, pl: 37, vil, figs. 3; 4. 

Gonyaulax polygramma Stein (18838), pl. 4, fig. 15. It is possible 

that figs. 16 and 17 (=G. polygramma var. Stein=G. steini 

Lemmermann 1907) represent another and indeterminable species. 

G. polygramma Stein var. Schitt (1895), fig. 33 ,.,. 

G. polygramma Stein var. Schiitt (1895), fig. 33... 

G. polygramma, Delage et Hérouard (1896), p. 383, fig. 662. 

Peridinium pyrophorum, Lemmermann (1889), p. 369. ‘‘Ob zu Gony- 

aulax gehorend! ’’ 

Gonyaulax Schuettii Lemmermann (1899), p. 367, based on Sehiitt 

C895) Papier Satiga soe 

G. polygramma, Entz (1905), pp. 110, 138-142, figs. 58-59; (1907), 

pp. 11-22, pl. 3, figs. 1-3, 5-6; (1909), pp. 247-260, pls. 9, figs. 

1-8, 5-6. 

G. polygramma, Paulsen (1907), pp. 7-8, fig. 7; (1908), pp. 28-29, 

fig. 36. 

G. polygramma, Okamura (1907), p. 182, pl. 18, figs. 13a—d. 

Diagnosis: A medium-sized species of slightly elongated 

form, symmetrically rounded hypotheea, girdle displaced poste- 

riorly a little more than its width, narrow ventral apical, spread- 
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ing longitudinal furrow, usually with two or more short unequal 

antapical spines, rarely but one or none; theca with three apicals 

and no interealary and ten to fifteen longitudinal striae. 

DeEScRIPTION: Body elongated, its length 1.5 to 2 transdiameters, sub- 

circular in cross-section at the girdle, flattened ventrally. Epitheca ex- 

ceeds hypotheea. Epitheca subconical, broadly angled at apical-precingular 

suture, its altitude 0.6 to 0.95 transdiameters, contracted to a stout apical 

horn one girdle width across and one to two in height. Hypotheca 

broadly and symmetrically rounded, its altitude 0.5-0.6 transdiameters. 

Girdle postmedian, descending, displaced distally 0.1 to 1.5, or even 2, 

girdle widths, with very little overhang if any; furrow deeply impressed 

with stout ridges, rarely with very low lists. Ventral area on longitudinal 

furrow widening on the right distally to 2 girdle widths, very narrow 

between girdle ends. The anterior plate (ant. pl., pl. 10, fig. 7) of the 

ventral area indents the epitheca somewhat more than a girdle width, and 

is squarely truncate anteriorly. 

The. plate formula is 3’, 04, 6”, 6, 6’”, 1p, 1””. The ventral apical, 1’, 

is slender, widening posteriorly on the left, slightly excavated. It is 

attached to the elliptical closing platelet (cl. pl., pl. 10, fig. 7), which 

contains an elongated hyaline area. Apicals 2’ and 3’ are wide plates, 

the anterior dorsal angle of 2’ being continued in a small point to the 

right (pl. 10, fig. 6). The upper end of apical 3’ sometimes has a small 

pore-free area set off from the rest of the plate by a well-marked 

oblique curved rib, as in G. spinifera. The area thus enclosed cor- 

responds in position and relationships to a larger area in G. areolata and 

to the small separable apical plate in G. diegensis. It is not in our 

experience, separable in G. polygramma. It might be regarded as an 

incipient plate, the separation of which in G. polyedra and G. diegensis 

is fully realized. There is no ventral notch, but the ventral pore (v. po.) 

can usually be found on the median margin of 3’ a short distance above 

the apical-precingular suture. It is sometimes a mere notch in the mar- 

gin of the plate. Precingular 6” is quadrangular, its anterior face being 

nearly two girdle widths across. Postcingular 1’” is very narrow, over- 

hanging the furrow. The posterior intercalary is very large, two girdle 

widths across, and the antapical 1”” relatively small, and indented by 

the rounded end of the ventral area. This area has its anterior plate 

(ant. pl.) deeply notched for the flagellar pore and its posterior plate 

broadly rounded posteriorly. Between the two the four or five narrow 

subdivisions of the intermediate plate (int. pl., pl. 10, fig. 7) can be 

made out in some specimens. 

The surface of the theea is very characteristically marked by a series 

of 10-15 linear ridges with subparallel longitudinal arrangement, con- 

tinued from one plate through the next and across the girdle from 

epitheca into hypotheca with more or less continuity. The ventral 

area and the posterior intercalary plate are not thus marked. Lemmer- 

mann’s (1907) statement that in his G. steini (=G. polygramma var. 

Stein) ‘‘Zwischenplatten zahlreich’’ is doubtless based upon a miscon- 

ception of the relation of these striae tu suture lines. The intermediate 
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regions between the striae are freely areolated or sometimes reticulated, 

with scattered pores with a tendency to linear grouping along the ribs. 

The ribs lie on suture lines in some cases, but several ribs may appear 

on one plate. The ventral area is sparingly porulate. The girdle ridges 

may be faintly armed with lists, and low denticulate lists may guard 

the longitudinal furrow. At its posterior end the denticulations become 

finned antapical spines sometimes 1.5 girdle widths in length and 1-3 

in number. There is often none, and the single one or the largest where 

several are present is at the left. The suture lines are sometimes marked 

by narrow intercalary bands. 

Contents dense, chromatophores crowded, yellowish to dark brown, 

elliptical or sausage-shaped, sometimes linear and radiating from the 

center of the cell mass. The theca is frequently opened by parting of 

the apical plates and the contents escape in a membranous envelope 

which is soon differentiated into a new theca. In this stage it is faintly 

and abundantly striate longitudinally and has been designated by Lem- 

mermann (1899) as G. schwetti on the basis of Schiitt’s (1895) figures. 

Dimensions: Length, 42-75; transdiameter, 38-48; length 

of longest antapical spine, 2-8»; width of girdle, 4—5z. 

VARIATION: This widely distributed species varies toward 

both G. turbynei, the next smaller member of the series, and 

toward G. kofoidi and G. pacifica, the larger ones. This varia- 

tion is expressed in a shorter or longer apical region, in suppres- 

sion or extension of the antapical spines, and in increasing devel- 

opment of the left antapical spine. There is also great variation 

in the development of surface markings. In highly striated forms 

the number of major lines seems to be fairly constant and in the 

main the species is one of the most easily recognized ones in the 

genus. 

SyNoNnoMy: Originally described by Stein (1883) from the 

Atlantie and Pacific. Prior to the appearance of Stein’s paper 

(November, 1883), Pouchet (July-August, 1883) published a 

figure of a Gonyaulax which is undoubtedly G. polygramma 

under the name of Protoperidinium pyrophorum and indicated 

in his discussion that it was provisionally regarded as identical 

with Ehrenberg’s (1836) fossil Peridinium (?) Glenodinium (2) 

pyrophorum. It is, however, wholly different and Stein’s name 

becomes applicable. Lemmermann’s (1899) designation, as a 

distinet species, of the thin-shelled sutureless forms following 

eedysis figured by Sehiitt (1895), should be dismissed, but his 

later (1907) designation of Stein’s figures 16 and 17 as G. steini 
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on the ground of the difference in proportions and antapex 

should be accepted in so far as the removal of the two figures 

from the species polygramma is concerned. Stein’s two figures 

are, however, so drawn that no one has ever recognized this 

‘‘Varietit’’ in material. Lemmermann’s (1907) statement that 
? G. steini is from the ‘‘Pacifie’’ is not verifiable in Stein’s work. 

The figures are oblique views, lack critical details and are not 

diagnostic. This ‘‘variety’’ possibly represents extreme variants 

either of G. polygramma or G. kofoidi and it is impossible to 

determine which. It should be relegated along with Lemmer- 

mann’s name to the category of indeterminate species. His 

recognition of Pouchet’s Protoperidinium pyrophorum as a valid 

species of Peridinium may also be dismissed as a synonym of 

Gonyaulax polygramma. 

COMPARISONS: This common species and G. turbynei are at 

once distinguished from all others except kofoidi and pacifica by 

their linear markings. From G. turbynei it is distinguished by 

its better developed apical horn, and presence of antapical spines. 

The three species with antapical spines may be distinguished 

readily by the following complexes of characters : 

Comparisons of Species 

Species polygramma kofoidi pacifica 

Length 42-75. 77-110 106-179u 

Axial ratio 1.25-1.5 1.5=2 1.5-1.75 

Girdle section Cireular Cireular Obliquely reniform 

Antapex Symmetrically Oblquely Asymmetrically 
rounded asymmetrical rounded 

Width of posterior 
interealary in 0.22 0.148 0.08 
transdiameters 

It is also more pronounced in its linear markings and gener- 

ally more rugose than these other species. 

Stein’s (1883) figure 15 is somewhat more angular and has 

a less sloping epitheea than is usually found in the species, while 

that of Delage and Hérouard (1896) constructed after Schutt 

has certain obvious defects. Paulsen’s (1907-1908) figure is evi- 

dently from a tilted specimen and does not show the typical 

linear markings in full. 

DISTRIBUTION: This species occurs in the coastal and oceanic 

plankton of the San Diego region, but never in numbers. Its 
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periods of greatest relative abundance appear to coincide with 

that of the plankton of semi-tropical facies in November-January. 

It is also sparingly present in June-September, especially at 

times of outbreaks of red water. 

Judging from the reported occurrences of this species it is 

generally rare but widely distributed in tropical waters. It is 

reported from the Atlantic by Murray and Whitting (1899), 

and found oceasionally, according to Cleve (1901a) as far north 

as 60° N. It is also reported by Cleve (1901b), and by Karsten 

(1907) from the Indian Ocean, by Schroder (1900) from Naples, 

by Entz (1902) from the Adniatic, by Ostenfeld and Schmidt 

(1901) from the Red Sea, and by Schmidt (1901) from the Gulf 

of Siam, by Nishikawa (1901) and Okamura (1907) from 

Japanese waters, and by Zacharias (1906) from the South Pacific 

off Antofagasta, Chili. 

9. Gonyaulax kofoidi Pavillard 
Pl. 14, fig. 30 

Gonyaulax kofoidi Pavillard (1909), p. 278, fig. 1. 

G. alobosa Stiiwe (1909), p. 275, pl. 2, fig. 7. Doubtfully assigned 

here. 

DraGnosis: A large species with elongated body, tapering 

apical horn, asymmetrical antapex and prominent left antapical 

spine, with coarsely porulate longitudinally striate surface. 
DESCRIPTION: Body elongated, length, excluding spine, 1.65 trans- 

diameters, girdle section subecircular, flattened ventrally.  Hpitheca 

exceeds hypotheca its altitude 0.9 to 1.1 transdiameter, conical, with 

slight angulation on left shoulder, and abruptly changing to a tapering 

apical horn 0.4 to 0.5 transdiameter in length, 2 to 2.5 girdle widths 

wide at the base and 1.5 at the truncate apex. Hypotheca with nearly 

straight sides and obliquely truncate antapex. The oblique postmargin 

is 0.3 transdiameter in length; altitude of hypotheca 0.75 transdiameter. 

Girdle descending, displaced distally 2 to 2.25 girdle widths, its ends 

lacking at least 0.5 of a girdle width of completing the cireuit. Both 

proximal and distal ends curve posteriorly. It is deeply impressed, with 

salient heavy ridges of thecal wall. The anterior plate of the ventral 

area (pl. 14, fig. 30) indents the epitheca for 1.5 girdle widths, ending 

in an obliquely truneate margin. The region of the intermediate plates 

is almost completely buried between the girdle ends. The ventral area 

curves to the right and in its distal half flares widely, mainly to the 

right. to 3 girdle widths, the wide porulate posterior plate reaching the 

postmargin. It is guarded on the right side anterior to the distal end 

of the girdle and on the left, posterior to its proximal end, by a hyaline 

fin or list, passing posteriorly to the base of the single antapical spine. 
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The plate formula is 3’, 02, 6”, 6, 6'’, 1p, 1°". Apical 1’ is a slender 

ribbon-like plate bearing the elliptical closing platelet at its apex and 

passing posteriorly to junction with the oblique margin of the anterior 

plate of the ventral area, thus parting precingulars 7” and 6”. Apical 2’ 

bears an apical lobe to the right resting in a terminal excavation in 

apical 3’, which bears near its posterior end on the median margin the 

is quadrangular. Posteingular 1” 

is minute, 1 girdle width wide and 2 in length, and posterior intercalary 

1p is a large plate 2 to 3 girdle widths wide and 0.5 to 0.6 transdiameter 

in length. Antapical 1”” is wholly exposed on the dorsal face. 

” 
circular ventral pore. Precingular 6 

The surface is coarsely, regularly and heavily porulate and sparingly 

marked with heavy longitudinal striae, about seven in dorsal view on 

the precingular plates and a like number on the posteingular, and four 

on the apicals. In ventral view the striae are less regular. There are 

seven on the hypotheca and five or six on the epitheca. The girdle bears 

two rows of marginal pores and is crossed by irregular striae. The anta- 

pical spine is 1.5 to 2 girdle widths in length, tinned on both sides and 

bears a basal reticulation. 

Dimensions: Length, excluding spine, 1CO to 110; trans- 

diameter, 62 to 654; dorso-ventral diameter about the same; 

length of antapical spine, 8 to 10p. 

VARIATION: Varies in extension of apical horn, length of 

apical spine, obliquity of postmargin, and development of fins, 

and prominence of the pores. 

Synonomy: About the same time that Pavillard (1909) 

described G. kofoidi Stiiwe (1909) published a brief diagnosis 

and a simple figure of a form he ealls G. globosa. In his de- 

scription he distinctly specifies an absence of parallel markings. 

These characterize G. kofoidi. In size, however, it approaches 

G. kofoidi, and in outline in ventral view G. pacifica, but is much 

smaller than the latter and has a conical instead of a flattened 

epitheca and thus approaches G. kofoidi. It occurred in several 

collections in the North Atlantic. It is possible that it is only 

a smooth form of G. kofoidi, and if so, it falls into the syvnonomy 

of that species. Stiiwe’s figures and deseriptions are not suffi- 

ciently diagnostic to be of much assistance. It has not been 

possible as yet to determine the exact dates of publication of 

Pavillard’s and Sttiwe’s papers and thus settle the matter of 

priority. I provisionally adopt Pavillard’s name, as certainly 

applying to the species here described, and probably having 

priority. 

ease 



1911] Kofoid: The Genus Gonyaulaz. 235 

COMPARISONS: See G@. polygramma (p. 229). Distinguished 

readily from G. polygramma by its larger size, greater antapical 

asymmetry and elongation of apical region; from G. pacifica by 

its smaller size, greater rotundity at girdle and oblique antapex. 

DistrRIBUTION: Taken at San Diego, November 12, 1904, in 

surface plankton seven miles WNW of Point Loma. This 

collection contained also G. pacifica, Ceratium trichoceros and 

Ceratocorys armatum, all tropical species. Reported by Pavil- 

lard (1909) in the winter plankton of the Gulf of Lyons. 

10. Gonyaulax pacifica Kofoid 
Pipa, ieeo5 

Gonyaulax pacifica Kofoid (1907), p. 308, pl. 30, figs. 37-89. 

Steiniella cornuta Karsten (1907), pp. 348, 420, pl. 53, fig. 7. 

DiaGnosis: An exceedingly large species, resembling G@. poly- 

gramma Stein, asymmetrically flattened and excavated on the 

ventral face, in ventral view more rounded especially on post 

margin than in G. kofoidi Pavillard, linear markings less regular 

and usually less developed than in G. polygramma, posterior 

intercalary very narrow, its length five to seven times its width. 

Proximal end of girdle curved posteriorly. 

DESCRIPTION: The largest known species of the genus, its outline 

varying greatly with the point of view. Seen in ventral view the body 

resembles G. polygramma and G. kofoidi but is usually more rotund pos- 

teriorly, the sides of both epitheca and hypotheca being convex, with 

some contraction near the apex. Occasional specimens have straight or 

concave or even slightly angled slopes of the epitheca. The striking 

feature of the species is the broad, deep asymmetrical excavation of the 

ventral face, principally upon its right side, which extends posteriorly to 

the thin postmargin giving almost the shape of a scoop to deeply exea- 

vated individuals and an asymmetrically reinform cross-section at the 

girdle, as well as a much modified lateral profile. Because of this asym- 

metry it is rather difficult to get strictly ventral or lateral views of the 

theea, our figure (pl. 15, fig. 85) giving an obliquely ventral view with 

greater exposure of the left face. G. polygramma and G. kofoidi approach 

more nearly to a circular cross-section at the girdle. In this species the 

dorso-ventral diameter is from 0.6 to 0.75 of the transdiameter. 

The length, excluding spine, is 1.6 to 2 transdiameters (used in this 

description for the greatest diameter at the girdle which is somewhat 

oblique to the true transdiameter). The epitheca is contracted distally 

to a short, seareely differentiated apical horn about two girdle widths 

in length and obliquely truneated. It is deeply and abruptly concave 

above the girdle on the ventral face. Its altitude is from 0.78 to 1.16 
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transdiameters. The hypotheca has, in ventral view, a broadly rounded 

postmargin whose even contour is interrupted by the asymmetry adjacent 

to the base of the antapical spine. In lateral view it is a rather 

abruptly contracted cone, especially on the ventral face. Its altitude 

is 0.6 to 0.8 transdiameters. 

The girdle is postmedian, descending, displaced distally 1.5 to 3 girdle 

widths, with a sharply curved proximal end, far more than in either 

G. polygramma or G. pacifica, without overhang. Furrow relatively very 

narrow, its width 0.1 to 0.05 transdiameters, very deeply impressed and 

with projecting shelf-like ridges of thecal wall, which oceasionally bear 

very low lists. The ventral area or longitudinal furrow somewhat ob- 

scured by asymmetrical ventral excavation in which it lies, is relatively 

wide, gradually spreading posteriorly to four girdle widths. The ventral 

area indents the epitheea with a slender extension of the anterior plate 

with oblique end, and posteriorly the wide posterior plate broadly invades 

the antapical plate. In some cases this end of the ventral area is at the 

postmargin of the body. In others it Jies somewhat anterior to it so 

that the antapical plate is exposed in the ventral view as in our figure. 

The plate formula is 3’, 0%, 6”, 6, 6’, 17, 1””. Ventral apical 1’ is 

very slender and is attached at the apex to a closing platelet. Apical 2’ 

is asymmetrically extended in the apical region in an apical lobe which 

crowds in between the apex and the top of apical 3’. There is no apical 

notch as in Spiraulax jolliffei and the small inconspicuous ventral pore is 

borne at the posterior corner of apical 3’. Precingular 6” is quadrilateral 

its anterior margin being convex and about four girdle widths long. 

Postcingular 1”’ is very small, and the posterior intercalary very long and 

narrow. The plates were not correctly interpreted in my earlier (1907) 

description. The ventral area consists of a narrow anterior plate against 

the lower half of which the furrow abuts, which is deeply notched pos- 

teriorly by the flagellar pore. The large posterior plate has a broadly 

rounded postmargin. Between these two plates there are at least three 

plainly marked off intermediate plates, the anterior one of which is 

notched by the flagellar pore. 

The surface is marked by striae which follow longitudinal suture lines 

and occasionally transverse ones also, in bands of one to four closely 

set parallel elements. They are better developed on the pre- and post- 

cingular plates, are often incomplete and show a tendency to follow lines 

of pores. Interealary bands of varying width may follow the main 

suture lines. The wall is generally rather thin and hyaline with minute, 

sparsely distributed pores in rather vague lines. We have not seen 

coarsely or heavily reticulated individuals, though faint reticulations are 

sometimes present (pl. 15, fig. 35). The furrow is often heavily ribbed. 

There are sometimes very low hyaline girdle lists and low denticulate 

lists with abundant spinules arise from the sutures between the posterior 

intercalary 7” and the ventral area, and between the latter and the 

antapieal. The solid antapical spine is relatively short, from 1 to 3 

girdle widths in length. It is tapering, sometimes finned on both sides 

and arises from the left angle of the antapical plate. 

ae 
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DIMENSIONS: Length, excluding spine, 148 to 167; greatest 

diameter, 72 to 88; dorso-ventral (oblique), 53 to 76”; length 

of antapical, 4 to 184; width of furrow, 5 to 8x. 

-VaRIATION: An exceedingly variable species in size, shape of 

epitheca, development of surface markings, especially in num- 

ber and extent of longitudinal striae, width of intercalary bands, 

and finer surface markings. This added to the change in outline 

and proportions with change in orientation, and an adequate 

description becomes exceedingly difficult. 

Synonomy: Karsten (1907, December), has deseribed as 

Steiniella cornuta an organism which exhibits the form, propor- 

tions, linear markings, and ventral excavation characteristic of 

this species (Kofoid, 1907, April 11, 13). 

COMPARISONS: See G. polygramma (p. 229). The earlier 

figures (see Kofoid, 1907b, pl. 30, figs. 37-39) of this species are 

of a more rugose specimen which, owing to escape of contents, is 

somewhat collapsed and it therefore fails adequately to show 

the typical rotundity of this species, or its usual delicacy of sur- 

face markings. It varies towards G. kofoidi Pavillard, but is 

separable by the proximal curvature of the girdle, the ventral 

excavation and the more rounded antapical outline. It is not 

in our experience merely an accumulation of extreme variants 

of the polygramma-kofoidi series, but a well-established species 

with relatively few individuals which exhibit intergradations. 

DISTRIBUTION: Sparingly present in the autumn (October to 

January) in oceanic plankton of semitropical facies. Associated 

with Ceratium reticulatum, C. trichoceros and Ornithocercus 

magnificus. Reported by Pavillard (1909) in the winter plank- 

ton of the Gulf of Lyons, where it has its maximum in January. 

Reported also by Karsten (1907) as Steiniella cornuta, from the 

Indian Ocean, 9° 6’ N, 53° 41’ E in eateh from 200 m. . 

d). The Polyedra Group 

Characterized by polyhedral form, with angled sutures, 

rugose surface, without longitudinal striae. No apical horn. 

Platetormula 4. 2% (ors: 0"); 6,6, 6", 12, 1°77. 

Here belong Gonyaulax polyedra Stein and G. milneri (Mur- 

ray and Whitting) Kofoid, originally described by Murray and 
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Whitting (1899) as Goniodoma milneri. It has, however, a plate 

formula identical with that of Gonyaulax polyedra and does not 

exhibit the three antapicals characteristic of the genus Gonio- 

doma. Gonyaulax ceratocoroides is closely related in plating to 

this group, but because of its peculiar antapical spines is placed 

in the subgenus Acanthogonyaulaz. 

11. Gonyaulax polyedra Stein 

Pl. 12; figs. 16-20; pl. 14, figs. 28, 29, 31; pl. 17, fig. 4s. 

Blepharocysta splendor maris Ehrenberg (1873), in part, pp. 3-4 

(of reprint), pl. 1, figs. 11, 12 only. 

Gonyaulax polyedra Stein (1883), p. 18, pl. 4, figs. 7-9. 

G. polyedra Biitschli (1885a), p. 545, pl. 26, figs. 20, 21; (1885b), 

pp. 932-933, 950-953, 1020, pl. 52, figs. 3a, b. 

G. polyedra, Schiitt (1896), p. 21, fig. 29. 

Gonyaulax sp., Torrey (1902), pp. 187-192, figs. 1-3. 

G. polyedra, Okamura (1907), p. 182, pl. 5, figs. 35a—e (= Goniodoma 

acuminatum Stein). 

G. polyedra, Paulsen (1907), pp. 7-8, fig. 5; (1908), pp. 28, 31, 33, 

fig. 40. 

Dracnosis: A small, angular, polyhedral species, with ridges 

along sutures, equatorial girdle displaced 1-2 girdle widths, 

regularly pitted, rugose surface, four apical and two intercalary 

plates, the right apical # minute. 
DESCRIPTION: Body polyhedral, subconical anteriorly, truncated pos- 

teriorly, its length 1.15 transdiameters, the ventral face scarcely exca- 

vated. The epitheca has both shoulders angled at the apical-precingular 

suture; its greatest altitude is about 0.6 transdiameters. There is no 

distinct apieal horn. The hypotheca is more angular, sides straight or 

nearly so, contracted regularly to a broadly truncated antapex 0.4 trans- 

diameter in width, its greatest altitude almost 0.5 transdiameter. The 

girdle section is nearly circular. 

The girdle is nearly equatorial descending, displaced distally 1 to 2 

girdle widths, without overhang, and in some cases even parted 0.5 girdle 

width, deeply impressed, guarded by low ridges with coarsely and 

abundantly ribbed lists. Its ends are sometimes slightly curved pos- 

teriorly in some individuals. 

The ventral area or longitudinal furrow is broad, not deeply excavated, 

widening posteriorly to 1.5 girdle widths, its rounded posterior margin 

slightly indenting the antapex. It is nearly straight. 

The plate formula is 4’, 24, 6”, 6, 6’’, 1», 1"". The formula here given 

for the apical region differs from that given by Biutschli (1885a, 1885b), 

Torrey (1902), and Paulsen (1907, 1908), in that here as in other species 

of Gonyaulax and Peridinidae generally we designate as apicals (see 

Kofoid 1909b) only those plates which reach the apex and as inter- 
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calaries those between these plates and the precingulars; and also in the 

fact that two additional plates are here defined for the apical region for 

the first time. A minute but perfectly distinct plate, 4?, lies between the 

two interealaries, 74, 2¢, and the apex. This plate appears in the figures 

of Biitschli (1885b) and Torrey (1902) but is not treated as a separate 

plate by them. When the structure of the apical region of G. polyedra 

is considered in the light of that of other species of the genus, the hom- 

ologies of the parts are clearly as follows: the so-called anterior extension 

of the longitudinal furrow is a ventral apical 1’, homologous with the 

diamond-shaped plate.of Peridinium. The intercalary region of the right 

shoulder contains two plates instead of one as in Spiraulax jolliffer, 

Gonyaulax sphaeroidea and G. apiculata, the adjacent apical region is 

greatly reduced in size and the territory which is occupied by apical 3’ 

in such species as G. polygramma, a typical Gonyaulaw with three apicals, 

is subdivided into two plates, one of which, 3’, on the right dorsal shoulder 

is of some size while the other, 4’, is the minute plate in question. It is 

quite probable that the extra interealary, 1%, adjacent to apical 4’ has 

been split off from its lower edge and also belongs in the territory of 

apical 3’ of several species of the polygramma and spinifera groups, 

where its presence is suggested by the surface markings indicative of an 

incipient suture. The position and relations of the two large plates on 

the right shoulder are those of the intercalaries and the small plate is 

plainly one of the apical series. The disposition of the plates here pro- 

posed enables us to homologize the plates of the apical region of polyedra 

with those of other species of the genus. 

There is some variation in size of apical # (compare plate 14, figure 

28, and plate 12, figure 20), which gives rise to certain modifications of 

the relations of the plates to the elliptical apical area which contains 

the closing platelet (cl. pl., pl. 12, fig. 20). Ordinarily the plate desig- 

nated as anterior intercalary 24 does not come into contact with this 

apical region (pl. 12, figs. 18 and 20). In one case (pl. 14, fig. 29) of a 

reduced apical # this intercalary impinges upon the apical region. 

In another instance a third right dorsal anterior intercalary plate 

(a, pl. 14, fig. 28) appears as an extra plate which seems to have devel- 

oped at the expense of the equatorial ends of apical 3’ and intercalary 

1a, This is the only instance thus far detected in any species of the 

genus Gonyaulax of a variation in the number of plates. The genus 

exhibits a noteworthy rigidity in this respect. 

Apical 1’ is much wider than figured by Stein (1883) and is somewhat 

irregular in outline, widening at the apical-interealary suture (pl. 12, 

fig. 20). An apical notch has not been found but the ventral pore (v. po.) 

in the right margin of apical &’ opposite the middle of interealary 

20 was noted. At its apical end plate 1’ appears to include the region 

designated in other species as the closing platelet (cl. pl., pl. 12, fig. 20). 

It contains a minute hyaline oblong area. Apical 2’ is large, covering the 

left apex. Precingulars 1” and 6” are parted by the ventral area and 

apical 1’ which are joined in the midventral line. Precingular 6” is pen- 

tagonal. Postcingular 1”’ is a very slender plate at the edge of the ventral 

area and has been overlooked in all previous accounts of the species. The 
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posterior intercalary, 1?, is a rather large quadrangular plate and the 

antapical 1””, a subregular pentagonal plate indented at the midventral 

angle by the rounded margin of the ventral area (pl. 12, fig. 19). 

The ventral area (pl. 17, fig. 48) indents the epitheca for half a girdle 

width, the anterior plate being squarely truneate anteriorly and deeply 

notched posteriorly by the flagellar pore (fl. po.). The posterior plate is 

exceptionally large, extending anteriorly well toward the distal end of 

the girdle. Three intermediate plates in addition to the hyaline scale of 

the pore region have been isolated. 

The surface is uniformly but not closely porulate with rather large 

pores about which on a high focus a coarse reticulation may be seen. In 

some cases the reticulum is finer than the porulation and some meshes 

have no pores (pl. 14, fig. 31). In some cases no reticulum is visible or 

merely a faint areolation. A regular line of pores follows each margin 

of the girdle plates and in reticulate thecae the reticulum between these 

resembles a columnar arcade. The ventral area in young specimens (pl. 

17, fig. 48) is also porulate in its peripheral parts only. On the whole, 

the large size of the pores and feebly developed reticulum gives the 

impression of a porulate rather than a reticulate type of theca in this 

species. There are no free spines or lists other than those about the 

girdle, which are low with stout denticulations rising from the basal 

ridge. The theca of this species is rather fragile and is easily and quickly 

shed, in fact ecdysis seems to be normal and frequent, judging by the 

number of empty thecae and isolated plates found in the plankton wher- 

ever the species is abundant. It also oceurs very frequently in crowded 

or moribund plankton collections. A thin pellicle surrounds the cell 

body within the theca, the apical and precingular.plates spread apart 

along the longitudinal sutures, especially those in the sagittal plane, and 

the Gymnodinium-like cell body escapes and presumably its thin pellicle 

is differentiated into a new theca. 

The cell contents are very dark orange-brown and the chromatophores 

are densely packed together. When present in great numbers, as they 

often are, they give the sea a reddish color, and cause magnificent dis- 

plays of phosphorescence at night. Oil droplets abound in the cytoplasm 

and it gives off a rank odor upon decay. 

Divensions: Length, 50 (43 to 54); transdiameter, 45.6 

(37 to 53); dorso-ventral diameter about the same; width of 

girdle, 4 to 5u. Ten individuals measured. 

VARIATION: There is considerable variation in size, in angu- 

larity, in porulation, development of reticulum and girdle lists. 

The displacement of the girdle varies from one to nearly two 

girdle widths. The adjustment of apical plates to each other 

also exhibits some irregularities in the lengths of the different 

lines. Apical # varies considerably in size and one instance of 

three anterior intercalaries has been recorded (pl. 14, fig. 28). 
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COMPARISONS: Gonyaulaxr polyedra is quite distinct from all 

other species of the genus except G. milneri, in the character 

of its apical plates and in the presence of two anterior intereal- 

aries. The absence of linear markings and the four apical plates 

distinguish it at once from G. polygramma, its common associate 

in subtropical waters, and the absence of antapical spines and 

shorter, more angular epitheca, as well as four apicals, mark it 

off from the G. spinifera group, with species of which it is often 

found. The other species (ceratocoroides, milnert), with four or 

more apicals, either have no anterior interealary, or at the most 

but one. . 

Synonomy: This species is so well marked that it has rarely 

been confused with others. Okamura’s (1907) figure assigned to 

this species is Goniodoma acuminatum Stein. 

Ehrenberg (1859) deseribed as Peridinium splendor maris, a 

highly phosphorescent dinoflagellate from the plankton in August 

at Naples and later (1873, pl. 1, figs. 7-18) figured it, and in 

the explanation of the plate suggested the new generic name 

Blepharocysta for this organism. The description and the figures 

in both eases are entirely inadequate for certain reidentification. 

Stein (1883) admirably figures an organism which he assigns to 
9) Ehrenberg’s ‘‘ Blepharocysta splendor maris (z. Theil)’’ noting 

particularly in his brief text ‘‘ Ehrenberg warf damit noch andere 

unklare Formen zusammen.’’ Stein does not, however, state 

which of the several forms figured by Ehrenberg he regards as 

the part of the agglomeration equivalent to B. splendor maris. 

Jorgensen (1899) eriticizes Stein’s procedure on the ground 

that Ehrenberg’s figures show an impressed girdle while the B. 

splendor maris of Stein’s figures entirely lacks impression of the 

girdle into the contour of the body, He further notes the fact 

that two of Ehrenberg’s figures (figs. 11 and 12) evidently 

belong to Gonyaulax polyedra, to which I agree. However, I see 

no ground, beyond the statement in the original description and 

in the explanation of Ehrenberg’s plate that there are three end 

plates in each half of the theca, for accepting Jorgensen’s sug- 

gestion that Ehrenberg’s figures 7 to 10 are possibly referable to 

Goniodoma acuminatum Stein. No one of these figures shows 
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the angular body, or three ‘‘Endplatten’’ characteristic of the 

genus Goniodoma. Jorgensen seems to have overlooked the fact 

that Stein assigns only a part of Ehrenberg’s complex to his 

emended Blepharocysta splendor maris. While Ehrenberg’s 

figures 11 and 12 are in all probability Gonyaulaxr polyedra, the 

other figures are unmistakably not Goniodoma and might better 

be erudely drawn Blepharocysta than Gonyaulax polyedra. It 

seems best, therefore, in the absence of any valid eriterion for 

determining what Ehrenberg actually had, to accept Blepharo- 

cysta splendor maris Ehrbg. in part (figs. 11, 12) as a synonym 

of Gonyaulax polyedra and to allow Stein’s-emended Blepharo- 

cysta splendor maris to stand for the well-figured organism to 

which he attached the name proposed by Ehrenberg, and there- 

fore to leave the name also attached to the plainly unrecognizable 

figures 7-10, 15-18, of Ehrenberg’s original delineation of the 

species. 

DisTRIBUTION: Very abundant in the San Diego region in 

the summer plankton, July-September, when, it causes local out- 

breaks of ‘‘red water’’ which extend along the coast of Southern 

and Lower California. The northern lmit of the region of 

excessive abundance is approximately Santa Barbara and the 

southern one is at present unknown, though inadequate data 

(Darwin, 1871, Streets, 1878), suggest at least local outbreaks 

along South American coasts and in the Gulf of California. 

Torrey (1902) records reports of an outbreak off Tomales Bay, 

north of San Francisco, about forty years ago. 

The seaward extension of the discolored areas is quite irregu- 

lar, ranging from one-half to three miles. The local distribution 

within the ‘‘red water’’ itself, as seen from the mast head or 

from Mt. Soledad (elevation 822 feet), near La Jolla, is exceed- 

ingly irregular, areas of deeply discolored water of varying size 

and intensity being interspersed with areas of clearer water. In 

the early part of August, 1907, with the University of California 

dredging party in the launch ‘‘ Elsie,’’ I ran by night from San 

Diego to San Pedro, a distance of about one hundred miles, 

through the discolored coastal zone. The depth of discoloration, 

the brightness of the phosphorescence by night, varied greatly 
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at different points along the coast, being especially marked off 

La Jolla, Point San Juan, Newport, and San Pedro. This irreg- 

ularity may be due to the configuration of the coast and of the 

bottom, especially to the sunken valleys which may serve as con- 

duits for upwelling waters. It is quite possible that the local 

and periodical enrichment of coastal waters by the nitrogen-bear- 

ing waters from the depths along the coasts of California, is one 

of the primary causes for the occurrence of these outbreaks of 

‘“red water’’ and in part for the irregularities of their appear: 

ance and inequalities in their local distribution. 

This species upon stimulation by the movement of the water 

as in the breakers along shore, or in the path of a moving fish, 

gives forth a brilliant greenish-blue flash of phosphorescence of 

an instant’s duration, which bathes the breakers or white caps 

in a foam of fire, and outlines the path of fishes, seals and por- 

poises or the wake of a steamer with a luminous trail which 

lingers for some seconds, or even minutes, as the motion of the 

water dies down. 

The decay of countless millions of these organisms in the 

water and upon the beaches where they are continually stranded 

by the receding waves, creates a nauseous and penetrating stench 

of most disagreeable nature. The products of decay (and meta- 

bolism ?) of these organisms are toxic to many marine organisms, 

which die in great numbers (see text figure E) and are cast up 

by the tide upon the beaches. 

Not all organisms are equally affected (See Torrey, 1902), 

by these adverse conditions but mainly bottom forms which can- 

not retreat into places of safety, such as the holothurians, sipun- 

culids and bottom-feeding fish, such as the sting ray (Urolophus 

halleri) and guitar fish (Rhinobatis productus) and littoral 

crustaceans, such as Hippa analoga and Cancer antennarius. The 

organisms of the plankton, both large and small, and the widely 

ranging fishes, seem not to be affected adversely, at least to a 

fatal degree. It is obvious that the bottom-dwelling forms would 

be overwhelmed by the accumulation upon the bottom in shal- 

lower waters of organic debris from the excessive development of 

the plankton of the ‘‘red water,’’ principally Gonyaulax poly- 
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edra, and this localization of a region of fermentation is doubt- 

less the immediate cause of the destruction of the large numbers 

of the representatives of the bottom fauna. 

Fig. E. Shore at East San Pedro, California, in August, 1907, during 

an outbreak of red water, showing dead fishes and invertebrates stranded 

on the shore at low tide. Photograph by Professor W. R. Coe. 

This species is the most abundant dinoflagellate of the San 

Diego region during summer months and is found in small num- 

bers throughout the year in both oceanic and neritic plankton. 

It is found at least as far north as San Francisco along the coast 

of California. 

It is widely distributed in temperate and subtropical waters 

of coastal regions, but apparently is not common in the more 

strictly oceanic plankton. The extensive records of Cleve (1901a, 

1902) for the Atlantic do not contain this species, and it appears 

in the many collections of the International Commission for the 

Investigation of the Sea (see Ostenfeld, 1906, 1909) only 
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(unless it be as Gonyaulax sp.) from Danish waters where Auri- 

villus (1898), Cleve (1900b) and also Paulsen (1907) report it. 

Jorgensen (1899, 1905) reports it rare in Norwegian fiords and 

Ostenfeld (1899, 1900, 1903) from the neritic plankton at the 

Faeroes, in adjacent waters north of Seotland (60° N, and 

4°-6° W) and in the North Atlantic at about 60° N, 31° W. 

Later Ostenfeld and Paulsen (1904) report other occurrences 

along the route of Danish steamers going to Greenland in the 

North Atlantic along the parallel of 60° N at 1°, 18° and 27° W, 

and in all eases as rare. Stein (1883), Biitschl (1885) and others 

have found it at Kiel, Schréder (1900) at Naples, Entz (1902) 

in the Adriatic at Quarnero, and Pavillard (1905) in the Gulf 

of Lyons, Whitelegge (1891) reports it at Port Jackson, Aus- 

tralia, during an outbreak of discolored water which he attrib- 

utes mainly to Glenodinium rubrum, a new species which he 

deseribes from the red water. This form looks suspiciously lke 

the contents of Gonyaulax polyedra after ecdysis. Okamura’s 

(1907) record of this species from Japanese waters is to be 

rejected, since his figure is plainly that of Goniodoma acumin- 

atum. Karsten (1906) reports it once in the Valdivia Collee- 

tions from Station 55, 2° 36’ N, 3° 27’ KE, in the Gulf of Guinea, 

in a locality which is perhaps within the reach of neritic in- 

fluences. 

The species exhibits as a whole marked preferences for a 

neritic distribution, with rare occurrences in territory invaded 

by oceanic currents which may carry occasional individuals away 

from neritic regions, as in the case of records in the North 

Atlantic and Gulf of Guinea. Both in local distribution and 

relative numbers it is remarkably erratic, varying, in seemingly 

similar regions where other cosmopolitan dinoflagellates occur 

with greater regularity and uniformity, from an entire absence 

of all records of occurrence up to overwhelming numbers, which 

completely mask the other dinoflagellates, and in fact all the 

microplankton and even exterminate the bottom fauna. The 

indications are that Gonyaulax polyedra is a species in a pecul- ° 

iarly susceptible physiological condition in which the repro- 

ductive and growth processes may be more than usually sensitive 

to stimulus by favorable conditions in the environment. ~ 
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2. Subgenus Fusigonyaulax subgen. nov. 

Sectio Fusiformes, Lemmermann (1907), p. 299. 

Body elongated, fusiform, with centrally located well differ- 

entiated apical and antapical horns. Girdle not displaced more 

than 3 furrow widths. Usually three (rarely two or four) apicals 

and no (rarely one) anterior interealary. Usually from tropical 

or warm temperate waters. 

This subgenus may be divided for convenience in treatment 

into two groups, the birostris group with elongation exceeding 

two transdiameters, and the acuta group, with elongation less 

than two transdiameters and therefore containing the stouter, 

more robust members of the subgenus. 

e). The birostris Group 

Characterized by a length exceeding two transdiameters, an 

apical horn equaling or exceeding a transdiameter in length, 

and a finned central antapical spine of nearly equal length and 

by a subglobular or ellipsoidal midbody. Surface pitted or 

areolated. 

This group contains Gonyaulax birostris Stein, G. highleri 

Murray and Whitting, and G. glyptorhynchus Murray and Whit- 

ting. This group of species is in need of careful revision, for it 

is desirable that distinctions between the species be more clearly 

defined. 

Represented at San Diego by G. birostris Stein. 

12. Gonyaulax birostris Stein 

Gonyaulax birostris Stein (1883), pl. 4, fig. 20 

Diagnosis: Body elongated fusiform, with abruptly swollen 

midbody, girdle displaced 1.5 furrow widths, apical precingular 

suture oblique. Apical 7’ very narrow. Antapical spine equal- 

ing transdiameter in length. 

A single individual referable to this rare species was taken 

in surface collection (No. 679) made September 24, 1904, ten 

miles WNW of Point Loma. It was somewhat shorter than 

the specimen shown in Stein’s (1883) figure and had the areola- 
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tions on the surface well developed. Neither drawing nor full 

description was obtained. 

This species was described by Stein (1883) from the Pacific 

and has since been reported by Murray and Whitting (1899) 

from the temperate and tropical Atlantic between 4° and 42° N 

and 20° to 66° W; by Zacharias (1906) from the Gulf of Naples, 

by Entz (1907) from Quarnero, and by Karsten (1907) from 

the northwestern part (9° N, 54° E) of the Indian Ocean. It is 

apparently a rare oceanic species of the warmer seas. 

€ 3. Subgenus Acanthogonyaulax subgen. nov. 

Represented by Gonyaulax ceratocoroides Kofoid, a tropical 

species described by Murray and Whitting as Ceratocorys spini- 

fera. See Kofoid (1910). Not as yet found at San Diego, but to 

be expected in the winter plankton. 

4. Subgenus Steiniella (Schiitt) Kofoid 

Steiniella Schutt (1895, p. 151, pl. 6, fig. 26; 1896, p. 19, fig. 26. 

Not Steiniella Bernard (Protococcaceae) (1908, p. 189). 

Characterized by a laterally compressed apex which is car- 

ried over on to the dorsal face of the epitheca. Large rotund 

body with very fragile theca, often faintly marked with longi- 

tudinal vermiculations. Three or four apicals and no anterior 

interealary. Ventral pore sometimes absent (?). 

This subgenus falls into three groups of unequal content: 

the fragilis group, rotund, without constriction behind girdle, 

the bispinosa group, with marked constriction, containing G. 

bispinosa Kofoid and Michener, and the mitra group, greatly 

elongated and laterally compressed, containing G. mitra (Schutt) 

Kofoid. Only representatives of the first named group have as 

yet been discovered in the San Diego region. 

2). The Fragilis Group 

Characterized by rotund form of body, with no differentiated 

apical horn, no constriction immediately behind the girdle, and 

predominantly longitudinal markings. 

Here belong G. fragilis (Schiitt), G. hyalina Ostenfeld and 

Schmidt, and G. alaskensis sp. nov. 
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13. Gonylaulax fragilis (Schiitt) 

Pl. 15, figs. 33, 34, 36, 37; pl. 138, fig. 25. 

Steimella fragilis Schutt (1895), pl. 6, figs. 26,14. 

Diagnosis: Length, 1.14 to 1.35 transdiameters. Epitheca 

conical, hypotheca asymmetrically rounded, girdle displaced 3 

girdle widths. No spines. 

DESCRIPTION: Body rotund, somewhat elongated, slightly flattened on 

ventral face. Epitheca and hypotheea subequal. EHpitheca a low cone, 

0.66 transdiameters in middorsal altitude, its sides slightly convex. No 

apical horn. Apical region extending a short distance on dorsal face. 

Hypotheca sae-like, its middorsal altitude 0.72 transdiameter, abruptly 

and asymmetrically rounded at antapex, the left side being a trifle the 

fuller. Girdle slightly premedian, descending, displaced distally 3 girdle 

widths, without overhang, proximal end curved posteriorly, furrow not 

deeply impressed, with scarcely any salient ridges and no lists. Ventral 

area indenting the epitheca scarcely a girdle width, widening posteriorly 

to the right and then to the left. 
Plate formula 3’, 0%, 6”, 6, 6’”, 1p, 1””. Apical 1’ slender, about 0.5 

girdle width across, slightly sigmoid, with elongated closing platelet 

which extends upon the dorsal face at its anterior end. It joins the 

anterior plate of the ventral area posteriorly. Apicals 2’ and 3’ surround the 

apex in saddle fashion. Precingular 6” triangular. Postcingular 1’” long 

and slender, expanding anteriorly less than a girdle width across. Posterior 

intercalary 1P?, two girdle widths across. Antapical 1”” deeply indented by 

the posterior end of the ventral area. The ventral area is about 0.5 

girdle width across between girdle ends, flaring asymmetrically pos- 

teriorly to at least 3 girdle widths and carried well under the antapex 

into the antapical plate, and usually without lists. The surface is nearly 

smooth, with feeble or more pronounced vermiculations running in short, 

sinuous longitudinal lines. They run posteriorly from the pores about 

which they take their origin. (See Schiitt, 1895, pl. 6, fig. 26..) Often 

two originate from the same pore. Suture bands are finely areolated. 

The arrangement of surface markings, of pores and of chromatophores 

all give the organism an appearance of longitudinal striation. In some 

specimens the vermiculations coalesce (pl. 13, fig. 25) to form a semi- 

striate meshwork with pores at the nodes. Chromatophores ellipsoidal, 

irregular, or linear, in peripheral or radial arrangement, several large 

anteriorly located pusules and posteriorly located ellipsoidal nucleus. 

Dimensions: Length, 82-105y; transdiameter, 65—80n; dorso- 

ventral diameter, 60-65; width of furrow, 5p. 

VARIATION: I have noted some variation in form of antapex, 

surface markings, and shape of ventral area, which is usually not 

so wide as figured by Schiitt (1895). 
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CoMPARISONS: Distinguished from G@. alaskensis by its more 

elongated body, more linear markings and absence of antapieal 

spines. From G. hyalina it differs in its less rotundity and less 

pronounced linear markings. In this species the length and 

transdiameter are about equal. From G. inflata it differs in its 

less expanded girdle region, less sloping hypotheca and smaller 

size. 

Synonomy: Originally described by Sechiitt (1895) in his 

new genus Steiieclla, but in all skeletal characters a typical 

Gonyaulax, 

DIsTRIBUTION: Taken sparingly in the plankton of the inner 

harbor, at San Pedro, Calif. (No. 505), May 31, 1901; evidently 

earried in by tidal currents with the oceanic plankton from the 

outside. 

Reported by Ostenfeld (1900) as very rare in Gulf Stream 

waters north of Scotland 59° N, 2°-9° W, and by Cleve (1901a) 

from the Atlantic 29°-47° N and 9°-23° W. Also by Schroder 

(1900) from Naples and by Entz (1902) from Quarnero on the 

Adriatie. 

14. Gonyaulax alaskensis sp. nov. 

PI, 17, fiss.45; 46; pl. 14) fig. 32: 

Diacnosis: A very large polyhedral species with much dis- 

placed (4 girdle widths) girdle, apex dorsally extended, coarse 

reticulations often of predominantly longitudinal elements with 

scattered pores at the nodes. Longitudinal furrow flaring widely 

at antapex; two short antapical spines. The ventral area reaches 

nearly half the distance from girdle towards apex. 

Description: Body polyhedral with rounded angles, its length 1.05— 

1.12 transdiameters, nearly circular in equatorial cross-section with some 

flattening on ventral face of hypotheca. Hpitheca approximately equal 

to hypotheea, low, conical, its greatest altitude 0.66 transdiameter, 

slightly angled at the apical-precingular sutures. No apical horn, apex 

small, elongated, extending dorsally beyond the summit, less than a girdle 

width across and 2.5 in length, sloping obliquely toward the ventral face. 

Hypotheca subhemispherical, its altitude 0.6 transdiameter with convex 

sides swelling at the girdle, contracted to a proportionally small antapex 

less than 0.3 transdiameter across, bearing two small, stout, widely sep- 

arated spines. 

The girdle is equatorial, descending with little (0.5 to 1.5 girdle 

widths) overhang, but relatively great displacement (4 girdle widths). 
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The two ends are both sometimes curved posteriorly and the distal end 

declines steadily in a long slope from the right side of the body. The 

furrow is relatively narrow, very deeply impressed with salient ridges 

bearing low, abundantly ribbed fins of 0.5 girdle width in height. The 

anterior plate (ant. pl., pl. 14, fig. 32) of the ventral area indents the 

epitheca nearly half way to the apex. The ventral area or longitudinal 

furrow is much compressed laterally between the ends of the girdle where 

it makes an angle of 25° with the major axis. The salient right mid- 

ventral region with the distal end of the furrow crowds the furrow to the 

left and (pl. 17, fig. 45) overhangs it. Posteriorly it flares very abruptly 

to the right side to 3 girdle widths at the postmargin. 

The plate formula is 3’, 04, 6”, 6, 6’, 17, 1””. Apical 1’ is a short plate 

0.2 transdiameters in length and 0.5 to 0.8 girdle width across bearing at 

its apex the elongated elliptical closing platelet (cl. pl., pl. 14, fig. 32). 

Apical 3’ bears in its median margin less than a girdle width below the 

apex the conspicuous ventral pore (v. po.). Precingular 6” is quadrangu- 

lar. Postcingular 1’” relatively broad, 1 to 2 girdle widths across; pos- 

terior intercalary very wide; antapical 1”” rather widely and deeply 

invaded by posterior plate of ventral area. Ventral area with long, slender 

anterior plate (ant. pl., pl. 14, fig. 32) nearly 3 girdle widths in length, 

partially erossed by the anterior girdle ridge, with a shallow notch at its 

postmargin for flagellar pore. Intermediate plates obscured. Posterior 

plate beginning about two girdle widths behind the distal end of girdle 

and flaring rapidly and principally to the right side, expanding from one 

girdle width anteriorly to three at the postmargin. 

The surface is very characteristically marked with a light tracery of 

delicate meshwork made up predominantly of longitudinal or  semi- 

detached vermiculate elements with which transverse or irregular bars 

form an incomplete mesh. In some specimens the mesh work is pre- 

dominantly polygonal, especially on the hypotheca and near sutures. On 

others the longitudinal pattern predominates especially on pre- and 

postcingular plates and along suture lines (pl. 17, figs. 45, 46). The low 

fin on the girdle lists is very abundantly ribbed as are also the low 

fins on plates 7’”, 6’, and 1» which overhang the longitudinal furrow. 

The low fin between the two antapical spines is likewise minutely and 

abundantly ribbed. In fact the fins throughout are all low and abun- 

dantly ribbed, the distance between the thickenings in their substance 

corresponding remarkably well with the diameter of the polygonal 

meshwork upon the shell, suggesting the action of a similar physical 

factor determining both. The only fin showing an unusual development 

is the one on plate 1’”. In most species of Gonyaulax no fin appears 

here or at the most it is a very low list. In this species it almost com- 

pletely covers over the furrow. In one specimen (pl. 17, fig. 46) the girdle 

lists are lacking and there is no fin on the postmargin between the anta- 

pical spines. The two antapical spines are short (0.6 girdle width), stout, 

and finned on both sides, or entirely lacking fins. 

The pores are sparingly distributed, in rows along sutures, in the 

girdle where the two rows are joined by vertical ribs as in G. scrippsae, 
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and in certain nodes of the meshwork on the plates. They are of small 

size and inconspicuous. 

The cell contents are not dense. In addition to the ellipsoidal nucleus 

there is in some individuals a very large dense yellowish chromosphere, 

nearly 0.4 transdiameters across similar to those often seen in Oxytoxwm. 

Dimensions: Length, 65 to 77 (4 measured) ; transdiameter, 

65 to 74u; girdle width, 44; antapical spines, 3 to 4p. 

VARIATION: Varies in size, fin development, and degree to 

which the linear type of markings is realized. 

CoMPARISONS: Belongs to the subgenus Steiniella. The char- 

acters in which it resembles Steiniella fragilis are (1) the surface 

markings which are slightly of the hnear-vermiculate type so well 

developed in that species, (2) the overrun of the apex upon the 

dorsal side, and the elongation of the closing platelet and (3) the 

fragility of the theea. In none of these characters, however, 

does it attain the degree realized in other species of the sub- 

genus Steimiella. It may be distinguished from other members 

of the G. fragilis group by its two antapical spines. 

It is a very well defined species easily recognizable by reason 

of its elongated anterior plate of the ventral area; its wide post- 

cingular 1’’, its widely separated antapical spines, and by its 

characteristic surface markings. 

DistRIBUTION: Taken thus far but twice at San Diego, first on 

June 9, 1904 (No. 65) in a haul from 75 fathoms several miles 

off San Diego, and a second time in a vertical haul from 170 

fathoms, about ten miles off San Diego on June 23, 1904 (No. 

120). A number of specimens have been observed in a surface 

collection made in the evening (7 p.m.) at Loring, Alaska, Sep- 

tember 15, 1905, by Mr. F. M. Chamberlain of the U. 8. Bureau 

of Fisheries, S.S. ‘‘Albatross.’’ Permission to use this material 

has been kindly granted by Hon. Geo. M. Bowers, Commissioner, 

U.S. Bureau of Fisheries. 

E. GENERAL DISCUSSION OF GENERIC AND SPECIFIC 

CHARACTERS IN GONYAULAX 

The oft repeated and long continued close scrutiny of 

numerous groups of individuals of related species such as has been 
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the basis of the preparation of this paper affords an exceptional 

opportunity not only for the appreciation and detection of minute 

details of structural differences upon which the concept of species 

is customarily built, but also for an ever growing realization 

that other phases of the organism which may be designated 

broadly as physiological or functional, rather than structural, are 

just as profoundly and truly characteristic of species as are 

those other concrete indications of activity of the living substance 

which are recorded in more or less permanent expression in 

form. It may be useful to sum up here both the morphological 

and functional data and to give the impressions which this study 

has made upon me with reference to the nature and relations of 

both generic and specifie characters. 

The generic characters of Gonyaulax are the displacement of 

the girdle and the constant number of skeletal elements in the 

hypotheca, girdle, and precingular series of plates, in all a con- 

stancy in not less than twenty of the twenty-three to twenty-six 

skeletal elements characteristic of the different species, and the 

form and relations of apical 7’. If we divide the skeleton into 

zones or belts of plates, as follows (a) apieals, three to five; (b) 

anterior intercalary (incomplete), none to two; (3) precingulars, 

six; (4) posteingulars, six; (5) posterior interealary (incom- 

plete), one; (6) antapical, one, we discover that the posterior 

half of the skeleton, the girdle, and precingular belt are constant, 

while the plates of apical region and adjacent interealary region 

are variable in number and position. The generic characters thus 

inhere in the skeleton in and adjacent to the girdle and longi- 

tudinal furrow (ventral area of this paper), structural features 

moulded by the two flagella, the prime ordinal characters of the 

Dinoflagellata. They thus express, in so far at least as the main- 

tenance of constant number is concerned, conservative ancestral 

tendencies in the organism, and are directly related to the regions 

of major activity. 

These characters are maintained with remarkable constancy 

amidst a great diversity of external form, ranging from the 

spherical as seen in G. sphaeroidea (pl. 16, figs. 41, 42), to the 

greatly elongated seen in G@. birostris, or the polyhedral in G. 

polyedra (pl. 17, fig. 43). 
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The ventral pore is also found throughout the genus, but this 

is present, though not hitherto described, in other genera, such 

as Amphidoma, Goniodoma, Pyrophacus, and Centrodinium. It 

therefore can not be regarded as a generic character. 

I. SPECIES CHARACTERS 

1. THe EXTEN?’ oF DIFFERENCES BETWEEN SPECIES 

The specific characters which differentiate the thirty-six or 

more species of this genus are of greatest variety and affect, in 

one species or another, practically all the structural elements 

which make up the organism (see Kofoid, 1906¢). Not only is 

this true for the genus as a whole, but it is also true to a large 

degree for each species as a unit. It differs from its congeners 

not merely in certain easily detected and quickly defined strue- 

tural features which strike the eye at once, but in manifold 

minor details which are less easily comprehended and can only 

be described by a mass of minutiae and often accurately ex- 

pressed only by statistics of proportional measurements. These 

become evident as one works over the material, in spite of in- 

creasing evidences of variation, which on the novice too often 

leave the impression of inextricable confusion. Just as in the 

ease of the Gadidae, where Williamson (1910) has so clearly 

demonstrated that the species are profoundly differentiated not 

only in surface characters such as sealation and fin rays, but by 

internal visceral and skeletal structures as well, so also in the 

Dinoflagellata specific characters extend throughout the organ- 

ism but are more easily comprehended in the less labile skeletal 

structures. To this the work of Schmidt (1905, 1906) upon the 

young stages of the various species of cod in the North Atlantic 

and North Sea has added equally striking evidence of the specific 

distinctness of the eggs and fry, differences in dimensions, oil 

drops, pigmentation, and the like, which the experienced eye 

soon learns to utilize as an infallible guide to the separation of 

these organisms in the early stages of their development. In a 

like direction the work of the various divisions of the Interna- 

tional Commission for the Investigation of the Sea has brought 

to light the fact that sharply defined differences based on salini- 
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ties, temperature, and currents delimit the seasons and spawning 

territories of the adults of the various species of the Gadidae. 

Distinguishing characters of a type not unlike in essential 

nature to that found among the Gadidae may also be demon- 

strated between the various species of Gonyaular. It will suffice 

for illustration to compare two common species, G. spinifera and 

G. polygramma (compare figs. A-D, pl. 16, fig. 39 and pl. 17, 

fig. 47), species of about the same size, often found in the same 

waters. They differ in size, proportions, in displacement, over- 

hang and margins of girdle; in proportions, shape and markings 

of the ventral area; in shape of apical region; in size, number, 

and symmetry of antapical spines; in location of ventral pore; in 

shape of plates 7’, 3’, 6”, 6’", 1°, and 1’; in surface markings 

which are predominantly linear in polygramma, and reticulate in 

spinifera. Finally in numbers and distribution there are indica- 

tions (precise information is lacking on account of confusion in 

literature as to the synonomy and specific limits of G. spinifera) 

that G. spinifera has more of a neritic distribution in colder 

waters and G. polygramma oceanic in warmer waters. 

The number of characters separating species would be some- 

what lessened if the comparison should, for example, be made 

between those of the polygramma series, as for example G. tur- 

bynet (pl. 17, fig. 44), G. polygramma (pl. 17, fig. 47), G. kofoidi 

(pl. 14, fig. 80), and G. pacifica (pl. 16, fig. 35), but even here 

the characters found in common in all or certain members of the 

series such as hnear markings, antapical spines, antapical asym- 

metry, or apical horn, differ between several members of the 

series In the degree and manner of their expression in qualitative 

and quantitative fashion. 

Il. CHARACTERS OF VALUE IN DISTINGUISHING SPECIES 

1. STRUCTURAL CHARACTERS 

Those structural characteristics which have proved to be of 

greatest value in the analysis of species in Gonyaulax fall natur- 

ally into two groups, (1) those affecting fundamental features 

such as number of plates, form of the body, displacement of the 

girdle, and form of the ventral area; and (2) superficial char- 
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acters such as surface markings, and outgrowths such as spines, 

lists, and fins. 

The types of bodily form may all be traced back to modifica- 

tions of a sphere, a type realized almost perfectly in G. sphae- 

roidea and G. palustris, less so in G. scrippsae and G. turbynez. 

This sphericity is retained in the posterior part of the body, in 

the more conservative hypotheea in G. apiculata, G. fragilis, G. 

digitale, G. scrippsae, G. diegensis, G. triacantha, and G. hyalina. 

Elongation of the body is apparent in the whole body in G. 

apiculata and G. fragilis; in the apical region only in G. spinifera, 

G. digitale, G. diegensis, and G. ceratocoroides, and especially in 

G. mitra. Elongation of the epitheca as a whele is seen in the 

large numbers of the polygramma group, G. polygramma, G. 

kofoidi, and G. pacifica. Elongation of the hypotheca in excess 

of that of the epitheca is noticeable in G@. mitra, in G. milneri, and 

G. ceratocoroides. Elongation with marked accompanying 

attenuation of both halves is seen in the subgenus Fusigonyaulaxr 

in its species birostris, glyptorhynchus, and highlen. The polyhe- 

dral form of body is found in G. polyedra, G. milneri, and G. 

ceratocoroides. In these the sutures are somewhat salient and 

the plates flattened rather than convex. 

The most fundamental and characteristic structure in the 

genus Gonyaulax, and for that matter in the Dinoflagellata, is 

the girdle, the trough in which the ribbon-like protoplasmic 

sheet called the transverse flagellum hes. Throughout all species 

of Gonyaulax this girdle is wound in a descending spiral about 

the body, the amount of descent varying from one to seven girdle 

widths in different species. The amount of displacement is 

characteristic for the species, subject however to some variation 

within the species. An abrupt proximal curvature is distinctive 

of some species, as for example of G. pacifica (pl. 15, fig. 35) 

and G. triancantha (pl. 11, fig. 13) and a sweeping distal one of 

G. diegensis (pl. 13, fig. 24). In G. spinfera (pl. 16, fig. 39) 

and G. digitale (pl. 9, fig. 3) the girdle makes more than a com- 

plete circuit of the body, the overhang of the two ends being 

several girdle widths. 

The actual width of the girdle is fairly constant in all species, 
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being about five microns, possibly in correlation with a constancy 

in the size of the flagellum or range of its field of action. 

The manner in which the furrow is formed varies in different 

species. In one, G. sphaeroidea (pl. 16; fig. 41), it is not at all 

impressed into the body wall, in several (G@. ceratocoroides, G. 

milneri) the surface is merely flattened, in others (G. palustris, 

G. scrippsac, pl. 16, fig. 38, and in the subgenus Fusigonyaular) 

it is slightly impressed, while in the great majority of species, as 

in G. spinifera (pl. 16, fig. 39), G. polygramma (pl. 17, fig. 47), 

it is quite deeply set into the body wall. 

The sides of the furrow are variously constructed. In non- 

impressed and shallow types the sides are formed by high mem- 

branous lists either without (G. sphaeroidea) or with (G. milneri, 

G. ceratocoroides, G. birostris, G. glyptorhynchus) ribs. In 

nearly all of the deeply impressed types there are no membranous 

lists, the edges of the furrow being formed by thick scarcely 

salient shelves of thecal wall, as in G. polygramma, G. triacantha, 

and G. diegensis. In a few eases, as in G. spinifera (all?) these 

edges may bear low fins with short ribs. 

The form of the longitudinal furrow or ventral area also 

differs in different species, largely in correlation with the form 

of the girdle. The overhang and displacement give it a marked 

sigmoid curvature in G. spinifera (pl. 16, fig. 39), G. digitale 

(pl. 9, fig. 3), and G. scrippsae (pl. 16, fig. 38). In species with 

displaced girdle, such as G. diegensis (pl. 13, fig. 24), a narrow 

constricted region extends between the two ends of the girdle. 

In polyhedral forms, G. polyedra (pl. 17, fig. 48), @. milneri, and 

G. ceratocoroides, and especially in G. catenata, this area is a 

widely expanded, vertical, straight tract within which the minor 

skeletal elements, six in number, which compose it, can be 

readily determined. In all except the polyedra and sphaeroidea 

groups the ventral area is widened posteriorly, enormously so in 

G. triacantha (pl. 11, fig. 13) and G. catenata, and considerably 

in the polygramma series (pl. 17, fig. 47). In the subgenus 

Steiniella (except in G. mitra) the distal enlargement is con- 

siderable and rather abrupt (pl. 17, fig. 45) and in the G. spini- 

fera series it is often spoon-shaped (pl. 16, fig. 39). The degree 
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to which the armature of fins and spines is developed on the sides 

of this area is to a considerable extent a species character, as is 

also the extent of the indentation which it makes in the terminal 

antapical plate. 

The constituent plates of the theca are subject to diversifica- 

tions in the various species only in the apical and anterior inter- 

ealary regions, those parts of the organism directed forward in 

locomotion and therefore most subject to the impact of the en- 

vironment. 

The total number of plates in the apical-interealary region is 

usually 3 (20 cases), occasionally 4 (6 cases), rarely 5 (2 cases), 

or 6 (2 eases) or even 8 (1 case). The distribution of these plates 

between the apical and intercalary regions varies. I arbitrarily 

distinguish all those plates in contact with the apex as apicals, 

and all others anterior to the precingulars as anterior inter- 

calaries. The following table indicates the distribution of the 

several types of plating among the species of the genus. 

APICAL PLATES IN SPECIES OF GONYAULAX 

Number of Position 
Total Numberof anterior of anterior 

X Species 2 i plates Apicals intercalaries intercalaries 
G. alaskensis, birostris, digitale, fra- 

gilis, glyptorhynchus, inflata, ko- 
foidi, pacifica, polygramma, scripp- 
SEAS DUNUUiEn Gy UTD YC Uae eee 3 3 0 

G. apiculata(?), sphaeroidea ................ 4 3 if right ventral 

(Gry GHEGETOSUS, LOU MOMOK ORD) cecsenecea neo ee a 4 0 

GUT TO COTULT Careers ene eee ee ene 5 3 2 dorsal 

G. jolliffei (= Spiraulax jolliffet).....-.- 5 4 il right ventral 

GRRIIUULTUG Te eto ame eeeat Bo A ee 2 SRO 5 5 0 

AIO OUG COIL Gs, Maa eee me aie eee es ree 6 4 2 right ventral 

Cam CCHOUGCOROUG CS eae ee 6 6 0 

(Ces NOLAND: eS es FS Ns eee 8 4 4 dorsal 

G. highleii, mitra, palustris(?), series 2 ? 2 

An inspection of the table shows at once the predominance 

of the 3’-0* combination and also that there is no marked 

tendency for the deviations from this to conform to the lines 
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which separate the subgenera and groups which I have recognized. 

In the discussion of the species, especially of those with the 3’—07 

combination I have repeatedly called attention to an incipient 

suture in apical 3’, which if realized would give rise to a 3’—1% 

or a 40% arrangement. It may be noted in passing that in the 

individualized plates of the theca of the Dinoflagellata we come 

about as close to a realization of unit characters in these so-called 

lower and supposedly simple organisms as we do anywhere in 

the organic world. This exhibition in Gonyaulax of a tendency 

on the part of plate 3’ to divide into two elements and its appar- 

ent realization in certain species (e.g. in G. diegensis) is strongly 

suggestive ot a gradual rather than an abrupt transition from a 

three-unit to a four-unit phase in this region of the skeleton. 

The differentiation in form and in position of ends of girdle 

and in form of ventral area modify certain plates of the thecal 

wall to an unusual degree. These plates are apical 1’, anterior 

intercalary 1%, precingular 6”, the anterior plate of the ventral 

area, posteingular 7”, and the posterior interecalary 7’. Three 

significant relations of these plates appear to be correlated with 

their relatively greater degree of diversification. 

In the first place they are, with two exceptions (apical 7’ and 

anterior intercalary 1%) immediately in contact with the region 

of protoplasmic motion, the furrows in which the two flagella 

are active, during the time of thecal formation; in the second 

place they are all in immediate contact with the line along which 

the theea is parted in cell division, and thus in a region of con- 

stantly repeated liberation along one margin, from restraining 

contacts with other plates. 

It should, however, be noted in this connection that the girdle 

plates 7-6 are absolutely constant in number and exhibit few 

modifications in the genus, and that other plates along the fission 

line (see text figs. A-D, p. 195) do not manifest an equal amount 

of diversification within the genus. In a third particular, how- 

ever, the plates named, together with the whole ventral area which 

is quite variable, do occupy a unique relation among the elements 

of the theca. They all lie in the midventral region adjacent to 

the flagellar pore precisely in the region where the spiral move- 
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ments of the two flagella bring a current of water sweeping over 

the surfaces of these plates. In other words they constitute a 

region of maximum contact with the environment. The direct 

action of the environment as a potent modifying agent in the 

process of speciation is thus strongly suggested. 

The surface of the theeal wall of Gonyaulax exhibits nearly 

all of the modifications found in the whole order of Dinoflagel- 

lata ranging from the smooth almost undifferentiated spineless 

and finless G. scrippsae to the exceedingly rugose G. milneri and 

the long-spined G. ceratocoroides. Minute quadrangular areo- 

lations are seen in G. triacantha (pl. 11, fig. 18), pits which pass 

over into a coarse mesh work in G. polyedra (pl. 14, fig. 31), 

linear striae in the polygramma (pl. 17, fig. 47) group, and ver- 

miculate in certain species of the subgenus Steiniella (pl. 17, fig. 

46), while in many instances a reticular meshwork, usually quite 

characteristic of the species is found. These surface markings 

are peripheral characters in immediate contact with the environ- 

ing medium and more than any other feature of skeletal organ- 

ization exhibit variation in respect to age of the theca, but espe- 

clally with reference to temperature, salinity and perhaps to 

more subtile chemical modifications in the water in which they 

are found. The proof of this statement lies in the fact that most 

of the individuals taken at one time in a given locality will bear 

a characteristic facies, expressed in Gonyaulax in surface mark- 

ings, and this may differ in greater or less degree from the same 

species taken elsewhere, or at the same locality at another season. 

The marked asymmetry expressed in the inequality of the 

two posterior horns in Peridinium and Ceratium is hinted at in 

the tendency toward antapical asymmetry seen in the larger mem- 

bers of the polygramma series, as for example in G. pacifica. It 

is perhaps to be correlated in all instances with the proximity of 

this region to the posteriorly extending flagellum with the current 

of water it produces sweeping backward in the immediate neigh- 

borhood of the left antapical region. 

PHYSIOLOGICAL CHARACTERS 

In the matter of size each species has its characteristic limita- 

tions, the range in size increasing with the amount and geographi- 
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eal distribution of the material, in which, however, the greater 

part of the individuals are grouped about a mean. Thus five are 

very small (22-40u), G. catenata, palustris, scrippsae, series and 

spinifera; four are small (40-60n), G. polyedra, sphaeroidea, 

triacantha and turbynei; five are of medium size (60-80p), G. 

alaskensis, apiculata, digitale, milnert and polygramma; five are 

large (80-100), G. ceratocoroides, diegensis, fragilis and hya- 

lina; four are very large (100-1202), G. birostris, glyptorhyn- 

chus, highlevi, and kofoidi; and three are giants (130-250,), G. 

inflata, mitra and pacifica. 

In type of aserual reproduction two species exhibit very dis- 

tinct features which set them off from all others. In G. catenata 

Levander (1894a) has described a type of chain formation with 

accompanying skeletal fission, while in G. serves I (1911la) have 

found chain formation with accompanying reduction in size of 

the terminal members of the series and what appears to be skele- 

tal formation in entirety de novo after chain formation. In no 

other species has chain formation been noted, though normal 

binary fission of cell body and skeleton alike occur in a large 

number and possibly in all of them. 

The distribution of the species is characteristic. Two only are 

known from fresh water, G. apiculata and G. palustris; one, G. 

catenata, from the brackish water of the Baltic, and one, G. tria- 

cantha, appears to be a northern circumpolar neritic form. By 

far the greater part of the species are primarily tropical or of the 

warm temperate zone; here belong G. birostris, ceratocoroides, 

fragilis, glyptorhynchus, highleu, hyalina, inflata, kofoidi, mil- 

neri, mitra, pacifica, polygramma, sphaeroidea, and turbynet. 

Many of these invade temperate and even far northern or far 

southern waters sparingly with currents from equatorial regions. 

The species which appear to have a predominantly temperate 

distribution are G. alaskensis, diegensis, digitale, polyedra, 

scrippsae and spinifera, though these also invade tropical and 

cireumpolar regions to some extent. The marked increase in 

speciation in waters of higher temperature is noteworthy. 

Nothing is known yet of their vertical distribution. 

The relative numbers in which the species occurs is also a 
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characteristic. In G. polyedra we have a species which may occur 

sporadically in overwhelming numbers, others, such as G. digitale. 

polygramma, spinifera, pacifica, catenata, diegensis and tria- 

cantha may be locally common, or have a wide distribution, while 

others, as in the case of most of the tropical species, have been 

met with in small numbers and rarely, in a few cases only, singly 

as yet. 

Fragility of the shell is another physiological feature of 

Gonyaulax which is noticeable in the genus as a whole, but with 

wide divergencies among the species. It is very rarely, for ex- 

ample, that one finds an intact theca of G. fragilis, or its relatives 

in the subgenus Steiniella. Likewise G. catenata is excessively 

fragile, while G. polyedra and members of the birostris group 

are prone to part in the apical region. On the other hand in 

most species the sutures on the right shoulder of the theea and of 

the ventral area posterior to its anterior plate are separated with 

great difficulty, if at all. 

The habit of ecdysis is allied to this proneness to disintegrate 

on the part of the thecal wall. In G. polyedra, G. polygramma, 

G. spinifera and perhaps in others members of the group to which 

these belong, the ecdysis is frequently seen, and it is no unusual 

thing to find empty thecae of many of the species with dorsal 

apical plates torn loose or missing, in the plankton. 

F. SUMMARY 

1. The genus is redefined on the basis of its skeletal mor- 

phology. The skeleton consists of three (three to six) apicals, 

no or one (none to four) anterior intercalaries, six precingulars, 

six girdle plates, six postcingulars, the posterior interealary, one 

antapical and the plates of the ventral area. 

2. The so-called ‘‘longitudinal furrow’’ extending to the apex 

is not in any morphological or functional meaning a furrow, but 

merely the narrow apical plate 7’, the homologue of the rhomb 

plate of Peridinium. 

3. There is always a minute closing platelet in the apex and 

a ventral pore (with several exceptions) on the right ventral 
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apical or anterior interecalary plate to the right of the mid- 

ventral line. 

4. The ventral area or true longitudinal furrow consists of an 

anterior plate indenting the epitheca and bearing on its post- 

margin the flagellar pore; and an intermediate region of two to 

four small plates, and a large posterior plate. 

5. The fission line in dividing thecae is described. 

6. The genus is revised, twenty-five species being recognized, 

fourteen recorded from coasts of California, and four new ones, 

G. alaskensis, G. diegensis, G. scrippsae, G. sphaeroidea de- 

seribed. The synonomy, variation and distribution of each is 

discussed. 

7. The all-pervading character of specific differences in both 

morphological and physiological details is described. 

8. The apical region and ventral area, regions coming most 

in contact with the environment are most subject to diversi- 

fication. 

Zoological Laboratory, University of Califorma. 

Transmitted May 10, 1911. 



1911 Kofoid: The Genus Gonyaulax. 263 

G] BIBLIOGRAPHY 

AURIVILLIUS, C. W. S. 

1898. Vergleichende thiergeographische Untersuchungen iiber die 

plankton-Fauna des Skageraks in den Jahren 1893-1897. 

Kgl. Sv. Vet. Akad. Handl., 30, No. 3, 427 pp., 15 figs. 

BERNARD, CH. 

1908. Protococeacées et Desmidiées d’eau douce, recoltées a Java et 

deserites par Ch. Bernard (Dept. de 1’Agriculture aux Indes 

Néerlandaises (Batavia), 230 pp., 16 pls., 1908. 

BUTscHLI, O. 

1885a. Einige Bemerkungen iiber gewisse Organisationsverhaltnisse 

der sog. Cilioflagellaten und der Noctiluca. Morphol. Jahrb., 

10, 529-577, pls. 26-28. 

1885b. ““Dinoflagellata’’ im Bronn’s ‘*KI. u. Ordn.,’’ 1; Abth, Il, 

pp. 906-1029, pls. 51-55. 

CLAPAREDE, E., ET LACHMANN, J. 

1858-1859. Etudes sur les Infusoires et les Rhizopodes. Mém. Inst. 

Genév., 5, mém. 3, pp. 1-260, pls. 1-13, 1858; 6, mém. 1 

(un.), pp. 261-482, pls. 14-24, 1859. 

(Cinjojyany 122, Uke 

1900a. Notes on some Atlantic Plankton Organisms. Kgl. Sv. Vet. 

Akad. Handl., 34, no. 1, 22 pp., 8 pls. 

1900b. The plankton of the North Sea, the English Channel and the 

Skagerak in 1899. Ibid., no. 2, 77 pp. 

190la. The seasonal distribution of Atlantic plankton organisms. 

Goteborgs Kungl. Vet.-Vitterh. Samh. Handl., (4), 3, Art. 

3, 369 pp. 

1901b. Plankton from the Indian Ocean and the Malay Archipelago. 

Kgl. Sv. Vet. Akad. Handl., 34, no. 5, 58 pp., 8 pls., 2 text 

figs. 

1902. Additional notes on the season distribution of Atlantic organ- 

isms. Go6teborgs Kungl. Vet.-Vitterh. Samh. Handl., (4), 

4 Act. Lo od pp: 

1903. Report on plankton collected by Mr. Thorild Wulff during a 

voyage to and from Bombay. Arkiv. Zool., 1, 329-381, pls. 

16=19. 



264 University of California Publications in Zoology. [Vou-8 

DARWIN, CHARLES. 

1871. Journal of researches into the natural history and geology 

of the countries visited during the voyage of H. M. S. 

‘“Beagle’’? round the world under the command of Capt. 

Fitz Roy, R. N. (New York, Appleton). x, 519 pp., figs. 

DELAGE, Y. ET HEROUARD, E. 

1896. Traité de zoologie concréte. I. La cellule et les Protozoaires 

(Paris, Reinwald). xxx, 584 pp., 890 text figs. 

Diesine, K. M. 

1866. Revision der Prothelminthen, Abtheilung: Mastigophoren. 

Sitzber. math. nat. wiss. Cl., Akad. Wiss. Wein., 52, Abt. 1, 

pp. 287-402. 

EHRENBERG, C. G. 

1836. Ueber das Massenverhiltniss der jetzt lebenden Kiesel-Infuso- 

rien und iibeér ein neues Infusorien-Conglomerat als Polir- 

schiefer von Jastraba in Ungarn. Abhandl. Berlin Akad., 

1836, 111-135, 2 pls. 

1838. Die Infusionsthierchen als vollkommene Organismen. Hin Blick 

in das tiefere organische Leben der Natur (Leipzig, Voss). 

xviii (4), 547 (1) pp., 44 pls. 

1854. Mikrogeologie. Das Erden und Felsen schaffende Wirken des 

unsichtbar kleinen selbstiindigen Lebens auf der Erde (Leip- 

zig, Voss). xxviii, 374, 31, 88 pp., 30 pls. 

1859. Ueber das Leuchten und iiber neue mikroskopische Leucht- 

thiere des Mittelmeeres. Monatsb. d. Berlin Akad., 1859, 

727-738, 791-793. 

1873. Die das Funkeln und Aufblitzen des Mittelmeeres bewirkenden 

unsichtbar kleinen Lebensformen. Festschrift z. Feier d. 

hundertjahr. Bestehens d. Ges. naturforsch. Freunde in Ber- 

lin, 1873, 1-4 pp., 1 pl. 

ENTZ, G. JR. 

1902. A  Quarnero Peridinedéi. (Die Peridinieen des Quarnero). 

Novénytani Koézlemények, 1, 83-96, pls. 1-6. 

1904. Beitriige zur Kenntniss des Planktons des Balatonsees. Result. 

wiss. Erforsch. d. Balatonsees. 2, 1 Theil, Anhang, pp. 1-87, 

17 (79) figs., 9 pls., 1906. Reprint dated 1904. 

1905. Beitrige zur Kenntniss der Peridineen. I Die Peridineen des 

Quarnero und das Variieren mariner Ceratien. II Homo- 

logie des Panzers und der Teilung der Phalacromeen und 

Ceratien. Math. naturw. Ber. Ungarn, 20, 96-144, figs. 1-47, 

1-66. 



1911] Kofoid: The Genus Gonyaulax. 265 

1907. A Peridineak Szervezetérél. Allattani Kézlemények, 6, 11-30, 

49-50, pls. 2-4. 

1909. Ueber die Organizationsverhiltnisse einiger Peridineen. Math. 

naturw. Ber. Ungarn, 25, 246-274, pls. 8-11. 

FAURE-FREMIET, E. 

1908. Etude descriptive des Péridiniens et des infusoires ciliés du 

plankton de la Baie de la Hougue. Ann. Sei. Nat. Zool., (9), 

7, 209-2438, pls. 15-16, 22 figs. in text. 

GOURRET, P. 

1883. Sur les Péridiniens du Golfe de Marseille. Ann. Mus. Marseille, 

1, no. 8, 114 pp., 4 pls. 

HENCKEL, A. 

1909. Materials of the phytoplankton of the Caspian Sea. Seripta 

Bot., 27, 246 pp., 36 pls. (Russian). 

JORGENSEN, E. 

1899. Protophyten und Protozoén im Plankton aus der norwegischen 

Westkiiste. - Bergens Mus. Aarbog, 1899, no. vi, 112, Ixxxiii 

pp., 9 pls. 

1905. The Protist plankton and the diatoms in bottom samples. Ber- 

gens Museums Skrifter, 1905, 23-254, 21 pls., 10 text figs. 

KARSTEN, G. 

1906. Das Phytoplankton des atlantischen Oceans nach dem Material 

der deutschen Tiefsee-Expedition, 1898-1899. Wiss. Ergebn. 

d. deutsch. Tiefsee Exp., 2, Teil 2, pp. 1387-219, pls. 20-34. 

1907. Das Indiseche Phytoplankton. Jbid., pp. 220-548, pls. 35-54. 

Kororp, C, A. 

1906a. Dinoflagellata of the San Diego region. 1. On Heterodinium, 

a new genus of the Peridinidae. Univ. Calif. Publ. Zool., 

2, 341-368, pls. 17-19. 

1906b. On the structure of Gonyaulax triacantha Jorg. Zool. Anz., 30, 

102-105 pp., 3 figs. 

1906e. A diseussion of species characters in Triposolenia I. The 

nature of species characters. II. The adaptive significance 

of species characters. III. The coincident distribution of 

related species. Univ. Calif. Publ. Zool., 3; 117-126. 

1907a. Reports on the scientifie results of the Expedition to the East- 

ern Tropical Pacific, in charge of Alexander Agassiz, by the 

U.S. Fish Commission Steamer ‘‘ Albatross,’’ from October, 

1904, to March, 1905, Lieut. Commander L. M. Garrett, U. 

S. N., commanding. IX. New Species of Dinoflagellates. 

Bull, Mus. Comp. Zool. Harvard College, 50, 161-208, pls. 

1-17, 1 chart. 



266 University of California Publications in Zoology. \Vou-8 

1907b. Dinoflagellata of the San Diego region. III. Description of 

new species. Univ. Calif. Publ. Zool., 3, 299-340, pls. 22-83. 

1909a. Reports on the scientific results of the expedition to the Kast- 

ern Tropical Pacific, in charge of Alexander Agassiz, by the 

U. S. Fish Commission Steamer ‘‘ Albatross,’’ from October, 

1904, to Mareh, 1905, Lieut. Commander L. M. Garrett, U. 

S. N., commanding. XX. Mutations in Ceratium. Bull. Mus. 

Comp. Zool. Harvard College, 52, 211-257, 4 pls., 5 text 

figs. 

1909b. On Peridinium steini Jorgensen, with a note on the nomenela- 

ture of the skeleton of the Peridinidae. Arch. f. Prot., 16, 

25-47, pl. 2. 

1910. A revision of the genus Ceratocorys based on skeletal mor- 

phology. Univ. Calif. Publ. Zool., 6, 177-187. 

191lla. On a peculiar form of schizogony in Gonyaulax. Bull. Mus. 

Comp. Zool. Harvard College. (In press). 

1911b. On the skeletal morphology of Gonyaulax catenata (Levander). 

Univ. Calif. Publ. Zool., v. 8, 287-294, pl. 18. 

191le. Dinoflagellata of the San Diego Region. V. On Spiraulax, a 

new genus of the Peridinidae. Jbid., pp. 295-800, pl. 19. 

LEVANDER, K. M. 

1894a. Peridinium catenatum n.sp. Eine kettenbildende Peridinee 

im finischen Meerbusen. Acta Soe. Faun. Fenn., 9, no. 10, 

18, 1 pp., 1 pl., 4 text figs. 

1894b. Materialien zur Kenntniss der Wasserfauna in der Umgebung 

von Helsingfors mit besonderer Beriicksichtigung der 

Meeresfauna. I. Protozoa. Acta Soc. Faun. Fenn., 12, no. 

2, 115 pp., 3 pls. 

LEMMERMANN, E. 

1899. Ergebnisse einer Reise nach dem Pacific. (H. Schauinsland, 

1896-97). Planktonalgen. Abh. Ver. Bremen, 16, 313—- 

398, pls. 1-3. 

1907. Brandenburgische Algen IV. Gonyaulax palustris Lemm., eine 

neue Siisswasser-Peridinee. Bot. Centralbl., 21, Abt. 2, pp. 

296-300, 5 text figs. 

Linko, A. K. 

1907. Investigations on the plankton of Barents Sea. Scientific- 

practical Murman Expedition (St. Petersburg). iv, 247 

pp., 20 text figs. (Russian). 

MEUNIER, A. 
1910. Microplankton des mers de Barents et de Kara, Due d’Orleans 

Campagne aretique de 1907 (Bulens, Bruxelles). xviii, 355 

DPs ove pls: 

b) 



1911] Kofoid: The Genus Gonyaulax. 267 

Murray, G. AND WHITTING, F. 

1899. New Peridiniaceae from the Atlantic. Tr. Linn. Soc. London, 

Botany (2), 5, 321-342, 9 tables, pls. 27-33. 

NISHIKAWA, T. 

1901. Gonyaulax and the discolored water in the Bay of Agu. Annot. 

Zool. Japon., 4, 31-34. 

OKAMURA, K. 

1907. An annotated list of plankton microrganisms of the Japanese 

Coast. Annot. Zool. Japan, 6, 125-151, pls. 3-6. 

OSTENFELD, C. H. 

1899. ‘‘Plankton’’ in ‘‘lagttagelser over Overfladevandets Tempera- 

tur, Saltholdighed og Plankton paa islandske og gronlandske 

Skiberouter i 1898 foretagne under Ledelse af C. T. Wan- 

del,’’ pp. 48-938, tables 1-8. 

1900. ‘‘Plankton i 1899’’ in ‘‘lagttagelser, ete.,’’ pp. 44-95, tables 

1=8: 

1901. Phytoplankton fra det Kaspiske Hav. Vid. Medd., 1901, 129- 

139, 10 text figs. 

1908. Phytoplankton from the sea around the Faeroes. Botany of 

the Faeroes, 2, 558-611, text figs. 119-144. 

1906. Catalogue des espéces de plantes et d’animaux observées dans 

le plankton recueilli pendant les expéditions périodiques 

depuis le mois d’Aott 1902 jusqu’au mois Mai 1906. Cons. 

Perm. Intern. Expl. de la Mer. Publ. de Cire., no. 33, 22 pp. 

1908. The Phytoplankton of the Aral Sea and its affluents, with an 

enumeration of the algae observed. Wiss. Ergebn. Aralsee 

Exped., part 8, 123-225, pls. 5-7, 1 folded table, 3 text figs. 

1909. Catalogue des espéces de plantes et d’animaux observées dans 

le plankton recueilli pendant les expéditions périodiques 

depuis le mois d’Aoutt jusqu’au mois de Mai 1908. Cons., 

Perm. Intern. Expl. de la Mer. Publ. de Cire., no. 48, 151 pp. 

OSTENFELD, C. H., 0G PAULSEN, O. 

1904. Planktonprover fra Nord-Atlanterhavet (¢. 58°-60° N Br.), 

samlede i 1899 af Dr. K. J. V. Steenstrup. Medd. om Gron- 

land, 26, 143-210. 

OSTENFELD, C. H., 0G ScHmiIpT, J. 

1901b. Plankton fra det Rodde Hav og Adenbugten. Vid. Medd., 

1901, 141-182, 30 text figs. 



268 University of Califorma Publications in Zoology. (Vou. 8 

PAULSEN, O. 

1908. Plankton tables for Denmark, August and November, 1903. 

Bull. Rés. Courses Périod. Cons. Perm. Intern. Expl. de la 

Mer, Année 1903-1904. Part D, pp. 88-92. 

1904. Plankton investigations in the waters round Iceland in 1903. 

Medd. Komm. Havundersog. Serie: Plankton, 1, no. 1, 39, 

2 pp., 2 maps. 

1907. The Peridiniales of the Danish waters. Ibid., no. 5, 26 pp., 

33 text figs. 

1908. ‘‘Peridiniales’’ in Brandt und Apstein ‘‘Nordisches Plank- 

ton’’ (Kiel und Leipzig, Lipsius und Tischer). No. 18, 124 

pp., 155 text figs. 

PAVILLARD, J. 

1905. Reeherches sur la flore pélagique (phytoplankton) de 1’étang 

de Thau. Travail de 1’Institut Bot. de 1’Universite de Mont- 

peilier, Série Mixte. Mem. no. 2, 116 pp., 1 carte, 3 pls. 

1909. Sur les Péridiniens du Golfe du Lion. Bull. Soe. Bot. de France, 

(4) 9, 277-284, 5 text figs. 

PENARD, E. 

1891. Les Péridiniacées du Léman. Bull. Trav. Soe. Bot. Genéve, 6. 

Reprint, 63 pp., 5 pls. 

POUCHET, G. 

1883. Contribution a I’histoire des cilio-flagellés. J. Anat. Physiol., 

19, 399-455, pls. 18-21, 50 text figs. 

ScHMIDT, JOHS. 

1901. Preliminary report on the botanical results of the Danish Ex- 

pedition to Siam (1899-1900). Flora of Koh Chang. Con- 

tributions to the knowledge of the vegetation in the Gulf 

of Siam. Part IV. Peridiniales. Bot. Tidsskrift, 24, 129- 

138, 8 text figs. 

1905. The pelagie and post-larval stages of the Atlantie species of 

Gadus. Part I, Medd. Komm. Havunderség. Serie: Fiskeri, 

1, no. 4, 77 pp., 3 pls., 16 text figs. 

1906. Idem., Part II. Jbid., 20 pp., 1 pl: 

SCHRODER, Br. 

1900. Das Phytoplankton des Golfes von Neapel nebst vergleichenden 

Ausblicken auf das atlantischen Oceans. Mitt. Zool. Sta. 

Neapel, 14, 1-38, pl. 1. 

1906. Beitrage zur Kenntniss des Phytoplankton warmer Meere. 

Vierteljahrsehr. Nat. Ges. Zurich, 51, 319-377, 46 text figs. 



1911] Kofoid: The Genus Gonyaulax. 269 

Scutrr, F. 

1887. Ueber die Sporenbildung mariner Peridineen. Ber. deutsch. 

bot. Ges., 5, 364-374, pl. 18. 

1895. Die Peridineen der Plankton-Expedition. Ergebnisse Plankton- 

Expedition der Humboldt-Stiftung, 4, M. a. A 

27 pis. 

op LUAD) yoyo 

1896. ‘‘Peridiniales’’ in Engler. u. Prantl. ‘‘Nat. Pflanzenfamilien’’ 

(Leipzig, Englemann), 1 Teil, 1 Abt., 30 pp., 43 text figs. 

STEIN, F. 

1883. Der Organismus der Infusionsthiere. III. Abt., 2 Hilfte. Die 

Naturgeschichte der Arthrodelen Flagellaten. 30 pp., 25 

pls. 

Stiwe, W. 

1909. Phytoplankton aus dem Nord-Atlantik im Jahr 1898 u. 1899. 

Botan. Jahrb. f. Syst., Pflanzengesch. u. Planzengeogr., 43, 

225-302, pls. 1, 2. Also as Inaug. Diss. Greifswald. 

Streets, T. H. 

1878. The discolored waters of the Gulf of California. Am. Nat., 12, 

85-92. 

Torrey, H. B. 

1902. An unusual occurrence of Dinoflagellata on the California coast. 

Am. Nat., 36, 187-192, 3 text figs. 

WHITELEGGE, T. 

1891. On the recent discoloration of the waters of Port Jackson. Ree. 

Australian Mus., 1, 179-192, pl. 28. 

VAN BREEMEN, P. J. 

1905. Plankton van Noordzee en Zuiderzee. Tijdschr. Nederland. 

Dierk. Vereen., (2) 9, 145-324, pls. 6-7, 21 text figs. 

VAN HGFFEN, E. 

1897. Die Fauna und Flora Grénlands, Gronland Exped. d. Ges. f. 

Erdktnde zu Berlin, 1891-1893, 2, 249-253, pl. 5. 

WriGuHtT, R. R. 

1907. The plankton of eastern Nova Scotia waters. An account of 

floating organisms upon which young food fishes mainly sub- 

sist. Further contributions to Canadian biology, being 

studies from the Marine Biological Station of Canada, 1902- 

1905. Ann. Rept. of the Dept. of Marine and Fisheries, 

Fisheries Branch, Ottawa, 39, 1-18, pls. 1-7. 

ZACHARIAS, O. 

1906. Ueber Periodizitat, Variation und Verbreitung verschiedener 

Planktonwesen in siidlichen Meeren. Arch. Hydrobiol. u. 

Planktonkunde, 1, 498-575, 23 text figs. 



EXPLANATION OF PLATES 

PLATE 9 

Gonyaulax digitale (Pouchet) Kofoid 

Fig. 1. Ventral view of theea showing plates. Specimen from Lor- 

ing, Alaska, September 15, 1905. X 1000. 

Fig. 2. Ventral view of heavy theca possibly approaching fission. 

From 0-5 m., August, 1907, Faeroes Channel. X 1000. 

Fig. 3. Ventral view, showing surface markings, from same collec- 

tion as specimen in figure 2. X 1000. 

Fig. 4. Ventral view of heavily finned type. Loring, Alaska, Septem- 

ber 15, 1905. X 1000. 

Fig. 5. Ventral view of very rugose form with reticulations replac- 

ing spines in antapical fins. Surface reticulations shown only on plates 

6”, 1p, and 1””, From same collection as specimen shown in figure 2. 

x 1000. 

ABBREVIATIONS 

1-6—girdle plates. cl. pl.—elosing platelet. 

1'—3’—apieal plate. f.—fin of ventral area. 

1/’-6""—precingular plates. fl. po.—flagellar pore. 

1/"-6'’— postcingular plates. int. pl.—intermediate plates of ven- 

1P—posterior interealary. tral area. 

1’’’—antapieal plate. post. pl.—posterior plate of ven- 

ant. pl.—anterior plate of ventral tral area. 

area. v. po.—ventral pore. 

ant. sp.—antapical spine. 

Figures 1, 2, 4, 5, drawn by Mrs. Josephine Rigden Michener, figure 

3 by Miss Ethel Abeel. 
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Fig. 6. Dorsal view of theca of Gonyaulax polygramma Stein, show- 

ing plates. San Diego, December 12, 1904. X 1000. 

Fig. 7. Ventral view of same. The specimen figured shows an un- 

usual number of antapical spines. X 1000. 

Fig. 8. Ventral view of theea of Gonyaulax spinifera (Clap. et Lach.) 

Diesing sensu stricta. San Pedro Harbor, May 31, 1901. 

Fig. 9. Dorsal view of another individual from same _ collection, 

showing theca after recent fission. The newer moiety is smooth, the 

older reticulate. X 1000. 

Fig. 10. Ventral view of same. X 1000. 

ABBREVIATIONS 

1—-6—girdle series of plates. cl. pl.—elosing platelet of apical 

1’—3’—apical series. region. 

1’’-6’’—precingular series. f. l.—fission line. 

1’’’-6'"’—postcingular series. fil. po.—flagellar pore. 

1p—posterior intercalary plate. int. pl.—intermediate plates of ven- 

1’’’—antapieal plate. tral area. 

ant. pl.—anterior plate of ventral post. pl.—posterior plate of same. 

area. v. po.—ventral pore. 

ant. sp.—antapical spine. 

Figures 6-8 drawn by Mrs. Josephine Rigden Michener; figures 9 and 

10 by C. A. Kofoid and Mr. R. W. Harvey. 
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PLATE 11 

Gonyaulax triacantha Jorg. 

All from specimens from Loring, Alaska, September 15, 1905. 

x 1000. 

x 1000. 

Ventral view of theca, with plates and surface markings. 

Fig. 11. Antapical view of hypotheea. 

Fig. 12. Diagram of apical view of epitheca. 

Fig. 13. 

From an empty theea. X 1000. 

Fig. 14. Lateral view of same. X 1000. 

Fig. 15. 

Note solid antapical spines. > 1000 

Dorsal view of same, showing plates and thickness of wall. 

ABBREVIATIONS 

1-6—girdle plates. 

1’—4'—apical plates. 

1¢—2¢—anterior dorsal interealaries. 

1”—-6”—precingulars. 

1”’—6”’—posteingulars. 

1P—posterior interealary. 

1’”’—antapieal. 

a. sp.—antapical spines. 

ant. pl. 

area. 

anterior plates of ventral 

Figures drawn by C. A. Kofoid, 

Rigden Michener. 

[27 

R. 

4] 

cl. pl.—closing platelet. 

f-—fin on margin of ventral area. 

fl. po.—flagellar pore. 

int. pl—intermediate plates of ven- 

tral area. 

1.—lst of ventral area. 

post. pl.—posterior plate of ventral 

area. 

v. a.—ventral area. 

v. po.—ventral pore. 

W. Harvey and Mrs. Josephine 
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PLATE 12 

Gonyaulax polyedra Stein 

All specimens from San Diego, June, 1904. 

Fig. 16. Dorsal view of theca showing plates. X 1000. 

Fig. 17. Ventral view of same. X 1000. 

Fig. 18. Ventral view of recently divided theca, showing unmarked 

anterior moiety and porulate posterior one and the fission line (f. Ll.) 

x 1000. 

Fig. 19. Antapical view of hypotheea. 1000. 

Fig. 20. Apical view of epitheca with normal type of apical plates. 

x 1000. 

ABBREVIATIONS 

1-6—girdle series of plates. cl. pl.—elosing platelet of apex. 

1'—4’—apical series. f. l.—fission line. 

1¢—-20—anterior intercalary plates. fl. po.—tflagellar pore. 

1/'-6//—precingular series. int. pl.—intermediate plate of ven- 

1'""-6'''—postcingular series. tral area. 

1p—posterior intercalary plate. post. pl.—posterior plate of same. 

1/’’—antapical plate. v. po.—ventral pore. 

ant. pl.—anterior plate of ventral 

area. 

Figures 16, 17, 19, and 20 drawn by Mr. D. B. Billinghurst, figure 18 

by Mrs. Josephine Rigden Michener. 
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PLATE 13 

Fig. 21. Diagram of plates of hypotheca of Gonyaulax diegensis sp. 

nov. in antapical view. X 500. 

Fig. 22. Surface view of apical closing platelet of same. X 1000. 

Fig. 23. Diagram of plates of epitheca of same in apical view. X 500. 

Fig. 24. Ventral view of theca of rugose specimen with wide inter- 

ealary bands. Figures 21—24 all from specimens taken June 21, 1904, on 

the ‘‘ New Cod Ground,’’ off San Diego, California. 

Fig. 25. A precingular plate of Gonyaulax (Steiniella) fragilis 

(Schiitt) showing surface markings. Note nodal pores and partial sub- 

mergence of linear markings. San Pedro Harbor, California, May 31, 

NEYO >< IMO 

Fig. 26. Antero-dorsal view of theca of Gonyaulax scrippsae sp. nov. 

Channel, San Pedro Harbor, California, May 29,1901. x 1000. 

Fig. 27. Ventral view of theca of same. X 1000. 

ABBREVIATIONS 

1’/—4'— apical series of plates. cl. pl.—elosing platelet of apex. 

1’’-6’’—precingular series. fl. po.—flagellar pore. 

1’’'-6’"’—posteingular series. int. pl.—intermediate plates of ven- 

1p—posterior intercalary plate. tral area. 

1’’’—antapical plate. post. pl_—posterior plate of same. 

ant. pl—anterior plate of ventral v. po.—ventral pore. 

area. ‘ 

Figures 21-25 drawn by Mrs. Josephine Rigden Michener; figures 26, 

27 by Mr. R. W. Harvey. 
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PLATE 14 

Fig. 28. Diagram of plates of epitheca of Gonyaulax polyedra Stein 

in apical view, showing an extra anterior dorsal interealary. San Diego, 

California, July, 1904. Xx 1000. 

Fig. 29. Same of another and much larger individual, showing con- 

tact of anterior interealary 2¢ with the apical region (cl. pl.). San Diego, 

California, July, 1904. X 1000. 

Fig. 30. Ventral view of theca of Gonyaulax kofoidi Pavillard, show- 

ing parted apex, and surface markings. Seven miles WNW Point Loma, 

California, November 12, 1904. X 1000. 

Fig. 31. Midventral region of theca of Gonyaulax polyedra Stein, 

showing markings, pores, and plates of ventral area. San Diego, July, 

1904. xX 1000. 

Fig. 32. Apical view of epitheca of Gonyaulax (Steiniella) alaskensis 

sp. nov., Showing plates. Loring, Alaska, September 15, 1904. X 1000. 

ABBREVIATIONS 

1'-4'—apical series of plates. g. s.—girdle suture. 

io—2Z¢—interealary plates. int. pls.—intermediate plates of 

1’’—6’"—precingular series. ventral area. 

ant. pl.—anterior plate of ventral post. pl.—posterior plate of same. 

area. j v. po.—ventral pore. 

ci. pl—elosing platelet of apex. a.—extra anterior intercalary plate. 

fl. po.—flagellar pore. 

Figures 28, 29, and 31 drawn by Mr. B. D. Billinghurst; figures 30 and 

32 by Mrs. Josephine Rigden Michener. 
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PLATE 15 

Fig. 33. Antapical view of hypotheca of Gonyaulax (Steiniella) 

fragilis (Schutt), showing plates. San Pedro Harbor, California, May 31, 

1901. X ea. 500. 

Fig. 34. Apical view of epitheca of same, showing plates, girdle, and 

ventral area. Anterior plate, and plate 7’ stippled. X ea. 500. 

Fig. 35. Oblique ventral view of Gonyaulax pacifica Kofoid with 

apicals parted. Seven miles WNW Point Loma, California, November 12, 

1904. X 1000. 

Fig. 36. Dorsal view of theea of Gonyaulax fragilis Schutt, showing 

plates. Same individual as figure 33. X ea. 500. 

Fig. 37. Ventral view of same, showing plates, except subdivisions of 

intermediate region of ventral area. Girdle and ventral area stippled. 

xX ea. 500. 

ABBREVIATIONS 

1—6—girdle series of plates. 1’”’’—antapical plate. 

1’—3'—apical series. cl. pl—elosing platelet of apex. 

1’’-6’—precingular series. jl. po.flagellar pore. 

1’’’-6/"—posteingular series. int. pl—intermediate plates of ven- 

1P—posterior intercalary plate. tral area. 

ant. pl.—anterior plate of ventral post. pl.—posterior plate of same. 

area, 

Figures drawn by Mrs. Josephine Rigden Michener. 

ee 
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PLATE 16 

Fig. 38. Ventral view of Gonyaulax scrippsae sp. nov., showing sur- 

face markings. Channel, San Pedro Harbor, California, May 29, 1901. 

x 1000. 

Fig. 39. Ventral view of Gonyaulax spinifera (Clap. et Lach.) Diesing 

sensu strictu. Loring, Alaska, September 15, 1904. X 1000. 

Fig. 40. Ventral view of lightly reticulated individual of Gonyaulax 

diegensis sp. nov. with wide interealary bands. New Cod Grounds, San 

Diego, California, June 23, 1904. X 1000. 

Fig. 41. Postero-dorsal view of theca of Gonyaulax sphaeroidea sp. 

nov., showing surface structure. Nine miles WSW Point Loma, Califor- 

nia, surface, November 26, 1904. 1000. 

Fig. 42. Ventral view of same. 

Figure 38 drawn by Miss Ethel Abeel, figures 39-42 by Mrs. Josephine 

Michener. 
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PLATE 17 

Fig. 48. Ventral view of theca of Gonyaulax polyedra Stein, showing 

surface structure and plates. San Diego, California, June 28, 1904. 

x 1000. 

Fig. 44. Ventral view of Gonyaulax turbynei Murray and Whitting, 

showing surface structure. San Diego, California, July 12, 1904. X 1000. 

Fig. 45. Ventral view of theca of Gonyaulax (Steiniella) alaskensis sp. 

nov., showing plates and surface structure. Loring, Alaska, September 15, 

1904. X 1000. 

Fig. 46. Dorsal view of same. X 1000. 

Fig. 47. Ventral view of theca of Gonyaulax polygramma Stein, show- 

ing surface structure. San Diego, California, November 12, 1904. 1000. 

Figures 43, 44, 46, 47 drawn by Mrs. Josephine Rigden Michener. 

figure 45 by Miss Ethel Abeel. 
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UNIVERSITY OF CALIFORNIA PUBLICATIONS 

ZOOLOGY 

Vol. 8, No. 5, pp. 287-294, pl. 18 September 14, 1911 

ON THE SKELETAL MORPHOLOGY OF 

GONYAULAX CATENATA (LEVANDER) 

BY 

CHARLES ATWOOD KOFOID 

Through the kindness of Dr. K. M. Levander of the Univer- 

sity of Helsingfors, Finland, I have been enabled to make an 

examination of abundant material of his Peridinium catenatum 

(see Levander, 1894a), and to compare its skeletal structure with 

that of Gonyaulax described in the preceding paper (Univ. Calif. 

Publ. Zool., vol. 8, no. 4). The material placed at my disposal 

is a collection made in the Gulf of Finland, May 26, 1900, from 

20 meters to the surface. It abounds in isolated individuals and 

in chains of 2, 4, 6, or even 10 individuals. With this abundant 

material, apparently in a similar phase of thecal condition, I have 

been enabled to analyze the plates and thus to clear up some 

uncertainties regarding the skeletal structure of the organism 

and to demonstrate its close relationship to the genus Gonyaulaz, 

so close indeed that it seems best to include it herein. My most 

cordial thanks are extended to Dr. Levander for his courtesy and 

to Mrs. Josephine Rigden Michener for the carefully made 

drawings which illustrate this paper. 

In Levander’s (1894a) account of the species he relates his 

analysis of the plates and concludes that the organism on that 
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basis is most nearly related to Peridiniuwm. In reaching this 

conclusion he was evidently influenced by the presence of a 

narrow midventral plate in the epitheea, apical 1’ of my nomen- 

clature (pl. 18, fig. 2) and r of his (pl. 18, fig. 6), the homologue 

of the rhomb plate of Peridinium, and by the fact that the total 

number of plates in both his form and in Peridiniwm was appar- 

ently the same. Although he explicitly notes the general re- 

semblance of the hypotheca to that of Gonyaulaxr he still con- 

cludes that ‘‘sowohl nach der Gestalt der Schale wie auch der 

Zusammensetzung derselben aus Tafeln schliesst unsere Art am 

meisten an die Gattung Peridinium an, in welche ich sie auch 

deshalb angereiht habe.’’ 

The diagrams of the plates of his Peridinium catenatum in 

an apical view of the epitheca and a view of the hypotheca from 

above looking toward the antapex are reproduced in plate 18, 

figures 6 and 7. The results of my analysis are shown in 

figures 1 and 2. The numbers and general relations of the 

plates in the epitheea are essentially similar in his diagram and 

my own, the differences being mainly in the relative dimensions 

of the plates and directions of the bounding sutures portrayed 

in the two diagrams. 

In the analysis of the hypotheca, however, there are two 

differences between the two diagrams (figs. 2 and 7) which have 

an important bearing on the relationships of the species in ques- 

tion. Levander figures the hypotheea as composed of six post- 

cingular plates (his ‘‘ post-aquatorialen Felder’’ I, I’-V’), a mid- 

ventral furrow plate, and a pentagonal antapical plate which 

in his figure is deeply invaded by an elliptical area (unlabeled) 

bearing the pesterior point of connection with the adjacent mem- 

ber of the chain. As determined by me the hypotheea (pl. 18, fig. 
Oe 1) consists of six posteingular 7 one posterior intercalary 

1” one antapical 7’, and the ventral area composed of several 

intermediate plates (int. pl.) and a widely expanded posterior 

plate (post. pl.) bearing the posterior attachment pore (post. 

att. po.). This plate is not deeply indented into the antapieal. 

The hypotheea as thus analysed corresponds plate for plate with 

that of Gonyaulax, not of Peridinium. 
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Levander seems to have represented the relations of the anta- 

pical and posterior furrow plate in different fashion from that 

portrayed in my figure. 

The plate formula for Peridinium steini as determined by me 

(1909) and that of Gonyaulax spinifera and G. polyedra and of 

Levander’s Peridinium catenatum are given below. 

TABLE OF PLATE FORMULAS 

Anterior Post- Posterior 
inter- Pre- ecingu- inter- Ant- 

Apiecals ecalaries cingulars Girdle lars ealary apicals 

Peridinium steini 4! Ba (ee a Be Op ees 

P. catenatum 4! Ga (ay 6 Gu 1P ee 

Gonyaulax spinif era 3’ Ou Ge 6 Cos 1D ee 

G. polyedra 4! Qa 6” 6 OG 1D ghee 

The essential likeness of P. catenatum to Gonyaulax and its 

dissimilarity to Peridinium is at once apparent in the table. A 

detailed examination only serves to emphasize these conclusions, 

as follows: 

The apical plates of Peridinium show marked uniformity and 

bilateral symmetry (See Stein, 1883, pls. 9-11, and Kofoid, 1909, 

pl. 2, fig. 1) while those of Gonyaulaxr (see preceding paper, pls. 

9-17) usually show marked irregularities in size and position and 

also decided bilateral asymmetry which is usually more marked 

in the dorsal region and left face. This is also true of Levander’s 

species. Apical 7’ is not a subsymmetrical rhomb plate as in 

Peridinium but an asymmetrical narrow plate strikingly like 

that in Gonyaular, running from the anterior margin of the 

anterior plate of the ventral area to the apex where it is con- 

nected with a small closing platelet (cl. pl., pl. 18, fig. 2) just as 

in Gonyaulax. Again in Peridinium the anterior interealaries 

are symmetrically placed mid-dorsal plates two or three in num- 

ber, and of approximately equal size, or placed in nearly a 

bilaterally balanced relation. In Levander’s species they (1‘—4*) 

are irregular in size and le somewhat upon the right dorsal 

shoulder, again just as in Gonyaulaz, especially G. polyedra (see 

preceding paper, pl. 12, fig. 20.). 

There are six precingulars (7’’-6’’) in Levander’s species and 

in all species of Gonyaular, and seven in Peridinium. Moreover 
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in the latter genus plate 1” is triangular or pentagonal and usu- 

ally small. In Gonyaulax and in Levander’s species 1’ is quad- 

rangular and large. 

The girdle plates (1-6) in Gonyaulax and in Levander’s 

species are six In number with sutures approximately those of 

the two adjacent series in location. In Peridinium there are 

three with no dorsal sutures. 

There are six postcingulars (1’-6’") in Gonyaulax and m 

Levander’s species, and but five in Peridinium. Posteingular 

1” in Gonyaulax is a very small plate, in Peridiniwm it is rela- 

tively much larger. In Levander’s species it is relatively smaller 

than in any species of Peridinium, though still unusually large 

for Gonyaulax. 

In Levander’s species and in Gonyaulax there is always pres- 

ent a posterior interealary plate, 1”. This is absent in Peridin- 

ium, though possibly represented by the left antapical. 

In Peridinium there are two nearly symmetrically placed 

antapical plates, in Gonyaulax and in Levander’s species there 1s 

but a single median one 1’. 

The ventral area of both Peridinium and Gonyaulax consists 

of an anterior and posterior plate, with several intermediate 

plates between. These plates in Levander’s species much 

resemble those in those species of Gonyaulax in which the ventral 

area 1s wide and nearly straight as in G. polyedra and G. tria- 

cantha. The anterior plate is deeply notched by the flagellar 

pore (pl. 18, fig. 5) and the ventral area widens into the posterior 

plate as in G. triacantha. This plate is, however, relatively much 

wider in Levander’s species than in any other species of Gonyau- 

lar. Peridiniwm usually has a ventral notch at the apex while 

this is not found in any species of Gonyaulax nor in Levander’s 

species. The ventral pore so generally present in Gonyaulax is 

not found in Peridinium and appears to be lacking in Levander’s 

species, In which, however, the general porulation is greatly 

reduced. 

From the facts detailed above I conclude that this interesting 

species of Levander’s belongs in the genus Gonyaulax rather 

than in Peridinium. <A brief description is here appended. 
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Gonyaulax catenata (Levander) Kofoid 

Pl. 18, figs. 1-7. 

Glenodinium cinctum, Pouchet (18838), p. 441, pl. 20/21, fig. 36, fide 

Cleve (1901a), p. 256. 

Peridinium catenatum Levander (1894), pp. 1-19, pl. —, figs. 1-10. 

P. catenatum, Van Hoffen (1897), p. 267, pl. 5, fig. 5. 

Amylax catenata, Meunier (1910), p. 52, pl. Lbis, figs. 46, 47; pl. 3, 

figs. 28-34. 

Diaenosis: A minute species with the general form of a 

Peridinium but the plates of Gonyaulaxr. Plate formula 4, 4*, 

6”, 6, 6, 1”, 1’’’. Posterior plate of ventral area exceeding 0.5 

transdiameter in width. Several antapical spines present. Ring 

shaped starch grains. Fission with chain formation. 

DESCRIPTION : Body rounded, flattened dorso-ventrally, length 

0.85-0.95 transdiameter, dorso-ventral diameter (between levels of 

extremes) 0.75 transdiameter, in middorsal line about 0.5 transdiameter. 

Cross-section at girdle reinform. Epitheca slightly exceeds hypotheea, 

its right shoulder convex, its left slightly concave, its altitude 0.47 

transdiameter, contracted distally to a low apical horn searcely differ- 

entiated, with apex attaining a girdle with across and guarded laterally 

by two spine-like extensions of the apical plates (pl. 18, fig. 4). Hypo- 

theca low and wide with concave postmargin 0.6 transdiameter across, 

its altitude 0.4 transdiameter, deeply excavated ventrally. 

Girdle equatorial, descending, displaced distally 1 girdle width, with- 

out overhang, often constricted middorsally (pl. 18, fig. 4) near the 

fission line (between girdle plates 3 and 4). The furrow is deeply 

impressed, with scarcely salient ridges, and no fins. The ventral area 

is exceptionally open, very slightly indenting the epitheca and expanding 

posteriorly to a width of 0.6 transdiameter and reaching the postmargin. 

Its width at the distal posterior girdle ridge equals or exceeds that of 

the girdle. 

The plate formula is 4’, 44, 6”, 6, 6’, 17, 1”” (pl. 18, figs. 1, 2). Apical 

i’ is very slender, about 0.3 girdle width across, 2’ and 4’ are elongated 

in the longitudinal and 3’ in the transverse direction. The anterior inter- 

calaries 19-44 are’ very uneven in size, 1% and 4¢ on the left and right 

shoulders, and 2¢ superposed (anteriorly) upon 3¢ near the middorsal 

line. Precingular 6” is quadrangular and postcingular 1”’ nearly square, 

1 girdle width across and 1.5 long. Posterior intercalary 1? is much 

wider than long. The anterior plate of the ventral area (pl. 18, fig. 5), 

is deeply notched on its posterior margin by the flagellar pore and a 

small extension meets apical 1’. Two intermediate plates (int. pl., pl. 

18, fig. 1) of nearly equal size are plainly discernible and the wide 

posterior plate (post. pl.) reaches the postmargin and extends from the 

left antapical spine to the right face somewhat above the right spine. 
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The surface is marked by faint salient lines and a delicate tracery 

which rarely attains the condition of a meshwork. Several prominent 

pores are found along the girdle and several on the apical plates. No 

ventral pore could be with certainty distinguished. A delicate fin 

guards the left margin of the ventral area and two tapering antapical 

spines rise nearly 0.5 transdiameter apart from the antapical plate. They 

are 0.5 to 0.75 girdle width in length. The left one is sometimes double 

(fig. 5). Two or three accessory antapicals arise from the margins of 

the ventral area. Fins are scarcely developed upon any of the spines. 

The individuals both isolated and in chain exhibit very clearly the 

attachment pores through which the protoplasmic continuity of sister 

cells in chain is maintained. The anterior pore (ant. att. po., pl. 18, 

fig. 2) lies just dorsal to the apex in the upper edge of apical 3’, not in 

the apex itself. The posterior pore (post. att. po., pl. 18, fig. 1) is on the 

right side of the posterior plate of the ventral area. The apex and an- 

terior attachment pore of Ceratiwm (see Kofoid, 1909) coincide. This 

fact raises the question as to the homology of the apex of Ceratiwm and 

that of Gonyaulax. 

The plasma in the two individuals in chain (pl. 18, fig. 3) contained 

constricted nuclei (pl. 18, fig. 3); and all in the collection were crowded 

with globular, ring-shaped and occasional comma-shaped starch granules. 

Chain formation was exceedingly common and chains of even ten 

individuals were noted. 

Dimensions: Length, 304; transdiameter, 33; dorso-ventral 

diameter, 16-22; width of girdle, 3-5u; length of antapical 

spine, 2-4n. 

Synonomy: Cleve (1901a) is probably correct in regarding 

Glenodinium cinctum of Pouchet (1883) as Levander’s (1894) 

Peridinium catenatum. Meunier (1910) ineludes this species in 

his new genus Amylaxr, a genus based on the presence of starch 

grains. On the basis of skeletal morphology this species is, how- 

ever, a Gonyaular, and I therefore reject his assignment. He 

has not analyzed the skeletal morphology of any species of his 

newly created genus. 

COMPARISONS: Resembles G. series Kofoid in the fact that it 

forms chains but not in the method of their formation. In the 

presence of numerous antapical spines, wide ventral area, and 

especially wide posterior plate, this species is nearest Gonyaulax 

triacantha. It also approaches this species in having four an- 

terior intercalaries in the right dorsal region. G. triacantha has 

two, while none, or but one, in the right ventral region is the 

usual arrangement. This species is perhaps worthy of subgeneric 

distinction. 
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DISTRIBUTION: Known from the Baltic, and North Sea, the 

North Atlantic and waters about Greenland. 

Described by Levander (1894a, b) from the winter and spring 

plankton of the Gulf of Finland with maximum in May; reported 

from the Baltic by Cleve (1897), Apstein (1908), Driver (1908), 

Kraefft (1900), and Lohmann (1908), and by various observers 

of the International Commission for the Investigation of the Sea 

(see Ostenfeld, 1906, 1909) ; from the coastal waters of Greenland 

by Van Hoffen (1897) ; as rare in the North Atlantic, 66° to 69° 

N, 53° to 55° W, by Ostenfeld (1899) and by Ostenfeld and 

Paulsen (1904) as Peridinium sp., aff. P. catenatum as rare at 

ten stations in the North Atlantic, 59° to 60° N, 13° to 49° W. 

It is plainly a boreal species with preference for neritic, 

brackish, waters, but occasionally oceanic. 

For papers cited see bibhography of preceding paper. 

Zoological Laboratory, University of California. 

Transmitted June 13, 1911. 



EXPLANATION OF PLATE 18 

Gonyaulax catenata (Levander) Kofoid 

All figures magnified 1400 diameters 

Fig. 1. 

Fig. 2. 

Fig. 3. 

starch grains. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Hien i 

text figure 4. 

Ventral view of same. 

Same of hypotheca from above. 

Antapieal view of hypotheca, showing plates. 

Apical view of epitheca, showing plates. 

Two individuals in chain, showing cell contents, nucleus and 

Dorsal view of theea, showing surface structure. 

: Diagram of epitheca in apical view, with Levander’s (1894) 

nomeneélature. After Levander (1894) text figure 3. 

After Levander (1894) 

ABBREVIATIONS 

1’—4'—apical series of plates. 

1¢—4¢—anterior interealary plates. 

1’’-6"—precingular series. 

1’’’-6'’—posteingular series. 

1P—posterior intercalary plate. 

1’’’—antapical plate. 

ant. att. po.—anterior attachment 

pore. 

ant. pl.—anterior plate of ventral 

area. 

cl. pl—celosing platelet of apex. 

int. pls.—intermediate plates of 

ventral area. 

post. att. po.—posterior attachment 

pore. 

post. pl—posterior plate of ventral 

area. 

Figures drawn by Mrs. Josephine Rigden Michener. 
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DINOFLAGELLATA OF THE SAN DIEGO 

REGION, V. ON SPIRAULAX, A NEW 

GENUS OF THE PERIDINIDA 

BY 

CHARLES ATWOOD KOFOID 

Among the species which have been erroneously assigned to 

the genus Gonyaulax is G. jolliffer Murray and Whitting, a com- 

mon form in tropical seas and a regularly recurring constituent 

of the winter plankton at San Diego. <A careful analysis of its 

plates has made its removal from the genus Gonyaulax neces- 

sary. 

Spiraulax gen. nov. 

Characterized by the anterior plate of the ventral area not 

meeting apical 7’, or in other words, by the absence of the so- 

called extension of the longitudinal furrow to the apex. Ventral 

notch in the apex of apical 7’. Ventral pore absent. Form biconi- 

eal, apices pointed, widely spreading at girdle, which is much 

displaced but without marked overhang. Plate formula #, 1%, 

6”, 6, 6”, 1”, 1”. Precingular 6’ and posterior intercalary 1” 

very wide. The slender apical 7’, the so-called anterior extension 

of the ventral furrow upon the epitheca to the apex of Gonyau- 

lax is absent in this genus. Either the homologue of this plate 

in Gonyaulax has dropped out entirely here, or has withdrawn 

anteriorly from the girdle and become greatly expanded into the 
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wide apical 7’ of Spiraular. I incline to the latter alternative, 

for a widening of this nature may be seen in apical 1’ of Gonyau- 

lax triacantha. Fission line as in Gonyaular. Surface heavily 

pitted. The type species is G. jolliffei (Murray and Whitting) 

Kofoid. 
a, 

Spiraulax jolliffei (Murray and Whitting) Kofoid 

Pl. 19, figs. 1-5. 

Gonyaulax jolliffei Murray and Whitting (1899), p. 324, pl. 28, figs. 

arin: 

G. jollifei, Schroder (1900), p. 17. 

G. joliffet, Karsten (1907), pp. 255, 257, 473. 

DiaGnosis: A stout species, body very broadly and somewhat 

irregularly fusiform, of medium size, epitheea and hypotheea 

subequal, subconical, apex truncated, distal end of girdle dis- 

placed thrice its width, plates 4’, 1%, 6’, 6, 6’’, 1”, 1’, girdle 

lists low, surface coarsely pitted, antapex terminating in a sym- 

metrically located, stout, acute, solid, horn. 

DESCRIPTION: The body is very broadly fusiform, its length a little 

less (1.8) than two transdiameters. Apical horn 0.5 transdiameter in 

altitude. Apex quite pointed. Hpitheca middorsally almost equal in alti- 

tude to hypotheca, both subconical, usually less rotund than figured by 

Murray and Whitting (1899), the sides somewhat deeply concaved, espe- 

cially the left anterior and right posterior, and slightly swollen in the 

right anterior and left posterior faces. Murray and Whitting figure 

an unusually rotund specimen. Girdle section nearly circular. 

The girdle is median, descending, displaced distally thrice its own 

width, not overlapping, very deeply impressed (0.8 of its width) with 

heavy overhanging ridges of thecal wall or with low lists with close-set 

ribs. The ventral area (pl. 19, fig. 5) is very slightly sigmoid, laterally 

compressed to a narrow slit between the ends of the girdle. It expands 

posteriorly into an elongated elliptical area 2 furrow widths across and 

3 to 4 in length, depending upon the elongation of the antapex. 

The theca (pl. 19, figs. 1-3) consists of the following plates: 4’, 17, 6”, 

6, 6", 1p, 1””. Of the four apieals three are large ones, 2’, 2’, and 3’ 

and one, 4’, a small triangular one above the right interealary. Murray 

and Whitting find but three plates. The scarcely truncated apex appears 

to belong to plate 7’ and to be closed by a minute translucent closing 

platelet (cl. pl.) attached at the tip of the plate to the membrane closing 

the notch. Apical 7’ bears on its ventral face at the edge of the apex 

in the midventral line a rounded notch (n., pl. 19, fig. 3) which is a thin, 

rather than open region in the wall and recalls the similar region in 

certain species of Peridinium. I have not found it in the genus Gonyau- 
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lax. Apieal 7’ does not in this species extend posteriorly between pre- 

cingulars 1” and 6” as in species of the genus Gonyaulax, but terminates 

obscurely some distance above the indenting ventral area. The right 

interealary 7¢ is not found in the subgenus Fusigonyaulax, which eon- 

tains the species of Gonyaulaxy most resembling 8. jolliffei. This is, in 

Spiraulax, a large well-developed plate. It was overlooked by Murray 

and Whitting (1899) but appears in Entz’s (1905) figure. There are 

six precingulars, of which 1” is the longest, 3” and 4” (middorsals) are 

smallest, and 6” is quadrilateral and relatively very large, its size and 

that of 1” being correlated with the spreading equatorial region. Of 

the six posteingulars 1’” is very small and narrow, with a reticulate lip 

overhanging the left margin of the ventral area. By reason of the 

pressure of the left intercalary 1?, the adjacent postcingular 2” is much 

shorter than the other members of this series. The single antapical 

1””, is conical in contour with a slight constriction midway of its length. 

It bears on its distal end a short (1.5 girdle widths) stout, semi-hyaline, 

solid, median spine. The girdle plates are six in number with sutures 

(g. s.) as shown in the diagrams (pl. 19, figs. 1, 2). 

The ventral area (pl. 19, fig. 5) has a small anterior plate, and an 

elongated postericr one (post. pl.). The intermediate plates are hidden 

in the narrow furrow. 

The surface of the theea is variously marked. In thick-walled indi- 

viduals the surface is deeply and regularly pitted with crowded, coarse, 

cireular pits with minute pores at the bottom and the girdle lists are 

heavily and regularly ribbed. In thin-walled individuals both inner and 

outer surfaces are faintly reticulate with subregular rounded polygons, 

each with a minute pore in the center and the girdle lists are not ribbed. 

In some eases the pits and reticulations are less regular and not all of the 

pits bear pores. The single large pore of the ventral apical region so 

conspicuous in species of the genus Gonyaulax is not found in 8. jolliffet. 

A peculiar round opening (op.) in the margin of the suture at the lower 

median corner of apical plate 7’ is visible on parting the plates. Low, 

sparsely ribbed, hyaline lists which increase in height distally guard 

either side of the ventral area, except in the distal region. The anta- 

pical spine is a thickened symmetrical terminal extension of the anta- 

pical plate, whose whole surface may be faintly areolated, but in some 

cases is structureless and hyaline. Intercalary bands along the other- 

wise unornamented sutures are sometimes to be seen. 

Cell contents dense, chromatophores dark yellow. Contents  fre- 

quently escape through the parted apicals. Empty thecae often abund- 

ant in the plankton. 

Dimensions: Length, 1324; transdiameter, 924; dorso-ven- 

tral, 754; width of furrow, 5p. 

VARIATION: San Diego material is more angular and much 

less rotund than the specimen figured by Murray and Whitting. 

The surface varies greatly in thickness of the reticulations and 
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general rugosity. These is much variation also in length of apical 

and antapical horns. 

COMPARISONS: This species is readily distinguished from all 

those in the subgenus Fusigonyaulax (see Univ. Calif. Publ. 

Zool., vol. 8, no. 4, p. 246) by its stout apical and antapical horns 

and by the presence of four instead of three apicals, and by its 

anterior interealary plate. As yet there is but the one species in 

the genus. 

DistRIBUTION: Described by Murray and Whitting (1899) 

from the tropical Atlantic between 42° N and 26°S, from the 

Caribbean and the Azores; and later recorded by Cleve (1902) 

from the tropical Atlantic between 28° N and 32°S8. Also 

reported by Schréder (1900) from Naples, by Entz (1902, 1905) 

from Quarnero, and by Pavillard (1907) from the Gulf of Lyons. 

Cleve (1903) reports it from the Mediterranean, Red and Arabian 

Seas, and Karsten (1907) in two localities near the equator in the 

Indian Ocean. 

Taken at surface ten miles off Point Loma, November 12, 1904, 

and occasionally elsewhere in San Diego region in October-Decem- 

ber in oceanic plankton of subtropical facies in association with 

Ceratocorys horrida, Ceratium reticulatum and C. trichoceros. 

For papers cited see bibhography of Article 4 in this volume. 

Zoological Laboratory, University of California. 

Transmitted June 13, 1191. 





EXPLANATION OF PLATE 19 

Spiraulax jolliffei (Murray and Whitting) Kofoid 

All figures magnified 500 diameters. 

Fig. 1. Diagram of antapical view of hypotheca, showing plates and 

fission line (f. l.) 

Fig. 2. Diagram of apical view of epitheca showing same. 

Fig. 3. View of right side of theca, showing plates. Apical plates 

parted, Seven miles WNW Point Loma, California, November 12, 1904. 

Fig. 4. Dorsal view of same, showing surface structure. 

Fig. 5. Ventral view of same. 

ABBREVIATIONS 

4-6—girdle series of plates. 

1'—4'—apical series. 

i¢—anterior intercalary plate. 

1”-6"’—precingular series. 

1"’—6’"’—posteingular series. 

1p—posterior interealary plate. 

1’’’—antapical plate. 

cl. pl.—elosing platelet of apex. 

f. |.—fission line. 

g. &.—girdle suture. 

n.—ventral apical notch. 

post. pl.—posterior plate of ventral 

area. 

Figures drawn by Mrs. Josephine Rigden Michener. 
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NOTES ON SOME CEPHALOPODS IN THE 

COLLECTION OF THE UNIVERSITY 

OF CALIFORNIA 

The following notes have to do with certain squids and devil- 

fishes preserved in the collections of the Department of Zoology 

at the University of California. Only those from Californian 

and Alaskan waters are included. The chief sources of material 

have been the various expeditions and summer seaside labora- 

- tories conducted by the University in the southern part of the 

state and from the Marine Biological Station at La Jolla. While 

no especial search was maintained for cephalopods and no new 

species have come to light, nevertheless, from a standpoint of 

distribution and variation, the collection contains considerable 

material of interest. Most of the localities represented are 

southern. Monterey Bay, however, has contributed the interest- 

ing specimen of Dosidicus. The thirty-one specimens recorded 

are referable to but four species, three of which belong to the 

genus Polypus. 

My thanks are due to Professor Charles Atwood Kofoid, of 

the University of California, for placing the material at my dis- 

posal, as well as kindly affording the facilities for its exam- 

ination. 

Polypus bimaculatus (Verrill) 

Octopus bimaculatus Verrill (1883), p. 121, pl. 5, figs. 1-la, pl. 6. 

This species is well represented in the collection, although 
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It is 

apparently very abundant on the coast of Southern California, 

replacing P. hongkongensis (Octopus punctatus Gabb [1862], 

not of Blainville [1826]) of the northern coast as the common 

The latter species also occurs on the 

the greater part of the specimens are clearly immature. 

devilfish of the region. 

southern coast though not in such numbers as farther north. 

P. bimaculatus is readily recognized by the exceeding smallness 

of that portion of the third right arm in the male which under- 

goes hectocotylization, and more prominently by the large pig- 

mented spot on the base of the second arm just in front of and 

below the eye on each side. An interesting feature revealed by 

the present material is that these spots are not unicolored 

throughout, as has been stated, but show a narrow, well-defined, 

bluish ring enclosing a blackish center and surrounded by a wider 

outer border of similar hue. 

The following specimens were examined : 

Author’s 
No. Loeality Data Sex Register 

3 White’s Point, Univ. Calif. Mar. 1g, 2 juv. [80] 

Calif. Lab., 1902 

1 San Pedro, Calif. July, 1895 Jb [74] 

1 San Pedro, Calif. Dec., 1905 juv. [86] 

1 no locality ie) [70] 

5 no locality various lots juy. [75] 

1 no locality San Diego Mar. juv [78] 

Biol. Ass. 

1 off San Diego, Univ. Calif. Sta. juy [85] 

Calif. LXXX, haul 3, 

59-135 fms. 

Polypus hongkongensis Hoyle 

Octopus punctatus Gabb (1862), p. 170 [not O. punctatus Blainville 

(1826), p. 195, teste d’Orbigny (1845), p. 224.] 

Octopus hongkongensis Hoyle (1885), p. 224. 

Octopus punctatus Hoyle (1886), pp. 11, 100, pl. 5. 

This Polypus, if Hoyle correctly identified his specimens with 

those described by Gabb, is the commonest species of the region, 

ranging along the entire coast from Lower California to Alaska 

and thence around the Aleutians to Kamchatka, Japan, and 

China. It is the Octopus punctatus of Gabb and authors gen- 

erally, but as Gabb’s name is unfortunately preoccupied, we can 
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no longer be consistent in its use and the next oldest name ap- 

pears to be that of Hoyle, although it is not without some doubt 

that I follow the prevailing opinion that the two are the same. 

The most noteworthy specimen of this species in the collee- 

tion comprises only the buccal mass and two suckers of an animal 

taken on the Harriman Alaska Expedition by Dr. Wilham KE. 

Ritter in the Shumagin Islands, Alaska, but these are well pre- 

served and of such size that it seems well to place them on record : 

Wilametver Ort LAT ger SU Cer seen enn erent ese 49 mm. 

Diameter Oven sine ley SUC Ke yates seers eeaene ences ee 45 mm. 

Diameter of mandible (transverse) about..............- 40 mm. 

The remainder of the material is mainly juvenile. Specimens 

examined as follows: 

Depth Author’s 

No. Locality Data in fathoms Sex Register 

1 Humboldt Bay, Wie Ritter) 9) eee & [169 | 

Popoft Id., Alaska July 10, 1899 

1 San Francisco Minsk’; O01 eee 3 [168 ] 

Lightship, Calif. Dee. 15; 1910 

1 Oakland Wharf, Jo Wo WNV@@OCL tee ro [170 } 

Oakland, Calif. ; 
1 2 SoPresented! by 9) === Jb [167 | 

: Mr. Voy.’’ 

1 Isthmus Cove, Santa -Univ. Calif. Sta. — ........ juy. [77] 

Catalina Id., Calif. XXVIII haul a 

1 near Avalon, Calif. Univ. Calif. Sta. 46 juy. [82] 

XXIII haul 2 

2 off San Diego, Calif. Univ. Calif. Sta. 30.5 juy. | 87 | 

LXVITI haul 1 

1 off San Diego, Calif. Univ. Calif. Sta. 30.5 juy. [83 | 

LXVII haul 1 

2 near Los Coronados Univ. Calif. Sta. 16.5-18.5 juv. [84 | 

Is., Lower Calif. LX haul 1 

] near Los Coronados Winnie Callitizn osteae 18-24 jllv. [76 

Is., Lower Calif. LVILI haul 1 

3 near Los Coronados Univ. Calif. Sta. 15-18 of juv. [81] 

Is., Lower Calif. LVIII haul 1 

Polypus (sp.) young 

There is a small specimen in the collection which does not 

seem to be referable to either of the above species. It is too im- 

mature to be given a new name with safety, but its characters 

are in brief as follows: 
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Body smooth, rather elongate, somewhat pointed behind, 

very delicate, semigelatinous, and iridescent, especially about 

the eyes and the base of the arms. Funnel long, extending past 

the rounded, prominent eyes. Arms delicate, slender, attenuate, 

connected at the base by a tenuous umbrella of about equal 

extent all around; order of length 1, 2, 3, 4. Suckers small but 

elevated, clearly in two rows except at the base where they show 

a tendency to remain in the median line. 

Chromatophores small, distinct and numerous, with two rows 

of larger irregular ones along the outer surfaces of the arms. 

From Univ. Calif. Sta. XX XVa, off Catalina Harbor, Santa 

Catalina Island, California. (No. 76 of the author’s register. ) 

Dosidicus gigas (d’Orbigny) Pfeffer 

Plate 20 

Ommastrephes gigas A’Orbigny (1835), p. 50, pl. IV. 

Dosidicus gigas Pfeffer (1900), p. 180. 

This great squid has frequently been reported from Monterey 

Bay, the Santa Barbara Islands, and other points on the coast, 

but never in such a fashion as to establish its identity satisfac- 

torily beyond reasonable doubt. It is therefore noteworthy that 

the University possesses a beautifully preserved, undoubted, 

adult individual from Monterey Bay, thus assuring this interest- 

ing species an established place in our fauna. 

The species is very readily recognized by its size; the atten- 

uate arms having the very numerous strongly-toothed suckers 

much reduced on the distal part; and the characteristic trabe- 

culae, which appear as stout outgrowths extending past even the 

broadsswimming web of the third arms except for a space on the 

ventral margin (pl. 21, fig. 3) of the latter. 

The more proximal suckers on the sessile arms (pl. 21, fig. 5) 

are very large, oblique, hood-shaped, with short, robust pedicels 

and very conspicuous horny rings, armed with about 19-20 sharp, 

curved, conical teeth, the upper median and two lateral teeth 

notably the largest (text fig. 1). Coincident with the extreme 

attenuation undergone by the distal half of the arms, their 

suckers suffer a striking modification, suddenly becoming greatly 

reduced in size, as well as deeper, their bases more elevated, and 

pedicels more elongate and slender (pl. 21, figs. 4, 6). 
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Fig. 1—Dosidicus gigas (d’Orbigny) Pfeffer, Horny ring from large 

sucker near base of second arm (X 4). 

Fig. 2.—Horny ring from a median sucker of the tentacle club (x 5). 

Fig. 3.—Horny ring from a lateral sucker of the tentacle club (xX 7). 

On the clubs of the tentacles there are four rows of suckers 

(pl. 21, fig. 2). those of the two median series attaining a size 

almost commensurate with that of those of the proximal portions 

of the sessile arms, but more flattened, and with their horny 

rings equipped with one or two more teeth, one tooth in each 

quadrant being considerably enlarged (text fig. 2). The lateral 

suckers are much smaller and their horny rings extraordinarily 

deep on the upper side, besides possessing but 16-17 teeth (text 

fig. 3). The so-called *‘fixing apparatus’’ comprises a single 

well-developed series of four rounded, fleshy, elevated tubercles 

or knobs occurring in alternation with three small smooth-ringed 

suckers along the dorsal margin in the carpal region of the club 

(ple 2 he, 2). 

4 

Fig. 4.—Foveola of Dosidicus gigas. 



306 University of California Publications in Zoology. |Vou-8 

These features are not shared by any other species, the 

nearest being the widely distributed Sthenoteuthis bartrami 

(Lesueur), which has, however, not yet been reported from the 

coast of California. The latter species differs in many details, 

but most notably in its much smaller size, the normal structure 

of its arm tips, the shallower and somewhat more simple foveola 

ornamenting the apex of the funnel groove (cf. fig. 5), and the 

great development of the web bordering the arms which there 

is nowhere exceeded by tentacle-lke trabeculae. 

The measurements in millimeters of the present specimen are 

as follows 

Ao Gallente these ial mono re rita Seer ee 1245 

enor ne sxc melvin ean U0 tel CGS ene eee eee 1180 

Geno: neostegerry ami Hea (CLOTS) esses eee eee ene eee 635 

Warr mote errant ee eee eee ee 162 

Teenie th c0:ti Bis (OLA) escent cay eee ee ee 330 

Menethyor finsvat, plane vor avtachmentt esse. see: 300 

Wavcithsa cross) fin'sis = La. scnc teen eres mi eeiee rete 2 ones eee 515 

AV Variclits a ots, ala enc ies eee cree eens eee ee ae ee ee 160 

bengGhsoste d orsallls ammiyecereses eras eee rat a SO A 8 Ne 425 

Meno cheotadorso-lakenalle aru = eee ee ee 446 

Fe rota iat O steam ce Tits RO) eai ty eel ea ar eee eee 450 

emg thc ods wieratinal ls cin, (2c see ee nena isc ee eee Byfito) 

Bene theoteitentacl eae. = ee ee ee 495 

Mena ghigotes tential enc litiiio yess same ease ee eee eee eae 215 

Diameter of large sucker from second arm ..............-.------ 3 

Diameter of large-sucker from tentacle —_....................... 11 

(No. 72 of the author’s register.) 

Thanks are due to the United States Bureau of Fisheries for 

permission to use the accompanying drawings. 
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PLATE 20 

Fig. 1. Ventral view of Dosidicus gigas (d’Orbigny) Pfeffer. x \%. 
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PLATE 21 

Dosidicus gigas (d’Orbigny) Pfeffer 

Fig. 2. Inner aspect of carpal portion of right tentacle. Natural size. 

Fig. 3. Inner aspect of portion of left third arm near base of the wide 

web. (X %.) 

Fig. 4. Inner aspect of portion of right third arm near the tip. Greatly 

enlarged. 

Fig. 5. Lateral aspect of sucker from basal portion of right second 

arm. Greatly enlarged. 

Fig. 6. Lateral aspect of small sucker from extreme distal portion of 

second arm. Greatly enlarged. 

All of the figures are from drawings by Miss Lora Woodhead, of Stan- 

ford University. 
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ON A SELF-CLOSING PLANKTON NET FOR 

HORIZONTAL TOWING 

BY 

CHARLES ATWOOD KOFOID 

(Contribution from the Laboratory of the Marine Biological Association of San Diego) 

A prime desideratum for marine exploration has long been 

a self-closing plankton net for horizontal towing. This type 

of apparatus is especially needed for the investigation of the 

vertical distribution of pelagic organisms, is indispensable for 

the detection and analysis of their vertical migrations, and is 

a necessity for the study of distribution and of migrations in 

stratified waters where abrupt changes in temperature, salinity, 

and plankton content may occur within a short vertical distance. 

The evidence of such stratification brought to light by the 

investigations of the Biological Station at La Jolla (see McEwen, 

1910) and the plan of this enterprise to conduct a systematic 

régime of work upon the plankton (see Ritter, 1905) have made 

necessary a survey of existing models of self-closing plankton 

nets, with the result that it seemed necessary that a net for 

horizontal towing would have to be devised especially for this 

work. <A brief historical resumé will outline the development 

of this line of apparatus and also serve to indicate the limitations 

and defects which have been, or may be, attributed to the various 

patterns hitherto employed for submarine investigations of the 

plankton. 

HISTORICAL DISCUSSION 

The Sigsbee (1880) gravitating trap appears to be the first 

self-closing instrument devised for plankton collecting in deep 

water. It is a small sieve operating vertically, clamped upon 
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the cable and lowered closed; released by messenger at the 

desired level, it slides down the cable to a buffer which stops 

and again closes it. It is held closed by its own weight. This 

apparatus can be used only in a vertical direction, is small, and 

any increase in size involves difficulties in its clamping to, and 

release from the cable. As constructed there is a_ possibility, 

readily obviated by a spring catch, of the surge of the vessel, or 

irregularities in heaving in the cable, temporarily opening the 

bottom of the trap. This apparatus was used by Agassiz (1888a) 

on the ‘‘Blake,’’? but has not been generally adopted or devel- 

oped. The recently devised vertical net of Buchanan- Wollaston 

(1911) is the nearest approach to it in working principle. 

The protozoan trap of Cattaneo (1882), devised for collecting 

the bottom fauna of Lake Como, functions only upon striking 

a substratum. It is really a water-trap some of whose principles 

are developed in later patterns of water-buckets (see Kofoid, 

1906). 

The first plankton net for horizontal towing seems to have 

been devised by Pavesi (1883) for use in Italian lakes. It is 

lowered while open, and its lateral semicircular jaws are closed 

by a spring released by a messenger. This net is of frail con- 

struction, not adapted for deep-sea work. There is nothing to 

prevent its functioning as a filter, partially at least, during 

descent, and the closure is neither exact nor certain. 

The closing-net devised in 1882 by Captain Palumbo of the 

‘*Vettor Pisani’’ Expedition described by Chierchia (1884, 1885, 

see also Richard, 1908) was so constructed that the pressure 

against the water during descent was expected to keep the net 

closed and that it would open upon ceasing to descend. The 

propeller mechanism of a Miller-Casella reversing thermometer 

was employed to close the net. This was placed above the net 

and released a weight whose pressure was expected to hold the 

net closed. Chierehia (1885) regards the closure as inadequate. 

and Chun’s trials of a net of the Palumbo pattern led him to 

reject it as unsatisfactory. Agassiz (1892) has eriticized it 

on the ground of incomplete closure and possibility of reopening 

during descent. The net of Imhof (1885) was never adequately 

deseribed, while that of Turbyne (1885) was adapted to vertical 
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or oblique towing in shallow waters only, and was opened and 
closed (by constriction) with a special rope for the purpose. 
The two lines would inevitably become entangled in use at any 
considerable depth, and perfect closure would be diffieult to 

secure and maintain. 

Pouchet and Chabry (1887) describe a net, used (?) at 

Conearneau after experiments on the ‘‘Hirondelle’’? with the 

Chun net, which is an adaptation of the Pavesi model. Two 

heavy semicircular jaws turning on a vertical axis which tra- 

verses the mouth of the net are slipped down this axis by the 

action of messengers, a curved slot in the surface of the axis 

guiding each jaw through an opening and closing movement 

of 90°. Details as to messengers, trips, and control of the 

movement of the arms are wholly lacking in both the description 

and figures, and the further development of the model seems 

to have been abandoned. 

Later the Prince of Monaco (1887) describes an improved 

form of closing-net made by Dumaige, the original of which 

he ascribes to de Guerne. Both the original de Guerne net and 

the improved form differ from the Pavesi net, upon which they 

also are modeled, in having a vertical axis bearing the coiled 

spring which traverses the opening of the net, and in being 

both opened and closed by messenger. The axis is an obstacle 

to some forms of organisms entering the net and it is evident 

that the closure cannot be complete in the nets as figured. No 

further use or improvements in this net seem to have been made 

in the later campaigns of the ‘‘ Hirondelle’’ and her successors, 

and the author later (1889a) describes the closing action of the 

half-ring as inconstant and the closure as sometimes delayed till 

the net is removed from the water. 

In the same paper (1887) a modified form of the Chun- 

Petersen net then in use by Professor Chun at the Naples Station 

is also described and figured. The modifications pertain to 

minor matters of the form of the spiral thread on the axle, the 

propeller, and the attachment of the net. The principles of 

operation by propeller and of vertical action remain unchanged. 

The Chun-Petersen net described by Chun (1888, 1903) is 

a vertical net which is lowered closed, opened by the action of 
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a propeller, and, after a period of towing, is later closed by 

continued action of the propeller and the release of one set of 

connections between the net and the cable, and the transfer 

of its weight to another set, which closes the jaws. This net 

has been criticized by the Prince of Monaco (1889a), who re- 

garded the action of the propeller as so uncertain that the depth 

at which the net functioned could not be established, since the 

surge of the ship, irregularities in heaving out and hauling in 

the cable, and entanglement of siphonophores and medusae upon 

the propeller would all tend to modify, or impede the releasing 

action of the propeller, and render uncertain the time and levels 

in which the net was in operation. He also regarded the closure 

as incomplete, a defect noted by Chun (1889) himself, which 

has, however, been remedied in later models of the net. Later 

Agassiz (1888b, 1892) criticizes the net on the grounds of its 

imperfect closure, and Hensen (1895) regards even the improved 

form as still defective. In any event some uncertainty as to 

the time and level at which any closing-net, which is actuated 

by a propeller, is really in operation, must always remain. 

Hoyle’s (1889) deep-sea towing net is built on a unique 

pattern for operation while towing with the cable in oblique 

position. The net is operated by messengers which release ropes 

attached to the hinged semicircles which constitute the rim of 

the net. The strain of towing is relied upon to keep the net 

closed both in descent, and, after closing, during ascent. It is 

obvious that irregularities in the tension upon the towing cable 

due to surge of the ship or changes in speed of reeling engine 

or ship will endanger the continuity and certainty of closure 

of the jaws of the net both during descent and ascent. This 

net does not seem to have been adopted elsewhere. 

The next considerable step in advance was made by the 

Prince of Monaco’s (1889a, 1889b, see also Marenzeller, 1891, and 

Richard, 1902, 1910) curtain net. This is built upon an entirely 

new principle and was adopted after partial tests at sea of the 

net of the Pavesi (1883) type as modified by de Guerne and 

later by Dumaige (see Monaco, 1887), and after tests of a net 

of the Chun-Petersen type. The net is devised for horizontal 

towing, at the end of a vertical cable. The cable with terminal 
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weights is first lowered to the desired level and then the net is 

slid down on the eable and the curtain across its square opening 

is withdrawn and rolled up as the net strikes the terminal 

weight. After towing, the net is closed by a messenger whose 

impact unrolls the curtain again across the opening. ‘The 

amount of weight at the end of the cable can be readily in- 

creased for increased depths or greater speed in towing, so as 

to maintain a horizontal position of the net. The bag of the 

net itself is very short so as not to become entangled during 

descent with the closing apparatus or weights. This net in 

its operation on the ‘‘Hirondelle’’ and her successors has, ac- 

cording to all reports, functioned with accuracy and certainty. 

It was used also upon the ‘‘ Pola’’ Expedition (see Morth, 1892), 

but not with entire satisfaction. The rather complicated struc- 

ture of this net and the great cost, over fifteen hundred frances, 

appear to have interfered with its general adoption. It may 

also be noted that in hauling in the net some pressure will be 

exerted through the upper side of the bag against the flexible 

curtain whose free lateral edges might be pushed outward with 

resulting loss of contents. Furthermore, there appears to be no 

device in the net, as constructed, for insuring positively that it 

is at the bottom and has been opened when the messenger strikes 

it and brings about a condition indicating closure. The net has 

also a minor disadvantage in having two vertical bars crossing 

the opening. 

It is unfortunate that the closing net in process of perfection 

by Fol (1890) was never described. 

An ingenious device for a closing-net to be opened and closed 

at any desired depth by the pressure of the sea-water is described 

by Viguer (1890) of the Algerian biological station. This net 

would be opened upon reaching the depth to which the pressure 

apparatus was adjusted and closed again upon leaving it. Kt 

does not appear that it was ever actually successfully con- 

structed. It is obvious that it would be expensive to build and 

difficult to maintain in efficient working order. 

A modification of the curtain net of the Prince of Monaco 

was used by Professor Th. Barrois (1892) in his exploration of 

Syrian lakes. He substituted for the silk curtain which closed 
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the net a sliding sheet of copper. The chains which controlled 

the movement of the curtain were also dispensed with. The 

net was otherwise opened and closed as in the original model, 

and is reported to have worked with certainty and to have given 

satisfactory results. 

The Tanner self-closing net, first described by Agassiz (1892), 

and later, also in an improved form, by Tanner (1893, 1894), 
29 is designed for ‘‘intermediate towing,’’ which in action is prac- 

tically horizontal, since, by ‘‘ veering and heaving in on the tow 
? line’’ the desired depth may be maintained. The depth at 

which the net is operating is ascertained by the dredging quad- 

rant. The net is lowered vertically while open and is then 

towed at the desired depth and closed by messenger after return 

of cable to the vertical position. The closure is by weights 

which draw a puckering string about the middle of the bag. 

The lower end will thus contain the catch made before closure. 

In the earlier model the closing weights worked on guy ropes 

running from the net ring to the terminal weight. In the later 

model two lateral brass pipes were substituted for the ropes 

and the weights slide down these. At the lower ends the pipes 

are attached to an apron or vane which is supposed to prevent 

the whirling of the net. 

In the hands of Mr. Agassiz and Captain Tanner this net 

has given satisfactory results. The objections which may be 

urged against it are that (1) the suecessful operation in inter- 

mediate levels, i.e., while functioning as a horizontal net, requires 

considerable speed and introduces some uncertainty as to the 

level of its operation, (2) the net is open in descent and the 

vortex about its rim may introduce some animals into the net, 

(3) the open upper part of the bag of the net brings, during 

ascent, considerable pressure to bear upon the region of closure, 

tending to foree the catch of the upper part of the bag into the 

lower. Another objection, applicable especially to the first 

model, is that the heavy weight attached to the tail of the net 

to keep the guy ropes supporting the closing weights in place, 

would tend to interfere with the mouth of the net taking a 

position of maximum exposure to the water entering the net, 

i.e., to keep it vertical, instead of oblique, during the horizontal 
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towing, and thus to reduce the relative amount of the catch as 

compared with that taken during the ascent of the net. This 

objection is less applicable to the improved models in which the 

only weight to the rear is that in the light pipe-frame for the 

closing weights. 

The small horizontal closing-net of Frié and Vavra (1893) 

is of a simple type with two ropes, one for towing and a second 

for closure by constriction, obviously ill-adapted for work in 

deep water. 

The idea of using the pressure of the water to open and 

close the net is embodied in the description given by De Livron 

(1893), Lieutenant of Marine in the Russian Navy, of an ap- 

paratus with a piston, set to begin movement under the desired 

pressure, that is, at the desired depth. The lids are connected 

with the piston and its first movement opens the net. It is 

closed again by the piston when it moves because of the increase 

or decrease of the pressure. No figures of the apparatus are 

given and there is no evidence that it was ever actually success- 

fully operated. 

The Giesbrecht (1893) self-closing net is devised for hori- 

zontal towing and is sent down closed, is opened by resistance 

of the water upon the two spreading wings, when towed hori- 

zontally, which releases the closing lever. It is closed by mes- 

senger. The four hinged sides of the square opening of the 

net spread open by their own weight upon release and closure 

is accomplished by their folding together again. In its original 

form the bag of the net is rather complecated and not readily 

cleaned and the system of opening not sufficiently under control. 

In operation at sea in rough weather or in deep water it would 

be impossible to determine with any certainty when the net 

really opened or to be positive that the closure was complete 

and continuous, since the net is held closed merely by its own 

weight. Furthermore, the vertical bar across the opening inter- 

feres with the capture of certain pelagic organisms. In a modi- 

fied form (Richard, 1896) the net has been used somewhat 

extensively in connection with the explorations of the Prince of 

Monaco, apparently with satisfactory results. 
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Heincke (1894) deseribes a ‘‘Brut-netz’’ used at the Helgo- 

land Station for taking fish-eggs and fry. It is anchored in a 

current to a float, being lowered open, till it floats out at the 

desired level. While in operation it is suspended by a line to 

the crowfoot running to the usual marginal ring. When with- 

drawn it is hauled in by a second line running to a second: ring 

about one-third of the length of the net from its mouth. The 

terminal ring, as it falls, carries the upper part of the bag across 

the opening of the second ring and thus closes the net during 

descent, a principle later employed in the Marsh and Nansen 

closing-nets. 

The Birge (1895) closing-net devised for limnological explor- 

ation is adapted only for vertical hauling. It is opened and 

closed by weights released by messenger. The lid is slid off 

horizontally from the top of the net in opening and returned 

in closing. As constructed, the net is cumbersome and ill- 

adapted to work at sea because of the numerous lines and 

dangling weights. 

Hensen (1895) mentions a photograph of a Norwegian 

closing-net drawn by three cables and operated by propellers 

and clockwork, devised for exploration of currents, and evidently 

for horizontal towing. He unfortunately gives no elue to its 

origin and I have found no other reference to it in literature. 

It seems to have joined the procession of failures. Professor 

Gran writes me that he does not know the history of this net. 

The Townsend (1896) closing-net is adapted to vertical haul- 

ing or to towing at the end of an oblique cable (intermediate 

towing). It is lowered open and closed by messenger. Closure 

is effected by release by messenger of a lever which shifts the 

weight of the net upon tow lines which close the semicircular 

jaws. A sliding weight upon the original tow lines tends to 

hold the jaws closed. The trip requires very careful adjustment 

of a bent spring to insure control of its operation and is lable 

to get out of order. Furthermore, the net open in descent is 

objectionable, and the system of closing is open to the criticism 

of uncertainty as to its continuity. The net has not been gener- 

ally adopted for deep-sea work. 

A folding-ring net for opening and closing by messenger 
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? which ‘‘worked satisfactorily’? in the experimental model but 

was not perfected for work at sea was also devised by Townsend. 

The trips of this net are of a better type than in the net just 

noted, but the means of maintenance of closure during descent 

and ascent are subject to criticism since closure depends upon 

the weight of the net upon the tow lines. Currents and irregu- 

larities in movement due to surge of the ship or irregularities 

in hoisting might lead. to release of tension and gaping of the 

jaws. 

A modified form of the Giesbrecht net has been devised by 

Richard (1896), who abandoned the horizontal pressure upon 

the wings as a means of opening the net and substituted the 

method employed in the curtain net of the Prince of Monaco, 

to wit, sliding the net down the cable and opening it by impact 

on the terminal weight. He also modified the trip for closing 

and hinged the horizontal vanes designed to keep the appar- 

atus from whirling. Richard (1896) speaks well of the original 

model, but prefers the improved one because of certainty of 

closure. ‘‘C’est un instrument robuste, qui mérite, modifié, ou 

non, d’étre employé de préférence a ceux qui ont été décrits 

jusqu’ ici pour remplir le méme but.’’ See also Monaco (1902) 

and Richard (1900, 1902, 1910). 

The closing-net of Lakowitz (1896) is designed for horizontal 

towing and is opened and closed by accessory lines which operate 

two hinged lids on the square opening of the net. The lds 

when closed are latched by spring catches. The closure is thus 

exact and continuous, but the accessory lines could not be adapted 

to work in deep water. 

The closing-net designed by Cori (1897) operates in a 

horizontal position and is opened and closed by messenger. The 

opening of the net is rectangular with a rim of six straight 

pieces, long top and bottom pieces and jointed sides of two 

pieces each. The vertical sides are jointed in their centers and 

bend inward when the net is closed. The net is lowered closed 

with the lower horizontal margin raised against the upper one 

and the sides collapsed inward. The first messenger drops the 

lower bar and thus opens the mouth of the net, while the second 

drops the upper bar down upon the lower, folding the sides 
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inward again and thus closes the net. This net is simple, with 

an opening free from impeding bars, and the plan seems to be 

capable of adaptation to deep-sea work, by the addition of an 

automatic lock to hold the net firmly in place when closed and 

by the necessary strengthening of the frame to carry the weights 

needed below the mouth of the net. It would also need some 

adjustment of parts at the rim to make the closure absolutely 

complete and a supporting rod for the bag of the net to keep 

it from wrapping itself about trips and cable during descent. 

The general design is one meriting perfection and wider adoption. 

In his investigations upon the plankton of Bodensee, Hofer 

(1896) used the horizontal net of the Cori (1897) model, which 

he states functioned with extraordinary certainty, the opening 

and closing of the net being distinctly noticeable on the cable, 

even when the net was at the depth of one hundred meters. 

He also adopted a net of the strangulation type towed by two 

ropes, the tow-line passing obliquely to the net and a second 

closing line vertically from the net to a life-preserver towed 

sixty meters behind the boat. This method is criticized by him 

as cumbersome. 

Marsh’s (1897) vertical closing-net is lowered open, closed 

by a messenger which releases the line which goes from the head 

of the crowfoot to the trip, and transfers the weight of the net 

to a constricting line about the middle of the bag. The upper 

part falls down and effectively prevents the entrance of any 

material during ascent after closure. The objections to this and 

all other nets of its pattern are (1) that it is lowered open and 

critical results are not obtainable since contamination is possible, 

as a result of the swirl about the open mouth during descent; 

and (2) the contents of the upper part of the bag where filtra- 

tion is greatest may be lost in closing, a difficulty partially 

obviated in the Nansen net by an elongated non-filtering area at 

the head of the bag. 

The Petersen (1898) closing-net is a modification of the 

Hensen plankton net, the only change being the addition of 

two hinged semicireular lids which are released by messenger 

and fall into closing position by their own weight. The net is 

lowered open and the lids are not locked after closing. Since 
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the filtering area of the silk bag normally exceeds the area of 

the orifice of the net and the upper cone of the net is of im- 

pervious canvas, there is no certainty that the irregularities in 

movement of the net after closure will not open the lids, spill 

out part of the catch, or even admit other organisms. This 

type of closing-net seems to have been first figured by Apstein 

(1906). 

Fowler’s (1898) ‘‘mid-water’’ tow-net is devised for vertical 

work, is sent down closed, and is opened and closed again by 

messengers. The net is suspended by two sets of chains to the 

‘locking gear’’ or tripping apparatus at the end of the cable. 

The mouth of the net is rectangular with hinged jaws working 

on a central axis. When suspended by the closing chains the 

two jaws are held together by weight of the net, when suspended 

by the towing chains the jaws fall open by their own weight 

and the tension upon the net. This net was used extensively 

by Fowler in his investigations in the Faeroe Channel and Bay 

of Biseay and worked satisfactorily. It was also used on the 

‘Valdivia’ and ‘“‘Siboga’’ expeditions (see Fowler, 1898, and 

Weber, 1902). The criticisms which might be passed upon it 

are perhaps more of a theoretical than of a practical nature. 

The large tripping apparatus and the bar and chains across 

the opening are undesirable as impeding the entrance of active 

or filamentous organisms. It also seems to the writer that the 

hight weight of the net, upon which the certainty and continuity 

of closure wholly rest, is its weak point. The frame weighs, 

according to Fowler, only sixteen and one-half pounds and this 

would be reduced in sea-water to about fourteen pounds. The 

locking gear and chains weigh thirty-three pounds and have less 

area of resistance than the net and bag. It would seem possible 

that the surge of the ship and irregularities in heaving in the 

cable might lead to an intermittent gaping of the jaws of the 

net before opening or after closing, since the heavier locking 

gear would tend to respond more readily than the lighter net 

and bag to oscillations of the cable. With an even tension on 

the towing chains there is no chance for the resistance of filtra- 

tion to spread the jaws, but the instant the chains are slackened 

their weight at the ends of the closing levers would tend to open 
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the net and permit the spreading effect of the resistance of the 

filtering surface. It is probable that the chances of such an 

intermittent gaping under normal operation of the net are re- 

mote, but one would be more certain of the accuracy of the 

results if this remote possibility were removed. 

The Cori net is criticized by Burckhardt (1900), who used a 

model constructed by Hofer (1896), double the size of the orig- 

inal Cori pattern, on the ground that the closure is not complete 

on account of the lack of attachment of the bag at the six hinges 

and the insufficiency of the vertical closing plate across the closed 

mouth of the net. He also found the net failing to function 

because the net or the wire became entangled in the trips, pos- 

sibly due to lack of experience in handling the apparatus. He 

also expresses uncertainty as to the control of the opening of 

the net and of the level at which it operates, and finally calls 

attention to the practical difficulty of determining the distance 

traversed by the net. Burckhardt is a proponent of the vertical 

net and has quite fully stated the difficulties of the horizontal 

net. They can, however, be obviated in the main: the closure 

perfected by slight changes in construction, the net bag con- 

trolled by a supporting arm, the messengers adjusted in weight 

to give certain action on the trips, and the horizontal course of 

the net improved by increase in weight of the frame and adjust- 

ment of the speed of towing. The determination of the length 

of the haul presents the greatest practical difficulty of the defects 

he enumerates. 

The Burckhardt (1900) vertical closing-net has a contracted 

conical head after the Hensen model with circular ld hinged 

at one side, opened and closed by weights released by a trip of 

the Cori pattern. The trip is operated by messengers. Burcek- 

hardt experimented with the net, sinking it open, immediately 

closing it before raising it, and found that the net “‘ganz leer 

blieb.’’ He therefore rearranged the connections of the net and 

trips so that the first trip closed the net and the second released 

the head of the net so that it fell to one side as in the Nansen 

net. This decreased the resistance in hauling in and hastened 

the operation of collecting. The objections to a net of this pat- 

tern, for work at sea, are the dangling weights, and the resist- 
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ance of the impervious head of the net in hauling in. Burck- 

hardt’s experimental proof that the net remains empty when 

lowered open may be valid in quiet waters, but would be less 

probable in a net subject to the surge of a ship. In any event, 

with the net open in descent, a certain element of uncertainty 

is always present which is entirely eliminated in the net closed 

in descent. ' 

The Voigt (1902) horizontal closing-net is sent down closed, 

and opened and closed again by concentric messengers. The 

first releases the oblique door which falls to a horizontal position 

by its own weight. The second releases the square frame or rim 

of the net, which also falls into a horizontal position upon the 

door and thus closes the mouth of the net again. The weight 

of the frame alone is depended upon to keep the net closed. 

The net is simple and apparently effective. For marine work 

the no less than five vertical bars of the frame, as well as the 

considerable horizontal parts, offer an impediment to entering 

plankton of the larger sorts. <A self-locking device on both the 

door and rim would be necessary for use at sea to keep these 

parts in place. The model is one deserving further elaboration. 

In the explorations of the ‘‘Puritan’’ off Capri, Lo Bianco 

(1903) used a closing-net of very large size, planned and built 

in the Krupp works at Essen. The net is now at the Naples 

Station. It is constructed in the main after the pattern of the 

Chun-Petersen net, for vertical work, with hinged semicircular 

jaws, opened by and closed by messengers. Its operation was 

satisfactory. | 

The Garstang closing-net operated at the Plymouth Station 

since 1903 is planned for horizontal towing, with diagonally 

suspended quadrilateral rim as in the Giesbrecht net. It is 

opened and closed by messengers. It is very compact, all of 

the parts being included in the large, cylindrical, vertical axis, 

and the hinged frame sliding, upon it. It is rather lght for 

work at sea with a vertical cable, and the trips are not always 

successfully discharged by the messengers. I have not found 

a description of this net. 

The ‘‘Seotia’’ closing-net devised by Bruce (1904) is essen- 

tially like the ‘‘Nansen’’ net, being available only for vertical 



324 University of California Publications in Zoology. [Vou.8 

work and having a messenger which cuts loose the tow line and 

transfers the weight to a puckering line which closes the net 

some distance below the opening. The trip is that of the Scot- 

tish reversing thermometer frame. The objections to the net 

are practically the same as those to the Nansen net, with the 

addition that the trip does not appear to be sufficiently guarded 

against miscarriage. 

The Nansen net has been in use for a number of years by the 

various bureaus of the International Commission for the Investi- 

gation of the Sea, but seems not to have been described in detail 

by any one. Figures and an account of its operation will be 

found in the papers of Gran (1905) and Herdman (1908). It 

is a vertical net, lowered open, drawn up for the desired interval 

and closed by messenger which releases the crowfoot above the 

bag transfering the weight to a strangulation cord. The net 

is simple, easily operated, and effective. It has the defect of 

being lowered open, and thus admits the possibility of contam- 

ination. For mass work it is to be highly commended, but its 

results are not critical. 

The Buchanan-Wollaston (1911) vertical net functions mouth 

downward during descent only, and closes by a puckering string 

tightened by a weight sliding on the standards which form the 

frame. This net has the unique advantage, among vertical nets, 

that the column of water which it filters is undisturbed by cable, 

lines, or bars of any sort as it enters the net. The addition of 

a double trip and some method of sending down the net closed 

to any desired level, before opening it by messenger, would con- 

vert this into a very valuable type of vertical self-closing net. 

A NEW TYPE OF HORIZONTAL CLOSING-NET 

The desiderata to be sought in a net for this kind of towing 

are (1) a net closed during descent, (2) a method of opening 

and closing entirely under control of the operator and wholly 

free from interference by external conditions, such as irregu- 

larities in unreeling or reeling in the cable, or by oscillations due 

to surge of the ship, thus insuring continuity of closure both 

prior to opening and subsequent to closing, (3) perfect closure 
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in all respects so that no plankton can enter while the net is 

closed, a feature obviously requiring finer adjustment in nets 

using the finest (no. 20) silks than in those with bags of coarser 

mesh, (4) sufficient weight to insure a measurable control of 

level of operation in towing, and (5) an orifice free from im- 

peding structures. These desiderata have been secured in the 

net here described (pls. 22 to 25) which is the result of many 

tentative designs and is an improved form of the model first 

constructed. 
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The net here described was first built in 1908. In 1909-10 

a second and improved model was constructed for the Prince 

of Monaco for the exhibit of oceanographic instruments in the 

Musée Océanographique at Monaco, Princepauté de Monaco. 

The description which follows pertains, in the main, to this net. 

GENERAL DESCRIPTION 

The net in general plan is a jointed-ring net with circular 

opening, operated by messengers which release the semicircular 

laterally hinged jaws actuated by springs. The frame is very 

heavy and its weight may be increased by the addition of special 

weights below. The trips are held in place by springs. The 
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bag is supported in a horizontal position and the net itself is 

easily removed from the frame for emptying the catches. 

The bag of the net (pls. 22 and 23) is a simple cone of silk 

bolting cloth held in a horizontal position, with detachable bucket 

of brass at the truncated tip and head-piece of heavy hnen. The 

jaws which form the rim about the opening of the net stand in a 

vertical plane when open. The two jaws (up. 7. and l. 7., pl. 24, 

fig. 5) are of semicircular form and are bevelled so as to close 

tightly on the bevelled surfaces (bev.) and rotate on a horizontal 

axle (ax.) which is enclosed in each of the hubs in the frame. 

THE NET FRAME 

The frame (pls. 22 and 23) is a massive casting of phosphor- 

bronze, of circular form with enlargements at the horizontal axis 

for the reception of the hubs of the jaws of the net. It widens 

on the lower edge to a square foot which bears a recessed groove 

for the reception of the accessory weight. The upper end of the 

frame is expanded into a round head-piece or pedestal from 

which project the pins of the trips and within which their 

mechanism is protected. Its rear face (pl. 23, fig. 4) bears a 

slotted lug (lug, pl. 25, fig. 15) in which the rods supporting 

the net (n. sup.) and accumulator support (acc. sup.) are hinged. 

Between the four projections upon the frame its outer surface 

bears a low rib, so that in cross-section it is low T-shaped, to 

insure rigidity when heavy weights are attached below. The 

front of each recessed chamber which receives the hub is closed 

by a hinged door (d., pl. 24, fig. 6, compare also figs. 3 and 4) 

locked in place by hinged thumb-bolt (th. b.) which binds the 

bearing (bear.) on the inner concave face of the door against the 

machined outer surface of the cylindrical hub (hub) of the jaw 

of the net, and thus holds it rigidly in place, but allows freedom 

of rotation. 

The steel dredging cable (c., pl. 25, fig. 15), a 34 inch plow- 

steel cable on the ‘‘ Alexander Agassiz,’’ with terminal eye 

adapted to all types of deep-sea apparatus, emerges from the 

vertical axis of the net. The perfect balance of the net in a 

vertical position is regulated in part by the lower fiatiron-shaped 
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weight which can be slipped to any desired position in front-to- 

rear direction and secured there by the set-screw above it (pl. 23, 

fig. 4.). The parts in the right-to-left plane are structurally 

balanced in the main. The cable is passed into the position in 

the axis of the head-piece through a narrow cable slot (c. sl., pl. 

25, fig. 15) which is closed again by a close-fitting wedge or 

slot filler (sl. fil.) held securely in place by a pinto set screw 

(s. scr.) whose head projects laterally slightly beyond the margin 

of the pedestal (pl. 23, fig. 3). A stout steel cable bolt (c. b.), 

2.5 by 24 em., is passed from the side of the pedestal through the 

eye of the cable and secured in place by a winged thumb-bolt 

(th. b1). The end of the cable bolt bears a circular opening 

(op.) for withdrawing it, when the thumb-bolt is released. 

When the bolt is free of the cable the thumb-bolt falls in the 

second position (th. b.2) after the fashion of a door bolt, and the 

cable bolt cannot be entirely withdrawn. 

THE CLOSING MECHANISM 

The closing mechanism consists of the two hinged jaws at the 

mouth of the net which swing forwards and downwards, the 

tripping apparatus in the head-piece, and the two messengers 

which open and close the net. The two hinged jaws (pl. 24, 

fig. 5) are semicircular phosphor-bronze castings which together 

complete a circle 37 cm. in inside diameter. Upon either side, 

each passes into a cylindrical hub (hub., pl. 24, fig. 6, see also 

figures 5 and 10) 82mm. long and 82mm. in diameter. Each 

hub consists of three main regions, two of which (2 and 3) are 

structurally parts of the jaws; (1) the central axle (az., pl. 24, 

fig. 5), (2) the inner eylinder (in. cyl.), and (3) the outer 

eylinder (out. cyl.). 

The central axis consists of a shaft 82 mm. long and 25 mm. in 

diameter whose inner end is bored and threaded for the screw 

(sc.) which holds the fixed pulley (pul.) against the inner face 

of the jaws and holds the axle (azr.) within the inner cylinder 

(in. cyl.). The outer end of the axle is a cylindrical head (hd.) 

27 mm. long and 50 mm. in diameter with a cubical socket (sock., 

pl. 24, figs. 5, 6 and 9) in the axis, 17 mm‘ square and 8 mm. 
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deep, for insertion of the key used in setting the coiled spring. 

The side of the cylindrical head is bored with twelve equidistant 

holes, 7 mm. in diameter, for the set screw (pl. 23, fig. 4; s. ser., 

pl. 25, fig. 6) which holds the axis (ax.) in place when the spring 

is set. Wound around the shaft is a coiled spring (7. coil sp. and 

l. coil sp.) of heavy steel wire which makes about twelve turns 

around the shaft and has its inner and outer ends fixed respec- 

tively in the end of the jaw and in the head of the axis. Sur- 

rounding the shaft is a narrow chamber (sp. ch.), 8mm. wide, 

in which the coiled spring, whose wire is 4 mm. in diameter, has 

some room in which to come and go, as the tension is changed. 

The outer wall of this chamber is formed by the inner cylinder 

(in. cyl.). Between the head (hd.) of the axis and this chamber 

for the spring and resting against the outer ends of the inner and 

‘outer cylinders, is a circular washer (w.) 82mm. in diameter, 

2mm. thick, with central orifice 25 mm. in diameter. 

The inner cylinder is 60 mm. in outside diameter, 82 mm. in 

length, has a wall 10 mm. thick, and central opening 39 mm. in 

diameter. The cylinder is continuous on the right side (of the 

figure) with the lower jaw and on the left side with the upper, 

that is, each inner cylinder is a part of a different jaw. From 

this method of construction it follows that the lower jaw is 

actuated by the spring of the right side (of figure) and the 

upper one by that of the left. 

The outer cylinder (out. cyl.) is 82mm. long and 82 mm. in 

diameter, with wall 10 mm. thick, and central opening 60 mm. in 

diameter. This eylinder is structurally continuous upon the 

right side (of figure) with the upper jaw, and on the left with 

the lower. The relations of the inner (in. cyl.) and outer (out. 

cyl.) cylinders respectively to the lower (/. j.) and upper (up. j.) 

jaws respectively are clearly shown in the views looking from 

the center of the opening of the net toward the hub, with the 

pulleys (pul., pl. 24, figs. 7, 8) removed. With this method of 

construction it will be seen that the outer cylinder is perfectly 

free to turn around the inner cylinder between the outer washer 

(w.) which is held by the outer terminal of the coiled spring to 

the head (/d.) of the axis (ax.), and the inner pulley (pul.) 
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which is fastened by two small screws (s.’) to the flat inner end 

of the hub. The impelling force, however, for the movement of 

the outer cylinder comes in either jaw from the coiled spring 

in the hub opposite to the cylinder in question. 

The pulley (pul., pl. 24, fig. 5) is 77mm. in diameter and 

14mm. thick with an asymmetrical groove 13mm. deep. It 

serves to carry the elastic strimg which binds the adjacent 

margin of the net to the hub (el., pl. 24, fig. 5; pl. 23, fig. 4). It 

is obvious from a comparison of figures 1 to 4 (pls. 22 and 23) 

that the margin of the net adjacent to the hinge, when the net 

is closed, encircles nearly the whole of the pulley, except only 

the part included in the width of the closed jaws, while in the 

open net (pl. 23, fig. 4) it is compressed to less than one-half 

of the circumference. The elastic tie-string (el.) passes around 
in the groove of the pulley and through a fold in the margin of 
the cloth head-piece of the net of a length sufficient to stretch 
over the necessary part of the pulley when the net is closed. 

This insures a plankton-tight junction of the net and its rim in 

this critical part of the apparatus. 

The jaws proper are semicircular, flattening to rectilinear as 
they approach the hub. They (pl. 25, figs. 12, 13) are 40 mm. 
wide, 14mm. thick at the base (b.), and 5mm. on the square 

lip (l.). For a distance of 30mm. back from the lip the sur- 
face of each is beveled (bev.) so that when the jaws are closed 

the two beveled surfaces are in immediate contact to the 

shoulders (sh.), thus insuring plankton-tight closure. 

The structure of the trips (tr.1 and tr.2, pl. 24, fig. 9 ard 

pl. 25, fig. 15) is simple. There are two, the one nearer the 
axis (fr.1) being operated by the first messenger and the outer 

one (/r.*) by the second. Each is located in a separate vertical 

trip chamber (tr. ch.) in the head-piece of the frame and con- 
sists of a shaft (shaft) about which is a coiled spring (c. sp.) 
which draws the clutch (cl.1 or cl.2) on the lower end of the 

shaft firmly up against the projecting hook of the rim of the 
jaw of the net (hk.* or hk.?, pl. 24, fig. 9). These lugs are hooked 
and hold the jaws firmly in place. Each messenger strikes not 
only the trip but a second pin (buf.', buf.) on the opposite 
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side of the cable from the trip. This stop is adjustable and 

absorbs the shock of the messenger as soon as the trip is driven 

down sufficiently to release the jaw of the net. 

The messengers are of two distinct types. The first mes- 

senger (pl. 22, fig. 1) is cylindrical, about 9 by 11.5 em. and 

weighs about 4 kilos. Its diameter is just sufficient to strike the 

pin of the trip which releases the lower jaw and thus opens the 

net (pl. 22, fig. 2). The second messenger is provided with four 

spreading arched arms which carry a distal ring which drops 

over the first messenger and strikes the trip which releases the 

upper jaw and closes the net (pl. 23, fig. 3). Its total length is 

30 cm. and greatest diameter 15 em. and its weight about 8 kilos. 

Both messengers are made in halves which may be lashed 

together about the cable. The first messenger requires but a 

single lashing, the second two, one in each of the groves at each 

end (pl. 23, fig. 3). The greater length of the second messenger 

not only provides for overriding the first but it also tends to 

obviate anything but a square blow upon the tripping pins. The 

messengers may be lined with Babbitt metal to take up wear, 

as in the Arntzen detachable messengers used on my (1906) 

self-closing water-bucket, if desired. 

THE NET AND PLANKTON BUCKET 

The net proper is a simple conical bag of any desired stuff, 

preferably of silk bolting-cloth, with head-piece and bucket band 

of butcher’s linen. The bag is fastened to the Jaws by brass 

strips or closing bands (cl. bd., pl. 25, fig. 13) held in place by 

numerous screws set into the inner face of the jaws. In the 

ease of the finer silks, such as nos. 12 to 20, it is important to 

make the bag as long as possible, up to 2 meters. 

To keep the bag from becoming entangled in the tripping 

device or about the cable, a supporting rod (n. sup., pl. 25, fig. 

15) 1.5 to 2 meters long, made in three sections, with distal end 

curved downwards (pl. 23, fig. 4) is attached to the rear of the 

head-piece of the frame. It carries a coiled spring at its outer 

end which connects it with the bucket which in turn is supported 

by a wire hook to the rod above it. The proximal end of this 
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supporting rod works on an axle suported in a slotted lug (lug, 

pl. 25, fig. 15) on the rear face of the head-piece of the frame 

(pl. 23, fig. 4) and ean thus be bent downward during ascent 

of the net and upward during descent. This makes possible a 

more rapid heaving out or in of the net by reducing the area of 

exposure of the bag and tends to protect the catch during the 

handling of the net. As shown (pl. 23, fig. 4) the basal casting 

into which this rod is seated also carries a short rod (acc. sup.) 

eurved upward, with two accumulator springs. During descent 

the basal casting in the slotted lug rests firmly against a shoulder 

or cushion (cush., pl. 25, fig. 15). 

The bucket is attached at the end of the net support (pl. 23, 

fig. 4) whose distal end is bent downward to the level of the 

bucket. Between the bucket and the tip of the carrier is a coiled 

spring which affords play to the net in the horizontal direction 

as the jaws open and close. The bucket bears two rings on one 

side for attachment by wire hooks (but one in figure) to the sup- 

porting rod above. 

The bucket (pl. 25, fig. 16) is made from spring brass tubing 

10 em. in diameter. Its total length is 12.5em. It consists of a 

head-piece (hd. p.) which is encircled by a net clamp (n. cl.) 

which binds the linen bucket bands at the lower end of the bag 

to the top of the bucket. The clamp is a narrow band of spring 

brass bearing two flanges (fl.) drawn together by a small bolt. 

The head-piece is threaded on its inner face and the remainder 

of the bucket may be unscrewed from it for removal of the catch, 

without releasing the net from the clamp. The detachable part 

is a plain cylinder with dished bottom formed of a casting 

sweated into place with central outlet terminating in a drip- 

point (dr. pt.) below. The outlet is closed by a removable plug 

(pl.) of brass, ground in emery to fit closely and terminating 

above in a shaft with a ring above the level of the top of the 

bucket. This can easily be found and the plug removed or re- 

placed through the silk bag without opening the net if desired, 

and the contents of the bag removed without detaching the 

bucket. 

On one side of the bucket there is a circular window 4 em. in 
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diameter and 1 em. in height at lowest elevation with wire at its 

lip. Over this wire a silk window (s. w.) is stretched tightly and 

tied in place by a string (str.) behind the wire. This window 

affords sufficient filtration surface to reduce an ordinary catch 

to a volume readily contained by the detachable part of the 

bucket, and, when worn, the silk is readily replaced. 

The weight (pl. 23, figs. 3 and 4) is flatiron-shaped, with 

pointed end anterior, to reduce resistance in towing. It serves 

as a foot for the net in landing on shipboard and may be removed 

easily if not needed, as in shallow waters. Its weight is 40 kilos, 

and it is made of cast iron. The spreading flange on its upper 

surface fits into the recessed groove on the under surface of the 

foot of the frame. It may be similarly grooved for a second 

weight on its under face if desired. 

The total weight of the first model constructed, which differed 

from the one here described principally in certain minor details 

of construction and in the form of the frame and its weight, was 

over 125 kilos. The present model without weight or messengers 

weighs 70 kilos, with messengers 82 kilos. The cost of the im- 

proved model, which necessarily included some experimental 

work, and new patterns in large part, was three hundred and 

twenty dollars, complete with messengers, silk net and bucket. 

The apparatus was made by the Baker Machine Company of 

San Diego, California. 

METHOD OF OPERATION 

The setting up of the net for use is accomplished by fastening 

the silk bag in place with the inner brass bands and tying the 

closing strings around the pulleys. The supporting rod is 

adjusted to the bucket and the weight slipped into the foot. The 

springs are then adjusted to the proper degree of tension to 

insure closure on release by the trips. The adjustment is made 

by a square headed key which is inserted in the aperture at the 

end of the hub and fitted into the recess (sock., pl. 24, fig. 9) at 

the end of this axis (ar., pl. 24, fig. 5). The set screw at the 

rear of the hub (s. scr., pl. 24, fig. 6; pl. 23, fig. 4) being released, 

the spring is wound up and the axis secured in the desired place 

by screwing in the set screws. It has been found empirically that 
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the springs, when set for satisfactory action in the air or surface 

waters, may not function as desired in one hundred fathoms or 

more. A number of variables enter into the problem of adjust- 

ment, such as resistance of the water, temperature, pressure, the 

mesh and tension of the net, and the depth. It is possible, how- 

ever, with a given set of springs to adjust each coil so that the 

jaw which it controls will certainly function at any desired depth. 

This capacity for adjustment renders the net adaptable to mes- 

sengers of different weights and to operation in different depths. 

In practice it has been found advisable in determining the proper 

tension to set the springs for operation in the air and then to 

slightly increase the tension little by little till the trips are 

properly released in the desired depth. The number of turns of 

the key for the tension demanded can then be made a matter of 

record and the given tension may thereafter be employed when- 

ever the net is sent down to that depth. 

The cable is then inserted in the head of the net, the cable 

slot closed, the net hoisted on the cable, and the weight upon the 

foot locked in place by the set screw so that the net is well 

balanced, the jaws are both raised in the upper position (pl. 22, 

fig. 1) and grasped by the clutches of the trips. The net is then 

ready for descent. 

When it has been lowered to the desired level the first mes- 

senger is sent down, care being taken that the cable is in a 

vertical position. This drops the lower jaw to the lower position 

(pl. 22, fig. 2, and pl. 23, fig. 4) against the ledge in the lower 

are of the frame (pl. 22, fig. 1) and opens the net. The vessel 

is then put in motion along the desired course and the net is in 

operation in a horizontal position at approximately the depth to 

which it was sent down. 

I know of no satisfactory way of determining absolutely the 

precise depth at which this or any other piece of towed deep-sea 

apparatus functions. This depth is a resultant of a number of 

variables such as the speed of the vessel, force and direction of 

currents, resistance of the net and cable, the weight of the 

apparatus, the mesh in the bag, the quantity of the catch which 

may increase resistance by clogging, ete., ete. The determination 

of the depth of the apparatus by use of the dredging quadrant 



334 University of California Publications in Zoology. [Vou 8 

(see Tanner, 1894) seems to be subject to increasing error as the 

depth is increased. Repeated instances occur in practice (see 

Fowler, 1898) in which bottom has been struck by apparatus 

when the dredging quadrant indicated that it should be some dis- 

tance above the bottom. Giesbrecht (1893), as a result of experi- 

ments in aquaria with miniature apparatus, has arrived at the 

conclusion that much of the curvature, at least under certain 

conditions of strain, may occur in the upper part of the cable and 

the lower end be more and more approximated to the perpen- 

dicular. 

In any event it is possible with the net here described, sus- 

pended by a 34-inch plow-steel cable, to a depth of 550 fathoms, 

to tow slowly with the visible part of the cable in an almost 

vertical position. Even with greater speed and some obliquity of 

the cable it is possible to reduce the vertical component of the 

path of the net far below that which is unavoidable in all vertical 

closing nets and perhaps, because of its greater weight, to reduce 

that hitherto obtainable in other types of horizontal nets. 

When the towing is completed and the cable is again perpen- 

dicular the second messenger is sent down and releases the upper 

jaw which falls to the lower position, is held firmly against the 

lower jaw by the spring, and thus closes the net (pl. 23, fig. 3). 

In the original design spring-catches were used to hold the jaws 

firmly shut after closure. It has been found in practice that the 

closing secured by springs is adequate and constant. The cable 

is then reeled in, the spring in the supporting apparatus per- 

mitting the bucket to drop downward and thus tending to con- 

centrate the catch towards the lower end of the net during ascent. 

Upon arrival on deck the rim of the net is released by unscrewing 

the thumb-nuts on the doors to chambers containing the hubs and 

dropping the doors downward (pl. 23, fig. 3). The set screws at 

the rear of the hubs are released and the net is lifted from the 

frame, its sides rinsed down to concentrate all the catch in the 

bucket, which is then removed. The net may be quickly returned 

to position for a second descent, by replacing the hubs, closing 

the gates, suspending the bucket and setting the spring. 

This net has been used extensively in the form of the older 

model since the summer of 1908 (see Esterly, 191lla, b, and 
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Michael, 1911) with very satisfactory results in depths of 5 to 

550 fathoms in explorations at sea in the Pacific off San Diego 
? in the ‘‘Alexander Agassiz,’’ a vessel of twenty tons, seventy 

feet in length. 

The main objection to the net has been its great weight, a 

difficulty partly removed in the somewhat lighter model here 

described. The determination of the tension of the springs for 

closure at given depths has taken some time, but when once 

determined empirically for certain intervals the tensions for 

intermediate depths may be approximated without trial. 

The net, especially with the finer grades of silk in the bag, 

is not devised for rapid towing, nor for large, actively moving 

animals such as the larger fishes and cephalopods. It does, 

however, take the very alert and actively moving Sagitta in 

large numbers and its catches in general exhibit a wide range 

of plankton forms from Salpa, Schizopoda and other plankton 

crustaceans, to the smaller forms. It should be possible to eon- 

struct a net on this plan with large orifice with a bag of coarse 

mesh for the larger and more active forms. Such a net would 

have the advantage of an entire absence of all disturbing bars, 

ropes, cables, ete., in front of the opening. 

The advantages which the net here described possesses over 

other models devised for deep-sea work are as follows: 

1. A method of opening the net and closing it again at any 

desired level in the sea under complete control of the operator 

and free from interference by outside conditions. 

2. Perfect and continuous closure of the net during descent 

and ascent of the apparatus, completely preventing the entrance 

of organisms except when the net is opened by the operator and 

preventing their escape after the net is closed. 

3. The possibility of horizontal towing which makes feasible 

the more precise exploration of stratified waters, and the vertical 

migrations of pelagic organisms. 

4. An opening free from interfering structures which tend to 

ward off the more active pelagic animals. 

Zoological Laboratory, University of California. 

Transmitted October 2, 1911. 
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EXPLANATION OF PLATES 

PLATE 22 

Fig. 1. Front view of self-closing horizontal towing net. The net is 

set for descent, with both jaws in the upper position. 

Fig. 2. Same view with net open, ready for towing. The first mes- 

senger rests upon the inner trip which has released the lower jaw and 

allowed it to fall to the lower position. 

[342] 
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PLATE 23 

Fig. 38. Front view of net after closure. The second messenger rests 

upon the outer trip which released the upper jaw and allowed it to fall 

down against the lower one, thus closing the net. The thumb-nuts to the 

doors of the chambers containing the hubs have been released and the 

doors dropped down, exposing the hubs. The clutches of the trips pro- 

ject downward from the upper are of the frame. 

Fig. 4. Side view of net opened for towing. Note the set serew at 

rear of horizontal axis for holding spring in tension, and double acting 

accumulator springs at the rear of the head of the frame. 

[344] 
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PLATE 24 

Fig. 5. Metal rim of net with jaws open, showing the hubs, at the 

side and the axle upon which they turn, in section. X %. 

Fig. 6. Section through lateral box at end of the hub showing rela- 

tions of axle (ax.), hub, door (d.), and set screw (s. sc.). xX ¥. 

Fig. 7. Face view of inner end of left hub showing relations of jaws 

and cylinders after removal of the pulley. xX 4. 

Fig. 8. The same of right hub. X %. 

Fig. 9. Section through head of the frame showing trips in place and 

both jaws locked as in the net when closed ready for descent. The 

position of the first (inner) trip is indicated by dotted lines. Rear lug 

for net carrier not shown. X \4. 

Fig. 10. Surface view of right hub. xX %. 

Fig. 11. View of outer end of hub. X %. 

Fig. 12. Radial section of upper jaw, showing method of attaching 

net. X ¥. 

Fig. 13. Same of lower jaw. X %. 

ABBREVIATIONS 

axr.—axle. l. j.—lower jaw. 

b.—base of jaw. marg. cd.—marginal cord of net. 

bear.—bearing of hub. n.—net. 

bev.—bevel on face of jaw. out. cyl.—outer cylinder of hub. 

buf.—buffer. p.—pit for set screw. 

c. sp.—eoiled spring of trips. pul.—pulley for elastic at hinge. 

el.1 cl.2—elutches of first and sec- r. coil. sp.—right coiled spring. 

ond trips. s.—secrew into axle. 

cl. bd.—elamping band for net. s.’—secrews for pulley. 

d.—door to hub chamber. S. ser.—set screw. 

el.—elastic band for net at hinge. sh.—shoulder of jaw. 

h.—hinge of door. shaft—shaft of trip. 

hd.—head of axle. sock.—socket for wrench. 

hk, hk.2—hooks of lower and th. b.—thumb-bolt. 

upper jaws. tr.1, tr.2—first and second trips. 

hub—hub of net. tr. ch.—trip chamber in head of 

in. cyl.—inner cylinder of net. frame. 

i.—tlip of jaw. tr. sp.—trip spring. 

1. coil. sp.—left coiled spring. up. j.—upper jaw. 
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PLATE 25 

Fig. 14. Accumulator springs on the supporting arm for the net. 

X about 3. 

Fig. 15. Diagram of top of head piece of net showing cable slot 

(c. sl.), eable bolt (¢. b.), trips (trt, tr2), buffers (buf.1, buf.2), thumb- 

bolt (th. b.1) for releasing and setting cable bolt, set screw (s. ser.) for 

the slot filler (sl. fil.) and the rear lug (lug) for the net support (n. sup.) 

and accumulator carrier (acc. sup.). X 4. 

Fig. 16. Longitudinal section through plankton bucket showing head- 

piece (hd. p.), net clamp (vn. cl.), silk window (s. w.) and closing plug (pl.). 

xX We. 

ABBREVIATIONS 

acc. sup.—accumulator supporter. op.—opening in end of cable bolt. 

buf .1, buf.2—first and second buf- pl.—plug of bucket. 

fers. r.—supporting rings of bucket. 

c.—cable. S. ser.—set, screw. 

c. b.—eable bolt. sh.—shoulder of supporter casting. 

c. sl—eable slot. sl. fil—slot filler. 

cush.—eushion for accumulator. sp. ch.—spring chamber. 

dr. pt.—drip point of bucket. str.—tie string for silk window. 

ji.flange of net clamp. s. w.—silk window. 

hd. p.—head-piece of net. th. b.1, th. b.2—two positions of 

lug—lug for net support. thumb-bolt. 

nm. cl.—net clamp. tra, tr.2—first and second trips. 

nh. SUp.—net supporter. w.—window in side of bucket. 

[348] 
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ON AN IMPROVED FORM OF SELF-CLOSING 

WATER-BUCKET FOR PLANKTON 

INVESTIGATIONS 

BY 

CHARLES ATWOOD KOFOID 

(Contribution from the Laboratory of the Marine Biological Association of San Diego) 

An account of the water-bucket used in plankton investiga- 

tions at the Biological Station at La Jolla, near San Diego, was 

published by me (1905) several years ago. This bucket has been 

used repeatedly in connection with various investigations (see 

McEwen, 1909) in progress at the station, and has worked very 

satisfactorily. Continued use and the accidents inevitable on 

shipboard have developed certain defects in construction which 

have been eliminated in a new model constructed for me by Mr. 

V. Arntzen, expert mechanician of the University of California, 

and placed in the exhibit of instruments for oceanographic 

research in the Musée Océanographique at Monaco, Principauté 

de Monaco, founded by 8S. A. S. Albert I, Prince of Monaco (see 

Kofoid, 1910). It is the purpose of this note to record these 

improvements. 

In the first model the four standards (figs. A, B) connecting 

the brass castings which form the head and base, were made of 

heavy brass tubing 16mm. in diameter. These proved too weak 

to stand the usage in handling the heavy load of water, and also 

gave trouble by shght dents which they received and which 

interfered with the smooth working of the sleeves upon the 

eylinder and lid that guide these parts to their seats in closure. 

Accordingly in the new model solid rods of hard brass were 

substituted. 
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Fig. A. Self-closing water-bucket set for lowering, with lid and eylin- 

der suspended by two clutches held in place by springs to the headpiece. 

Detachable messenger in descent just above the clutches. Key-faucet 

removed from outlet. X Vo. 

Fig. B. The bucket after closure, lid and cylinder held in place by 

snap locks in standards. Messenger resting on rubber buffer. The hinged 

arm with turn-button below (above in figure), which closes the slot 

through which the eable is passed to the axis of the apparatus, is with- 

drawn and thrown outward. The cable eye is shown on the steel bolt 

which carries the weight of the apparatus. Key-faucet in place for 

emptying the contents. X Vo. 
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The bucket is lowered on the end of the cable to the desired 

depth with the cylinder and lid in the position shown in figure A. 

Then the spherical cast-iron weight which parts in two halves is 

tied about the cable and dropped upon the head of the bucket, 

releasing the two hooked clutches which suspend the lid, with 

the attached cylinder, to the head, and dropping them to the 

position shown in figure B. The lid is locked in place by spring 

catches in the standards, and twenty liters of water from any 

desired depth are thus secured. 

Fig. C. Sleeve of headpiece on standard, with steel rollers above and 

below. X %&. 

In practice we found that shght unevenesses on the standards, 

or slight obliquities in the positions of lid and cylinder, led to 

one or both failing to close when released, because of this binding 

of the sleeves upon the standards. In the new model this defect 

has been obviated entirely by reconstructing the sleeves of the 
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lid. In place of the simple hub bored as a sleeve in the old model, 

the new model has a larger hub (fig. C), 40mm. in diameter, 

with a bore rather greater than the standard in diameter and 

carrying between flanges on both the upper and lower surfaces of 

the hub three equidistant steel rollers 8mm. in length and the 

same in diameter. These stand with their axis of revolution in 

the horizontal plane and in such a position that the least tilting 

of the lid in any direction brings one or more of them in contact 

with the standard, and their rolling motion facilitates the im- 

mediate descent of the lid. 

The key-faucet and its revolving seat which closes the outlet, 

have both been constructed of bronze, which is more durable than 

the brass used in the first model, and the diameter of the outlet 

has been increased to hasten the emptying of the catch and thus 

to make possible more rapid repetition of catches at sea. 

Zoological Laboratory, University of California. 

Transmitted August 17, 1911. 
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glyptorhynchus, 201, 246. 
gram, 202, 215. 

highleii, 201, 246. 
hyalina, 202, 247. 
hyperborea, 221. 
inflata, 202, 204. 

jolliffei, 199, 202, 295, 296. 
kofoidi, 201, 202. 

Pavillard, 233; comparisons, 
235; description, 233; diag- 
nosis, 233; dimensions, 234; 

distribution, 235; synonomy, 
234; variation, 234. 

levanderi, 202, 210. 

mangini, 202, 210. 

milneri, 203, 237. 

mitra, 202, 204. 

obliqua, 203, 204. 

pacifica, 201, 204. 
Kofoid, 285; comparisons, 

237; description, 235; diag- 
nosis, 235; dimensions, 237; 
distribution, 237; synonomy, 
237; variation, 237. 

palustris, 201, 206. 

polyedra, 201, 238; comparisons, 
241; description, 238; diagno- 
sis, 238; dimensions, 240; dis- 
tribution, 242; phosphores- 
cence, 243; stench, 243; synon- 
omy, 241; toxic to marine 
organisms, 243; variation, 240. 
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polygramma, 201, 
Stein, 229; comparisons, 

description, 230; diagnosis, 
229; dimensions, 231; dis- 
tribution, 232; synonomy, 
231; variation, 231. 

var., 203. 
schuetti, 203, 229. 
scrippsae, 201. 

sp. nov., comparisons, 
229; description, 228; diag- 
nosis, 228; dimensions, 229; 
distribution, 229; variation, 
229. 

series, 201. 
sphaeroidea, 201. 

sp. nov., -206; comparisons, 
2075 description, 206; diag- 
nosis, 206; 5 limensions, 207. 

spinifera, 201, 202, 203, 204, 209, 

PAE Pale ree, 212; 
deseription, 210; diagnosis, 
210; dimensions, 211; distri- 
bution, ales synonomy, 213; 
variation, 212. 

steim, 201, 203, 229. 
(Steiniella) fragilis, 198. 

inflata, 198. 
mitra, 198. 

triacantha, 201, 203, 
comparisons, 223; 
221; diagnosis, 221; dimen- 
sions, 222; distribution, 224; 
synonomy, 223; variation, 223. 

turbynei, 201, 225; comparisons, 

204, 217, 225. 
232; 

99 
6240, 

204, 221; 
description, 

226; deseription, 225; diagno- 
sis, 995: dimensions, 226; dis- 

cuileeion! 227; synonomy, 226 

variation, 226. 
Halichoeres semicinetus, 10. 
Heterodinium triacantha, 204, 221. 

Icelinus quadriseriatus, 15. 
Johnstone’s postulate, 103. 
Kiel Commission, 99. 

Kiel School, 100. 
Kofoid, C. A., 187, 287, 295, 311, 

349. 
Kofoid horizontal closing net, 324; 

construction, 325; closing 
mechanism, 327; general de- 
seription, 325; method of 
operation, 3325 net and plank- 
ton bueket, 330; net frame, 

326; summary of advantages, 
335. 

Krohnia hamata, 51. 
foliacea, 51. 
subtilis, 52. 

Lepidopus xantusi, 10. 
Levander, Dr. K. M., 287. 
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Maynea californica Gilbert (MS.), 
16. 

patagonica, 17. 
Mesoplankton, 117. 
Michael, E. L., 21, 325. 
Michener, Mrs. Josephine R., 

287. 
Murrayella, 199. 
Musée Océanographique, 325, 349. 
New and Rare Fishes from South- 

ern California, 9. 
Octopus bimaculatus, 301. 

hongkongensis, 302. 
punctatus, 302 

Ommastrephes gigas, 304. 
Orthonopias, 11. 

triacis Starks and Mann, 11. 
Peridinium, sp., 209. 
Peridinium apiculatum, 

catenatum, 201, 204, 

digitale, 204, 214. 
levanderi, 204, 210. 
pyrophorum, 204, 229. 
spiniferum, 201, 204, 209. 
steini, 289. 
verans, 209. 

Perkinsia orthonops, 9. 
Plankton, abundance of, influence 

of organisms on, 105; ade- 
quate estimate of quantity, 
106; distribution, importance 
of closing nets in obtaining 
knowledge of, 107; uniform- 
ity in, 100; vertical distribu- 
tion, problems of, and precau- 
tions in solving, 109; epi- 
plankton defined, 117; meso- 

plankton defined, 117; migra- 
tions, vertical, 311; question- 
able value of collections made 
with open vertical nets, 108. 

Plankton Net for Horizontal Tow- 
ing, On a Self-closing, 311. 

Plankton nets, self-closing, histor- 

190, 

201, 
287 

204. 
oe 

ical discussion, 311; Barrois’ 
modified curtain net, 315; 
Buechanan-Wollaston vertical 
net, 312, 323; Burekhardt’s 
vertical closing net, 322; 

Birge’s closing net, 318; 

Bruce’s ‘‘Secotia’’ closing 
net, 323; Cattaneo’s proto- 
zoan trap, 312; Chun-Peter- 
sen’s net, 313; modified form 
of, 313; Cori’s horizontal 
closing net, 319; de Guerne’s, 
318; de Livron’s pressure net, 
317; Fol’s closing net, 315; 
Fowler’s mid-water tow net, 
321; Fric and Vavra’s hori- 
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zontal closing net, 317; Gar- 
stang’s closing net, 323; Gies- 
brecht’s closing net, 317; 
Heincke’s Brut-netz, 318; 
Hensen’s Norwegian closing 
net, 318; Hensen’s plankton 
net, 3820; Hofer’s modified 
Cori net, 320, 321; Hoyle’s 
deep-sea towing net, 314; 

Imhof’s net, 312; Lakowitz’s 
closing net for horizontal 
towing, 319; Lo Bianco’s 
Krupp closing net, 323; 
Marsh’s vertical closing net, 
320; Nansen’s vertical closing 
net, 324; Palumbo’s closing 
net, 312; Pavesi’s horizontal 
net, 312; Petersen’s closing 
net, 820; Pouchet and Cha- 
bry’s net, 313; Prince of Mo- 
naco’s curtain net for hori- 
zontal towing, 314; Richard’s 

modified Giesbrecht net, 319; 
Sigsbee’s gravitating trap, 
311; Tanner’s self-closing net, 
316; Townsend’s vertical clos- 
ing net, 318; Townsend’s 
folding ring net, 319; Tur- 
byne’s oblique net, 312; 
Viguer’s pressure closing net, 
315; Voigt’s horizontal elos- 
ing net, 323. 

Polydactylus approximans, 10. 
opereularis, 10. 

Polypus, 301. 
bimaculatus, 301. 
hongkongensis, 302. 

Porichthys notatus, 16. 
Protoperidinum digitale, 201, 204 

214. 
pyrophorum, 204, 229. 

Pterosagitta mediterranea, 54. 
Red water, 188, 242. 
Rhinogobius nicholsii, 16. 
Ritter; W. H., 31, 325. 
Roulea obliqua, 203, 204. 

spinifera, 208, 204. 
Rusulus, 13. 

saburrae Starks and Mann, 14. 
Sagitta, key to species, 26. 

arctica, 69. 
bedoti, 75. 

bipunctata, 30, 41, 46. 
bipunctata, 41; distribution 

, 

effect of locality, 141; sig- 
nificance of data, 143; sur- 
face distribution, during 
day, 130; during night, 132; 
during time of minimum 
abundance, 131; of maxi- 
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mum abundance, 132; effect 
of salinity on surface dis- 
tribution, 138; variation, 
due to temperature, 128; 
monthly variation in tem- 
perature, 129; variation due 
to salinity, 133; at night 
time, 1386; in daylight, 137; 
in varying temperatures, 
134; seasonal variation, 
139; vertical distribution, 

115; effect of day and 

night, 117; number of spee- 
imens with respect to time 
of day, 119; conelusions, 
144; summary, 133. 

measurements, 42; concerning 
ovary, 98. 

brachycephala, 28. 
darwini, 30. 

decipiens, 41. 

decipiens, 48, 74. 
elegans, 69. 
enflata, 28; distribution, 155; 

measurements, 29; concerning 
ovary, 56; variation in ante- 
rior teeth, 67. 

ferox, 74. 
flaccida, 28. 
furcata, 28, 32. 
gardineri, 28. 

gazelle, 38, 76. 
germanica, 41. 
gegenbauri, 39. 
gigantea, 32, 37. 

hamata, 41, 51. 
hexaptera, 32. 
hexaptera, 30; distribution, 153; 

measurements, 32. 
hispida, 43, 64; comparison with 

S: robusta, 64. 
inflata, 28. 
lyra, 32; distribution, 150; in 

daylight, 151; at night, 151; 
measurements, 34; concerning 

ovary, 59; of vestibular ridge, 
ya 

macrocephala, 75. 
magna, 30. 

mariona, 41, 
maxima, 32. 
multidentata, 41. 
neglecta, 46; distribution, 156; 

measurements, 48; measure- 
ments concerning ovary, 63. 

planktonis, 44; distribution, 
154; measurements, 45; mea- 
surements concerning ovary, 
61. 

pulchra, 41. 
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pulehra, 75. 
regularis, 48, 74. 
robusta, comparison with 8. his- 

pida, 64. 
serratodentata, 39; distribution, 

145, 146; measurements, 40; 
measurements concerning ov- 
ary, 62; variation in anterior 
teeth, 66. 

setosa, 41. 
sibogae, 74; variation in anterior 

teeth, 67. 
tenuis, 72. 
tricuspidata, 30. 
whartoni, measurements, 32, 35. 
zetesios, 44. 

San Diego Marine Biological As- 
sociation, 190, 325; Station, 

229. 
Seripps, Miss Ellen B., species 

named for, 229. 
Sebastodes diploproa, 11. 
Sebastolobus altivelis, 11. 
Skeletal Morphology of Gonyau- 

lax catenata (Levander), On 
the, 287. 

Smithsonian Institution, 190. 
Spadella, 54; key to species, 27. 

cephaloptera, 76. 
draco, 54; distribution, 156. 
hamata, 51. 

maxima, 37. 

Ct =~] 

subtilis, 52. 
vouga, 54. 

Spiraulax, 199, 295; generic char- 

acters, 295; type species, 296. 
jollifei, 296; comparisons, 
298; deseription, 296; diagno- 
sis, 296; dimensions, 297; dis- 
tribution, 298; variation, 297. 

Steinedesmus, nom. nov., 199. 
Steiniella, 198, 202. 

(?) complanata, 198. 
cornuta, 198, 204, 235. 
fragilis, 202, 204, 248. 
Graevenitzii, 199. 
inflata, 202, 204. 

mitra, 202, 204. 

Steiniella (Schutt) Kofoid, sub- 
genus, 247; bispinosa group, 
247; fragilis group, 247. 

Symphurus atricauda (Jordan), 19. 
leei, 19. 

Tarandichthys cavifrons, 15. 
Vertical Distribution of Eucala- 

nus elongatus in the San 
Diego Region during 1909, 1. 

Water-bucket for Plankton Inves- 
tigations, On an Improved 
Form of Self-closing, 349. 

Waters, stratified, 311. 

Xeneretmus latifrons, 16. 

triacanthus, 15. 
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