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ABSTRACT
Ten species of chaetognaths were identified from
rlankton collections taken from the inner continental shelf
waters off Virginie in 1260. These wexe, in order of rela-~
tive abundance, Sagitta serratodentata, 8. elegans, S. kenuig,
8. enflata, 8. helenae, . minima, 8. hispida, Ptercosagitta
draco, Krohnitta pacifica, and £. bipunctata. A key to the

identification of these species and descriptions based on

the collected gpecimens are given,

Seasonal maxima occurred in May for &. elegans, in
August for S. helenae, in September for §. tenuis and §.
enflata, in November for £. hispida, and in December for §.
gerratodentata and §. minima. The remaining three species
were rare: P. draceo appeared in November and Decembex, XK.
pacifica from July through September, -and §. bipunctata in
November. Catches of §. tenuisg and K. pacifica constitute
new northern records cof their known distribution.

Specimens of 8. tenpis displayed an interme}c}iacy
and overlapping of several characters that have been used
for the separation of §. friderici from §. tenuis. Included
among these characters are Tokicka's TC values, the maximanm
body length, the number of teeth, the extension of the

ovaries, and the size at maturity.



A simple method for estimating from catch data
the temperature and salinity optima for the several species
is presented. Comparison of the temperature optimum revealed
a gradation from the cold~water 8. elegans to the tropical
8. helenae, whereas the salinity optimum estimates varied
from the neritic S. tenuis to the more oceanic §. gerrato-
dentata. Reliable evidence for diurnal migration was found
for S. tenuis only.

The seasonal similarity of the Virginia fauna with
that from off the Carolinas is biological evidence for the
breakdown of the Cape Hatteras temperature barrier during
the warm months. The distinctiveness of Carolinian and
Virginian water types and their associated chaetognath
populations is not restored until winter, when cold temper-

atures eliminate "Carolinian species" from Virginia waters.
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INTRODUCTION

The Chaetognatha, a planktonic animal group of
interest tc both oceanographers and zoologistz, have been
treated in numerous reports issuing from studies of the
waters along the eastern coast of the United States.
Studies in the New England region include those of Bigelow
(1914, 1926), Fish (1325), Clarke and Zinn (1937), Redfield
and Beale (1940), and Clarke et al. (1943). The waters off
the Middle Atlantic states, from Cape Cod to Cape Hatteras,
have been included in studies by Bigelow (1922), Cowles
{1930), Bigelow and Sears (1939), and recently the interesting
report by Deevey (1260). South of Cape Hatteras the coverage
is perhaps more complete, due largely to the efforts of Dr.
E. Lowe Pierce. The chaetognath fauna off North Carolina is
described in reports by Sutcliffe (1250), Pierce (1953, 1358},
and Bumpus and Pierce (1955). The extensive collections of
the R/V T. N. Gill off the southeastern coast are treated in
a report by Pierce and Wass (in press). The chaetognaths of
Florida are known from a gstudy off Miami by Owre (1960) and
off the west coast by Pierce (1951, 1934).

Review of this regional literature reveals a rather
sharp decrease in numbers of species north of Cape Hatteras,
Whereas there had been a dozen species reported from waters

off the southeastern coast, only half this number had been
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reported north of Hatteras until recently, when Deevey (1960)
revealed the presence of three "southern" species in plankton
collectiong from Delaware Bay. That this does not reflect a
change in fauna is evidenced from the dates (1930-1333) of
these collections, which were made coincidentally with those
of some of the earlier studies in this area. On the basis
of the resulting uncertainty of the extent of present know-
ledge of the chaetognath fauna and the general lack of ine
tensive scagonal studies of this group in the past, the
Middle Atlantic region may be designated the least well
known area of the Atlantic coast of the United Btates.

In December, 1953, the Ichthyology section of the
Virginia Institute of Marine Science initiated a series of
monthly cruises over the inner continental shelf waters off
Virginia, Publications resulting from these cruises include
those of Joseph et al. (1960), Norcross et al. (l196la),
Terry (1961), and Massmann et al. (1962}, in addition to
several data reports. The plankton collections of the
Institute's R/V Pathfinder provided an excellent source of
material for an intensive study of the chaetognaths in

Virginia waters, and were made available to me for that

PUrpOsEd .
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METHODS AND MATERIALS

The survey area sampled by the R/V Pathfinder from
December, 1959, through December, 1360, is delineated in
detail by Joseph et al. (13260). 8ix east-west transects,
from latitudes 36° 40' N. to 37° 30' M. and embracing the
entrance to Chesapeake Bay, were sampled at ten-mile intervals
to approximately 40 wiles offshore. Additionally, three sta=-
tions were regularly occupied within the bay on a line xunning
from the mouth of the bay to the mouth of York River (Fig. 1).
Depths at these stations ranged from 20 to 120 feet.

A variety of nets was used during this first year
of offshore sampling, including meter nets, half-meter nets,
Clarke~Bumpus samplers, and the Guli III sampler. Tows were
made horizontally at the surface and at a safe distance over,
but close to, the bottom. Tows were of 20 minutes duration
and made at an average vessel speed of three knots. Surface
and bottom temperatures and salinities were obtained at each
station (Joseph et al., 1961: Rorcross et al., 1961b). Plank=-
ton samples were preserved in approximately 5 percent formalin
on shirboard for later sorting and identification.

Chastognaths were removed from a surface and bottom
sample from each station, counted, and placed in vials of 4

percent buffered formalin for subsequent identification.
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Clarke~Bumpus samples were utilized wherever awvailable in
deference to the somewhat better condition of the specimens,
the convenient size of the samples, and the relatively con=-
sistent use of these samplers. With samples containing over
100 specimens, a total count was made and a random subsample
of 100 removed for identification.

Where Clarke-~Bumpus samples were not available,
chaetognaths taken in other types of gear were removed.
These, however, could not be used in later analyses. Catches
from the various nets were not comparable when reduced to a
per-volume basis, apparently due to different fishing charace
teristics. For example, in a series of comparative surface
tows, half-meter nets were found to catch only twice as many
chaetognaths as did the Clarke-Bumpus samplers, whereas the
straining capacities of these two types of gear differ by a
ratio of 14.7¢1. Obviously, any inclusion of these larger=
net catches in 2 catch-per-unit-effort treatment of the data
would tend to reduce resulting wean catches and, of more
importance, would mask real differences and trends because
of the inconsigtent use of these nets from wonth to month.

A punch card was utilized for each tow sampled.
Pertinent hydrographic, locality, and gear data, along with

identifications, were entersd on each card, which was later
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This system greatly facilitated later tabu~

lations and analyses.
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IDERTIFICATION AND DESCRIPTION OF SPECIES

The difficulties encountered in identifying the
Chaetognatha are perhaps best stated by Michael (1908):

"It is the testimony of all, who have attempted
the identification of the Chaetognatha, that, for so
gamall a group, they offer an immense amount of diffi-
culty. The several species are very similar in ap-
pearance go that one is compelled to seek among
details of structure for valid taxonomic characters.
There iz, moreover, considerable variation in most
of the characters ..."

It was this variability of characters that led to
conaiderable taxonomic confusion in early works and continues
to complicate the taxonomy of the group to a lesser extent
at the present. Much of this confusion was resolved when it
became the practice of chaetognath investigators to record
the total length (in sire classes) of the specimens along
with the respective meristic counts and morphometric measure-
ments. It then became obvious that these characters varied
with size (or age) of the specimens, and that only specimens
of equal size could be compared for taxonomic purposes.
Although this practice has not been adhered to recently
(especially in Atlantic studies), it should, due to the
evolving taxonomy of the Chaetognatha, be continued so that
published reports will be of use in establishing the distri-

bution of not only present taxa, but any future subdivisions

of existing taxa.
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The Chaetognatha, at the present time, are in need
of a major revision. The genus Sagitta, which contains the
great majority of species, also contains distinct groups of
species. The species within these groups are obviously more
closely related to each other than to any other species within
the genus, vet under the present system of nomenclature all
have identical rank. The dearth of taxonomic characters has
prevented the splitting of the genus Sagitta, and perhaps the
establishment of subgenera would be the most useful means of
setting off these natural groups of species.

The most valuable characters used in the separation
of species are the shape and position of the seminal vesicles:
the absence or, if present, the size and extent of the collar-
ette; the numbers of hooks, anterior teeth, and posterior
teeth; the degree of completeness with which the lateral fins
are rayed; and, the position of the anterior fins in relation
to the ventral ganglion (Fig. 2). Reys for the identification
of chaetognaths may be found in Ritter-Zahony (1911), Michael
(1212), Thomson (1947), Fraser {(1952), Suarez-Caabro (1955},
and 8und (1959). Other publications found most useful for
identification include those of Powler (1205, 1906), Ritter-
Zahony (1310), Tokioka (1539, 1955), Dakin and Colefax {(1340),

Fraser (1957), and Purnestin (13557).
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Fig. 2. Generalized diagram of a chaetognath, with most
important diagnostic characters indicated.
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It is hoped that the following descriptions of
species, based on specimens from this study, will aid
regional investigators in future determinations, and that
the key preceding them will aid in accurate identifications
by non=-gpecialists. The counts and measurements listed
under "Virginia specimens® were made on chaetognaths from

the present collections.
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KEY TO THE CHAETOGNATHA FROM INNER CONTINENTAL SHELF WATERS
OFF VIRGINIA

1. With a single pair of lateral fing .(..evsecsccceres 2
1'. With two pairs of lateral fins (CGenus Sagitta) .... 3

2(1) . Lateral fins lying entirely on tail segment; two
paired rows of teeth ........ Pterosagitta drace Krohn
2', Lateral fins extending over posterior third of trunk:
one paired row of teeth ...... Xrohnitta pacifica Aida

3(1'). Tail segment short, less than 24 percent in total
length; anterior fins separated from ventral ganglion
by a distance at least equal to the length of the
- R 3 Y

3'. Tail segment long, more than 24 percent in total
length; anterior fins usually reaching the wventral
ganglion and never separated from it by more than
half its length .cceveeccescsvscsscsccnasasasescnasse O

4{(3). Posterior lateral fins with inner, median zone ray-
lezs; body tumid, £flaccid, and very transparent ......
sevssssesescsrevesasssscsscscccevansses S. enflata Grassi

4'. Posterior lateral fins entirely rayed; body firm,
lesa transparent, and not tumid .(.vecesvscscncssssvae 3

5{(4'). Anterior fins completely rayed; seminal vesicles
large, conical; a large species, not mature before
12-13 millimeters ..cvcescenceesese 8. £legang Verrill
5', Anterior fins ravlessg, or with only a few rays near
middle portion; seminal vesicles minute, ovate; a
small species, mature at 5= millimeters teceeconenrnes
eseesssveessnsoncesssaasssencsnnessas S. minima CGrassi

6{(3'). Seminal vesicles widely separated from posterior
fins; collarette extending to seminal vesicles .......
seeascncensarcenssccess S. bipunctata Quoy and Gaimard

6'. Seminal vesicles near or adjacent to posterior fins,
collarette does not extend beyond ventral ganglion ...

LB B B K K 2 K B SE 2R IR B RN SN BERY IR BY BE R OF IR BN WL BE A BN BN N N N N NCRN BN N CRE AUCRE N A NE R IR BN N N R ) 7

7(6') . Inner margin of hooks serrated:; lateral fine partial-~

ly rayed cecicaecsscsecencenscs 8. gerratodentata Krohn

7'. Inner margin of hooks entire; lateral fins completely

xayed ’..!Q'..""‘ﬂ‘.‘.‘.'b'..‘ﬁﬁ“ﬁ.I.'..C.I.D.’.Cg
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8(7'). Collarette small, extending less than one~third the

distance from head to ventral ganglion ...cceecvevsces
&0 WO DE T OO EN BN OD LY RED SRS RY ﬁﬂ chﬂant

8'., Collarette large, extending more than one~third the

distance from head to ventral ganglion ....ceecccense @
9(8'). Anterior teeth broad, overlapping, often fanned out

anteriorly, and numerous (8~12 in gpecimens over 8
millimeters):; gut diverticulae absent; body transe
lucent to opaque «.c.vsvssee. 8. helenae Ritter~Zahony

9'. Anterior teeth narrow, not as in §. helenae, less
numerous (5~8 in specimens over 8 millimeters); gut
diverticulae present; body opaque .. . hispida Conant

Sagitta serratodentats Krohn, 1853 (Fig. 3)
Body thin, pin-shaped, moderately opaque. Tail

gegment tapering evenly from tail septum to pointed tip,
24=~33 percent of total length. Inner margins of hooks
serrated, the serrations visible at magnification of 100X
in most specimens over 5 mm in length. Hooks 6~8 {(on each
side); anterior teeth 0~7; postericr teeth 0~13. Lateral
fins partially rayed., Anterior finsz narrow, tapering, ex-
tending anteriorly to posterior edge of ventral ganglion.
Posterior fins lying more on trunk than on tail segment,
widest just behind tail septum. Seminal vesicles prominent,
close to or adjacent to posterior fin. Collarette absent
or inconspicuously small. Gut diverticulae absent, Food
in gut resewbling oil droplets consistently and uniquely
enough to serve as a useful aid to identification under low

magnification., Fermulaes
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Total Tail segment Ant. Post. No. of

length (mm) (% total length) Hooke _teeth teeth specimens
Virginia specimenss

16 26.5 6-6 4-4  10~12 1
15 — —— —— —— 0
14 24.8-25.9 6-8 2(?)~6 8«10 4
13 24.4~26.8 7-8 5=7 713 9
12 24 .6~27.5 6=8 3-6  8-11 10
11 25,2~27.7 7-8 3-6  5-11 12
10 25,2=27.2 6-8 2-4  5=% 5
9 25.5~27.3 7-8 2-6  4-8 8
8 25,9-28.4 6-8 0=3 4= 10
7 26.7-29.6 6-8 0-2  2=5 5
6 26.6-30.8 7-8 0=2  2=5 6
5 27.3=32.7 6-8 0=-2  0=0 4
4 28.9 6~8 0-0  0=0 1
75

Australia (Thomson, 13%47) - §. g. tasmanicas

18~20 22-24 7 7=3 15~19
16-~18 2226 6~7 7=9 15-~17
14-16 22-26 6~8 7=93 13-~16
12-14 23-27 6-8 6=8 11-16
10=-12 23-27 €-8 6-8 10-12
8=10 23-27 6=9 47 6=12
6--8 2428 6~8 2-4 5«8

4=6 2628 6~8 1-2 3=-5

Australia (Thomson, 1947) - 8. g. atlaptica:

12=-14 2426 S5=7 7=-10 1l-14
10=~12 24m27 Beg3 T=2 1li~14
8~10 2427 7-8 5-8 8~14
68 25=31 B 4=7 8~14
4-6 25«30 6~8 3-6 4 ~6
24 27=31 6-8 1-3 2w
Bay of Biscay (Fowler, 1905) - 8. gerratode :
10-15 25=35 6~8 47 7T-13
Cuba (S8uarez~Caabro, 1955) =~ S. gerratodentatas
8-10 23.0-28.4 6-8 6-10 12-18
T=8 25.0-28.4 6=7 69 10=16
67 24 .3~31.7 6~8 6-8 =15

5«6 26.6~34.4 6~8 =8 8~12
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The above records of tooth counts and hody measure-
ments clearly indicate the presence in the western Atlantic
of more than one subspecies of §. gerratodentata. The much
hizher tooth counts of the Cuban specimens are midway between
the counts for £. g. pacifica and 8. g. atlantica listed by
Thomson (1947). The figure drawn by Suarez-Caabro (1955),
however, shows the papillse characteristic of the seminal
vesicles of 8. g. atlantica. The Virginia counts and thosge
from the Bay of Biscay, although somewhat lower, are in the
range of S§. g. tasmanica. The seminal vesicles in Virginia
specimens were similar to those figured for 8. g. tasmanica
(Thomson, 1947). The lack of published counts and measure-

ments of 8. gerratodentata from studies along the eastexn

coagt of the United States precludes any statements concerning
the range of these two subspecies at the present time. §£. g.
tasmanica Thomson, 1947, is reported by Fraser (1957) as
inhabiting the more northerly waters of the eastern Atlantic.
£. gerxatodentata has been reported by all who have
investigated the chaetognath fauna along the eastern coast of
the United States., It is usually described as an epiplanke

tonic, warm-water chaetognath common to all oceans,
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Eacitta elegang Verrill, 1873 (Pig. 4)

Body firm, with characteristic lateral view; moder=
ately opaque, except in lateral view where space between longi-
tudinal muscle bands is transparent., Tail segment short, 18-24
percent of total length. Hooks 8«1ll; anterior teeth 2~5; pos-
terior teeth 3=12, Lateral fins completely rayed. Anterior
£in narrow, separated from ventral ganglion by a distance
greater than, but less than twice, the length of the ventral
ganglion. Pogterior f£fing widest at level of tail septum ox
slightly anterior to it, more than two-thirds of their length
included on trunk segment. Seminal vesicles conical (tri-
angular in dorsal or ventral view), close to caudal fin and
separated from posterior fin by a distance exceeding the
length of the vesgicle. Collarette not readily apparent, e«
cept in largest specimens. Gut diverticulae present.

Formulae:

@atal Tail segment Ant. ?ost. No. of

Virginia apecimanﬂx4

20 21.9 10-10 4=-5 11-12 1
12 18.8 10-10 ? 1l-11 1
ie 19.4 10«10 ? 11-12 1
17 19.7=21.7 10=11  4-5 11-12 4
16 20.3=21.0 10«11 4«5 10~11 4
15 20,9=-23.4 9=10 33 9=11 4
14 20.,7=21.5 =10 55 10=-11 3
13 20.0=22,2 9=11 4«5 912 6
12 12.1-21.3 S=10 3=5 =10 6
1l 19.5=22.90 De-ll 2=5 8~11 8
ie 18.3-23.2 =11 2=5 6=-10 8



; BC+##B =H=CB>? Jd ¢ GG #"#BH H=>C#$ 7?$"D+>C
A$BEBA#=E+?#+A HB#=EBH (+=D



- 14 -

Total Tail segment Ant. Post. Ko. of

length (mm) (% total length) Hooks teeth teeth specimens

Virginia specimens (continued)

9 18.8-23.2 8«10 3ed 6-8 e
8 22.2=229 910 3~4 7=7 2
7 20,3=22.5 8=10 24 5«7 8
6 24,2 2=-10 2=2 3wty i

65

Ritter~Zahony's specimens (Ritter~Zahony, 1511):
g. elegansg elegans Ritter-Zahony, 1911

20=24 22«16 S~11 6=8  13-19
15=~19 2416 =11 5-8 9=-18
10=-14 25-17 8-10(11) 3-7(8) 8&-16
Sw3 26=-22 B3 Jmd 6-12

8. glegang arctica Ritter-Zahony, 1211
20-24 20=16 10-11 5«8  12=16
15«13 20=16 Q=10 5=-7 9~14
10~14 25~17 Gm10 2=7 5-11
6=9 27=21 839 2-3 1=4

8. glegans baltica Ritter-Zahony, 1211
19=20 13«10 =8 6=5  14-15
16-18 16-12 10-9 4«6  12~15
14-15 16-13 8=10 4«5  11=~13

Conant's specimens (Conant, 1896):
£. glegang Verrill, 1873
25«30 20 Dml2 Se? 12-15

The tooth counts from the Virginia specimens of
8. glegang are notably lower than those for any of the three
subspecies defined by Ritter-Zahony {(1511). There would be
little value, however, in describing a new subspecies for
these specimens. Huntsman (1919) has shown intergradation
between 8. . glegans and . g. arctica in Labrador waters.

It is quite probable that counts made on specimens taken
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along the Atlantic ceast north of Virginia will reveal a
complete gradation of counts. Until such counte are avail=
able, no new taxa should be added.

The southernmost record of £, elegans along the
Atlantic coast ig that of SButcliffe (1930), who found it
among material collected by the Albatross IIX just north of
Cape Hatteras, North Carolina. It has been reported by all
authors describing the chaetognathe from Chesapeake Bay to
the Gulf of Maine. In the Gulf of Maine it is, by far, the
most abundant species, and reportedly the only endemic
species.

8. elegans is described as an epiplanktonic, neritic,

cold-water species found only in the northern hemisphere.

Sagitta tenuis Conant, 1826
Body firm, translucent. Tail segment 27«33 percent

of total length. Hooks 6~9; anterior teeth 2-7: posterior
teeth 4-18, Lateral fins completely rayed, the rays directed
perpendicularly to body in anterior portions. Anterior fins
tapering, extending forward to posterior edge of ventral
ganglion. Posterior finsg lving more on caudal segment than
on trunk, widest behind tail septum. Mature specimens with

a distinct circular process (Fig. 5) in the cuticle of the

head region of the seminal vesicles, as figured by
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Suarez=Caabre (1955) and similar to the process described
for 8. bipunctata by Ritter-Zahony (1310). Seminal vesicles
adjacent to both caudal and posterior fins. Collarette

small, but readily visible in larger specimens. Gut diver-

ticulae absent. Ovaries reaching anterior fins in mature

specimens. Pormulae:

Total Tail segment ant. Post. No. of
length (mm) (% total length} Hooks teeth teeth specimens
Virginia specimenss

11 28.1-29.2 7-8 7=7 14-16 3
10 27 .4=30,6 T=3 5m7 13-18 9
9 27.1-33.9 7=9 5w 11-~16 20
8 28.0~31.8 7=3 ) 10~16 16
7 28.6-31.6 6-92 (2)3~5 8~14 4
6 29,7-32.3 T=9 36 7-13 8
5 31.4 7=8 3=4 6=2? 1
4 33.3 8-8 3=4 45 3
62
West coast of Florida (Tokioka, 1955):
8.2 29 7=7 G=7 13-~14 1
8 28 =3 6=7 16-17 1
7.6 28 8~8 67 16«17 1
3

West coast of Florida (Pierce, 1951), measurements exclude
caudal fin:

8 27 8 7 15

7 26 T=8 6=7 18=19

6 25 8 6 15

Cuba (Suarez~Caabro, 1955):

5.5=6.1 25,0~30.4 6~5 S=d Gee12 27
H.0=5.5 24 .5=31.58 6-8 45 6=~12 47
4 ., 5=5,0 21.3=32,6 6-0 fe S=10 55
4.0=4.5 25.0=~33 .4 6~8 =6 S5=9 26
3.5=4.0 25,7=32.5 6=-8 3=G Ll 25
3.0=3.5 27 .5=35,5 6=7 3=-5 5=6 13

123



Total Ta;l segment Ant. Post. No. of

3nnduras (suareanCaahro and Ma&ruga. 1%60):

7-8 26,7=27.7 7-8 47 10-13 3
4w’ 27 .5=-28.5 68 4=5 68 4
7

Measurements of five specimens listed under g.
tenuis = friderjci in Sund (1952) are notably different than
thoze given above, These Pacific specimens were labelled
8. friderici, but possess a shorter tail segment than either
8. tenuis or 8. friderici as described by Tokioka (1955).

Pierce (1951) synonymized 8. friderici Ritter~Zahony
under €. tepuis Conant after comparing the descriptions and
figures of these two species with specimens from the west
coast of Florida. Subsequent authors (Paure, 1952; Praser,
1952; Vannuccei and Hosoe, 1952; and Furnestin, 1953) have
maintained that the two species are separable. Tokioka
(1355), in an interesting comparison of $. tenuis from
Florida waters with 8. friderici from the waters of Morocco,
concluded that differences in body size, tooth counts, ovary
length, and appearance of the seminal vesicles were not of
specific importance. One essential difference between the
two series of specimens was the proportion of the posterior
£in lying on trunk and caudal segments. He expressed this

proportion as:



anterior part of the posterior fin along the trunk
TC= - - X 100

posterior part of the posterior fin along the caudal
segment

Whereas many of the Virginia specimens exceeded
the maximum body length reported for [i. tenuig in othexr areas,
and this was one of the principal differences between 8. tenuis
and 8. friderici listed by Purnestin (1957), the TC values of
38 of these specimens were calculated and are presented in
Fig. 6 along with Tokioka's findings. Obviously, no sepa=-
ration of the two species (if they are indeed distinct) can
be made on the basis of this character.

The differences listed as specific by Purnestin
{(1357) are mostly those that had been previously declared
non-gpecific by Tokioka (1955), i.e., the maximum body length,
the number of teeth, the extent of the ovaries {(not beyond
posterior fin in 8. tenuis), and the size at sexual maturity
{5-6 mm for S. tepuis, but not before 9 mm for 8. friderici).
In regard to the latter two characters, the Virginia specimens
revealed extension beyond the posterior f£in of ovaries in
mature specimens measuring 5.6~10.5 mm, thereby eliminating
these characters as valid differences.

8. tenuis has been reported only as far north as
Cape Hatteras along the eastern ccast ¢f the United States.

The present collections represent a new northern record for
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the species. Until the tavonomic status of 8. friderici is
settled by examination of abundant material from a wide
geographic range, the distribution of 8. tenuis will remain

in doubt.

Sagitta enflata Grassi, 1883
Body tumid, flacecid, and transparent. Tail segment

short, 16-24 percent of total length. HBooke 8-1l; anterior
teeth 3=-10; posterior teeth 4-15. Lateral fins partially
rayed. Anterior fins separated from ventral ganglion by a
distance of 2~4 times the length of the latter. Pasterior
fins rounded, lying more on trunk segment than on tail.
Seminal vesiclez small, ovate, close to caudal fin, and sepa~
rated from posterior f£in by a distance equal to twice the
length of the seminal vesicle. Ovaries short, not extending
beyond anterior edge of posterior fins (Fig. 7). Collarette
abgent. Gut diverticulae absent. This species is the most

easily recognized of those present in Virginia waters.

Pormulae:

Total Tall segment Ant. Post. Ko. of
length (mm) (% total length) Hooks eeth teeth specimens
Virginia specimens:

20 17.92 11-11 8=-10 15~15 1
19 — —— e o 0
18 15.1 Gen D 8= 13-14 1
17 17.1 3=10 T=~7 11-~12 1
16 18.1-18.2 8~2 7-8 11-12 2
15 18.7=12.0 8~11 T=10 Q=14 4
14 19.2-19.6 Jm=11 7-8 11-13 3
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Total Tail segment Ant. Post. Ho. of
length (mm) (% total length) Hooks  teeth teeth specimens
Virginia specimens (continued)

13 18.2-21.6 G=10 6-8 10-13 7
12 16.3~18.9 S=10 57 7=-12 3
1l 17.5=21.6 8=10 &6~7 7-11 5
10 18.0-20.5 G=10 57 8~11 9
3 12.9=21.2 =11 4=6 6~-2 18
8 19.5=-22.6 =11 4-6 6=~9 4
7 20,0-21.9 G=10 G5 S 3
5=6 24.1 10~11 3=3 ) 1

62

West coast of Florida (Pierce, 1951), measurenments exclude

caundal fins

20~-21 15 9 11 15

18~19 1517 3] 7=9 13=14

16~17 17 8 2 14

14-15 16-17 8~9 T=9 10-13

12-13 16-18 8=-5 6~7 11

10=-11 17 8-9 5 8

8«9 15-18 8=-9 5«6 8

Cuba (SBuarez=Caabro, 1955):

18~22 14.4=16.5 9 10-14 12-17 3
14-18 14.3-19.3 7-10  6-11  9-17 14
10-14 15.2-21.8 7-11 7-12  9-16 29
5-10 15.8~23.8 6-11  4-11 6-14 16

62

8. enflata is an epiplanktonic, warm-water specles
recorded from all major oceans. Along the Atlantic coast it
has been reported from the Gulf of Maine, where it occurs as
a stray from the Gulf Stream, to Florida, where it is the
most abundant chaetognath. This dominance extends over the
shelf waters as far north as Cape Hatteras. North of this

point, it is less abundant and occurs only seasonally.
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Sacgitta helenae Ritter=-Zahony, 1210

Body robust, £irm, and translucent. Tail segment
tapering to blunt tip, 27-33 percent in total length. Hooks
6=8, usually 7=7; anterior teeth 4-12, more numerous than
posterior teeth in half the specimens counted; posterior
teeth 4~13. Lateral fins completely raved, rays in anterior
portions perpendicular te body. Anterior fin extending
forward to posterior edge of ventral ganglion. Posterior
fin lying more on caudal segment than on trunk, widest behind
tail septum. Seminal vezicles similar in shape tc those of
£. tenuis, but lacking circular process. Vesicles adjacent
to posterior fine and connected to caudal fin by a thin layer
of tissue, The main body of the vesicle, however, separated
from the caudal fin by a distance equal to about one=fifth
the length of the former. The separation of the vesicle into
two distinct regions not as well developed as in §. tenuig.
Collarette large, extending from one-~third to one-half the
distance from head to ventral ganglion. Gut diverticulae
absent. Mature ovaries long, reaching ventral ganglion (a
12.8 mm specimen had ovaries passing ventral ganglion).

FPormulaes
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Total Tail segment Ant. Post. No. of
length (mm) (% total 1 ks teeth teeth specimens
Virginia specimensti

11-14 28,9-31.% 6~7 9=11 10-11 3

10 28.3-30.5 6=8 10-12 8~13 9
9 27.7=31.9 7-7 (6)10-11 8-11 5
8 26.8-30.6 7-8 8-10 8«10 3
7 28.,6=31.2 7=7 5=9 7=10 3
6 29.5=-32.8 6-7 5-8 7-8 4
5 29.4-33.3 67 4-8 7=-8 3

30

West coast of Florida (Pierce, 1951}, measurements exclude
candal fin:

14~15 2425 7=-8 15-16 11-14
12-~13 24 7 15 11-12
10-11 25-26 7-8 11~16 11-12
8-9 26-28 6~8 9=12 9=13
6-7 2527 6=~7 8-10 7=10

Tortugas (Ritter=-Zahony, 1910, 1911):

11-13 23«25 7-3 15-18 12-~15
9-11 24-28 7-8 12-17 1l1-14
7-9 25=30 7(8) 10~15 9=-12

This species is best separated from the very simi-
lar 8. higpida by the shape and arrangement of the anterior
teeth, which in §. helenae are broad, coverlapping, and more
numerous. Some authors separate the two species on the basis
of 8. helenae having more anterior than posterior teeth. But
this is not always the case. Among the 30 Virginia specimens
on which tooth counts were made, those which had fewer anterior
teeth than posterior were egual in number to those with the
reverse situation. The anterior teeth of §. higpida are

shaped differently and are less numerous.
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8. helenae has a restricted distribution, being
limited to the watersz off the Atlantic coast of the United
States and to the Gulf of Mexico. The most northerly record
of its occurrence is that of Deevey (1960), who found it
cutwide Delaware Bay. The present collections hint that the
species may be of more importance in the Middle Atlantic
region, if only seasonally, than the literature suggests.
This species has probably been erroneously reported as .

bipunctata.

Sagitta minima Grassi, 1881 (Fig. 8)

A small species, body fragile and fairly tranaparent;
a pronounced constriction at tail septum. Tail segment short,
narrow, and pointed; 18-22 percent of total body length. Head
narrow and long, not much wider than neck region (as compared
with 8. glegans of equal size, which has a relatively large
head). Hooks 7-8; anterior teeth 2-5; posterior teeth 6~11.
Anterior fine very narrow, rayless or with a few ravs near
center of fin, separated from ventral ganglion by a distance
equal to the length of the latter., Posterior fins completely
rayed, rays directed at right angles to bodyr lying more on
trunk than on tail segment. Seminal vesicles minute, close
to caudal £in, and separated from posterior fins. Collarette

absent. Gut diverticulae present, but difficult to distinguish
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because of characteristically large, dilated gut., Ovaries
short and thick, not extending beyond posterior fine, but
completely filling trunk coelom in region that they occupy.
Formulaes

Total Tail aegment Ant. Post, No. of
154 . ) Booky teeth teeth specimens

Vﬁrginia specimena: ]

8 18.3-19.8 78 L5 8~11 3
7 18.8-21.6 7~8 3=5 6=-11 g8
6 19,1 7=7 2=3 77 1
12
Ritter-Zahony (1211):
7=9 16=20 7-8 4=5 Q=14
5«7 16«20 T7=8 35 G=12
A=’ 18-24 7 2«3 6~9
Australia (Thomson, 1947):
B-9 l6~18 7=8 =4 S=10
7-8 17=-23 7=10 3=5 7-10
6=-7 17=26 T=9 2=5 4~11
Swh 18=24 =11 1-3 25
45 22-26 710 1-4 1~4
3=4 22=27 8 g t]
Morocco (Furnestin, 1957), average counts and percentages:
8 17.0 7.5 4,2 10.8
7 18.4 7.5 3.8 9.7
6 19.2 7.5 3.4 7.8
5 21.0 7.5 3.0 6.8

There are no published counts and measurements
available from specimens taken in the western Atlantic. The
tooth counts made on Virginia specimens, however, are in

good agreement with those from other areas.
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This small species is found in the Atlantic, Pacific,
and Indian Oceans, characteristically in deeper layers. Along
the eastern coast it is common in collections from Florida to
Cape Hatteras. Although Deevey (1960) described her col=~
lections of this species off Delaware Bay ag a new northern
record, it had previously been reported from waters off Long
Island (Bumpugz and Pierce, 1955). This gpecies has possibly

been confused with young 8. elegans in earlier studies.

Bagitta hispida Conant, 1895

Body robust, f£firm, opague. Tail segment long, 29-
32 percent of total length. Hooks 6-8; anterior teeth 3-8;
posterior teeth 6~12, Lateral fing completely rayed. An=
terior fins extending forward to ventral ganglion. Posterior
£fins lying more on caudal segment than on trunk; widest behind
tail septum. Seminal vesmicles adjacent to both caudal fin
and posterior fins, but with the main body of the wvesicle
separated by a distance equal to half ite length from the
caudal fin. Collarette large, extending at least half the
distance from head to ventral gangliony in a few specimens
reaching the anterior fins. OGut diverticulae obvious, except
in moat opaque specimens. Ovaries extending to ventral

ganglion in one of Virginia specimens. FPormulaes
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Total Tail segment Ant. Post. FNo. of
denqgth (mn) (% total length) Hooks  teeth teeth specimens
Virginia specimens:

14~15 29.6 7=7 7-8  10-11 1

12~13 31.5=32,1 7=7 ST 9=-11 2

10=-11 29.5-31.9 7~8 58 8=-12 7

8~9 28.7=-32,1 6-8 5«8 6-10 10
6=7 29.4~32.4 7-8 3=7 6=9 8
4~5 30.2 6=7 3=3 7-8 1

29

West coast of Florida (Pierce, 1951), measurements exclude
caudal fins

12=-13 26 g 7 10
10-11 26~29 78 6E~9 10=-12
89 26=29 T=-8 6=9 10=-12
6=T 27-23 7~9 S5 7=10
4w5 26w27 6=~8 G 10-11
Cuba (Suarez~Caabro, 1955):
12=14 23,1=26 .4 6=8 6~8 Gwl2 3
1112 24,1-28.3 6~8 H=10 Gel5 5
10=-11 26,6=292 .4 T=3 7=-8 8-11 &
L R4 26.,5-31.0 7 7=10 G=13 5
8= 24 ,4~29.7 7-8 5=-8 Ge11 8
T=5 21.0=29.3 7=-8 B 9=-11 14
Gm7 2B .5=31.7 L S=7 7=10 8
Smby 28.0=36,2 H=9 S5mb 6=-11 8
57
Bondurag (SBuarez~Caabro and Madruga, 1960):@
Gmll 28.5=-30.0 T=8 B8=S B=-12 3
8w 28.9=32,9 G G=10 Gm13 48
7=8 26.3=34,7 5= 6=9 Oml3 348
67 27.1-32.9 610 S=l10 G=-13 279
Swf 27.3=35,3 Hm10 4-8 4~11 aa
L5 26.7=-33.4 G0 J=5 6m10 13
772

8. hispids has a limited distribution, being
reatricted to the warmer watere along the eastern coasts of

the United States, Central America, and the west coast of
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Africa. Pacific and Indo-Pacific records of thiz species
apparently resulted from erroneous identifications of §.
robugta or 8. ferox, two closgely related species (Alvarino,
1962) .

The pregent ceollections, in cowpany with the most
northern record of &. hispida (Deevey, 1960), invalidate the
theory that Cape Hatteras acts as a2 barrier to the northward
distribution of this species (Pierce, 1258). Althouch this
teuperature barrier is seasonally operative, it is known to
break down during the summer monthe (Parr, 13533; Bigelow,
1933). Additional inshore sampling in the Middle Atlantic

region will be a prerequisite to establishing the northern

linit of §. hispida.

Sagitta bipunctata Quoy and Gaimard, 1827 (Fig. ©°)

Body robust, firm, translucent. Tail segment 26—
33 pexcent of total length. Hooks 7~11; anterior teeth 4-8;
posterior teeth 5-15. Lateral fins completely ravyed. An~
terior finsz separated from the ventral ganglion by a distance
less than half the length of the latter. Posterior fins
lying slightly more on trunk than on caundal segment, widest
neaxr level of tail septum. BSBewminal vesicles divided into

oval head region and elongated body; zituated adjacent to
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caudal fin and widely separated from postexrior fins. Collar-
ette large, narrowing to thin layer at ventral ganglion, but
continuous along body to just before seminal vesicles, where
a slight expansion of the collarette is evident. Gut diver-

ticulas abzent., PFormulae:

Tatal | Tail sagment Ant. Post, No. of

Virgznia specimﬁnsx

12-13 25.,9=29,0 J=11 5w 10=~15 4
10=~11 26 . 4=27 .9 Gwli) 6-3 12-14 2
8-~9 27.8 Bwd S5 10=12 1
L5 30.0-33.3 T=9 4=5 5=3 2
9
Cuba {(Suarez~Caabro, 1955):
13 26,9 8 6 11 l
1l 27.2 2 6 13 1
Qwll 25.3«29.0 8«10 ST 1l-14 1l
B=9 22,7=32,2 8=10 57 Oml5 16
7-8 26.,7-29,1 8~10 b7 1l-12 4
S 28,.3=-32.0 8~10 6=3 8~11 3
36
Australia (Thomson, 1947):
16~18 2224 8=10 G=-7 11-13
14~16 2425 g~19 ) 8~16
12~14 23=25 B 58 10-16
10-12 2226 8~2 5«7 11-15
8=10 25=26 Q=10 6-7 10~11
H=8 25=~26 T8 2~6 3-11
L ) 26=27 GE=T 2w5 3-8
2wdy 27=23 6~7 1-2 1=2

8. glegans and §. getoss were often erroneously
identified as £. bipunctata by earlier Buropean workers,
causing mach confusion in the literature. The otherwise

excellent memoir by Burfield (1927), supposedly dealing
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with 8. bipunctata, most certainly was based on specimens of
8. getosa, as evidenced by the figures accompanying the work,
and probably some 8. glegang as well. These misidentifications
resulted in 8. bipunctata being reported as a neritic apecies.
Actually it is quite oceanic in character.

Locally, S. bipunctata is reported by Bigelow (1915),
but was not wmentioned by Bigelow and Sears (19233). Pierce
(1953) found it most abundant beyond the 100 fathom line off
North Carolina and termed it an indicator of Florida Current
water. Its presence over the inner shelf off Virginia, gimi-
larly, may be indicative of the recent mixing of Gulf Stream

water.

Pterosagitta draco Krohn, 1853

Body short, robust, opagque. Tall segment very long,
over 40 percent of total length. Hooks 8-9; anterior teeth
3-7; posterior teeth 6-12. 8ingle pair of lateral fins,
lying entirely on tail segment. PFins completely rayed.

Bone of Virginia specimens mature, seminal vesicles not visi-
ble. Collarette very wide, evtending to lateral finz, and
composed of large clear cells 40-60 microns in diameter.

All Virginia specimens possessing gut diverticulae, whereas
other authors have reported the absence of these structures.

Formulae:s
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Total Tail segment Ant. Post. No. of
Jength (mm) (% total length) Hooks teeth _teeth speciwmens
Virginia specimenss

7.3 43.6 82 T=7 11-12 1
6.4 42.0 G5 7=7 10=-190 1l
5.1 41.8 8-8 4md 6=-7 1
4.8 42.3 Q=g 3=-3 6~6 1
4
Honduras (Suarez=Caabro and Madruga, 1960):@
6.5 43.2 Do 8~8 12-12 1
1.5 42.8 8-8 44 8- —
2
Fowler (1706):
3 44 8 3 7?2
8 4358 8=2 8«3 12~16
7 43=-57 7t 7=13  L1-~15
6 41 7 8 12

P. draco is a cosmopolitan species common

and subtropical oceanic waters.

to tropical

It has previously been re=

ported from Virginia waters by Bicelow (1315) and Bigelow

and Sears (1939), who described it as an indicator of the

invasion of slope water onto the continental shelf.

Collections from shelf waters often vield specimens

in poor condition, with the collarette either missing or

partly torn off. The identification of the Virginia specimens,

althouch in this condition, was relatively simple because of

the proportionally long tail segment.



- 31 -

Krohnitta pacifica Aida, 1897

Body firm, translucent. Head no wider than an-
terior portion of trunk, with 2 single paired row of teeth
and close~set hooks. One pair of lateral fins, partially
rayed, subegually situated on trunk and caudal segment,
widest behind tail septum. Seminal vesicles suboval, ade
jacent to both caudal and lateral f£ins, the last rays of
the latter extending over the vesicles on well=preserved
specimens. Ovaries extending to the ventral ganglion and
containing larye cubocidal ova (a eingle row of eight ova in
each ovary in a 5.4 mm specimen). No tooth counts were made
on the five Virginia specimens. The following counts and

measurements are from Sund (1959):

Total Tail segment
length (mm) (% total length) Hooks Teeth
7.2 31.72 7 11
6.8 32.8 7 13
6.6 31,8-31,.9 7 13
6.4 35.9=37.5 7 1415
6.3 30.1 7 12

K. pacifica has been reported from Honduras to
North Carolina in the western Atlantic. The present col-
lections constitute a northward extension of the known
range in these waters. The most northern stations from

which it was taken are located at latitude 379 20" N.
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The previous northern record is that of Pierce (1358), who
collected it from a station 1l miles east of Oregon Inlet,
North Carolina.

K. subtilis was reported by Bigelow and Sears (1939)
from the edge of the continental shelf north of the present
sampling area. This species is characteristically an inhabit-
ant of deeper water, however, and was not taken in the Virginia

collections.
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RELATIVE AND EEASONAL ABUNDANCE

A total of over 73,000 chaetognaths were counted
from all samples utilired in this study. Of these, aliquots
totaling 15,000 were identified. The Clarke-~Bumpus samples
ultimately used for analyses contained over 15,000 specimens.

Average monthly catches greater than one chaetognath
per cubic meter(l) occurxed from September through February,
and again in May (Fig. 10). Lower average catches occurred
from March through August (excepting May). The peak of
abundance occurred in December and the low in July. These
results are the reverse of those given by Bigelow and Sears
(1929) for zooplankton ag a whole in the waters from Cape Cod
to Chesapeake Bay, where the zooplankton volume was high in
sumeer and low in winter. On the other hand, there is good
agreement with the rooplankton volumes determined for the
Martha's Vineyard area (Clarke and Zinn, 1937). The zoo-
plankton volumes from the present collections reached a

seasonal maximum in late summexy and f£fall, after a low in

(1) Bstimates of numbers per cubic meter are minimal because
of the manner of c¢alculation: volume of water strained
was calculated as the maximum amount that would pass
through a hoop of appropriate diameter during a standard
tow (20 minutes at 3 knots), without correction for
backwashing due to resistance of the netting and assoc-
iated clogging.
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April (Tan, personal communication). Thus, the szeasonal
maximum and minimam in zooplankton volumes preceded those

of chaetognath abundance by three to four monthe.

Relative Abundance of Species

The predominance of §. serratodentata (Table 1)
and 8. elegans in Virginia waters is in agreement with
previous regional studies. The fact that Bigelow and Sears
(1939) found the abundance of these two species reversed may
in part be explained by their infrequent sampling, which
missed the peak of abundance for §. gerratodentata. Another
possibility, ably demenstrated by the same authors, is the
annual variation in the abundance of . elegans in this, the
southern limits of its range, The year 1960 may well have
been one of relatively low abundance. Deevey (1360) found
these two species, alony with 8. enflata, to be the only
regularly occurring chaetognaths in Delaware Bay.

8. tenuis and . enflata, about equally abundant

in the Virginia samples, would have more nearly approached
8. elegang in relative abundance had it been possible to
conduct an October cruise. The peak of abundance for both
these species fell on or near that month. It is doubtful,
though, that a change in the ordering of species would have

resulted. Bigelow and Sears (1939) found §. enflata much



Table 1. Relative abundance of species.
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less abundant (but the only other chaetognath of importance)

than either 8. gerratodentata or S. gleqans. §. tenuis, the

third most abundant species in Virginia waters, has not
previously been reported from the Middle Atlantic region.

It is one of the most abundant species in the inshore waters
of North Carolina (Pierce, 1958).

S. helenae, S. minima, and §. hispida have all been
reported by Deevey (1960) as appearing briefly outside Dela-
ware Bay. DNone of these were included in the report of
Bigelow and Sears (1939).

The remaining three species (P. draco, K. pacifica,
and 8. bipunctata) were rare in Virginia samples. Bigelow
and Sears (1933%) found P. draco at stations along the outer
half of the continental shelf. It was also identified, as

was S. bipunctata, in an earlier study by Bigelow (1315).

Seasonal Abundance

8. serratodentata demonztrated a marked seasonal
change in abundance (Fig. 11). The mean monthly catch
dropped from 1.63 per cubic meter to zero in June and July.
It reappeared in August in zZmall numbers, increasing to a
seasonal maximum of 4.30 per cublc meter in December. This

seasonal variation comparez to a high in February and April
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recorded by Bigelow and Sears (1939), followed by a decline
to a fairly even level of abundance through the remainder
of the year.

8. glegans was present throughout the year, but
only in trace numbers from July through December. The peak
of 1.32 per cubic meter was reached in May (Fig. 12). These
results are similar to those of Bigelow and Sears (1939),
who postulated the annual spread southward of this species
and its decrease or disappearance in early summer with the
advent of warmer temperatures., That northern stocks may not
be the only source of the local populations is suggested by
the content of an extra tow made on August 31, 1960. This
haul, taken at 100 feet below the surface 20 miles east of
the regular sampling area, yielded the largest catch of 8.
elegans recorded at any time during the year (22.8 per cubic
meter). This will be further discussed in the section on
temperature relations.

8. tenuis (Fig. 13) was absent from February
through June, reappearing in July and becoming the dominant
inshore form. It reached a peak of abundance (0.93 per cubic
meter) in September. Along the west coaszt of Plorida, it was
taken in largest numbers during winter and spring (Piexce,

1951).
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S. enflata (Fig. 13) was absent during the cold
months of February through May, reappeared in June and in=-
creased to become the dominant species in July and August,
Its seasonal maximum (0.63 per cubic meter) occurred in
September. This warm-water distribution agrees with the
findings of Bigelow (1915), Cowles (1930), Bigelow and Sears
{1933), and Deevey (1960) in the Middle Atlantic region.
This speciez has a maximum off Plorida in summer (Owre, 1363).
E. helenae was taken from July through September,
and was most numerous in August. Except for a few specimens
found in December collections, the species was absent through-
out the remainder of the year. Deevey (1960) identified 8.
helenae from material taken in November outside Delaware Bay.
8. minima occurred only in fall and winter col-
lections, the largest numbers being taken in December. This
species was also reported from November collections taken
outeide Delaware Bay (Deevey, 1960). It has a seasonal
maximum in August off Miami (Owre, 1960).
8. Q;ggi@g_occurxeﬁ sporadically throuchout the
year; largest catches were taken in November. Deevey (1960)
recorded it from Delaware waters in Octdber, November, and
January. Owre {(1960) noted indications of both spring and

fall maxima off Miami.
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The remaining three species occurred but rarely:;
P. draco in November and December; K. pacifica in July,
August, and September; and S. bipunctata in August at a
special station 100 miles from shore, and at a regular

station in November.
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DEPENDENCE ON PHYSICAL FACTORS

The restriction of certain chaetognaths to parti=-
cular water masses, to mixed water, to certain depths orx
latitudes, and the resulting value of these organisms as
indicators is well documented (Bary, 1959; Bieri, 1957, 19853;
Bumpus and Pierce, 1955; Fowler, 1906:; Fraser, 1937, 1952;
Hida, 1957; Moore, 1949; Pierce and Wass, in press; Redfield
and Beale, 1940; Russell, 1925, 1928, 1935, 1939; sund, 1961;
Sund and Renner, 1959). Few authors, however, have attempted
to define the environmental limits necesgary to the survival
of the various gpecies, beyond listing the temperature and
salinity ranges in which catches were made. A recent corre-
lation of fish larvae catches with those of chaetognaths
{Fraser, 1961) is in this respect premature, as the common
factor to which both groups are responding remains undeter-

mined,

Temperature and Salinity

The statistical procedure herein employed for
temperature and salinity relationshipe to catches of chaeto=-
gnaths assumes that highest catches of a given species will
be taken from water having physical characteristics close to
optimum for that species; and further, that succesgively

lower catches will be taken from physical environments that
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approach tolerance limits of the species. Acceptance of
these asgumptions allowed the arrangement of catch data into
frequency distributions (weighted by size of catch) within
temperature and salinity class intervals. 8Standard statisti-
cal methods of analysis were then employed to cobtain the
statistics necessary for comparison among species. With this
analysis, the resulting wean is an estimete of the optimum
temperature or salinity, and the associated statistics
{standard deviation and rangye) are estimates of species toler-
ance.

The graphical method of Hubbs and Bubbs (1953) has
been used inr Figs. 14 and 15 to compare the temperature and
salinity relationships calculated for the seven most common
Virginian species. Fig. 14 demonstrates the wide differences
in temperature requirements among these chaetognaths, varying
fxom the cold-water §. elegans to the tropical and subtropical
8. helenae. The latter species was most numerocus in the
warmest waters encountered (freguency distribution not normal),
resulting in the standard deviation exceeding the upper range.
The narrow tolerance of §. minima a=s cowmpared to the wide
tolerances of §. hispida, £. enflata, and 8. tenuis is

noteworthy. The sizes of these samples range from 58
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S. hispida to 9185 8. sexratodentata and are reflected in
the size of the standard errors of the mean.

The salinity requirements shown in Pig. 15 varied
from a low for the neritic 8. tenuis to highs for the species
more oceanic in character. The narrow tolerance of £. minima
is striking when compared to the eurvhaline 8. tenuis. 8.
clegans, although tolerant of low salinities, was found in
greatey abundance in more galine waters.

It is not expected that the absolute values herein
arrived at will be directly comparable to those obtainable
elsewhere, due to differences in temperature and salinity
characteristics in other waters. The comparisons among
species, however, should be useful as an appraisal of their

tolerance to lowered salinity and to varying temperatures.

Day-night, Surface~bottom Catches

The monthly catch data were grouped into four cate-
gories: daylight-surface, night-surface, dJdaylight-bottom,
and night~bottom (Table 2). Some degree of net avoidance is
suggested in that daylight tows were consistently less suc-
ceseful than were night tows (dawn and dusk tows were omitted).
The data also suggest diurnal migration. The daylight tows,

generally, were more successful when nmade near the bottom,



Table 2. The percentage of successful tows by months in
four categories of samples for all chaetognaths.

Month Day Night Day Night
{1960) urface _surface Dbottom _bottom
Jan. 42.9 100.0 52.% 83.3
Peb. 50.0 85.7 76.5 85.7
Mar. 53.3 1g0.0 80.0 100.0
Apr. 29.4 83.3 70.6 100.0
May 33.3 100.0 83.3 100,0
June 21.1 0 16.7 50.0
July 53.3 87.5 20,0 25.0
Aug. 33.8 100.0 100.0 66.7
Sept. 80.0 100.0 10Q0.0 100,0
Oct. NO CRUISE

Nov. 51.7 100.0 Gulf IIX only
Dec. 80.0 100.0 75.0 75.0

Averages 57,2 87.0 67.5 78.6
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whereas the reverse was true with night tows. Certain dig=-
crepancies and trends in the wmonthly data, however, pointed
to species differences.

Catch-per-unit-effort data for the seven most
abundant species by monthsz and in the four categories described
above are presented in Table 3, Results of this analysis will

be included under the discussion of individual species below.

Relationghips of Individuasl Species to Physical Factors

8. gerratodentata (Plg. 16) is, in this region, a
cold-water species with an optimum between 9° and 10°C, only
slightly higher than that of §. glegans. This temperature
relationship reinforces the earlier statement that this popu~
lation is most comparable to the subepecies tasmanica. Al-
though occasionally taken at the mouth of Chesapeake Bay, it
is more oceanic in habitat than any of the other common
apecieg, having the highest optimum salinity.

Predominantly a surface form, this species is two
to four times as abundant in surface catches as in bottom
tows. Surface catches at nicht were double those in the
daytime, whereas there was little day to night difference
in the size of catches near the bottom, There was evidence

of diurnal migration only in March and August.



Table 3, Average catch per tow of the moet common Virginian
chastognaths in sample categories, Dawn and dusk
tows are omitted, Tows are 20-minute ClarkewBumpus

hauls at 3 knots,

§ semmate- & £ £ 8 5 8
dentata eqans tenuis gnflata helenae pinima hispida
Doy RNight D N D& B b & D__ X b__N_
JAN surface 7.6 20.7 0.5 0.2 0.3 5,1 0.3 0.1
bottoy 455 14,7 0.8 0.6 0,5 . 0.3
by 8 1.5 126.4 0.2 3,6 0.1
B 4,5 22,1 4.8 4] 0.3 0.1
AR 8 29 17 L1 90
8 8.4 3.7 829 17,3
APRR § 0.1 L2 04 37
B 0,5 1.3 . 15.4 20,3
Y 5 0,6 12.5 0.9 7.2
B 6,3 1.5 56.8 46.2
JUKE § 0.2 1.0
B 9.3 10,5 0,2 1,0
JULY 5 07 L1 &7 4.2 0.1 0.5
B 0.1 0.4 0. 2.2 01, 0L
AUG 8 0 A IR 3.2 48 148 07 8.2 0.3 0.2
B 1.4 9.2 01 Lio07. 35 8,7 . L3 0.2
SEPT 8 0.1 3.4 6,2 64,0 15,5 11.8 32 0.2 0,3
] 6,2 1.6 9.8 20,5 13,6 13.8 104 04 0.2 0.4
o g NO CRUISE -
BV 8 15,0 132.7 0,1 6.1 5.3 24.2 3.0 3.8 0.3 0.2 0.8 2.9
B Botton tows made with Gulf III samplers only
DEC 8 152,0 132.0 7.0 7.0 28 4.0 0.8 19 2.2 0.2
B 439 52,5 0l 27 05 89 128 0.2 1,9 4,0 0.2
HYean D-B: 19.8 8.3 2.0 3.7 1.0 0.2 0.1
Hean Ne8s 40,1 2.2 9.3 2.3 0.2 0.2 0.3
Hean D=Bt 10,5 9.7 3,1 2.9 0.2 0.2 tr
Hean HeB: 2.8 13.9 1.5 2.6 tr 0.4 0.1
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§. glegang (Fig. 17), a cold-water species, showed
the lowest optimum temperature, between 8 and 9°C. This
relationship corresponds perfectly with the results of
Bigelow and Sears (1339), who found the largest catches of
£. glegans in waters 9~10°C. These authors hesitated, because
of the inherent varizability of catch data, to asgert that this
temperature range constituted the optimum for the species.
Strengthened by the sinmllarity of our results, this assertion
can now, I believe, reasonably be made.

The extra tow in August that caught large numbers
of $. glegans (referred to earlier) sampled water having a
temperature of 14°C. An easterly transect from the mouth of
Chesapeake Bay described by Bigelow (1515) revealed a similar
body of cold water (down to 6°C) on the continental slope.
Subgequent studies revealed that this cold water mase is
regularly present in these latitudez. The temperatures of
this water are well within the tolerance limits for 8. elegamns,
which nay well survive the summer as a large population in
thir water mass.

Although 8. glegans is tolerant of reduced salinity,
being taken in Chesapeake Bay and York River from February
through April, the largest numbers were caught further offshore

in waters of higher salinity. In view of the present results



"9T b1 xdpPUN
uotTjeuerdxe 295 °YD1eD JO S93TS e pPapIodaI AJTUITES pue
sanyeradwel oyl 03 UOTIRTSI UT suebals vIFTHeS JO Lduepundqy LT "“HBTJ

(°%) ALINITYS

~
N
[Fe}
o
['2]
[V
<
~N
[\2]
o
N
()
o
o
o
o
[e2)

L1

el
-
z
-2t 3
m
x
>
vl B
(e
Pl
8 aE
R S
rPrpbIL - b8l
02
2¢é
B ve
B 92

8¢



- 44 -
and the known geasonal distribution of this species, Cowles’s
(1930) identification of small gpecimens taken within the bay
in gsummey and fall as §. glegang is questionable. The presence
of 8. tenuig (a smaller species) is much more likely at that
time of year.

The vertical distribution of 8. elegans (6~32 times
more abundant in bottom tows) agreed with the results of Bigelow
and Sears (1233). The average surface catches at night were
seven times those in daylight, but since bottom catches also
increased at night there is little evidence for diurnal mie
gration.

£. tenuis (Fig. 18) showed a wide tolerance to both
temperature and salinity. Although the optimum temperature
was fairly high, the species was also taken in reduced numbere
in relatively cold waters. 1Its galinity optimun was the lowest
among the seven species analyzed. It was present in Chesapeake
Bay in August, September, November, and December. 1In this
report it is the warm-water counterpart of g. glegans. Numbers
decrease with distance from shore, although it is tolerant of
higher salinities,

Average surface catches at night were about four to
five times the sire of those in daylight. Bottom catches,

however, were twice as large in the daytime as at night.
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There is good evidence for diurnal migration in this species
in that surface day catchea were consistently less than sur-
face night catches, whereas bottom catches were higher in
the day than at night. HNone of the remaining species show
such evidence.

£. gpflats (Pig. 19) is a warm-water species with
a wide temperature tolerance, similar to that of 8. tenuig.
Itg salinity optimum and tolerance are quite different, how-
ever, reflecting ite oceanic character. Catches tended to
decrease towards shore. Its slightly lower salinity optimum
estimate, as compared to that of §. glegang, is due to its
abundance in gurface layers. The catches showed some indie-
cation of a reversed diurnal wmigration, the highest catches
being taken during the day at the surface,

£. helenae {(Fig. 20) was most abundant in the
warmest waters encountered, its optimum temperature probably
being realized in wore tropical climates, Although its
salinity optimun was quite low, it showed a wide tolerance
to changes in this factor. Probably restricted to the sur~
face by its high temperature requirements, it was most abundant

in daytime surface tows.
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8. minima (Fig. 21) is a stenothermal, stenochaline
species that showed little difference in abundance with depth
or available light. Thie species may be a good indicator of
slope water intrusion onto the shelf.

8. hispida {Pig. 22}, a eurythermal species, was
not taken inside Chesapeake Bay and ghowed a somewhat higher
salinity requirement than did 8. tenuis. This i3 due mostly
to the November ceollectione, which revealed a wide dispersion
of 8. hispida over the survey area, Normally, the species
wag restricted to the close inshore stations.

P. draco was taken in temperatures 10.18-15.55°C
and salinities of 29.27-31.75 ®/oo. At eaci: occurrence,
density isolines for the crulse indicated an intrusion of
lighter water from further offghore.

K. pacifica was restricted to temperatures of

23.73-25,519, but was taken in a wide range of salinities

(28.75-34.96 ®/o0). §. ta was taken only once in

the regular survey area (1&.31” . 32.66 °/bo). It wag the
donminant species in a special tow taken from surface waters

100 miles east of Cape Charles in Aucust.
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SUMMARY AND CONCLUSIONS

Ten species of chaetognaths were identified from
plankton collections taken f£rom the inner continental shelf
waters off Virginia in 1960, These were, in order of rela-
tive abundance, Sagitta serratodentata, 8. elegans, §. tenuis,
8. enflata, 8. helenae, £. minima, £. hispida, Pterosagitta
dzraco, Krohnitta pacifica, and §. bipunctata. A key to the
identification of these species 1s presented.

Tooth counts and the structure of the seminal vesi~
cles in Virginia specimens of §. gerratodentata show sub-
specific differences from Cuban examples of this species.

The Virginia populationg are most similar to 8. g. tasmanica
Thomson, whereas the Cuban specimens are apparently 8. g.
atlantica Tokioka. The morphological differences are aug-
mented by the cold-water requirement demonstrated by the
local population. Delineation of the ranges of these two
subspecies in the western Atlantic must await publication

of tooth counts and descriptions of g. gerratodentata from
other areas along the eastern coast of the United States.

SBeasonal, vertical, and horizontal distribution of

egans as described in this study confirms, in general,

the earlier results of Bigelow and Sears (1939). Survival

of thiz species through the sumwer in these latitudesz, however,
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is suggested by the collection of large numbers from deeper,
colder waters near the edge of the continental shelf in late
August.

The abundant collections of 8. tenuls constitute a
gignificant northward extension of its known range along the
Atlantic coast. The present specimens display an intermediacy
and overlapping of several characters that have been used for
the separation of 8. tenuig and 8. friderici, thereby weakening
arguments for the validity of the latter and lending support
to the earlier asynonymy of Pierce {1351). Foremost among
these characters are Tokioka's TC values, the maximum body
length, the number of teeth, the extension of the ovary, and
the size at maturity.

Absent during the colder half of the year, 8. Lenuis
was the dominant inshore species in warm months, and was taken
at Chesapeake Bay stations from August through Decembex.

8. enflata, with a temperature tolerance similar to
that of 8. tenuis, was also absent during the coldest wonths.
Ite salinity optimom occurred farther offshore, however, with
catches decreasing at inshore stations.

8. helenae was restricted to the warmest waters en-
countered, except for a few specimens taken in December. Al~
though quite common when pregent, it was rarely dominant in

any given collection.
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S. pinima showed a narrow tolerance to changes in
temperature and salinity, being restricted to offshore sta=-
tions in fall and early wintexr collections. It was present
during neither the warmest nor the coldest months.

8. hispida, a eurythermal species, was taken most
commonly at close inshore stations except in NHovember, when
it was spread over most of the sampling area.

The remaining three species (8. hipunctata, E.
draco, and K. pacifica) were rarxe in occurrence. Catches of
K. pacifica extond its known range northward.

Seasonal maxima occurred in May for 8. elegans, in
August for §. helenae, in September for £. tepuls and 8.
egnflata, in November for £. hispida, and in December for
£. gerratodentata and §. pinima.

A simple method for estimating from catch data the
temperature and salinity optimume for the several specles is
presented. Comparison of the temperature optimums revealed
a gradation from the cold-water 8. glegang to the tropical
8. belenae, whereas the salinity optimums varied from the
neritic £. tenuis to the more oceanic 8. gerratodentata.

Reliable evidence of diurnal migration was £ound
for £. tenuier only. The sampling methods used were not,
however, designed to test for this phenomenon, so its inci~

dence in the remaining species is not ruled out.




































