


D

th

1

Chairman of Advisory Commilttesz:

R/V Alaminos in

1,793 spacimens

e}

ezp-sea family

vicus

Caribbean,

1y recorded

axonemic key 1is
Tha distribhution
ideas

praviocus @

s

critigue and

.

Gulf of

eonard Shigeharu Mukal, B.

nov

ABSTRACT

ecies Composition and Disitiribution of the Asteroides

Mexice and the Caribbean. (May 1974)

5., University of Hawall

=
...... =

the exice and the Caribbzan shows
pelonging o 55 speclies. The exclusively

Porcellanasteridae, which was not pre-—

from the Gulf of Mexico and the
catad in wmere detall with the description
, one new, representing a orobakle new
species of the family Gonlasteridas are

The new taxa are not namsed hersa, A
constructed for the speciss prasank,

analyrzed in view of

s

and zoog A

2OYrapiny.

cther ideas are then presconted.



TO

MOM AND DAD



ACENOWTLEDGMENTS

The time that T have spsnt at

=l
0]
L
)
]
20
=
)
]
0
o
{
m
S

most rewarding. T have worked toward wmy degree as well
as learned mash aboubt so mush else, T wish o thank all

those who have halped make my stay here enjoyable.

T s - P R e A5 o -
shanks to Mrg, Minnette T

—

arzhip which T was fortunate enough to vecelve. My
thants also to membors of wmy commitlies and Mauceen
Downey Ffor thelr assistance.

Although far from ome, T was never long oat of
contacc with home, My thanks to loved ones. T cspa-
cianlly wish bto thank oy

flancee Ce for ner love and

patience and my wom 3and dad for their love and supbork,



=4
1=
s
[
J
O
=
)
{13
=l
o
O
=
.

.

,

»

.

.

LY T
METHODS . e h s e s e e

ST MO
FEE SR TIE D I R L

- .

..
cr

10

Taxconomic invest
Googranhin

AP PENDTY .

asteridae

TABLE

L A N

ihuticn.

=
ile a = & &« & &

L L R

tigations
~ihution.
3. .

e oo

o

.- .
L Y
.- -
..

e

- .
. .
. .
. >
- .

-
- e
. -
- =
- .
- .
- -
- .
- -
- -

]

P

-

| 2

E

ENTS

=

Page

1

[

-

L PO !
LGy Lo L U

[92]

(83}

(o2}
o) %]

~1
n2

AVARN



vii

Page

o ol

t of a
- Mexic

1

L
T o

}-
o)
(o)
]
&)
=
'

tercids caught in

pec s
o and the Caribhbean..... b6

ios
“he Gu

¢
ey

1=t LJ

and
pth inter-

specimens in 100 fathom de
vals in Lthe Gulf of Mexic

Table 2. Number of samples, spe

()
b
n 0

spacimens in 100 fathom depth inter-
vals in the Caribbean.......ceeronneanas 13

Table 3. Number of samples, speciea, and

Tahle 4, Species from off Nerth Carolina.......... 38
Takie 5. Vertical distribubtion of astercid
genera of the Gulf of Mexico....o.oeeenna. 48

Table 6. ertical istribution of aszteroid

Table © Ve cal distril io 2raid
species of the Gulf of Mexico..........

Talle 7. Vertical distribution of astercld
spacles of the Caribbhean.. .. i rercenecas b1



Figur

Figur

]
g

o
e

L2

— .
o N

t d

o

LIST

OF FIGU:

KW
:\3.1.1}_)

Aroral view of Thoracaster
cylindraftus..ee e cni i iinennes

Cral

view

of

Sama

Eboral view c¢f Styrecaster

e loNgatlS e e s i s vt ana e

Oral view of

Auoral view of Spe

Ciral

sama

1 view of Pseudarchaster

view

ofF

Same

Booo...

SP.

Page

16

22

\
s

27



INTRODUCTION

Pricr to 1973 the tawonomic investigations on as-

teroids of ths Gulf of Mexico and the Caribbean were

fragrentary and in many cases outdated. HMajor works

~

were done by Perrier (1824), Sladen (1889%2), Verrill
(1L215), and Clark (1933, 1941). Recently Halpern (1970a,
1) has done much on one of the largest families of as-—

teroids of this area, the Goniasteridae. Downey (1973}

published the most conprehensive study of the starfish

primarily concerned with the plankton (Wood, 1965; Banseo,
1964 ; Vinogradova, 1970; and others) but the benthos

1

have also Leen considerad by marny workars, especially

L

Vinogradova (19262) and lieznsies, Georgoe, and Rows (1973),
General schemes were presented by Brouun {(1957) and

Hedgpeth (1957a). Almost all of these

limited zones by temperature, light, or deopth. Henzles,

and Rows (1973) examined the distribution of the

fauna itecel?d to determine vertical "faunal units.!

Zoogeographic studies have a long history. Woodward




(185G defined a province as an area in which fifty per-
cent of the species are endenic. Savage (1960) deter-

mined provinces by examining the fauna and calculating a

"Coefficient of Difference" between the faunas of adja-

cent aregag. Provinces in the sea were described by Ekman

{1253 in his famous book, Zoogeouraphy of the Sea.

Hedapath (L9%7h) criticized Lthe determination of zoo-
raphic regions when he stated that "they have been
cterminzed by the subjective appraisal of the special-

) preoposed & zscheme for the zoo-
pogranhy of the deep sea benthos and Madsen (1961a)
discussod the same topic. Menziles, George, and Rowe
(1973) considered both bottom topography and temperature

2

whon they proposed a zoogeographic scheme for the dsep

GED.
Thaere are three objectives for this thesis. The

tha taxa present and the artificiazl key szrve

Lo supplament vaxenomnia davestigations of the asteroilds
fron ©his ares.  The data collected arce then used s a

basis Jor a study on vertical zonation and zocgasograpihy

N



Each vyear from 1954 through 1973 at least ons
cruise of the R/V Alaminos has been for thé purpose of
sampling the marine banthos. Over ninety percent of
the starfish collected during that time have been

taken either in the benthic skimmer or otter trawls,

The benthic skimmzr has been describad by Peguedgna

Bright, and Jamz=s (1970}. It has a 3 wzber gape and is

towsd at speeds of 2-4 knots.

The otter trawls used have been malnly the 57 feet

or 20 mzter trawls. Both were towed alt speaeds of 2-4

knots. The opening wldth is nob known but sixty per-
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ollected spacimens were either frozen or pre-

served In ten percent bhuffered formalin or seventy nzr-

cent alcohoal,

Several taxonomic studies were used for identifi-

~
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lon. A monogranh on the Porcellanasteridae by
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193]
[
o
D

isen (1953a), the general work by Spencer and Wright

= (1973) and so a 12
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nood. TT o was also somshimes necessary Uo relfer ©o onar
iiterature by Sladen (183%), Verrill (1915), and Clark
(1933, 1941). Tinally, a number of specimens were sent

to Maureen Douvney for confirmation.
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iva species of starfish were ldentified from

)

tion of 1,793 specinens Tab

-4y

chie gpecics.  Tables 2 and 3 present the number of sam-
ples, species, and specimens found in 100 fathom depth

intervals in the Gulf of Mexico and the Caribbean.

General distrvibutional vatterns of starfishes in

the Gulf of hexico can be glven because of the relstive-
1y extensive sampling there in comparison with the

Caribbean, bult the only thing clearly evident {from tablas

an fauna is notably richer
the Gulf of Mexlco.

i

ubion of spzcies and nummber o

Mexico appears to have maxims

g O~200 fatnoms, 300-000 fatnoms, 120021300 fathoms,

. The

possibly 1600-1800

23140

ollow the geuneral trend of o deoroass ir

oy [ Tt i s 3y J - EE 2y
DOVALL &L 1WA VOINCYe anll SN AL o -
population with increasing depth (Lable 2)

The geographic distribution of specliss within the
Little regional wvaviation, OF the

. 3 N S R T N - - Ao e S o o .
aspecics takon at nore bthan two locabtions £ive A W
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Table 1. (Continued)

Station(s)

Litonotaster intermedius 69~A-13~37(1), 70-A-10-28(5),
70-A-10-~43(1), 70-A-10-50(1),
70-A-10-58(7), 71-A-7-43(5),
71-A-8-10(3), 71-A-8-36(1),
71-A-8-57(12}

Nymphaster arenatus 65-A-9-15(4), 67-A-5-2H(1L),
67-A-5-8(1), 68-A-13-1(86),.
68-A-13-11(1), 68-A-13-12A(1),
68-A-13-15(3), 69-A~11-856(2),
69-A-13-44(2), 70-A-10-9(20),
70-A-10-13(6), 70-A-10-15(1),
70-A-10-20(3), 70-A-10--24(2), .
70-A-10-25(23),. 70~A-10-27
(2), 70-A-10-29{(55), 70-A-
10-31(117), 70-A-10-42(10),
70-A-10-51(7), 71-A-7-49(2),
71-A-8-8{2), 71-A-8-10(3),.
71L-A-8-29(5), 71-A-8-40(57),
71-A-8-73(1), 72-A-13-23(3)

Paragonaster subtilis 69~A=13~-37(2), 70-A-10-58(2)

Plinthaster dentatus 68-A-13-4(3), 69-A-11-86(2)},
70-A-10-9(3), 70-A-10-16(6),
70-A-10-20(1), 70-A-10-27(1),
70~A=10-29(4), 70-A-10-31(3),
70-A~10~42(1), 70-A-10-51(5),
71-A-7-10(1), 71-A~7-11(1),
71-A-8-29(1), 71-A-8-40(30),
72-A-13-17(2)

Pseudarchaster sp. 65-A-9-15(1), 70-A-10-14(10),
70-A=10-16(2), 70-A-10-26(5),
70~A~10-31(6), 70-A-10-40(8),
71l=A~-7-43(1)

Rosaster alexandri 65-A-8-15A(1), 65-A-9-20(12),
T0~-A-10-14(29), 70-A~10-39(13)




Tanhle 1
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(Continized)

10

Species

Station(s)

Togia parva

Order Svinulosida

P, militarcides
P, poarscnatus
il COn

70-A~-10-39(1)

70-2-10-611)

BR-A-T=138(T)

TO~A-10-27(6}

T0-A-10-16(1)

71-A~-8-57(3)
Ti-A-E=35(1}

T0-A=10-28(7)

TOo-A-10-208

(11
71 -A-8-26(3}

T1-A-5-57(1)

TO-A-10-27(3)

bl

’s

TO~A—10-8071)

70-2-10-5772),



Table 1. (Continuned?

Station(s)

Coronastel briareus 65-A-9-20(1)

Qrder Zorocallida

;(J“Jr"'-.]r) 1 (—i) F."rJ-—r\ 10-29
(207, 70-A-10-22(1), 70
10-31(3), 7O—h-10-40(27),
TO-A-10-22(5), T0-A-10-51(27.
T1-A-7-12(2), T1-A-§-24(1},
TL-A=B-57(8)

[

e

71-A-8-29(5),

Doraster constallatus 68-A-T7-10{(186),
TO-A-10~-15(07),
(2), 71-A~7-11(2),
17(5)

Crdeyr Buclasteriaa

Tamily Brisingidas
Hrisinoella verticellatsa G2-A-13-81{2)
Vidgavrdla »andaros DR ~A-13-401) HE-p-l3=15(01

3 S
(13, Tiea-7-11(1},
)
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Depth Number of Number of Number of
interval samples species specimens

0-100 0 0 0
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Tahle

(Continued)

Depth
interval

Number of
samples

Number of
specles

Number of
specimens

2200-2330

1

3

50

23002-2400 2 0 0
2400-2500 1 2 1086
Total 33 72 1019

14



reveals that only one of these, Midgardiz xandaros, is

actually so restricted (Downey, 1973). The East Gulf
has been less sampled than the West Gulf and it is
probable that future investigations will discover M.
xandaros throughout the Gulf. There appsars to be no

- marked latitudinal variation of species in the Gulf.

The Porcellanasteridas and possible

new speclies

The Porcellanasteridae are an exclusively deep sea
family that have been previously unreported in the Culf
of Mexico and the Caribbean. Two species of two genera

were taken during cruise 70-2-10 in the deep waters of

the Caribbean. Both species are described below.

b
58]
w0
(]

Thoracaster cylindratus Sladen,

Pigurs l1: A, B

Diagnosis.—--This species is unicue in the fanily in

having an odd marginal plate interradially and having the

5
L

superomarginal plates in contact a:

of the arms.

ong the dorsal midline

Description.-~-The dorsal surface containg the madre-

porite, which is separated from the odd marginal plate by

2-4 reows of paxiliae, The madreporifte iz flat, roughly

ovular, and approximately © mm. wide in the largest



Logurs 1 y,  Aboral view of Thora

13, Oral view cof same
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specimen.  The superomarginal plates are Lare except for
scottered spinules. The low crowded dorzal paxillas
consist of a pedicel egual in height to its cover of
10-15 uniform spinules.

The ventral surface contains no paxillae. The ir-
regularly shaped actinal intermediate plates aré cevered

by 8-12 scattered spinules. The adambulacral

=
e
I—J
o
o
]
ul

each bear 4-5 slightly scattered furrow spines. Behind
these spines are an irregular row of spinules similar
o those of the adjacent plates. The convex mouth

plates have 2 lar

Ly
[l

g2 spines at thelr apex and smaller
spines and spinules scattered on the surface of the
plates. Seven spines similar to the furrow spines of

the adambulacral plate are present along sach furrow

edge of the mouth plates. Fourteen cribriform organs

%]
H

present in the larger specimens.

Smaller specimens (R = 5C mm.) arse sasily identifi-
able. The notable difference is a gerneral reducticn in
the guantity of particular featwrses. Paxillar spinules

nuther 4-10, cribriform organs are as faw &s b, supsro-

marginal plates are as few as 6 and are vsry bare except

=h

or ilsolatzsd spinules.

.

}_u

Dis

oution.—-~This spacies was causht at thres dif-
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ferent statl:
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previously in 20 dredygings from the East and Tropiceal
Atlantic, North Indian Oocean, Bastern Tropical Paciiileo,
and Western North Pacific (Madsen, 196la). The pressant
recorded depths fall within the range previcusly re-
corded (2600-5000 m), but the temperature, about 4°C, is
above that previously recorded (1.3-2.8°C).

Material examined.--Station 70-A-10-43 R/r = 63/18,
Station 70-A-10-4%2 R/rxr = 81/20, 78/20, 87/21, 82/21,
72/2%Y, 85/19, 7&/17, 80/20, 75/21, T2/17, 72/17, V9/21,
40/14, 86/21, 86/26, 87/24, 68/23, 75/1S, 84/23, 78/22,
73/20, 77/20, 23/10, 20/10, 22/11, 18/2, 18/10, 19/1%,
12/7. Station 70-A-10-34 R/r = 40/20, 45/23, 38/20,
35/1&, 21/16, 38/18, 32/1%5, 36/1¢, 32/16, 32/17, 24/1%9,
28/12, 21710, 23/13, 20/10, 20/11, 18/9, 18/9, 18/9,

18/8.

Styracaster elongatus Koehler, 1907

Diagnosis.~-Stvracaster is recognized by the pre-

sence of long spines dorsally along the midline of the

Description.--The dorsal surface has short paxillas
topped by 4-06 spinules. The madreporite is roughly
circular, 5 mp. wide, and tends to bulge bhavond the nsr-

i,  The superomarginal plates are bare except for



T,

Arcral

1 view of ¢

view of

Stvracascenr

ame
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20

©-12 hyaline tivped spines along the midline of the

G . Thess selnes arce un Lo 2 omm, long.
The ventral surface 1is covered by bare imbricate

rlates that do not extend onto the arms. The spinula-
tion on the adambulacral plates varies. Cenerally, 4-5
lanceolate furrow spines are present. Behind these
spinas, a spinule is generally present distally on each
plate, however, spinules may be proximal, proximal and
distal, or not present. Since Madsen distinguishes

the 3 species S. elengatus, 5. caroli and S. horridus

it is qguestionable whether the 3 species are valild.

Presant spacinens need be compared with type materizl.

The tumdd oral plates have a cluster of 4 large splnes

I_‘-

at the apex and 7-2 lateral spines like the adambulacral
furrow spines. Seven to 9 crikriform organs are present.

Smailear spacinens have 1-3 superomarginal spinss,
3~5 cribriform crgans, oculars with 3 spines, and vari-
aivle adamnulacral armature.

Distribution.~--This species wés taken at ? stations
vihiere the previous species was also taken. R/r range
from 24/16 to 12/5. Tt also has bean taken 7 times pre-
viously in the Eastern Norith Atlantic, the Bay of

Bilscay, off the Azores, and in the Indian Ocean {(¥Hadsen,



21

previously recordad range of 3310-4870 m, but again the
emparabturs 2of ATO cesds Drevious roCordod ToRperia-
tures of 1.8°C.

Material examined.~--Station 70-A-10-48 R/r = 81/17,
94/16, 75/18, 71/19, 921/16. Statlon 70-A-10-54 R/r =
24/12, 25/11, 26/1C, 29/12, 21/10, 24/11, 33/11, 29/14,
20/8, 24710, 21/8, 23/9, 24/10, 20/10, 18/8, 29/14,
2279, 21/7, 19/8, 2a/11, 26/11, 20/%9, 17/7, 19/10, 24/10,
24/10, 26/11, 28/11, 22/10, 24/6, 12/%, 23/12, 25/9,'
26/11, 25/9, 26/, 28/11, 18/8, 24/9, 24/9, 24/1, 22/2,
23710, 30/9, 24/11, 2477, 22/7, 26/13, 21/8, Z2/6, 23/8,
24/8, 22/9, 27/10, 28/13, 27/%11, 27/13, 26/11l, 25/8,
23/13, 23/10, 23/11, 22/10, 23/9, 23/11, 24/11, 28/10,

20/9, 15/9, 19/11, 20/8, 21/9, 19/9.

Porcellanasteridae, new genus, new spanies

Figure 3: A, B

Diagnosis.--Supercomarginal plates not joined along
midline of arms. The cribriform organs not as distinct
as in the two preceding speciles.

Description.--The dorsal surface is covered by
small ovular pexillaz. The paxillae have a short base
ecunl in height to its cover of 10-20 small spinules.

They extend to the tip of the arm. The supsromavginasale

are confined mostly to the sides of the arms and are
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covered by shorti, cribriform organs

fascioles. The madreporite is roughly cilrcular and
covers an area of 5-6 paxillas. It lies 1/3 of the way
from the margin to the center of the dicsc.

The ventral surface has

0

mall interradial area
that extends to the third cor fourth inferomarginal
plate. Mest of the inferomarginals on the proximal haldf
of each arm have 2 or more long, thin spines directed
dorsally. The adambulacral plates have a palwate furrcw

series of 6 long spines which are followad by 2 or 3 ir-

regular rows of spines. The mouth plates are small,

turid and very distinctive. Two brcad, flat spines are

at its apex. A group of 4-5 similar but smaller spines

lie below and adjacent to each side of these spines. The

surface of the mouth plate alsc has several of these flat

3

P(

spines as well as regular spinules.

b=ds
I

crial exam
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ned.—--5taticn 70-A-10-50 R/ = 85713,

Pseudarchaster, new species

Diagnosis.—-Faseudarchaster has an unnaired spine

at the apex of each moulth plate, and has zevecal rowus

ot

oi paxillae oxtending dorsally along the entire

£

6]
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sncription.~=-The dorsal suriace 1o covered oy
paxillae very crowded except for the region extending
freom the base of the arms almost to the disa center.
The paxillae have 12-20 gramules forming a circular com-
pact top half as high as its circular base. The madre-
porite is round and covers an area approximately equal
to 3 or 4 paxillae. The supercnarginals are over half
as wide as the paxillar area on the arms. Each is
densely covered with short granules stouter than these
of the paxillise.

The ventral surface is heavy spined. The large

Y

interradial area is covered by many square shapad p

[y

ates
covered by numerous spinules., Each plate generally
bears 1 spinule largsr Lthan the rest. The adarbulacral
plates have a row of 8 furrow spines which are followad
by 2 irregular rows of spines. There is a2 single sitoutl
spine at the apex of esach mouth plate which is flanked
on both sides by a slightly smaller spins and then

spines similar to the furrow spines. The suvrface of the

mouth plate is covered by 4 irregular rows of spinules.

Thirty-three specimens of Pseudarchaster were taken
from the Culf of ~ico and the Caril ranged
from R/r = L53/44 to R/r = 11/5. i

determine 4f
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species is dnvolved. The characters given were for
R U grzatar tharn 30 mm.

iaterial examined.--Statlion 71~A-7-43 R/r = 153/44.

Station 70-A-10-16 R/r = 80/23, 70/20. Station 70-A-10-

14 R/r = 15/7, 14/6, 13/5, 17/7, 16/7, 14/6, 12/5,

12/7, 11/5, 13/6. Station 70-A-10-31 R/r = 62/20, 42/17,
38/13, 33/11, 36/13, 24/8. Station 65-A-9-14 R/r =

14/6. Station 70~A-10-40 R/r = 26/9, 21/11, 16/6, 17/7,

19/6, 13/5, 13/6, 12/5.

Goniasteridae, new genus, new species

Figure 5: A, B

Diagrnosis.~~-This species has dorsal plates sur-
rounded by groups of padicellaria-like granules and bear-
ing a single granuie in its center.

Description.-~The dorsal surface appears very
crowded because of the granules surrounding the plates.
Four granules form each of the 10-1¢ groups that sur-
round each plate. Two rows of these granmules separate
the superomarginals from each other. The superomarginals
are bare except for scattered granules similar to the
central granules of the dorsal plates. The madreporite

rounded and is of similar height and size as the dor-

=
n

sal plates.

The ventral surface appesars crowded also. The
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actinal interradial area has plates similar to the dor-

b

35 Toies awecept that the central porstlion cunia

r
RIS

R
group of 8-12 granules. The adawmbulacral plates con-
tain 8 furrow spines and a ventral pedicellaria similar
in size te the furrow spines. The mouth pilates are
flat and bhear 2 spines at their apex and 2 lateral
spines ¢n each side. These spines of the wmouth plates
are similar to the adambulacral furrow spines.

Material exawmined.--Station 70-A-10-1€ R/r =

41/18,
Artificial key

The avtificial key that follcws contains conly
species from the collection bhefcore wme. Originally, it

L

was hoped that a key cculd bhe constructed for all of
the species from this area. This proved futile when
working only with descriptions of approximately 100
other species, This key is adapted from Downey f1973}

but includes ¢ species not keyed out by Downey. It is

hopad that this key will be especially useful to any

who may wizh to use the collection at Texas A&M, and

will serve as an adjunct tc Downey's work. For defini-

tions of unusual morphological terms see the glossary.

1. Margin of body linad eitber by 2 distinct
series of plates abactinally and actinally
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or only 1 row of plates actinally; zbactinal
surfaze paxillate or tezsellato .. .o oanes
Margin not lined by distinct series of

plates; abactinal surface not tesselate or
PAXillate. e e e rcererescacsssscnoceasannonnnnadl

Only 1 series of marginal plates present, the
inferomarginals, which are elongate and ex-

tend from the adambulacral plates to the mar-

gin; spinocus fascioles exkend from the furrow

tO the Margin..eeececeeeecesancacceaarnssenasonssnss 3

Twe series of marginals present; spinous
fascioles, if present, do not extend from

the furrow to the margin...e.ceeeieneeiennnenses 7

oI AT M5 e s s v etnanenrsannrenasserssswiiidia barimae

—

FAivVe OF B 8IS eseceesaconencossnsssssasananaersnae &

Paxillae square or rectangular; body very
FlrmMe et ii it i einrtiienesnnaansaaal, Clathrata

Paxillae rcunded; body fragile......ccieeeuneans 5
Arms with large dark colored blotches.L. alternatla
Arms without blotches. .. ittt iineriineass 6

Six arms; inferomarginals with 1 long
SPINEee et i st tcnsnssnscnncesarssasalia Darbadensis

Five arms; inferomarginals with 3 long
S PANES 6 e s ccennsscencrnaceescacessanseaal. @legans

Specialized fas

cleles or cribriform organs
prasent; abactinal surface paxillate......cvn.e. 8

No fascicles or cribriform organs; abactinal
surface nolt usually paxiliate.......

cerereaennaall

Cribriform organs presenl.e. . vieeeecasccrcacnnnna 3
Marginal fascicles present...ieeeeeereerecaconaa

Crivbriform crgans bordered by uwuebbad spinglets..lQ

29
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15.

L

o

Cribriform organs not bordered by webhbed

R ST IRk S O o I
Unpaired plates present interradially in

both marginal series; madreporite much

smaller than marq1na1 plateq...PrJOﬂaoter elegans

No unpaired warginals; madreporite larger
than marginals............Goniopecten demonstrans

Supercmarginals separated along entire
MIdling Of BrmMS..eesesscccnsccsnassanassopecics A

Superomarginals joinad along entire midline

Of BB un e e cerecnenansevonesencnsensncesusnsnnseld

Large spines present along intersection of
supercmarginals; actingl interradial plates
ImMbricate..iis e eeenaan . Styracaster elongatus

He largée spines on superomarginals;
actinal interradial plates nct
lmbricaté..ceesneeeen-uasthoracaster cylindratus

Actinal interradial area with few or no
plates; inferowmarginals often project beyond
SUPerCmMArdinalS e s et i isescensrasranncosovenansasld

Actinal interradial area with many plates;
infercmarginals dc not project heyond

U rOMRr YiNgl S ee s cneessssnsesossscennncnenneeselld
Marginzls covered with spinules;. superomarginals
slightly concave...........Astropecten americanus
Marginals covered with granules; superomar-
JANELlS CONMVEX e e eneteannaeanrenanesssessnessnneal

ngle large spines present on 50N2 SUPSro-
Inalsee et riniineeennneanaah, antillensis

0 spines present on superomarginglsS..ce...ene...16H

Yore than 35 superomarginglsS....ea.cas.A. comptus

Less than 30 superomardinals ... ceerssnscassneenlt?

30



17.

19.

21,

e}
ae]

]

A fﬁ* actinal fr:hzradiaW plates vresenl:

N

adam uldfrﬁl olalcc of comparabla

gsirze to the furrow apiﬂha.....---......A. niditus

Nc actinal interradial plates present:

1 spine on actinal surface of Lhe

adambulacral plates larger than or com-

parable in size To the furrow : S

P NES e sttt et tennnanensnennaeshe Clingulatus

Madreporite large and with g few enlarged
paxiliae on ils surface.. . i iie i it iinnnennea 19

Madreporite small, or large and bare...........20
Superomarginals confined to sides of arm;

paxillae topped with long thorny
spinules...ieiiineiiievieesnsenDytaster insignis

Supercmarginals extend to abactinal sur-~
face; paxillae flat
toppﬂd.................,..Pluton st intermedius

Madreporite much larger than superoma:
flat, DAL e e v veeeeeeneennnens. Tethy va

Madreporite not as above. ..ot iieicisnn a2l

Apex cof mouth plate with nc flat spines;
superomarginals are wider than the paxillar
Area On AIMS...u..0.0.0-0....Psllastor p _oqz_b

Apex cof mouth pla
superomarginals

AY2E Ol BEME 6t v e avessamennssscnssancnnnnnnnseonseltd

Supercemarginals with spines; paxillaz toppoed
with long spinules.....Persephcnaster echinulatus

t
topped.,........-..-...........Psilaster cassicns

Supercomarginal and inferomarcinal
actly cpposite each othorg
with spines 24

Tl 2 w8 e 6 2 o = o 2 2 8 8 6 b & o 4 8 % v 3 o v oo os ke mahas e w
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28,

Supercmaraginal arnd inferomarginal plates
exachly cpposite each other; marginals

generally withoul SpinesS.. .. inienennean28

Unpaired interradial marginals present
which pessess a very long spinej. no
papular 1a....................BEnLhQE?LLen 51mp1ex

No unpaired marginals; papularia present.......25

Papular region with tumid plates; adambulacral

plates triangular, almost touching the plate
on the opposite side,........Pectinaster gracilis

Papular region without tumid plates; adambu-
lacral plates triangular or rectangular, not
generally extending close to the opposite

Plai s ittt s e s e reenanncaascaannnsnssosacneasnceanch

More than 50 papular pores per papularium;
truncate spines at apex of mouth
plate..iiiieeiineerineseessasn..Cheiraster enoplus

Fewsr than 50 papular pores per papularium;
spines at apex of mouth plate sharPessvececacs.27

Fewer than 25 marginal plates along 1 side of
each arm; supercmarginals rec- '
Cangular..ceeesreereerecnnsnasnsesaCo echinulatus

More than 30 marginals along 1 side of each

arm; supe@rcmarginals ovular..........C. mirabilis

Single enlarged hvaline spine at apex of
mouth plate; inferomarginals extend beyond
SUPRSronmarginglsS.eeesvesseee...Cdontaster hispidus

No eniarged hyaline spine at apex of mouth
plates; inferomarginals do rnot extend beyond
SUDEromMardlinalS e e e rersavrcnsconcosossvennsnceadd

Unpaired interradial marginals present.,........30

Paired interradial marginels present...........s30

cmarginals extend onto dorsal surface,

Super
covered with granules......Ceramaster arenaden is

32
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36.
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Abactinal surface with large conspicuous.
spInGs. ..t rsenn-ea.Gonlaster tessellatus

Abactinal surface without large spines..........33

Body covered by skin which chscurss the
underlying plateés..............Anthencides pizrcei

Body not covered Dy sKin. ... eeiieerinieneessanealdd

Arms long and with superomarginals joined
alcng the midline for its entilre length.........35

Arms shert, or if long, with supercmarginals
joined for less than half its length............30

R/r less than 3; abactinal plates ccvered
by theorny ¢ Ulnuleg..............Ros ster alexandri

R/r greater than 3; abactinal plates covered
by granules......c.iveeeee..Nymphaster aregnacus

Abactinal arm plates larger than those on

AiSC.ineenvanernnceneenns..Circeaster anericanus
Abactiral arm plates not larger than those
S T PG
S5ingle m=2dian spine present at apex of each
MOULh plale. . i ittt it ittt i e cnansaae OB

Twe madian spines at apex of sach mouth
Plate. . it i e i e it teeeaaaan

(8¢

One row of plates on abactinal
separating superomarginals; proxime

of tuke feet several tiwmes larger

- B T -~
O MA ] 4 it e e et et eesaeens- . PaArac

veral rows of plates zeparablng suoeromar-—
nals; no enlargad tube feal...Pseudarchaster

8.

(W83
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13,

6.

Actinal plates with bare center.......Tosla parva

o

ACiinal olates usually granule COVEret.........40

Abactinal plates surroundsd by single row
of granules.....evuveesess...-Plinthaster dentatus

Abactinal plates surrcunded. by more. than 1
row of granules Litonotaster intermedius

Supvadorsal membrane raised above abactinal
surface and supported by spines; no actinal

Plales .. iin et eireseenssnnensonnansannss

L ]
'
i
Mo

Supradorsal membrane not raised; actinal
plates usually present...veeccecesvencnereneaeaddB

Adambulacral spines not webbed, not in
transverse series..............................43

Adambulacral spines partially or combletely
webbed, in transverse or chlique series........

kN

=

Body pentagenal; 2 suboral spines on each
mouth plaLy.........-.............."ymeﬂastef rex

quy substellate; 1 suboral spine on each

mouth plaLe...........................H. modestus

Adambulacral furrow spines webbed to
actinclateral spines; pexillar spines se

Adambulacral furrow spines pot webhbed to
actinolateral spines; paxillar spines not

setoue.....,.......................-...........4/

in
£,
9]
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BNT..ee.n..Pi2raster personatus

Suboral spines present... .. e ieeinseaccneeeesedh

Dorsal mewmbrane with calcareous deposits
51 Eo O 1l reides

Dorsal membrane without deposits, trans-

pareuu.....-......,....................E, acicula

Entire dorsal surface convex:; supra-
dorsal membrane thin.............Calyptraster coa

W
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Dorsal surface convex only arvound disc

center: supradossal
Lo PP SN s =2 o gt e

No pedicellarias present...cecesccnseennnsesenac?
Pedicellariae abundani...isieeceecesanennensescesnl
ITnner furrow spines lined one above the

other, forming a single .
seLlhu.-......................Henr1c1a ant 'lla“ um

Inner furrow spines genserally form 2
BB S i i it eeesearancenanesnnaneassswwald, SpaCies

Five arms; adambulacral plates alternately
Carinate and NONCArINAT . . oeseeceneeecannnaeseabl

Six or mere arms; adambulacral plates
NOL 85 8l0VE..esetrrreeesmernareanaveasansnnnsrs?

Dorsal disc plates convex, stellate; nc
spinules on dorsal

al surface..Doraster
Dorsal disc plates f£lat, not stellate; spinules
present on dersal surface.......Zoroaster fulzens

Six arms; base of each arm with & clear patch
of thin membrang.............Ampheraster alaminc

BEight to 12 arms; nc patch of clear membrans...53

Disc with plates _ rge splnes;
adambulacral plate: th 1afq& padicellarias
in the furrov..cievenssna.....CoOronaster bhriareus

Disc plane; adamoulacr
)

al plates without
pedicellariae in the furro

1
1Y

h

L o <

.
r

hulacral plates wi

\ h o2 fine
I‘Oh...........,”*

Twelve arms; adam th
fur jardia xandsros

spines in the &

——
-
LR

ight arms; adambulaczral plates without 2
ine spines in the fur-
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Gapgrapnic distribucion

tman (1953) stated that the northern boundary of
the American Atlantic warm water shelf region is ap-
proximately at Cape Hatteras. He was reluctant to
pinpcint a scuthern boundary because of the poor
sgmpling off RBrazil but postulated that the regicn near
Ric, where the mangroves and coral reefs end, is likely.
Regreciably, little sawpling has been done off Brazil,
bui the present data for species of asterolds support
his view that Cape Hatteras is the northern boundary.
he region extending from Cape latteras lto Brazil
includes the Gulf of Mexico and the Caribbean. Pro-
sent data should reveal many species which range nort
and south of the area of this study.
ne way of lcoking at the range of the fauna is
te determine its endemism. VWoodward (1856) defined a

province as an area in which fifty percent of the

species ave endemic. The Gulf aleons has only cne en-

[ua

demic speciles, Ampheraster alaminos, out of a totsl of

thirty-nine gpeciesz. This is two and a half percert
Ihroe species previously reported only from the Gulf,
Midgavdiz xandarcs, Doraster constellatuz, and

Priconzster elegans have now been taken in the
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Caribbean. The Caribbean data contain three endemic
species out of thirty-six, or eight percent. These

species are Henricia antillarum, and the two new

species which were earlier described. Seventeen of
the fifty-six species for the entire area appear to be
endemic. This is only thirty percent.

Savage (1960) used a "Coefficient of Difference"
to compare two faunas. The equation is as follows:

C.D. = (1-C/N) 100%
C.D. is the "Coefficient of Difference"; C is the num-~
ber of species common to two areas; and N is the number
of gpecies in the larger fauna. A C.D, greater than
fifty percent indicates that the faunas bhelong to separ-
ate provinces.

The C.D. may be used to compare the gpecies from
the Gulf of Mexico with those found off North Carolina
by Gray, Downey, and Cerame-Vivas (1968). A low C.D.
value 1s expected.

Table 4 lists the species off North Carolina.

Eight species are common to species of the Gulf of Mexico.
The calculated C.D. is eighty-one percent. Such a value
is unexpectedly high because many of the species of this
area are reported to extend northward. In addition,

Gray, Downey, and Cerame-Vivas point out in their



Commnon to

Species and Caribbean

Culf

Coronaster bhrilareus +

Asterias forbesii

tstropecten articulatas

Tethyaster vestitus

Asterias vulgaris

Cltenodiscus crispatus

Hepricia sanuinolengg
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Asterias tannerl

Brhiinaster sentus

yinulosus

Thvraster seroanbtarius

Northern
Scuthern

Northern
Soukthern

Northern
Southern

and

Northern
Soirtthern

Northern

HNorkheon

Norchern

Zouthara
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Tabhle 4. (Jontinned)

Common to Gulf
Speties and Caribbsan Distribution

Astropesten duplicatus Southern

Coscinasterlas tenulspina Souitthern

A Southern

iitus -+ Soubthern

Southern

brasiliensis Southern

tessellatus + Southern

.

Linckia bouvieri Soubthern

Tuildia bernasconiae Southern

L. elegans + Southern

vigonaria Southerr:

Oreaster ceticulatus Southern

Sourhern

Ak

Plinthaster denbtatus

Solaster caribbaeds Southern

Stephanasterias graclilis Southern

_—.._. Mo - ey e St
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report that eighteen species extend thelr range south-

0}

extend northward, and only six ar

commnon hoth north and south of Caps Hatteras. This is

curs in the Cape Hatteras region. This has begen shown

i the basis for
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Cerame~-Vivas and Gray (19566) proposing a Vivginian

ceras which 1s in-

Shelf Province norih of Cape Hat
fluenced primarily by the cold south flowing Virginian

carrent

Shelf Province soub
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nzed primarily by ths warm

T
1}
ok
T
)
=
o
03]
=
e
0
=
o }
i
=
o]
L3
—
s
[t

north flowing Florida current. At Caps Hatheras the
two currents meet and move offshore, providing a
distinct Temperature and current bHoundary.

The high C.0. value may Be dus Lo thivee factors:

n sigze

o
fte

1) the two fauznas compared ware not simiia

)

™

2% the WNorith Carolinz fauna was shallow water

bean fauna was primariily Jdeap

=
o

and the Gulf and Jar:
water; and (3) the marine environment is responsible
for a nigh CT.D.

—

Two fTaunas should be simlilar in size ior best re-

sults. TFor example, if one fauna has
speties and 1f the second fazuna has 24

maximaim number for C is X, Consequently, ithe



maximam value For C/N is ¥X/2X or 1/2. Thizs will resuit
in a minimum value of C.D. equal to fifty percent. Any

~~

value fcor C 1

[t

ss than X will result in a higher C.D.

The compariscn of shallow water fauna with pri-
marily deep water fauna will obviously result in a high
C.D. Unfortunately, no data was found for deep water
asterolds off North Carolina.

The high C.D. value in the marine environment is
puvzzling. Savage's consideraticns were for terrestrial
herpetefauna, and it was thought that current movements
and the relative homogeneity of the marine environment

ag

would result in fewsr arriers for distribution of
spacies and therefore should necessitate a lower signifi-
cant C.D.

It seems necessary to have more complete deta for
arolinian fauna kefore any conclusive state-
manls can be made on using this C.D. wethod.

The range of the distributions changes for the fauna
bevond_the shelf. Vinogradova (1953) in a discussicn of
the fauna of depths bpelow 2000 meters considered deer
water species to Lo stenocyraphic, but Madsen (19061h)
suggests that species in the abyssal region fbelow 3000

meters) tend to e most widely distributed. Menzies,

Geerge, and Rows {(1973) cbserved the shelf fauna to he
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eurygraphic but divided inte latitudinal zonss vhile the
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eurygraphic species. They agreed with Vinogradova that
the distribution of the species of the abyssal zonga be-

coming less eurygraphic as depth increases.

The problem of defining vertical zcnes in the

e

ccean now presenits dtself vhen confronted with the ex-

-

amination ¢f the gecgraphlcal rangs cof each zone.
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This problem will ke considered in the next chapter

and for ncw it is sumed that the archibenthal zone

93}
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begins alt 200 fathows and the abyssal zone bedins atc
1000 fathoms.

The present data suggest that the archibenthal zone
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hic species. Many of the
species endemic to the CGulf and Caribhear are from

this zone., These species are Cheiraster encplus,

Persephcnaster echinulatus, Midgardia xandaros, Doraster

congtellatus, CGonlopacten demonstrans, and Prionaster

alagans.
[ Boiosli ity

The abyssal zone appears to have more widespread

spacsies, Of the eleven species found almest exclusive-
lv in this =zone only cne, Ampheraster alaminosg, app2ar:
te be endemic to this region., Eight species,
Calyptraster nerscnatus, Hymenastar medestus, H, rox,
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Liltonctaster intermedius, Benthopecten simplex, and

~y oy T T e R P SR ey oy e
ars confinedg Lo stlantic Coear

primarily the western or northern portions. The final
two spacies, which have the deepest depth distribution,

Stvracaster elongatus and Thoracaster cylindratus, are

-

the most widely distributed. 3. elongatus has heen found

in the North Atlantic and the Indian Ocean. T. cylindra-

tus has besen found in the Atlantic, Indian, and Pacific

It appears then that the asteroids show a general
Lendency for an increase in geographic range with an in-

crease in depth which would therefore support Madsen'
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Two of the most intriguing preblewms. of the distribu-
tion of the astercids in the Gulf of Mexico involve the

apparent restriction in the Gulf of Ampheraster alapinos.

and the apparent exclusicon of Styracaster eicngatus and

Thoracaster cylindratus from the Gulf. There seems to

he no physical barrier that can explain this.

All five of the other species of Ampheraster ars

frem the Pacific (Fisher, 192%). Four species rangs
fariss Islands off Mexico (22°N) to
vashington and the other species is from the Straits

¢f Macassar in the Indonesian region. The hathymet

rance for these species is 266-070 fathems. It is
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curred whan ©

e cencral American reglon was submerged

»

during perilods before the lower Pliorene, The depih
range of the genuas and its exclusion from the

o,

Caribbean do not suppo this idea. The width of the
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Pacific Ozean seemns Lo be an even more imposing barrier

for the spreading of Ampheraster from one szide to the

-~ e e

other, Perhaps extinct species may €111 somz of the

e
W
[
1
(ald
3
o

-

ling may accomplish This. For pow it is & stimalatin

1
¥

problen which should first vy a careful

review of the genus.

4

Hydrographic and topographnic conditions seem

conducive o the extension of 3. clondatus and T.

he distribution of this genus or further samp-

LQ

cylindratus into the Gulf of Mzwico. The deepsast sill

depiths connasting the Carlbbean wi
a little orar 2000 wzters (Gowvdon, 1%9546). The sill

(O

has been a2stimated abk 16002000 meters (MiLellan and

Nowlin, 1953). Tempzrature and salinity telow 1500

1kely that th= two spocies have bhoen m

y trawling in the Galf of Me=xlco. Depths ewseeding



L

1600 fathoms have baen sampled thirkty timzs without

suscess. In contrast, these depths in the Caritbean

bt

ave been sampled seven times and oae or both species

L

were taken three tims

2]

The absencte of the two species may possibly bLe

-

explainegd by conditions in the

)
h

ulf of Mexico which

U
o]
"

suppart a depauperate asteroild population, The

Caribbean asteroid fauna is notably richer, making it
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for establishment of the two spacies. £k

second possibility is that the Gulf of M2xico is too

shalliow for &

only one of the one hundred fifty-two spzcimens of

these species was taken from 1600-1720 fathoms. ALl of
the others were from 2270 and 2490 fathowns, dephhs not
found in the Gulf of Maxico.
Veriical zonation

Cna of the most defirdiive works on vertical zona-—
tion 1s the recent book Abyssal Environment and Ecology
cf zhe ¥erld Oceans by Menzies, Gecrge, and Rowe
(1273). In it, leng standing ideas of particular isc-
paths or isctherms serving as boundaries for vertical
zongs i tha ocean have bheen discavded, and the
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criterion used in determining zones is the change in
the fauna. Ekman t19535 earlier stated the importance
of such an approach.
To determine féunal changes they used the follow-
ing eguation:
T

T -~ Tc .
D = ——— (100%)

D is the distinctiveness; T is the total taxa at two
intervals; and Tc is the taxa in common between the two
intervals. A high D value indicates a change in the
fauna. No significant value for D was suggested.
Faunal provinces were recognized by a change in the
genera. Faunal zones, subdivisions of provinces, were
recognized by a change in the species.

Their wdrk involved an extensive study of four
areas off North Carolina-Georgia, Peru, the Arctic,
and the Antarctic. Since it was previously noted that
the North Carolinian shelf fauna is similar to the
fauna of the Gulf of Mexico, a summary of their findings
off North Carclina-Georgia follows.

Their data on collected isopods were used to de-
limit the folleowing provinces. The intertidal province
was found to ccincide with the tidal range of 0-3
meters. The shelf province did not coincide with the
continental shelf but was found to extend deeper, from

5-446 meters. The archibenthal zone was found to
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A

extend from 4446-940 meters where principal sedimenis
ware foraminiferal and ptercpod oozes and where lhe
FPilorida Current was present. The abyssal province 2x-
tended from 10C0-5315 meters where foraminiferal ocozes,
clay and silt, and lutite were predominant sediments.
The upper boundary for this prevince coincides with the

O L3 ] L3 ] A 5
47C isotherm. UWater masses here included the Western

The abyssal province was divided into upper abyssal,
mesocabyssal, lower abyssal active, lower abyssal tran-
guil, and lower abyssal red clay zones.

Their findings from all four areas suggested
several trends,. The shelf province tends to extend pe-
low the depth of the continental shelf in low latitudes,
but is found shallowsr than the shelf in high latitudes.

The archibenthal zcone tends to bhe an area of Lransition

3]
i

{

of temperature, sediments, and fauna between the shel

and abyssal provinces. Tt is usually locaved helow the
permanent thermocline. Finally, the abyvssal proviance is

L

novw delimi

1 a

ted by a particular iscbath or isotherm zubt
tends to be located in depths where the range in tonpera-—
ture is less than 2°C.

Working in areas of nc large goographic exten™ (zom-
pared to the Gulf of Mexice), they were able to charac-

1

terize depths by its predominant water was
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sediments. In this way a general correlation was shown

enwRen thi faunael proevinooes and the envivonnent in each
of Lthe four aveas. Off North Carolina-CGeorgla sven
faunal zones were found to be correlated with water
masses and sediments.

For the present data it was thought best to take

the Gulf of Mexico and Caribbean separately. The data

are not gsufficient for a further subdivisicn of these
areas. Unfortunately, these large areas do not have

o7

epths which are characterized by particular water
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Tables 5 and & are not éignificantly different and
it appears that only provinces can bhe established with
the present data. The species distributiocn in Takle 6
est serves te 1llustrate provinces in the Gulf of
Mexico, Since few stations were taken in the Caribbean,
there is less emphasis on Table 7,

Table & indicates as wany as four changes in the

fauns
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B oand C. Of the eight species found in B and C none
waere commoen to bhoth B and C.  The number of samples
taken, 26 in B and 15 in O, make it unlikely that many

spacies were present but missed in these tw

o

Y ranges

-

Therefore, the depth hetween B and C, 200 {fathoms, is

<

c¢efined as the boundary betwesa th

|t wap e (.

: shelf province and
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the archibenthal province. The next change is seen at

BT [E O

E - o AT R T S Ty sy s N P Cey e 3 de . R o
[ e R S L L VL VL R 0 S R 1 Plexymay, S22, A LS Ll

pcssible to determine whether a change achtually occurs

=
i

because only two samples and no species were ltaken from
this interval. The absence of species indicates that
either too few samples were taken or the change in the
envirconment actually restricts species from this range.

Tf the latter is true then 900-1000 fathoms is The

boundary between the archibenthal zone and the abyssal

-

zone. The next change appears between intervals N and
0 at 1400 fathoms. Again there is difficulty in inter-
preting the data. It appears likely that two sampling

trials at interval N missed Dytaster insianis. Tf this

is so the distinctiveness between N and O drops from one
hundred percent to sixty-seven percent. The {final

change cccurs at interval T (1900-2200 fathoms). As in

interval J, no species was taken in T
number of samples (six) were taken. The dabta thus do not
clearly indicate the heginning of the abyssal zone, The
e

L.
(-

depths at which the temperature range is less than 2

are depths exceeding 850 meters o

i
1
ro
i

) fathoms (Harding
and Nowlin, 1966). This depth seems teo shallow for an
upper boundary Lo the abyssal zone and indeed ne faunal
change occurs here.

The advantage cf usin

e

3 a measure of distilnoctivencss



is that it is cuasi-guantitative and non-sub ives
however., nproblemns have hesn anown § 1lo zat o

in ranges that were sparsely sampled or vhere a species
was not found but should likely have besn sampled It

therefore seems nacessary to present a qualitative de-

scription of the s

T
4

2ciles distribution in the Guli of
Mexico to ald in delimiting any vertical zones.

A distinct grouping of species is evident aklove
200 fathoms as was discussed above. A second greuplng

appears batwesen 200-1000 fathcows., ALl except twe of

the seventeen speciss in this range avpear te be con-
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fined here. Of these conly Nymphaster arenstus is likely

te be sc eurybathic as
Zovoazter appesars te consist of shallow water and deep

water species. Thi
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later secticn. A third group of species cccurs at 1000-
1400 fathoms. In the upper part of this interval is

Nymphaster arenatus while extending through

and below 1t are twe species, Litonotaster interwadius

and Dytaster insignis. The interval is made fairly

distinct by seven species that appear 1o he nfi o
fo3q 3 o - g 4.1 Fald -
Lhls range. The fcourth and final grouping cocours Zolow

only two of these, Awnpheraster alawminos and Paragoraster

subtilis, are confined to this range.



Tha quasi-~guantitative and gualitative results in-

of speclies. The group

h
e

fnd

L
above 200 fathoms has been designated as the shelf fauna.
The group from 200-1000 fathoms represents the archi-
benthal fauna. The abyssal fauna begins below 1000
fathoms and consists of two less clearly demarcated
groups of species. The shallowsr of these two grcups
may represent an upper abyssal fauna. The lower reglon
may contailn the wescabyssal fauna. The relatively warm
temperature and shallowness of the Gulf perhaps preclude
the establishment of a lcwar abyssal fauna.

Menzies, George, and Rowe f1973) found that their

results with iscopods agreed with the zonation of larxge

apifauna.

The remarkable agreemant hetween Ffaunal units

comoesad of grceups of large animals and zones

of speclesz agnd genera of isopeds sugogesis that

the faunal provinces and zcnes described herein

will alsec bhe of significance to other aniwmal

groups.  Siwmilarly, it can be stated that the

salient features that delimit these Ffaunal

grouns are those characteristics of the environ-
aracteristic to life in the

ment which are cha
deep 525

Present resulls using their methcd are encouraging, but
further vork needs to be done. The next step will be to
defina thess "salient features!" that delimit Ffaunal
groups. Others have worked toward this. Sckolova (1959)

stated that benthic zcnes are influenced primarily by



sedimentation., The dominant organiswms cf each zcocne are

”

S e e i e e s L - L I 2 R . - i
T EC wnons T omade ol roedioeg L 8Ly sulit2a to whife char-

]
g

acteristic sedimentation. Vinogradova (1962) suggested

that ecolcgical relatlonships must be examined.
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Taxonomic investigaticns

The collection of the astercids of the Gulf of
Mexico is fairly complete. On2 hundred ninety-three
skimmer and otiter trawl samples have been taken here.

In contrast to the situation 1n the Gulf of

Mexico, the collection ¢f the asterolds of the
Caribbean is fairly incompleta. Only thirty-three
samplies have heen taken in thiszs area. More gttention

should now be directed to the rich fauna of the

Caribbhean.

—

it is

hoped that the artificial key, and the de-
scriptions of the Porcellanasteridae and the new speciles
have contributed to an understanding of the asteroids

from this area.

Geographic distritwution

D

The astercid fauna of this region tends Lo become
more eurvgraphic as depth increases. The fauna in
general tends to show little isclation with respect to
the fifty percent endemism standard set by Woodward

(185867, This isolation could nct ke shown using the

"Coefiicient of Difference" (Savage, 1960), but



information is needad on the deeper water astercids of

3

Moegth Cavclina before Lhis wzohod can pe bhetlier evalu-
ated.

We seem to be at a very zarly stage in our knowl-
edge of the zoogeocgraphy of the sea, especially its

T,

deeper depths. This can b2 re

o

L

lized by recalling the

).

1

[

-
2

ce of EBkman {1¢

=

L

- . . as a result of interactions of infinite
complexity betwaen animate and inanimate nature
the present bilogeographical conditions have
emerged in the course of the ages. Tiwme, which
is in reality nothing more than the succession
of events, that is historical happenings, is a
factor of prefound importance for all manifes-
tations of life. 1In other words: biogecgraphy
cannot confine itself simply to describing the
occcurrence of living forms, analyzing them re-
gilonally, and investigzating the ecological
causes of distributicon. It musit also proceed
historically.

W know little abeoutbt the envirenment, the "inanimate na

T

-
¥

5 GF

o
=
9
i
0.
g

ical aspec

zoogecgraphy. Finally, th
cient area is our knowledge of the ecclouy of the deapn

naéa.,
Vertical zonation

The encouraging but as yel incomplete resulis of
tha study on vertical zonation point cult a need for
(g

additional research.

cially appealing.

o~

curae, " of the deep sea. Little has bheen done on histor

Three possibilitics appoar espe-~



Pirstly, a statistical analysis may be possible.
An mtlempo was, in tact, wmads in this direcition with the

ald of Dr. Sislken of the Statistics Department here,
The attempt pointed out a nead for more proportionate
sampling in the Gulf of Mexice, especially in the 900-
1000, 1300-1400, and 1500-1500 fathom ranges.
Secondly, the vertical distribution of genera and

spacies may b2 useful to taxcnemic investigations. For

L‘l

instance, Zcroaster appears to have two species in the
Gulf of Mexico (see Table 5, page 49), but only one has

been identified. Downey (i9 0) synenymized Z.

diomedeae, Z. ackleyi, and Z. trispinosus with Z.

fulgens and reported only cne spacies ¢f Zorocaster from

the Wesbktern Atlantic. Present data on the vertical

distribution cf the genus, and the chservation of hette:

devalcped carinal spines on the deeper specimens suggest

inally, the results of a study on vertical distri-

suticon of cother benthic crganiswmzs would be most informa-

tive. A synthesis of all of the benthos, studied in a
localized args where hydrographic and sedimentary char-

acteristics ars known, could posslibly notbt conly define
provinces znd zonas bub alsce explain the bictic and

abictic interacticens that resulit in this phenomencn of
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abactinal, the side opposite the mouth
aboral, abactinal
actiral, the side containing the mouth
adambulacral plate, the plate bordering the furrow
carina, the row of dorsal plates along the middle of
the arm of some asteroids
carinate, refers to an adambulacral plate that projects
intc the furrow

cribriform organz, speclalized structures between the
marginals of some asteroclds which lcok like
many straight series of fine spinules covering
a flat surface

.

lisc, portion ¢f the animal exclusive of the arms

distal, away frem the disc center

fascicles, speclalized spinule lined chennels between
the marglnals of soms asterolds

furrcw, the channel along the cral midline of the arms

imbricate, cverlapping, like shingles
infercmarginal plates, the plates along the periphery

cf the oral side of soms asteroids



interradial, of thes disc
madreporite, the dersal plate of the water vasculax
systcem

marginals, the inferowmarginal and supercmarginal plates

oral, actinal

papulae, respiratory organs of soft tissue that generally
project from between some dorsal plates

papularia, speclzlized area containing papulae

paxilla, cclumnar plate with spinule or granule covered

top

pedicel, the paxilla exclusive of spinules or granules

m

pedicellaria, small external crgan which serves to grasp
particulate matter

proximal, toward the disc center

R?

the distance from the disc center tcoc the arm tip,

r, the distance from the disc center tc the disc margin

S A , a small spine
suboral spine, spines on actinal surface of wmoulh plaltes
supaercmarginal plates, the plates aleono thie periphery of

A

the dorsal side of som2 astercids

upradorsal membrane, skin raised above tho abactinal

6]

surface in the Plerasteridae



G5

-~ a

tessellate, a mosalc like surface formed by close fit-
ting flat plates

unpaired marginal, the single marginal present mid-
interradially (if one is present, the number
of marginals from one arm tip to an adjacent
one is odd)}

ventral, actinal
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Table 1, 3Station list where asterolds were czuyht in
ne 1t of Mexico and the Caribbean

Statlon North West Depth
. latitude longitude (fathoms)
65—~-0_15 23%9g: 85°48 1 330 004
65 B Qo155 2305 37°05 1 g5 e
65 -5~0-20 25901 84%00" 72 137
. . o} e} .
67 k5~ 2H 289231 83°22,5¢ 1000 167

67 =A5.157 27938, 41 85738 1697 3095 m
67-h 5158 25924 3y 35°%05:1 1785 23V 7
Be.LA-3-33 25909 1 g4°77 2000

e - Oe - o

ERh 3T 23952, 5 91021 2030 279
LR 2 e L'O be (ro o [y Sty
[y T - WE Sy g ) 2570951 G576 530~550 -i%
IR 287571 83°47.5' 289-472

S -1nT=30 277361 87741.51 1500 4745
53-h=Td 25720 85707 1770 %3 40
B8 TRAE 0241, 50 87°37.681 1004 23
63wk 7000 29715, 51 8555 300 Sb°
LI B ¥ 292031 877151 580

b 7 o '\Dr* Y 3 O. - o] VA
GolaT135 23759, 51 877213 750~730 15
65-7-7-13D 28759 57°23.3" go0  1AeT

[ P

. . ~f - .
GAoha13-1 259330 65707, 30 AZQ $74



(Continuad)

)

Station North Vest . Depnth
latitude longitude —  (fathoms)
68-A-13-4 25938 4 96718, 31 280 <
GE_n-13-5 26°12.51 95°19.81 150 -
58-2~13=7 26171 259181 150 278w
68-A~13-83 26151 96°03 1 400 T
63-2-13-9 259140 957131 1840 %1
£8-8~13-11 2523 95°57 580750 \717
68 ~R-13-122 25931+ 95°571 1 530-720 !
55-A-13-15 27%34.51 95°10.5¢ 360-670 5%
§8_A_13-17 27%501 95°12.5¢ 100 o3
6HmB-13~13 2744, 91 95720,1" 185.-210 - 5
5%-A-13-23 27351 95°23+ 100 3%
58~b 1324 27°29,51 95731 435 ¥
52-A~13-27 277175 9520, 51 600640 173
69-£-11-14 25°13.5 04”37, 41 1330 >
5681144 197231 94”50 1160 ¢ 17
50=h-11-43 20°02.51 95207 1454  1ué
69 bl 15 2 20”04 952971 1475 27107
60 mhm11-53 19°92. 61 95°27.5+ 250 b
BOmim11~T5 21°161 e5757 100 %3
5G-h11-T7 21%04,51 067551 185.205 7 =
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Table . Continued)

Station Norih West Depth
- latitude Longitude _ _(fathoms)
60-A-11-85 21°41 957571 530-590

FO-H-10-22

TO~A=10-29

2225 40
259274
26955 1

20911, 51

95941, 21
85°041
857431
83”1261
837151
83237
8527, 41

87°09r

1700 i

1640 Dol

510-570
625
1025

1025

3]
1%
(6]
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Tabhle 1. (Continued)

Station North West . Depth

latitude longitude {fathows)
TO-ho10-31 11°33.81 7345 11 490
70-2-10~39 12%13.5¢ 7232, 1 112
73=B-10-40 12%401 72 00 340-35
7Ot 0= 12733+ 69741 735
T0-A~10-43 13713, 21 65°43.8¢ 16001720
T0-A~10=45 14%29.51 7408, 5 2279
70-h=10-50 15750+ 7724 .51 1450-1525
70mA-10-51 17°17.1 755506 602
70-2-10-564 20301 85341 2490
7G-A~10-53 25927, 37 85°05.51 1775
T1-B-7-10 26932, 01 95°06.41 512 137
T1-h-7-11 26%32,31 95°12. 21 348 L7
71 -B-T-43 27°27, 30 52746 550-1010
Tl i Tl 27261 9204214 512
71wA=7~55 279571 9244 G 130 232
TLeAR -5 26209 $2943,9¢ 1102 077
71810 269091 92945, 37 1135
71oB-8-13 239521 93915 . 5t 1745
Tl B 2 23954 450 G793, 73 ol
Jl-h-8-24 23956, 80 G705 360-330
74 ~heFe20 23954, 71 GEVLG O 51





