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National Museum of Natural History,
the Smithsonian Institution

Paleobiology, 22(3), 1996, pp. 339-351

Is predation intensity reduced with increasing depth? Evidence
from the west Atlantic stalked crinoid Endoxocrinus parrae
(Gervais) and implications for the Mesozoic marine revolution

Tatsuo Oji

Abstract. —The number of regenerated arms was counted on specimens of two distinct phenotypes
of the stalked crinoid Endoxocrinus parrae (Gervais) from a wide bathymetric range in the Caribbean
(178-723 m). In one phenotype, the sample was divided into two groups, one from shallower (<
500 m) depths, the other from deeper (= 500 m); in the other phenotype the group divided at 550
m. In both phenotypes, the frequency of regenerated arms is significantly higher in specimens from
shallower water than in those from deeper water. If the regenerated arms in Endoxocrinus parrae
were the result of sublethal predation, as previously suggested, then predation intensity is higher
in shallow water than deep water. These results are consistent with the idea of the late Mesozoic
marine revolution—that there has been stronger predation on various invertebrates in shallow-wa-
ter environments since the late Mesozoic. The stalked crinoids may have been unable to cope with
increased predation in shelf environments, and they migrated to offshore environments.

Tatsuo Oji. Department of Invertebrate Zoology, National Museum of Natural History, Smithsonian In-
stitution, Washington, D.C. 20560

CRINOID REGENERATION 341

FlpURE l . Endo{ogrinlgs parrae (Gervais). A, Smooth form (PA). No. E-33406, collected at south of Rock Port, Great
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EXFIFEMEXRE(AINEY X b

A B C ] K L M

1D No. e ] HE-EE BT bk FHE J2ht s ]
NUM-Faz16 Hitoegane Ganiella sp. Silurian Stocker et al. (in rev
NUM-Fa217 Hitoegane Ganiella sp. Silurian Stocker et al. (in rey
NUM-Fa218 Fukuji (Brown limestone) Ganiella oisensis Devonian Stocker et al. {in rex
NUM-Faz19 Fukuii (Brown limestone) Devonian Stocker et al. (in rev
NUM-Faz20 Northern slope of Mt. Gion-yama, Mivazaki ?Latiproetus Silurian Stocker et al. (in rev
NUM-Fa221 Fukuji (Brown limestone) Devonian Stocker et al. (in rey
NUM-Fa222 Fukuji (Brown limestone) Ganiella fukujiensis Devonian Stocker et al. (in rex
NUM-Fa223 Ena, Matsuzaki, Shizuoka Pref. Campanile izuense Matsubara, Inoue and Tomida Middle Miocene
NUM-Faz224 Ena, Matsuzaki, Shizuoka Pref. Campanile izuense Matsubara, Inoue and Tomida, MS  |Middle Miocene
NUM-Fa225 Megami Limestone. Megami, Sagara-Cho, Makinohara, Shizuoka, Japan Turbo (Marmarostoma) sp. of. histrioides Kase, Tomida,|Lower to middle Miocene Megami Limestone, Megami For
NUM-Fa226 Motoyoshi-cho, Kesennuma-shi, Miyagi, Japan 38°47'31.100sawa Formation Ammonoid ? Triassic FEC
NUM-Fa227 Motoyoshi-cho, Kesennuma-shi, Miyagi, Japan 38°47'31.100sawa Formation Ammonoid gen. et. sp. indet Triassic Ci
NUM-Fa228 Motoyoshi-cho, Kesennuma-shi, Miyagi, Japan 38947'21.100sawa Formation Ammonoid ? Triassic C
NUM-Faz229 Motoyoshi-cho, Kesennuma-shi, Miyagi, Japan 38°47'31.100sawa Formation Columbites sp. ? Triassic fak 3]
NUM-Faz30 Motoyoshi-cho, Kesennuma-shi, Mivagi, Japan 38°47'31.100sawa Formation Pseudokymatites tabulates ? Triassic T 14
NUM-Faz31 Motoyoshi-cho, Kesennuma-shi, Miyagi, Japan 38°47'31.100sawa Formation Ammonoid gen. et. sp. indet Triassic fak 13
NUM-Fa232 Motoyoshi-cho, Kesennuma-shi, Miyagi, Japan 38947'21.100sawa Formation Ammonoid gen. et. sp. indet Triassic EaCE
NUM-Fa233 MNonomata, Shokawa-cho, Takayama-shi, Gifu,Japan |36°1'49"N, ]Kuzuryu Formation Neocosmaoceras sp. Cretaceous . o 13
NUM-Faz234 Otsukata-Yagura, Minamichita-cho, Chita-gun, Aichi, Japan Brisoppsis makiyamai & Hymenodiscus sp. Miocene Yamami Formation, Morozaki Group
NUM-Fa235 Ootomari, Minamichita-cho, Chita-gun, Aichi, Japan H i Miocene Yamami Formation, Morozaki Group
NUM-Fa236a,b Ootomari, Minamichita-cho, Chita-gun, Aichi, Japan Miocene Yamami Formation Moroza_l-{_:air
NUM-Fa237 Ootomari, Minamichita-cho, Chita-gun, Aichi, Japan 1 Miocene Yamami Formation, Morozaki Group
NUM-Fa238 Ootomari, Minamichita-cho, Chita-gun, Aichi, Japan Hym Miocene Yamami Formation, Morozaki Group
NUM-Fa239 Ootomari, Minamichita-cho, Chita-gun, Aichi, Japan Brisoppsis makiyamai & Hymenodiscus sp. Miocene Yamami Formation, Morozaki Group
NUM-Fa240 Obiragawashibe, Tappu, Obira-cho, Rumoi-gun, Hokkaido, Japan |Haborogawa Formation Isocrinidae gen. et. sp. indet Coniacian, Cretaceous | Kato(in progress), F
NUM-Fa241 Gakkonosawa, Obira-cho, Rumoi-gun, Hokkaido, Japan Osoushinai Formation, Ezo Group Isocrinidae gen. et. sp. indet Campanian, Cretaceous Kato(in progress), F
NUM-Fa242 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chinggiskhaania bifurcata Ediacaran Dornbos, et al.{2011
NUM-Fa243 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chinggiskhaania bifurcata Ediacaran Dornbos, et al.(2011
NUM-Fa244 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chinggiskhaania bifurcata Ediacaran Dornbos, et al.(2011
NUM-Faz245 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chinggiskhaania bifurcata Ediacaran Dornbos, et al.(2011
NUM-Fa246 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chingagiskhaania bifurcata Ediacaran Dornbos, et al.{2011
NUM-Fa247 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chinggiskhaania bifurcata Ediacaran Dornbos, et al.(2011
NUM-Fa248 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chinggiskhaania bifurcata Ediacaran Dornbos, et al.(2011
NUM-Fa249 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chingagiskhaania bifurcata Ediacaran Dornbos, et al.(201i
NUM-Faz250 the Zuun-Arts region of Zavkhan Province, Mongolia Zuun-Artz Formation Chinggiskhaania bifurcata Ediacaran Dornbos, et al.(2011
NUM-Faz251 Bayan Gol Valley, Mongolia Zuun-Artz Formation Arenicolites isp. Ediacaran Qji et al.(204.8), Fig.
NUM-Fa252 Bayan Gol Valley, Mongolia Zuun-Artz Formation Arenicolites isp. Ediacaran 0Oji et al.(20%8), Fig.
NUM-Fa253a, b Bayan Gol Valley, Mongolia Zuun-Artz Formation Arenicolites isp. Ediacaran a, b
NUM-Fa254 Bayan Gol Valley, Mongolia Zuun-Artz Formation Arenicolites isp. Ediacaran
NUM-Fa255 Bayan Gol Valley, Mongolia Zuun-Artz Formation Arenicolites isp. Ediacaran
NUM-Fa256 Eavyan Gol Valley, Mongolia Zuun-Artz Formation Arenicolites isp. Ediacaran A
NUM-Faz257 Bayan Gol Valley, Mongolia Zuun-Artz Formation Arenicolites isp. Ediacaran EEE
NUM-Faz58 North of Zagora, south-central Morocco "Fezouata Biota" Isoxyidae gen. et sp. indet.
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ESNI~ Genus |~ Species

EXFIEY

v | Buthor

30008 Patinopecte chichibuensis mit Shibata

30007 Venencardi: takamivaensis
30008 Venerncardicvakuojiensis

Shibata
Shibata

30009 Lyvonsiella  media mitsugano: Shikbata

30010 Cardiomya  mitsuganoensis
30011 Puncturella mitsuganoensis
30012 Minclia takamivaensis
30013 Minclia mitsuganoensis
30014 Tumitella (Nichishiensis
30015 Orectospira ichishiensis
30016 Bittium mitsuganoensis
30017 Fossarus  mitsugancensis
30018 Tectonatics ichishiana
30019 Euspira mitsuganoensis
30020 T rophonops mitsuganoensis
30021 Aulacofusus mitsugancensis
30022 “Chlanidota mitsuganoensis
20023 Buccinum  mitsugancensis

Shikata
Shikata
Shibata
Shibata
Shibata
Shikata
Shibata
Shibata
Shikata
Shibata
Shikata
Shibata
Shibata
Shibata

30024 Spirotropis subdeclivis ichist Shibata

30025 Propekela mitsuganoensis
30026 “Propshela’ takamivaensis
30027 Bullina mitsuganoensis
20028 Hingculosp: itoigawai

30029 Microglyohis mitsuganoensis

90001 Palaega undececimspinos Karasawa et al.

90002
90003

90004 Palaega undececimspinos Karasawa et al.

Shikata
Shikata
Shibata
Shibata
Shikata

| Reference

Shikata
Shibata
Shibata
Shikata
Shikata
Shikata
Shibata
Shibata
Shibata
Shikata
Shibata
Shibata
Shikata
Shibata
Shikata
Shibata
Shibata
Shibata
Shikata
Shikata
Shikata
Shibata
Shibata
Shikata

Karasawa et al.
Matsuoka
Watsuoka
Karasawa et al.

F

* Year * | Joumal

1970 Jour Earth Sai.
1970 Jour. Earth =i,
1970 Jour Earth Sci.
1970 Jour. Earth Sci.
1970 Jour Earth Sai.
1970 Jour Earth Sai.
1970 Jour Earth Sci.

1970 Jour Earth Sdi
1970 Jour. Earth Sai
1970 Jour Earth Sai
1970 Jour Earth 5a
1970 Jour Earth 5ai

1970 Jour. Earth Sci.
1970 Jour Earth Sai.
1970 Jour Earth Sai.
1970 Jour. Earth 5.

1971 Jour Earth Sai

1970 Jour Earth Sci.
1970 Jour Earth Sai.
1970 Jour Earth Sai.
1970 Jour Earth Sai.

1970 Jour Earth Sdi
1970 Jour. Earth Sai
1970 Jour Earth 5ai

RAESMEaNEY X b (&

G

MNagowva Univ.
MNagova Univ.
Magova Univ.
MNagowa Lniv,
MNagowva Univ.,
MNagowva Univ.
Magova Univ.

Magova Lniv

. Magova Univ.
- Magoya Univ.
. Magoya Univ.
- MNagova Univ.
MNagowa Lniv,
MNagowva Univ.
MNagowva Univ.
MNagova Univ.

Magova Lniv

MNagowa Univ,
MNagowva Univ.,
MNagova Univ.
Magova Univ.

Magova Lniv

. Magova Univ,
 Magoya Univ.
1992 Sci. Rep. Toyohashi kMus. MNat. His

1980 Bull. Mizunai Fossil Mus.
1980 Bull. Mizunai Fossil Mus.

1992 Sci. Rep. Tovohashi Mus. MNat. His

v |Pags

p. B3, pl 1, ig 14a—b
p. 64 ol 3, fig. 3a—b
p. 6465, pl. 2, fig. 4

p. 66, ol 2, fiz 2

p. 67 ol 2, fiz 9

p. B8 ol 2, figs. 12a—b
p. 08 pl 2, fizgs. 11a—b
p 68, ol 2, fizs. 13—k
p 0, el 3 e 4

p. 71, 0l 3 figs. 6,7

p. 71, 0l 3 figs. 1

p. 72, ol 3 figs. 3a—b
p. 13, ol 3 fizs. Yath
p. 74 ol 3, figs. 10a—b
p. 75, ol 3, figs. Ba—b
p. 75 0l 3, fig 11

p. 76, ol 4 fizs. Za—tb
p. f6, ol 3 fizs 12a—b
p. 77, ol 4 figs. ba—b
p. 78 pl 4 figs. Ba—b
p. 79, pl 4 figs. JTa—b

p 7980 pl 4 fizs Ba—tb

p 20, ol 4 figs 1a—b
p. 81, 0l 4 fizg 9

? p. 68 fiz ba

2 p. 68 fiz bb

FEHOBE)

v | Catgego

Holotype
Holotype
Haolotwie
Haolotye
Holotype
Holotype
Haolotyie
Haolotype
Haolotye
Holotype
Holotype
Haolotwie
Haolotye
Holotype
Holotype
Holotype
Haolotype
Haolotye
Holotype
Holotype
Halotyie
Haolotype
Holetane
Holotype
Holotype
Figured
Figured :
Paratype
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